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ABSTRACT 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of trace element 

(Co, Cu, I, Fe, Mn, Mo, Se, and Zn) additives and their incompatibilities and interactions, in particular when 

combined with other feed additives or components of the animal diet. Different search chains were performed for 

each one of the elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web of 

Knowledge), and the resulting references were managed by using the open-source reference tool DistillerSR
©

 

systematic review software. The ELS process is based on several consecutive screening steps to accurately select 

articles which comply with the inclusion criteria. Identification and removal of duplicates were executed in 2 

steps: one based on the title and abstract, and the following one according to the full text. In order to avoid the 

loss of key papers, each selection was performed by duplicate. A database in MS Excel format, recording the 

most important items derived from the selection process, was obtained. In general terms, the ELS protocol 

allowed retrieving a high number of manuscripts from the most commonly used databases, performing an 

accurate selection of articles, and therefore accomplishing with the aims of the study. Data quality from all 

references was assessed by means of responding a brief questionnaire with 10 questions, which assured the 

appropriateness of the citations. Most papers answered data quality questions well, with the exception of the 

justification of the sample size, which was only correctly addressed in a reduced number of articles (<10%). 
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SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of 

trace element (Co, Cu, I, Fe, Mn, Mo, Se, and Zn) additives and their incompatibilities and 

interactions, in particular when combined with other feed additives or components of the animal diet. 

Different search chains were performed for each one of the elements in the most important scientific 

databases (i.e., PubMed, Scopus and ISI Web of Knowledge), and the resulting references were 

managed by using the open-source reference tool DistillerSR
©
 systematic review software. The 

DistillerSR
©
 library contained not only the specific literature search for searched keywords but also 

separate sub-libraries containing literature that was included or excluded from the ELS. This is based 

on several consecutive phases to accurately select the articles complying with the inclusion criteria. 

Identification and removal of duplicates were executed in 2 steps: one based on the title and abstract, 

and the following one according to the full text. In order to avoid the loss of key papers, each selection 

was performed by duplicate. A database in MS Excel format, recording the most important items 

derived from selection process, was obtained. The search process was documented in enough detail to 

ensure that it can be reproduced and that search strategies can be repeated, i.e. the search terms and 

search term combinations for all databases are clearly reported in the protocol. According to the results 

of the ELS, we can extract some conclusions for each one of the evaluated trace elements:  

In general terms, this ELS protocol has allowed retrieving a wide range of manuscripts from the most 

commonly used databases, performing an accurate selection of those articles, and therefore 

accomplishing with the aims of the study. Most of the papers included in the search process answered 

data quality questions well or with a medium level of quality. In contrast, only few of them responded 

badly, or enough information was not provided. The only exception was the justification of the sample 

size, which was only correctly addressed in a reduced number of articles (<10%). 
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BACKGROUND AS PROVIDED BY EFSA 

Regulation (EC) No 1831/2003
2
 establishes the rules for the authorisation of feed additives in the 

European Union (EU). Applicants wishing to place a feed additive in the EU market shall send an 

application to the European Commission (EC) and a technical dossier to EFSA. It is the task of EFSA 

to provide the EC with a scientific Opinion in which the assessment of the safety and the efficacy of 

the feed additive is reported. This task is entrusted to the Scientific Panel on Additives and Products or 

Substances used in Animal Feed (FEEDAP Panel). The FEED Unit provides scientific and 

technical/administrative support to the Panel. 

The aforementioned Regulation provides in its Article 6 the definition of the five categories of 

additives and, in its Annex I the list of functional groups for each of the categories. The category 

―nutritional additives‖ and the functional group ―compounds of trace elements‖ are foreseen in the 

Regulation. Within the FEEDAP Panel‘s remit, the assessment of feed additives —their safety for the 

target animal(s), consumer, user and the environment and their efficacy— is one of the most 

demanding areas of work. In particular, in relation with the assessment of trace elements, one of the 

key aspects is, in connection with the efficacy, their bioavailability. The bioavailability of a given 

trace element may vary depending on the form that the element is presented, e.g. organic forms of a 

trace elements are considered, in general, more bioavailable than the inorganic ones. A consequence of 

a higher bioavailability could be an increasing rate in tissue/products deposition and, per ende, 

increased residues in animal tissues and products could be reached, which, in case of trace elements, 

might give raise to consumer safety concerns. As example, in various EFSA‘s Opinions,
3
 a limitation 

of selenium supplementation from an organic form of selenium was recommended, in order to ensure 

a safe selenium supply to consumers. 

On the other hand, any physico-chemical incompatibilities or interactions of a given trace element 

with feed materials, carriers and other approved additives might either increase or decrease the level of 

the element in feed and/or the bioavailability of a specific (form of) trace element. Consequently, it is 

of critical importance to set the current knowledge on incompatibilities and interactions of relevant 

trace elements used in animal nutrition. 

With the aim to have a harmonised application of the terminology within the outcome of the 

procurement, the following terminology description shall be considered in the reporting: 

- Bioavailable: fraction of an element that is absorbed and reaches the systemic circulation in order to   

be distributed to organs and tissues, and used for physiological functions. 

                                                      
2 Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use in animal 

nutrition. Official Journal of the European Union, 268, 18.10.2003, p. 29. 

3 Safety and efficacy of Sel-Plex® (organic form of selenium produced by Saccharomyces cerevisiae CNCM I-3060) for all species.  
http://www.efsa.europa.eu/en/efsajournal/doc/2110.pdf. 

Safety and efficacy of selenium in the form of organic compounds produced by the selenium-enriched yeast Saccharomyces cerevisiae 

NCYC R645 (SelenoSource AF 2000) for all species. http://www.efsa.europa.eu/en/efsajournal/doc/2279.pdf 

Safety and efficacy of selenium in the form of organic compounds produced by the selenium-enriched yeast Saccharomyces cerevisiae 

NCYC R646 (Selemax 1000/2000) as feed additive for all species. http://www.efsa.europa.eu/en/search/doc/2778.pdf 

Safety and efficacy of hydroxy-analogue of selenomethionine as feed additive for all species. 
http://www.efsa.europa.eu/en/efsajournal/doc/3046.pdf 

Safety and efficacy of L-selenomethionine as feed additive for all animal species http://www.efsa.europa.eu/en/efsajournal/doc/3219.pdf 

 

http://www.efsa.europa.eu/en/efsajournal/doc/2110.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/2279.pdf
http://www.efsa.europa.eu/en/search/doc/2778.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/3046.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/3219.pdf
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- Incompatibility: phenomena likely related to the chemical/physical nature of the additive/nutrient,   

which occurrence is mostly in vitro, i.e. in feed, mainly by positive or negatively influencing on the   

status of other components of the diet (including feed additives). One example is the negative effect   

(oxidising) of some trace elements (Cu) on vitamin stability (Shurson et al., 2011
4
). Other   

incompatibilities may result from the influence (e.g. on vitamin stability) of certain trace element   

compounds which may again differ between the compounds of the same trace element (e.g. zinc   

sulphate or tetrabasic zinc chloride with Vitamin C). Incompatibilities among components of the diet   

may also be affected by factors such as temperature, pH, humidity, feed processing, feed matrix   

(solid, liquid). 

- Interaction: synergistic/antagonistic phenomena, which occurrence is mostly in vivo, and that would 

modify the safety and/or efficacy of the specific feed additive in the target animal. The sites of 

interactions are multiple in the animal (Windisch, 2002
5
): in the digesta matrix (luminal and mucosal 

digestion), at binding, uptake and transfer across mucosa (transcellular or paracellular pathways or 

both), in portal and systemic circulation, or at the level of systemic deposition and metabolic and 

functional use. Examples: iron, copper and zinc (O‘Dell, 1989
6
; Richards et al., 2010

7
); iodine and 

glucosinolates (Schöne et al., 1990
8
); zinc and phytates (Zhou et al., 1992

9
; Yu et al., 2010

10
); copper, 

sulphates and molybdenum in ruminants. 

 

                                                      
4 Shurson GC, Slazer TM, Koehler DD and Whitney, MH, 2011. Effect of metal specific amino acid complexes and inorganic trace minerals 

on vitamin stability in premixes. Animal Feed Science and Technology 163, 200-206. 
5 Windisch W, 2002. Interaction of chemical species with biological regulation of the metabolism of essential trace elements. Analytical and 

Bioanalytical Chemistry 372, 421-425. 

6 O‘Dell BL, 1989. Mineral interactions relevant to nutrient requirements. Journal of Nutrition 119, 1832-1838. 

7 Richards, JD, Zhao J, Harrell RJ, Atwell CA and Dibner JJ, 2010. Trace mineral nutrition in poultry and swine. Asian Australiasian Journal 

of Animal Sciences 23, 1527-1534. 
8 Schöne F, Lange R, Lüdke H, Brautzsch R and Hennig A, 1990. Testing in swine of meal extracted from winter rapeseed with different 
glucosinolate content with regard to iodine supply. 1. Characterization of rapeseed extraction particles and fattening results. Archives of 

Animal Nutrition 40, 841-854. 
9 Zhou JR, Fordyce EJ, Raboy V, Dickinson DB, Wong MS, Burns RA and Erdman JW Jr, 1992. Reduction of phytic acid in soybean 
products improves zinc bioavailability in rats. Journal of Nutrition 122, 2466-2473. 
10 Yu Y, Lu L, Wang RL, Xi L, Luo XG and Liu B, 2010. Effects of zinc source and phytate on zinc absortion by in situ ligated intestinal 

loops of broilers. Poultry Science 89, 2157-2165. 
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TERMS OF REFERENCE AS PROVIDED BY EFSA 

According to the terms foreseen in the tender specifications, the Contractor shall prepare a report 

collecting, collating, analysing and synthesising the scientific data and information on the 

bioavailability of trace element additives, and their incompatibilities and interactions, in particular 

when combined with other feed additives or components of the animal diet. The contractor should 

consider the relevant compounds of each trace element of current or potential use in animal nutrition. 

Only the currently authorised trace elements in the European Union (cobalt, copper, iodine, 

iron, manganese, molybdenum, selenium and zinc) shall be considered in the report. The 

following objectives shall be met: 

 

i) to obtain up-to-date information on qualitative and quantitative information on aspects affecting 

bioavailability of selected trace elements, and where appropriate of relevant compounds, such as 

(a) the speciation of the trace element before/during/after absorption in the gastro-intestinal 

tract, 

(b) description on the transport in the blood, homeostatic mechanism, faecal and urinary 

excretion and  

(c) the concentration of the element in target organs/tissues and products: Liver, kidney, milk, 

muscle, skin/fat, eggs, 

 

ii) to deliver a proposal for each trace element or, if relevant, compound of trace element, on target 

organs/tissues/fluids/physiological parameters best indicating bioavailability, 

 

iii) to prepare a comprehensive inventory of factors affecting bioavailability, 

 

iv) to obtain up-to-date information on incompatibilities and interactions, in particular when combined 

with other additives or components of the animal diet, that would modify the content of the 

element/specific compound in the feed, its bioavailability and/or safety; the study should consider the 

effect of particle size (including nanoproducts) and of structure (e.g. surface area). 

 

The Contractor should consider the compounds of trace elements in inorganic forms (e.g. oxides, 

sulphates, chlorides, carbonates), salts with organic acids (e.g. acetate, lactate, fumarate, heptonate) 

and organic forms (e.g. chelates with amino acids, glycine, methionine, hydroxy-methyl-butanoic acid 

(HMTBa), polysaccharides) and other forms in which the trace element is incorporated in proteins or 

amino acids. The contractor should consider the following target animals and categories: poultry, 

porcine, ruminants (including small ruminants), equine, rabbits, fish (salmonids), dogs and cats.
11

 

 

 

 

This contract was awarded by EFSA to:  

                                                      
11 The point (c) under (i) is not applicable in the case of dogs and cats 
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INTRODUCTION AND OBJECTIVES 

The extensive literature search (ELS) is a fundamental step of the systematic review (SR) process, 

which is an overview of existing evidence pertinent to a clearly formulated question. ELS uses pre-

specified and standardised methods to identify and critically appraise relevant research, as well as to 

collect, report and analyse data from studies included in the review (EFSA, 2010b).  

The fundamental principles of systematic review can be summarised as it follows: 

 Methodological rigour and coherence in the retrieval and selection of studies. 

 Quality assessment in the procedure. 

 Data synthesis and interpretation. 

 Transparency. 

 Reproducibility. 

The systematic review is conducted through 5 steps: 

1) Developing the review protocol. The key issues of the review process should be detailed in 

advance. The protocol should cover background, review questions, objectives and inclusion 

criteria, search methodology, selection, data collection, quality assessment, and data synthesis. 

2) Search. The search in the framework of SR should be extensive and sensitive, in order to 

retrieve as many studies as possible that fit the eligibility criteria. 

3) Selection. The selection process commonly consists in two steps, first, the screening based on 

titles and abstracts, and second, a selection based on full-text reports. 

4) Data collection. This step involves the procedures designed to get the information that will 

permit to answer the research questions previously defined in the protocol.  

5) Quality assessment. Methodological quality is defined here as aspects of the design, execution, 

analysis and reporting of a study that may lead it to give a biased result, so that there is a risk that 

its findings differ systematically from the truth. In a systematic review each study should undergo 

a standardised assessment, checking whether or not it meets a predefined list of methodological 

characteristics, to assess the degree to which it is susceptible to bias. 

6) Data synthesis and reporting the results. The large amount of information collected should be 

clearly structured in a way to facilitate the interpretation and comparison by the readers.  

The ELS conducted under this procurement project aimed to identify the bioavailability of trace 

element additives, and their incompatibilities and interactions, in particular when combined with other 

feed additives or components of the animal diet. 

In nutritional terms, around 20 minerals are essential for maintenance and normal functioning of the 

animal body. These can be found in all organs and tissues in the body, being involved in an extensive 

and diverse list of biological functions. Major minerals are calcium, magnesium, sodium, potassium, 

phosphorus, sulphur, and chlorine, while others, such iron, copper, zinc, cobalt, molybdenum, 

manganese, iodine, and selenium, are contained in lower quantities. 

Cobalt is an essential trace element as a part of vitamin B12, which is necessary for folate and fatty 

acid metabolism. Copper is the cofactor of a long list of key metabolic enzymes, called cuproenzims 

such as cytochrome C oxidase, lysyloxidases or ceruloplasmin. Iodine is an integral part of the thyroid 

hormones thyroxin (tetraiodothyronine) (T4) and triiodothyronine (T3). Iron is mostly combined with 

proteins, being haemoglobin one of the most important, and it has a major role in biochemical 

reactions related with enzymes of the electron transport chain. Manganese is important in the animal 

body as an activator of many enzymes such as hydrolases and kinases and as a constituent of arginase, 

pyruvate carboxylase and manganese superoxide dismutase. Molybdenum is a component of enzymes 
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with essential metabolic roles such as xanthine oxidase, aldehyde oxidase and sulphite oxidase. 

Selenium is a component of glutathione oxidase, an enzyme that catalyses the removal of hydrogen 

peroxide, thereby protecting cell membranes from oxidative damage. Zinc is a component of enzymes 

such as carbonic anhydrase, pancreatic carboxypeptidase, lactate dehydrogenase, alcohol 

dehydrogenase, alkaline phosphatase and thymidine kinase, and it is involved in cell replication and 

differentiation, particularly in nucleic acid metabolism. 

Absorption and use of minerals in animals vary widely, depending on multiple factors. Hence, factors 

affecting the bioavailability should be taken into account to better estimate the mineral requirements in 

animal nutrition. These factors are mainly related to: 1) animal characteristics (species, sex, age, 

health…), 2) diet composition (amount of mineral intake, composition of other dietary factors that can 

interact…), 3) mineral source, and 4) technological treatment applied to the final diet (Jongbloed et 

al., 2002). In this framework, interactions and incompatibilities between minerals and other 

components of the diet may alter the bioavailability of minerals. Interactions are 

synergistic/antagonistic phenomena, mostly occurring in vivo, that would modify the safety and/or 

efficacy of the specific minerals in the target animal. In turn, incompatibilities are phenomena likely 

related to the chemical/physical nature of the additive/nutrient, mostly occurring in vitro . In order to 

assess the bioavailability of minerals, two experimental approaches can be found in the literature: in 

vivo and in vitro  procedures. The most common response criteria used to assess the bioavailability 

through in vivo studies are animal performance, digestion/absorption coefficients, concentrations of 

minerals in target tissues, morphological characteristics, blood parameters, concentrations of minerals 

in secretory/excretory fluids and faeces. To date, there is no harmonisation concerning the 

methodology to assess the bioavailability of each mineral, and the best indicator varies case by case. 

The overall objective of the current study was to identify the bioavailability of trace element additives, 

and their incompatibilities and interactions, in particular when combined with other feed additives or 

components of the animal diet. Therefore, the following sub-objectives were formulated: 

 To obtain up-to-date information on qualitative and quantitative information on aspects 

affecting bioavailability of selected trace elements, and where appropriate of relevant 

compounds, such as: (a) the speciation of the trace element before/during/after absorption in 

the gastro-intestinal tract, (b) the description on the transport in the blood, homeostatic 

mechanism, faecal and urinary excretion and (c) the concentration of the element in target 

organs/tissues (e.g., liver, kidney, milk, muscle, skin/fat, or eggs) and products. 

 To deliver a proposal for each trace element or, if relevant, compound of trace element, on 

target organs/tissues/fluids/physiological parameters best indicating bioavailability. 

 To prepare a comprehensive inventory of factors affecting bioavailability. 

 To obtain up-to-date information on incompatibilities and interactions, in particular when 

combined with other additives or components of the animal diet, that would modify the 

content of the element/specific compound in the feed, its bioavailability and/or safety: the 

study should consider the effect of particle size (including nanoproducts) and of structure (e.g. 

surface area). 

 

 

 

The overall objective of the current study was to identify the bioavailability of trace element additives, 

and their incompatibilities and interactions, in particular when combined with other feed additives or 

components of the animal diet. 
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Sub-Objective 1. To obtain up-to-date information on qualitative and quantitative information on 

aspects affecting bioavailability of selected trace elements, and where appropriate of relevant 

compounds, such as: 

(a) the speciation of the trace element before/during/after absorption in the gastro-intestinal 

tract. 

(b) description on the transport in the blood, homeostatic mechanism, faecal and urinary 

excretion and 

(c) the concentration of the element in target organs/tissues and products: Liver, kidney, milk, 

muscle, skin/fat, eggs. 

 

Sub-Objective 2. To deliver a proposal for each trace element or, if relevant, compound of trace 

element, on target organs/tissues/fluids/physiological parameters best indicating bioavailability. 

 

Sub-Objective 3. To prepare a comprehensive inventory of factors affecting bioavailability. 

 

Sub-Objective 4. To obtain up-to-date information on incompatibilities and interactions, in particular 

when combined with other additives or components of the animal diet, that would modify the content 

of the element/specific compound in the feed, its bioavailability and/or safety: the study should 

consider the effect of particle size (including nanoproducts) and of structure (e.g. surface area). 

 

The document was structured in a general part, with the common sections such as the Abstract and 

Keywords, Summary, Table of Contents, Background, Terms of Reference, Introduction and 

Objectives, Materials and Methods, General Conclusions and References. The results section is 

divided on specific monographs focused in each trace element. In turn, the monographs consisted of 

an Executive Summary, Table of contents, Introduction, Results, Conclusions, References and 

Annexes specific to each trace element. 
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MATERIALS AND METHODS 

 

1. Searches 

Search Questions 

 The following search questions were formulated specifically for each one of the above 

mentioned sub-objectives. 

Sub-Objective 1.  

Question 1. Which factors affect the bioavailability of trace elements?  

Sub-Objective 2.  

Question 2. Which are the best indicators of bioavailability of trace elements? 

Sub-Objective 3.  

Question 1. Which factors affect the bioavailability of trace elements?  

Sub-Objective 4. 

Question 3 (Q3). Which incompatibilities and interactions can be found between trace 

elements with other trace elements or other components of the animal diet? 

 

Databases of search 

PubMed. 

www.ncbi.nlm.nih.gov/pubmed/ 

Scopus. 

www.scopus.com 

ISI Web of Knowledge. 

apps.isiknowledge.com 

 

Search chains 

In order to ensure that as many as possible of the necessary and relevant studies are included 

in the review, the search chains are formulated by a balanced combination of key elements. The search 

strategy is focused by each trace element, aiming to retrieve all the reports related with the research 

questions. The search terms are grouped by categories. Key elements are combined by the Boolean 

operator ‗AND‘ and search terms from each key element are combined by the operator ‗OR‘. A wide 

range of synonyms and related terms are included in the search chain to increase the sensitivity. The 

search chains were included in the Appendix A with the syntax of each database.  

 

Limitations 

Languages: no restrictions. 
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Excluded non related or inappropriate subject area, such as: ―Computer Science‖, ―Business 

management and accounting‖, ―Social sciences‖, ―Nursing‖, ―Decision Sciences‖, ―Psychology‖, 

―Mathematics‖, ―Dentistry‖, ―History‖, ―Energy‖, ―Chemical Engineering‖, ―Material Sciences‖, 

―Engineering‖, ―Physics and Astronomy‖, ―Art‖. 

Document type: All. (Including: Articles, Articles in Press, Reviews, Conference Papers, 

Erratums...) 

 

2. Selection 

The selection process is divided in the following steps (see Figure 1): 

 

1. STEP 1. Results import to the reference manager software. In order to manage large 

number of articles, the open source reference tool Distiller SR
©
 systematic review 

software was used. Results from each database were imported to Distiller, directly or 

through EndNote program. A Distiller SR
©
 library, containing not only individual specific 

literature searches for each one of the keywords but also separate sub-libraries containing 

literature that had been included and excluded from the ELS, was created. This allows 

reference information to be shared by the whole review teams, facilitating the 

identification and elimination of duplicate references. Data fields within the reference 

records were used to retain decisions (e.g. about study inclusion or exclusion) or queries 

about the publication, as well as to categorise references by agreed topics. 

2. STEP 2. Merge results and exclude duplicates. The preliminary step before screening 

was to find and remove duplicates. This process was carefully monitored in order to avoid 

missing relevant results.  

3. STEP 3. Selection based on title and abstract. Each team member independently 

checked the set of articles, and decided whether the initially selected articles should be 

included or excluded, by applying the inclusion/exclusion criterion of key elements on 

titles and abstracts. Included articles, excluded articles, and articles classified as ‗not sure‘ 

were recorded in the data collection form. If a team member was not sure whether to 

include or exclude an article, the article was discussed later in a meeting with the other 

team member, and a decision was made. If screening through title and abstract was 

unclear, the full text was retrieved. 

4. STEP 4. Selection based on full text. The relevant or suspicious articles previously 

selected on the basis of title and abstract screening, were screened to be included or 

excluded based on the full text, attending the inclusion/exclusion criteria set up in the 

protocol. Included articles, excluded articles, and articles classified as ‗not sure‘ were 

recorded in the data collection form. The studies excluded in this step were reported, 

giving with detail the reasons. During this phase, records referring to the same study were 

grouped together and screened together as a study unit. If required (for instance, 

disagreements between reviewers occur), independent reviewers helped to solve opinion 

differences.  
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Figure 1. Scheme of the search and selection process 

 

 Software for selection 

In order to manage large number of articles, we used the open source reference tool 

Distiller SR
©
 systematic review software. Results from each database were imported 

to Distiller SR
©
 through the EndNote program. A Distiller library was created 

containing the individual specific literature search for the searched keywords and 
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separate sub-libraries containing literature that had been included and excluded from 

the extensive literature search.  

 Inclusion/exclusion criteria 

INCLUSION CRITERIA EXCLUSION CRITERIA 

 

Document type: All. (Including: Articles, 

Articles in Press, Reviews, Conference 

Papers, Erratums...) 

Articles completely unrelated to search 

question. 

 

No abstract/no author/no title). 

 

The species included in the study are: 

poultry, porcine, ruminants, equine, rabbit, 

fish (salmonids), cats and dogs.  

 

Studies on target species unrelated 

metabolically with the species included in the 

goals of the present work such as botanicals, 

fungi, microorganisms... 

 

Trace elements with current EU legislation 

(and their derived molecular forms) are 

included: cobalt, copper, iodine, iron, 

manganese, molybdenum, selenium and zinc 

and derived forms. 

Studies concerning trace elements or derived 

forms not authorised by the European Union 

legislation (cobalt, copper, iodine, iron, 

manganese, molybdenum, selenium and zinc). 

Digestion, absorption, distribution, 

metabolism, accumulation and excretion 

processes describing the bioavailability of the 

trace elements are included.  

Studies concerning the selected trace element 

characteristics but unrelated with 

bioavailability issues (environment, soil, 

engineering, physics, material science, 

chemistry…) 

Type of study. In vitro, in vivo and ex vivo 

studies are included. 

Studies published before 1980 

 

 Validation of the selection 

The selection process was validated for reliability and reproducibility. The two team 

members applied the selection criteria to the same randomly-selected sub-sample of 

studies. For this purpose, the Cohen‘s Kappa value for measuring agreement between 

two members was calculated according with Higgins and Green (2009). The resulting 

Cohen‘s Kappa value showed that both members exhibited a substantial degree of 

agreement between them.  

 

 

3. Data extraction and synthesis 

Extraction data form 
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A detailed literature database was established (incorporating objectives) with references, and the 

information on the bioavailability of trace element additives, their incompatibilities, and interactions, 

was synthesized.  

The database was in MS Excel format, recording the most important items derived from selection 

process. It was generated from a data collection form created specifically in the Distiller SR
©
 platform 

to answer the search questions. The database allowed exporting references according to the standards 

to the EndNote
®
 database, preferably as CSV datafiles or a DistillerSR

©
 library. 

Data collection form was assessed through a preliminary pilot study performed with a representative 

sample of studies. Information retained by the collection form was thoroughly evaluated by two 

independent teams in order to identify missed information and irrelevant field If any change was 

required, the new data collection form was again re-evaluated by both teams to check its suitability.  

Data form presented two levels of questions (See Appendix B). The first level of questions was related 

to the basic issues of the studies, and the second level requested the specific data to answer search 

questions. This second level was commonly answered from the full text manuscripts, while the first 

level was answered mostly in the first selection step. 

4. Data quality assessment  

The search process was documented in enough detail to ensure that it can be reproduced and search 

strategies can be repeated. Search terms and search term combinations for all databases are clearly 

reported in the protocol. The search process complies with the fundamental principles of the 

systematic review: transparency, reproducibility and methodological rigor, and coherence. All search 

dates have been documented in a search register datasheet. 

Quality assurance and quality control, including troubleshooting and optimization of the literature 

database for each field, as well as how and where these fields could be combined overall or partially 

under a common umbrella framework, was guaranteed by weekly meetings between the project leader 

and the workgroups. The search was performed by duplicate (two different individuals), and the final 

results were compared and assessed in order to prevent the introduction of errors and personal biases. 

Quality assessment of the data collected was based on a checklist of 10 items concerning the quality of 

the study design, objectives, methodology and results. The quality assessment results are represented 

in tables, considering the symbols () when the quality issue is high or acceptable, and () when the 

quality issue is poor or inadequate; the symbol (~) was used in intermediate cases (See Table 1). 
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Table 1. Quality assessment checklist and response criteria. 

Checklist issues 

 ~  

1. Do the objectives address the 

ELS questions? 

Clearly addressed Possibly 

addressed 

Clearly not 

addressed 

2. Was the methodology fitted to 

the purpose of the study? 

Clearly sufficient Possibly sufficient Clearly 

insufficient 

3. Does the experimental 

procedure provides precise 

details (i.e. how, when, where, 

why)?  

Clearly sufficient Possibly sufficient Clearly 

insufficient 

4. Was the study design fitted to 

some harmonized protocol? 

Clearly adequate Possibly adequate Clearly 

inadequate 

5. Were doses analytically 

confirmed? 

Clearly sufficient Possibly sufficient Clearly 

insufficient 

6. Was background of the 

samples analysed? 

Clearly sufficient Possibly sufficient Clearly 

insufficient 

7. Were the treatments 

randomly allocated? 

Clearly sufficient Possibly sufficient Clearly 

insufficient 

8. Was the sample size justified? Yes, by sample 

size formulas 

Yes, by informal 

guesses 

No details in the 

text 

9. How were statistical methods 

details and analysis units? 

Clearly adequate Possibly adequate Clearly 

inadequate 

10. Was there incomplete or 

missing data? 

Clearly complete Possibly complete Clearly 

incomplete 
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RESULTS 
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EXECUTIVE SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of 

cobalt (Co) additives and their incompatibilities and interactions, in particular when combined with 

other feed additives or components of the animal diet. Different search chains were performed for each 

one of the elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web of 

Knowledge), and the resulting references were managed by using the open-source reference tool 

DistillerSR
©
 systematic review software. The DistillerSR

©
 library contained not only the specific 

literature search for searched keywords but also separate sub-libraries containing literature that was 

included or excluded from the ELS. This is based on several consecutive phases to accurately select 

the articles complying with the inclusion criteria. Identification and removal of duplicates were 

executed in 2 steps: one based on the title and abstract, and the following one according to the full 

text. In order to avoid the loss of key papers, each selection was performed by duplicate. A database in 

MS Excel format, recording the most important items derived from selection process, was obtained. 

The search process was documented in enough detail to ensure that it can be reproduced and that 

search strategies can be repeated, i.e. the search terms and search term combinations for all databases 

are clearly reported in the protocol. In the first level of selection, which was based on titles and 

abstracts, a total of 1042 articles were excluded to be completely unrelated with the search objectives 

(not about cobalt, animal species and/or bioavailability issues). Finally, 239 articles were retained to 

be potentially related with the search questions. In case of doubt or the abstract was not sufficiently 

informative, the articles were automatically retained to the next level. Up to 126 full-text articles of the 

239 references were obtained from on-line sources, while the remaining 113 were kept as pending to 

be found. After the assessment of the full-text references, 86 articles were excluded to be finally 

unrelated with the subject. Finally, 41 references were retained to answer the extraction data form 

Bovines and sheep were the two animal species for which a higher number of studies on cobalt 

bioavailability was selected (n=15 and 14, respectively). In contrast, studies focused on poultry (n=3), 

mice and rats (n=3), fish (n=2), goat (n=2), pigs (n=1), and dogs (n=1), were only testimonial. Studies 

about incompatibilities of Co performed by means of in vitro models were not found. The 

supplementation forms most widely implemented in the studies were as sulphate, carbonate, chloride, 

oxide, glucoheptanoate or aminoacid chelate, while the cobalt nanoforms were not detected in these 

studies. Considering the papers included in the search, the most commonly used indicators of cobalt 

bioavailability were those related to vitamin B12 (cobalamin) content, either in liver or serum, for most 

animal species. Homocysteine and methylmalonic acid (MMA) plasma concentrations were also used 

as bioavailability indicators for both bovine and sheep. It has been already stated that an alternative 

biochemical marker of Co deficiency is provided by the metabolic responses occurring when 

cobalamin status becomes insufficient to maintain the activity of the enzyme, tetrahydrofolate 

methyltransferase (or methionine synthase), which is involved in methyl group-transfer reactions with 

methyltetrahydrofolate and homocysteine as substrates. Relative bioavailability was estimated from 

different Co supplementation sources in sheep. 
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1. INTRODUCTION 

Cobalt is an essential trace element as a part of vitamin B12, which is necessary for folate and fatty 

acid metabolism. The two natural occurring oxidation states for cobalt are Co
+2

 and Co
+3

. Co(III) is the 

central atom of cobalamin (vitamin B12), which can be synthesised in the ruminant and horse digestive 

tracts by microbial action. If Co is deficient in the diet, then the vitamin cannot be produced in the 

rumen in amounts sufficient to satisfy the animal requirements, and symptoms of pining occur. The 

efficiency of Co incorporation in vitamin B12 in ruminants is low and inversely related to Co intake. 

Incorporation rate may be characterized by a range of 3 to 15%. Moreover, covering the requirements 

for vitamin B12 synthesis, Co may play a key role in rumen fermentation by increasing fibre digestion 

from low quality forages. Pigs and poultry obtain their vitamin either preformed in food or indirectly 

by ingesting faeces. The deficiency of Co and vitamin B12 in animals may result in anorexia, loss of 

appetite, reduced growth rate and loss of body, anaemia, while it may also reduce the resistance to 

parasite and microbial infections (Jongbloed et al., 2002; Suttle, 2010). The toxic level of Co for cattle 

is 1 mg Co/kg body weight daily. Sheep are less susceptible to Co toxicosis than cattle, tolerating 

levels up to 3.5 mg/kg. Excessive Co supplementation of ruminant diets can lead to the production of 

analogues of vitamin B12 and a reduction in the quantity of the true vitamin (Suttle, 2010). Values of 

Co requirements are typically within the range 0.07-0.11 mg Co/kg DM in bovines, 0.07-1.06 mg 

Co/day DM in sheep, 0.04-0.60 mg Co/day DM in goats, 0.3 mg Co/kg DM in horses and rabbits 

(NRC, 2001, 2007). 

Scientific Opinions have been delivered by EFSA concerning Co and several compounds intended for 

animal nutrition additives such as Co (II) carbonate hydroxide (2:3) monohydrate, Co (II) diacetate 

tetrahydrate and Co (II) sulphate heptahydrate (EFSA, 2009a, 2012a,b,c). The additives cobaltous 

acetate tetrahydrate, basic cobaltous carbonate monohydrate and cobaltous sulphate heptahydrate had 

been authorised in the European Union (EU) under the element Cobalt for all animal species ―Without 

a time limit‖ (EC, 2003a) and a maximum content of 2 mg/kg complete feedingstuff. Following the 

provisions of Article 10(1) of Regulation (EC) No 1831/2003 the compounds were included in the EU 

Register of Feed Additives under the category ―Nutritional additives‖ and the functional group 

―Compounds of trace elements‖ (EC, 2003b). The EFSA‘s Scientific Panel on Additives and Nutrient 

Sources added to Food (ANS Panel) assessed the safety of Co(II) chloride hexahydrate for nutritional 

purposes (EFSA, 2009b). EFSA has recommended that the supplementation of diets for farm animals 

with Co be limited to ruminants (except milk replacers), horses and rabbits at a level of 0.3 mg/kg DM 

of supplemental Co, and the maximum amount permitted in the complete diet in the EU to be 1 mg/kg 

DM. 

Five Co compounds (―Co(II) acetate tetrahydrate‖, ―cobalt(II) carbonate‖, ―Co(II) carbonate 

hydroxide (2:3) monohydrate‖, ―Co(II) sulphate heptahydrate‖ and ―coated granulated Co(II) 

carbonate hydroxide (2:3) monohydrate‖) have been authorized as feed additives by the European 

Commission until 15 July 2023 for ruminants with a functional rumen, equidae, lagomorphs, rodents, 

herbivore reptiles and zoo mammals (EC, 2013). Besides, other two compounds (―Cobaltous chloride, 

hexahydrate‖ and ―Cobaltous nitrate, hexahydrate‖) were regulated by the European Commission 

―without a time limit‖ for all animal species (EC, 2003a). 
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix I.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (16/07/2013). Up to 1470 raw 

articles were retrieved from the sum of SCOPUS (n=838), PUBMED (n=342) and ISI (n=290). These 

references were imported and merged in an EndNote
®
 library. A first duplicated deletion was 

performed by means of the EndNote
®
 application, then the merged references were imported to 

DistillerSR
©
 on-line server to perform a second duplicated deletion by means of the DistillerSR

©
 tool 

(n=189). A final pool of 1281 articles was ready to perform the selection process. 

 

 

Figure 2. Flow chart of the ELS process for articles related to Co, and number of articles retrieved. 

In the first level of selection, which was based on titles and abstracts, a total of 1042 articles were 

excluded to be completely unrelated with the search objectives (not about cobalt, animal species 

and/or bioavailability issues). Finally, 239 articles were retained to be potentially related with the 
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search questions. In case of doubt or the abstract was not sufficiently informative, the articles were 

automatically retained to the next level. Up to 126 full-text articles of the 239 references were 

obtained from on-line sources, while the remaining 113 were kept as pending to be found. 

After the assessment of the full-text references, 85 articles were excluded to be finally unrelated with 

the subject. Finally, 41 references were retained to answer the extraction data form (See Appendix 

I.C). 

2.2. Data synthesis 
(References of this section can be found in Appendix I.C)

  

Most studies retained in the selection were focused on assessing bioavailability issues of cobalt in 

bovines (n=15) and sheep (n=13). In turn, very few studies concerning poultry (n=3), mice and rats 

(3), goat (n=3), fish (2), pigs (n=1), and pets (n=1) were identified. Studies assessing incompatibilities 

of Co using in vitro  models were not found, either through the searching protocol strategy or other 

additional sources. 

The summary of the animal species, molecular forms, factors affecting the bioavailability, and the 

indicators of bioavailability used in the studies, can be found in Table 2. More extensive information is 

presented in Appendix I.D, for each animal category, while complete raw data are available in the raw 

database file (Excel file). 

Considering the studies included in the search, the most commonly used indicator of cobalt 

bioavailability was the content of vitamin B12 (cobalamin) in liver and/or serum. Moreover, 

homocysteine and methylmalonic acid (MMA), together with the vitamin B12 and hepatic folate status, 

seemed to be useful predictors of the magnitude of Co-vitamin B12 deficiency, becoming a valuable 

tool in assessing Co requirements in cattle 
(13943)

. Since serum concentration of these cofactors might 

reflect their levels in tissue stores, such as liver, serum has been considered in the past a good 

predictor. However, the validity of this conclusion has been seriously questioned in some recent 

studies 
(13693)

. An alternative biochemical marker of Co deficiency is provided by the metabolic 

responses occurring when cobalamin status becomes insufficient to maintain the activity of the 

enzyme, tetrahydrofolate methyltransferase (or methionine synthase), which is involved in methyl 

group-transfer reactions with methyltetrahydrofolate and homocysteine as substrates 
(13693)

.  

Table 2. Summary of animal categories, molecular forms, factors affecting bioavailability, and 

indicators used in the processed studies. 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs 1.2. Pigs. Piglets 

(weaned)  

Sulphate  Interactions: Co-Ni;  

Dietary factors Folate 

Liver B12 and Co content  

Serum B12 and Co content  

2.Poultry 2.1. Poultry. 

Chickens for 

fattening  

 

Carbonate  

Chloride 

 

 

Dietary factors: dry 

fat, yeast culture. 

Interactions: Co-Mn; 

Co-Methionine 

Other factors: Eimeria 

acervulina and 

coccidiosis infection. 

Animal performance  

Liver content  

Kidney content 

Bone content (tibia) 

Muscle content 

Bile content 

3.Bovines 3.1. Bovines. 

Calves for rearing 

3.2. Bovines. 

Calves for 

fattening 

Glucoheptanoate 

Carbonate  

Oxides 

Sulphates 

Amino acid 

Supplementation dose 

and source 

Dietary factors 

Other factors: 

physical activity 

Plasma B12, homocysteine 

and methylmalonic acid 

(MMA) content 

Animal performance  

Reproductive performance 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph I - Cobalt 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

24 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

3.3. Bovines. 

Cattle for 

fattening 

3.4. Bovines. 

Dairy cows for 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

chelates 

 

Faecal Co content 

Milk B12 content 

Liver B12 and folate content 

4.Sheep 4.1. Sheep. 

Lambs for rearing 

4.2. Sheep. 

Lambs for 

fattening 

Chloride 

Glucoheptanoate 

Carbonate  

Oxides 

Sulphates 

Interactions: Co-Cu 

Supplementation dose 

and source 

Trace elements 

supplementation 

Dietary factors: 

Factor  

Other factors: 

hidroxycobalamin 

injection 

Plasma B12, homocysteine  

and methylmalonic acid 

(MMA), folic acid  content 

Liver B12 content  

Kidney content 

Animal performance  

Relative bioavailability 

 

 

5. Goat 5.3. Goat. Daily 

goats 

B12 injected 

 

Supplementation dose 

Other factors: 

hidroxycobalamin 

injection 

Serum B12 content  

 

6. Fish 6.Coho Salmon 

6.Rainbow trout 

Chloride 

 

Supplementation dose 

Other factors: divalent 

cations 

Eggs levels 

Absorption 

Blood content 

10. Other: 

Rats/Mice 

10. Other: 

Rats/Mice 

Chloride 

 

Interactions: Co-Cu-

Zn; Fe-Co 

Supplementation 

dose. 

Dietary factors: 

polysaccharides 

Liver content  

Kidney content 

Plasma content   

Urine content 

Absorption 

Carcass content 

 

2.2.1.Factors affecting the bioavailability of Co in pigs 

o Assessment of bioavailability 

(Studies about assessment of bioavailability of cobalt were not found).  

o Interactions 

The results of an experimental study 
(13941)

 with 48 weaned piglets fed six diets including vitamin B12, 

folate, iron, copper, cobalt, and nickel levels, demonstrated that cobalt and nickel greatly influence the 

response of the pig to vitamin B12 deficiency, when the labile methyl group metabolism is 

compromised. The authors further indicated that there was a collaborative relationship between 

vitamin B12 and folate, on one hand, and nickel and cobalt, on the other hand. However, nickel was 

more effective than cobalt at improving vitamin B12 deficiency outcomes 
(13941)

.  

o Incompatibilities 

(Studies about incompatibilities of cobalt were not found).  
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2.2.2. Factors affecting the bioavailability of Co in poultry 

o Assessment of Bioavailability 

Study with 400 chickens for fattening fed for 42 days with four treatments with different fat sources 

(maize oil, dry fat) and two levels of yeast culture (2 kg/t or 3 kg/t) showed that Yeast culture 

(Saccharomyces cerevisiae) addition to diet significantly reduced Co and Zn concentrations in liver 

with respect to the control diet 
(13444)

. In addition, this improved broiler growth performance and 

positively affected the carcass characteristics by reducing the abdominal fat and blood cholesterol 

level. 

o Interactions 

The results of an investigation with 40 chickens for fattening fed for 19 days
 
with two levels of 

manganese (MnSO4) (0 and 1500 mg/kg diet) and cobalt (CoCl2) (0 and 250 mg/kg diet), with 

presence and absence of experimental E. acervulina, showed that Co-Mn interaction had a significant 

impact on the growth rate, as well as the concentrations of both elements in some tissues. The results 
(14790)

 indicated that experimental E. acervulina infection did not affect the interaction between cobalt 

and manganese absorption. Excesses of dietary Co and Mn also increased tissue elemental 

concentrations. Finally, an excess of Co also increased Mn accumulation in kidney, bile and tibia 
(14790)

. 

A 2x2x2 factorial experiment 
(14860)

 was conducted with 30 chickens for rearing and fattening fed for 

21 days with two levels of CoCl2 (0 and 250 mg/kg) and two levels of methionine (0 and 0.5%), with 

absence or presence of experimental coccidiosis. Coccidiosis and dietary cobalt (250 mg/kg) 

depressed weight gain and efficiency of feed utilization. However, cobalt toxicity was exacerbated by 

the coccidial infection, resulting in a depression in performance greater than that considering the effect 

of each additive independently. Dietary cobalt increased the Co concentration in liver, kidney and 

gallbladder, and experimental coccidiosis, in the absence of excess dietary methionine, resulted in a 

two-fold increase in cobalt deposition in liver and gallbladder. The results of this investigation 

suggested that methionine is more efficacious in ameliorating cobalt toxicity in coccidiosis-infected 

chicks than in control uninfected chicks. The reason for this could lay on the fact that coccidiosis 

exacerbates cobalt toxicity 
(14860)

. 

o Incompatibilities 

(Studies about incompatibilities of cobalt were not found).  

 

2.2.3. Factors affecting the bioavailability of Co in bovines 

o Assessment of Bioavailability 

Cobalt supplementation was also studied in 60 cattle for fattening assigned in six treatments (2x3 

factorial) with corn- or barley-based diets, and supplemental Co carbonate, added at 0, 0.05 or 0.15 

mg/kg of DM for 140 days 
(13550)

. The findings revealed that cobalt supplementation significantly 

increased ruminal fluid vitamin B12 in steers fed corn-based diets, but not in the group whose diet was 

based on barley. Furthermore, an increasing supplemental Co (from 0.05 to 0.15 mg of Co/kg of DM) 

significantly increased liver folate in steers fed barley- but not corn-based diets. The authors
 
concluded 

that feeding steers with Co-deficient corn- or barley-based diets adversely affects the performance and 

status of vitamin B12. 

Another experimental study conducted with yaks (n=100) fed control or soluble glass bolused diets for 

90 days, revealed that bolused yaks had a significantly higher selenium and copper status in serum 
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than those from the control group. In turn, there were no significant differences of zinc and cobalt 

levels in plasma between both groups
 (13869)

. In another study, the effect of feeding 40 cattle for 

fattening with 10 different Co (sulphate) levels (70, 90, 109, 147, 184, 257, 327, 421, 589 or 689 mg 

Co/kg DM) for 40 weeks, was investigated 
(13943)

. Homocysteine and methylmalonic acid (MMA), 

together with the vitamin B12 and hepatic folate status, were identified as useful predictors of the 

magnitude of Co-vitamin B12 deficiency, becoming a valuable tool in assessing Co requirements in 

cattle. On the basis of the experiment outcomes 
(13943)

, the authors recommended that levels of dietary 

Co for normal folate metabolism and minimum homocysteine and MMA for cattle, should be set 

around 150-200 mg/kg. Additionally, the desired Co content in the diet seemed to be 250 mg/kg in 

order to avoid an excess of vitamin B12. 

The authors of a research study 
(13951)

 on calves for fattening (n=40), fed different Co (sulphate) 

supplemented levels (0.0 (control), 0.1, 0.2, 0.4, 0.8, 1.2, 1.8, 2.4, 3.2, and 4.0 mg cobalt/kg dietary 

DM), concluded that dietary Co concentrations of 0.20-0.26 mg/kg DM were necessary to reach a 

maximum vitamin B12 retention in plasma and liver. If other parameters (e.g., daily gains and carcass 

characteristics) were considered, supplementation values before Co concentrations reach a plateau fell 

within the range 0.13-0.19 mg Co/kg dietary DM 
(13951)

. 

According to the results of an investigation on calves for fattening, fed a Co (sulphate)-sufficient diet 

(n=10; 200 µg/kg DM) or a Co (sulphate)-deficient diet (n=11; 83 µg/kg DM) for 43 weeks 
(13968)

, a 

prolonged moderate Co-deficiency can induce a significant number of changes in the lipid metabolism 

of cattle. However, the authors highlighted that Co-deficiency is a combination of tissue vitamin B12-

deficiency and a diminished feed intake. In another trial 
(13974)

, the same authors found that cobalt 

deficiency induced a significant number of changes in plasma amino acid concentrations, when 

applying the same experimental design 
(13974)

. They concluded that changes in plasma amino acid 

concentrations are associated with a diminished status of vitamin B12. However, they also indicated 

that a reduced feed intake and the possible reduction in bacterial activity in the rumen might also 

contribute to these alterations. Anyhow, notable changes in the levels of homocysteine, methionine, 

taurine, and serine in blood plasma may be causally related to a depletion of vitamin B12 stores, 

reflecting a Co deficiency.  

Another study compared the status of calves for fattening (n=72) fed a diet of trace elements (Cu 

oxide, Zn oxide, Mn oxide, Co sulphate and Na selenite) supplemented according to diverse guidelines 

recommendations, with that of animals following a diet with no supplementation of all these trace 

elements 
(13978)

, or with no addition of one in particular. The results indicated that, when cattle were fed 

corn silage-based diets without supplemented copper, zinc, manganese, cobalt, and selenium, their 

feed intake and growth performance was markedly poorer than control animals. Especially, inadequate 

cobalt was mainly responsible for impaired growth performance, and also manganese was marginal for 

maximum performance. In contrast, copper, zinc, and selenium hardly contributed to the diminished 

growth. The alterations in growth performance were accompanied by a significant deposition of body 

fat of 30% in the group without trace element supplementation, and 23% in the group without added 

Co 
(13978)

. 

The results of an experiment 
(14261)

 with dairy cows (n=20) for reproduction fed two levels of Co 

sulphate supplementation (0.13 or 0.30 mg/kg DM) for 280 days, revealed that there was no 

significant difference in vitamin B12 concentration at 70
th
 day of lactation, according to the dose. 

However, cobalamin concentration in the milk colostrum showed a tendency towards higher cobalt 

content in the ration of the supplemented cows in comparison to the controls. Differences in vitamin 

B12 concentrations in serum of new-born calves, before and after ingestion of colostrum, were not 

detected. Therefore, it was concluded that a cobalt content of 0.13 mg Co/kg DM in the ration based 

on wilted grass silage seems to be sufficient for pregnant dairy cows 
(14261)

. In turn, no relationship was 

noted between plasma vitamin B12 concentrations and dietary cobalt allowances, in calves for rearing 

(n=54) fed maize or grass, and forced or not to walk. The results also indicated that cobalt allowances 
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varied widely among treatments, from deficient to plethoric allowances, influencing vitamin B12 

contents in liver and muscle. The effects of dietary treatments or physical exercise were essentially 

related to differences in cobalt allowances. Finally, the oxidative type muscle showed contents which 

doubled those in glycolytic type muscle 
(14278)

. 

A single oral dose of 1, 2, or 4 cobalt pellets (30 g of 30% by weight cobaltic oxide) was administered 

to cattle for fattening (n=48)
 (14440)

. The results showed that vitamin B12 concentration in plasma was an 

unreliable indicator of the effectiveness of cobalt pellet therapy. Concentrations of vitamin B12 in milk 

and cobalt in faeces increased in response to cobalt pellet therapy. Thus, milk vitamin B12 levels could 

be a useful indicator of the effectiveness of cobalt pellets in increasing the vitamin B12 supply in 

lactating cows 
(14440)

. 

Organic vs. inorganic forms 

When dairy cows for reproduction (n=555) received daily feeding with or without Zn (360 mg/day), 

Mn (200 mg/day), Cu (125 mg/day), and Co (12 mg/day) aminoacid supplementation, from 35 days 

prior to calving until 230 days postpartum 
(13522)

, it was observed that Zn, Mn, and Cu as amino acid 

complexes, and cobalt from Co glucoheptonate, significantly increased Cu and Vitamin B12 status, as 

indicated by liver Cu and serum Vitamin B12 content. Furthermore, the increase in the intake of Zn, 

Mn, Cu, and Co by intensely grazed dairy cattle increased lactation performance, fertility, and Cu and 

Vitamin B12 reserves 
(13522)

.  

Other investigators focused on assessing the role of these elements in cattle (n=32) for fattening for a 

period of time ranging between 40 and 90 days. The inorganic forms of Zn, Mn, Cu and Co, were 

compared with the organic forms. The replacement of a portion of inorganic Zn, Mn, Cu, and Co by 

their organic forms during lactation increased milk production. However, no detectable effect on early 

post-calving follicular dynamics or embryo quality at 6-days post-ovulation, was found. Actually, 

tissue (liver, luteal and endometrial) mineral (Zn, Mn, Cu, Co and Fe) concentrations were similar 

between treatments 
(13817)

. 

The influence of supplementing diets of dairy cows with inorganic forms of Cu (125 mg/day, as 

sulphate), Co (25 mg/day, as carbonate), Mn (200 mg/day, as sulphate) and Zn (360 mg/day, as 

sulphate), instead of using organic (amino acid chelates) forms of Cu, Co, Mn and Zn, was also 

determined in a 2-years trial 
(13967)

. The results indicated that an extra supplementation with Cu, Co, 

Mn, and Zn increased the number of non-pregnant cows. Cows were not deficient in any of these 

elements, as evidenced by the excellent reproductive performance of the control cows. Cobalt was fed 

at 30 mg/day, being the only element close to reach the maximum tolerable level of 100 mg/day. 

Indirect measures in the use of mineral elements, liver biopsy and faecal output, did not indicate 

significant differences between organic and inorganic sources 
(13967)

. 

The results of another study where cattle for fattening (n=60) were fed 0 (control), 0.05, 0.10, and 1.0 

mg of supplemental Co/kg DM from CoCO3 or Co propionate for 56 days, indicated that the current 

NRC requirement for cobalt of 0.10 mg/kg of the diet is probably marginal for growing and finishing 

steers 
(14308)

. In addition, the increasing total dietary cobalt until 0.09 mg/kg of the diet increased 

vitamin B12 status and decreased plasma concentrations of methylmalonic acid (MMA). Based on 

these results 
(14308)

, a cobalt requirement of 0.15 mg/kg of diet was recommended. It was also 

concluded that cobalt carbonate and cobalt propionate should be used with similar efficiency by 

ruminal microorganisms for vitamin B12 synthesis. Nevertheless, the two cobalt sources seemed to 

differently affect certain metabolic variables. 

o Interactions 

(Studies about interactions of cobalt were not found).  

o Incompatibilities 
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(Studies about incompatibilities of cobalt were not found).  

 

2.2.4. Factors affecting the bioavailability of Co in sheep  

o Assessment of bioavailability 

Lambs fed for 4 months with soluble glass boluses (Zn, Co, Cu, and Se) were compared with a non-

bolused control group
 (13594)

. The increases of cobalt and selenium status were similar to those achieved 

using copper, cobalt, and selenium bolus, which also increased the copper status of the sheep. In a 

different trial where diets (0.086 mg Co/kg DM) for lambs were supplemented with 0 (control), 0.25, 

0.50, 0.75, and 1.00 mg Co sulphate/kg DM for 10 weeks, the results
 
indicated that those animals 

receiving the control diet had a reduced appetite and gained less weight than the supplemented 

animals, suggesting that the inclusion level of 0.086 mg/kg DM Co was inadequate for the normal 

growth of lambs. The results in nutrient digestibility demonstrated that low levels of dietary Co in 

goats resulted in a lower apparent nutrient digestibility, compared to goats supplemented with 

parenteral injections of vitamin B12. The increased digestibility of fibre indicates the possible role of 

Co on fibre digestion 
(13526)

. The effect of soluble-glass boluses as means of providing supplementary 

copper, cobalt and selenium to sheep, has been also investigated by other researchers. Significant 

differences were appreciated in plasma levels of copper and caerulo-plasmin, as well as in serum 

vitamin B12 concentration and erythrocyte glutathione peroxidase activity, when comparing two 

groups of dairy sheep fed a control diet (n=31) or a control diet with a single glass bolus (n=30)
 
at the 

beginning of their pregnancy 
(13685)

. Subsequently, the elevated vitamin B12 values of all sheep might 

have hidden the effect of cobalt release from the glass. Similarly, bolused sheep also showed 

significant increases in cobalt and selenium levels in plasma, in comparison to controls, when dairy 

sheep and lambs were bolused with 35 g, containing 13.4%, 0.5% and 0.15% of Cu, Co and Se, 

respectively 
(13596)

. However, there were no significant differences in any other blood parameters. The 

sintered soluble glass copper, cobalt and selenium bolus was able to prevent or correct deficient and/or 

marginal cobalt status of sheep throughout these trials 
(13596)

. 

The administration, for 121 days, of a zinc, cobalt and selenium soluble glass bolus (33g, (Zn 15.1%; 

Co 0.52%; Se 0.15% (w/w))) to lambs for fattening and rearing (n=34), resulted in an increased 

antibody response and fulfilled the daily requirements for these three elements, with significantly 

higher concentrations in plasma in comparison to unsupplemented controls grazing the same pasture 
(13795)

. 

Another experiment
 
was conducted with lambs for fattening (n=28) which were fed a basal diet (0.088 

mg Co/kg DM) (control diet) or supplemented with 0.25, 0.50, or 1.00 mg Co sulphate/kg DM for 70 

days 
(13824)

. Lambs fed the control diet had a reduced appetite and gained less than supplemented 

animals, suggesting that the level of 0.088 mg Co/kg DM was inadequate for normal growth of 

Mehraban male lambs. A value of 0.58 mg Co/kg DM was estimated as the optimum level for 

enhancing performance. In addition, plasma vitamin B12 concentrations increased (p<0.05) at all levels 

of Co supplementation. 

No apparent effects of the high dietary Co on performance or health 
(13990)

 of dairy sheep (n=27) fed a 

basal diet (0.17 ppm Co) with copper sulphate (0, 20, or 40 ppm) for 60 days 
(13990)

. Liver and kidney 

Co concentrations responded linearly to dietary Co at concentrations above the requirement level 

established for sheep, being therefore a useful variable to estimate the bioavailability of supplemental 

Co sources 
(13990)

. Also in dairy sheep, the effects of increasing the intakes of Co, Cu, Se, Mo, Zn, Fe 

and Mn on the concentrations of major and minor elements in some organs, soft tissues and bones, 

were closely studied by means of supplementing animals with various diets (2 controls and 8 

supplemented diets) for 84 days. The increase of the Co intakes from 0.18 to 0.42 mg/day did not 

mean any difference in the mean levels of vitamin B12 in plasma or liver 
(14071)

. Finally, another 
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experiment conducted with lambs fed deficient Co diet (n=5, 4.5 µg Co/kg) or with supplemented Co 

diet (n=4, 1000 µg Co/kg) for 28 weeks, showed that vitamin B12 concentration in plasma and some 

tissues of animals fed a Co-deficient diet was significantly lower than that of the Co-sufficient controls 
(14522)

. 

Organic vs. inorganic forms 

The supplementation of lambs and ewes (n=15) with Co (2.7 mg orally as aqueous cobalt sulphate; 

and 330 µg as OH-B12 intramuscular injection) for 9 weeks on alternate days, increased the vitamin 

B12 concentrations in all tissues, with Co and OH-B12 equally effective at those doses in brain and 

ruminal mucosa. However, OH-B12 increased tissue concentrations of vitamin B12 more effectively 

than sulphate in heart, liver and kidney tissues. Anyhow, supplementation of cobalt-depleted sheep 

with either Co or OH-B12 increased body weight gain and weight at slaughter 
(14812)

. 

In another study, divided in 3 experiments, lambs were fed the basal corn-soybean meal cotton seed 

hulls diet containing different forms of Co 
(13991)

. The results indicated that serum and liver vitamin B12 

concentrations increased with increasing Co up to 40 ppm. The study concluded that liver and kidney 

Co concentrations from short-term high level dietary additions with supplemental sources of Co were 

able to detect significant differences in estimated relative bioavailability (see Table 3)). In addition, 

sulphate, carbonate, and glucoheptonate forms of this element were more soluble and more available 

than the oxide forms 
(13991)

.  

Table 3. Relative bioavailability of cobalt sources based on multiple linear regression of tissue cobalt 

concentration (ppm dry basis) on added dietary concentration (RG, reagent grade; BP, by-product; FG, 

feed grade). 

Co source Co indices Relative bioavailability 

(%) 

Reference 

Sulphate RG Liver Co 100 
13991 

Oxide BP Liver Co 58 
13991

 

Oxide FG Liver Co 23 
13991

 

Oxide RG Liver Co 7 
13991

 

Carbonate FG Liver Co 118 
13991

 

Carbonate RG Liver Co 91 
13991

 

Sulphate RG Kidney Co 100 
13991

 

Oxide BP Kidney Co 56 
13991

 

Oxide FG Kidney Co 24 
13991

 

Oxide RG Kidney Co <1 
13991

 

Carbonate FG Kidney Co 87 
13991

 

Carbonate RG Kidney Co 85 
13991

 

Sulphate RG Heart Co 100 
13991

 

Oxide BP Heart Co 66 
13991

 

Oxide FG Heart Co 14 
13991

 

Oxide RG Heart Co 4 
13991

 

Carbonate FG Heart Co 106 
13991

 

Carbonate RG Heart Co 60 
13991

 

Sulphate RG Muscle Co 100 
13991

 

Oxide BP Muscle Co 37 
13991

 

Oxide FG Muscle Co 22 
13991

 

Oxide RG Muscle Co 17 
13991

 

Carbonate FG Muscle Co 67 
13991

 

Carbonate RG Muscle Co 38 
13991

 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph I - Cobalt 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

30 

Co source Co indices Relative bioavailability 

(%) 

Reference 

Sulphate RG Spleen Co 100 
13991

 

Oxide BP Spleen Co 46 
13991

 

Oxide FG Spleen Co 26 
13991

 

Oxide RG Spleen Co 18 
13991

 

Carbonate FG Spleen Co 116 
13991

 

Carbonate RG Spleen Co 84 
13991

 

 

o Interactions 

An experiment conducted with 20 dairy sheep fed two levels of Cu sulphate (0.3 and 0.6 mg/kg DM) 

and Co sulphate (10 or 20 mg/kg) for 8 weeks, showed that these supplementation ratios did not have 

any influence on vitamin B12 status 
(13476)

. In addition, plasma concentrations of methylmalonic acid, 

homocysteine, folic acid, and glucose did not show the consistent results with plasma vitamin B12, 

which was considered to be resulted from Cu action. Another study performed with lambs with two 

dietary levels of Co chloride (0.3 or 1.2 mg/kg) and two levels of injected factor B (0 and 2.2 mg/day), 

fed for 8 weeks 
(13746)

, found that lambs which received factor B had significantly lower vitamin B12 

concentrations and significantly higher factor B levels in liver than controls fed the high Co diet. It 

was also concluded that high Co diet did not enhance liver B12 levels in the lambs treated with factor 

B. Feed intake and body weight gain were not significantly affected by treatment. Finally, plasma 

propionate increased (p<0.05) with time, and concentrations during the final period were negatively 

correlated with liver B12 levels. 

o Incompatibilities 

(Studies about incompatibilities of cobalt were not found).  

 

2.2.5. Factors affecting the bioavailability of Co in goats 

o Assessment of bioavailability 

Two groups of Omani goats (n=35 and 38) were fed Rhodes grass with two Co levels (0.10 and 0.12 

mg/kg DM)
 (13577)

. Animals in the treated group were supplemented with B12 (giving sub-cutaneous 

injections of 2000 µg of hydroxocobalamin) at week 10, and at 8 weeks intervals until 46 weeks after 

the experiment was initiated. The serological evaluation of the vitamin B12 status revealed that goats 

supplemented with vitamin B12 were able to maintain significantly higher serum levels of vitamin B12 

than animals from the control group. Furthermore, low levels of dietary cobalt in goats resulted in 

lowering the apparent nutrient digestibility coefficients compared to goats supplemented with vitamin 

B12. The authors linked this to some co-factors, such as a reduction in rumen microorganisms, a 

decrease in intestinal absorption of nutrients, and an inadequate synthesis of the vitamin B12, which 

depends on the methylmalonyl co-enzyme A mutase and the methionine synthase, two essential 

enzymes for protein and energy metabolism. In a different investigation where the same experimental 

design was followed, the same authors investigated carcass and meat quality characteristics 
(13569)

 in 36 

Omani goats (18 in each group). It was found that serum vitamin B12 levels were significantly higher 

in goats from the treated group from week 16 till the end of the experiment. When Omani goats (n=73 

were fed Rhodes grass Co levels (0.10 and 0.12 mg Co/kg DM), with bimonthly subcutaneous 

injections (2000 μg hydroxycobalamin)
 (13883)

. In contrast to treated goats (bimonthly B12 injections), 

control animals of all breeds experienced a severe decrease in their serum vitamin B12 levels, 

developed pale mucous membranes, appeared scruffy, and two breeds of Omani (Dhofari and Batinah) 

had significantly lower weight gains beyond 5 months 
(13883)

. Untreated kids of all breeds had 
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significant decreases in their red blood cell counts and erythrocyte indices, after approximately four 

months. Controls developed low total serum protein levels, while activities of alkaline phosphatase 

and aspartate aminotransferase significantly increased. Although it is widely assumed that goats are 

more resistant to cobalt deficiency than sheep, this could be apparently not true for Omani goats 
(13883)

. 

o Interactions 

(Studies about interactions of cobalt were not found).  

o Incompatibilities 

(Studies about incompatibilities of cobalt were not found).  

 

2.2.6. Factors affecting the bioavailability of Co in fish 

o Assessment of bioavailability 

In fish, a research trial with 4000 Coho salmons fed a control diet or a trace elements (FeSO4, CoCl2, 

CuSO4, MnSO4 and ZnSO4)-supplemented diet for 20 weeks, showed that the additional fortification 

of brood stock salmon diets with Co, Cu, Fe and Mn over standard production diet levels, did not 

increase egg levels at spawning or the maternal soma levels of these elements 
(13723)

. Dietary 

requirements for these four elements and Zn in maturing Coho salmons did not seem to be higher than 

those present in the control diet 
(13723)

. 

The absorption of Fe was tested in vitro  in Rainbow trout (n=35), receiving Fe (2 μM) alone or co-

added together with Cu, Ni, Co, Pb or Cd as nitrate salts, or Zn as a chloride salt
 (14173)

. All of the 

divalent metals, except for Co, inhibited the intestinal Fe
2+

 absorption in salmon. The magnitude of 

inhibition followed this decreasing order: Ni
2+

~Pb
2+

>Cd
2+

~Cu
2+

>Zn
2+

. 

o Interactions 

(Studies about interactions of cobalt were not found).  

o Incompatibilities 

(Studies about incompatibilities of cobalt were not found).  

 

2.2.7. Factors affecting the bioavailability of Co in rabbits 

(Studies about assessment of bioavailability, interactions and incompatibilities of cobalt were 

not found).  

 

2.2.8. Factors affecting the bioavailability of Co in horses 

(Studies about assessment of bioavailability, interactions and incompatibilities of cobalt were 

not found).  

 

2.2.9. Factors affecting the bioavailability of Co in pets 

o Assessment of bioavailability 

The extraction efficiencies in 18 dry dog foods obtained commercially in the United States, were 

determined by using microwave assisted nitric acid digestion and a simulated gastric digestion
(13443)

. 

The latter kind of digestion showed significantly lower extraction efficiencies the forms one. In 
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general, elemental concentrations were determined to be lower than the appropriate Mineral Tolerance 

Limit or consistent with background concentrations in foodstuffs. 

o Interactions 

(Studies about interactions of cobalt were not found).  

o Incompatibilities 

(Studies about incompatibilities of cobalt were not found).  

 

2.2.10. Factors affecting the bioavailability of Co in others: mice and rats 

o Assessment of bioavailability 

When cobalt chloride was injected subcutaneously in Sprague-Dawley rats in a single dose of 0, 12, 30 

or 60 mg/kg body 
(14639)

, zinc concentration in liver significantly increased. In parallel, a raise in the 

excretion of Cu through urine without zincuresis was also detected. Another study
 
conducted with 20 

mice (control or bleeded animals) fed the same diet 
(14894)

 concluded that bleeding increased the 

duodenal absorption of only iron and cobalt, whereas dietary iron deficiency enhanced the absorption 

of cobalt.  

o Interactions 

Short-term (8 days) and long-term (21 weeks) research studies were conducted with rats (n=72) fed 

10% of different indigestible polysaccharides (gum guar, carob bean gum, Na-alginate, agar-agar, and 

carrageenan, for the short-term study; and gum guar and agar agar, for the long-term investigation)
 

(14896)
. In the short-term study, absorption of cobalt was significantly reduced by all five 

polysaccharides (gum guar, carob bean gum, Na-alginate, agar-agar, and carrageenan), being markedly 

by agar agar and carrageenan 
(14896)

. In the long-term study, the mineral content of rat carcasses, 

assayed at the end of the experimental period, did not reveal any significant differences between 

controls and animals fed agar agar and carrageenan, suggesting that any increased faecal losses in rats 

may be compensated by a reduction of urinary losses 
(14896)

. 
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2.3. Data quality assessment  

Results from quality assessment are summarized in Table 4, while they are more extensively presented 

in Appendix I.E. Most of the manuscripts included in the search answered quality data questions at 

good or medium levels of quality. In turn, only few of them responded with bad quality or no enough 

information was provided. 

Table 4. Summary of percentage of studies in each answering category 

Quality data questions % of studies 

 ~  

1. Do the objectives address the ELS 

questions? 
63 37 0 

2. Was the methodology fitted to the purpose of 

the study? 
80 20 0 

3. Does the experimental procedure provides 

precise details (i.e. how. when. where. why)? 
80 20 0 

4. Was the study design fitted to some 

harmonized protocol? 
80 20 0 

5. Were doses analytically confirmed? 44 17 39 

6. Was background of the samples analysed? 63 17 20 

7. Were the treatments randomly allocated? 32 68 0 

8. Was the sample size justified? 2 7 90 

9. How were statistical methods details and 

analysis units? 
78 22 0 

10. Was there incomplete or missing data? 56 39 5 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, which was based on titles and abstracts, a total of 1042 articles were 

excluded to be completely unrelated with the search objectives (not about cobalt, animal species 

and/or bioavailability issues). Finally, 239 articles were retained to be potentially related with the 

search questions. In case of doubt or the abstract was not sufficiently informative, the articles were 

automatically retained to the next level. Up to 126 full-text articles of the 239 references were 

obtained from on-line sources, while the remaining 113 were kept as pending to be found. After the 

assessment of the full-text references, 85 articles were excluded to be finally unrelated with the 

subject. Finally, 41 references were retained to answer the extraction data form 

Bovines and sheep were the two animal species for which a higher number of studies on cobalt 

bioavailability was selected (n=15 and 14, respectively). In contrast, studies focused on poultry (n=3), 

mice and rats (n=3), fish (n=2), goat (n=2), pigs (n=1), and dogs (n=1), were only testimonial.  

The supplementation forms most widely implemented in the studies were cobalt as sulphate, 

carbonate, chloride, oxide, glucoheptanoate or aminoacid chelate, while the cobalt nanoforms were not 

found in the included studies. 

The most commonly used indicators of cobalt bioavailability were those related to vitamin B12 

(cobalamin) content, either in liver or serum, for most animal species. Homocysteine and 

methylmalonic acid (MMA) plasma concentrations were also used as bioavailability indicators for 

both bovine and sheep. It has been already stated that an alternative biochemical marker of Co 

deficiency is provided by the metabolic responses occurring when cobalamin status becomes 

insufficient to maintain the activity of the enzyme, tetrahydrofolate methyltransferase (or methionine 

synthase), which is involved in methyl group-transfer reactions with methyltetrahydrofolate and 

homocysteine as substrates. Relative bioavailability was estimated from different Co supplementation 

sources in sheep. 

Interactions of Mo with other elements were assessed in most of the animal species, such as pigs (Co-

Ni), poultry (Co-Mn), sheep (Co-Cu) or rats and mice (Co-Cu-Zn, Co-Fe). The interaction of coccidial 

infection with Co bioavailability was evaluated in poultry. Dietary factors such as folate were related 

with cobalt indicators of bioavailability in pigs.  
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PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (Cobalt*) 

AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND (*availab* OR Absor* OR 

Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR 

Deposition OR Storage OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR 

Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR StatusOR interact* OR 

incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ 

OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur OR Toe OR Gut OR 

Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte 

OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin 

OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR 

Glutathione) 

 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY (Cobalt*)  AND TITLE-ABS-

KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND TITLE-ABS-KEY(*availab* OR 

absor* OR uptake OR metabol* OR *activity OR *efficacy OR distribut* OR transport OR 

*accumul* OR deposition OR storage OR release OR homeostasis OR speciation OR digest* OR 

*access* OR excretion OR secretion OR "Biological value" OR "Nutritive value" OR statusOR 

interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance OR *monitor* OR 

*mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking strength" OR tibia OR 

femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR pancrea* OR blood OR 

leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma OR "Superoxide 

dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" OR "5-

iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "NEUR") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "NURS") OR EXCLUDE(SUBJAREA, "PHYS") OR 

EXCLUDE(SUBJAREA, "MATE") OR EXCLUDE(SUBJAREA, "CENG") OR 

EXCLUDE(SUBJAREA, "ENGI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENER") OR 
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EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "PSYC") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "COMP") OR 

EXCLUDE(SUBJAREA, "DENT") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Cobalt*)  AND Topic=(Nutr* OR Feed OR Addit* OR 

Supplement* OR Diet*) AND Topic=(*availab* OR Absor* OR Uptake OR Metabol* OR *activity 

OR *efficacy OR Distribut* OR Transport OR *accumul* OR Deposition OR Storage OR Release OR 

Homeostasis OR Speciation OR Digest* OR *access* OR Excretion OR Secretion OR "Biological 

value" OR "Nutritive value" OR StatusOR interact* OR incompatib*) AND Topic=(*indicat* OR 

Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ OR Hair OR Nail$ OR Bone$ OR 

"Breaking strength" OR Tibia OR Femur OR Toe OR Gut OR Intestine OR Liver OR Hepatic OR 

Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte OR Serum OR Urin* OR Bile OR 

Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin OR ―Cytochrome oxidase‖ OR 

―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR Glutathione) 

Refined by: [excluding] Web of Science Categories=( ONCOLOGY OR CHEMISTRY ORGANIC 

OR WATER RESOURCES OR ENGINEERING BIOMEDICAL OR ENTOMOLOGY OR 

ENGINEERING ENVIRONMENTAL OR GEOGRAPHY PHYSICAL OR PEDIATRICS OR 

NEUROIMAGING OR SPECTROSCOPY OR OCEANOGRAPHY OR ECOLOGY OR 

PARASITOLOGY OR ENGINEERING CHEMICAL OR PATHOLOGY OR INFECTIOUS 

DISEASES OR UROLOGY NEPHROLOGY OR MEDICINE GENERAL INTERNAL OR 

CRITICAL CARE MEDICINE OR PLANT SCIENCES OR ENERGY FUELS OR LIMNOLOGY 

OR GENETICS HEREDITY OR ORTHOPEDICS OR CHEMISTRY MEDICINAL OR PHYSICS 

APPLIED OR HEMATOLOGY OR PHYSICS CONDENSED MATTER OR CHEMISTRY 

ANALYTICAL OR CLINICAL NEUROLOGY OR REPRODUCTIVE BIOLOGY OR MEDICAL 

LABORATORY TECHNOLOGY OR ANTHROPOLOGY OR SOIL SCIENCE OR 

MULTIDISCIPLINARY SCIENCES OR BIODIVERSITY CONSERVATION OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR SPORT SCIENCES OR ENGINEERING 

CIVIL OR SURGERY OR ENGINEERING PETROLEUM OR HORTICULTURE OR 

ENVIRONMENTAL STUDIES OR GERIATRICS GERONTOLOGY OR GEOLOGY OR 

BIOPHYSICS OR OPHTHALMOLOGY OR GERONTOLOGY OR RESPIRATORY SYSTEM OR 

METALLURGY METALLURGICAL ENGINEERING OR DEVELOPMENTAL BIOLOGY OR 

MINING MINERAL PROCESSING OR ELECTROCHEMISTRY OR NANOSCIENCE 

NANOTECHNOLOGY OR GASTROENTEROLOGY HEPATOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR GEOCHEMISTRY GEOPHYSICS OR POLYMER SCIENCE OR 

MATERIALS SCIENCE MULTIDISCIPLINARY OR PSYCHIATRY OR METEOROLOGY 

ATMOSPHERIC SCIENCES OR THERMODYNAMICS OR PALEONTOLOGY OR 

TRANSPLANTATION OR SUBSTANCE ABUSE OR VIROLOGY OR AGRICULTURAL 
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ENGINEERING OR DENTISTRY ORAL SURGERY MEDICINE OR CHEMISTRY PHYSICAL 

OR BIOCHEMICAL RESEARCH METHODS OR ENGINEERING GEOLOGICAL OR 

GEOSCIENCES MULTIDISCIPLINARY ) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of the 

study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Does the experimental procedure provide precise 

details (i.e. how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 

  Only informal guesses 

  No details in the text 
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(QA) How were statistical methods details and analysis 

units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Was there incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 

  ACETATE 

  LACTATE 

  FUMARATE 

  OTHERS 

This(ese) form(s) is(are) legislated by EC? YES 

  NO 
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  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration units)   

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ Fresh 

matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 

  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 

  Physiological factors 

  Others 

Study Type TRO (In vitro ) 

  INV (In vivo) 
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  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have benefit 

in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 

  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 

  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 

  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 

  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 
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reproduction) 

  7.4. Rabbits. Breeding does (in order to 

have benefits to young rabbits) 

  8. Horses 

  9. 1. Pets and other non food-producing 

animals. Dogs 

  9. 2. Pets and other non food-producing 

animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 

  Egg content 

  Breaking Strength 

  Bone content 

  Biochemical response 

  Urine content 

  Milk content 

  Bile content 

  Serum content 

  Plasma content 

  Erythrocyte content 

  Thyroid response 

  Other 

In the study are assessed... Interactions 

  Incompatibilities 

  Other 

Enter the name of the combinations assessed, e.g.   
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"selenium methionine-phytates" 

Interaction Outcome (Enter the parameter by means of 

which the interactions and/or incompatibilities were assessed) 
  

The method to assess the interaction/incompatibility is... Qualitative 

  Quantitative 

  Other 

The effect of the interaction/incompatibility is ... Synergistic 

  Additive 

  Less than additive 

  Antagonistic 

  Other 

The overall document is.... Conclusive 

  Inconclusive 

Enter comments   
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Appendix I.D includes the tables of the most relevant results concerning bioavailability issues of each 

trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish (salmonids), 

rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. No. treatments (replicates/treatment). The number of animals per treatment, 

number of replicates by treatment or the number of animals by replicate is detailed in this 

section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table I.D.1. Pigs 

Study code 13941 

Year 2000 

Animal Category (Sheep) 1.2. Pigs. Piglets (weaned) (German Landrace x Pietrain) 

Nº treatments (replicates/ treatment) 6 treatments (8 replicates per treatment) 

Diet Background Not specified. 

Units’ basis of diets and/or results Diet: Fresh matter (FM).  Results:  Fresh matter (FM) 

Factors affecting// combinations Interactions: Co-Ni; Dietary factors: folate 

Composition Diets/treatments 1) vitamin B12-adequate and folate-fortified diet (30 mg/kg vitamin B-12 and 0.5 mg/kg folate) with normal trace element concentrations or one of five 2) vitamin B-12-free and 
folate non-supplemented diets (0.36 mg/kg), with either normal trace element concentrations3-6) vitamin B-12-free and folate non-supplemented with high concentrations of 

iron (300 mg/kg), copper (30 mg/kg), cobalt (1 mg/kg) or nickel (6 mg/kg). Duration 166 days. 

Response criteria Liver and serum B12 content. Liver and serum Co content. 

Results The findings indicate a collaborative relationship between vitamin B-12 metabolism and the trace elements nickel and cobalt.The data demonstrate clearly that cobalt and nickel 

influence the response of the pig to vitamin B-12 deficiency when labile methyl group metabolism is compromised. The findings further indicate that there is a collaborative 
relationship between the vitamins B-12 and folate and the trace elements nickel and cobalt, although the responses of nickel and cobalt to vitamin B-12 deficiency differed in 

some respects. Nickel was more effective than cobalt at improving vitamin B-12 deficiency outcomes. The main effects of nickel were an improvement of the vitamin B-12 status 

and a decline of the homocysteine concentration in serum, although these variables did not reach the values observed in the control group, and a complete normalization of the 

iron concentration in liver. In contrast, cobalt supplementation only improved homocysteine accretion in serum and partly diminished abnormal iron accretion in liver, whereas 

the vitamin B-12 status remained completely unchanged. 
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Table I.D.2. Poultry.  

Study code 13444 

Year 2013 

Animal Category (Sheep) 2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 4 treatments (4 replicates of 25 animals per treatment) 

Diet Background Estimated 0.5 µg/g as vitamin B12 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) basal diet (corn-soybean-oil meal diet2) corn-soybean-dry fat meal diet3) diet 2 plus 2 kg of Diamond V yeast culture/t 4) diet 2 plus 3 kg of Diamond V yeast culture/t 
Duration 42 days. 

Response criteria Distribution 

Results The Co and Zn concentrations in the liver were significantly reduced by feeding of yeast culture. In conclusion, the addition of yeast culture (3 kg/t) to diets containing dry fat 

improves broiler growth performance and positively affects the carcass characteristics by reducing the abdominal fat and blood cholesterol level. 

 

Study code 14790 

Year 1985 

Animal Category (Sheep) 2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 8 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Interactions: Co-MnOther factor: Eimeria acervulina infection 

Composition Diets/treatments Two levels of manganese (0 and 1500 mg/kg diet) and cobalt (0 and 250 mg/kg diet) were added to the basal diet and fed in the presence and absence of experimental E. 

acervulina infection, constituting a 2x2x2 factorial arrangement of treatments. Duration: 19 days. 

Response criteria Animal performance.Liver and plasma Co content. 

Results Eimeria acervulina infection depressed rate and efficiency of weight gain, increased bone mineral retention, increased the absorption of both cobalt and manganese and 

exacerbated Co toxicity. A significant Co x Mn interaction was observed in growth rate and efficiency of gain and in Co and Mn concentration in some tissues as well. This 
interaction was present both in uninfected chicks and in coccidiosis-infected chicks. Excesses of dietary Co and Mn increased tissue Co and Mn concentrations, respectively. 

Excess Co also increased Mn accumulation in kidney, bile and the tibia. 
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Study code 14860 

Year 1982 

Animal Category (Sheep) 2.1. Poultry. Chickens for fattening2.2. Poultry. Chickens reared for laying  

Nº treatments (replicates/ treatment) 6 treatments (3 replicates of 5 animals) per treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Fresh matter 

Factors affecting// combinations Dietary factors: Co and methionine.Other factor: coccidiosis infection  

Composition Diets/treatments The experiment consisted of a 2x2x2 factorial arrangement of treatments. Two levels of cobalt (0 and 250 mg/kg) and two levels of methionine (0 and 0.5%) were added to the 

basal diet, and the experimental diets were then fed in the presence (+) or absence (-) of experimental coccidiosis. Duration 21 days 

Response criteria Animal performance.Live Co content 

Results Coccidiosis and dietary cobalt (250 mg/kg) depressed weight gain and efficiency of feed utilization; cobalt toxicity, however, was exacerbated by the coccidial infection, 
resulting in a depression in performance greater than could be accounted for by the independent additive effect of each entity. Dietary cobalt increased the cobalt concentration 

of the liver, kidney and gallbladder (with bile); experimental coccidiosis in the absence of excess dietary methionine resulted in a two fold increase in cobalt deposition in the 

liver and gallbladder. Excess supplemental methionine partially alleviated the decrease in chick performance and the increase in tissue cobalt content caused by dietary cobalt 
in both healthy and infected chicks, but with a slightly greater efficacy in the coccidiosis-infected chicks. 
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Table I.D.3. Bovines 

Study code 13522 

Year 2007 

Animal Category (Sheep) 3.5. Bovines. Dairy cows for reproduction  

Nº treatments (replicates/ treatment) 2 treatments 

Diet Background Analysed 0.23±0.10 mg/kg  

Units’ basis of diets and/or results Diet - Dry matter Results - Fresh matter 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Daily feeding (control treatment)  

2) Daily feeding of 360 mg Zn, 200 mg Mn and 125 mg Cu as amino acid complexes, and 12 mg cobalt from Co glucoheptonate.  

Duration from 35 days prior to calving until 230 days postpartum 

Response criteria Liver and plasma content 

Results There was no effect of treatment on milk composition or somatic cell content of milk. Supplementing chelated trace mineral (CTM) reduced controlled internal drug releasing 

usage and tended to reduce incidence of non-pregnant cows and mastitis cases. Supplementing CTM increased Cu and Vitamin B12 status as indicated by liver Cu and serum 
Vitamin B12 content. There was no effect of treatment on claw hardness. Increasing Zn, Mn, Cu and Co intake of intensely grazed dairy cattle through CTM supplementation 

increased lactation performance, fertility and Cu and Vitamin B12 reserves 

 

Study code 13550 

Year 2005 

Animal Category (Sheep) 3.3. Bovines. Cattle for fattening   

Nº treatments (replicates/ treatment) 6 treatments (10 replicates per treatment) 

Diet Background Analysed 0.04/0.02 mg/kg in Corn/Barley diet. 

Units’ basis of diets and/or results Diet - Dry matter Results - Fresh matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Corn-based diet with no supplemental Co, 2) Corn-based diet supplemented with 0.05 mg of Co/kg of DM, 3) Corn-based diet supplemented with 0.15 mg of Co/kg of DM 

4) Barley-based diet with no supplemental Co, 5) Barley-based diet supplemented with 0.05 mg of Co/kg of DM, 6) Barley-based diet supplemented with 0.15 mg of Co/kg of 

DM. Duration 140days 

Response criteria Animal performance. Liver and plasma B12 and Co content 

Results Cobalt supplementation increased ruminal fluid vitamin B12 on d 84 in steers fed corn- but not barley-based diets. Folate was greater in plasma and liver of steers fed Co-
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supplemented diets. Increasing supplemental Co from 0.05 to 0.15 mg of Co/kg of DM increased liver folate in steers fed barley- but not corn-based diets. Supplemental Co 
decreased plasma methylmalonic acid concentration in steers.These results indicate that feeding steers corn- or barley-based diets deficient in Co adversely affects performance 

and vitamin B12 status. 

 

Study code 13817 

Year 2010 

Animal Category (Sheep) 3.4. Bovines. Dairy cows for milk production3.5. Bovines. Dairy cows for reproduction  

Nº treatments (replicates/ treatment) 2 treatments (32 or 31 animals each treatment) 

Diet Background Analysed 0.23-0.26 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Fresh matter 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Inorganic trace mineral supplementation (control) 2) A portion of supplemental inorganic Zn, Cu, Mn, and Co replaced with an equivalent amount of the organic forms of 

these minerals (treatment). Duration between 40 and 90 days 

Response criteria Liver, endometrium, and luteal content 

Results Replacing a portion of inorganic Zn, Mn, Cu, and Co with organic forms of these trace minerals at dry-off at dietary concentrations of 75, 65, 15, and 2.1 mg/kg, respectively, 

for the dry period and 75, 65, 15, and 1.1 mg/kg, respectively, during lactation increased milk production later in lactation, but had no detectable effect on early post-calving 
follicular dynamics or embryo quality at 6 d post-ovulation. Tissue (Liver, Luteal and endometrial) mineral (Zn, Mn, Cu, Co, and Fe) concentrations were similar between 

treatments 

 

Study code 13869 

Year 2007 

Animal Category (Sheep) 3.1. Bovines. Calves for rearing  : Yaks 

Nº treatments (replicates/ treatment) 2 treatments (40 and 60 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter Results – (Serum) 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments One group was dosed orally with two soluble glass sintered boluses (100 g for a bolus) containing 13.4% w/w copper, 0.3% w/w selenium and 0.5% w/w cobalt. Duration 

90days 

Response criteria Serum Co and B12 content. Erythrocyte glutathione peroxidase activities 

Results Serum vitamin B12 concentrations for trial 1 and 2 were all significantly increased for the bloused yaks. In conclusion, the copper, selenium and cobalt soluble glass bolus 

increased the status of all three trace elements consistently for a period of at least 90 days. 
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Study code 13943 

Year 2000 

Animal Category (Sheep) 3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 10 treatments (4 replicates per treatment) 

Diet Background Analysed 122 µg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - - Not specified. 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Animals were fed corn silage-based diets which contained 70, 90, 109, 147, 184, 257, 327, 421, 589 or 689 mg Co/kg DM for 40 weeks 

Response criteria Liver, and Serum content (B12, homocysteine and MMA) 

Results In conclusion, homocysteine and MMA together with the vitamin B12 and hepatic folate status appear to be useful predictors of the magnitude of Co-vitamin B12 deficiency, 

being a valuable tool in assessing Co requirements in cattle. On the basis of these findings, recommended levels for cattle of dietary Co for normal folate metabolism and 

minimum homocysteine and MMA can be set to be about 150-200 mg/kg; for maximum vitamin B12 levels, the desired Co content in the diet seems to be 250 mg/kg. 

 

Study code 13951 

Year 2000 

Animal Category (Sheep) 3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 10 treatments (4 replicates per treatment) 

Diet Background Analysed 0.12mg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments The daily inclusion levels for the Co supplement were: 0.0 mg (control), 0.1 mg, 0.2 mg, 0.4 mg, 0.8 mg, 1.2 mg, 1.8 mg, 2.4 mg, 3.2 mg and 4.0 mg cobalt.  

Experimental period 280 days. 

Response criteria Animal performance. Liver and plasma B12 content 

Results The results show that dietary Co concentrations of 0.20–0.26 mg/kg DM are needed for maximum vitamin B12 retention in plasma and liver. For all other test criteria (daily 

gains carcass characteristics) the amount of supplementation needed before concentrations reach a plateau was in the region of 0.13–0.19 mg Co/kg dietary DM. 

 

Study code 13967 

Year 1999 
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Animal Category (Sheep) 3.4. Bovines. Dairy cows for milk production 3.5. Bovines. Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 3 treatments (78-80 replicates per treatment) 

Diet Background Analysed 0.45 mg/d 

Units’ basis of diets and/or results Diet - Dry matter. Results - - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) No supplemental minerals (control), 2) organic minerals (ORG), 3) Inorganic minerals (ING). Supplementation: Cu 125 mg/day, Co (25 mg/day), Mn (200 mg/day), and Zn 

(360 mg/day). Duration 2 years. 

Response criteria Animal performance. 

Results Supplementing extra Cu, Co, Mn, and Zn increased the number of non-pregnant cows. These cows were not deficient for Cu, Zn, Mn or Co, as evidenced by the excellent 
reproductive performance of the control cows. Cobalt was fed at 30 mg/d and was the only element close to reaching the maximum tolerable level of 100 mg/d. Therefore, 

additional research is needed to identify specific elements, levels, and biological mechanisms involved with mineral nutrition. Indirect measures of utilization of mineral 

elements, liver biopsy and faecal output, did not indicate differences between the organic and inorganic sources used in this study. 

 

Study code 13968 

Year 1999 

Animal Category (Sheep) 3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 2 treatments (10-11 replicates per treatments) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified. 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Co-sufficient (200 µg/kg), for 43 weeks. 2) Moderately Co-deficient (83 µg/kg). Duration: 43 weeks. 

Response criteria Animal performance. Liver and serum B12 content. Metabolism lipids 

Results The voluntary daily feed intake of the animals fed the Co-deficient diet was reduced by 18% on average and daily growth gain was reduced by 31% compared to that of the Co-

sufficient controls. Analysis of serum and tissue samples collected at slaughter revealed a marked reduction in the vitamin B. In conclusion, our report appears to be one of the 

first to demonstrate that prolonged moderate Co-deficiency can induce a significant number of changes in the lipid metabolism of cattle. However, we must take into 
consideration that Co-deficiency is a combination of tissue vitamin B12-deficiency and diminished feed intake. 

 

Study code 13974 

Year 1998 

Animal Category (Sheep) 3.2. Bovines. Calves for fattening  
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Nº treatments (replicates/ treatment) 2 (deficient diet (10) and sufficient diet (11)) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Cobalt-sufficient diet supplemented with CoSO4·7H2O to a level of 200 µg Co/kg diet, for 43 weeks, 2) cobalt-deficient diet (83 µg Co/kg diet) and water ad libitum for 43 

weeks 

Response criteria Metabolism: Amino acids. Biochemical response 

Results Cobalt deficiency induced a significant number of changes in plasma amino acid concentrations. It might be concluded that changes in plasma amino acid concentrations are 
associated with the diminished vitamin B-12 status, but also the reduced feed intake and the possible reduction in bacterial activity in the rumen might contribute to these 

alterations. However, the marked changes in levels of homocysteine, methionine, taurine and serine in blood plasma may causally be related to a depletion of vitamin B-12 

stores and may reflect the state of cobalt deficiency best. 

 

Study code 13978 

Year 1998 

Animal Category (Sheep) 3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) Total: 72 7 (9, 10 or 11 animals each treatment) 

Diet Background Analysed 200 µg/kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified. 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Supplemented with copper, zinc, manganese, cobalt, and selenium(control group) according to recommended guidelines, 2) without additional copper, zinc, manganese, 

cobalt, and selenium (TE-non-supplemented group)3-7) without addition of one of the following trace elements: copper, zinc, manganese, cobalt and selenium (Cu-, Zn-, Mn-, 
Co- or Se-non-supplemented groups). Duration 308 days 

Response criteria Animal performance. 

Results In conclusion, when corn silage-based diets without supplemented copper, zinc, manganese, cobalt and selenium were fed to cattle their feed intake and growth performance 

was markedly poorer than control animals. Especially, inadequate cobalt was mainly responsible for impaired growth performance, and also manganese was borderline for 

maximum performance. In contrast, copper, zinc, and selenium hardly contributed to the diminished growth. The alterations in growth performance were accompanied by a 
significant deposition of body fat of 30 % in the group without trace element supplementation and 23 % in the group without added Co. 

 

Study code 14261 

Year 2006 

Animal Category (Sheep) 3.5. Bovines. Dairy cows for reproduction 
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Nº treatments (replicates/ treatment) 2 (10 each treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Lactating and pregnant dairy cows: 1) without Co supplementation (approximately 0.10 mg Co/kg DM in the ration recommended requirement; 2) with an extra oral Co supply 

(approximately 0.30 mg Co/kg DM in the ration). 

Response criteria Milk and serum B12 content 

Results While there was no significant difference in vitamin B12 concentration in at 70th day of lactation cobalamin concentration in the milk colostrum showed a tendency towards 
higher cobalt content in the ration of the supplemented cows in comparison with the controls. Differences in the vitamin B12 concentration in the serum of the newborn calves 

before and after ingestion of colostrum were not detected. From these results it can be concluded that cobalt content of 0.13 mg Co/kg DM in the ration based on wilted grass 

silage seems to be sufficient for pregnant dairy cows. 

 

Study code 14278 

Year 2005 

Animal Category (Sheep) 3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) Study 1: 2 treatments (8 maize and 16 grass). 

Study 2: 5 treatments (6replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Dietary factors. Other factors: physical activity 

Composition Diets/treatments Study 1: 2 feed source: Maize or grass Study. 2: 5 treatment groups: Maize without forced walking, Maize with forced walking, Cut Grass without forced walking, Cut Grass 

with forced walking and Grazing Grass. Study 3: Comparison of grass, dehydrated lucerne and concentrate based diets on the vitamin B12 contents of ovine tissues. 

Response criteria Liver, plasma, and muscle B12 content 

Results Also, no relationship was noted between plasma vitamin B12 concentrations and dietary cobalt allowances. The results indicate the following: (1) cobalt allowances varied 

widely among treatments, from (sub-)deficient to plethoric allowances, influencing vitamin B12 contents of the liver, and muscles (only in case of deficiency), (2) the effects of 
dietary treatments or of physical exercise were essentially related to differences in cobalt allowances, (3) the oxidative type muscle (RA) showed contents which were double 

those in glycolytic type muscle and (4) vitamin B12 contents of raw muscles were lower than the values indicated in tables of feed composition for humans for cooked  meat. 

 

Study code 14308 

Year 2003 

Animal Category (Sheep) 3.3. Bovines. Cattle for fattening  
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Nº treatments (replicates/ treatment) 6 treatment (10 replicates per treatment) 

Diet Background Analysed 0.04 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results – Fresh matter 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Treatments consisted of 0 (control, analysed 0.04 mg Co/kg), 0.05, 0.10, and 1.0 mg of supplemental Co/kg of DM from CoCO3 or 0.05 and 0.10 mg of supplemental Co/kg of 

DM from Co propionate. Duration 56 days. 

Response criteria Plasma and liver B12 content 

Results Results indicate that the current NRC requirement for cobalt of 0.10 mg/kg of the diet is probably marginal for growing and finishing steers. Increasing total dietary cobalt 
above 0.09 mg/kg of the diet increased vitamin B12 status and decreased plasma concentrations of methylmalonic acid. Based on results, a cobalt requirement of 0.15 mg/kg of 

diet is recommended. Cobalt carbonate and cobalt propionate were used with similar efficiency by ruminal microorganisms for vitamin B12 synthesis; however, the two cobalt 

sources seemed to affect certain metabolic variables differently. 

  

Study code 14440 

Year 1997 

Animal Category (Sheep) 3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 4 treatments (12 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results – Dry matter 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Treatments:  single oral dose of 0, 1, 2 or 4 cobalt pellets (30 g pellets containing 30% by weight cobaltic oxide) with a selenium pellet and a grub screw. 

Response criteria Liver, Milk and serum B12 content. Faecal Co content 

Results A single cobalt pellet raised liver vitamin B12 concentration of cows above that of untreated cows for at least 28weeks, and 2 or 4 pellets for 57 weeks. Plasma vitamin B12 

concentration was an unreliable indicator of the effectiveness of cobalt pellet therapy. Milk vitamin B12 and faecal cobalt concentrations increased in response to cobalt pellet 

therapy.Milk vitamin B12 concentration may be a useful indicator of the effectiveness of cobalt pellets in increasing the vitamin Blz supply in lactating cows. 
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Table I.D.4. Sheep 

Study code 13476 

Year 2010 

Animal Category (Sheep) 4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 5 treatments (4 replicates per treatment) 

Diet Background Analysed 6.09 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Interactions Co-Cu 

Composition Diets/treatments Control diet with 0.3 mg/kg DM (dry matter) of Co to the basal diet, and four supplemental diets which were supplied either 0.3 or 0.6 mg/kg DM of Co and 10 or 20 mg /kg 
DM of Cu to the basal diet, respectively for 8 wk. 

Response criteria Digestibility, Distribution 

Results Vitamin B12 status was accounted for Co intake with no combined effects by supplementation of different levels of Co and Cu. The supplementation ratio of different levels of 

Co and Cu had no influence on vitamin B12 status in lambs. The plasma concentrations of methylmalonic acid, homocysteine, folic acid, and glucose did not show the 

consistent results with plasma vitamin B12 which was considered to be resulted from Cu action. Addition of Co and Cu with different levels had no influence on digestibility of 
DM, OM, CP, and NFE and N metabolism, but the optimum ratio of Co and Cu in diet could enhance digestibility of fat and fibre. 

 

Study code 13526 

Year 2006 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing  and 4.2. Sheep. Lambs for fattening   

Nº treatments (replicates/ treatment) 5 treatments (12 replicates per treatment) 

Diet Background Analysed 0.086 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Five groups which were fed with the basal diet containing 0.086 mg Co/kg DM, the basal diet supplied, respectively, with 0.25, 0.50, 0.75 and 1.00 mg Co/kg DM Duration: 
10weeks 

Response criteria Plasma B12 content 

Results Lambs fed the control diet had a reduced appetite and gained less weight than the supplemented animals, suggesting that the inclusion level of 0.086 mg/kg DM Co was 

inadequate for normal growth of lambs. The results in nutrient digestibility demonstrated that low levels of dietary Co in goats resulted in lower apparent nutrient digestibility 

compared to goats supplemented with parenteral injections of vitamin B12. The increased digestibility of fiber indicates the possible role of Co in fiber digestion. Control diet 
was inadequate for achieving optimal growth rate in meat-producing lambs. The level of dietary Co for Chinese Poll Dorset×Small Tailed Han lambs is recommended to be 
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0.336–0.586 mg Co/kg DM. 

 

Study code 13594 

Year 2001 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing and 4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) Exp 1: 2 treatments (300 replicates per treatment).  

Exp 2: 3 treatments (105 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Trace elements supplementation 

Composition Diets/treatments Exp 1: 2 treatment: control + treated with Zn, Co and Se soluble glass bolus.  

Exp 2: 3 treatment: treated with the zinc, cobalt and selenium soluble glass bolus (zinc), treated with a copper, cobalt and selenium soluble glass bolus (copper) and the 

remaining were untreated (control). Duration 4 months. 

Response criteria Plasma B12 content 

Results The zinc, cobalt and selenium soluble glass bolus increased the status of all three trace elements consistently for a period of at least 100 days. The increases of cobalt and 

selenium status were similar to those achieved using the copper, cobalt and selenium bolus, which also increased the copper status of the sheep. 

 

Study code 13596 

Year 2000 

Animal Category (Sheep) 4.1 Sheep. Lambs for rearing 4.2 Sheep. Lamb for fattening 4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 2 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results No specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) One group was bolused with a 35 g copper, cobalt and selenium containing soluble glass bolus (Cosecure)  

2) Another group left unbolused as a control group.  

Boluses (35g, contain 14% copper, 0.63% cobalt and 0.265% selenium). 

Response criteria Serum B12 content. Erythrocyte glutathione peroxidase activities 

Results Bolused sheep at all post treatment samplings were significantly increased in both cobalt and selenium status compared to the controls, however, there were no significant 

differences in any other blood parameter. Bolused sheep had significantly increased selenium and cobalt status for all samples. Co status was also significantly increased on all 
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sample days. The sintered soluble glass copper, cobalt and selenium bolus was able to prevent or correct deficient and/or marginal cobalt and selenium status of sheep 
throughout these trials. 

 

Study code 13685 

Year 1988 

Animal Category (Sheep) 4.3. Sheep. Dairy sheep: 

Nº treatments (replicates/ treatment) 2 treatments (30-31 replicates per treatment) 

Diet Background Analysed 0.10 mg Co/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments The first group of 30 ewes were given a single glass bolus at the beginning of their pregnancy, while the other group of 31 ewes were left as untreated controls. Boluses (35g, 
contain 13.4% copper, 0.5% cobalt and 0.15% selenium). 

Response criteria Serum B12 content. 

Results Vitamin B12 concentration in serum is the criterion most frequently employed for diagnosis of cobalt adequacy in the living animal. The concentration of serum vitamin B12 

regarded as adequate for sheep is 400 ng/l. Serum vitamin B12 values for all sheep were high at the beginning of this field trial, declined during the winter months and rose 

afterwards. Significant differences in values of treated sheep occurred at Days 44, 70, 100 and 134. Subsequently, the elevated vitamin B12 values of all sheep may have hidden 
the effect of cobalt release from the glass boluses. 

 

Study code 13746 

Year 1982 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing and 4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 4 treatment (5 replicates per treatment) 

Diet Background Analysed 0.3 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose Dietary factors: Factor B 

Composition Diets/treatments 2x2 Factorial arrangement. Two levels of dietary Co (0.3 and 1.2 mg/kg) and two levels of injected Factor B (0 and 2.2 mg/d). Duration 8 weeks 

Response criteria Liver and plasma B12 content 

Results Lambs given Factor B had lower liver vitamin B12 concentrations and higher Factor B concentrations than controls fed the high Co diet. The high Co diet did not enhance liver 

B12 levels in the lambs treated with Factor B. Feed intake and body weight gain were not significantly affected by treatment. Plasma propionate increased with time on 
experiment, and concentrations during the final period were negatively correlated with liver B12 levels. When the lambs were loaded with propionate, a similar correlation was 

observed between log plasma level at t=20 and liver B12 levels. Liver B12 levels (from 0.2 to 1.1 µg/g) were all within what is usually considered a normal range. No significant 
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relationship between plasma propionate and liver Factor B levels were observed 

 

Study code 13795 

Year 2012 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing and 4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 2 treatments (17 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results – Dry matter 

Factors affecting// combinations Supplementation source  

Composition Diets/treatments One group of lambs each had one 33g zinc, cobalt and selenium soluble glass bolus administered (bolused), whilst the other group received no bolus (control) for 121 days.  

The boluses weighed approximately 33g and had a weight for weight composition of 15.1% zinc, 0.52% cobalt and 0.15% selenium. 

Response criteria Serum B12 content  

Results Administration of a zinc, cobalt and selenium soluble glass bolus resulted in an increased antibody response and fulfilled the daily requirements for cobalt, selenium and zinc 

with an elevated status of these elements compared to unsupplemented controls grazing the same pasture. 

 

Study code 13824 

Year 2010 

Animal Category (Sheep) 4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 4 (7 replicates per treatment) 

Diet Background Analysed 0.088 mg/kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Experiment 1: 28, 8–9-month-old lambs were randomly divided into four groups. Animals were fed a basal diet containing 0.088mg Co/kg DM and were supplied with 0 

(control), 0.25, 0.50, or 1.00mg Co/kg DM as reagent grade CoSO4·7H2O for 70 days. 

Experiment 2: four lambs from each group in Experiment 1 were randomly allocated to the individual metabolic crates to measure the effects of dietary Co on nutrient 

digestibility. 

Response criteria Animal performance. Plasma B12 content 

Results Final body weight, average daily gain and gain efficiency were higher in the group supplemented with 0.50mg Co/kg DM compared to other groups. Plasma glucose and 

vitamin B12 concentrations increased at all levels of Co supplementation on day 68 of the experiment and for vitamin B12 were higher at 0.50 and 1.00mg Co/kg DM compared 
to 0.25mg Co/kg DM. There was no significant difference among treatments for TVFA and ruminal fluid pH. Digestibility of dry matter, organic matter, crude protein and 
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neutral detergent fiber increased by Co supplementation, but did not differ among Co supplied treatments. The obtained results showed that lambs fed the control diet 
containing 0.088mg Co/kg DM had a reduced appetite and gained less than the supplemented animals, suggesting that the level of 0.088mg Co/kg DM was inadequate for 

normal growth of Mehraban male lambs, and a total level of 0.58mg Co/kg DM might be optimum level for enhancing performance. 

 

Study code 13990 

Year 1997 

Animal Category (Sheep) 4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 3 (3 replicates of 3 animals each replicate) 

Diet Background Analysed 0.17 ppm  

Units’ basis of diets and/or results Diet - Dry matter. Results – Dry matter 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments The basal corn-soybean meal-cottonseed hulls diet contained 0.17 ppm Co and was formulated to meet the requirements for finishing lambs.  

Dietary treatments included 0,20, or 40 ppm Co as reagent grade CoSO4·7H2O added to the basal diet and fed for 20, 40, or 60 d. 

Response criteria Animal performance. Liver Kidney, Spleen, Muscle, and Heart Co content 

Results There was no apparent effect of high dietary Co on animal performance or health. There was no evidence of toxicity with the times and dietary concentrations used. Liver and 

kidney Co concentrations respond in a linear fashion to dietary Co at concentrations above the requirement level established for sheep and may be a useful variable to estimate 
bioavailability of supplemental Co sources. 

 

Study code 13991 

Year 1997 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing 4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) Experiment 1 and experiment 2: 7 treatments. Experiment 3: 7 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results – Dry matter 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Experiment 1: Treatments included the basal corn-soybean meal cotton seed hulls diet containing 0.15 ppm Co or the basal supplemented with 20, 40, or 60 ppm Co as reagent 

grade (RG) Co sulphate (standard) or 40 ppm Co as RG Co oxide or carbonate, feed grade (FG) Co oxide or carbonate, or a Co oxide by-product (BP). Sheep were fed the 

experimental diets for 20 days.  

Experiment 2: Animals were given dietary treatments as in Experiment 1.  

Experiment 3: Treatments included the basal diet (0.25 ppm Co) supplemented with 0, 20,40, or 60 ppm Co as either RG Co sulphate or FG Co glucoheptonate fed for 16 days. 
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Response criteria Animal performance. Liver Kidney, Spleen, Muscle, and Heart Co content Relative bioavailability 

Results In Experiment 1, serum and liver vitamin B12 concentrations increased with increasing Co up to 40 ppm added Co. In Experiment 3, vitamin B12 concentrations were variable 
but generally decreased with increasing Co as did total corrinoid concentrations. Based on liver and kidney Co concentrations the Co in Co sulphate, both carbonates and the 

glucoheptonate were more available than that in any of the three oxide forms. Liver and kidney Co concentrations from short term high level dietary additions with 

supplemental sources of Co were able to detect significant differences in estimated relative bioavailability. The sulphate, carbonate, and glucoheptonate forms of the element 
are more soluble and more available than the oxide forms. 

 

Study code 14071 

Year 1990 

Animal Category (Sheep) 4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 10 treatments (6 replicates per treatment) 

Diet Background Analysed 0.16 µg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results – Fresh matter 

Factors affecting// combinations Supplementation dose Dietary factors: trace elements 

Composition Diets/treatments The treatments were expressed as mg trace element/day per sheep: 1) Baseline; 2) control (distilled water); 3) 0.24 mg Co(CoCl2·6H2O); 4) 8 mg Cu (CuSO4·5H2O); 5) 0.08 mg 

Se (Na2SeO4·10H2O);  6) 2 mg Mo(Na2Mo4.2H2O) and 7) 30 mg Zn (ZnSO4.7H2O). 8) control group; 9) 580 mg Fe (FeSO4.7H2O); 10) 350 mg Mn (MnSO4·4H2O).  

Trace elements were administered daily for 84 days 

Response criteria Animal performance. Liver, Pancreas, Bone Kidney, Spleen, and Heart B12 content 

Results In the present study, increasing the Co intakes from 0.18-0.42 mg/day resulted in no difference in the mean plasma vitamin B12 (1003 pmol/litre) or liver vitaminB12 (512 nmol/ 

kg fresh tissue) levels. 

 

Study code 14522 

Year 1994 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing and 4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 2 treatments(4 and 5 replicates) 

Diet Background Analysed <4.5 µg/g 

Units’ basis of diets and/or results Diet - Dry matter. Results – Fresh matter 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments One group of five animals was fed on the Co-deficient diet (<4.5 µg/kg) while the other group of four animals was fed on the same diet supplemented with Co to a level of 

1000 μg/g for 28 weeks. 
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Response criteria Liver, kidney, plasma, brain and spinal coord B12 content 

Results The plasma vitamin B12, concentration of the animals fed on the Co-deficient diet was significantly lower than that of the Co-sufficient controls after 2 weeks. The vitamin B12, 
concentrations in the tissues of the Co-deficient animals were significantly lower than that for the controls In conclusion, the study has shown that long-term Co deficiency in 

sheep causes a reduction in MM-CoA mutase activity in all tissues studied. The consequent accumulation of branched-chain fatty acids may have been caused by 

misincorporation of MM-CoA into fatty acids in place of malonyl-CoA. Although these are abnormal fatty acids, their accumulation in these animals was not associated with 
the development of any of the neurological or histopathological signs which have previously been attributed to them. It is possible, however, that the reduced rumen synthesis 

of propionate which accompanies ovine Co deficiency may have helped to mitigate possible adverse effects of abnormal accumulation of branched-chain fatty acids in tissues. 

 

Study code 14812 

Year 1984 

Animal Category (Sheep) 4.2. Sheep. Lambs for fattening 4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 3 treatments (5 replicates per treatment) 

Diet Background Analysed 0.06 ppm  

Units’ basis of diets and/or results Diet - Dry matter. Results – Fresh matter 

Factors affecting// combinations Supplementation dose Other factors: hidroxycobalamin injection 

Composition Diets/treatments 1) No supplement (no suppl) and an oral drench of distilled water,  2) 2.7 mg cobalt orally as aqueous cobalt sulphate (Co), 3) 330 µg OH-B-12 injected into the thigh or 
shoulder. Treatments were given on alternate days for 9 weeks. 

Response criteria Animal performance.Liver, Kidney, Brain, Rumen mucosa and Heart B12 content 

Results Supplementation increased vitamin B-12 concentrations in all tissues, with Co and OH-B-12 equally effective at these dosages in brain and ruminal mucosa. OH-B-12 increased 

tissue concentrations of vitamin B-12 more effectively than did Co in the heart, liver and kidney tissue. Supplementation of cobalt-depleted sheep with either Co or OH-B-12 
increased body weight gain and weight at slaughter. 
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Table I.D.5. Goats 

Study code 13883 

Year 2007 

Animal Category (Sheep) 5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 2 treatments(35-38 replicates per treatment) 

Diet Background Analysed 0.10 and 0.12 g/kg DM in grass and concentrate, respectively 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Other factors: hidroxycobalamin injection 

Composition Diets/treatments Goats in both groups were fed 150 g/day per head of a pelleted concentrate, based on body weight and their requirements and Rhodes grass hay ad libitum, containing 0.12 and 

0.10 mg/kg DM cobalt, respectively. Goats in the treated group also received bi-monthly subcutaneous injections of 2000 μg hydroxycobalamin for an experimental period of 
10 month. 

Response criteria Serum B12, Haematology Biochemical response 

Results The initial serum vitamin B12 levels of the control and treated groups were similar and normal but had fallen by >50% to deficient levels in untreated kids after four months. In 

contrast, the treated group maintained levels that were normal throughout and invariably were higher than the levels of control animals from the first month of treatment. In 

contrast to the treated goats, the control animals of all breeds experienced a severe decrease in their serum vitamin B12 levels, developed palemucous membranes and appeared 
scruffy, and two breeds (Dhofari and Batinah) had significantly lower weight gains from month 5. Untreated kids of all breeds had significant decreases in their red blood cell 

counts and erythrocyte indices after approximately four months. Controls developed low total serum protein levels whilst activities of alkaline phosphatase and aspartate 

aminotransferase significantly increased. Although it is widely assumed that goats are more resistant to cobalt deficiency than sheep this is apparently not true for Omani goats. 

 

Study code 13569 

Year 2004 

Animal Category (Sheep) 5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 2 treatments (18 replicates per treatment) 

Diet Background Estimated 0.10 and 0.12 mg Co/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Other factors: hidroxycobalamin injection 

Composition Diets/treatments Goats from both groups were fed Rhodes grass hay and a commercially prepared diet containing 0.10 and 0.12 mg Co/kg DM, respectively from 10 to 46 weeks of age. 

Animals in the treated group were supplemented with subcutaneous injections of 2000 µg of hydroxocobalamin (vitamin B12) on week 10 and thereafter for 46 weeks at 8-week 
intervals. 
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Response criteria Serum B12 content. Meat quality 

Results Goats fed a diet containing the minimum daily requirement of cobalt as specified for sheep had lower serum vitamin B12 values than goats treated with subcutaneous injections 
of hydroxocobalamin. 

 

Study code 13577 

Year 2003 

Animal Category (Sheep) 5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 2 treatments(35-38 replicates per treatment) 

Diet Background Estimated 0.10 and 0.12 mg Co/kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Other factors: hidroxycobalamin injection 

Composition Diets/treatments Goats in both groups were fed Rhodes grass hay ad libitum and a commercially prepared diet containing 0.10 and 0.12 mg Co/kg dry matter, respectively, from 10 to 46 weeks. 

Animals in the treated group were supplemented with vitamin B12 by giving sub-cutaneous injections of 2000 µg of hydroxocobalamin at week 10, and at 8 weeks intervals 
thereafter for 46 weeks. 

Response criteria Serum B12 content 

Results Serological evaluation of the vitamin B12 status revealed that goats supplemented with vitamin B12 were able to maintain significantly higher serum levels of vitamin B12 than 

the animals from the control group.The results of this study showed that low levels of dietary cobalt in goats resulted in lowering the apparent nutrient digestibility coefficients 

compared to goats supplemented with vitamin B12. This is possibly due to several factors, including a reduction in rumen microorganisms, decrease in intestinal absorption of 

nutrients, and inadequate synthesis of the vitamin B12-dependent methylmalonyl co-enzyme A mutase and methionine synthase, the two enzymes essential for protein and 

energy metabolism. 
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Table I.D.6. Fish 

Study code 
13723 

Year 
1984 

Animal Category (Sheep) 
6. Fish. Salmon/trout : salmon 

Nº treatments (replicates/ treatment) 
2 treatments (2000 replicates per treatment) 

Diet Background 
Analysed 0.6 ppm 

Units’ basis of diets and/or results 
Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations 
Supplementation dose 

Composition Diets/treatments 
1) Control diet 2) Control + supplemented diet (control/supplemented) in ppm DM:Ca (35000/30500); Co (0.6/15.1);Cr (1.1//1.1);cu (9.4/29.9);Fe (450/890);K (8840/9850; 
Mg(2020/2990);Mn (125/227);Na (10800/12200);P (21700/19600);Zn (166/250)Duration 20 weeks. 

Response criteria 
Animal performance. Egg content 

Results 
In summary, additional fortification of broodstock salmon diets with cobalt, copper, iron, and manganese over standard production diet levels did not increase egg levels at 
spawning or the maternal soma levels of these elements. The dietary requirements for cobalt, copper, iron, manganese and zinc in maturing Coho salmon appear to be no higher 

than the levels present in the control diet. 

 

Study code 
14173 

Year 
2009 

Animal Category (Sheep) 
6. Fish. Salmon/trout: rainbow trout 

Nº treatments (replicates/ treatment) 
7 treatments (5 replicates per treatment) 

Diet Background 
Not specified 

Units’ basis of diets and/or results 
Not specified 

Factors affecting// combinations 
Other factors: divalent cations 

Composition Diets/treatments 
The potential inhibitory effect of various divalent metals on the absorption of Fe2+ was assessed by the addition of each metal separately in the luminal saline (copper, nickel, 

cobalt, lead and cadmium as nitrate salts, and zinc as a chloride salt; at 2 μM and 20 μM), and compared to the control (Fe2+ alone; at 2 μM). 

Response criteria 
Absorption, 
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Results 
All of the divalent metals except cobalt inhibited the intestinal Fe2+ absorption in fish, and the magnitude of inhibition followed the order of: Ni2+~Pb2+>Cd2+~Cu2+>Zn2+. 
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Table I.D.7. Pets 

Study code 
13443 

Year 
2013 

Animal Category (Sheep) 
Dogs 

Nº treatments (replicates/ treatment) 
Eighteen dry dog foods obtained commercially 

Diet Background 
Not specified 

Units’ basis of diets and/or results 
Diet - Dry matter. Results - Not specified 

Factors affecting// combinations 
Other factors: dry dog foods 

Composition Diets/treatments 
Eighteen dry dog foods obtained commercially in the United States were digested using microwave assisted nitric acid digestion and a simulated gastric digestion. 

Response criteria 
Digestibility 

Results 
Simulated gastric digestions demonstrated lower extraction efficiencies (<50% nitric acid digestions) that were statistically significant. Much lower bioavailability was 
observed for Al, Ba and Pb. In general, elemental concentrations were determined to be lower than the appropriate Mineral Tolerance Limit or consistent with background 

concentrations in foodstuffs. Evaluation against Reference Doses (RfDs) showed concentrations for many elements obtained by nitric acid digestion to be above RfD levels. 

However, the respective simulated gastric digestion data were below or only moderately elevated above RfDs. 



 Extensive Literature Search on the bioavailability of trace elements Monograph I - Cobalt 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

75 

Table I.D.8. Rats/mice 

Study code 
14639 

Year 
1989 

Animal Category (Sheep) 
10. Other categories : Sprague-Dawley Rat 

Nº treatments (replicates/ treatment) 
4treatments 

Diet Background 
Not specified 

Units’ basis of diets and/or results 
Not specified 

Factors affecting// combinations 
Interactions: Co-Cu-Zn 

Composition Diets/treatments 
Cobalt chloride was dissolved in saline and injected subcutaneously in a single dose of either 12, 30 or 60 mg/kg body wt. Control rats were administered saline only, either by 
subcutaneous injection or gavage, and were identical in all parameters tested. 

Response criteria 
Liver, kidney, and urine content 

Results 

The ability of inorganic cobalt to elevate zinc concentration in liver and produce increased urinary copper excretion without the zincuresis that normally accompanies 

penicillamine administration represents a newly defined biological property of this essential trace metal. 

 

Study code 
14894 

Year 
1980 

Animal Category (Sheep) 
10. Other categories : C57BL/6 mice 

Nº treatments (replicates/ treatment) 
2 treatments (10 replicates per treatment) 

Diet Background 
Analysed 0.04 mg/kg 

Units’ basis of diets and/or results 
Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations 
Interactions: Fe-Co  

Composition Diets/treatments 
1) Control (10 animals) 2) Bleeded (10animals)  

Response criteria 
Absorption 
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Results 

In perfusion experiments, bleeding increased the duodenal absorption of only iron and cobalt, whereas dietary iron deficiency enhanced the absorption of cobalt. 

 

Study code 
14896 

Year 
1980 

Animal Category (Sheep) 
10. Other categories : Rats 

Nº treatments (replicates/ treatment) 
6 treatments (12 replicates per treatment) 

Diet Background 
Analysed 0.021-0.24 ppm 

Units’ basis of diets and/or results 
Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations 
Supplementation dose. Dietary factors: polysaccharides 

Composition Diets/treatments 
Short-term study. The control group was maintained on a semisynthetic basal diet. In the five diets indigestible polysaccharides were substituted at 10% level for an equal 

weight of corn-starch: gum guar (GG), carob bean gum (CBG), Na alginate (Na-A) agar-agar (AA) and carrageenan (C). Duration 8 days. Long-term study. The control group 
received the basal diet. In the diets of the two experimental groups, GG or AA was substituted at the 10% level for corn-starch. All three diets were fed continuously for 21 

weeks. 

Response criteria 
Absorption  

Results 
Absorption of cobalt was reduced significantly by all five polysaccharides, most markedly by AA and C. Mineral content of rat carcasses, assayed at the termination of the 

experimental period, did not reveal any significant differences between controls and animals fed AA or GG, suggesting that the rat is able to compensate for the increased 

faecal losses, presumably by reduced urinary losses. 
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EXECUTIVE SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of 

copper (Cu) additives and their incompatibilities and interactions, in particular when combined with 

other feed additives or components of the animal diet. Different search chains were performed for each 

one of the elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web of 

Knowledge), and the resulting references were managed by using the open-source reference tool 

DistillerSR
©
 systematic review software. The DistillerSR

©
 library contained not only the specific 

literature search for searched keywords but also separate sub-libraries containing literature that was 

included or excluded from the ELS. This is based on several consecutive phases to accurately select 

the articles complying with the inclusion criteria. Identification and removal of duplicates were 

executed in 2 steps: one based on the title and abstract, and the following one according to the full 

text. In order to avoid the loss of key papers, each selection was performed by duplicate. A database in 

MS Excel format, recording the most important items derived from selection process, was obtained. 

The search process was documented in enough detail to ensure that it can be reproduced and that 

search strategies can be repeated, i.e. the search terms and search term combinations for all databases 

are clearly reported in the protocol. In the first level of selection, based on title and abstracts, a total of 

7708 articles were excluded to be completely unrelated with the search objectives (not about copper, 

animal species and/or bioavailability issues). Finally, 904 articles were retained to be potentially 

related with the search questions. In case of doubt or few/not information exposed in the abstract, the 

articles were automatically retained to the next level. After the assessment of the full-text references, a 

total of 510 articles were excluded to be finally unrelated with the subject. Two hundred and five 

references were retained to answer the extraction data form 

Most of the studies retained in the selection assessed bioavailability issues of Cu in rats and mice 

(n=79). A relatively lower number of articles were focused on pigs (n=31), poultry (n=28), bovines 

(n=26) and sheep (n=16). In turn, very few studies concerning fish (n=8), goat (n=8), horses (n=4), 

pets (n=3) and rabbits (n=2) were retained in the selection. Studies assessing incompatibilities of Cu 

using in vitro models were not found. The inorganic supplementation forms of Cu such as sulphates, 

oxides, chlorides or carbonates were found in each animal category, while aminoacid chelates or yeast 

enriched forms were form only in several categories. Nanoparticles of Cu were assessed in one study 

performed with pigs. Liver Cu levels are good indicators of the bioavailability of inorganic Cu in 

poultry. In fact, inorganic Cu is more bioavailable than its organic form, although no differences 

between sexes were found. There are multiple studies describing potential interactions of Cu with 

other trace elements, such as Mo, while no interactions have been described with respect to Cu and Zn, 

when assessing multiple body systems, especially mainly in bone tissue. In general terms, liver was 

identified as the most representative organ of the Cu status in animals. The relative bioavailability was 

estimated in several studies with bovines, poultry or sheep. Multiple interactions between Cu and other 

trace elements, such as Fe or Zn, have been reported in pigs. High intakes of Cu were related to an 

increase in mucosa and faeces, but plasma concentrations in pigs did not rise. Although liver is one of 

the most commonly used indicator of Cu, this parameter seems to be inappropriate when the intake is 

adequate. Finally, diets balanced in Cu derive to an enhancement of the growth. 
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1. INTRODUCTION 

Copper (Cu) is a metal widely distributed in nature and is part of most living organisms. Found in a 

wide variety of minerals and organic compounds and more barely as metallic copper. Copper is an 

essential trace element for animals. In the body, copper switch between forms cuprous (Cu 1) and 

copper (Cu 2), while most of the copper found in the body is shaped copper. The ability of copper to 

give and accept electrons explains its important role in the oxidation and, as a collector of free 

radicals. Copper is the cofactor of a long list of key metabolic enzymes, called cuproenzims such as 

cytochrome C oxidase, lysyloxidases or ceruloplasmin. Deprivation of copper has been related with a 

wide range of symptoms including ataxia, abnormal wool and hair, depigmentation, anaemia, bone 

disorders, connective tissue disorders, cardiovascular disorders and infertile (Jongbloed et al., 2002; 

Suttle, 2010). Symptoms of acute copper toxicosis include salivation, epigastric pain, nausea, vomiting 

and diarrhoea. Copper ions have an irritant effect on mucosal membranes and daily intakes ranging 

from 2 - 32 mg in drinking water have been reported to cause symptoms of general gastric irritation. 

Ingestion of >100 g copper sulphate may produce intravascular haemolysis, acute hepatic failure, 

acute tubular renal failure, shock, coma or death (Jongbloed et al., 2002; Suttle, 2010). Typical copper 

requirements range 3-6 mg Cu/kg DM in pigs, 4-8 mg Cu/kg DM in poultry, 9-18 mg Cu/kg DM in 

bovines, 3.1-23.9 mg Cu/day DM in sheep, 9- 62 mg Cu/ay DM in goats, 16.8-225 mg Cu/day DM in 

horses, 3 mg Cu/kg DM in rainbow trout, and 4.5 mg Cu/kg DM in kittens (NRC, 1993, 1994, 1998, 

2000, 2006, 2007). 

The Scientific Committee on Animal Nutrition (SCAN) delivered reports on the use of copper 

methionate for pigs (EC, 1981), copper compounds in feedingstuffs (EC, 1982, 2003a) and in 

feedingstuffs for pigs(EC, 1983). EFSA issued Opinions on the safety of the chelated forms of copper 

with synthetic feed grade glycine (EFSA, 2005), on the safety and efficacy of a copper chelate of 

hydroxy analogue of methionine (Mintrex
®
Cu) as feed additive for all species (EFSA, 2008; EFSA 

2009), on the safety and efficacy of di copper chloride tri hydroxide (tribasic copper chloride, TBCC) 

as feed additive for all species (EFSA, 2011), re-evaluating the safety and efficacy of cupric sulphate 

pentahydrate (EFSA, 2012) and the safety and efficacy of cupric chelate of amino acids hydrate 

(EFSA, 2013). 

The additive cupric sulphate pentahydrate was authorised in the European Union (EU) under the 

element copper for all animal species without a time limit (EC, 2003a), through various amendments. 

Following the provisions of Article 10 of Regulation (EC) No. 1831/2003, this compound was 

included in the EU Register of Feed Additives under the category nutritional additives and the 

functional group compounds of trace elements (EC, 2003b). 
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix II.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (11/07/2013). A total of 

11,930 raw articles was retrieved from the sum of SCOPUS (n=3908), PUBMED (n=4835) and ISI 

(n=3187). A first duplicated deletion was performed by means of the EndNote
®
 application (n=3318). 

The merged references were imported to DistillerSR
© 

on-line server to perform a second duplicated 

deletion by means of this tool (n=904). A final pool of 8612 articles was ready to perform the selection 

process. 

 

Figure 3. Flow chart of the ELS process for articles related to Cu, and number of articles retrieved. 

In the first level of selection, based on title and abstracts, a total of 7708 articles were excluded to be 

completely unrelated with the search objectives (not about copper, animal species and/or 

bioavailability issues). Finally, 904 articles were retained to be potentially related with the search 

SCOPUS (n=4835) Date: 18/07/2013 

PUBMED (n=3908) Date: 18/07/2013 

ISI (n=3187) Date: 18/07/2013 

Total records 

(n=11930) 

Records (full texts) potentially eligible (n=904) 

EXCLUDED obviously 

irrelevant records 

(n=7708) 

Duplicates (n=3318) 

Studies included in the review 

(n=205) 

EXCLUDED (n=510) 

 

Pilot full text 

selection 

process 

Screen 

titles/abstracts  

Total records 

(n=8612) 

NOT FOUND (n=189) 
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questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. 

After the assessment of the full-text references, a total of 510 articles were excluded to be finally 

unrelated with the subject. Two hundred and five references were retained to answer the extraction 

data form (See Appendix II.C). 

 

2.2. Data synthesis
(References of this section can be found in Appendix II.C)

 

Most of the studies retained in the selection assessed bioavailability issues of Cu in rats and mice 

(n=79). A relatively lower number of articles were focused on pigs (n=31), poultry (n=28), bovines 

(n=26) and sheep (n=16). In turn, very few studies concerning fish (n=8), goat (n=8), horses (n=4), 

pets (n=3) and rabbits (n=2) were retained in the selection. Studies assessing incompatibilities of Cu 

using in vitro  models were not found.  

In general terms, considering the studies included, there is an extensive use of different molecular 

forms of Cu as additives, mainly as sulphate. On the other hand, although the main indicators were the 

contents in liver, kidney and plasma, the burdens in spleen, muscle, brain or bile have been also 

considered in some investigations.  

The summary of the animal categories, molecular forms, factors affecting the bioavailability of Cu, as 

well as the indicators of bioavailability used in the studies can be found in Table 5. More extensive 

information is presented in Appendix II.D for each animal category, while complete raw data are 

available in the raw database file (Excel file). 

Table 5. Summary table concerning animal categories, molecular forms, factors affecting the 

bioavailability and the indicators used in the processed studies. 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs 1.1. Pigs. Piglets 

(suckling)  

1.2. Pigs. Piglets 

(weaned)  

1.3. Pigs. Piglets 

(suckling and 

weaned) 

1.4. Pigs. Pigs for 

fattening  

1.5. Pigs. Sows 

for reproduction: 

Iberian sources 

Sulphate 

Citrate 

Amino acid 

chelate 

Oxide  

Proteinate  

Nanoparticle 

Chloride 

Metal chelate 

Supplementation dose 

Supplementation 

source 

Interactions: climate, 

dietary trace minerals. 

Fe, Zn, Cu, As, Cd, P. 

Dietary factors:  

Food matrix 

Fluorine 

Phytase activity 

Microbial phytase 

Bacteria 

Tocopherol 

Glycerol 

Digestibility 

Proteinates 

Roxarsone 

Animal fat 

 

 

 

 

Animal performance 

Liver content 

Kidney content 

Heart content 

Spleen content  

Plasma content  

Serum content 

Carcass content 

Bone content 

Urine content 

Faecal content 

Immunoespons 

Viscera content 

Pancreas content 

Brain content 

Bile content 

Enzyme activity 

N retention 

Mucosa content 

Muscle longissimus 

Thymus content 

Lymphaden content 

Muscle content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

Fatty acid composition 

2.Poultry 2.1. Poultry. 

Chickens for 

fattening  

2.2. Poultry. 

Chickens reared 

for laying  

2.3. Poultry. 

Laying hens 

2.5. Poultry. 

Turkeys for 

breeding purpose 

Oxide 

Sulphate 

Aminoacid 

chelates 

Yeast enriched 

(S. cerevisiae)  

Proteinate 

TBCC 

Chloride 

Carbonate 

 

Supplementation dose 

Supplementation 

source 

Interactions: Se, Zn, 

Mn, Fe 

Dietary factors:  

Food matrix 

Ascorbate 

Vitamin E 

Aminoacid content 

Corn-soybean meal 

 

Animal performance  

Liver content  

Kidney content 

Spleen content 

Bone content (tibia) 

Muscle content 

Breast content 

Feather content 

Egg content 

Breaking strength 

Serum content 

Plasma content 

Faecal content 

Bile content 

Biochem response 

Heart content 

Relative bioavailability 

Erythrocyte 

Enzyme activity 

Haematocrit 

Thymus content 

Immune response 

3.Bovines 3.1. Bovines. 

Calves for 

rearing 

3.2. Bovines. 

Calves for 

fattening 

3.3. Bovines. 

Cattle for 

fattening 

3.4. Bovines. 

Dairy cows for 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

Sulphates 

Chloride 

Aminoacid 

chelates 

 

Supplementation dose 

Supplementation 

source 

Interactions: Ni, Mo, 

Fe, Zn, Mn 

Dietary factors: 

Clinoptilolite 

Pastures 

Animal performance  

Liver content  

Kidney content 

Spleen content  

Lung content 

Muscle content 

Plasma content  

Serum content  

Milk content 

Colostrum content 

Faecal content 

Erythrocyte  

Brain content 

Diaphragm content 

Heart content 

Immunoresponse 

Ceruloplasmine content 

Relative bioavailability 

Rib-eye area 

Luteal content 

Endometrial content 

4.Sheep 4.1. Sheep. 

Lambs for 

rearing 

4.2. Sheep. 

Lambs for 

fattening 

4.3. Sheep. Dairy 

Oxide 

Carbonate 

Sulphate 

Aminoacid 

chelate 

Methionine 

chelate 

Supplementation dose 

Supplementation 

source 

Interactions: Zn, Mo, 

Cu-lysine 

Dietary factors 

Fauna fish meal 

Animal performance  

Liver content  

Kidney content 

Spleen content 

Muscle content 

Bone content 

Plasma content 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

92 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

sheep  

4.4. Sheep. Ewes 

for reproduction 

Acetate 

Chloride 

TBCC 

Legume-grass 

Nematodes  

Other factors: 

Injection i.m. 

 

Serum content  

Urine content 

SOD activity 

Erythrocyte content 

Tears content 

Skin content 

Bile content 

Heart content 

Relative bioavailability 

5. Goat 5.2. Goat. Kids 

for fattening 

5.3. Goat. Dairy 

goats 

 

 

Sulphate 

Chloride 

Supplementation dose 

Supplementation 

source 

Dietary factors 

Interactions: Mo 

Other factors: 

Pregnancy 

Plasma content 

Liver content 

Kidney content 

Bile content 

Faecal content 

Muscle longissimus 

content 

Urine content 

Ruminant fermentation 

Follicle characteristics 

Brain content 

Hair content 

Lung content 

Ovary content 

Uterus content 

Foetus 

6. Fish 6. Fish. 

Salmon/trout 

 

Sulphate 

 

Supplementation dose 

Supplementation 

source 

Interactions: Fe, Zn, 

Cd, Histidine 

complexes 

Animal performance 

Plasma content 

Liver content 

Intestinal sacs 

Haemoglobin 

Absorption 

Gut content 

7. Rabbit 7.1. Rabbits. 

Rabbits suckling 

and weaned 

7.2. Rabbits. 

Rabbits for 

fattening 

7.3. Rabbits. 

Breeding does 

(for reproduction) 

Not specified Interactions: Mo, Zn, 

Cd, Mg 

 

Liver content 

Kidney content 

Pancreas content 

Spleen content 

Bone content 

Urine content 

Plasma content 

Heart content 

Lung content 

Skeletal muscle 

8. Horses 8. Horses Sulphate 

Aminoacid 

chelate 

Interactions: Zn, Mo, 

vitamins A, D and E 

Dietary factors: 

Pastures 

True absorption 

Urine content 

Faecal content 

Plasma content 

Blood content 

9. Pets 9. 1. Pets and 

other non food-

producing 

animals. Dogs 

9. 2. Pets and 

Sulphate Interactions: Cu, Zn Animal performance 

Liver content 

Spleen content 

Brain content 

Heart content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

other non food-

producing 

animals. Cats 

Lung content 

Kidney content 

Plasma content 

Muscle content 

Biochemical response 

 

2.2.1. Factors affecting the bioavailability of Cu in pigs 

o Assessment of bioavailability 

Significant differences between the inorganic and organic sources of Cu are not generally observed in 

the scientific literature 
(61527)

. However, there is not a consensus in this particular issue. In a trial, 

copper concentration in faeces was significantly lower in the organic copper source treatment group 

than that in the group treated with inorganic copper. The results of this experiment showed that the 

dietary substitution of organic by inorganic copper may result in a decreased faecal copper excretion, 

although it does not exert any effect on the animal performance. Organic chelated copper dietary 

supplementation resulted in lower levels of faecal copper excretion than inorganic copper 
(59517)

. 

Another investigation concluded that replacing the high inorganic Cu supplementation of 250 ppm Cu 

as Cu SO4 in a swine nursery diet with a lower concentration of an organic Cu source (50 or 100 ppm 

Cu as Cu-proteinate) increased growth performance of 6-kg pigs housed in group pens in the 

production experiment, but not in 11-kg pigs housed individually in metabolism crates for the balance 

experiment. In the balance experiment, feeding 50 or 100 ppm Cu as Cu-proteinate reduced Cu 

excretion in swine waste by 77 or 61%, respectively, compared with feeding 250 ppm Cu as CuSO4 
(55757)

. 

The addition of 250 ppm Cu to the diet significantly increased Cu levels in plasma, liver, and kidney 
(56944)

. However, it has been also suggested that plasma Cu concentrations are not affected by dietary 

Cu source or concentration, even though faecal Cu values were significantly increased as the dietary 

intake of Cu increased 
(55756)

. 

Feeding with higher levels of Ca and P resulted in increased liver Cu levels in pigs fed 250 ppm of Cu. 

However, Ca and P did not affect Cu levels in liver of pigs fed low Cu diets (29 vs 28 ppm). When 

dietary Ca and P were varied independently, high Ca levels increased liver Cu concentrations, but P 

had a little effect on Cu in liver. Increasing the dietary P level partially alleviated the effect of Ca on 

liver Cu 
(58569)

. Another study on the dietary effect of Cu indicated that the supplementation of this 

element does not modify copper concentration in muscle tissue of Iberian pigs 
(56166)

. 

The results of different studies clearly indicate that feeding with 250 ppm of Cu as CuSO4 markedly 

improves rate and efficiency of gain in weanling pigs. Copper as oxide is ineffective as a growth 

promoting. Based on liver Cu stores, the bioavailability of Cu as CuO seems to be quite low; hence, 

due to its insolubility, the oxide form of Cu is not useful as a major source of supplemental Cu in 

mineral mixes or as a growth promoting for swine 
(57873)

. 

With respect to immunity, dietary supplementation of copper in nanosize displayed beneficial effects 

on weaned piglets. Compared to CuSO4, it improved copper bioavailability and reduced the faecal 

excretion level of copper, increased digestibility of crude fat and energy, and improved growth 

performance of piglets. Serum IgG, γ-globulin and total globulin protein levels as well as the SOD 

activity were also increased by nano Cu supplementation 
(59618)

. 

o Interactions 
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Copper metal is often studied together with Zn, since significant interactions between both elements 

have been observed 
(54528, 55105, 59782, 60861, 60666)

. Copper usually decreases in plasma upon interaction 

with Zn 
(54476)

. In addition, Cu diet indicates that the added dietary fat is interferon with absorption of 

these trace minerals 
(61706)

. In turn, some other investigations did not report any significant differences 

between dietary high levels of Cu and Zn absorption 
(61527, 54251)

.  

Interactions of Cu and Zn with other elements, such as Fe, have been also studied in several trials 
(58985, 

55481, 61706)
. Interactions with Ca Cu, Mn, and P 

(61602)
, as well as with Mg and Ca 

(56944)
, and Na and K, 

have been also investigated. Significant copper fat interactions have been found with Ca, Mg, Na and 

K in spleen, as well as the weight of this organ. Data also indicated that copper has limited effects on 

tissue mineral deposition, except for the spleen 
(56944)

. In addition, copper supplementation of diets did 

not affect any absorption and retention of Ca, P, Zn, and Mg. In contrast, it increased absorption and 

retention of Cu and Mn 
(61602)

. 

A study suggested that fluoride levels in excess could decrease growth performance and change the 

retention of copper in pigs. The excessive ingestion of fluoride had a significant adverse effect on 

growth performances of growing pigs, which probably resulted from decreased apparent digestibility 

of nutrients caused by excessive fluoride. The determination of Cu changes in tissues might be very 

helpful in the understanding of the toxic mechanism of excess fluoride 
(55481)

. 

Roxarsone is another of the parameters for which interactions with Cu have been investigated. When a 

fortified corn-soybean meal diet was used in pigs, roxarsone dramatically reduced liver Cu 

concentration at all levels of supplemental Cu fed. The level of roxarsone commonly fed, 50 mg/kg 

diet, resulted in a two- to fourfold depression in liver Cu concentration. In turn, the effects of 

roxarsone on weight gain were more perplexing. The antagonizing effects of roxarsone and Cu on 

weight gain were not evident in the pig. Supplemental Cu (250 mg/kg diet) improved weight gain, but 

not feed efficiency, in starter pigs. Roxarsone (50 mg/kg diet) had no effect on the growth-promoting 

effects of Cu 
(58493)

. Finally, phytase supplementation of diets increased serum P, Zn and Mg 

concentrations, but reduced Cu levels in serum 
(61602)

. 

 

o Incompatibilities 

(Studies about incompatibilities of copper were not found)  

 

2.2.2. Factors affecting the bioavailability of Cu in poultry 

o Assessment of bioavailability 

The results of a study showed that copper proteinate is effective in promoting growth and reducing 

plasma cholesterol of broilers, confirming that the increased bioavailability of organic copper with 

respect to inorganic sources 
(54502)

. Feeding with supplementary copper seems to increase linearly and 

significantly liver copper concentrations regardless of copper source 
(55549)

. The authors of this study 

also indicated that the contents of vitamin E in liver and plasma of broilers given tribasic copper 

chloride (TBCC) were also significantly higher than those of birds fed copper sulphate.  

According to some authors, an addition of 800 mg of Cu/kg to a caseindextrose semi-purified diet 

decreased weight gains by 63%. However, adding the same amount of Cu to a corn-soybean meal 

complex decreased gains by only 8%. Additionally, substituting soy protein for at least 50% of the 

protein provided by casein meliorates toxicity symptoms caused by an excess Cu ingestion 
(57615)

. 

Some discrepancies exist around this subject 
(58817)

, since a positive direct relationship between dietary 

copper and concentration of Cu in liver or plasma was found in chicks fed either the basal diet or the 

basal diet supplemented with Cu 
(58817, 54375)

. A similar study suggested that supplementing a high level 
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of Cu from CuSO4 significantly decreased blood haematocrit and increased liver Cu concentration. 

Despite this organ was not affected by dietary Cu from the oxide source, it significantly increased 

when others Cu sources were used 
(57705, 58830)

. The high levels of deposition in livers were also raised 

in chicks fed casein diet 
(57615, 63109)

. 

Another investigation concluded that supplementing broiler diets with Cu at high levels (250 ppm) 

during the starter period had a negative effect on broiler performance during the early days of the 

growth period. However, the addition of moderate levels of Cu (125 ppm) to the basal diet did not 

have a negative influence on broiler performance 
(59320)

.  

A physiological study indicated that high dietary Cu increased the Cu solubility, but not the pH, in the 

duodenum plus jejunum contents 
(60068)

. Finally, another investigation demonstrated that there is a 

relation between L-ascorbate and copper, reporting that L-ascorbate had possible sterospecific 

postabsorption roles in copper metabolism 
(58803)

. 

The relative bioavailability of Cu in the CuAA chelate was found to be similar to that of reagent grade 

Cu sulphate for chicks 
(60593)

. Slope ratio comparisons gave relative Cu relative bioavailability values 

of 99 for Cu-lysine in chicks (see Table 6), compared with 100 for Cu SO4.5H20 
(61794)

. 

Table 6. Relative bioavailability of copper sources based on multiple linear regression of liver Cu 

content in poultry. 

Cu source Cu indices Relative bioavailability 

(%) 

Reference 

Cu sulphate Liver Cu 100 
61794 

Cu lysine Liver Cu 99 ± 4.8 
61794 

Cu chelate Liver Cu 96 ± 14 
60593 

 

o Interactions 

Antagonistic properties of L-ascorbic acid on copper metabolism have been confirmed in a series of 

investigations 
(58803)

. In turn, citric acid has been suggested to present a beneficial influence on the live 

performance of broilers from 13-42 days 
(59119)

. Plasma superoxide dismutase activity, physical-

chemical properties of bone and the concentrations of Ca and P in the tibia bone were not generally 

affected by the copper source. Therefore, no reasons for additional supplementation of copper, either 

organic or inorganic, were proposed 
(62757)

. The excess of methione and Mo seems to increase plasma 

copper concentrations, although it did not have any effect on spleen or liver 
(58817)

. In turn, the 

interaction Cu-proteinate showed a better performance and nutrient utilization, compared to CuSO4 
(62753)

. 

Supplementation of dietary Se up to 1 mg/kg Se also caused a significant reduction of the serum 

concentration of Cu in heat-stressed broilers (P<0.05) 
(54280)

, while supplemental Cu was not found to 

stimulate bird performance in conditions of dietary Zn deficiency, as it is mostly excreted 
(54638)

. 

Furthermore, organic forms of copper did not cause any interactions with respect to Zn 
(59818)

. 

When the effects of a chronic exposure to high dietary levels of Mn were investigated, it was seen that 

the accumulation of this element in immune organs resulted in a balance of other trace elements, such 

as Fe, Zn and Ca, while the contents of others (e.g., Cu and Se) did not differ 
(54288)

. Finally, no 

significant differences of Cu, Zn and Mn in serum, liver, breast muscle, tibia and faeces could be 

observed between the diet treatments with or without Fe 
(54263)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 
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2.2.3. Factors affecting the bioavailability of Cu in bovines 

o Assessment of bioavailability 

Some accumulation of Cu in bovines along time has been observed in some studies, with young cows 

(two-four years old) presenting significantly lower Cu concentrations in liver than older cows (six-

seven years old) 
(58438)

.  

A specific investigation on buffalos suggested that these animals absorb/accumulate less Cu than 

cattle. This could be possibility due to the elevated activity of metallothionein, occurring either within 

the intestine during which metallothionein binds with dietary Cu and inhibits its absorption or in the 

liver, where hepatic metallothionein promotes and increase in the biliary excretion of Cu 
(54795)

. Liver 

Cu concentrations did not differ between heifers supplemented with inorganic and organic Cu. A 

dietary Cu concentration greater than 10 ppm might be necessary to ensure absorption in beef cattle 

fed molasses-based supplements 
(55889, 54383, 56565)

. 

Copper supplementation generally did not affect plasma Cu concentrations in Angus heifers. However, 

it significantly increased plasma Cu in Simmental heifers. The results suggest that Angus heifers have 

a lower minimal Cu requirement than Simmental 
(55918, 57175)

. In terms of breed differences, Simmental 

bile excreted significantly more Cu compared to Angus 
(54500)

. In turn, there was no evidence of copper 

deficiency in the calves and there was no effect of high level copper supplementation on calf birth 

weight, or neutrophil candidacidal activity. 
(57914)

. With respect to the toxicology in bovines, the 

parenteral Cu in blood serum seemed to cause toxic effects or leaving residuals 
(59917)

.  

Copper from the glycinate complex tended to be more bioavailable than CuSO4 when fed to steers 

receiving diets supplemented with 2 mg of Mo/kg of DM (Table 7). When supplemental Mo was 

increased from 2 to 6 mg of Mo/kg of DM, bioavailability of Cu was greater from CuGly than from 

CuSO4 
(55109)

. 

Table 7. Relative bioavailability of copper sources based on multiple linear regression of liver Cu 

content, plasma Cu and plasma ceruloplasmin in bovines. 

Cu source Cu indices Relative bioavailability 

(%) 

Reference 

Cu sulphate Plasma Cu 100 
55109 

Cu glycinate Plasma Cu 144-140 
55109 

Cu sulphate Plasma ceruloplasmin 100 
55109 

Cu glycinate Plasma ceruloplasmin 147-140 
55109 

Cu sulphate Liver Cu 100 
55109 

Cu glycinate Liver Cu 150-131 
55109 

 

o Interactions 

Copper supplementation was associated with a higher accumulation of Cd, but a loss of As, Pb and Hg 

in most tissues (e.g., liver, kidney and spleen). However, there is still much uncertainty around the 

mechanisms involved in these interactions 
(54385).

 Copper supplementation was related to a reduction of 

As residues in muscle, but it also led to decrease Se burdens, which could have a significance for the 

animal health 
(54478)

. In another study, calves tissue copper concentrations were not significantly 

affected by protein or nickel 
(58279)

. 

Another experiment supported that the addition of Mo and sulphur to ruminant diets can decrease 

copper status. The results also indicated that the bioavailability of copper from copper sulphate and 
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copper lysine is similar when fed to steers both in the presence and absence of supplemental Mo and 

sulphur 
(57363)

. Adding 5 mg of Mo/kg of diet decreased the Cu status without altering performance or 

carcass measurements 
(56799)

.  

Cu concentrations in liver and plasma, as well as erythrocyte superoxide dismutase and plasma 

ceruloplasmine activities, decreased greatly and rapidly in all calves fed Fe and/or Mo supplements 
(58703, 57226, 59962)

. In cattle fed a high Cu-Mo-S diet, the combined effect of high Mo-S seemed to 

increase Cu excretion 
(54500)

. 

Liver samples collected post-mortem indicated that cattle receiving treatments with less Cu, being 

compensated with Mn, showed significantly lower liver Cu concentrations than control animals 
(55138, 

54974)
. Copper supplementation changed the fatty acid profile of meat with a higher proportion of 

unsaturated fatty acids over saturated fatty acid. Meanwhile, it also influenced the metabolism of lipids 

increasing the level of unsaturated fatty acids and reducing the levels of cholesterol 
(54278).

 

In another trial, it was concluded that an increase of 1.25% and 2.25 % supplementation of 

clinoptilolite did not have any adverse effect on the concentration of Cu in serum of dairy cows 
(55449)

. 

Finally, Cu sulphate and Cu chloride produced similar increases in the concentration of Cu in liver of 

cattle 
(62112)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 

 

2.2.4. Factors affecting the bioavailability of Cu in sheep 

o Assessment of bioavailability 

In sheep, Cu supplementation increased the Cu concentrations in plasma and liver. Contrastingly, the 

levels in muscle did not rise 
(54450)

. Hepatic Cu levels significantly increased in animals received a high 

Cu-content diet. However, important differences in the metabolism of excessive amounts of dietary Cu 

existed when comparing breeds and crossbreeds 
(58701, 57147, 56592)

. The Texel breed was more susceptible 

to an excess of dietary Cu, while the Finnish landrace was the least susceptible breed. Enzyme 

activities (i.e. Sorbitol) in blood were increased, to a greater or less extent, in the high Cu-fed animals, 

but the correlation with hepatic Cu-content was poor 
(58701)

. The results from another experimental 

study suggested that zinc may be a useful alternative to the somewhat toxic molybdenum as an 

additive to concentrates for sheep in preventing Cu intoxication
 (62130)

. 

Dietary Cu concentrations of 15 to 45 mg/kg were capable of maintaining Cu concentrations within 

normal ranges for periods in excess of 30 days 
(61590)

. In turn, no changes indicative of Cu deficiency, 

apart from a depressed body weight in adult sheep, were seen 
(55982)

. 

The relative bioavailability value for oxide, measured with liver Cu content, was lower than that for 

other sources (chloride, acetate, sulphate or carbonate) in sheep; see in Table 8 
(6106)

. Slope ratio 

comparisons gave relative Cu bioavailability values of 68 for Cu-lysine in lambs, compared with 100 

for Cu SO4.5H20 
(61794)

. 

Table 8. Relative bioavailability of copper sources based on multiple linear regression of liver Cu in 

sheep. 

Cu source Cu indices Relative bioavailability 

(%) 

Reference 

Cu chloride Liver Cu 100 
61606 

Cu acetate Liver Cu 93 
61606

 

Cu sulphate Liver Cu 142 
61606
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Cu carbonate Liver Cu 121 
61606

 

Cu oxide Liver Cu 35 
61606

 

Cu sulphate Liver Cu 100  
61794

 

Cu lysine Liver Cu 68±19 
61794

 

Cu lysine Liver Cu 93±5 
61565 

 

o Interactions 

At the 4 ppm Mo inclusion, there was a positive relationship between liver weight and liver Cu 

concentration, despite the elemental levels did not approach what might be considered potentially 

toxic values 
(60451)

. A different study concluded that copper supplements increased the concentration of 

Cu in the livers of ewes and lambs, while there was a negative correlation between Mo supplements 

and liver Cu levels 
(57941)

. These authors also stated that, in terms of practical diets for sheep, the 

sporadic nature of outbreaks of Se-responsive diseases cannot be related to the use of Cu or Mo 

supplements. 

At higher copper levels, the addition of 150 or 340 ppm of Zn resulted in a significant decrease of the 

Cu accumulation in liver, while at moderately low copper levels the effect of these additions on the Cu 

accumulation was very slight. It was also shown that the addition of 416 ppm Mo was more effective 

in reducing the Cu accumulation in liver than the addition of 150 or 340 ppm Zn 
(62130)

. A different 

investigation studied the supplementation of Cu and Zn through organic sources (Cu-methionine, Zn-

methionine), as compared to inorganic sources (CuSO4, ZnSO4). This change improved gut 

absorption, with a higher activity of Cu/Zn-SOD and tissue retention of Cu and Zn, suggesting there 

was better bioavailability through organic/chelated sources. Furthermore, it was stated that mineral-

dependent enzymes like Cu/Zn-SOD can be used as a biomarker for assess in the status of Cu and Zn 
(54634)

. Another important conclusion was that Cu and Zn content in liver was significantly higher in 

ewes fed diets containing organic sources (Cu and Zn-methionine). No significant differences were 

observed in Cu and Zn concentrations in other tissues like heart, kidney, muscle and skin. 

The Cu in Cu-lysine was similar in bioavailability to that of Cu sulphate for ruminants, and there was 

no interaction between source of Cu and dietary feeding regimen 
(61565, 54450)

. Likewise, the presence of 

ciliate protozoa in the rumen had no effect on the accumulation of Cu in the liver of sheep fed corn 

silage supplemented with casein (soluble, ruminally degraded protein), and produced conflicting 

results on ruminal Cu solubility 
(57878)

. Other studies conclude that parasitism negatively impacted on 

blood copper and haemoglobin levels, even when administered parenterally 
(60303)

. 

 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 

 

2.2.5. Factors affecting the bioavailability of Cu in goats 

o Assessment of bioavailability 

Copper increased with age, which could be associated with its relationships with oestrogens level 
(64264)

. The results of another study showed that supplemental Cu can alter the serum lipid profile, 

carcass characteristics and carcass composition of young animals. Notwithstanding, further research is 

clearly needed to determine the specific role of Cu on lipid and cholesterol metabolism in goats 
(55433)

. 

Another study achieved the same conclusions about the relation between serum lipids and Cu, without 

the influence of Mo supplementation 
(54286, 54515)

. 
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In another trial, it was found that Cu supplementation did not have any significant effect on respiration 

rate, heart rate, rectal temperature or serum SDH activity 
(60157, 60911)

. This investigation also concluded 

that liver and faecal Cu concentrations increased when Cu increased in the diet. In contrast, Cu 

concentrations in serum, bile and did not differ according to the administered amount of Cu 
(60157)

. 

In goats fed a basal diet, impaired rumen fermentation, lower nutrient digestibility and slower 

cashmere growth rate were observed, when comparing with Cu supplemented wethers. The optimal 

supplemental Cu level for goats during the cashmere growing period was estimated in 20 mg/kg DM 

(a total dietary Cu level of 27.46 mg/kg DM) 
(59944)

. In contrast, another study suggested that the 

addition of 10 mg Cu/kg DM to the basal diet containing an endogenous Cu concentration of 7.38 

mg/kg DM, would enhance growth performance, nutrient digestibility and plasma Cu status of 

cashmere goats 
(59938)

. A supplementation of <300 mg of Cu/day during the first 23 weeks did not 

produce apparent signs of Cu toxicity in dairy goats 
(60911)

.  

o Interactions 

Regardless Mo, the addition of supplemented Cu significantly increased the concentrations of Cu in 

plasma. However, no significant differences were observed with respect to the control group, 

irrespectively on the degree of supplementation 
(54286)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 

 

2.2.6. Factors affecting the bioavailability of Cu in fish  

o Assessment of bioavailability 

Increased dietary ingestion of Cu produced Cu levels increase in whole fish 
(62122)

. When low levels of 

dietary and waterborne Cu decreased, and high levels of dietary Cu increased, the Cu concentration in 

whole body, liver, carcass, gut and gills seemed to rise 
(56131)

. There exists an important interaction 

between dietary and waterborne Cu uptake in fish, providing compelling evidence of a key role for the 

gill in Cu homeostasis.  

Another study showed that an increasing dietary Cu concentration enhanced the accumulation of this 

element in gill, muscle tissue, liver and the digestive system of fish. Nevertheless, the accumulation of 

gill and muscle tissue was not significantly different, depending basically on the diet conditions 
(62755)

. 

o Interactions 

Higher water temperatures tended to increase new Cu internalization, probably by stimulating Cu 

transport across the basolateral membrane of the gut tissue to the internal organs 
(56384)

. In another 

study, the mechanistic nature of intestinal Cu transport in rainbow trout was analysed by using 

radiolabeled Cu (
64

Cu) and an in vitro  gut sac technique. The reduction of mucosal NaCl levels 

inhibited Cu transport, while its increase caused stimulation. Sodium sulphate had an identical effect 

to NaCl, therefore implicating Na
+
 rather than the anion 

(55222)
. Copper and histidine complexes may be 

transportable via specific amino acid-transporters in the brush-border membrane according to a recent 

study 
(59926)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 

 

2.2.7. Factors affecting the bioavailability of Cu in rabbits 
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o Assessment of bioavailability 

The major factor leading to anaemia was an inadequate dietary Cu content. The symptoms of Cu 

deficiency in rabbits include reduction in growth, lowered haemoglobin, lowered haematocrit, 

achromotrichia, alopecia and dermatosis 
(65905)

. 

o Interactions 

Magnesium seems to diminish the accumulation of Cu, which was observed in kidney, skeletal 

muscle, pancreas, and spleen of a Cd-treated group, compared to control animals. This contradictory 

finding could be explained by an increased biliary excretion of Cu, which is favoured by Mg 
(54242)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 

 

2.2.8. Factors affecting the bioavailability of Cu in horses 

o Assessment of bioavailability 

(Studies about bioavailability of manganese were not found) 

o Interactions 

Some authors found that the excretion of Cu and Zn by horses may exceed the mineral intake. 

Although Cu-Lys seemed to be better absorbed than CuSO4, and the absorption of Zn-Met and ZnSO4 

were not different, these results are temperate by the observation of normally high faecal and urinary 

excretion values for Cu and Zn 
(54538)

. In fact, it seems that a high amount of Zn (2000 ppm or higher) 

is required to affect Cu absorption in horses 
(61646)

.  

In another research study on Cu and Mo, it was found that the addition of Mo to the diet decreased the 

absorption and retention of Cu, as a consequence of the increased excretion of dietary Cu in faeces and 

the increased excretion of absorbed Cu in bile 
(58864)

. Contrastingly, Mo is unlikely to increase dietary 

Cu requirements and induce secondary Cu deficiency at the Cu and Mo concentrations normally found 

in determinate pastures. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 

 

2.2.9. Factors affecting the bioavailability of Cu in pets 

o Assessment of bioavailability 

The liver Cu concentration was the most responsive to changes in dietary Cu intake in cats 
(58624)

. 

However, another study did not find that age and sex had a significant influence on the hepatic Cu 

concentrations in dogs 
(54197)

.  

o Interactions 

The concentration of Zn, Fe and Mn in liver, lung, spleen, brain, muscle and kidney of dogs, were not 

consistently changed in response to low copper intake 
(58624)

. High dietary Cu and low dietary Zn levels 

were significantly associated with high hepatic Cu levels. No association between dietary intake and 

hepatic Zn was present in dogs 
(54197)

. Another study showed that treatment with Zn does not seem to 

increase the Cu-lowering effects of dietary management in dogs 
(54770)

. 

o Incompatibilities 
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(Studies about incompatibilities of manganese were not found) 

 

2.2.10. Factors affecting the bioavailability of Cu in rats/mice 

o Assessment of bioavailability 

In a study 
(58734)

 with mice that received an intraperitoneal Cu injection (10 µg/g body) in post natal 

days 7 and 10, the study concluded that supplementation therapy seems to provide sufficient 

bioavailable copper to respond to the needs of the animal at these crucial time points. 

An experiment 
(55295)

 conducted with rats fed with a deficient Cu diet and supplemented or not with Cu 

in drinking water (20 mg/L) for 16 weeks, shown that haematocrit and haemoglobin concentrations of 

the deficient Cu group were 67 and 71%, respectively, of those of the supplemented Cu group. Liver 

and plasma Cu concentrations in deficient Cu group were only 13 and 3%, respectively, of those of the 

+Cu group. The plasma ceruloplasmin activity in the supplemented Cu group was about 40 times that 

of the -Cu group. In other similar work 
(54756)

 with rats fed with a copper deficient diet or same diet 

supplemented with copper sulphate in drinking water (20 mg/L) concluded that no differences in body 

weight because of dietary copper restriction were detected. Also a marked reduction in liver copper 

concentration and a significant elevation in liver iron concentration were consistent with frank copper 

deficiency 
(54756)

. Other study 
(57120)

 conducted with rats supplemented with three Cu levels (1.5, 3.0, 

and 6.0 µg/g) for five weeks, found that 1.5 and 3.0 diets significantly decreased hepatic copper after 3 

weeks as compared with the Cu adequate diet (6.0 µg/g). A similar study 
(57278)

 with also three Cu 

levels supplementation form carbonate (0.6, 1.6, and 6.6 µg/g) for seven weeks, found that Cu status 

in rats was rapidly compromised by Cu deficient and Cu-marginal diets, as measured by liver Cu 

concentration. In addition, changes in haematocrit and in plasma pool sizes of cholesterol and triacyl 

glycerols are more sensitive indices of marginal Cu deficiency than measurements of plasma 

cholesterol and triacylglycerol concentrations or growth response 
(57278)

. Other experiment 
(58378)

 with 

rats fed with basal diet (10-20 mg/kg) supplemented or not with Cu (3 g/kg) for 15 weeks foud that 

copper were accumulated in the renal proximal convoluted tubules up to 4 weeks during which it was 

excreted into the lumen by exocytosis and cellular exfoliation. Urinary copper output reflects the 

changes in kidney copper turnover and is apparently derived from this source. Renal tubular excretion 

of copper probably serves a protective function in the copper-loaded rat 
(58378)

. 

Regarding age of the treated animals, a work 
(55339)

 conducted with four groups of rats with ages (9, 22, 

44, and 88 weeks) fed with 
65

Cu for 30 days found that aged rats exhibited less efficient intestinal 

absorption and retention of Cu. 
65

Cu absorption ranged from 17.7% in the adult rats to 14.2% in the 

old rats but the difference did not reach the significance. In other experiment 
(55429)

 rats divided in four  

age groups (2, 5, 10 or 20 month) were supplemented or not with inulin (3.75% for the first 4 days and 

7.5% until day 30. The results concluded that absorption of Zn
67

 and Cu
65

 was significantly lower in 

11- and 21-mo-old rats than in 3- and 6 month-old-rats and inulin intake significantly increased Zn
67

 

and Cu
65

 absorption. 

An experiment 
(56369)

 that fed rats with control diet (0.61 mg/kg), Cu deficient diet (7.4 mg/kg) and Cu 

supplemented (carbonate) (35.0 mg/kg) diet for three weeks concluded that the plasma biomarkers of 

Cu status studied in the present work were affected more or less rapidly by low Cu intake and restored 

by return to control diet. Among these biomarkers, diamine oxidase (DAO) activity was shown to 

react less rapidly to Cu deficiency than plasma Cu or caeruloplasmin concentrations. Further studies 

are still necessary to assess the sensitivity and specificity of DAO as a biomarker of Cu status 
(56369)

.  

An experiment 
(55824)

 conducted with rats with standard diet, cow milk diet or goat diet with almost 

same levels of Cu, Zn and Se (5.2, 34, and 0.09 mg/kg, respectively) for 30 days, shown that goat-milk 

has an important and beneficial effect on the bioavailability of copper, zinc and selenium. 
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Organic vs inorganic forms 

Taking into account the differences between organic-inorganic copper source, a work 
(56934)

 with rats 

fed with three Zn sources (sulphate, methionine and lysine complex) at 30 mg/kg and three Cu sources 

(Lysine complex, sulphate, and oxide) at 6 mg/kg for 4 or 5 weeks concluded that at adequate 

supplemental levels, organic sources of Zn and Cu are metabolized similarly in most aspects as the 

best inorganic sources (CuSO4 and ZnSO4).·Copper oxide was less available than CuLys and CuSO4 

when added in adequate dietary levels 
(56934)

. 

Copper nanoparticles 

In the field of nanoparticles, a trial 
(54399)

 conducted with rats supplemented with 80 mg Cu/kg form 

copper sulphate or with 80 or 160 mg Cu/kg copper-loaded chitosan nanoparticles for 21 days, showed 

that significant change was not found in CuSO4 or 80 mg Cu/kg copper-loaded chitosan nanoparticles 

-treated groups. Authors suggested 
(54399)

 that chitosan nanoparticles are likely to become a kind of 

additive of domestic animal feed, something which should deserve further research. 

o Interactions 

Copper-Sulphur 

Regarding S-Cu interactions, an investigation 
(55239)

 with Wistar albino supplemented sodium 

metabisulphite (70mg/kg/day) or /and sulphite oxidase deficient (induced by low Mo diet) for six 

weeks concluded that kidney copper levels might be affected by exogenous or endogenous sulphite. 

The Cu metabolism is tightly regulated by various complex mechanisms. Excess amounts of sulphite 

could disturb some of these mechanisms, which continue to be of interest for continuing research on 

the possible effects of sulphite exposure on Cu metabolism (55239)
. Regarding Cu-sulphide interactions, 

a trial 
(56904)

 conducted with rats fed at two sulphide levels (control or 500 mg/kg) for 14 days found 

that high-sulphide diet reduced Cu concentrations in plasma, kidney and biliary Cu excretion. Cu 

absorption (Cu intake-(faecal Cu-biliary Cu)) were significantly lowered after sulphide feeding for 2 

weeks. Rats fed on the high-sulphide diet excreted less Cu in urine than did the controls. Authors 
(56904)

 

finally concluded that that high sulphide intake reduces Cu status in rats through inhibition of Cu 

absorption which is reflected by a decrease in biliary Cu excretion as a secondary feature. 

Copper-Zinc 

Regarding Zn-Cu interactions, a study 
(56188)

 conducted with albino rats fed with Zn requirements (38 

mg/kg), 1/2 of Zn requirements (19 mg/kg) and 1/10 of Zn requirements (3.8 mg/kg) for 10 weeks 

reveal that, Zn deficiency has negative effects on growth rate, specific organ weights, haematological 

parameters, and serum levels of Zn, Cu and Fe, especially in rats fed the lowest Zn level. Other study 
(61568)

 with rats fed with two zinc levels (60 and 350 mg/kg), two copper levels (3 and 9 mg/kg) and 

three cadmium levels (0, 1, and 5 mg/kg) for three weeks, shown that the negative effect of chronic 

feeding of high-zinc diets on copper status was not related to sequestration of copper by zinc-induced 

metallothionein (MT) in the intestinal mucosa. A work 
(58655)

 with pregnant rats fed with control diet 

(10 µg copper, 100 µg zinc), copper deficient diet (0.7 µg copper, 100 µg zinc), or zinc deficient diet 

(10 µg copper, 0.7 µg zinc) for 21 days, found that copper concentration in the foetuses of copper-

deficient dams was 30% of that of controls, but the size and number of live foetuses was unaffected. 

Accumulation of copper in the products of conception may be accounted for by dietary copper intake, 

whereas accumulation of zinc in foetuses of zinc-deficient females is dependent in part on catabolism 

of maternal tissues 
(58655)

. Other experiment 
(55480)

 with rats fed at three Zn levels, including Zn 

adequate (35.94 mg/kg, as a control), Zn deficiency (3.15 mg/kg), and Zn overload (347.50 mg/kg) for 

6 weeks, concluded that metallothionen induction was not required for the reduction of Cu status in 

rats and that the actual mechanism might involve the interaction or inhibition between Cu and Zn, and 

this needs to be further explored. 

Copper-Iron 
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Taking into account Fe-Cu interactions, feeding rats with a low iron diet (18-20 mg/kg) for 8 weeks 

produced a significant increase in Cu levels in liver and spleen but not in kidney respect sufficient Fe 

diet (390 mg/kg) 
(57771)

. Other work 
(64688)

 with rats fed wit control diet (6 µg Cu /g and 40 µg Fe /g), 

(0.9 µg Cu /g and 40 µg Fe /g) Cu deficient diet or (6 µg Cu /g and 4 µg Fe /g) Fe deficient diet for six 

weeks reveal that rats fed copper-deficient diets did exhibit the usual signs of copper deficiency such 

as increased heart: body weight, decreased liver copper but increased liver iron levels. Other study 
(55513)

 with rats fed with two Cu levels (0.5 or 6 mg/kg) and two Fe levels (35 or 1500 mg/kg) for four 

weeks concluded that liver Cu and Fe concentrations responded as expected to changes in their 

respective dietary levels, Cu concentration being decreased by Cu deficiency and Fe concentration 

being increased by Fe overload. Plasma Cu concentration decreased in Cu deficiency. Plasma Fe 

concentration was decreased in Cu deficiency but not affected by Fe overload. An experiment 
(57267)

 

conducted with rats fed with 7, 40 or 389 mg Fe/kg as sulphate for six weeks, concluded that increased 

Fe intakes depress Cu absorption which produces a decrease in plasma and organ Cu concentrations. 

As a result, biliary Cu excretion is lowered which contributes to achieving Cu balance at high Fe 

intakes. Because the concentrations of Cu in plasma and bile, and also plasma ceruloplasmin activities, 

showed much greater percentage reductions with increasing Fe intake than did the concentrations of 

Cu in organs, it is possible that increased Fe status interferes with the mobilization of Cu stores 
(57267)

. 

An experiment 
(58574)

 with rats fed with to Fe levels (8 and 250 ppm) from pregnancy to 17 days of 

lactation, shown liver and spleen iron decreased in 17-day-old pups, levels of copper increased. Serum 

ceruloplasmin activity was significantly elevated in low Fe supplementation group of lactating dams 

and was slightly, but not significantly, increased in -Fe pregnant dams and suckling pups 
(58574)

. 

Another study 
(56247)

 with two Cu levels as sulphate (2.0 or 2.5 mg/kg) and two Fe levels as sulphate 

(35 or 217 mg/kg) for 96 days, found that high iron increased the dietary copper requirement of the 

animals. In a work 
(58434)

, for up to 80 days all rats were fed egg white-based diets in a 3x2 factorial 

experiment with adequate, marginal, and low iron levels (120 µg Fe/g diet; 25 µg Fe/g diet; MFe, or 

10 µg Fe/g diet; LFe) and either: copper level (sulphate) (adequate 10 µCu/g diet; ACu or deficient 0.7 

µg Cu/g diet; DCu). Results 
(58434)

 shown that the development of copper-deficiency anaemia was 

found to be multi-factorial in nature, with age, dietary iron concentration, and duration and adaptation 

to copper deficiency all strong influences. 

Copper-Molybdenum 

Regarding Mo-Cu interactions, a 3x4 factorial arrangement 
(58920)

 with three Cu levels (1.5, 6.0, or 25 

mg/kg) and four Mo levels (0, 50, 150 or 500 mg/kg) fed for six weeks reveal that, Mo increased the 

Cu concentration of blood, plasma, liver and kidney and the Mo concentration of liver and kidney. 

When compared to Cu-adequate rats the effect of Mo on the Cu distribution was reduced both by Cu 

deficiency and Cu excess. This decreased effect of Mo was explained by reduced uptake or retention 

of Mo in the body as observed in the liver and kidney 
(58920)

.  

Copper-Tin 

From the point of view of Cu-Sn interactions, a study 
(58842)

 investigated the effects of Sn 

supplementation at two levels (control: 1mg/kg or 206 mg/kg) for 22 days. The results showed that 

copper nutritional status, as indicated by kidney- and liver copper levels, of rats fed tin was depressed 

in this study. The addition of tin to the diet did not significantly affect faecal excretion of copper. 

Thus, the effect of tin on the copper status of the rats may not have been caused by impaired 

absorption of copper 
(58842)

. Other trial 
(57124)

 with rats fed or not with high Sn diet (100 mg/kg as 

chloride) for 28 days, shown that high Sn intake reduces Cu status in rats by inhibiting Cu absorption 

which is followed by decreased excretion of Cu in bile. 

Copper-Arsenic 

Taking into account Cu-As interactions, in an experiment 
(56209)

 with rats supplemented or not with As 

(100 mg/kg as NaAsO2) for two weeks shown that, arsenic feeding decreased plasma copper 
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concentration, but markedly increased kidney copper concentration. Arsenic feeding may have had a 

toxic effect so that feed intake and true copper absorption became depressed, which, in turn, led to 

significantly decreased copper concentrations in plasma and a tendency toward lower liver copper 

concentrations 
(56209)

. In the same direction a work 
(60992)

 was conducted with rats fed with three levels 

of As2O3 (0, 0.5 or 50 mg/kg) and three levels of Cu carbonate (1, 6, or 25 mg/kg). The results shown 

that high dietary arsenic causes a marked accumulation of copper in the kidney of rats and it can 

exacerbate signs of copper deficiency 
(60992)

. 

Copper-Vanadium 

Taking into account Cu-V interactions, a work 
(56081)

 conducted with rats supplemented with 

ammonium metavanadate (AMV) (0.14g/L), Bis(maltolato)oxovanadium(IV) (BMOV) (0.38 g/L) or 

vanadyl sulphate trihydrate (VS) (0.26 g/L) in drinking water for 12 week, shown that neither 

complexation (AMV, VS, or BMOV) nor oxidation state had effects on the Cu concentration in bone, 

kidney, muscle and liver. 

Copper-Selenium 

From the point of view of Cu-Se interactions, a work 
(54884)

 that supplemented rats with two levels of 

Se as selenite(0 or 0.2 μg/g) and Cu as carbonate (0 or 6 μg/g) for five weeks, shown that liver Cu and 

Zn were decreased in rats fed <1 μg Cu/g. Regardless of dietary Se, feeding <1 μg Cu/g (compared to 

6 μg/g) resulted in increased liver Fe concentrations. In rats fed <1 μg Cu/g, feeding the Se-deficient 

diet compared to feeding the Se-adequate diet resulted in a significant increase in liver Fe. However, 

in rats fed 6 μg Cu/g, feeding the Se deficient diet had little effect on liver Fe resulting in a significant 

interaction between dietary Se and Cu 
(54884)

. 

Copper-Fat-Fructose 

Regarding Fat-fructose interactions, an experiment 
(57193)

 with rats fed with two fat levels (5% or 45%) 

and 20% corn starch or 60% fructose for 3 weeks, with either sufficient (+) or deficient (-) amounts of 

copper (0.6 or 5.7 mg/kg). The results shown that a high fat ingestion becomes an aggravating stress 

factor, which, in combination with a high-fructose intake in a copper-deficient diet, adversely alters 

key organ mineral content, with detrimental effects on copper nutritional status and intermediary 

metabolism 
(57193)

. Other study 
(57808) 

with rats fed with 0.6 µg Cu/g diet and 627 g carbohydrate/kg at 

different ratios between fructose and starch (100%, 75%, 50%, 25% and 0% fructose and the rest 

starch) for five weeks revealed that Liver, kidney and pancreatic Cu concentrations decreased in a 

dose-response manner as the level of dietary fructose increased. In general, if fructose was included in 

the diet the signs of Cu deficiency were exacerbated in a dose-response manner 
(57808)

. A trial 
(58270)

 

with rats fed with two polysaccharides (fructose or corn-starch) and two Cu levels (deficient 0.6 µg 

Cu/g or adequate 6.0 µg Cu/g) concluded that the type of dietary carbohydrate present in the stomach 

and in the small intestine influence the rate of copper absorption, these alterations are only temporary. 

A work 
(58570)

 conducted with rats fed with three sources (corn-starch, fructose, and glucose) and Cu 

supplementation (0 or 5 µg/L as CuSO4 in drinking water) for 9 weeks concluded that fructose moiety 

of sucrose is responsible for the increased severity of copper deficiency in rats fed sucrose as 

compared to starch. A review 
(57599)

 indicated that ascorbate appears to play a dual role in copper 

transport: as an antagonist of intestinal transport and as a post-absorption stimulator of tissue copper 

utilization. Ascorbate may also influence the intracellular binding of copper to enzymes. Also Vitamin 

C plays an important role in Cu status. Vitamin C deficiency may impair copper metabolism to the 

extent that transport and regulated uptake of copper by cells would be compromised. An experiment 
(57281)

 performed with rats fed with or without supplementation ascorbic acid (10.5 mg/kg) since 0 or 

37 days of a total duration of 42 days concluded that that ascorbic acid supplementation lowers Cu 

absorption by decreasing the concentration of soluble Cu in the small intestine. 

An experiment 
(56418) 

with rats that received mineral water, red wine diluted with water, or water with 

6% ethanol for 3 days (short term study) or 28 days (long term study) and them 
65

Cu and 
67

Zn were 
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injected, found that neither short- nor long-term intake of red wine altered 
67

Zn or 
65

Cu absorption. In 

contrast, long-term (but not short-term) ethanol consumption significantly increased both 
67

Zn and 
65

Cu absorption compared with the control and red wine groups. The long-term consumption of 

ethanol or red wine did not affect blood or tissue Zn or Cu levels. Authors 
(56418) 

concluded that short- 

or long-term consumption of red wine did not have a negative effect on intestinal absorption or tissue 

levels of zinc and Cu in rats.A trial 
(57758)

 investigated the effects of individual supplementation of 

different amino acids at a specific level for 8 days. Regarding Cu, results shown that excessive 

tyrosine (5%) and phenylalanine (5%) caused a marked increase in serum copper and ceruloplasmin 

activity, whereas excessive cysteine (5%), methionine (4%), and histidine (5%) caused a decrease in 

the ceruloplasmin activity
 (57758)

. Other work 
(55241)

 that fed rats with a 20% of protein from different 

sources (casein, soybean, or peanut protein) for  five weeks revealed that Peanut protein significantly 

increased the urinary excretions of Zn, Cu, Fe, and Mn and increased the apparent absorption rate of 

Cu and Fe, and apparent retention rate of Cu. Authors 
(55241) 

concluded that compared to casein, 

soybean protein might be a good dietary source to make up for Zn and Fe deficiency, and also peanut 

protein to make up for Cu and Fe deficiency. 

In an experiment 
(58187)

, rats were fed diets containing 0.4 or 8.0% NaCl for 32 days. Animals in the 

8.0% NaCl group were subdivided into other three groups that were tested for taste preferences for 

distilled -deionized water, water containing calcium chloride (0.002-0.05M), or water containing 

calcium lactate (0.002-0.05M). Results 
(58187)

 shown that liver, kidney, and heart copper concentrations 

were significantly lower in the rats fed a high NaCl diet compared with controls, while plasma copper 

levels were higher. In another work 
(58819)

, male and female rats were divided in exercise or sedentary 

group with a controlled diet (62 ppm Fe and 27 ppm Cu) for 8 week. Results found that Serum 

ceruloplasmin levels were significantly elevated in the exercised group may be related to the stress of 

exercise. There was a trend toward decreased iron and increased copper in the spleens, livers and 

hearts of the exercised males. Total faecal iron was increased and, therefore, apparent iron absorption 

was decreased in the male exercise group as calculated from an iron and copper balance study 

conducted during week 8 of the exercise period 
(58819)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found) 
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2.3. Data quality assessment  

Results from quality assessment are summarized in Table 5. Most of the manuscripts included in the 

search answered at well or medium level of quality from the quality data questions. Only few of them 

responded with bad quality or without enough information about. 

Table 5. Summary of percentage of studies in each answering category. 

Quality data questions % of studies 

 ~  

1. Do the objectives address the ELS 

questions? 
65.7 32.9 1.4 

2. Was the methodology fitted to the purpose of 

the study? 
75.5 23.1 1.4 

3. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
67.1 29.6 3.2 

4. Was the study design fitted to some 

harmonized protocol? 
16.7 32.9 0.5 

5. Were doses analytically confirmed? 41.2 42.1 16.7 

6. Was background of the samples analysed? 53.7 46.3 0.0 

7. Were the treatments randomly allocated? 16.7 81.9 1.4 

8. Was the sample size justified? 0.9 99.1 0.0 

9. How were statistical methods details and 

analysis units? 
72.7 25.9 1.4 

10. Was there incomplete or missing data? 56.9 36.1 6.9 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, based on title and abstracts, a total of 7708 articles were excluded to be 

completely unrelated with the search objectives (not about copper, animal species and/or 

bioavailability issues). Finally, 904 articles were retained to be potentially related with the search 

questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. After the assessment of the full-text references, a total of 510 

articles were excluded to be finally unrelated with the subject. Two hundred and five references were 

retained to answer the extraction data form 

Most of the studies retained in the selection assessed bioavailability issues of Cu in rats and mice 

(n=79. A relatively lower number of articles were focused on pigs (n=31), poultry (n=28), bovines 

(n=26) and sheep (n=16). In turn, very few studies concerning fish (n=8), goat (n=8), horses (n=4), 

pets (n=3) and rabbits (n=2) were retained in the selection. Studies assessing incompatibilities of Cu 

using in vitro models were not found.  

The inorganic supplementation forms of Cu such as sulphates, oxides, chlorides or carbonates were 

found in each animal category, while aminoacid chelates or yeast enriched forms were form only in 

several categories. Nanoparticles of Cu were assessed in one study performed with pigs. 

Liver Cu levels are good indicators of the bioavailability of inorganic Cu in poultry. In fact, inorganic 

Cu is more bioavailable than its organic form, although no differences between sexes were found. 

There are multiple studies describing potential interactions of Cu with other trace elements, such as 

Mo, while no interactions have been described with respect to Cu and Zn, when assessing multiple 

body systems, especially mainly in bone tissue. In general terms, liver was identified as the most 

representative organ of the Cu status in animals. The relative bioavailability was estimated in several 

studies with bovines, poultry or sheep. 

Multiple interactions between Cu and other trace elements, such as Fe or Zn, have been reported in 

pigs. High intakes of Cu were related to an increase in mucosa and faeces, but plasma concentrations 

in pigs did not rise. Although liver is one of the most commonly used indicator of Cu, this parameter 

seems to be inappropriate when the intake is adequate. Finally, diets balanced in Cu derive to an 

enhancement of the growth. 
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PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (Copper OR 

Cupric) AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND (*availab* OR Absor* 

OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR 

Deposition OR Storage OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR 

Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR StatusOR interact* OR 

incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ 

OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur OR Toe OR Gut OR 

Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte 

OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin 

OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR 

Glutathione) 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY (Copper OR Cupric) AND 

TITLE-ABS-KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND TITLE-ABS-

KEY(*availab* OR absor* OR uptake OR metabol* OR *activity OR *efficacy OR distribut* OR 

transport OR *accumul* OR deposition OR storage OR release OR homeostasis OR speciation OR 

digest* OR *access* OR excretion OR secretion OR "Biological value" OR "Nutritive value" OR 

statusOR interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance OR 

*monitor* OR *mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking strength" 

OR tibia OR femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR pancrea* OR 

blood OR leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma OR 

"Superoxide dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" OR 

"5-iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "NEUR") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "NURS") OR EXCLUDE(SUBJAREA, "PHYS") OR 

EXCLUDE(SUBJAREA, "MATE") OR EXCLUDE(SUBJAREA, "CENG") OR 

EXCLUDE(SUBJAREA, "ENGI") OR EXCLUDE(SUBJAREA, "HEAL") OR 
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EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENER") OR 

EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "PSYC") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "COMP") OR 

EXCLUDE(SUBJAREA, "DENT") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Copper OR Cupric) AND Topic=(Nutr* OR Feed OR 

Addit* OR Supplement* OR Diet*) AND Topic=(*availab* OR Absor* OR Uptake OR Metabol* OR 

*activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR Deposition OR Storage OR 

Release OR Homeostasis OR Speciation OR Digest* OR *access* OR Excretion OR Secretion OR 

"Biological value" OR "Nutritive value" OR StatusOR interact* OR incompatib*) AND 

Topic=(*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ OR Hair OR 

Nail$ OR Bone$ OR "Breaking strength" OR Tibia OR Femur OR Toe OR Gut OR Intestine OR 

Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte OR Serum OR 

Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin OR ―Cytochrome 

oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR Glutathione) 

Refined by: [excluding] Web of Science Categories=( ONCOLOGY OR CHEMISTRY ORGANIC 

OR WATER RESOURCES OR ENGINEERING BIOMEDICAL OR ENTOMOLOGY OR 

ENGINEERING ENVIRONMENTAL OR GEOGRAPHY PHYSICAL OR PEDIATRICS OR 

NEUROIMAGING OR SPECTROSCOPY OR OCEANOGRAPHY OR ECOLOGY OR 

PARASITOLOGY OR ENGINEERING CHEMICAL OR PATHOLOGY OR INFECTIOUS 

DISEASES OR UROLOGY NEPHROLOGY OR MEDICINE GENERAL INTERNAL OR 

CRITICAL CARE MEDICINE OR PLANT SCIENCES OR ENERGY FUELS OR LIMNOLOGY 

OR GENETICS HEREDITY OR ORTHOPEDICS OR CHEMISTRY MEDICINAL OR PHYSICS 

APPLIED OR HEMATOLOGY OR PHYSICS CONDENSED MATTER OR CHEMISTRY 

ANALYTICAL OR CLINICAL NEUROLOGY OR REPRODUCTIVE BIOLOGY OR MEDICAL 

LABORATORY TECHNOLOGY OR ANTHROPOLOGY OR SOIL SCIENCE OR 

MULTIDISCIPLINARY SCIENCES OR BIODIVERSITY CONSERVATION OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR SPORT SCIENCES OR ENGINEERING 

CIVIL OR SURGERY OR ENGINEERING PETROLEUM OR HORTICULTURE OR 

ENVIRONMENTAL STUDIES OR GERIATRICS GERONTOLOGY OR GEOLOGY OR 

BIOPHYSICS OR OPHTHALMOLOGY OR GERONTOLOGY OR RESPIRATORY SYSTEM OR 

METALLURGY METALLURGICAL ENGINEERING OR DEVELOPMENTAL BIOLOGY OR 

MINING MINERAL PROCESSING OR ELECTROCHEMISTRY OR NANOSCIENCE 

NANOTECHNOLOGY OR GASTROENTEROLOGY HEPATOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR GEOCHEMISTRY GEOPHYSICS OR POLYMER SCIENCE OR 

MATERIALS SCIENCE MULTIDISCIPLINARY OR PSYCHIATRY OR METEOROLOGY 

ATMOSPHERIC SCIENCES OR THERMODYNAMICS OR PALEONTOLOGY OR 

TRANSPLANTATION OR SUBSTANCE ABUSE OR VIROLOGY OR AGRICULTURAL 
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ENGINEERING OR DENTISTRY ORAL SURGERY MEDICINE OR CHEMISTRY PHYSICAL 

OR BIOCHEMICAL RESEARCH METHODS OR ENGINEERING GEOLOGICAL OR 

GEOSCIENCES MULTIDISCIPLINARY ) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of the 

study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Experimental procedure provides precise details (i.e. 

how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 
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  Only informal guesses 

  No details in the text 

(QA) How were statistical methods details and analysis 

units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) There was incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 

  ACETATE 

  LACTATE 

  FUMARATE 

  OTHERS 
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This(ese) form(s) is(are) legislated by EC? YES 

  NO 

  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration units)   

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ Fresh 

matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 

  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 

  Physiological factors 

  Others 
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Study Type TRO (In vitro ) 

  INV (In vivo) 

  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have benefit 

in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 

  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 

  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 

  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 
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  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 

reproduction) 

  7.4. Rabbits. Breeding does (in order to 

have benefits to young rabbits) 

  8. Horses 

  9. 1. Pets and other non food-producing 

animals. Dogs 

  9. 2. Pets and other non food-producing 

animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 

  Egg content 

  Breaking Strength 

  Bone content 

  Biochemical response 

  Urine content 

  Milk content 

  Bile content 

  Serum content 

  Plasma content 

  Erythrocyte content 

  Thyroid response 

  Other 

In the study are assessed... Interactions 

  Incompatibilities 
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  Other 

Enter the name of the combinations assessed, e.g. 

"selenium methionine-phytates" 
  

Interaction Outcome (Enter the parameter by means of 

which the interactions and/or incompatibilities were assessed) 
  

The method to assess the interaction/incompatibility is... Qualitative 

  Quantitative 

  Other 

The effect of the interaction/incompatibility is ... Synergistic 

  Additive 

  Less than additive 

  Antagonistic 

  Other 

The overall document is.... Conclusive 

  Inconclusive 

Enter comments   
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Appendix II.D includes the tables of the most relevant results concerning bioavailability issues of 

each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. No. treatments (replicates/treatment). The number of animals per treatment, 

number of replicates by treatment or the number of animals by replicate is detailed in this 

section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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TABLE II.D.1. Pigs 

Study code 54755 

Year 2009 

Animal Category  1.1. Pigs. Piglets (suckling)  

Nº treatments (replicates/ treatment) 2 treatments (100 pigs per treatment) 

Diet Background Analysed 18-22 ppm depending phase 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM)/ - Fresh matter (FM) 

Factors affecting// combinations Climate-dietary trace minerals 

Composition Diets/treatments Group 1 received a diet with common industry levels of trace minerals. Group 2 received reduced dietary trace mineral levels but were fed the same basic diet as Group 1. 

Response criteria Animal performance, Plasma and faecal content 

Results Faecal zinc excretion was significantly lower in pigs fed lower dietary zinc levels. Copper, manganese and iron excretion were not affected by the dietary levels of these trace 

minerals. Plasma trace mineral concentrations were not affected by the dietary treatment. It is suggested that in a hot African climate, higher levels of dietary trace minerals in 
pigs significantly diminish morbidity, increase performance and result in higher average daily mass gains. 

 

Study code 58985 

Year 2013 

Animal Category  1.1. Pigs. Piglets (suckling): Iberian,1.5. Pigs. Sows for reproduction : Iberian sows 

Nº treatments (replicates/ treatment) 3 treatments (2 replicates of 5 animals per treatment) 

Diet Background Analysed 0.015 and 0.17 g/kg  

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Interactions: Fe-Cu-Zn 

Composition Diets/treatments 
Exclusively milk feeding (M), conventional suckling (CS) and intermittent suckling (IS) were studied. 

Response criteria Animal performance, liver, plasma , carcase and viscera content 

Results Interactions have been described between trace minerals Fe, Cu and Zn. In the current assay we have observed no statistical relationships of body retention or whole-body 

concentration at weaning between Fe, Cu and Zn. However, in blood negative correlation was found between Cu and Fe concentrations, whereas positive correlation was 
observed between Cu and Zn. Similar results were found in the HFT body compartment, but no correlations were found regarding concentrations of trace minerals neither in 

viscera, liver, nor in carcass. It may be concluded that provision of solid feed containing pharmacological trace elements levels before weaning led to certain changes in piglets‘ 
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body contents at weaning compared with milk-fed piglets; particularly, increased Zn body levels were observed as solid feed intake increased. Beneficial consequences of these 
pre-weaning changes warrant to be evaluated, as this feeding practice may cause environmental contamination. Therefore, further studies are needed to assess the real needs of 

a dietary supply of trace minerals in the suckling period, trying to reach a balance between the adverse consequences on the environmental issue and the potential beneficial 

effects on activity of several enzymes, particularly antioxidant enzymes. 

 

Study code 55481 

Year 2005 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 4 treatments (6 pigs per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other: Not specified. Results - Other : Not specified 

Factors affecting// combinations Interaction (fluorine) 

Composition Diets/treatments 
Treatments contained the following added fluorine (as NaF) levels: basal control; and 50, 100, and 150 mg/kg fluorine. Duration 84 days. 

Response criteria Animal performance, liver, kidney, pancreas, spleen, bone, serum, brain and heart content 

Results Apparent digestibility of protein and calcium in 100 and 150 mg/kg fluorine treated groups was significantly lower than that of the control. On the other hand, iron, copper, 

zinc, and manganese levels in most tissues of the 100 and 150 mg/kg fluorine groups were markedly changed compared to the control. However, growth performance, nutrient 

digestibility, and mineral concentrations in all tissues of pigs were not significantly affected by the addition of 50 mg/kg fluorine. Thus, this study suggested that excess 

fluoride levels could decrease growth performance and change the retention of iron, copper, zinc, and manganese in pigs. These results suggest that excessive ingestion of 

fluoride had a significant adverse effect on growth performances of growing pigs, which probably resulted from decreased apparent digestibility of nutrients caused by 

excessive fluoride. The concentration changes of iron, copper, zinc, and manganese in most tissues might be very helpful in the understanding of the toxic mechanism of excess 
fluoride. 

 

Study code 55756 

Year 2004 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 7 treatment (132 animal per treatment) 

Diet Background Estimated 10 ppm 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 



 Extensive Literature Search on the bioavailability of trace elements Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

140 

Composition Diets/treatments Exp 1: control (10 ppm Cu as cupric sulphate)and supplemental dietary Cu concentrations of 15, 31, 62, or 125 ppm as cupric citrate (CuCit) or 62 (Exp. 2 only), 125 (Exp. 1 
only), or 250 ppm asCuSO4. Duration 45 days. 

Response criteria Animal performance, plasma and faecal content. 

Results Plasma Cu concentrations were not affected by dietary Cu source or concentration, but faecal Cu concentrations were increased as the dietary concentration of Cu increased. 

Pigs consuming diets supplemented with 125 ppm Cu as CuCit had faecal Cu concentrations that were lower than pigs consuming diets supplemented with 250 ppm Cu as Cu 

SO4. Faecal Cu did not differ in pigs receiving diets supplemented with 62 ppm Cu as Cu SO4 or Cu Cit. Odour characteristics of faeces were not affected by Cu 
supplementation or source. These data indicate that 125 and 250 ppm Cu gave similar responses in growth, and that CuCit and Cu SO4 were equally effective at stimulating 

growth and improving G:F in weanling pigs. Faecal Cu excretion was decreased when 125 ppm Cu as CuCit was fed compared with 250 ppm Cu as Cu SO4. Therefore, 125 

ppm of dietary Cu, regardless of source, may provide an effective environmental alternative to 250 ppm Cu as Cu SO4 in weanling pigs. 

 

Study code 57214 

Year 1994 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Exp 1 150 5 treatments (5 replicates of 6 animals), Exp 2 180 5 treatments (5 replicates of 6 animals), Exp 3 5 treatments (5 replicates of 6/7 animals), Exp 4-5 144 6 treatments 

(4 replicates of 6 animals), Exp 6 5 treatments (5 replicates of 6 animals), Exp 75 treatments (5 replicates of 6/7 animals) 

Diet Background Estimated 13mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Diet plus supplements 

Composition Diets/treatments Exp1and2: basal diet, the basal diet with 100 or 200 ppm of Cu from CuLys, or the basal diet with 100 or 200 ppm of Cu from Cu SO4. Duration 35 days. 

Exp2: Same than Exp1 except that all diets contained 110 ppm of chlortetracycline (CTC). 

Exp3: Same than Exp1 except that all diets contained 220 ppm of chlortetracycline (CTC)Exp4 and 5: basal diet, the basal diet with 200 ppm of Cu supplied by CuLys or Cu 
SO4, or these same three diets with 110 ppm of CTC. Duration 28 days.  

Exp 6 and 7: basal diet, the basal with 100 or 200 ppm of Cu from CuLys, and the basal with 100 or 200 ppm of Cu from Cu SO4. All diets contained 110 ppm of CTC. 

Duration 28 days. 

Response criteria Animal performance 

Results In general, the addition of Cu from Cu SO4 or either CuLys source improved pig performance. Liver Cu concentrations of pigs receiving 200 ppm of Cu in the totally 
complexed form (CuPLEX-100) were lower. The results of these experiments clearly support previous findings that feeding high dietary concentrations of copper markedly 

improves rate of gain and feed intake of weanling pigs. Copper as a copper-lysine complex was as effective as, and in some cases more effective than, sulphate in enhancing pig 

performance, and resulted in lower liver copper stores than copper sulphate. Regardless of copper source, 100 ppm of copper was as efficacious as 200 ppm of copper in 

stimulating growth of weanling pigs. 

 

Study code 57873 
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Year 1989 

Animal Category (Sheep) 1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Total: 460 31 treatment (3 to 5 replicates of 5/6 animals per treatment) 

Diet Background Estimated 30ppm 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Exp. 1 and 2 were the basal, the basal plus 125 or 250 ppm Cu from Cu SO4 and the basal plus 125 or 250 ppm Cu from CuO. 

The treatments in Exp. 3 and 4 were the same as in Exp. 1 and 2 except there were two additional treatments consisting of 500 ppm Cu supplied by either Cu SO4 or CuO.  

In Exp. 5, animals were fed the basal diet with 0, 125, 250, 375 or 500 ppm Cu (as Cu SO4) for 33 d. At the end of the test period, eight pigs that had been fed the 500 ppm diet 

(two pigs that were the closest to the pen average from each replication) were switched to the basal diet. Duration 28-33 days 

Response criteria Animal performance, Liver content 

Results Overall, rate and efficiency of gain were improved by feeding 125 or 250 ppm Cu as Cu SO4, with the 125 ppm dietary level being about 75% as effective in stimulating 
growth as 250 ppm. Performance of pigs was not different from controls when the highest (500 ppm) level of Cu (from Cu SO4) was fed. Liver Cu increased 10- to 70-fold 

when 250 to 550 ppm Cu from Cu SO4 was included in the feed. Withdrawal of 500 ppm dietary Cu for 28 d decreased in liver Cu from 1,513 to 274 ppm of DM. All dietary 

levels of CuO failed to influence performance or liver Cu levels, suggesting that the Cu in CuO was largely unavailable and ineffective as a growth promoter for weanling pigs. 
The results of these studies clearly indicate that the feeding of 250 ppm Cu as Cu SO4 markedly improves rate and efficiency of gain in weanling pigs. Exposure of young pigs 

to a high level (500 ppm) of Cu for 4 to 5 wk, as might occur if a producer were to add 250 ppm Cu to a commercial feed that already contained 250 ppm Cu, seems not to be 

detrimental, but this level does not stimulate growth. Although CuO is a more concentrated form of Cu (75% Cu) than Cu SO4 (25% Cu), Cu in the oxide form is ineffective as 
a growth promoter. Based on liver Cu stores, the bioavailability of Cu in CuO seems to be quite low; hence, the oxide form of Cu, due to its insolubility, is not useful as a major 

source of supplemental Cu in mineral mixes or as a growth promoter for swine. 

 

Study code 61049 

Year 2003 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Exp 16 treatments (4 replicates of 8 animal per treatment) 

Diet Background Estimated 10ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Exp1 and Exp2:Control (10 ppm Cu sulphate)Control + 66 or 225 ppm Cu sulphate. Control + 33, 66 or 100 ppm Cu citrate. An antibiotic was included in Exp1 but not in 
Exp2Exp1 duration 35 days.Exp2 duration 103 days 
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Response criteria Animal performance Liver, bile and plasma content 

Results The data reveal no consistent effect of either Cu sulphate or Cu citrate on performance variables; therefore it is difficult to make an assessment on the efficacy of Cu citrate 

relative to Cu sulphate as a Cu supplement. In addition, liver and bile Cu concentrations were not reliable indicators of bioavailability of Cu sources in pigs when adequate to 

pharmacological concentrations of Cu were fed. 

 

Study code 61602 

Year 1995 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 6 treatments (12 animals per treatment) 

Diet Background Analysed 5.0 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Dietary factors.:Phytase activity 

Composition Diets/treatments The diets, composed of three levels of Cu (0, 60, and 120 mg/kg as Cu sulphate) and two levels of phytase activity (0 and 1500 units/kg) 

Response criteria True absorption Animal performance Urine, serum and faecal content 

Results The current results emphasize the importance of phytic acid in mineral utilization and verify the attenuation of the phytic acid-induced reduction of P and Zn utilization through 

phytase supplementation. Furthermore, the results demonstrate that phytase supplementation of diets that do not contain added Cu improves digestive utilization of Cu in 

weanling pigs. Phytase supplementation of diets increased serum P, Zn and Mg concentrations but reduced serum Cu concentration. The addition of Cu to the diets produced 
serum concentrations of minerals similar to Cu-un-supplemented diets. Absorption and retention of Ca and P were both slightly increased in pigs fed the phytase-supplemented 

diets compared with pigs fed diets that did not contain phytase. Addition of phytase to the diet that was not supplemented with Cu doubled (P < 0.1) Cu retention. Copper 

supplementation of diets did not affect absorption and retention of Ca, P, Zn, and Mg but increased absorption and retention of Cu and Mn. Results indicate that addition of 
phytase to P- supplemented and Cu-un-supplemented diets improves digestive utilization of P and Cu. 

 

Study code 56944 

Year 1988 

Animal Category  1.2. Pigs. Piglets (weaned) : ([Yorkshire x Hampshire] 

Nº treatments (replicates/ treatment) 4 treatments (8 animals per treatment) 

Diet Background Analysed 22 ppm 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose 



 Extensive Literature Search on the bioavailability of trace elements Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

143 

Composition Diets/treatments 
Dietary treatments: Cu (15 or 250 ppm as Cu SO4·5H2O) and either 0 or 5% added animal fat. 

Response criteria Animal performance, Liver, kidney, pancreas, spleen, plasma, heart content. Enzyme activity, N retention 

Results The addition of 250 ppm Cu to the diet increased Cu in plasma, liver, and kidney and decreased Fe in plasma and liver. The addition of 5% fat increased Fe in kidney and heart. 
Copper ´ fat interactions were observed for spleen Ca, Mg, Na, and K and spleen weight. The addition of 250 ppm Cu to the diets of weanling pigs improved the ability of 

weanling pigs to digest dietary fat by stimulating lipase and phospholipase A activities in the small intestine. The data from this study indicate that improvements in growth 

performance are due to increased fat utilization and increased nitrogen retention. Data also indicate that copper has limited effects on tissue mineral deposition, except for the 
spleen, where a consistent Cu ´ fat interaction was observed. Thus, it seems that the growth-stimulating role of copper is systemic and not limited to intestinal effects. 

 

Study code 61706 

Year 1995 

Animal Category (Sheep) 1.2. Pigs. Piglets (weaned) : (Berkshire x Hampshire)xDuroc 

Nº treatments (replicates/ treatment) 4 treatments (4 replicates per treatment) 

Diet Background Analysed 10/13 ppm 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) 15ppm Cu+ 0% animal fat, 2)15ppm Cu+ 5% animal fat, 3)250ppm Cu+ 0% animal fat, 4)250ppm Cu+ 5% animal fat. Duration 21 days. 

Response criteria Animal performance 

Results The decreased retention of Cu, Fe, and Zn due to the addition of fat to the 15 ppm of Cu diet indicates that the added dietary fat is interferin with absorption of these trace 

minerals, possibly due to the formation of insoluble soaps. Increased excretion of trace minerals, particularly evident in the 15 ppm of Cu, 5% added fat diet, may indicate the 
need for increased dietary levels of minerals in the diets of weanling pigs fed fat. A Cu level x fat level interaction was also observed for manganese retention. Pigs fed the 250 

ppm of Cu, 0% added fat diet had higher manganese retention than did pigs fed the other dietary treatments. 

 

Study code 59540 

Year 2010 

Animal Category  1.2. Pigs. Piglets (weaned) : Duroc × Landrace × Yorkshire 

Nº treatments (replicates/ treatment) 4 treatments (3 replicates of 10animals per treatment) 

Diet Background Analysed 7.64 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other : Not specified 

Factors affecting// combinations Interaction: Zn 
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Composition Diets/treatments Dietary treatments were designed with different supplementation of Zn as follows: (1) control (no Zn supplementation); (2) control + 50 mg/kg of zinc as Zn-Gly; (3) control + 
100 mg/kg of zinc as Zn-Gly; (4) control + 3,000 mg/kg of zinc as ZnO. 

Response criteria Animal performance. Liver, kidney, pancreas, spleen and serum content. Other : M. longissimus dorsi, faeces 

Results Supplementation of 100 mg/kg zinc glycine chelate decreased (P<0.05) the liver Fe level, liver Zn level, spleen Cu level, and kidney Cu level compared to that of the 3,000-

mg/kg ZnO group The results of present study showed that supplementation with Zn-Gly could improve growth and serum enzyme activities and could also decrease zinc 

excretion in faeces in weanling pig compared to pharmacological levels of ZnO. The results also indicate that Zn- Gly is a good source for zinc fortification in diets for 
weanling piglets.  

 

Study code 55105 

Year 2007 

Animal Category  1.2. Pigs. Piglets (weaned) : Duroc × Landrace ×Yorkshire 

Nº treatments (replicates/ treatment) Total: 160 (4 treatments of 4 replicate*10 animals) 

Diet Background Analysed 12.4mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Diet and supplement 

Composition Diets/treatments Four treatments and fed basal diets supplemented with 0 (control), 250 mg /kg Cu as Cu SO4, and 50 and 100 mg/kg Cu as Cu-Pr. Duration 30 days. 

Response criteria Animal performance, Plasma content, Other : Enzyme activity 

Results The experimental results showed that compared with control, pigs fed 250 mg Cu/kg as Cu SO4 and 100 mg Cu/kg as Cu-Pr had higher average daily gain and average daily 

feed intake in the whole growth phase (d 0 to 30). In addition, 250 mg Cu/kg as Cu SO4 and 100 mg/kg Cu as Cu-Pr enhanced plasma ceruloplasmin activity (P<0.05), and 100 
mg/kg Cu as Cu-Pr increased erythrocyte Cu/Zn-SOD activity (P<0.01) compared with the control. There was no obvious treatment response on plasma Cu concentration in the 

present study.In summary, under the experimental conditions employed in the present study, the results suggest that 250 mg/kg Cu as Cu SO4 and 100 mg/kg Cu as Cu-Pr 

improve the growth and the activity of plasma ceruloplasmin in growing pigs; in addition, 100 mg/kg Cu as Cu-Pr increases the erythrocyte Cu/Zn-SOD activity. 

 

Study code 55233 

Year 2007 

Animal Category  1.2. Pigs. Piglets (weaned) : Landrace/Yorkshire/ 

Nº treatments (replicates/ treatment) Exp 1:54 (5 treatment)Exp 2: 48 (5 treatment) 

Diet Background Analysed 30mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 
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Composition Diets/treatments Study 1: The four concentrations of zinc were as follows: 100 ppm (Zn100), 250 ppm (Zn250), 1000 ppm (Zn1000) and 2500 ppm (Zn2500) + control.  

Study 2: 100 ppm zinc and 20 ppm copper (Zn100Cu20), 100 ppm zinc and 175 ppm copper (Zn100Cu175), 2500 ppm zinc and 20 ppm copper (Zn2500Cu20) and finally 

2500 ppm zinc and 175 ppm copper Zn2500Cu175)+ control. 

Response criteria Plasma content, Others : Mucosa 

Results The results showed that the zinc status, measured as zinc in plasma and mucosa, was not affected by weaning of the piglets. Plasma copper concentrations decreased during the 
first 2 weeks after weaning. High dietary copper concentrations did not affect the concentration of copper in plasma, but increased the concentration of copper in mucosa and 

the concentration of zinc in plasma. The dietary zinc treatments increased the zinc concentration in plasma as well as the zinc and MT mRNA concentration in mucosa. 

Lymphocyte MT mRNA concentrations did not reflect the differences in dietary zinc supplementation. 

 

Study code 54528 

Year 2011 

Animal Category (Sheep) 1.2. Pigs. Piglets (weaned) : Landrace×Large White 

Nº treatments (replicates/ treatment) 20 

Diet Background Analysed 40.92 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Diet: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments The diet of the control group (C) with addition of 1% inorganic mineral premix (MP), contained:40.92 ppm Cu, 144.96 ppm Zn. The experimental diets differed from the C diet 

as follows: E1 - 3% oregano, 0% phytase (5000 PU/g), 0% MP; E2 - 3% oregano, 0.01% phytase, 0% MP; E3 - 3% oregano, 0% phytase, 0.5% MP, E4 - 3% oregano, 0.01% 
phytase, 0,5% premix. 

Response criteria True Absorption. Liver, kidney, pancreas, spleen and serum content Others: Faeces content 

Results Animal performance was not affected by the lower dietary minerals (Cu, Zn), their retention and utilization being similar among the groups. The lower dietary Cu and Zn levels 

reduced proportionally the amounts of minerals excreted in the manure and urine, which is important in the attempt to limit environmental pollution by heavy metals. It seems 

that the availability of the two minerals from oregano, balanced the lower amounts of inorganic Cu and Zn added to the diet through the premix. Although encouraging results 
were obtained for all experimental groups, the closest values to group C were obtained with the combination of 0.5% inorganic premix and oregano 3% (E3 and E4). 

 

Study code 59782 

Year 2008 

Animal Category  1.2. Pigs. Piglets (weaned) : Large White x Landrace 

Nº treatments (replicates/ treatment) 160 (4 treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Interaction (CU-Zn) 

Composition Diets/treatments Copper at 27 mg/kg and Zn at 65 mg/kg of diet (‗low‘) or Cu at 156 mg/kg and Zn at 170 mg/kg of diet (‗high‘) fed in an organic (proteinate amino acid chelate) or inorganic 
(sulphate) 

Response criteria Liver, kidney, pancreas, spleen and serum content. Others: Faecal content 

Results Total dietary levels of 27 mg/kg Cu and 65 mg/kg Zn, in either the proteinate amino acid chelate or sulphate form, significantly reduced the excretion of Cu and Zn via faeces 

by approximately 6-fold for Cu and 2.5-fold for Zn compared with a diet containing 156 mg/kg Cu and 170 mg/kg Zn in growing/finishing pigs. Levels of 27 mg/kg Cu and 65 

mg/kg Zn also maintained the growth rate and mineral homeostasis in the pigs compared with diets containing 156 mg/ kg Cu and 170 mg/kg Zn, under the conditions of this 

experiment. There was no significant effect of MF on ADG, ADFI, faecal mineral content, mineral status in the pigs, carcass and meat quality indices and MT concentration in 

enterocytes and liver. Feed efficiency was significantly improved by the inclusion of proteinate amino acid chelate over the entire experimental period. 

 

Study code 60861 

Year 2001 

Animal Category  1.2. Pigs. Piglets (weaned) : Large White*Yorkshire*Duroc,2.1. Poultry. Chickens for fattening : Exp 2 

Nº treatments (replicates/ treatment) Exp 1: 200 (5 treatments of 4 replicates*10 pigs)Exp2: 144 (6 treatments of 3replicates*8 chicks) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other 

Factors affecting// combinations Diet  

Composition Diets/treatments Exp 1: Duration 28 days. A-diet containing 170 ppm Cu from Cu SO4 and 120 ppm Zn from Zn SO4, B-diet containing 85 ppm Cu from Cu-amino acid chelate and 60 ppm Zn 
from amino acid chelate C-diet containing 170 ppm Cu from CAC and 120 ppm Zn from amino acid chelate D-diet containing 85 ppm Cu from Cu-lysine complex (CL) and 60 

ppm Zn from Zn-methionine complex E-diet containing 170 ppm Cu from CL and 120 ppm Zn from Zn-methionine complex Exp2: Duration 4 weeks1-diet with 60 ppm Cu 

from Cu SO4 and 40 ppm Zn from Zn SO4,2-diet with 120 ppm Cu from CuSO4 and 80 ppm Zn from Zn SO4, 3-diet with 60 ppm Cu from Cu-amino acid chelate and 40 ppm 
Zn from amino acid chelate , 4-diet with 120 ppm Cu from CAC and 80 ppm Zn from amino acid chelate , 5-diet with 60 ppm Cu from Cu-lysine complex and 40 ppm Zn from 

Zn-methionine complex , 6-diet with 120 ppm Cu from Cu-lysine complex and 80 ppm Zn from Zn-methionine complex . 

Response criteria Animal performance. Serum content. Others : Faecal content 

Results Pigs fed diet containing either metal-amino acid chelates or complexes as sources of Cu and Zn had higher (p<0.05) Cu and Zn concentration in serum and lower (p<0.05) in 
faeces than those receiving diet with inorganic sources. In Exp. 2 with broiler chicks, the overall FCR was not different among treatments. Higher (p<0.05) Cu and Zn 

concentration in serum was obtained from birds fed diet with 60 ppm Cu and 40 ppm Zn from metal-amino acid chelates compared to those fed diet with inorganic sources of 

Cu and Zn. Also, the faeces collected from birds fed diet with either metal-amino acid chelates or complexes contained generally lower Cu and Zn than those birds fed diet with 
inorganic sources. The higher the dietary level of Cu and Zn the higher the Cu and Zn concentration in the faeces. Based on the results, both metal-amino acid chelates. and 

complexes of Cu and Zn at low levels (Zn 60 ppm, Cu 85 ppm for weanling pigs and Zn 40 ppm, Cu 60 ppm for broiler chicks) are not different from that of high levels of 

inorganic sources in maintaining growth performance and serum concentration. The faecal excretions for Cu and Zn were greatly reduced when organic sources were used. 
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Study code 59618 

Year 2009 

Animal Category  1.2. Pigs. Piglets (weaned) ,1.4. Pigs. Pigs for fattening : Landrace×Yorkshire×Duroc 

Nº treatments (replicates/ treatment) Exp 1: 8 (3treatments). Exp 2: 36 (3treatm*3replic*4animals) 

Diet Background Analysed 9.62 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Dietary treatments 

Composition Diets/treatments Trial 1: The pigs were divided into three groups for different dietary treatments (control (basal diet), nano Cu (basal+50mg/kg nanoparticle Cu) and Cu SO4 (basal+50mg Cu/kg 

Cu SO4). 

Trial 2: Duration 47 days. Same formulation for all treatments used in Trial 1. 

Response criteria Serum content. Other : Faeces content 

Results Experimental results indicated statistically significant improvements in growth performance of the piglets when copper was supplemented at nano size. Copper availability was 
significantly improved and faeces copper level was reduced in the nanoCu supplemented group, as compared to the Cu SO4 group. Significant differences were observed in the 

improvement of the digestibility of crude fat and energy in pigs under nanoCu diet. The serum copper level and serum cholesterol concentrations, as well as haematology 

traits— RBC, WBC, MCV, HGB, HCT, PLT and RDW, were not affected by nanoCu supplementation. However, statistically significant improvements were observed in the 
IgG, γ-globulin and total globulin protein levels, and in the SOD activity of the nanoCu group. In conclusion, nano size copper supplementation was proven to reduce copper 

excretion level in piglets, improve the digestible energy and absorption of fat, and enhance the SOD activity in blood serum and the immunity level of piglets. Based on this 

experiment, dietary supplementation of copper in nano size displayed beneficial effects on weaned piglets. Compared to Cu SO4, it improved copper bioavailability and reduced 

the faecal excretion level of copper, increased digestibility of crude fat and energy, and improved growth performance of piglets. Serum IgG, γ-globulin and total globulin 

protein levels as well as the SOD activity were also increased by nanoCu supplementation. 

 

Study code 59606 

Year 2010 

Animal Category (Sheep) 1.3. Pigs. Piglets (suckling and  

Nº treatments (replicates/ treatment) Total: 24 (4 groups*6 animal each) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments group 1: 20 ppm from Cu MET; group 2: 40 ppm from Cu MET; group 3: 20 ppm copper from copper sulphategroup 4: control (no copper supplementation) 

Response criteria Liver and spleen content 
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Results Data show that a daily dose of 20 ppm Cu MET supplemented to the ration of pigs exerts positive effects on blood haemoglobin on day 10 and erythrocyte levels on day 20, 
and copper and iron storage in the liver and spleen of pigs as compared with the control. Growth response from added Cu MET showed some improvements over pigs fed the 

control diet; however, no significant difference was found between these groups. 

 

Study code 60666 

Year 2003 

Animal Category (Sheep) 1.3. Pigs. Piglets (suckling and  

Nº treatments (replicates/ treatment) 8 animals for 9 groups 

Diet Background Analysed  

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Microbial phytase - diet 

Composition Diets/treatments 72 castrated crossbred pigs 9 groups with 8 animals each. The animals were housed individually, weighed weekly and fed a barley and soya bean meal. The diets, composed of 

three levels of copper (20, 80 and 175 mg/kg as Cu SO4·5H2O)and three levels of phytase supplementation Pigs were slaughtered at an average body weight of 55.0±2.6 kg 

Response criteria Liver and plasma content 

Results The addition of microbial phytase to the diets caused a slight increase in copper requirement. Higher dietary copper could overcome the negative effects of phytase on copper 

availability. As at all dietary copper levels, the zinc content in bone (phalanx 1) increased when phytase was added to the diets; it was concluded that the increase in copper 
requirement was due to the releasing of zinc from the phytate complex and the forthcoming antagonistic effects of zinc on copper availability 

 

Study code 54476 

Year 2011 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) Exp 1: 180 (6 treatment 5 replicates of 6 animals). Exp 2: 180 (6 treatment 6 replicates of 5 animals). Exp 3: 216 (6 treatments of  6 replicates*6 animals) 

Diet Background Analysed 16.5 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other : plasma content 

Factors affecting// combinations Supplementation TBCC 

Composition Diets/treatments Experiment 1: Cu from tri-basic copper chloride (TBCC; 0 or 150 mg/kg) and added Zn from ZnO (0, 1,500, or 3,000 mg/kg from d 0 to 14 and 0, 1,000, or 2,000 mg/kg from 

d 14 to 28).Experiment 2: Zn from ZnO (0 or 3,000 mg/kg from d 0 to 14 and 0 or 2,000 mg/kg from d 14 to 28) and Cu (control, 125 mg/kg of Cu from TBCC, or 125 mg/kg 

of Cu from Cu SO4).Experiment 3: added Cu from Cu SO4 (0 or 125 mg/kg) and added Zn from ZnO (0 or 3,000 mg/kg from d 0 to 14 and 0 or 2,000 mg/kg from d 14 to 42). 

The final 2 treatments were feeding added ZnO alone or in combination with Cu SO4 from d 0 to 14 and adding Cu SO4 from d 14 to 42. 

Response criteria Animal performance. Plasma content 
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Results Inclusion of ZnO or TBCC had no effect (P > 0.10) on plasma Cu concentrations. However, Cu× Zn interactions were detected (P < 0.03) for both plasma Zn and P 
concentrations. The interaction for plasma Zn occurred because a greater increase in plasma Zn was observed as dietary Zn increased in pigs fed diets containing no added Cu 

compared with those fed diets containing TBCC.Cu plasma concentration was increased with either Zn or Cu supplementation; however, when both minerals were combined, 

plasma Cu concentration was similar to that of the control. A numerical decrease in plasma Cu was observed with Cu from Cu SO4 compared with other treatments. 

 

Study code 55242 

Year 2006 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 96 (4 treatment x 3 replicates x 8 animal in each) 

Diet Background Estimated  

Units’ basis of diets and/or results Diet - Fresh matter (FM)200 mg/kg 

Factors affecting// combinations Diet and supplementation - As 

Composition Diets/treatments The treatment groups received the same basal diet and supplemented with 0, 10, 20, and 30 mg As/kg diets (as As2O3), 78 days. 

Response criteria Animal performance. Liver, kidney, pancreas, spleen and serum content. Others: Heart, thymuss, lymphaden 

Results The diet containing 30 mg As/kg arsenic did not affect(p>0.05)serum copper levels. Arsenic feeding elevated (p<0.05) liver and kidney copper concentration, but reduced 

(p<0.05) copper concentration in heart, bile, and lymphaden of intestine mesentery. 

 

Study code 59054 

Year 2012 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) Total: 112 pigs from the 3 extensive (n = 29, 7 and 13) and intensive (n = 16, 29 and 18) farms 

Diet Background Estimated  

Units’ basis of diets and/or results Results - Other 

Factors affecting// combinations Diet 

Composition Diets/treatments Liver and kidney samples in which this study was based (n=44, 25 pigs from intensive and 19 from extensive farms) were selected from a larger sample as part of a research 

project to evaluate the influence of type of farming on metal accumulation in pigs in NW Spain. They slaughtered at around 15 months when they weigh approximately 125 kg 

Response criteria Liver and kidney content 

Results Under the conditions of Cd, Cu and Zn dietary exposure considered in this study, which are typical of pigs both receiving (intensive) or not (extensive) mineral 

supplementation, MT concentrations in the liver and kidney were strongly dependent on the Zn status of the animal. In the liver, although it is well demonstrated that Cu and 
Cd have a higher affinity for MT than Zn, these metals cannot compete with and displace Zn from the MT, and the proportion of the binding sites apparently occupied by Cu 
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and Cd decreases when MT concentrations increase, and is at the same time directly related to Zn:Cu ratio in the hepatic cell. In the kidney, by contrast Cu seems to be able to 
compete with Zn for MT binding sites, and Cu-MT increases with increasing MT concentration. Our results have not demonstrated a role of Cu in MT synthesis and Cd 

accumulation in pigs, as suggested in previous studies of highly Cu-supplemented pigs. However, it must be taken into account that although Cu supplementation was high 

during the starting/nursery phase of intensive pig farming considered in this study (ca. 125 mg/kg DM), during the growing-finishing phase Cu supplementation was relatively 
low (ca. 15 mg/kg DM). It is possible that during the starting phase, with high Cu supplementation, and thus different relative concentrations of Cd, Cu and Zn in tissues, the 

pattern ofMT induction and metal competition for the binding sites is different, leading to a higher tissue accumulation of Cd. Further studies on MT and metal concentrations 

in pigs during the high Cu supplementation period are in their opinion necessary to assess the mechanisms involved in Cd and Cu interactions in Cu-supplemented pigs 

 

Study code 61527 

Year 1996 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) Total: 24 (3 treatments of 8 animal) 

Diet Background Analysed 36 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Daily gain  

Composition Diets/treatments Dietary treatments were (2weeks): 1) basal (B), 2) B + 200 mg/kg of Cu from Cu SO4·5 H2O (Cu SO4) , and 3) B + 200 mg/kg of Cu from a copper lysine complex (CuLys). 

Response criteria True absorption, Urine content, Other : Faecal 

Results Average daily gain tended to be higher for pigs fed CuLys than for pigs fed Cu SO4 ( P < .02). Dry matter digestibility was similar (P > .10) among treatments. The absolute 

amount of Cu absorbed and retained was greater for pigs fed both Cu sources ( P < .001) than for pigs fed the control diet. Pigs fed elevated Cu absorbed more Cu, with no 

difference between the two sources. Zinc and Fe absorption and retention were generally not affected ( P > .10) by Cu addition or sources. The absorption and retention of Cu 
was similar for pigs fed growth-stimulative levels of Cu from Cu SO4 or copper lysine complex. Pigs fed growth-stimulating levels of Cu absorb more Cu than control pigs, 

with no difference observed between the inorganic and organic sources of Cu fed. Feeding these elevated dietary levels of Cu tended to increase iron absorption; however, zinc 

absorption was not significantly altered. 

 

Study code 60500 

Year 2004 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : barrows, Duroc×Landrace×Yorkshine 

Nº treatments (replicates/ treatment) Total: 192 (4 treatments of 3 replicates*16animal in each) 

Diet Background  Not determined 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Cd diet 
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Composition Diets/treatments Corn-soybean basal diets were supplemented with 0, 0.5, 5.0, 10.0 mg/kg cadmium. Cadmium in basal diet 0.11mg/kg. Duration 83 days. 

Response criteria Animal performance, Liver, kidney, pancreas, spleen and serum content. Other : Lymphaden, Heart 

Results This study indicated that 10.0 mg/kg cadmium had significant effect on ADG and FCR of growing pigs, which may be resulted from decreased apparent digestibility of 
nutrients caused by cadmium. Iron and zinc levels in most tissues decreased while tissue copper content (Liver, kidney, heart, bile, spleen, and serum) increased after extended 

cadmium exposure period. 

 

Study code 62001 

Year 1991 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : canulated 

Nº treatments (replicates/ treatment) Exp 1 and 2: 8 

Diet Background Estimated 10 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM)Diet - Fresh matter (FM) 

Factors affecting// combinations Diet with bacteria 

Composition Diets/treatments Diets which were identical in composition except for the inchwon of 200 g kg-1 of either soya-bean meal (SBM) or rapeseed meals (RSM) (43.2 micromol and 103.6 
micrormol total intact glucosinolate g-1 dry matter in experiments 1 and 2, respectively). The SBM diet was compared with the RSM diets given without or with the addition 

daily of 100 ml of a probiotic containing 10^6 colony-forming units of Lactobacillus acidophilus bacteria (experiments 1 and 2)or 200mg/kg copper sulphate (experiment 2). 

Response criteria Flora 

Results In conclusion it appears possible that copper sulphate may redirect intact glucosinolate breakdown to other primary breakdown products, may aid absorption or may react to 

form complexes with, or to produce, secondary breakdown products. However, the studies in vitro suggest that this action may be mediated either by interaction with the 
indigenous flora of the foregut or by an effect on absorption from the gut. Further elucidation is in hand. The failure of a probiotic to induce significant effects on glucosinolate 

concentrations in ileal digesta and in faeces does not imply that other probiotics containing the same species but at different concentrations, or different species at similar 

concentrations, might not have a different effect if given for a longer period of time. Until more is known about those species of the gastrointestinal tract flora which produce 
thioglucosidases, and their susceptibility to displacement by other species, further knowledge in this area will be difficult to obtain from the relatively arbitrary approaches, as 

in this case, which have to be made to this field of study. 

 

Study code 58569 

Year 1984 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : Hampshire-Yorkshire 

Nº treatments (replicates/ treatment) Exp1: 96 (4 treatment of 6 replicats of 4 animals). Exp 2128 (4 treatment of 8 replicates of 4 animals). Exp 3 80 (4 treatment of 10 replicates of 4 animals) 

Diet Background Analysed 13 (Exp. 1) or 17 (Exp. 2) ppm 

Units’ basis of diets and/or results Diet - Other: Not specified. Results - Other : Not specified 
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Factors affecting// combinations Supplementation Cu-Ca-P 

Composition Diets/treatments Experiment 1: two levels of added Cu (0 or 250 ppm) and two levels of Ca and P (.65% Ca and .55% P or 1.2% Ca and .86% P). Duration 106 days. Experiment 2: two levels 
of added Cu (0 or 250 ppm) and two levels of Ca and P (.65% Ca and .55% P or 1.2% Ca and 1.0% P). Duration 115 days. Experiment 3: two levels of Ca (.6 or 1.2%) and two 

levels of P (.5 or 1.0%). Duration 106 days. 

Response criteria Animal performance Liver content 

Results Rate and efficiency of gain were improved by the addition of 250 ppm of Cu to the diets. Improvements in rate of gain averaged 6.6% (652 vs 696 g/d) to 60.5 kg body weight 

and 1.7% (713 vs 725 g/d) to 94.5 kg body weight. Feed: gain ratio was improved by 1.4% to 60.5 kg and 1.6% to 94.5 kg body weight when Cu was added to the diet. 
Increasing the dietary Ca and P levels from .65% Ca and .55% P to 1.2% Ca and .86 or 1.0% P resulted in increased (P<.01) growth rate to 60 and 95 kg (649 vs 699 g/d and 

700 vs 737 g/d, respectively), but feed efficiency was not affected (2.86 vs 2.84 and 3.18 vs 3.17 kg feed/kg gain, respectively.) Feeding the higher Ca and P levels resulted in 

increased liver Cu levels in pigs fed 250 ppm Cu (189 vs 323 ppm), but Ca and p did not affect liver Cu of pigs fed low Cu diets (29 vs 28 ppm). When dietary Ca and P were 
varied independently, the high Ca level increased liver Cu, but P had little effect on liver Cu. Increasing the dietary P level partially alleviated the effect of Ca on liver Cu. 

 

Study code 56166 

Year 2001 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : Iberian Castrated male 

Nº treatments (replicates/ treatment) Total: 125 (5 treatments*25animals) 

Diet Background Analysed 17.4 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation with tocopherol 

Composition Diets/treatments 1)Free range conditions2)In confinement Basal diet supplemented with 10 mg a-tocopherol/kg feed (B)3)In confinement Basel diet supplemented with 100 mg a-tocopherol/kg 
feed (B+E)4)In confinement Basel diet supplemented with 35 mg Cu/kg feed from 125 mg Cu SO4 (B+Cu)5)In confinement Basel diet supplemented with 35 mg Cu/kg feed 

from 125 mg Cu SO4 and100 mg a-tocopherol/kg feed (B+Cu+E)Duration 56 days. 

Response criteria Other : Muscle content and fatty acid composition 

Results On the other hand, dietary copper supplementation does not modify copper concentration in muscle tissue in Iberian pigs. Dietary copper supplementation seems to have little 

effect on muscle fatty acid composition and oxidation. Extensive feeding increases susceptibility to oxidation in M. longissimus of Iberian pigs, while dietary vitamin E 
supplementation reduces oxidation. 

 

Study code 59517 

Year 2010 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : Landrace×Yorkshire×Duroc 

Nº treatments (replicates/ treatment) Total96 (4 treatments of 6replicates*4animals) 
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Diet Background Analysed 134 ppm 

Units’ basis of diets and/or results Diet: Not specified. Results - Other : Not specified 

Factors affecting// combinations Basal diet + supplementation with glycerol 

Composition Diets/treatments Experiment duration: 35 days, i) basal diet with 134 ppm copper as Cu SO4+tallow; ii) basal diet with 134 ppm copper as Cu SO4+glycerol; iii) basal diet with 134 ppm copper 

as CuMet+tallow; iv) basal diet with 134 ppm copper as CuMet+glycerol. 

Response criteria Animal performance, Other : faeces 

Results The copper concentration in the faeces was significantly lower in the organic copper source treatment group than was observed in the inorganic copper source treatment group 

(p<0.05). The results of this experiment show that organic copper substituted for inorganic copper in the diet results in a decreased faecal copper excretion, but exerts no effect 

on performance. The data in this study show that organic chelated copper dietary supplementation results in lower levels of faecal copper excretion than does inorganic copper. 
Moreover, energy sources interact with copper sources, and influence and energy digestibility. Glycerol can also be used to replace tallow in the diet. 

 

Study code 54251 

Year 2012 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : Landrace×Yorkshire×Duroc 

Nº treatments (replicates/ treatment) 8 (5 treatments of 1animal) 

Diet Background Analysed 3.5 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Digestibility  

Composition Diets/treatments study was performed on the three batches of wheat (CtrlW, LZnW, and HZnW), the two batches of bean (Com and Faba), and on two mixed CtrlW and Com or Faba bean diets 

(CtrlW+Com and CtrlW+Faba) 

Response criteria Urine content, Other : faeces content 

Results The solubility of zinc, copper, and iron measured after 3 h of incubation at pH 4 and 38°C was the highest for zinc and the lowest for iron, and there was no indication that the 
solubility was directly dependent on the trace element concentration. Results of zinc and copper digestibility in pigs also did not reflect the content of the feedstuffs. The in 

vitro solubility showed similarities to the copper but not of zinc digestibility, indicating that the assay has to be further developed in order to simulate trace mineral 
bioavailability. 

 

Study code 55757 

Year 2004 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening : Yorkshire-Landrace-Duroc 

Nº treatments (replicates/ treatment) Exp 1:240 (6 treatments*7/8replicates*3/2animals). Exp 2:20 (4 treatments*5 animals) 
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Diet Background Analysed (16.5ppm) 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Diet Cu-proteinate 

Composition Diets/treatments EXP1: Diet 1 was the basal Phase 1 or Phase 2 diet ((16.5ppm)) with 0 ppm added Cu-proteinate, and served as the control treatment. Diets 2, 3, 4, and 5 consisted of the basal 

diet plus 25, 50, 100, or 200 ppm, respectively, Cu from Cu-proteinate. Diet 6 was the basal diet plus 250 ppm Cu from Cu SO4. 

EXP2: Diet 1 was the basal diet (16.5ppm) with 0 ppm Cu from Cu-proteinate and served as the control treatment. Diets 2 and 3 respectively, were the basal diet plus 50 or 100 

ppm Cu as Cu-proteinate. Diet 4 was the basal diet plus 250 ppm Cu as Cu SO4. Duration 28 days. 

Response criteria Animal performance, Urine and plasma content. Other : Faecal 

Results Treatments did not differ in growth performance criteria. There were linear increases (P < 0.001) in Cu absorption, retention, and excretion (milligrams per day) with increasing 
Cu-proteinate. Pigs fed 100 ppm Cu as Cu-proteinate absorbed and retained more Cu and excreted less Cu (mg/d, P < or = 0.003) than pigs fed 250 ppm Cu as Cu SO4. Plasma 

Cu concentrations increased linearly (P = 0.06) with increasing Cu-proteinate. In conclusion, weanling pig growth performance was increased by 50 or 100 ppm Cu as Cu-

proteinate in our production Exp. 1, but not in our balance Exp. 2, compared with 250 ppm Cu as Cu SO4. However, 50 or 100 ppm Cu as Cu-proteinate increased Cu 
absorption and retention, and decreased Cu excretion 77 and 61%, respectively, compared with 250 ppm Cu as Cu SO4. In conclusion, replacing the high inorganic Cu 

supplementation of 250 ppm Cu as Cu SO4 in a swine nursery diet with a lower concentration of an organic Cu source (50 or 100 ppm Cu as Cu-proteinate) increased growth 

performance of 6-kg pigs housed in group pens in the production experiment but not in 11-kg pigs housed individually in metabolism crates for the balance experiment. In the 
balance experiment, feeding 50 or 100 ppm Cu as Cu-proteinate reduced Cu excretion in swine waste by 77 or 61%, respectively, compared with feeding 250 ppm Cu as Cu 

SO4. 

 

Study code 58493 

Year 1984 

Animal Category (Sheep) 1.4. Pigs. Pigs for fattening, 2.1. Poultry. Chickens for fattening , 10. Other categories : rat 

Nº treatments (replicates/ treatment) Total: 24(3 treatments*8 animals) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet – Other. Results - Dry matter (DM) 

Factors affecting// combinations Supplemental dietary roxarsone 

Composition Diets/treatments Diets were designed to meet or exceed all nutrient requirements so that any feed additive-induced nutrient deficiencies would not be a confounding factor. Supplemental 
roxarsone was supplied as a 10% premix 2 and Cu as Cu SO45H20. All dietary additions were made at the expense of corn starch. Feed and water were provided ad libitum 

throughout all experiments.*chicks:- Exp 1: Birds were fed 0, 100, 250, 500, 750 or 1,000 mg supplemental Cu/kg diet in the presence or absence of 50 mg/kg supplemental 

roxarsone, constituting a 6 • 2 factorial treatment design. Fifty milligrams/kilogram roxarsone and between 100 and 250 mg/kg Cu are the common use levels in commercial 
broiler production.- Exp 2: A second experiment was conducted to determine whether the roxarsone • Cu interaction also occurred in mammalian species. Weanling male 

Sprague-Dawley rats were fed a commercial laboratory rat diet for 1 wk. After an overnight fast, the rats were weighed and eight rats were assigned randomly to each 

experimental treatment. The rats were housed individually in stainless steel, wire-floored cages in an environmentally-controlled room. 

Response criteria Liver and bile content 
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Results Experiments were conducted to examine the effect of dietary roxarsone (3-nitro-4-hydroxyphenylarsonic acid) on Cu utilization by the pig, chick and rat. A fortified corn-
soybean meal diet was fed in each experiment. Roxarsone dramatically reduced liver Cu concentration at all levels of supplemental Cu fed. The level of roxarsone commonly 

fed, 50 mg/kg diet, resulted in a two- to fourfold depression in liver Cu concentration in all species studied. The effects of roxarsone on weight gain were more perplexing. In 

the chick, the diets containing 100 and 250 mg Cu/kg depressed growth in the presence, but not in the absence, of 50 mg/kg dietary roxarsone. In contrast, at toxic levels of Cu, 
roxarsone had no effect on (500 or 750 mg Cu/kg diet) or slightly alleviated (1,000 mg Cu/kg diet) the growth-depressing effects of Cu. In the rat, a roxarsone level of 50 

mg/kg diet exacerbated the growth-depressing effect of 1,000 mg Cu/kg diet. However, Cu had no effect on the growth depression that resulted from feeding a toxic level of 

roxarsone (250 mg/kg diet). The antagonizing effects of roxarsone and Cu on weight gain were not evident in the pig. Supplemental Cu (250 mg/kg diet) improved weight gain, 
but not feed efficiency, in starter pigs. Roxarsone (50 mg/kg diet) had no effect on the growth-promoting effects of Cu. 
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Table II.D.2. Poultry.  

Study code 54502 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 480 animals. 6 treatments of  4replicates* 20animals 

Diet Background Analysed 30.8 & 41.1 mg/kg start & finisher diet  

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments The diets were formulated so that the added dietary Cu sources (copper proteinate (Cu Pro) and Cu SO4) were included in the basal diet at 30.8 mg/kg and 41.1 mg/kg for 

starter and finisher phase respectively. The added Cu sources were included at three concentrations (50, 100 and 150mg Cu/kg). 

Response criteria Animal performance, Liver, kidney, pancreas, spleen and serum content Other : breast, heart, lung content 

Results The accumulation of Cu in the blood (plasma), heart, lung, liver and bone of the birds fed on diets containing added Cu Pro were greater than in those given added Cu SO4. This 
suggests that Cu Proteinate is more readily absorbed and more readily distributed into these organs than Cu SO4. This suggests that the organic form of Cu is more bioavailable 

than inorganic form.  The results of this study show that copper proteinate is effective in promoting growth and reducing plasma cholesterol of broilers and confirms that the 

increased bioavailability of organic copper relative to inorganic sources. 

 

Study code 55549 

Year 2005 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 420; 7treatments of 6replicates*10animlas 

Diet Background Analysed 11.45 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplement TBCC and reagent copper sulphate 

Composition Diets/treatments The supplemental copper sources were Tribasic Copper Chloride (TBCC) and reagent-grade copper sulphate (Cu SO45H2O). The copper sources were added to the basal diet at 

0, 150, 300, and 450 mg/kg copper. Duration 21 days. 

Response criteria Animal performance, Liver content : Cu, vitE, Plasma content : vitE 



 Extensive Literature Search on the bioavailability of trace elements Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

157 

Results Feeding supplemental copper increased linearly (P<0.0001) liver copper concentrations regardless of copper source. The slopes of regressions of log10 liver copper on different 
independent variables used in regressions differ (P<0.05) between the 2 copper sources. Linear regression over nonzero dietary levels of log10 transformed liver copper 

concentration on added copper intake resulted in a slope ratio estimate of 109.0 ± 3.4% (with a 95% confidence interval from 102.2 to 115.8) for bioavailability of copper from 

TBCC compared with 100 for that in copper sulphate. When the feeds were stored at room temperature for 10 or 21 d, the vitamin E content in the feed fortified with 300 
mg/kg copper as TBCC was higher (P < 0.01) than that in the feed added with 300 mg/kg copper as Cu SO4. The vitamin E contents in liver and plasma of broilers given TBCC 

were also higher (P < 0.01) than those of birds fed copper sulphate. The results from this study indicate that TBCC is a safer product and more available to broilers than copper 

sulphate, and it is chemically less active than copper sulphate in promoting the oxidation of vitamin E in feed.The results from this experiment indicate that TBCC is a safer 
product and more available to broilers than copper sulphate, and it is chemically less active than copper sulphate in promoting the oxidation of vitamin E in feed. 

 

Study code 57169 

Year 1995 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 128; 8 treatments* 4replicates*4animals 

Diet Background Analysed 0.56 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Diet  

Composition Diets/treatments 1) Basal (B), 2) B + 0.5mg Cu/kg Cu sulphate, 3) B + 1 mg Cu/kg Cu sulphate, 4) B + 1 mg Cu/kg Cu (fresh pork liver), 5) B + 1 mg Cu/kg Cu (autoclaved pork liver), 6) B + 
1 mg Cu/kg Cu (enzyme-digested pork liver), 7) B + 1 mg Cu/kg Cu (acid-hydrolysed pork liver), 8) B + 1 mg Cu/kg Cu (FD fresh pork liver)+ 200 mg of EDTA/kg. Duration 

21 days 

Response criteria Animal performance, bile content 

Results Autoclaving, acid-hydrolysis, and protease-digestion increased (P<.01) Cu bioavailability in pork liver to 32, 46, and 63%, respectively, from virtually 0% of the Cu in 

unprocessed pork liver (relative to Cu SO4, which was set at 100%). Addition of EDTA at 200 mg/kg to the diet containing 1 mg of Cu/kg from unprocessed pork liver also 
resulted in an increased (P<.07) Cu bioavailability, to 23%. Tissues representing different sources of endogenous Cu in the pig also were evaluated for their Cu bioefficacy. 

Freeze-dried (FD) porcine bile did not have any bioavailable Cu, whereas spray-dried porcine plasma contained Cu that was as available (99%) as that in Cu SO4. In addition, 

when FD pork liver or FD porcine bile was added to the basal diet containing 0.5 mg of Cu/kg from Cu SO4, Cu bioavailability in Cu SO4 was reduced (P<.05) to 34% and 
19%, respectively, of values obtained with Cu SO4 alone. An additional experiment was conducted to estimate Cu bioefficacy in selected animal-source feed ingredients. 

Copper bioavailability in all-beef meat and bone meal, all pork meat and bone meal, mixed-species meat and bone meal, high-bone meat and bone meal, poultry by product 

meal, and hog hair meal was 4, 53, 28, 8, 42, and 9%, respectively, relative to Cu SO4. Feather meal did not provide any bioavailable Cu to chicks. Although the copper in fresh 
pork liver was found to be totally unavailable to chicks, copper bioavailability can be improved by processing (autoclaving, protease digestion, or acid-hydrolysis) the pork 

liver. In addition, pork liver decreased copper bioavailability from dietary Cu SO4. There is tremendous variation in the trace mineral content of various animal by-products as 

well as in the bioavailability of copper therein. 

 

Study code 57414 

Year 1993 
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Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 800 male and female chicks 

Diet Background Analysed 30.8 & 41.1 mg/kg start & finisher diet 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments Newly hatched chicks were fed a Cu-deficient casein-soybean concentrate diet (0.56 mg Cu/kg) during an 8-d pretest period, after which they were fed experimental diets 

containing graded levels of added Cu from Cu SO4.5 H2O during a 15-d assay period. Following the Cu-depletion period, gall bladder Cu concentration decreased from 645 

nmol/g dry matter at hatching to 60 nmol/g dry matter at d 8 posthatching; liver Cu concentration decreased during the same period from 255 to 225 nmol/g dry matter. During 

the subsequent 15-d repletion period, a sevenfold linear increase in gall bladder Cu occurred as Cu was supplemented up to 2 mg Cu/kg, after which it declined gradually in 

birds fed graded doses between 2 and 16 mg Cu/kg.  

Response criteria Other : bile 

Results Liver Cu also increased linearly as Cu was supplemented up to 2 mg/kg; when chicks were fed between 2 and 16 mg/kg of supplemental Cu, liver Cu concentration remained 

constant. Bile obtained from chicks fed 800 mg Cu/kg diet for 22 d was freeze-dried, analysed and found to contain 3.05 mol Cu/g dry matter. When 8-d-old Cu-depleted 

chicks were fed graded levels of supplemental Cu (0, 0.5 and 1.0 mg Cu/kg) from Cu SO4.5 H2O, bile Cu concentration increased linearly from 10.5 to 102.7 mol/L. Bile Cu 

did not increase when freeze-dried bile (1.0 mg Cu/kg diet) was supplemented. When 0.5 mg Cu/kg from Cu SO4.5 H2O was supplemented in combination with 0.5 mg Cu/kg 
from freeze-dried bile, bile Cu concentration was less than one-half the level present in chicks fed 0.5 mg Cu/kg from Cu SO4.5 H2O alone. 

 

Study code 58803 

Year 1981 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) - 

Diet Background   

Units’ basis of diets and/or results Diet - Other : Not specified 

Factors affecting// combinations Diet and injections L-ascorbate, D-Isoascorbate 

Composition Diets/treatments Treatments: (Diet + intraperitoneal injection (time delay between injections)Copper-deficient diet + L-AscorbateCopper-deficient diet + Cu SO4Copper-deficient diet + Cu SO4, 
L-Ascorbate (O min)Copper-deficient diet + Cu SO4) L-Ascorbate (- 75 min)Copper-deficient diet + Cu SO4, L-Ascorbate (+75 min)Copper-deficient diet + Cu SO4, D-

Isoascorbate (+75 min)Copper-sufficient dietExperiment time 24 h. 

Response criteria Other : Enzyme activity (p-phenylenediamine PPD oxidase) 

Results The studies confirm the antagonistic properties of L-ascorbic acid on copper metabolism, but they also reveal possible sterospecific postabsorption roles for L-ascorbate in the 

metabolism of copper. 
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Study code 58817 

Year 1981 

Animal Category (Sheep) 2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Sixty day-old chicks were wing-banded and randomized into four duplicated groups. Each of the controls consisted of 12 birds and the experimental groups contained six birds 

each. 

Diet Background 100-1000 ppm 

Units’ basis of diets and/or results Diet – Other. Results - Other 

Factors affecting// combinations Diet 

Composition Diets/treatments 4 experiments. The day-old broiler chicks used were adapted to an isolated soy protein-corn starch diet containing 20% protein, 3,300 kcal metabolizable energy (ME)/kg, 
normal levels of minerals and 0.59% methionine. They were then fed the basal diet, alone or supplemented with 1.5% DL-methionine, 2,000 ppm molybdenum (Mo), 4,000 

ppm Mo, or 100, 250, 500 or 1,000 ppm copper for 1 or 3 weeks. Sixty day-old chicks were wing-banded and randomized into four duplicated groups. Each of the controls 

consisted of 12 birds and the experimental groups contained six birds each. 

Response criteria Liver, spleen and plasma content 

Results In contrast to 1.5% excess methionine, excess Mo increased plasma copper concentrations significantly, had no effect on spleen or liver iron and did not induce neurological 
changes. Dietary copper or methionine significantly influenced body weight gain, and the concentrations of copper in plasmas or livers. Supplements of 1.5% DL-methionine, 

500 ppm or 1,000 ppm copper retarded body weight. A direct relationship between dietary copper, and the concentration of copper in livers or plasmas was demonstrated in 

chicks fed either the basal diet or the basal diet supplemented with 1.5% DL-methionine. However, chicks fed excess methionine had lower levels of copper in their plasmas 
and livers at every level of excess dietary copper. Liver and spleen iron concentrations were increased by 1.5% excess DL-methionine, but were not significantly altered by 

supplementary copper. 

 

Study code 59320 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 156; 3treatments of 4replicates*13animals 

Diet Background Estimated50 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) control basal diet; 2) the basal diet plus 125 ppm of Cu;3) the basal diet plus 250 ppm of Cu. Duration 42 days. 

Response criteria Animal performance. Liver content, Other : Blood haematocrit 

Results Supplementing broiler diets with a higher level of Cu (250 ppm) during the starter period had a negative effect on broiler performance during the early days of the growth 

period. The negative effects of supplementing a higher level of Cu from Cu sulphate on bird BW disappeared after 14 d of age, whereas its effect on feed intake lasted until 28 
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d of age. The addition of moderate levels of Cu (125 ppm) to the basal diet did not have a negative influence on broiler performance; however, there is potential to improve the 
FCR if Cu is fed from 1 to 42 d. The gastrointestinal relative weights of birds and tibia bone ash content at 20 d of age were not influenced by dietary Cu level. Supplementing 

a high level of Cu from Cu sulphate significantly increased liver Cu concentration, and decreased blood haematocrit (%) at 20 d of age. More research is needed to evaluate the 

current commercial recommendation of Cu individually or in combination with other trace minerals on the performance broiler chicks. Caution is advised in recommending 
high levels of Cu in broiler diets, especially considering the Cu load in manure and its potential environmental consequences. 

 

Study code 62753 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 200; 10 treatment x 20 animal in each 

Diet Background Analysed 10.57, 10.94 and 10.79 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments These replicates were randomly assigned to one of five treatments in a ((2×2)+1) factorial arrangement. These two factors were sources of Cu (Cu SO4 vs. Cu proteinate) and 
dose of Cu supplements (200 mg and 400 mg/kg dietary dry matter) and the control (no supplemental Cu). After the starter period (up to 3 weeks), from d 22 onwards another 

factor i.e. energy at two levels (2,900 vs. 2,920 kcal/kg diet) was introduced with the previous factorial arrangements by subdividing each replicate into two equal parts, for two 

energy levels, without disturbing the dose and source of Cu supplement. 

Response criteria Animal performance, Other : nutrient absorption 

Results Cu-proteinate showed better performance and nutrient utilization compared to Cu SO4 

 

Study code 57705 

Year 1991 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 208; 10treatments of 2replicates*8 animals 

Diet Background Analysed 11.1 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement and corn soybean 

Composition Diets/treatments Treatments that included an unsupplemented basal com-soybean meal diet (11.1 mg/kg Cu) or this basal diet supplemented with 150, 300 or 450 mg/kg Cu either as reagent-

grade acetate or feed grade oxide, carbonate or sulphate 

Response criteria Liver, kidney and bone content 
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Results Liver Cu was not affected by dietary Cu from the oxide source, but it increased (P<.001) with increasing dietary Cu from all other sources. Bone Cu was lower (P<.05) in 
chicks fed 150 m a g Cu compared to other dietary levels of Cu but was not influenced (P>.10) by Cu source. Using the slope-ratio technique from regression of log liver Cu on 

mean daily Cu intake with Cu from acetate set at 100%, the relative biological availability values were estimated to be 88.5 and 54.3% for sulphate and carbonate, respectively, 

and oxide was essentially unavailable. Liver Cu uptake in chicks fed high but relatively nontoxic dietary levels of Cu may be a useful criterion for estimating Cu bioavailability 
from inorganic sources. However, additional studies are required to determine whether the same relative rankings will be observed at dietary concentrations closer to 

requirements, especially in view of reports suggesting that Cu absorption is greater at lower Cu doses. 

 

Study code 54718 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 300 (3 treatment) 

Diet Background Analysed 7.3 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments 1) feeding a basal diet devoid of supplemental trace elements (control), 2) Inorganic trace mineral (ITM), in which the diet was supplemented with an inorganic trace element 

premix (1 g/kg diet), 3) Organic trace minerals (OTM), which contained the ITM (0.5 g/kg diet) and an organically chelated trace element premix (3 g/kg diet) along with an 

iodine (I)-selenium (Se) premix (125 mg/kg diet).Copper [starter diet/grower diet](g/kg DM) Control:7.3/7.2; ITM:14.7/19.7 OTM:14.2/21.5 

Response criteria True absorption: apparent, Animal performance, liver, bone, tibia, serum and muscle content. 

Results Plethoric supplementation of trace elements improved live weight gain and feed/gain ratio (p<0.05). Leg abnormality developed in the 16% of the control group of birds but not 
in the supplemented group. Metabolizability of dry matter, organic matter, and protein was higher (p<0.01) in the ITM and OTM groups. Excretion of Cu, Fe, and Zn decreased 

(p<0.1) due to supplementation of the trace elements leading to increased apparent absorption of the said mineral elements (p<0.01). Concentration of the concerned trace 

elements in serum, liver, and composite muscle samples was higher (p<0.05) in the ITM and OTM dietary groups indicating an increased deposition of the said mineral 
elements due to supplementation. Although the study revealed subtle difference between the inorganic and organic mineral premixes with regards to the parameters mentioned 

above, it became apparent that it is possible to reduce excretion of these trace elements by a judicious escalation in the level of supplementation. Serum Cu was higher in the 

OTM dietary group than that in the control and the ITM groups. However, the ITM and OTM diets were similar in terms of the concentrations. The results of the present 
investigation further revealed that the trace mineral requirement of broiler chickens suggested by the National Research Council may not be optimum to support the maximum 

growth potential of the high yielding strains, and it is reasonable to consider a review of the current NRC recommendations to meet the needs of the modern birds. 

 

Study code 54280 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 240 6 dietary treatment 2 temperature treatment for each.4 animal each dietary (20 each thermal treatment) 

Diet Background Estimated 10mg/kg 
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Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other : serum concentrations 

Factors affecting// combinations Diet vit E and Se 

Composition Diets/treatments No added Se and vitamin E (control),0.5 mg of Se/kg of feed (SE1), 1 mg of Se/kg of feed (SE2), 125 mg of vitamin E/kg of feed (VE1), 250 mg of vitamin E/kg of feed 
(VE2), 0.5 mg of Se/kg of feed, and 125 mg vitamin E/kg of feed (SE1+VE1).The half of animal in each treatment were exposed to normal (constant 23.9°C) or high (for 8 h at 

23.9°C, 4 h at 23.9 to 37°C, 8 h at 37°C, and for 4 h from 37 to 23.9°C). 

Response criteria Animal performance. Serum content 

Results No differences among dietary treatments were observed in performance characteristics (P>0.05). There was a significant reduction in body weight, feed intake, and conversion 

ratio when the chicks were exposed to heat stress (P<0.05). There was not a significant interaction in broiler growth performance between dietary treatments and environmental 

temperature (P>0.05). It may be seen that the heat-stressed chicks had higher (P<0.05) concentrations of Cu compared to the chicks in the control or non-treated groups. 

Neither vitamin E nor Se caused changes of the serum concentrations of Cu under thermo neutral conditions (P>0.05), whereas dietary vitamin E resulted a decrease (P<0.05)of 

the serum Cu concentrations in the chicks exposed to heat stress. Dietary supplemental Se at 1 mg/kg Se also caused a significant reduction of the serum Cu concentrations of 
heat-stressed broilers (P<0.05). 

 

Study code 54638 

Year 2010 

Animal Category (Sheep) 2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp1: 96 4 treat*6replicat*6animals. 

Diet Background Analysed 6.6/8.9 mg/kg in starter/finisher diet 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Diet and supplement 

Composition Diets/treatments Exp. 1) (1) control diet; (2) Cu diet: control diet supplemented with 4mg organic Cu/kg diet; (3) Fe diet: control diet plus 30mg organic Fe/kg diet, and (4) Cu+Fe diet: control 

diet plus 4mg organic Cu and 30mg organic Fe/kg diet. 

Exp. 2) (1) control diet; (2) Mn diet: control diet supplemented with 30mg organic Mn/kg diet; (3) Zn diet: control diet plus 30mg organic Zn/kg diet; (4) Mn+Zn diet: control 

diet plus 30mg organic Mn and organic Zn/kg diet; (5) Cu+Fe+Mn+Zn diet: control diet with added 4mg Cu, 30 mg Fe, 30mg Mn and 30mg Zn/kg diet from organic source, 
and (6) inorganic diet: control diet plus 4mg Cu, 30mg Fe, 30mg Mn and 30mg Zn/kg diet from sulphate 

Response criteria Animal performance, Breaking Strength, Bone content : tibia, Other : excreta content 

Results On the basis of results from bird performance, total tibia trace mineral contents and tibia bone strength or trace mineral excretion, dietary Zn level is crucial to broiler chicken 

growth and Zn is the first limiting element among these 4 trace minerals Cu, Fe, Mn and Zn. Dietary Zn deficiency strongly depressed bird feed intake and hence body weight 

gain, total tibia trace mineral contents and tibia bone quality. Under conditions of dietary Zn deficiency, supplemental Mn, Cu and Fe did not stimulate bird performance and 

was mostly excreted. There was no obvious interaction between organic Zn and other trace minerals used in the current study. 

 

Study code 58847 
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Year 1983 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp2: 6 treat (8 replicates of 6 animals) 

Diet Background Analysed 0.02mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments 1) Consisted of three different particle sizes (<300 urn, 300-600/im and 600-1200 /im) of polyethylene powder (PP) and alfalfa cell walls ACW which were added as 8% of the 

diet plus two controls: negative 0%fiber and 8% solka floc.2) Included two levels (4 and 8%) of pectin, lignin and a xylosergum arabic (50:50) mixture plus two controls: 
negative 0%fiber and 8% solka floc. Exp 3, two levels (4 and 8%) of corn bran, oat bran and wheat bran were added to the diet plus two controls: negative 0%fiber and 8% 

solka floc. 

Response criteria Liver and kidney content 

Results Inclusion of lignin, the xylose:gum Arabic mixture and alfalfa cell walls resulted in lower liver Cu levels; polyethylene and solka floe had no effect on liver Cu status. Each 

mineral influenced by fibre type, level or particle size appeared to be affected through different mechanisms. In summary, these studies demonstrate the complexity of plant 
fibre interactions with dietary minerals. If poultry are to be fed alternative energy feedstuffs, most of which contain relatively high quantities of structural carbohydrates and 

lignin, then the biological availability of minerals present in the diet becomes an issue of obvious importance. Also, diets rich in fibre have a much different mineral content 

compared with diets containing small amounts of fibre. Since poultry have a relatively short gastrointestinal tract and thus less surface area for absorption of nutrients and since 
rate of digesta passage through the tract of poultry is considerably faster than that of other nonruminant animals, assessments of the contribution of minerals from the fibre 

source as well as assessments of the effects of the fibre source on bioavailability of minerals added to the complete mixed feed need to be made if such diets are routinely fed. 

 

Study code 54288 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp2: 144 3 treat*8replicat*6animals 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : Not specified, Results - Other : Not specified 

Factors affecting// combinations Diet 

Composition Diets/treatments Control group was fed a basal diet, the low-dosed group (L group) fed the basic diet supplemented with 600 mg/kg MnCl2, the middle-dosed group (M group) fed the basic diet 

supplemented with 900 mg/kg MnCl2, and the high-dosed group (H group) was fed the basal diet supplemented with 1,800 mg/kg MnCl2 according to one fifteenth, one tenth, 

and one fifth of the median lethal dose (LD50) for cocks 

Response criteria Spleen content. Other : immune response; thymus content; bursa of Fabricius content 

Results Chronic exposure to high levels of Mn in diets leads to its accumulation in immune organs, resulting in the balance of trace elements such as Cu, Fe, Zn, Ca, and Se being 
disturbed in immune organs, as shown. It is uncertain whether Mn cumulated in immune organs to increase Fe, Zn, and Ca contents decreased; however, Cu and Se contents 
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showed nodifference. Therefore, the reason needs further study. 

 

Study code 62157 

Year 2013 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 95 SG + 52 FG; 1 treatment 

Diet Background Analysed 19.01 mg/kg 

Units’ basis of diets and/or results Diet: Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Genotypes 

Composition Diets/treatments Two types of chicks: slow-growing male chicks of hybrid combination Isa Brown (SG; 95 birds) and fast-growing Ross 308 cockerels (FG; 52 birds). Duration 22 days. 

Response criteria Growth and genotype 

Results Allometric coefficients describing the relationships of mineral weights to dry matter weight (Tab. III) indicated that the deposition of Zn in SG genotype was considerably (P < 
0.01) faster than that of dry matter while the opposite was true for Cu and Fe in FG chickens. Allometric coefficients for these values were significantly (P < 0.05) different 

from the unity. Consequently, adequate zinc nutrition during this period of growth is of particular importance. Growth of zinc in dry matter was significantly (P < 0.01) faster in 

SG than in FG genotype, the allometric coefficients being 1.165. When the relative growth of body constituents was expressed as a function of dry matter weight, the results 
showed that Cu, Mn and Fe in SG genotype and Zn and Mn in FG chickens developed proportionally to body dry matter weight (b value close to 1.0). 

 

Study code 57170 

Year 1995 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp1: 80; 5 treat.*4 replic.*4 animals 

Diet Background Analysed 0.56 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other 

Factors affecting// combinations Supplement 

Composition Diets/treatments 1) Control, 0.5mg Cu/kg from Cu SO4, 1mg Cu/kg from Cu SO4, 1mg Cu/kg from freeze-dried barrow liver, 1mg Cu/kg from freeze-dried gilt liver.2) Male or Female group 
were feed Control, 0.5mg Cu/kg from Cu SO4, 1mg Cu/kg from Cu SO4, 1mg Cu/kg from freeze-dried pork liver.Exp3: Control, 4 mg Zn/kg from Zn SO4, 8 mg Zn/kg from Zn 

SO4, 4mg Zn/kg from freeze-dried barrow liver, 4mg Cu/kg from freeze-dried gilt liver.Exp4: Control, 10mg Fe/kg from Fe SO4, 20mg Fe/kg from Fe SO4, 30mg Fe/kg from 

Fe SO4, 18mg Fe/kg from freeze-dried barrow liver, 20mg Fe/kg from freeze-dried gilt liver. Experiment duration 21 days. 

Response criteria Animal performance, bile content 

Results Sex-dependent differences in Cu, Zn, and Fe bioavailabilities do not exist in barrow liver and gilt liver as tested in chicks. The Cu in pork liver (Neither FD gilt no liver or FD 
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barrow liver) was totally unavailable for chicks. 

 

Study code 57615 

Year 1991 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp1: 120 ;10treat.*4replic.*3animal 

Diet Background Analysed 8.2 mg/kg Complex; 6.2 mg/kg Casein 

Units’ basis of diets and/or results Diet: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments Duration 22 days.Exp 1 consisted of feeding supplemental Cu (as Cu sulphate) to provide 0, 100, 200, 400, or 800 mg/kg of Cu in both the complex and casein diets.Exp 2 

supplemental Cu levels of 0, 200, or 400 mg/kg were included in diets containing 1000, 75, 50, 25, or 0% of the protein from casein and the remainder from soy concentrate. 

Response criteria Animal performance. Liver content. 

Results Addition of 800 mg of Cu kg to a caseindextrose semipurified diet decreased weight gains by 63%, but the same addition of Cu to a corn-soybean meal complex diet decreased 

gains by only 8%. At all levels of Cu supplementation (100, 200, 400 or 800 mg/kg), Cu deposition in the liver was increased markedly in chicks fed casein diets compared 
with those fed the complex diet. Substituting soy-protein concentrate for casein in the semipurified diet resulted in a marked decrease in Cu toxicity as measured by weight gain 

reductions and tissue accumulation of Cu. Excess Cu contained in a purified casein based diet is far more toxic than that contained in a practical corn-soybean meal diet. 

Patients receiving casein-based enteral formulas or animals fed casein-based research diets are probably more susceptible to Cu toxicity than those consuming conventional 
diets. Substituting soy protein for at least 50% of the protein provided by casein will meliorate the Cu toxicity symptoms caused by excess Cu ingestion. 

 

Study code 60068 

Year 2007 

Animal Category (Sheep) 2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp2: 15 treat.(4 replicates of 4 animals) 

Diet Background Analysed 22.81 ppm 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments Control250 ppm Cu from sulphate250 ppm Cu from lysinate250 ppm tribasic Cu from chloride 

Response criteria Animal performance Intestine pH, Mineral complex size 

Results In conclusion, supplementation with 250 ppm Cu did not affect pH of the contents of gizzard or duodenum + jejunum but increased that of the ileal contents. However, 

ramifications of the effect this pH has on the intestinal tract or luminal environment is uncertain. Neither Cu supplementation at 250 ppm nor Cu source had significant effects 
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on the portions of Ca nor Cu associated with different sizes of complexes. High dietary Cu increased the Cu solubility in the duodenum + jejunum contents. Copper addition 
significantly increased the percentage of Zn associated with the large complexes (>100,000 MW) and decreased the percentage of Zn associated with the small complexes 

(<5,000 MW), therefore partly explaining the antagonism between dietary Cu and Zn. 

 

Study code 60593 

Year 2003 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatment (8 replicates of 6 animals) 

Diet Background Analysed 18.4 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet + Aa 

Composition Diets/treatments 1) Mn bioavailability Exp 2: basal diet (18.4 ppm Cu) basis by analysis) and reagent-grade Cu sulphate or the Cu amino acid chelate (CuAA) were added to the basal diet at 0, 

150, 300, or 450 ppm Cu. Duration 21 days. 

Response criteria Animal performance. Liver content 

Results The relative bioavailability of Cu in the CuAA chelate was found to be similar to that of reagent grade Cu sulphate for chicks. Due to their lower solubility in water, both of 

these new compounds should be acceptable supplemental sources of Mn or Cu for inclusion in diets for poultry and may be less prone than sulphates to problems with caking in 
humid climates. 

 

Study code 63109 

Year 2007 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 8 treatment (replicates of 5 animals each) 

Diet Background Analysed Analysed 16.2 ppm 

Units’ basis of diets and/or results Diet: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments Two levels of Zn (0 or 75 ppm), 2 levels of Mn (0 or 100 ppm) and 2 levels of Cu (0 or 7ppm).Experiment time 14 days. 

Response criteria Animal performance. Liver, pancreas and bone content. Breaking Strength. 

Results Bone breaking strength was increased when Zn was added to the diets with or without Cu addition, but the increase was greater in chicks fed the diets without Cu addition 

(ZnxCu, p<0.05). Bone ash percentage was increased in chicks fed the diets with Zn, Mn, or Cu addition but the increase was not additive (ZnxMnxCu, p<0.03). Liver Cu level 
was increased (p<0.01) in chicks fed diets with Cu addition. Bone and liver Cu levels were decreased (p<0.05) in chicks fed diets with Zn addition. Bone Zn level was 
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decreased (p<0.03) in chicks fed diets with added Cu. Liver and pancreatic Mn levels were increased (p<0.05) in chicks fed diets with added Zn. This study indicates that Zn 
addition is necessary for normal growth and bone strength of chicks and that Zn addition had negative effects on tissue Cu and Fe levels and a positive effect on tissue Mn 

levels. 

 

Study code 61794 

Year 1994 

Animal Category  2.1. Poultry. Chickens for fatteningLambs. 

Nº treatments (replicates/ treatment) Exp 1: 252; 7 treatment (6 replicates of 6 animals per treatment) 

Diet Background Analysed 11 and 9.5 mg/kg (Exp and Exp 2) 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) Chicks were fed a basal diet ( 11 mg/kg Cu,(DM) basis) or the basal diet supplemented with 150, 300 or 450 mg/kg Cu from either of the two Cu sources (sulphate and 

lysine) for 18 days.2) Lambs were feed a basal diet (9.5 mg kg-~ Cu, DM basis) alone or supplemented with 60, 120 or 180 mg/kg Cu as reagent grade Cu SO4·5H20 or the 

feed grade Cu-lysine complex for 10 days. 

Response criteria Liver content 

Results Slope ratio comparisons gave relative Cu bioavailability values of 99 and 68 for Cu-lysine in chicks and lambs, respectively, compared with 100 for Cu SO4.5H20 for both 
species. 

 

Study code 54263 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp 2: 42; 7 treatments (6 animals-10 animals per replicate) 

Diet Background Estimated10 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other : Not specified 

Factors affecting// combinations Diet and Fe 

Composition Diets/treatments Control diet with no Fe supplementation while five other treatments consisted of 40,80, 120, and 160 mg Fe/kg diets from Fe-Gly, and 160 mg Fe/kg from ferrous sulphate, 

respectively. 

Response criteria Animal performance. Liver, bone, tibia, serum, breast, muscle, faeces content 

Results No significant differences on the contents of Cu, Zn, and Mn in serum, liver, breast muscle, tibia and faeces could be observed between the treatments. 
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Study code 54375 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4treatment (3 replicates of 20 animals per treatment) 

Diet Background Estimated8 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other : plasma content 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) C - no additives, 2) T1-75 mg inclusion of Cu/kg diet,3) T2-150 mg inclusion of Cu/kg diet, 4) T3-250 mg inclusion of Cu/kg diet. 

Response criteria Animal performance. Plasma content 

Results The average plasma Cu concentration in 3rd and 6th week of age were 0.25±0.00, 0.29±0.00, 0.31±0.01, 0.30±0.01 (ppm) and 0.26±0.01, 0.29±0.01, 0.32±0.00, 0.33±0.01 

(ppm) in groups C, T1, T2, T3 respectively. Statistical analysis revealed significant (p<0.01) difference among the group. T2, T3 and T1 showed high plasma Cu concentration 

compared to control bird. 

 

Study code 59119 

Year 2012 

Animal Category (Sheep) 2.2. Poultry. Chickens reared for laying 

Nº treatments (replicates/ treatment) 8 groups (2 replicates of 24 broilers per group) 

Diet Background 0-250 ppm 

Units’ basis of diets and/or results Results: dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments At 1 d of age, 10,080 chicks were randomly allocated to 48 pens (each pen containing 210chicks) and fed a commercial pelleted-crumbled broiler starter diet [21] with an aP 

content of0.45% until 13 d of age (Table). Birds were reared from 13 to 42 d of age on experimental diets in 3 phases (i.e., 13 to 28 d, 28 to 35 d, and 35 to 42 d).After a 13-d 

trial, aP was formulated at 0.25% in the diet for all 3 phases. At13 d of age, all the chicks were weighed and leg-banded, and pen averages were adjusted so that no significant 
difference among pen weights was realized. Duration: 42 days 

Response criteria Bone and blood content 

Results Interactions between Cu and CA suggest that these additives have some beneficial influence on the live performance of broilers from 13 to 42 d. Dietary prophylactic Cu from 

Cu proteinate in the diet may be feasible to reduce cholesterol concentrations in broiler meat. 
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Study code 59630 

Year 2009 

Animal Category  2.2. Poultry. Chickens reared for laying 

Nº treatments (replicates/ treatment) 3 groups of 60 chickens randomly and 2 groups of 48 chickens randomly 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other 

Factors affecting// combinations diet 

Composition Diets/treatments The broiler chickens were provided with a basal diet or diets supplemented with 8 and 50 mg/kg Cu from 1d of age. Three groups of 60 Chickens and randomly subjected to 

one of the following dietary treatments: basal diet, basal diet supplemented with 8 or 50 mg Cu/kg as Cu SO4⋅5 H2O. At 25 d of age, 48 chickens with similar body weight were 
selected from each diet. Half of the chickens in each dietary treatment were injected intraperitoneally (i.p.) with LPS (I mg/kg body weight).  

Response criteria Plasma and erythrocyte content 

Results In conclusion, the present study showed that short-time LPS challenge had little effect on the broiler‘s antioxidant. Ability as indicated by SOD, FRAP and TBARS. High 

dietary level of Cu (as much as 50 mg/kg supplementation) promoted the elevation of circulating Cp concentration under LPS challenge. Considering the important roles that 
Cp plays, this result suggests that high dietary Cu level may be favourable for coping with short-term LPS challenge. 

 

Study code 59818 

Year 2008 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 5 treatment (12 animal per treatment) 

Diet Background Analysed 21.8 mg/g 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM). Results - Fresh matter (FM). Results - Other : in eggs FM, in shell DM 

Factors affecting// combinations Diet and Mn, Fe 

Composition Diets/treatments Cu - 21.8, Fe - 200.8, Mn 140.5 mg⋅kg-1 : 1) I group (control C) - inorganic forms of Cu, Fe and Mn;2)II group - organic forms of Cu and inorganic forms of Fe and Mn;3)III 
group - organic forms of Fe and inorganic forms of Cu and Mn;4)IV group - organic forms of Mn and inorganic forms of Cu and Fe;V group - organic forms of Cu, Fe and 

Mn.55 days of the experiment 

Response criteria Egg, plasma  and feathers content  

Results Application of organic forms of copper in nutrition of layer hens caused a significant increase in copper in the content and shell of eggs, in blood and feathers in the group 

receiving organic-Cu, which proves better availability of organic forms of copper comparing to copper sulphate. Introduction of organic forms of iron and manganese to feed 

for hens did not cause any significant changes in the concentration of this element in eggs, blood and feather of hens, with the exception of the group receiving organic-Mn 
(significantly higher content of Mn in feathers relative to the control group).Organic forms of copper, manganese and iron did not cause any interactions with respect to Zn, 

although an antagonistic influence of Cu (organic-Cu group) and synergistic effect of Mn (organic-Mn group) were observed in the egg content. 
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Study code 58830 

Year 1981 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 6 treatment (6 animals per treatment) 

Diet Background Analysed 0-2000 mg/kg 

Units’ basis of diets and/or results Results - Dry matter (DM) 

Factors affecting// combinations diet 

Composition Diets/treatments Basal diet supplemented with Cu SO4·5 H2O (treatments 2,4 and 6) at levels equivalent to 500,1000 and 2000 mg Cu/kg and the same basal diet without added CuSO, pair-fed 

to these treatments thus giving three control treatments (treatment. 1, 3 and 5). Duration 6 weeks 

Response criteria Animal performance. Liver, kidney and serum content 

Results In this experiment the main effects directly attributable to the CuSO, are the high liver Cu, increased kidney Cu and kidney weight and increased gizzard weight. However, 

although the analyses presented attribute the depression of liver lipid and egg production to decreased food intake, it is apparent that the CuSO, per se is also having a 
deleterious effect. The Cu concentrations and total contents in liver and kidneys were significantly increased by dietary added CuSO.  

 

Study code 62757 

Year 2009 

Animal Category  2.5. Poultry. Turkeys for breeding purposes 

Nº treatments (replicates/ treatment) 4 treatments (4replicates of 30 animal per treatment) 

Diet Background Analysed 11.35 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Diet + Aa 

Composition Diets/treatments 1) Basal diet (Cu-0, no Cu source), 2) Basal diet with 20 ppm Cu from Cu SO4 (Cu-SUL), 3) Basal diet with a blend of 10 ppm Cu from Cu SO4 and 10 ppm Cu from copper 
amino acid chelate (Cu-SUL/AA), 4) Basal diet with 20 ppm Cu from copper amino acid chelates (Cu-AA).Duration 126 days. 

Response criteria Animal performance. Bone, faeces content. SOD activity 

Results The Cu un-supplemented basal diet contained 11.3 mg Cu/kg and further Cu-supplementations from inorganic and/or organic sources did not significantly improve turkeys 

performance and health. Plasma superoxide dismutase activity, physico-chemical properties of bone and the concentrations of Ca and P in the tibia bone were generally not 

affected by the copper source. There is no need for additional supplementation of inorganic or organic copper. Further Cu supplementation increase the Cu-excretion (from 808 
to 1915-2164 mg per animal) and may cause additional environmental problems. 
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Table II.D.3. Bovines 

Study code 54385 

Year 2011 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) 30 (20 supplemented and 10 non supplemented) 

Diet Background Analysed 5 and 8 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Cu supplemented (with additional 15 mg Cu SO4/kg DM, n = 20; Cu analysed in the diet of 23 ± 8 and26 ± 10 during growing and finishing periods, respectively) and non-
supplemented beef cattle (no additional Cu SO4, n = 10 Cu analysed in the diet of 5 ± 1 and 8 ± 3during growing and finishing periods). 

Response criteria Liver, kidney, spleen, brain, diaphragm content 

Results As residues were significantly lower in the kidney (53%) and diaphragm (41%), and tended (p < 0.10) to be lower in the liver (18%) and brain (6%) of Cu supplemented calves. 

Hg in the liver (52%) and kidney (19%), and Pb in the liver (65%), kidney (71%) and spleen (68%) were significantly lower in the Cu supplemented group. On the contrary, Cd 

residues were significantly higher in the liver (87%) and kidney (111%) of the Cu supplemented group. Hepatic Cu concentrations (as the most representative organ of Cu 
status in the animals) were negatively related with As and Pb residues in most tissues. In relation to the essential trace elements, hepatic Cu accumulation was negatively related 

with Cr concentration in the brain and spleen, Ni in the brain and Se in the diaphragm. Cu supplementation was associated with a higher Cd accumulation. On the contrary, Cu 

supplementation lead to a lower As, Pb and Hg accumulation in most tissues, and although the mechanisms of these interactions are unknown, and possibly with more than two 

metals involved as suggested in the case of the ratio Se:Cu in the animals of this study. 

 

Study code 54478 

Year 2011 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) 30 (20 supplemented and 10 non supplemented) 

Diet Background Analysed 5 and 8 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Cu supplemented (with additional 15 mg Cu SO4/kg DM, n = 20; Cu analysed in the diet of 23 ± 8 and26 ± 10 during growing and finishing periods, respectively) and non-
supplemented beef cattle (no additional Cu SO4, n = 10 Cu analysed in the diet of 5 ± 1 and 8 ± 3during growing and finishing periods). 

Response criteria Other : muscle 
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Results The most active and less fat content muscles (cardiac muscle and diaphragm) showed in general the highest essential and the lowest non-essential trace element accumulation in 
comparison with the other muscles analysed (semitendinosus and pectoral). As and Hg muscular residues are indicative of animal exposure. Cu supplementation, at 

concentrations generally used in intensively raised cattle, significantly reduced As residues in muscle but caused a significant decrease of Se concentrations, which could have 

significance for the animal health. 

 

Study code 58279 

Year 1986 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) Thirty. 2 x 3 factorial arrangement of treatments. 

Diet Background Analysed 3-175 microg/g 

Units’ basis of diets and/or results Dry matter 

Factors affecting// combinations Diet and Ni 

Composition Diets/treatments Protein levels evaluated were 10.0, 12.25 and 14.5%, and nickel was supplemented at a level of 0 or 5 mg/kg of diet. Calves were weighed at 28-d intervals.  

Response criteria Liver, kidney, spleen, serum, lung, heart, muscle content 

Results Tissue copper concentrations were not significantly affected by protein or nickel. Organ zinc and copper concentrations were not generally affected by dietary nickel in the 

present study. 

 

Study code 57363 

Year 1993 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) 126; 6 treatments x 4 replicates 

Diet Background Analysed 6.2 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Diet and Mo 

Composition Diets/treatments 1) Control (Con), 2) 5 ppm of Mo and .2% S (MoS), 3) 5 ppm of Cu as Cu SO4 (CU SO4), 4) Cu SO4 + 5 ppm of Mo and .2% S (CuS04+MoS), 5) 5 ppm of Cu as CuLys 

(CuLys), 6) CuLys + 5 ppm of Mo and .2% S (CuLys + MoS). Duration: 98 days 

Response criteria Animal performance. Plasma content. Immune response 

Results The results of this experiment support earlier work that has shown that the addition of molybdenum and sulphur to ruminant diets can decrease copper status. The results also 

indicate that the bioavailability of copper from copper sulphate and copper lysine is similar when fed to steers both in the presence and absence of supplemental molybdenum 
and sulphur. Furthermore, supplementation of copper to steers with adequate copper status did not improve animal performance or immune response. The results also suggest 
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that prolonged exposure to molybdenum and sulphur may decrease in vivo cell-mediated immune function in cattle. Using growth rate, feed intake, feed efficiency, plasma Cu, 
ceruloplasmin activity, and immune response as indicators of Cu status, CuLys seemed to be equal to Cu SO4 as a Cu source for steers. 

 

Study code 58703 

Year 1983 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) 20; 4 treatments of 5animals 

Diet Background Analysed 4 mg copper/kg 

Units’ basis of diets and/or results Diet: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Diet and supplement (Mo, Fe) 

Composition Diets/treatments 1) Control Diet supplemented with 0 mg iron/kg and 0 mg molybdenum/kg, 2) Fe treated: Diet supplemented with 800 mg iron/kg and 0 mg molybdenum/kg, 3) Mo treated: 
Diet supplemented with 0 mg iron/kg and 5 mg molybdenum/kg, 4) MoFe treated: Diet supplemented with 0 mg iron/kg and 5 mg molybdenum/kg. Duration 32 weeks. 

Response criteria Animal performance. Liver, plasma content. Cu, caeruloplasmin, erythrocyte content 

Results Liver and plasma Cu concentrations, erythrocyte superoxide dismutase and plasma caeruloplasmin activities decreased greatly and rapidly in all calves given the Fe or Mo 

supplements or both. Levels indicative of severe Cu deficiency were attained within 16 weeks. The existence of a common step in the Mo-Cu and Fe-Cu interactions in calves 

could perhaps explain why there was a highly significant interaction between Fe and Mo in the present experiment and why there were no major or consistent additive effects of 
the two antagonists on Cu metabolism in the calves in group FeMo. However, it cannot be excluded that each antagonist alone was having the maximum possible effect on the 

absorption of Cu and on the liberation of hepatic reserves of Cu, so that there was no scope for further change. It will be necessary to determine the antagonistic effect of lower 

levels of both antagonists before this can be resolved. The findings will be of considerable importance to those concerned with the estimation of the requirements of ruminants 
for Cu and with the quantitation of the effects of specific dietary components on the utilization of Cu. 

 

Study code 57321 

Year 1994 

Animal Category (Sheep) 3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) Exp1: 30; 3 treatments of 10 animals 

Diet Background Analysed 7.30 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplement (Zn, Mn) 

Composition Diets/treatments Exp 1: Duration 28 day1) Control (no supplemental Zn or Mn), (Zn = 27.8 and Mn = 14.10 ppm)2) ZnO + MnO (ZnMnO), 50ppm Zn and 40ppm Mn3) Zn methionine + Mn 
methionine (ZnMnMet), 50 ppm Zn and 40ppm Mn  

Exp 2:Duration 28 day1) ZnO 2) ZnO+injected Cu glycinate(120 mg) 3) ZnMet4) ZnMet+injected Cu glycinate(120 mg) 
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Response criteria Plasma content 

Results Organic and inorganic forms and concentrations of zinc and manganese alter the recovery rates and plasma zinc and copper concentrations of steers challenged with infectious 
bovine rhinotracheitis virus. Site and concentration of copper injected may influence daily dry matter intake and body weight of these steers. Zinc, manganese, and copper 

sources for stressed cattle require further investigation because stressed cattle or cattle with a disease may have mineral requirements different from those of non stressed cattle. 

 

Study code 56799 

Year 1997 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) Exp2: 44; 4 treatments of 11 animals 

Diet Background Analysed 6.89 mg of Cu/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments Forty-two Angus bull calves (approximately 7 month of age, 254 kg initial BW) were used in this experiment, which was conducted during three phases of beef production: 
receiving, growing, and finishing. Twenty-two bulls were injected with 90 mg of Cu 28 d before weaning. After weaning, injected steers were fed a diet supplemented with 7.5 

mg of Cu/kg of DM; control steers received no supplemental Cu. At the end of the 40-d receiving phase, supplemental Cu was reduced to 5 mg/kg of DM. One half of the 

steers in each group were fed 5 mg of supplemental Mo/kg of DM following the receiving phase. The growing phase lasted 196 d. Steers were then switched to a high 
concentrate finishing diet for 49 d. 

Response criteria Animal performance. Liver and plasma content 

Results Copper injection increased plasma Cu concentrations at weaning, and Cu supplemented steers had greater plasma Cu, ceruloplasmin, superoxide dismutase activity (SOD), and 

liver Cu at the beginning of the growing phase. Supplemental Mo depressed plasma Cu, ceruloplasmin, and SOD during the growing and finishing phases in non-Cu-
supplemented but not in Cu-supplemented steers. Copper supplementation increased DMI during the receiving and growing phases and increased ADG and gain: feed ratios 

during the finishing phase. Steers fed supplemental Cu produced carcasses with less back fat and slightly larger rib eye areas. The results of this experiment suggest that dietary 

Cu concentrations may alter cattle performance and carcass characteristics. Long-term addition of 5 mg of copper/kg of dry matter to diets containing low (approximately 5 mg/ 
kg of dry matter) concentrations of copper altered animal performance and carcass characteristics of Angus steers. Further research is needed to determine copper 

concentrations that can optimize animal performance and carcass characteristics. Addition of 5 mg of molybdenum/kg of diet decreased copper status without altering 

performance or carcass measurements. 

 

Study code 57914 

Year 1989 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 42. 2 trials 

Diet Background Analysed 5.5. mg/kg 
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Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet, pasture 

Composition Diets/treatments 1) 256 male and female calves would be pastured on native pasture and 104 female calves on improved pasture. Jugular venous blood and liver biopsies (2) were collected from 
every fourteenth calf; a total of 26 calves were sampled. Every other calf was treated with 50 or a 100 mg of copper as the ethylenediamine (EDTA). The calves were then 

moved to their respective summer pastures. The copper treated calves on the improved pasture were readily accessible and they received a second injection of 100 mg of copper 

EDTA (60 days later). 

Response criteria Liver and serum content 

Results Calving occurred in the spring and half the calves were treated with injectable copper at birth and again at 12 weeks of age. There was no evidence of copper deficiency in the 

calves and there was no effect of high level copper supplementation on calf birth weight, or neutrophil candidacidal activity. Susceptibility to diarrhoea varied in a complex 

fashion; morbidity was lowest in calves born to dams fed supplementary copper and highest in calves born to supplemented dams and injected with copper at birth. The cows 

and calves grazed the same copper deficient pasture over the summer. The average daily gain for calves born to supplemented cows was 0.999 +/- 0.010 kg/day (x +/- SEM) 
which was significantly greater than the 0.972 +/- 0.009 kg/day for calves from non supplemented dams (p = 0.044). The benefit of copper supplementation on 200 day 

weaning weight was estimated at 4.8 kg. Evidence of copper deficiency was seen when a herd test showed mean serum levels below 9 mmol/L and liver values below 0.09 

mmol/kg wet matter. 

 

Study code 55889 

Year 2003 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) Trial 1. 256 male and female calves would be pastured on native pasture and 104 female calves on 

Diet Background Analysed 5.01 and 6.97 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement, TBCC 

Composition Diets/treatments Exp 1 bahia grass (Paspalum notatum) pastures1) Control, 2) Supplemented 100g/d Cu sulphate3) Supplemented 100g/d Cu organic. Duration 84 days.Exp 21) 10 ppm of Cu 

from an organic source; 2) 10 ppm Cu from Tri-basic Cu chloride(TBCC); 3) 30 ppm of Cu from TBCC; or 4) 30 ppm of Cu, a 50:50 ratio of TBCC and organic Cu. Duration 
72 days 

Response criteria Liver and plasma content. 

Results In Exp. 1, liver Cu concentrations did not differ between heifers supplemented with inorganic and organic Cu. Each source resulted in increased (P < 0.05) liver Cu 

concentrations compared with the un-supplemented control. Plasma ceruloplasmin concentrations were higher (P < 0.05) for Cu-supplemented heifers, independent of Cu 

source. Heifer ADG tended (P = 0.11) to increase with Cu supplementation compared with the un-supplemented control. In Exp. 2, liver Cu was greater (P < 0.05) on d 24, 48, 
and 72 for steers consuming 30 vs. 10 ppm of Cu. Steers supplemented with organic Cu had lower DMI than steers supplemented with 10 or 30 ppm of TBCC. These data 

suggest that the inorganic and organic Cu sources evaluated in these studies were of similar availability when offered in molasses supplements. A dietary Cu concentration 

greater than 10 ppm might be necessary to ensure absorption in beef cattle fed molasses-based supplements. Previous studies indicate that constituents within molasses 
antagonize the accumulation of dietary copper into the liver of cattle. The use of an organic copper source failed to overcome this antagonism. Feeding higher levels of copper 

(>10 ppm in the total diet on a DM basis) in molasses-based supplements might be the simplest solution for ensuring adequate copper absorption. 
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Study code 55918 

Year 2003 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) Exp 1. Angus (n=21) and Simmental (n=21)Replicates 21 

Diet Background Analysed 0-14 mg Cu/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement, Mo 

Composition Diets/treatments 1) Angus (n=21) and Simmental (n=21) heifers were used to estimate Cu requirement of the two breeds during growth. Treatments consisted of 0, 7, or 14 mg of supplemental 

Cu/kg of DM. Supplemental Cu was provided in the form of Cu SO4 

Response criteria Liver and plasma content 

Results Copper supplementation generally did not affect plasma Cu concentrations in Angus heifers, but increased (P < 0.05) plasma Cu in Simmental heifers from d 37 until the end of 

Exp. 1. Final liver Cu concentrations were lower (P < 0.05) than initial concentrations in control Angus and Simmental heifers; however, liver Cu increased (P < 0.01) in Cu-
supplemented heifers. In Exp. 2, Cu supplementation of the control diet increased (P < 0.05) plasma Cu during gestation and greatly increased (P < 0.01) liver Cu in both 

breeds. Calves born to cows not supplemented with Cu also had lower plasma Cu concentrations than Cu-supplemented calves by 73 d of age. In both studies, control 

Simmental heifers had lower (P < 0.05) plasma Cu concentrations than Angus on most sampling dates. When Cu was supplemented at 7 or 14 mg/kg of DM, few differences in 
plasma Cu concentrations were observed between breeds. Results suggest that Angus heifers have a lower minimal Cu requirement than Simmental. Based on liver Cu, the 

control diets containing 4.4 or 6.4 mg of Cu/kg of DM did not meet the Cu requirement of either breed during gestation and lactation or growth. Addition of 7 mg of Cu/kg of 

DM to the control diets met Cu requirements of both breeds. 

 

Study code 57175 

Year 1995 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 40 animals in 4 groups: 

Diet Background 0-10 mg/kg 

Units’ basis of diets and/or results Dry matter 

Factors affecting// combinations Diet, Fe and Mo 

Composition Diets/treatments 1) Control, 2)600 mg of added Fe per kilogram of DM as feed-grade FeC03 (Fe), 3)5 mg of added MO per kilogram of DM as reagent-grade NaMoO4(MO), 4) 10 mg of added 

Cu per kilogram of DM as feed grade CuS046H20 (CU) 

Response criteria Urine, serum and plasma content 
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Results When heifers were not fed supplemental Cu, Angus heifers had greater (P < .10) plasma Cu concentrations than Simmental heifers from d 0 until 140 and Charolais heifers 
from d 28 until 140. Angus heifers had greater (P < .10) ceruloplasmin activity than Charolais and Simmental heifers between d 28 and 196. When dams were fed supplemental 

Cu, Angus calves had greater (P < .10) plasma Cu concentrations than Simmental calves on all days tested and Charolais calves on d 252 and 280. Ceruloplasmin activity of 

Angus calves in the Cu-supplemented group was greater (P < .10) than that of Charolais calves on d 224 and 280 and Simmental calves from d 224 until 280. Angus calves 
born to dams not receiving supplemental Cu had greater (P < .10) plasma Cu concentrations and ceruloplasmin activities than Simmental calves on all days tested. Angus 

calves also had greater (P < .10) plasma Cu concentrations than Charolais calves on d 196 and greater ceruloplasmin activities than Charolais calves from d 168 until 224. Eight 

Angus and eight Simmental steers were used to evaluate apparent Cu absorption and retention. 

 

Study code 58438 

Year 1985 

Animal Category (Sheep) 3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) Exp. 2. Forty-two 2- or 3-yr-old first-calf heifers (21 Angus and 21 Simmental) 

Diet Background Analysed 75.5 mg/d 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Foetal 

Composition Diets/treatments The aim of this study was to obtain information on the liver copper concentration of the bovine foetus and on the hepatic and plasma copper concentration of its dam during the 

first trimester of pregnancy. 

Response criteria Liver and plasma content 

Results The younger cows (two, three and four years) had significantly lower liver copper concentration than the older cows (six and seven years). The bovine foetal liver copper 
concentration was approximately 3.1 mmol/g DM and was not affected by dam's age, breed, stage of pregnancy, or copper status. 

 

Study code 54500 

Year 2011 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 40 animals in 4 groups: 

Diet Background Estimated5 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : urinary content 

Factors affecting// combinations Diet 

Composition Diets/treatments High (H) Cu (40 mg/kg DM) diet group (n = 4) or continued on the low (L) Cu diet (5 mg/kg DM) (n = 4). After the 2 mo, all animals were sequentially given diets containing 
LCu-HS (0.5% S) for 6 weeks, HCu-HS for 2 mo, HCu-HMo (10 mg kg1 Mo) for 2 mo, and HCu-HMo-HS for 2 mo. The LCu-HS diet was changed to HCu-HS after 6 weeks 

because during week 4 on this diet, two Simmental and one Angus showed signs of polioencephalomalacia (PEM), becoming anorexic, blind and uncoordinated 
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Response criteria Urine content 

Results In conclusion, in cattle fed a HCu-HMo-HS diet, it was the combined effect of HMo and HS that increased Cu excretion. However, Zn excretion in urine (0.26 mg) was less 
influenced by the combination of HCu-HMo-HS in the diet. HS alone contributed to significantly higher urinary Zn excretion than any other combination of dietary Cu, Mo or 

S. In terms of breed differences, Simmental excreted significantly more Cu in bile and more Zn in urine compared with Angus. 

 

Study code 55138 

Year 2013 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 1) Control, 2) 600 mg of added Fe per kilogram of 

Diet Background Estimated1000 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet, Mn 

Composition Diets/treatments 1) Control (adequate in Cu and Mn),(1,000 mg of Cu/kg of DM and 2,000 mg of Mn/kg of DM), 2) Cu-deficient (−Cu), 3) Cu-deficient plus high dietary Mn 
(−Cu+Mn).Animals remained on their respective treatments for 360 d. 

Response criteria Liver content. Other : Obex 

Results Liver samples collected postmortem indicated that cattle receiving the −Cu and −Cu+Mn treatments had dramatically lower liver Cu concentrations than control animals (P = 

0.001). Both treatments designed to induce Cu deficiency (−Cu and −Cu+Mn) resulted in liver Cu stores of less than 20 mg/kg of DM. Plasma Cu on d 300 averaged 0.49 g/mL 

for the Cu-deficient cows, which was less (P = 0.001) than that of control cows, at 0.92 g/mL. The induced Cu deficiency in treatments −Cu and −Cu+Mn tended to decrease 

brain Cu (P = 0.09) relative to cows receiving adequate Cu. Further, Cu deficient cows (−Cu) tended (P = 0.06) to have less obex Cu than Cu-deficient animals receiving high 

dietary Mn (−Cu+Mn). 

 

Study code 57226 

Year 1994 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 4 treatment (9-10 animals per treatment) 

Diet Background Analysed 4mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : NA 

Factors affecting// combinations Diet, Fe 

Composition Diets/treatments 1) Control(CON; corn silage-soybean meal-based diet, 4 mg Cu/kg), 2) control + 600 mg of Fe (as FeCO3)/kg, 3) control + 5 mg of Mo (as Na2Mo04)/kg, 4) control + 10 mg of 

Cu (as CuS04)/kg. Duration 280 days 
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Response criteria Animal performance. Plasma content : Cu, ceruloplasmin 

Results From d 28 until after the end of the calving season (d 1251, heifers receiving supplemental Cu had higher ( P < 0.05) plasma Cu levels and ceruloplasmin activities than heifers 
fed the other diets. By d 224, plasma Cu concentrations of heifers fed the CON and Fe diets had increased to levels similar to those observed in the Cu supplemented heifers, 

whereas the Mo heifers exhibited the lowest ( P < 0.05) plasma Cu of the four treatments from d 168 through the remainder of the 280-d trial. Plasma Cu concentrations and 

ceruloplasmin activities were greater ( P < 0.05) in Cu-supplemented than in non-Cu-supplemented calves (diets 1, 2, and 3) from d 168 onward, and the Fe- and Mo 
supplementedcalves did not differ in either measurement at any time during the trial. Rate of gain did not differ among calves fed the CON, Fe- or Cu-supplemented diets, 

whereas the Mo-supplemented calves gained at a much slower ( P < .05) rate. These data indicate that the deleterious effects of Mo on calf performance may not be due to 

decreased Cu status alone. The results of this study indicate that heifers fed copper-deficient diets either with or without the copper antagonists iron or molybdenum produced 
calves that were severely copper-deficient prior to weaning. Calf weight gains were only decreased in the group receiving supplemental molybdenum. There would seem to be 

a deleterious effect of molybdenum on calf performance that is independent of its ability to induce a copper deficiency. 

 

Study code 54278 

Year 2012 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 5 treatment (7 animal each7 replicates) 

Diet Background Estimated7 mg of Cu per kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments Control: without copper supplementation: 10 or 40 mg/kg DM as Cu sulphate (I10 or I40) or as Cu proteinate (O10 or O40). 

Response criteria Liver content. Other : fat thickness (mm) and rib-eye area (cm2) 

Results In general, the copper supplementation changed the fatty acid profile of meat (pb0.05), with a higher proportion of unsaturated fatty acids over saturated fatty acids. Copper 
(Cu) supplementation influenced the metabolism of lipids, increasing the level of unsaturated fatty acids over saturated and reducing the levels of cholesterol in the L. dorsi 

muscle due to the change in the GSH/GSSG ratio. Liver copper (mg/kg DM): 237.3(Co), 435.7 (I10) 607.5 (I40), 466.6 (O10), 765 (O40). 

 

Study code 55109 

Year 2008 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 5 treatments (12 animals per treatment) 

Diet Background Analysed 8.2 mg of Cu/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Diet and supplement 
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Composition Diets/treatments 5 treatment were a corn silage-based diet, and supplemented with 2 mg of Mo/kg of diet DM and 0.15% S for 120 d (phase 1).1) control (no supplemental Cu), 2) 5 mg of 
Cu/kg of DM from Cu SO4, 3) 10 mg of Cu/kg of DM from Cu SO4, 4) 5 mg of Cu/kg of DM from CuGly, 5) 10 mg of Cu/kg of DM from CuGly. Steers were then 

supplemented with 6 mg of Mo/kg of diet DM and 0.15% S for an additional 28 d (phase 2). 

Response criteria Animal performance. Liver, plasma content. Other: Plasma ceruloplasmin. Relative bioavailability 

Results Average daily gain and G:F were improved by Cu supplementation regardless of source (P = 0.01). Final ceruloplasmin, plasma Cu, and liver Cu values were greater (P < 0.05) 

in steers fed supplemental Cu compared with controls. Plasma Cu, liver Cu, and ceruloplasmin values were greater (P < 0.05) in steers supplemented with 10 mg of Cu/kg of 
DM vs. those supplemented with 5 mg of Cu/kg of DM. Based on multiple linear regression of final plasma Cu, liver Cu, and ceruloplasmin values on dietary Cu intake in 

phase 1 (2 mg of Mo/kg of DM), bioavailability of Cu from CuGly relative to Cu SO4 (100%) was 140 (P = 0.10), 131 (P = 0.12), and 140% (P = 0.01), respectively. Relative 

bioavailability of Cu from CuGly was greater than from Cu SO4 (P = 0.01; 144, 150, and 157%, based on plasma Cu, liver Cu, and ceruloplasmin, respectively) after 

supplementation of 6 mg of Mo/kg of DM for 28 d. Results of this study suggest that Cu from CuGly may be more available than Cu SO4 when supplemented to diets high in S 

and Mo. In summary, Cu from the CuGly complex tended to be more bioavailable than Cu SO4 when fed to steers receiving diets supplemented with 2 mg of Mo/kg of DM. 

When supplemental Mo was increased from 2 to 6 mg of Mo/kg of DM, bioavailability of Cu was greater from CuGly than from Cu SO4. 

 

Study code 54795 

Year 2009 

Animal Category (Sheep) 3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 10 mixed-breed cattle and 10 Murah breed of buffalos. 

Diet Background Analysed 4.2 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments The experimental group received daily increasing doses of Cu via ruminal fistula. The initial dose was 2 mg/kg body weight (BW) of Cu (copper sulphate pentahydrate - Cu 

SO4 5 H2O, in an aqueous solution) administered during the first seven days; this was increased by 2 mg every seven days until the 105th day, when the final dose was 28 
mg/BW. The control group received only normal ration and water by ruminal fistula daily. 

Response criteria Liver and serum content.Other : clinical manifestation 

Results A significantly elevated coefficient of determination (R2 = 0.88) was obtained when the hepatic accumulations of Cu and zinc for cattle and buffalo were observed, indicating 

the predominant influence of hepatic Cu on zinc. Cattle from the experimental group demonstrated significantly more elevated values of serum Cu relative to the control group 

during the last 30 days of the experiment. These findings suggest that buffalos absorb/accumulate less Cu than cattle. This could possibly occur due to the elevated activity of 
metallothionein, occurring either within the intestine during which metallothionein binds with dietary Cu and inhibits its absorption, or in the liver, where hepatic 

metallothionein promotes an increase in the biliary excretion of Cu. However, additional studies must be done to confirm this mechanism. 

 

Study code 54576 

Year 2010 

Animal Category  3.4. Bovines. Dairy cows for milk production 
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Nº treatments (replicates/ treatment) 12(6+6)treated + 8 (4+4 control) 

Diet Background Estimated 15 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplement, Mn, Zn 

Composition Diets/treatments Control (inorganic trace mineral supplement) and treatment (partial organic trace mineral supplement).Dietary concentrations of Zn, Mn, and Cu were 75, 65, and 15 mg/kg 

(DM basis) 

Response criteria Animal performance. Liver content. Other : Milk production, luteal content, Endometrial content; Embryo quality 

Results Results from this study and other studies indicate that trace mineral source can have a positive effect on milk production. No differences in mineral status of the liver, the major 
organ of energy metabolism, were detected. This highlights the need for future examination of minerals in other tissues or biological sites to explain the differences that have 

been reported in milk production during organic mineral supplementation. 

 

Study code 55449 

Year 2005 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 52; 3 treatment (17-18 animals per treatment9 

Diet Background Not specified20 g/kg 

Units’ basis of diets and/or results Diet - Other : Not specified 

Factors affecting// combinations Supplement, clinoptilolite 

Composition Diets/treatments 1) Fed a ration supplemented with 1.25% clinoptilolite, 2) ration with 2.5% clinoptilolite, 3) control, fed the basal ration 0.0% clinoptilolite. Duration 9 months. 

Response criteria Serum content 

Results The results showed that the 1.25 and 2.5% supplementation of clinoptilolite did not have any adverse effects on serum concentrations of Cu, Zn, and Fe. 

 

Study code 59217 

Year 2012 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) Phase 1.They were divided into 5 groups (4 cows each4 replicates) 

Diet Background 25, 50, 100 mg Cu 

Units’ basis of diets and/or results Diet - Other, Results - Other 
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Factors affecting// combinations Diet 

Composition Diets/treatments In the first phase, 20 cows in their second or third lactation, with an average age of 6 to7 years, a lactation length of 90-120 day and an average milk production of 5.2 L/cow/ 
day were chosen. They were divided into 5 groups with 4 cows each; 3 groups received a single parenteral dosage of 25, 50 and 100 mg of Cu respectively (the Cu was applied 

as ethylenedinitriltetraacetate of Cu, 25 mg/ml). The second phase included 25 animals with an average age of 6 years which were to be slaughtered because of low milk 

production; they were divided in 5 experimental groups of 5 cows each. The effect of subcutaneous supplementation of 25, 50, 100 and 200 mg of Cu respectively (Cu as 
ethylenedinitriltetraacetate of Cu, 25 mg/ml) was determined on Cu reserves and hepatic enzymes; measured against a control group without supplementation. During 5 days 

Response criteria Liver, milk and serum content 

Results The impact of this Cu dosages on liver reserves of this element, on hepatic enzymes (alanine-amine-transaminase, aspartate-amine-transferase, alkaline phosphatase and 

glutamate dehydrogenase) and on bilirubin was analysed. The groups treated with 50 and 100 mg Cu showed increased levels in blood serum and hepatic tissues (P<0.05) in 

comparison to the control group and the one treated with 25 mg, obtaining the physiological level considered normal in cows during 60 days without an effect to the level of Cu 
in milk or to the liver's enzymatic activity. We conclude that treatment with this dosage results in a restoration of the Cu concentration in blood serum and hepatic tissues 

without toxic effects or residuals. The results of the determination of the hepatic enzymes and bilirubin permit the conclusion that the Cu concentrations applied do not provoke 

alterations in liver function, and that the administration of this product does not have acute effects on this organ. The liver is vulnerable to acute intoxication by Cu, 
approximately within 24 h of the intake, since three quarters of the available Cu is incorporated into it. This rapid incorporation provokes toxicity symptoms characterized by 

hepatic damage, including severe hepatic necrosis, because of enzymatic alterations. In conclusion, the parenteral Cu dosages of 50 and 100 mg are effective in restoring the Cu 

concentration in blood serum and in hepatic tissue for 60 days in the treated animals up to the reference level for the bovine species without causing toxic effects or leaving 
residuals. 

 

Study code 54974 

Year 2008 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 3 treatments (13 animals per treatment) 

Diet Background Estimated10 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet, Mn 

Composition Diets/treatments 1) Control (adequate in Cu and Mn), (1,000 mg of Cu/kg and 2,000 mg of Mn/kg of DM).2) Cu deficient (−Cu), 3) Cu deficient plus high dietary Mn (−Cu+Mn).To induce Cu 
deficiency, cows on treatments −Cu and −Cu+Mn were not supplemented with Cu and were provided 30 to 60 mg of Mo/d.Duration from 60/90 days prepartum until the claves 

were weaned (180 days). 

Response criteria Liver and plasma content. Other : Obex content 

Results Copper-deficient calves (−Cu and −Cu+Mn) had decreased (P = 0.001) brain (obex) Cu and tended to have increased (P = 0.09) obex Mn relative to control calves. Obex 

Mn:Cu ratios were substantially increased (P < 0.001) in calves receiving −Cu and −Cu+Mn treatments compared with control calves and were greater (P < 0.001) in −Cu+Mn 
calves than in −Cu calves. Obex prion protein characteristics, including proteinase K degradability, superoxide dismutase (SOD)-like activity, and glycoform distributions, 

were largely unaffected. Obex tissue antioxidant capacity was not compromised by perturbations in brain metals, but Cu-deficient calves tended to have decreased (P = 0.06) 

Cu:Zn SOD activity and increased (P = 0.06) Mn SOD activity. Although obex Cu was decreased because of Cu deficiency and Mn increased because of exposure to high 
dietary Mn, the obex metal imbalance had minimal effects on PrPc functional characteristics in the calves. 
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Study code 54383 

Year 2012 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) Phase 2.they were divided in 5 experimental groups of 5 cows each 

Diet Background Analysed 11-13 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control (100% inorganic salts), 2) 25% organic and 75% inorganic inorganic,3) 50% organic and 50% inorganic. The ration was formulated according to NRC [3] 

recommendations to meet daily nutrient requirement 

Response criteria Other : colostrum parameters 

Results Results of current study indicated that in dairy cows the inorganic form of this element was as effective as its organic form since there were no significant differences between 

the cows fed organic form of Se and those fed inorganic Se with regard to the assessed parameters. 

 

Study code 59962 

Year 2007 

Animal Category (Sheep) 3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 39; 3treatments of 13 animal 

Diet Background Analysed 13.6ppm 

Units’ basis of diets and/or results Diet - Other : Not specified . Results - Dry matter (DM) 

Factors affecting// combinations Supplementation, Fe, Mo 

Composition Diets/treatments 1) Control (C); 10 ppm Cu, 2) Mo 10 ppm + 20ppm Cu (Mo); 3) 10ppm Cu+ 1000 ppm Fe (Fe); and 4) 10 ppmCu+ 1000 ppm Fe+ 20 ppm Mo (MoFe). The experiment lasted 

192 days. 

Response criteria Liver and serum content 

Results Copper serum concentration values (μg ml¹) were 0.81, 0.67, 0.50 and 0.71, respectively for the same order, being Fe the lowest (P<0.05). Ceruloplasmine absorbance values 
were not different among treatments. Liver copper concentration values were significantly different (P<0.05) among treatments, with higher value (mg KgMS¹) for T (71.9) and 

lower for Mo (26.6), Fe (30.8) and MoFe (31.4). Liver iron concentration (mg kgMS¯¹) values were not different among treatments, with values of 559.0, 513.3, 559.8, and 

797.3 respectively for C, Mo, Fe and MoFe. Liver Mo take up (mg kgMS¯¹) was greater (P<0.01) for Mo treatment (19.9) and MoFe (15.8) in relation to T (1.7) and Fe (1.9). 
Results indicate that high levels of Mo and Fe decreased liver copper, below critical levels. However, the reduction of liver copper was no associated with clinical sign of 

copper efficiency. Probably lower levels of liver copper are required to show changes in ceruloplasmine and blood serum concentrations as well as other biochemical changes 

at tissue level. 



 Extensive Literature Search on the bioavailability of trace elements Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

184 

 

Study code 56565 

Year 1999 

Animal Category  3.5. Bovines. Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 236; 80 in control and 78 in each treatment 

Diet Background Analysed 6.05/4.95 ppm 

Units’ basis of diets and/or results Diet - Other : Not specified 

Factors affecting// combinations Supplement, trace minerals 

Composition Diets/treatments 1) No supplemental trace minerals (CTL; n = 80), 2) Organic (ORG; n = 78; 4-Plex, Zinpro Corp., Eden Prairie, MN), 3) Inorganic ( ING; n = 78) trace minerals. 

Response criteria Liver, faecal and serum content. 

Results Cows in the ORG and ING groups had higher (P < .01) concentrations of Cu, Mn, and Zn in the faeces than the CTL cows. Trace elements in the faeces did not differ for ORG 

and ING groups. Results indicate that combinations of Cu, Co, Mn, and Zn fed at higher levels than are required reduced reproductive performance. Combinations of trace 

elements fed at high levels 60 d before breeding may reduce reproductive performance in beef cows. When cows in average body condition were fed recommended levels of 
protein, energy, and minerals before and after calving, there were no differences found in utilization of Cu, Mn, and Zn from organic or inorganic sources in our study. 

 

Study code 63697 

Year 2004 

Animal Category  3.5. Bovines. Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 178; 3 treatments of 3replicates*19-20animal 

Diet Background Analysed 6.2 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement 

Composition Diets/treatments 1) Control (no supplemental Cu, Zn, or Mn; n = 59); 2) Organic (ORG; 50% organic and 50% inorganic Cu, Zn, and Mn; n = 60); and 3) Inorganic (ING; 100% inorganic Cu, 

Zn, and Mn; n = 59).Duration: 2 years 

Response criteria Animal performance. Liver and plasma content 

Results At the end of Year 1, supplemented cows had greater liver Cu (P < 0.01), Zn (P < 0.05), and Mn (P < 0.01) concentrations compared with controls, whereas liver Cu 

concentration was greater (P < 0.01) in ORG vs. ING cows. At the end of Year 2, supplemented cows had greater (P < 0.01) liver Cu concentrations relative to controls, 

whereas control cows had greater (P < 0.02) liver Mn concentration than did supplemented cows. It seems that Cu, Zn, and Mn supplementation and source affect calf 

performance; however, based on the highly variable results of other studies, it is not known why this might be occurring. Further research into the effect of trace mineral 
supplementation and source on calf performance is needed. 
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Study code 62112 

Year 1990 

Animal Category  3.5. Bovines. Dairy cows for reproduction: Exp 1,4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 1) 72 cows 6 treatments of 12animals 

Diet Background Analysed 6.05/4.95 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Experimental diets for 4 month: (l) barley silage (BS)(Cu:6.1mg/kg); (2) BS + copper sulphate; (3) BS copper chloride; (4) grass silage (GS)(Cu:4.3mg/kg); (5) GS + copper 

sulphate and (6) GS + copper chloride.2) Duration 132 days 

Response criteria Liver content 

Results Both copper sulphate and copper chloride supplements to barley or grass silage diets increased (P<0.05) the final concentration of Cu in the liver of the cows. The two Cu salts 

produced equal increases in the concentration of Cu in the livers of both sheep and cattle. 
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Table II.D.4. Sheep 

Study code 58925 

Year 1980 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) Exp. 1. 3 lambs with 30 days and 3 for 60 days. 

Diet Background Estimated42.1-59.7 

Units’ basis of diets and/or results Diet - Other. Results - Fresh matter (FM) 

Factors affecting// combinations Supplement, Zn 

Composition Diets/treatments Two animals of each breed were then randomly assigned to one of six dietary treatments: 1) unsupplemented low-copper diet (2.2 ppm Cu, 46 ppm Zn); 2) 11.3 ppm Cu, 46 
ppm Zn; 3) 47 ppm Cu, 46 ppm Zn; 4) 2.2 ppm Cu, 543 ppm Zn; 5) 11.3 ppm Cu, 543 ppm Zn, or 6) 47 ppm Cu, 543 ppm Zn. Diets 2 through 6 were prepared by 

supplementation of the low-copper diet with Cu SO4·5 H2O and/or ZnCO3Duration: 50 days 

Response criteria Liver, kidney and plasma content 

Results Hepatic copper concentration was not reduced by zinc supplementation but was increased with each increase in dietary copper; the distribution pattern was significantly altered 

as hepatic copper increased. Hepatic zinc concentration and distribution were not affected by diet. Sheep fed the highest level of copper had higher copper concentrations in the 
mucosa of the small intestine and in kidney cortex. The concentrations of zinc in the kidney and of copper and zinc in diaphragm muscle and bile were not affected by diet. 

 

Study code 60966 

Year 2001 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 3 trials 

Diet Background Not specified 

Units’ basis of diets and/or results Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments Exp 1 and 2). 34 and 36 growing Suffolk and Texel crossbred lambs. Exp 3) upland pasture. Three field trials were carried out to evaluate the performance of a sintered soluble 
glass copper, cobalt and selenium bolus for maintaining adequate levels of the three tract elements. Trial 1 used 34 growing lambs. trial 3 used 36 growing lambs whilst trial 3 

used 50 year-old non-productive female sheep. In each trial half the: sheep had a bolus administered (bolused) and half remained as controls 

Response criteria Liver, serum and erythrocyte content 

Results For trial 1 liver copper concentrations were analysed on slaughter samples and were significantly increased for the bolused lambs (P < 0.001). In trial 3 the bolused sheep had 

significantly increased selenium and cobalt status (P < 0.001) for all samples (days 28, 51. 69, 91). In trial 3 the selenium status of the bolused sheep was significantly increased 
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at all three samplings (day 21, P < 0.05 and days 51 and 105, P < 0.001), whilst the cobalt status was also significantly increased on all sample days (day 21, P < 0.05; day 51, P 
< 0.01 and day 105 P < 0.001). The sintered soluble glass copper, cobalt and selenium bolus was able to prevent or correct deficient and/or marginal cobalt and selenium status 

of sheep throughout these trials. The bolus had little measured effect on the already adequate blood parameters of copper status, although the liver copper concentrations of the 

bolused sheep were higher in the trial for which they were analysed. 

 

Study code 58701 

Year 1983 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) Exp. 2. 2 animals of each breed were then randomly assigned to one of six dietary treatments 

Diet Background Not specified10 ppm 

Units’ basis of diets and/or results Diet: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments One of each parallel group received a diet low in copper (LCu) (10ppm) the other a diet high in copper (HCu)(34ppm). Duration about 100 days 

Response criteria Liver, kidney and plasma content 

Results Hepatic Cu-levels increased significantly in the case of the high Cu-fed animals, but great differences in the metabolism of excessive amounts of dietary Cu exist between the 

particular breeds and crossbreds. The Texel breed was most susceptible to an excess of dietary Cu and the Finnish landrace was the least susceptible breed, while the Flemish 

milk sheep and the crossbreds were intermediate. In blood serum, the enzyme activities of sorbitol dehydrogenase, lactate dehydrogenase, 7-glutamyl transferase, and glutamic 
oxaloacetic transaminase were increased to a greater or less extent in the high Cu-fed animals, but the correlation with hepatic Cu-content was poor. For the most susceptible 

breeds, even a level of 1O ppm Cu in a ration with nearly equal amounts of hay and concentrate is insufficiently low for the prevention of Cu-accumulation in the liver. 

 

Study code 60451 

Year 2004 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) Trial 1 used 34 growing lambs. trial 3 used 36 growing lambs whilst trial 3 used 50 year-old non-productive female sheep 

Diet Background Analysed 9.7 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Diet, Mo 

Composition Diets/treatments There were three dietary concentrate types (0, 4 or 8 ppm of molybdenum in the form of sodium molybdate added to the concentrate) and two floor types (straw bedding, with 

fresh straw added every 2 days and galvanised expanded metal flooring). 

Response criteria Liver content 
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Results There was an interaction between floor type and the level of molybdenum inclusion. Overall, when lambs were bedded with straw, the hepatic Cu liver value was 15% lower 
than on the expanded metal, while if the 0 level Mo inclusion treatments are excluded, the effect of the straw was to lower the liver copper value by 32%. At the 4 ppm Mo 

inclusion, there was a positive relationship between liver weight and liver Cu concentration, although the liver Cu concentration did not approach what might be considered 

potentially toxic values. In conclusion, high Mo inclusion did not affect lamb growth rate and there were significant differences in its effect on hepatic copper levels depending 
on inclusion level and floor type. For intensively fed lambs, liver Cu accumulation and risk from Cu toxicity may be reduced, without loss of performance, by housing lambs on 

straw bedding when Mo is added to the diet and it is also possible that the Zn coating, frequently applied to protect metal flooring, may also confer protective properties 

evidenced in the absence of Mo. These outcomes should be taken into account when designing strategies for minimising copper toxicity in intensively fed lambs 

 

Study code 61606 

Year 1995 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) Exp1: 32;8treatment (4 animals per treatment) 

Diet Background Analysed 8.7/8.3/12.6 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Dietary treatments included the basal diet supplemented with either 0, 20, 40, 60, or 80 mg/kg Cu from reagent grade cupric acetate or 60 mg/kg Cu from feed grade cupric 

oxide (74.1% Cu), feed grade cupric sulphate or feed grade cupric carbonate (54.6% Cu). Duration 10 day.2) Dietary treatments included the basal diet supplemented with 
either 0, 60, 120 or 180 mg/kg from reagent grade cupric chloride or 120 mg/kg from feed grade cupric oxide, sulphate or carbonate as used in Experiment I.Exp3: Dietary 

treatments were the basal diet supplemented with 0, 60, 120 or 180 mg/kg Cu as reagent grade cupric chloride (standard), or 120 mg/kg Cu as reagent grade cupric  acetate, 

feed grade cupric oxide or feed grade cupric sulphate. 

Response criteria Liver content. Relative bioavailability 

Results Liver Cu concentrations in sheep fed up to 180 mg/kg Cu from supplemental sources for 10 days was used to estimate relative Cu bioavailability. An initial liver biopsy Cu 
value used as a covariate in the multiple regression model greatly reduced variation. Relative Cu bioavailability values were 100, 93, 142, 121, and 35 for the chloride, acetate, 

sulphate, carbonate and oxide forms, respectively. The value for oxide was lower than that for other sources. 

 

Study code 62130 

Year 1980 

Animal Category (Sheep) 4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) Exp2: 35; 7 treatment (5 animals per treatment) 

Diet Background Analysed 9-10 ppm 

Units’ basis of diets and/or results Diet: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose. Interactions: Zn, Mo 
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Composition Diets/treatments Duration 96 days.1)Low Cu (± 15ppm), addition 0ppm Zn, addition 0 ppm Mo2)Low Cu (± 15ppm), addition 150ppm Zn, addition 0 ppm Mo3)Low Cu (± 15ppm), addition 
340ppm Zn, addition 0 ppm Mo4)Low Cu (± 15ppm), addition 0ppm Zn, addition 16 ppm Mo5)High Cu (± 30ppm), addition 0ppm Zn, addition 0 ppm Mo6)High Cu (± 

30ppm), addition 1500ppm Zn, addition 0 ppm Mo7)High Cu (± 30ppm), addition 3400ppm Zn, addition 0 ppm Mo8)High Cu (± 30ppm), addition 0ppm Zn, addition 16 ppm 

Mo 

Response criteria Liver, kidney and blood content 

Results At the higher copper level, the addition of 150 or 340ppm Zn resulted in a significant decrease of the Cu accumulation in the liver, while at a moderately low copper level the 
effect of these additions on the Cu accumulation was only slight. The two Zn doses given appeared to be equally effective in reducing the Cu accumulation. Additions of zinc 

did not increase liver and kidney Zn. The addition of Mo resulted in higher levels of Mo in liver and kidney. At either copper level the addition 416 ppm Mo was more effective 

in reducing the Cu accumulation in the liver than the addition of 150 or 340 ppm Zn. The additions of Zn and Mo, had no visible influence on the health of the lambs. This 

agrees with the finding that the blood parameters (determination of haemoglobin, haematocrit, protein, copper, zinc, enzymes) and the growth of the lambs were in the normal 

range. These results suggest that zinc may be a useful alternative to the somewhat toxic molybdenum as an additive to concentrates for sheep in preventing Cu intoxication. 

 

Study code 61565 

Year 1996 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) Exp3: 42; 7 treatments of 6animals 

Diet Background Analysed 9.8 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Lambs were assigned randomly to one of three diets, the control basal diet, or the basal diet supplemented with 180 mg/kg Cu as either reagent grade Cu SO4·5 H2O (254 g/kg 

Cu) or feed-grade Cu-lysine (119 g/kg Cu). The Cu-supplemented diets contained a total of 198 and 185 mg/kg Cu, (DM) by analysis, respectively. Time period 6 days. 

Response criteria Liver content 

Results The Cu in Cu-lysine was similar in bioavailability to that of Cu sulphate for ruminants, and there was no interaction between source of Cu and dietary feeding regimen. Lambs 

fed once daily accumulated more Cu in liver than those fed at 4 h intervals regardless of the source of dietary Cu. The effect of feeding regimen should be considered when 
comparing Cu absorption estimates in grazing (continuous feeding) studies vs. once-daily feeding studies. 

 

Study code 61590 

Year 1996 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 64; 8treatment (8 animals per treatment) 

Diet Background AnalysedEXP1: 9.24 EXP2: 7.29 mg/kg Cu) 
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Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose. Diet, ATM 

Composition Diets/treatments 1) 24 crossbred wethers were fed a basal diet (9.24 mg/kg Cu) supplemented with 0, 15, 30 or 45 mg/kg added Cu as cupric acetate for 15 or 30 days, 2) 30 crossbred wethers 
were injected i.v. with 50 mg ammonium tetrathiomolybdate (ATM) twice weekly for 3 weeks to reduce body Cu stores, then fed the basal diet (7.29 mg/kg Cu) or the basal 

plus 20, 40, 60 or 80 mg/kg added Cu as cupric acetate for 10 or 20 days 

Response criteria Liver, kidney, spleen and bone content 

Results Results of Experiment 1 indicated that at dietary Cu concentrations of 15 to 45 mg/kg, either homeostatic mechanisms in the tissues of sheep were capable of maintaining Cu 

concentrations within normal ranges for periods in excess of 30 days, or that variation in initial Cu concentrations masked the effect of dietary copper. In Experiment 2, liver 

proved to be the tissue most sensitive to dietary Cu with liver Cu accumulating linearly in sheep fed diets for 10 days and quadratically in sheep fed diets for 20 days. The 

greater sensitivity of liver to dietary Cu is compatible with earlier reports with sheep. The linear accumulation of liver Cu in Experiment 2 suggested that a IO-day bioassay 

would be optimal since a linear relationship allows the use of slope ratios to determine relative bioavailability and precludes the use of non-linear models with their inherent 
complexities. 

 

Study code 54450 

Year 2011 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) Total: 40; 12 animal in control and 14 in each treatment (Cu sulphate and Cu-lysine) 

Diet Background Analysed 6.74 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplement, lysine and TBCC 

Composition Diets/treatments 1) Control (no supplemental Cu), 2) 10 mg Cu/kg DM from Cu-lysine, 3) 20 mg Cu/kg DM from Cu-lysine, 4) 10 mg Cu/kg DM from TBCC (Cu2(OH)3Cl),5) 20 mg Cu/kg 

DM from TBCC. 

Response criteria Liver, plasma and muscle content 

Results Plasma and liver Cu concentrations, but not muscle, were increased by Cu supplementation. There were no differences in plasma, liver, and muscle Cu concentrations and 

plasma ceruloplasmin activities between Cu-lysine and TBCC. 

 

Study code 55982 

Year 2002 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) Exp1: 80; 4treatments of 5 replicates of 4animals 

Diet Background Analysed 3.6-8.0 mg/kg 
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Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplement, injection intramuscular 

Composition Diets/treatments Experiment 1:1) Control, 2) 25 mg Cu heptanoate injected intramuscular, 3) 37.5 mg Cu heptanoate injected intramuscular, 4) 2.5 g copper oxide wire particles via oral.  

Experiment 2:1) Control, 2) 12.5 mg Cu heptanoate injected intramuscular, 3) 25 mg Cu heptanoate injected intramuscular, 4) 1.25 g copper oxide wire particles via oral. 

Duration 288 days. 

Response criteria Animal performance. Liver and plasma content 

Results The higher dosage of CuHep raised liver Cu above control group values for at least 9 months in adults and 3 months in weaners. The lower dosage of CuHep was similarly 

effective for 3 months in adults but was without effect in weaners. In adults the response to COWP matched that to the higher dosage of CuHep; in weaners it was greater, 

lasting at least 5 months. No changes indicative of Cu deficiency, apart from a depressed body weight in adults, were seen. In sheep on pasture of high Mo content a single 

intramuscular injection of CuHep providing 37.5 mg Cu to adults or 25 mg Cu to weaners will raise liver Cu reserves for at least 9 and 3 months respectively and may be an 

acceptable alternative to COWP for preventing seasonal Cu deficiency in sheep in southern Australia. 

 

Study code 57147 

Year 1995 

Animal Category  4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) Exp2: 80; 4 treatments of 2genders*10 animals 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments The hay ration contained 6.62 mg/kg copper DM, which when combined with the supplement (Cu sulphate), resulted in each animal being administered 23.14 mg/L of copper 

orally each day at the start of the study. Cu were measured 7 times over 227 d. 

Response criteria Liver content. Other : Tears 

Results Copper is present in the ocular tear film of sheep and appears to be affected by dietary copper intake; however, the amount of copper present in sheep tears does not reliably 
reflect liver copper status. 

 

Study code 57878 

Year 1989 

Animal Category (Sheep) 4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 6, 1 treatment 

Diet Background Analysed 12-15 mg/kg 
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Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet with fauna fish meal 

Composition Diets/treatments The treatments in Exp. 1 were 1) fauna-free casein, 2) faunated casein, 3) fauna-free fish meal and 4)faunated fish meal. (Duration 165 days). Treatments in Exp. 2 included 1) 
fauna free SBM, 2) faunated SBM, 3) fauna-free casein and 4) faunated casein. (Duration 90 days). In Exp. 3 treatments were 1) fauna-free corn silage and 2) faunated corn 

silage. (Duration 92 days). 

Response criteria Animal performance. Liver content. Other : Cu solubility 

Results The faunated rams in all treatments grew faster and consumed more feed and, consequently, more Cu. However, they had a lower (P < .01) ruminal Cu solubility and 

accumulated less Cu in their livers than the fauna-free rams when fed corn silage alone or in combination with soybean meal (insoluble, ruminally degraded protein). Such 

effects were not significant when corn silage was supplemented with fish meal (protein resistant to ruminal degradation). The presence of ciliate protozoa in the rumen had no 

effect on the accumulation of Cu in the liver of sheep fed corn silage supplemented with casein (soluble, ruminally degraded protein) and produced conflicting results on 

ruminal Cu solubility. Hence, the effect of protozoa on Cu metabolism is indirect and depends on the type of protein present in the diet. The evidence discussed leads to the 
conclusion that the effect of ciliate protozoa on the metabolism of dietary Cu is indirect and depends on the type of protein present in the diet. To date, only a few protein 

sources (casein, SBM, fish meal, corn silage, urea) have been tested in studies of the protozoa-Cu interaction, and more information with a wider variety of protein sources is 

needed in order to assess fully the involvement of ciliate protozoa in Cu metabolism in ruminant livestock 

 

Study code 60303 

Year 2005 

Animal Category  4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 80; 8 animals each treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation source and dose. Other factors: nematodes 

Composition Diets/treatments The animals were grouped as follows: Group 1: Infected animals (nematodes) that did not receive copper; group 2: Infected animals (nematodes) that received copper; group 3: 

Non-infected animals that did not receive copper; group 4: Non-infected animals that received copper. Copper heptonate 31.25 mg (2 mL), was administered, intramuscular, in 
the lateral aspect of the caudal neck region. 

Response criteria Serum content 

Results Our studies conclude that parasitism negatively impacted on blood copper and Hb levels. The mechanism of parasite interference with copper may not be entirely by blocking 

the absorption of copper from the gastrointestinal tract, since the copper in this study was administered parenterally. Copper was administered intramuscularly to parasite 

infected and non-infected animals. The results showed that parasitism has a depressing effect on blood copper and Hb levels, even when administered parenterally 

 

Study code 56592 

Year 1999 
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Animal Category  4.3. Sheep. Dairy sheep 

Nº treatments (replicates/ treatment) 20; 4 treatment x 5 animals in each. 

Diet Background Analysed 5 mg/kg Cu 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Two sources (Cu SO4 vs Cu proteinate) and three levels (10, 20, or 30 mg/kg) of dietary Cu was determined in a 73-d feeding trial. 

Response criteria Liver, kidney, bile, plasma and small intestine content 

Results An interaction (P = .08) occurred between source and level for liver Cu. The interaction existed due to an increase in liver Cu concentrations when ewes were fed increasing 

dietary Cu from Cu SO4 but not when fed Cu proteinate diets.  Packed cell volume (PCV), red blood cell count (RBC), white blood cell count, whole blood haemoglobin 

(wHb), plasma haemoglobin, and plasma Cu were similar between sources of Cu. Ewes fed 20 mg/kg Cu had lower ( P < .05) PCV, RBC, and wHb than those fed 10 or 30 
mg/kg Cu diets. Feeding up to 30 mg/kg Cu from these sources did not cause an observable Cu toxicity during the 73-d period. Feeding up to 30 mg/kg of copper from either 

Cu proteinate or Cu SO4 did not cause an observable Cu toxicity during the 73-d period. Copper from Cu proteinate resulted in a greater ceruloplasmin activity than Cu from 

Cu SO4. Ewes fed increasing levels of Cu from Cu SO4 had greater concentrations of liver Cu than ewes fed increasing levels of Cu from Cu proteinate. Care should be taken 
when feeding this level of copper to sheep. The ewes in this study were not stressed; this could be one reason that no signs of Cu toxicity were observed in this study. 

 

Study code 54634 

Year 2010 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 2 treatment (6 animals per treatment) 

Diet Background Analysed 14.66 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose. Interaction: Zn 

Composition Diets/treatments One group was supplemented with 50% more of Cu and Zn over the basal diet from feed grade inorganic source other group was supplemented with 50% more of Cu and Zn 
over the basal diet from commercially available feed grade organic source 

Response criteria True absorption. Liver, kidney, urine content. Other : Muscle, Heart, skin, SOD activity 

Results Supplementation of Cu and Zn through organic sources (Cu-methionine, Zn-methionine) as compared to inorganic sources (Cu SO4, Zn SO4) improved gut absorption, higher 

activity of Cu/Zn-SOD and tissue retention of Cu and Zn, suggested better bioavailability through organic/chelated sources. Further, the results have shown that mineral-

dependent enzymes like Cu/Zn-SOD can be used as a biomarker for assessing the status of Cu and Zn. The Cu and Zn content in liver was significantly (p<0.05) higher in ewes 

fed diets containing organic sources (Cu and Zn-methionine). No significant differences were observed in Cu and Zn concentrations in other tissues like heart, kidney, muscle 

and skin. The content of Cu and Zn in wool was not influenced by the dietary supplementation of Cu-methionine and Zn-methionine, but when compared with the values of Cu 

and Zn on day0, accumulation of the trace minerals was quicker and significantly (p<0.05) higher in ewes supplemented with organic forms tan the inorganic forms. 
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Study code 57941 

Year 1989 

Animal Category  4.4. Sheep. Ewes for reproduction : prior to mating 

Nº treatments (replicates/ treatment) 36; 4 treatments*9animals 

Diet Background Analysed 5.6 mg/kg 

Units’ basis of diets and/or results Diet: Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Diet, Mo, legume-grass 

Composition Diets/treatments 1) Basal (alfalfa hay or legume-grass low-moisture silage, corn, oats), 2) Basal plus 10 mg Cu/kg diet, 3) Basal plus 10 mg Mo/kg 4) Basal plus Cu and Mo (each 10 

mg/kg).Duration: From prior to mating to 10 weeks postpartum 

Response criteria Liver, kidney and plasma content 

Results Copper supplements increased, and Mo supplements decreased, the concentration of Cu in the livers of ewes and lambs (P < .05). Despite this, there were no effects of 
treatment on Se concentration or glutathione peroxidase activity in blood or tissues. Selenium levels in plasma of all ewes declined throughout pregnancy and lactation, 

indicating that .05 mg/kg Se was insufficient for the maintenance of Se status during pregnancy in Hampshire ewes. Copper and Se levels (mg/kg fresh weight) in the liver of 

lambs at weaning for Treatments 1 through 4 were 48 and .13, 158 and .10, 11 and .11, and 136 and .13, respectively. The results show that Cu or Mo supplements at 10 mg/kg 
to practical-type diets of ewes and lambs had no effect on Se status. In conclusion, the results showed no evidence that dietary supplements of Cu or Mo at 10 mg/kg affected 

either the availability of dietary Se to sheep, or the activity of GSHpx in blood, liver or kidney. This finding does not preclude effects at higher levels of Cu and Mo. However, 

in terms of practical diets for sheep, it would appear that the sporadic nature of outbreaks of Se-responsive diseases cannot be ascribed to the use of Cu or Mo supplements 
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Table II.D.5. Goats 

Study code 55433 

Year 2006 

Animal Category  5.2. Goat. Kids for fattening 

Nº treatments (replicates/ treatment) 3 treatments (5 animals per treatment) 

Diet Background Analysed 13.8 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) Control (no additional supplemental Cu), 2) 100 mg of Cu/d, and 3) 200 mg of Cu/d. Duration 112 days. 

Response criteria Animal performance. Liver and serum content 

Results No differences were detected in serum Cu levels among treatments. An increase was detected in liver Cu levels. Results of this study indicate that supplemental Cu can alter the 
serum lipid profile, carcass characteristics, and carcass composition of goat kids. Cu supplementation at 100 mg/d improved gain efficiency, altered serum lipid profile, 

decreased carcass fat depth over the LM, and improved carcass BCTRC in goat kids fed a high-concentrate diet. Decreasing deposited fat on the carcass may have health 

benefits for humans and ultimately decrease the waste per carcass. Measurements of 9th to 11th rib sections may be used to determine carcass composition; however, more data 
are needed to validate this procedure.  

 

Study code 60157 

Year 2006 

Animal Category  5.2. Goat. Kids for fattening 

Nº treatments (replicates/ treatment) 3 treatments (5animals per treatment) 

Diet Background Analysed 14.5 mg Cu/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM). Results - Other : all in DM except bile and muscle 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) Control (no additional Cu), 2) 100 mg Cu/d from an inorganic source Cu sulphate3) 200 mg Cu/d from an inorganic source Cu sulphate. Duration 14 weeks. 

Response criteria Animal performance. Liver, kidney, bile content. Other : Faecal content; longissimus muscle content 

Results Copper supplementation had no effect (P > 0.05) on respiration rate, heart rate, rectal temperature, or serum SDH activity. Average daily gain over 10 weeks was improved 

with 100 mg Cu intake (quadratic, P = 0.01). Average daily feed intake decreased linearly (linear, P = 0.05) as Cu increased in the diet with the control group consuming a 
higher grain:hay ratio in the diet (linear, P = 0.03). Gain efficiency was higher (quadratic, P = 0.02) with 100 mg Cu group when compared to control and 200 mg Cu groups. 

Liver and faecal Cu concentrations increased (linear, P = 0.0001) as Cu increased in the diet; however, serum, bile, and kidney Cu concentrations did not differ. These data 
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indicate that high level of Cu fed to Boer×Spanish goat kids at 100 mg/d can enhance average daily gain and gain efficiency without eliciting Cu toxicity. 

 

Study code 59944 

Year 2007 

Animal Category  5.2. Goat. Kids for fattening 

Nº treatments (replicates/ treatment) 36; 4 treatments of 9 animal in each 

Diet Background Analysed 7.46 mg Cu/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Treatments: basal diet that was supplemented with either 0 (control), 10, 20 or30 mg Cu/kg DM. Duration 60 days. 

Response criteria Animal performance. Urine and faecal content. Other : ruminal fermentation 

Results Findings from this study revealed that goats fed the basal diet, containing 7.46 Cu mg/kg DM, showed impaired rumen fermentation, lower nutrient digestibility and slower 
cashmere growth rate compared with Cu supplemented wethers. Supplementation with 10 to 20 mg Cu/kg DM enhanced rumen fermentation and improved nutrient 

digestibility whereas supplementation with 20 mg Cu increased cashmere growth. It was concluded that the optimal supplemental Cu level for goats during the cashmere 

growing period was 20 mg/kg DM (a total dietary Cu level of 27.46 mg/kg DM). 

 

Study code 64264 

Year 2001 

Animal Category  5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 40 

Diet Background Analysed 2.80 mg Cu kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : plasma levels 

Factors affecting// combinations Diet and pregnancy 

Composition Diets/treatments The animals were divided into:(a) young (4-6 months old),(b) adult (9-12 months old), (c) pregnant (within 50 days of their first pregnancy and (e) lactating animals grouped 

according to parity (up to 50 days after first, second or third kidding).(f) High yielders at their mid-lactation (2-3 years old).(g) Low yielders at their mid-lactation (2-3 years 
old). 

Response criteria Plasma content 

Results Zn plasma level was shown to increase throughout pregnancy and lactation which would reflect on the effect of Zn on foetal development, involution of the uterus and 

following parturition. Cu increased with age which could be associated with its role to oestrogen level. 
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Study code 54286 

Year 2012 

Animal Category  5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 6 treatments ( 6 animals per treatment) 

Diet Background Analysed 4.72 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : serum and plasma concentrations 

Factors affecting// combinations Diet and supplement, Mo 

Composition Diets/treatments 1) Control (no supplemental Cu and Mo), basal diet contained 4.72 mg Cu/kg and 0.16 mg Mo/kg, 2) Supplemental 19 mg Cu/kg of feed (on dry matter(DM) basis), 3) 38 mg 

Cu/kg of feed (on dry matter(DM) basis), 4) 5 mg Mo/kg of feed (on dry matter(DM) basis) , 5) 19 mg Cu/kg and 5mgMo/kg of feed (on dry matter(DM) basis), 6) 38mgCu/kg 

and 5mgMo/kg of feed (on dry matter(DM) basis) 

Response criteria Serum, lipid content, antioxidant status. Plasma content : Cu 

Results Supplemental Cu, regardless of Mo level, increased the plasma Cu, but there was no difference between Cu supplemented groups.Supplementation of Cu 19 or 38 mg/kg with 
or without 5 mg Mo/kg had a significant influence on serum lipid profiles and antioxidant activity in cashmere goats during cashmere growing period, without producing any 

toxic signs. 

 

Study code 54515 

Year 2011 

Animal Category (Sheep) 5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 36 (6treatments of 6 animals) 

Diet Background Analysed 4.72 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Supplement, Mo 

Composition Diets/treatments Two Mo levels were 0 or 5 mg/kg DM, and the supplemental Cu was added to the basal diet at 0, 19, or 38 mg/kg DM, respectively. 

Response criteria Animal performance. Other : follicle characteristics; Nutrient Digestibility 

Results Overall, the present study in Liaoning white cashmere goats suggested that addition of 19 mg Cu/kg DM alone in the basal diet containing 4.72 mg/kg Cu, 0.16 mg Mo/kg, and 

0.21% S could enhance growth performance and improve fibre digestion and cashmere growth. Mo supplementation inhibited growth, but didn‘t affect nutrient digestion, 

cashmere and follicle characteristics. There is a tendency or significant interaction effect of Cu and Mo on growth, cashmere, and follicle characteristics. The optimal 

supplemental Cu level should be increased to 38 mg/kg DM with 5 mg Mo/kg supplementation (the total dietary level of 42.72 mg Cu/kg, 5.16 mg Mo/kg, and 0.21% S) for 
cashmere goats during the cashmere growing period. 
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Study code 59938 

Year 2008 

Animal Category  5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 36; 4*9animals 

Diet Background 7.38 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : No applicable 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) 0 mg Cu/kg DM(control), 2) 10 mg Cu/kg, 3) 20 mg Cu/kg 4) 30 mg Cu/kg. The experiment lasted for 60 days. 

Response criteria Animal performance. Plasma content 

Results Effects of dietary Cu on plasma Cu status of Mongolian White Cashmere Goats are shown in Table. Plasma Cu concentrations were increased (P < 0.05) by all Cu 

supplemented treatments on day 15, 30, 45 and 60 of the experiment (P < 0.01). Plasma Cu concentrations in the control group stayed below 0.8microg/mL for the duration of 

the trial, but concentrations in Cu supplemented groups ranged from 0.9 to 1.0 microg/mL. It is suggested that addition of 10 mg Cu/kg DM to the basal diet, containing an 
endogenous Cu concentration of 7.38 mg/kg DM, will enhance growth performance, nutrient digestibility and plasma Cu status of cashmere goats. 

 

Study code 60911 

Year 2001 

Animal Category  5.3. Goat. Dairy goats 

Nº treatments (replicates/ treatment) 6; 3 treatments of 2animals 

Diet Background 10.8-15.2 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet, toxicity 

Composition Diets/treatments Basal let (BD, 10.8-15.2 ppm Cu/DM). or to medium Cu (MC, BD + 50 mg Cu), or to high Cu (HC, BD + 100 g Cu) diets for 9 weeks. This level would cause Cu toxicity in 

sheep, but none occurred in the goats. Therefore, Cu supplementation was then increased to 150 and 300 mg per head per day, for the following 14 weeks; to 300 and 600 mg 
per head per day. For the next 8 weeks; and to 600 and 1200 mg per head per day. for an additional 4 weeks, in the MC and HC group, respectively. 

Response criteria Animal performance liver, spleen, hair, bile, serum, plasma content. Other : digestive tract content, brain , heart, lung, ovary, uterus, foetus liver, faeces 

Results During first 23 weeks (<300 mg Cu per day) of the study there were no apparent signs of Cu toxicity. Cu supplementation at 600 mg per head per day in young Nubian does, 

had no effect on respiration rate (RR), heart rate (HR), and decreased (P < 0.05) rectal temperature (RT) in the HC group only. Leukocyte counts were positively correlated 

with Cu supplementation (r = +0.296, P < 0.02) and negatively correlated (r = -0.254, P < 0.05) with RT in the HC group. Plasma SDH increased (P < 0.05) when Cu 
supplementation was 300 mg per head per day, thus, SDH may serve as an early indicator of Cu toxicosis in goats. Increases (P < 0.05) in GOT were noted when Cu intake was 

600 mg per head per day. Contrary to the results observed for SDH and GOT. feeding goats 50 mg Cu per day or more, resulted in an increased plasma GGT as compared to 
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BD goats. Levels of SDH, GOT and GGT of the BD goats were within normal range. Plasma Cu was not indicative of Cu status of animals. Copper improved ADG by 28% at 
the 100-150 ppm level in diet. No relationship between Cu intake and hair Cu was found in the present study. Highest concentration of Cu was found in liver, followed by 

duodenum, rumen and brain. Results of this study indicate that goats are more resistant to Cu toxicity than sheep. This is one of the first reports documenting significant 

differences in Cu requirements and tolerance between goats and sheep 
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Table II.D.6. Fish 

Study code 62122 

Year 1988 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 560; 7treatments of 80animals 

Diet Background Analysed 3.5 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Diet and supplement 

Composition Diets/treatments The diet was supplemented with 0, 100, 200, 400, 600, 800, 1000 mg/kg Cu sulphate. After 9 weeks the remaining fish were reared on the control diet (0mg/kg Cu 
supplementation) for a further 9 weeks. (Experiment duration 18 weeks) 

Response criteria Animal performance. Liver content 

Results A linear relationship was observed between liver copper concentration and copper provided in the diet. Copper intake had no effect on hepatic zinc concentration. Increased 

dietary copper also gave increased copper levels in whole fish but the concentration factor was much lower than in the liver.  The relative retention of copper given at levels 

above 100 mg Cu/kg dry diet was low and was estimated to be 1.3%. Subcellular fractionation studies demonstrated that 43-67% and 36-49%, respectively, of hepatic copper 
and zinc were sedimented with the fractions nuclei, mitochondria and lysosomes. Increased dietary levels of copper had apparently no effect on the subcellular distribution of 

zinc except at the highest level (group 6) where an increase in zinc recovered in the nuclear fraction was observed. 

 

Study code 61369 

Year 1997 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 1920; 6treatments of - 

Diet Background Estimated5mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Diet and supplement, Fe 

Composition Diets/treatments Diet was supplemented with 0, 25, 50, 100, 500 and 1500 mg iron/kg in the form of elemental iron, iron(II) sulphate, or haem-bound iron in the form of blood meal. Duration 8 

weeks. 

Response criteria Liver content. Other : Blood haemoglobin concentration 

Results There was no significant relationship between the dietary treatments and hepatic copper concentration (data not shown). The mean hepatic copper concentration among all the 

groups at the end of the experiment was 30 mg/kg. 
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Study code 56384 

Year 2000 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 96; 5 treatment 

Diet Background Cu, 3 µg/mL 

Units’ basis of diets and/or results Dry matter 

Factors affecting// combinations Temperature, solution radioactive 

Composition Diets/treatments Each fish was infused with a solution of radioactive Cu in 0.1 mol l-1 glucose via the catheter. At the completion of each exposure (4-72 h), the fish was killed using an 

overdose of anaesthetic 

Response criteria True absorption. Liver, plasma and gut content. 

Results Our radioisotopic method has shown that, at 16 °C, gut tissues of rainbow trout rapidly absorb approximately one-third of a nutritional dose of Cu (no increase after 24 h), then 

slowly release it to the plasma for uptake by the internal organs of the fish. In other words, the intestinal tissue is providing a reservoir of new Cu for the internal organs, at least 
in the first 3 days after exposure to a nutritional dose of the metal. 

 

Study code 54394 

Year 2011 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 225 (5 treatments of 3 replicates * 15 animals) 

Diet Background Analysed 1.2 microg/l 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet, Zn, Cd 

Composition Diets/treatments Control (no supplemental metals in the diet),Cu-exposed (500 microg/g Cu with background Cd and Zn), Cd-exposed (500 microg/g Cd with background Cu and Zn), Zn-
exposed (1000 microg/g Zn with background Cd and Cu),metals mixture-exposed (microg/g: 500 Cu + 500 Cd + 1000 Zn). 

Response criteria Other : liver organelle, nuclei, granule content 

Results Competitive interactions likely result from ionic mimicry with the metals displacing each other from common binding sites, whereas cooperative interactions suggest increased 

abundance of metal binding sites and/or existence of metal-specific non-interacting binding sites in some of the fractions. Moreover, the changes in subcellular distribution of 

the biometals Cu and Zn due to Cd exposure together with the shifts of the metals between MAP and MDP observed may have toxicological consequences. 
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Study code 55222 

Year 2007 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 35; 9 treatment 

Diet Background Cu = <16 nM(<1 µg/L), 

Units’ basis of diets and/or results Dry matter 

Factors affecting// combinations Radiolabeled 

Composition Diets/treatments Intestinal Cu transport in rainbow trout using radiolabeled Cu (64Cu) and an in vitro  gut sac technique. 

Response criteria Intestinal 

Results Reduction of mucosal NaCl levels inhibited Cu transport while increase caused stimulation; Na2 SO4 had an identical effect, implicating Na+ rather than the anion. These 

responses were unrelated to solvent drag, osmotic pressure or changes in transepithelial potential. The presence of elevated luminal Ag stimulated Cu and Na+ uptake. 

Phenamil caused a partial inhibition of both Cu and Na+ uptake while hypercapnia stimulated Na+ and Cu transport. Cu uptake was sensitive to luminal pH and inhibited by a 
tenfold excess of Fe and Zn. These factors had no effect on Na+ uptake. On the basis of these results we propose a novel Na+-assisted mechanism of Cu uptake wherein the 

Na+ gradient stimulates an increase in the H+ concentration of the brush-border creating a suitable microenvironment for the effective transport of Cu via either DMT1 or Ctr1. 

 

Study code 56131 

Year 2002 

Animal Category (Sheep) 6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 600; 5treatments of 3replicates*40animals 

Diet Background Analysed water 3microg/l 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Diet with supplement 

Composition Diets/treatments The experimental design consisted of three dietary Cu levels(low (0.80 microg/g), normal(3.20 microg/g) and high(282 microg/g)) and two waterborne Cu levels (low (0.37 
microg/l) and normal(3.08 microg/l)). Duration 50-daylow waterborne Cu + low dietary Cu, low waterborne Cu + normal dietary Cu, normal waterborne Cu + low dietary 

Cu,normal waterborne Cu + normal dietary Cu, normal waterborne Cu + high dietary Cu 

Response criteria Animal performance. Liver, whole body, gut, gill and carcass content 

Results Low levels of dietary and waterborne Cu decreased, and high levels of dietary Cu increased, the Cu concentrations in whole body, liver, carcass, gut and gills. Copper levels in 
the liver strongly reflected the exposure conditions with a corresponding fivefold decrease and a 22-fold increase in Cu concentration. Waterborne Cu uptake contributed the 

majority (60 %) of the body‘s Cu accumulation under Cu deficient conditions while dietary Cu contributed the majority (99 %) at high dietary levels of Cu. True bioavailability 

of dietary Cu decreased with increasing levels of dietary Cu concentration, although the absolute amount retained increased. These findings demonstrate an important 
interaction between dietary and waterborne Cu uptake in fish and provide compelling evidence of a key role for the gill in Cu homeostasis. 
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Study code 59926 

Year 2008 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 3treatmen 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Absorption. copper-histidine complexes 

Composition Diets/treatments Membrane vesicle aliquots of 35 l (35 g protein) were added to 125 l of assay buVer (149 mM NaCl, 1 mM KCl, 10 mM HEPES, pH 7.4) containing copper (as Cu(NO3)2·2½ 

H2O) levels of 7.4, 14, 63, 155, 232, 699, or 1.028 M. Radiolabelled 64Cu (half-life 12.9 h) was prepared by irradiating dried Cu(NO3)2 (McMaster Nuclear Reactor) and 

redissolving the salt in equal volumes of 0.1 M HNO3 and 0.01 M NaHCO3. At the start of the experiment radiolabel was added to each copper stock solution at a level of 0.2-
mCi/ml 

Response criteria Intestine content 

Results Mechanistic examination of histidine-mediated metal uptake is technically challenging. Factors such as metal concentration; oxidation state; the nature, concentration, and 

binding affinities of potential ligands; the bioavailability of these chelates of different stoichiometries; the presence and concentration of moieties that may compete, or be 

cofactors, for potential transporters; the chemical state of the gut environment and epithelial microenvironment (e.g. pH) may all exert significant influence over uptake. 
Additionally biological factors such as the transporters themselves (their kinetic characteristics, substrate specificities, exposure history, and systemic regulation) can also have 

important impacts. These factors will clearly vary considerably between studies and are likely to contribute to the disparities noted between laboratories and techniques used to 

investigate ligand effects on metal uptake. These results suggest that copper-histidine complexes may be transportable via specific amino acid-transporters in the brush-border 
membrane. 

 

Study code 62755 

Year 2009 

Animal Category  6. Fish. Salmon/trout 

Nº treatments (replicates/ treatment) 576; 4treatments of 3 replicates of 48fish 

Diet Background Analysed 0.022 mg/g 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet 

Composition Diets/treatments Diets were prepared by adding 0 (control), 0.1, 0.4 or 1.6 g kg -1 Cu SO4.5 H2O feed. Duration 60 days. 

Response criteria Animal performance. Liver, muscle, gill and digestive system content 
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Results At the end of the trial, with increasing dietary Cu concentration, Cu accumulation of gill, muscle tissue, liver and the digestive system were increased. However, accumulation 
of gill were not significant (p>0.05) in the fish fed 0.4 (D 3) and 1.6 (D 4) g kg -1 CuSO 4.5H 2O diets. Accumulation of muscle tissue were not significant (p>0.05) in the fish 

fed 0 (D 1) and 0.1 (D 2) g kg -1 CuSO4.5H 2O diets. The accumulation of Cu in the digestive system increased with increasing dietary Cu concentration and at periyot were 

significant (p<0.05) in group fed the highest Cu concentration diet. 
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Table II.D.7. Rabbits. 

Study code 65905 

Year 1980 

Animal Category  7.1. Rabbits. Rabbits suckling and weaned 

Nº treatments (replicates/ treatment) Not specified 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Review, ascorbic acid  

Composition Diets/treatments Review 

Response criteria Not specified 

Results The limited information available on the utilization of Cu by rabbits strongly suggests that growth rate can also be substantially promoted in this group of animals. However, 
more research effort is required on Cu-feeding to rabbits. Addition of high levels of Cu to the rabbit‘s diets led to enhanced utilization of diets containing a high level of fibre. It 

is not certain how Cu influences fibre utilization, but studies observed that dietary Cu altered the population of micro-organisms in pig alimentary canal. It is very likely that 

mineral interaction and interrelationships in rabbits are similar to those of pigs. The limited studies relating to the effect of various dietary lipids on Cu utilization indicate that 
supplemental Cu is better utilized with palm oil, a lipid higher in saturated fatty acid than groundnut oil or corn oil, the other lipid types with which palm oil was compared. 

 

Study code 54242 

Year 2012 

Animal Category  7.3. Rabbits. Breeding does (for reproduction) 

Nº treatments (replicates/ treatment) 3 treatment 

Diet Background Estimated 8 mg/kg 

Units’ basis of diets and/or results Estimated  

Factors affecting// combinations Supplement, Cd, Mg 

Composition Diets/treatments 1) Control: non treated animals;2) Cd group: rabbits given orally, by orogastric tube, every day for 4 weeks 10mg Cd/kg b.w. as aqueous solution of CdCl2;(iii) Cd + Mg 

group: rabbits exposed to the same dose of Cd and, 1 h later, supplemented orally with 40 mg Mg/kg b.w. as aqueous solution of Mg(CH3COO)2. 

Response criteria Liver, kidney, pancreas, spleen, bone, urine, plasma, heart, lung, skeletal and muscle content 

Results The results of this study show that co-treatment with Mg in rabbits exposed to prolonged Cd intoxication has at least partly beneficial effect on bioelements Zn, Cu, and Mg in 
biological fluids, blood and urine, and investigated organs. However, Mg supplementation had profound effect on Cu status in Cd-exposed animals. Apart from blood in which 

no alterations of Cu concentration between Cd and Cd+Mg group were observed, Mg supplementation reduced urinary Cu levels as well as Cu concentration in kidney, skeletal 
muscle, pancreas, and spleen in which a significant elevation of Cu in rabbits given only Cd was observed. However, Mg diminished accumulation of Cu that was observed in 
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kidney, skeletal muscle, pancreas, and spleen of Cd group. This contradictory finding could be explained by increased biliary excretion of Cu favoured by Mg. There is 
probably more than one factor that contributes to the biliary excretion of copper. 
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Table II.D.8. Horses  

Study code 54538 

Year 2011 

Animal Category  8. Horses 

Nº treatments (replicates/ treatment) 8 1 treatment6.69mg/kg 

Diet Background Analysed  

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Diet absorption, Zn 

Composition Diets/treatments The experiment was conducted in seven 28-d periods as outlined in Table. Periods 1 and 2 served as exercise conditioning periods, where horses were acclimated to the 
exercise equipment as well as adapted to the exercise demands of the subsequent periods. The concentration of dietary Cu and Zn changed each period, such that the horses 

were subjected to a standardized repletion/depletion cycle before receiving the appropriate experimental diet. Horses were blocked by age and breed and randomly assigned to 

1 of 2 groups for the initial period where the experimental diets were offered (period 4), and received the other treatment diet during the second experimental diet period (period 
7). 

Response criteria True absorption. Urine content, faecal content 

Results Apparent absorption values for all horses were negative. Apparent Cu absorption and retention as a percentage of intake were greater for horses fed the organic chelate diet (P < 

0.05). It is unknown why excretion of Cu and Zn by the horses during the total collection exceeded the mineral intake. Although Cu-Lys seemed to be better absorbed than Cu 

SO4 and absorption of Zn-Met and Zn SO4 was not different, these results are tempered by the observation of abnormally high faecal and urinary excretion values for Cu and 

Zn in the present study. 

 

Study code 61646 

Year 1995 

Animal Category  8. Horses : Miniature Horse 

Nº treatments (replicates/ treatment) 4, 4 treatment x 1 animal in each12 ppm 

Diet Background Not specified 

Units’ basis of diets and/or results  Dry matter 

Factors affecting// combinations Interaction high intakes Zn-trace minerals 

Composition Diets/treatments Animals were fed diets containing 12 ppm copper and either 73 (treatment 1), 170 (treatment 2), 400 (treatment 3), or 580 (treatment 4) ppm zinc. The horses were fed each 
experimental diet for 14 days. 

Response criteria Faeces and urine. 
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Results The reported detrimental effects of extremely high intakes of zinc were not demonstrated at zinc intakes within normal dietary ranges (50-500 ppm zinc). From the present 
study, it was concluded that there are no apparent immediate effects of a diet containing up to 580 ppm zinc on copper absorption. It appears that a contaminant amount of zinc, 

perhaps 2000 ppm or higher, is required to affect copper absorption in horses. More research is needed to determine long-term effects of excess zinc intake on trace mineral 

balance in horses. 

 

Study code 58864 

Year 1981 

Animal Category  8. Horses : ponies 

Nº treatments (replicates/ treatment) 3 ponies per treatment 

Diet Background Analysed  

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Dietary Treatment. Vitamins A, D, E,Mo 

Composition Diets/treatments The animals were fed the diets in sequence-basal, low and high molybdenum 

Response criteria Plasma, urine, faeces content 

Results The addition of molybdenum to the diet decreased copper absorption and retention as a consequence of increased excretion of dietary copper in faeces and increased excretion 

of absorbed copper in bile. Only 5% or less of the absorbed copper was excreted in urine regardless of dietary treatment. Biliary molybdenum excretion was only 0.86 mg per 

100 kg of body weight per day even when ponies were fed the highest level of molybdenum. However, increased molybdenum ingestion produced elevations in protein bound 
copper in bile. Molybdenum was absorbed by ponies but urinary excretion was effective in eliminating most of the element from the body. 

 

Study code 61214 

Year 1999 

Animal Category  8. Horses : weanling Thoroughbred 

Nº treatments (replicates/ treatment) 12 animals per  2 treatment 

Diet Background Analysed 6.4 to 8.9 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Pastures 

Composition Diets/treatments Low (0.8 to 2.6 mg/kg) or high Mo (7.2 to 16.1 mg/kg DM) pastures. The animals were challenged with Cu over the last 14 days to determine change in their Cu status to 1.0 
mg Cu/kg iv weight/day given orally three times a week. Duration 84 days. 

Response criteria Liver and plasma content.  

Results Copper status was assessed from liver, plasma, blood cell, and plasma trichloroacetic acid-insoluble Cu concentrations as well as the enzyme activities of plasma 
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caeruloplasmin and red blood cell superoxide dismutase. None of these indices was affected by the increase in Mo intake. Horses grazing pasture high in Mo responded no 
differently to Cu challenge than did those on low Mo pasture. The results of this study suggest that Mo is unlikely to increase dietary Cu requirements and induce secondary Cu 

deficiency at the Cu and Mo concentrations normally found in New Zealand pastures grazed by Thoroughbreds 
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Table II.D.9. Pets 

Study code 54197 

Year 2012 

Animal Category  9. 1. Pets and other non-food-producing animals. Dogs : Labrador Retrievers 

Nº treatments (replicates/ treatment) 1 treatment 

Diet Background Analysed  

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Fed a single type and brand of commercially available dry diet for a minimum period of 1 year at the time of investigation, that the daily intake of food should consist for at 

least 90% of this diet, and that the recipe of the diet should not have changed in the year previous to the sample collection for this study. The feeding regime of the dogs was 

investigated by a questionnaire for the owners. Food samples were analysed for moisture, crude protein, crude fat, crude fibre, ash content, copper, and zinc levels in a 
commercial laboratory 

Response criteria Liver content 

Results High dietary copper and low dietary zinc levels were significantly associated with high hepatic copper levels. No association between dietary intake and hepatic zinc was 

present. In this study group, age and sex did not have a significant influence on hepatic copper concentrations. A significant positive association between dietary copper and 

hepatic copper and negative association between dietary zinc and hepatic copper were found Dietary copper and zinc at current levels in commercially available dry dog food 

can influence hepatic copper and can be a risk factor for the development of copper-associated hepatitis in Labrador retrievers with a genetic susceptibility to copper. 

 

Study code 54770 

Year 2009 

Animal Category  9. 1. Pets and other non-food-producing animals. Dogs : Labrador Retrievers 

Nº treatments (replicates/ treatment) 24 (2treatments of 4 replicates of 3animals) 

Diet Background Analysed  

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Treatment Zn 

Composition Diets/treatments Low Cu diet+2 treatment: zinc (between 200 and 250mg q 12h elemental zinc as zinc gluconate) or placebo 

Response criteria Liver content. Biochemical response 
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Results Hepatic copper concentrations decreased in both groups at recheck 1 ( and at recheck 2. No difference in hepatic copper concentrations was found between the 2 groups before 
treatment, at recheck 1 or at recheck 2. Feeding low-copper diets to Labradors is effective in decreasing hepatic copper concentrations. Adjunctive treatment with zinc does not 

appear to increase the copper-lowering effects of dietary management 

 

Study code 58624 

Year 1983 

Animal Category  9. 2. Pets and other non food-producing animals. Cats : Domestic Short hair Cats 

Nº treatments (replicates/ treatment) 16 kittens Exp119 kittens Exp23 pregnant Exp3 

Diet Background Analysed  

Units’ basis of diets and/or results Diet: Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Diet 

Composition Diets/treatments The four dietary copper levels were 1.98 (basal), 2.60, 5.06, or 9.64 microg/g in experiment 1; The five levels used in experiment 2 were 0.58 (basal), 1.98, 3.62, 5.92 or 9.84 

microg/g. Two levels of dietary copper 0.58 and 12 microg/g were used in experiment 3.Duration 10 weeks (Exp1 and 2); in exp3 from 30 before to 28 days postpartum. 

Response criteria Animal performance. Liver, kidney, spleen, plasma lung, brain, muscle and heart content. 

Results The liver copper concentration was the most responsive to changes in dietary copper intake. For example, in weanling kittens fed 0.58 or 9.8 g Cu/g diet, the liver copper 

concentration was 24 or 45 g/g wet weight, respectively. Likewise, the levels of hepatic Cu, Zn-superoxide dismutase were reduced in kittens fed the low copper diet. 
However, the concentrations of zinc, iron and manganese in liver, lung, spleen, brain, muscle and kidney were not consistently changed in response to low copper intakes. 

Anaemia was also not a consistent feature in the copper-deficient cat or kitten, but signs of connective tissue lesions were observed in kittens born to and weaned from queens 

fed diets containing < 1 g Cu/g diet. Based on these observations and data for changes in growth in response to the differing levels of dietary copper, the copper requirement 

for the kitten was estimated to be 4-5 g/g of diet (energy content approximately 5 kcal or 21 kj per gram) . 
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TABLE II.D.10. Rats/mice 

Study code 55239 

Year 2006 

Animal Category  10. Other categories : adult, male Wistar albino rats 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors: Sulphite supplemented 

Composition Diets/treatments 1) Controls (C), 2) sulphite supplemented (S), 3) sulphite oxidase deficient (D), 4) SOX deficient, sulphite supplemented (DS).Those in the S and DS groups were given 70 
mg/kg/d sodium metabisulfite (Na2S2O5) in their drinking water for 6 wk. SOX deficiency in rats was induced by the administration of a low-Mo diet. Duration: 6weeks 

Response criteria Liver and Kidney content 

Results Sulphite exposure led to an increase of kidney copper content in the S group when compared to untreated controls. The kidney copper levels were significantly increased in the 

unexposed deficient rats, but it was not different than that of the deficient rats that were given oral sulphite treatment. These results suggest that kidney copper levels might be 

affected by exogenous or endogenous sulphite. In summary, the results of the present study show that either exogenous or endogenously generated sulphite results in a Cu-
accumulating effect in the kidney that might be related to its depletion of ATP and GSH contents of renal tissue. The Cu metabolism is tightly regulated by various complex 

mechanisms. Excess amounts of sulphite could disturb some of these mechanisms, which continue to be of interest for continuing research on the possible effects of sulphite 

exposure on Cu metabolism. 

 

Study code 56188 

Year 2001 

Animal Category  10. Other categories : albino rats 

Nº treatments (replicates/ treatment) 3 treatments (14 animals (seven males and seven females) per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - as fed basis Results - Others (Serum) 

Factors affecting// combinations Interactions: Zn-Cu-Fe 

Composition Diets/treatments 1) (control) was fed the requirement of zinc, 38 mg Zn/kg basis diet, 2) (1/2 of control) was fed a Zn-deficient diet (19 mg Zn/kg basis diet),  3) (1/10 of control) was fed a very 

low Zn diet (3.8 mg Zn /kg basis diet). Duration 10 weeks. 

Response criteria Animal performance: Lung, Heart, Liver, Kidney, and Testes. Serum content. 

Results Zn deficiency increased (p<0.05) total leukocyte count (TLC) and concentrations of serum albumin, total lipids, cholesterol, triglycerides and low density lipoprotein (LDL) in 
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a dose-dependent manner. Serum concentrations of urea and creatinine were, however, not affected (P<0.05) by zinc deficiency. Zn-deficient rats had lower serum 
concentrations of Zn, Cu and Fe. These results showed that Zn deficiency has negative effects on growth rate, specific organ weights, haematological parameters, and serum 

levels of Zn, Cu and Fe, especially in rats fed the lowest Zn level. 

 

Study code 56762 

Year 1998 

Animal Category  10. Other categories : albino Wistar rats 

Nº treatments (replicates/ treatment) 12 treatments (10-14 replicates per treatment) 

Diet Background 190 mg/g 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source of Fe 

Composition Diets/treatments The rats were fed either diet A or 0 (without Fe) and consumed this diet for 40 days prior to surgery. 3 perfusion solutions that differ in their iron source (Ferric citrate, 

Haemoglobin standard and ferric citrate + haemoglobin standard) and 2,4-dinitrophenol (0 or 5·10-4 M). 

Response criteria True absorption 

Results From these studies, we conclude that in a situation of iron deficiency there is a depletion of the receptors involved in the absorption of the various minerals, producing a lesser 

absorption by the active component. However, total absorption increases in this pathological situation; this increase occurs at the expense of the passive component. We believe 
that further studies are required to determine whether this greater absorption by the passive component takes place by simple diffusion, or by facilitated paracellular diffusion. 

The absorption of calcium, copper and zinc in iron deficient animals was not significantly affected, while the absorption of phosphorus and magnesium increased, with respect 

to animals in the control group. After perfusion with solutions containing haemoglobin, the absorption values of calcium, copper and zinc were lower than after ferric citrate in 
both groups (control and iron-deficient rats). 

 

Study code 58734 

Year 1982 

Animal Category  10. Other categories : brindled mutant mouse 

Nº treatments (replicates/ treatment) 1 treatments (14 time periods) 

Diet Background The concentration of copper in the chow ranged from 8 to 14 ppm., with an average of 10 ppm 

Units’ basis of diets and/or results Diet - Other, Results - Dry matter (DM) 

Factors affecting// combinations Other factors: Intraperitoneal injection copper  

Composition Diets/treatments All of the mice from each litter received intraperitoneal injections (10 µg of copper/g body wt., in 0.9% NaCI) in the morning of postnatal days 7 and 10. Heterozygous 
females, homozygous males and normal littermates were killed by cervical dislocation, at times corresponding to postnatal days 1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 90, or 120.  

Response criteria Other : Brain content 
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Results The supplementation therapy seems to provide sufficient bioavailable copper to respond to the needs of the animal at these crucial time points.  

 

Study code 57599 

Year 1991 

Animal Category  10. Other categories : Review 

Nº treatments (replicates/ treatment) Review 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Interactions: Ascorbic-Cu 

Composition Diets/treatments Review 

Response criteria Plasma content: ceruloplasmin 

Results Ascorbate appears to play a dual role in copper transport: as an antagonist of intestinal transport and as a post-absorption stimulator of tissue copper utilization. Ascorbate may 
also influence the intracellular binding of copper to enzymes. The latter property may or may not have physiological significance but toxicological factors cannot be excluded. 

Failure to bind to enzymes could leave copper as a free metal and available for catalyzing Fenton-type reactions associated with free radicals and reduced oxygen species. All 

of the effects reported in these studies were observed at physiological levels of the vitamin. If ascorbate as a cofactor facilitates the removal of copper from ceruloplasmin, this 
would open a new vista of functions for the vitamin. More important is the realization that a vitamin C deficiency may impair copper metabolism to the extent that transport and 

regulated uptake of copper by cells would be compromised. In the long history of scurvy, little attention has been paid to the possibility that a copper deficiency either 

compounded or potentiated the symptoms. The studies reported here hold open the possibility that scorbutic animals and humans could be suffering from a copper deficiency in 

addition to or as part of the symptoms manifested by lack of the vitamin 

 

Study code 57771 

Year 1990 

Animal Category  10. Other categories : female albino rats 

Nº treatments (replicates/ treatment) 2 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Diet- Not specified, Results -  Not specified 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 1) Iron-deficient (18-20 mg iron/kg diet) diet, 2) Iron-sufficient (control) diet (390 mg iron/kg diet). Duration 8 weeks. For rehabilitation studies, the rest of the 8-week-old 
iron-deficient rats were given an iron-sufficient diet for 2 weeks and the control group received iron-sufficient diet for 10 weeks 

Response criteria Liver, kidney, and spleen content 
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Results Feeding a low iron diet (18-20mg/kg Cu diet) for 8 weeks produced a significant increase in Cu levels in liver and spleen but not in kidney. Two weeks of rehabilitation with 
iron-sufficient diet (390 mg iron/kg diet) normalized these altered levels. Since transferrin is known to bind with Zn (II), Cr (II), Co (II), Mn (II) and Cu (II) apart from iron, it 

is possible that this protein may take an active part in transporting other metals as well, particularly in the presence of reduced iron concentration 

 

Study code 55216 

Year 2007 

Animal Category  10. Other categories : female rats 

Nº treatments (replicates/ treatment) 3 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet -: Not specified, Results - Dry matter (DM) and Fresh matter (FM) 

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments CuSO4 was added to achieve levels of added Cu of 5 (control diet), 2.5 (50% control Cu) or 0.75 mg Cu/kg (15% control Cu) of diet. The diets were identical in all other 

respects. Fe concentration was held at 50mg Fe/kg. Duration 4 weeks. 

Response criteria Liver, serum, placenta content, foetal liver content; ceruplasmin 

Results Our data emphasize the importance of a sufficient intake of micronutrients, especially Cu and Fe, during pregnancy for the normal development of the baby. Deficiency in one 

micronutrient can lead to imbalances in nutritional status in others, with potentially serious consequences both in the short and in the long term for the offspring. We have 
shown, for example, that maternal Fe deficiency results in hypertension in the offspring, and the present data would imply a similar outcome for Cu deficiency. It becomes 

more important, therefore, to develop an accurate and specific suite of markers for the assessment of Cu status in women of childbearing age and especially in pregnancy. 

 

Study code 58358 

Year 1986 

Animal Category  10. Other categories : female, Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 3 treatments (50 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: Cu-Mn 

Composition Diets/treatments 1) Normal manganese and normal copper (N). (66 ppm Mn and 5 ppm Cu), 2) Low manganese and low copper (L)(2.5 ppm Mn and 0.5 ppm Cu), 3) Depleted manganese and 

normal copper (D)(no added manganese and 5 ppm Cu). Duration 12 month 

Response criteria Animal performance, Liver, bone, serum, and intestine content 

Results After 12 month, serum Ca and P were significantly greater in the D rats than the N rats (134, 50 mg/L and 103, 39 mg/L, respectively). Serum and femur Mn levels were lower 

in D rats than in normal rats. Serum and femur Cu levels were lower in L rats than N rats. Femur Ca concentrations were significantly lower in D rats than in N rats (180 and 
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272 mg/g, respectively). Radiographie differences could be detected in some rats fed the L and D diets. In the two deficient groups, increased serum Ca was negatively 
correlated with bone Ca (r=-0.69; p<0.01). This biochemical association may represent alterations in regulatory control of Ca at the level of the bone (decreased mineralization) 

combined with an increase in bone reabsorption. The effect of long-term dietary deficiencies in Mn and Cu should be considered in human bone metabolism. 

 

Study code 55295 

Year 2006 

Animal Category  10. Other categories : Harlan-Sprague-Dawley) 

Nº treatments (replicates/ treatment) 2 treatments (5 replicates per treatment) 

Diet Background Analysed 0.00 g/Kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Cu deficient group (-Cu): deficient Cu diet, 2) Cu adequate group (+Cu): deficient Cu diet+Nanopure water containing 20 mg Cu/L as CuSO4. Duration 16 weeks 

Response criteria Animal performance, Liver, plasma content: Cu and ceruloplasmine 

Results Several metabolic indicators of Cu deficiency differed between the groups at week 16 (p<0.01). The haematocrit and haemoglobin concentrations of the -Cu group were 67 and 
71%, respectively, of those of the +Cu group. Liver and plasma Cu concentrations in -Cu group were only 13 and 3%, respectively, of those of the +Cu group. The plasma 

ceruloplasmin activity in the +Cu group was about 40 times that of the -Cu group. Findings support the conclusion that Cu deficiency does not affect body taurine status. 

 

Study code 54756 

Year 2009 

Animal Category  10. Other categories : Holtzman rats 

Nº treatments (replicates/ treatment) 2 treatments (3 replicates of 4-5 animals) 

Diet Background Analysed 0.33 mg Cu/kg 

Units’ basis of diets and/or results Diet - Other : not specified, Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments 1) Copper-deficient (CuD) with low-copper drinking water, 2) copper adequate(CuA) (0.33 mg Cu/kg) with copper-supplemented drinking water (20 mg Cu/L) 

Response criteria Animal performance Liver content, Other : Blood cells, blood enzymes 

Results No differences in body weight because of dietary copper restriction. Also a marked reduction in liver copper concentration and a significant elevation in liver iron concentration 
were consistent with frank copper deficiency. 
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Study code 58920 

Year 1980 

Animal Category  10. Other categories : inbred strain WAG/Cbp male rats 

Nº treatments (replicates/ treatment) 12 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results   

Factors affecting// combinations Interaction Cu-Mo 

Composition Diets/treatments To each of three different levels of dietary Cu (mg/kg; deficient 1.5, adequate 6.0, excess 25.0) Mo was added at four different dietary concentrations (mg/kg): 0, 50, 150 and 

500.Duration 6 weeks. 

Response criteria Liver, kidney, serum, and plasma content 

Results Mo increased the Cu concentration of blood, plasma, liver and kidney and the Mo concentration of liver and kidney. When compared to Cu-adequate rats the effect of Mo on 
the Cu distribution was reduced both by Cu deficiency and Cu excess. This decreased effect of Mo was explained by reduced uptake or retention of Mo in the body as observed 

in the liver and kidney. 

 

Study code 58433 

Year 1985 

Animal Category  10. Other categories : male Fischer rats 

Nº treatments (replicates/ treatment) 6 treatments (8-9 replicates per treatment) 

Diet Background Analysed 7.6 ppm 

Units’ basis of diets and/or results Diet - Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose Dietary factors. Protein. Others factors: Age 

Composition Diets/treatments Factorial 2x3. A) 2Diet: Normal and high protein (16 and 32% respectively). B) 3 age groups (1-month-old (young), 13-month-olds (mature), and 25-month (old)).Duration 30 
days. 

Response criteria Liver, kidney, spleen, lung, and heart content 

Results Spleen copper concentrations decreased with maturity but were not affected by dietary protein level. Age, dietary protein and age x protein interaction affected spleen iron 

concentrations. Splenic iron was increased significantly only in mature and aged rats fed the normal protein diet. High protein-fed aged rats had decreased splenic zinc. High 

protein reeding increased renal zinc in the young and aged rats compared to normal protein feeding. At both protein levels, liver iron increased in the mature rats. Upon aging, 

zinc levels in the heart increased in the normal protein group and decreased in the high protein group. A significant interaction between age and protein was observed on heart 

zinc. Thus, the concentrations of tissue trace minerals are affected by age, dietary protein and protein x age interaction in young, mature and aged male rats. 
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Study code 58310 

Year 1986 

Animal Category  10. Other categories : male Long-Evans rats 

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments 1) Group L was fed a diet with low added Cu (2.5 ppm), 2) Group M a diet with adequate Cu (5.0 ppm), 3) Group H a diet with high Cu (10.0 ppm), 4) Group X a diet with 

very high Cu (20.0 ppm).Three test meals labelled with stable 65Cu were fed at d 10, 40 and 50. Duration 60 days. 

Response criteria Liver, plasma, heart and faecal content 

Results Rats in all groups were in positive Cu balance throughout the study. After consuming the experimental diets for 10 d, rats eating 10 or 20 µg Cu/g diet showed a more positive 
Cu balance than did rats in the other groups. This trend continued until d 60. For rats eating 20 ng Cu/g diet, balance varied significantly over time. Three test meals labelled 

with stable 65Cu were fed at d 10, 40 and 50, respectively. Apparent Cu absorption, as determined by faecal monitoring of 65Cu, did not change appreciably over time for rats 

eating 2.5 or 5.0 µg Cu/g diet. A test meal labelled with radioactive 67Cu was fed at d 40. For rats eating 2.5 µg Cu/g diet, apparent absorption was higher (31%) than that for all 
other groups (5.0, 23 %; 10, 19%; 20, 16%; p <0.05). Absorption values determined by whole-body retention of 67Cu were similar to those determined by faecal monitoring of 
65Cu. 

 

Study code 64688 

Year 1997 

Animal Category  10. Other categories : male Long-Evans rats 

Nº treatments (replicates/ treatment) 3 treatments (5, 6, or 7 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: Cu-Fe  

Composition Diets/treatments 1) Control, (6 µg Cu/g and 40 µg Fe/g), 2) copper-deficient, Cu- (0.9 Cu µg/g and 40 µg Fe/g), 3) iron-deficient, Fe- (6 µg Cu/g and 4 µg Fe/g). Duration 6 weeks. 

Response criteria Animal performance, Liver and bone content, breaking strength Other : Bone parameters 

Results Rats fed copper-deficient diets did exhibit the usual signs of copper deficiency such as increased heart: body weight, decreased liver copper but increased liver iron levels. 
Copper deficient rats had reduced haematocrits compared to controls. Rats fed iron deficient diets had lower haematocrits as compared to the controls and liver iron levels were 

also significantly reduced compared to the other two groups. Results demonstrate that in rats fed both the copper and iron restricted diets, the breaking strength was 

significantly decreased in both femurs. Lower levels of iron and copper were observed in the livers of the respected trace element restricted groups, and femur iron and copper 
were depressed in both of these groups as well. Femur Cu:Zn was decreased in the copper deficient group and femur zinc levels were elevated in the iron deficient group. 
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Study code 55513 

Year 2005 

Animal Category  10. Other categories : male Long-Evans rats 

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 1) Control: adequate Cu (6 mg/kg) and Fe (35 mg/kg), 2) -Cu: deficient Cu (0.5mg/kg) adequate Fe(35 mg/kg), 3) +Fe: adequate Cu (6 mg/kg) and an overload Fe (1500 

mg/kg)4) -Cu/+Fe: deficient Cu(0.5mg/kg) and a Fe overload (1500 mg/kg). Duration 4 weeks. 

Response criteria Liver and Plasma content, Other : Enzyme activity 

Results Liver Cu and Fe concentrations responded as expected to changes in their respective dietary levels, Cu concentration being decreased by Cu deficiency and Fe concentration 

being increased by Fe overload. Plasma Cu concentration decreased in Cu deficiency. Plasma Fe concentration was decreased in Cu deficiency but not affected by Fe overload. 
Liver and plasma Cu content and liver Cu/Zn-SOD activity declined with Cu deficiency and liver Fe increased with Fe overload, confirming the experimental dietary model. 

 

Study code 58842 

Year 1981 

Animal Category  10. Other categories : Male Sprague-Dawley 

Nº treatments (replicates/ treatment) 2 treatments (7-8 replicates per treatment). 

Diet Background Analysed 6.2 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Interactions: Sn- Cu  

Composition Diets/treatments 1) test group (206 mg Sn/kg) (n = 7) 2) control group (1 mg Sn/kg) (n = 8). Duration 22 days. 

Response criteria Liver, kidney, bone (tibia), and faecal content. 

Results The copper nutritional status, as indicated by kidney- and liver copper levels, of rats fed tin was depressed in this study. The addition of tin to the diet did not significantly 

affect faecal excretion of copper. Thus the effect of tin on the copper status of the rats may not have been caused by impaired absorption of copper. However, some coprophagy 

can occur even when rats are housed in wire-bottomed cages. Further studies need to be done with animals that do not practice coprophagy. The addition of even moderate (206 

mg/kg) amounts of tin to the diet had an adverse effect on the zinc and copper nutritional status. It would be worthwhile to investigate whether the addition of more zinc and 

copper to the diets would overcome the adverse effects of dietary tin. 
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Study code 56904 

Year 1996 

Animal Category  10. Other categories : Male Sprague Dawley rats 

Nº treatments (replicates/ treatment) 2 treatments (8 replicates per treatment) 

Diet Background Analysed 15.7 mg/kg 

Units’ basis of diets and/or results Diet - Other : Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Interactions Sulphide-Cu 

Composition Diets/treatments Control diet and high sulphide diet (addition of 500 mg S2-/kg diet). Duration: 14 days 

Response criteria True absorption, liver, kidney, urine, bile and, plasma content 

Results The high-sulphide diet had no effect on feed intake, bodyweight gain or weight of liver and kidney but significantly reduced Cu concentrations in plasma and kidney. Biliary 

Cu excretion was decreased significantly in rats fed on the high sulphide diet. Apparent Cu absorption (Cu intake-faecal Cu) and true Cu absorption (Cu intake-(faecal Cu-

biliary Cu)) were significantly lowered after sulphide feeding for 2 weeks. Rats fed on the high-sulphide diet excreted less Cu in urine than did the controls. We conclude that 
high sulphide intake reduces Cu status in rats through inhibition of Cu absorption which is reflected by a decrease in biliary Cu excretion as a secondary feature. In conclusion, 

the feeding of the high-sulphide diet to rats inhibited intestinal Cu absorption which led to reduced Cu concentrations in plasma and kidney and depressed rates of biliary and 

urinary Cu excretion 

 

Study code 56130 

Year 2002 

Animal Category  10. Other categories : male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 4 treatments (9 replicates per treatment)  

Diet Background Analysed 5.7mg/kg 

Units’ basis of diets and/or results Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments Control diet (5.7 mg Cu/kg diet) or no copper added (Cu 1.1 mg Cu/kg diet).At the end of the initial feeding period, half of the rats in each diet treatment were assigned to 

either suspension (TS) or ambulatory (AMB) groups. 

Response criteria Liver and bone content 

Results Copper depletion was evidenced before suspension by a significant reduction supported by diminished (p<0.001) liver copper at the end of the study. The Cu diet lowered L5 
copper content (p<0.01) as expected, as well as decreasing the iron content (p<0.05) and increasing the zinc content (p<0.05).We conclude that copper depletion has a more 

detrimental effect on the unloaded femur and vertebra compared with the normally loaded humerus. However, the effects of copper depletion on bone metabolism and bone 

mechanical properties in the mature skeleton warrant further investigation. 
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Study code 57906 

Year 1989 

Animal Category  10. Other categories : male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 8 treatments (5 replicates per treatment) 

Diet Background Estimated7 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors: Casein-Interactions: Casein-Cu-Pb 

Composition Diets/treatments 1) Diet containing 21% casein, 2) Diet containing 10% casein and an equivalent amount of starch to replace casein.After 15 days of acclimatization to diets, the animals were 

subdivided into four subgroups of five animals each:1) drinking water ad libitum; 2), 100 ppm lead as lead acetate in drinking water; 3) 100 ppm copper as copper sulphate in 

diet; and 4) both lead and copper as described above, for 30 days. Duration 45 days. 

Response criteria Liver, kidney and brain content 

Results The increase in brain-copper concentration upon co-exposure seems to indicate that lead increases the passage of copper through blood-brain barrier. The present study suggests 
that a combined exposure to lead and copper increased lead toxicity in young rats fed a low-protein diet. High dietary protein appeared to alleviate many of these synergistic 

effects. It can be concluded that malnourished children exposed simultaneously to multimetals may therefore be more susceptible to deleterious effects of neurotoxic metals. 

The simultaneous supplementation of copper (100 ppm in diet) reduced some of the lead-induced alterations and body uptake of lead more efficiently in animals fed a normal 
diet than in those fed a protein-deficient diet, which shows that the beneficial effects of copper in lead toxicity are adversely affected by low dietary protein. 

 

Study code 57937 

Year 1989 

Animal Category  10. Other categories : male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 12 treatments (8 replicates per treatment) 

Diet Background Analysed 0.65 mg/kg 

Units’ basis of diets and/or results Diet - Other : Not specified. Results - Other : Not specified 

Factors affecting// combinations Dietary factors: Carbohydrates source. Supplementation dose u 

Composition Diets/treatments The experimental design of the study was a 2x2x3 analysis of variance: two types of carbohydrate (fructose, corn starch), two modes of copper delivery (orally or 
subcutaneously) and three different extrinsic copper levels (0, 1.5 or 3 mg/ kg diet or 0, 11.25 or 22.5 mg Cu/d by injection). Duration 5 weeks. 

Response criteria Animal performance, Liver, pancreas, and heart content. Plasma content: Cu and ceruloplasmin. 

Results In the rats fed fructose, direct indicators of copper status such as plasma copper and tissue Superoxide dismutase activity were increased to a much greater extent when copper 

was supplied subcutaneously rather than orally as part of the diet. In the starch-fed rats the effect of the mode of copper delivery on the levels of these indices was usually not 

significantly different. As a result, the feeding of fructose as compared to starch produced lower levels of direct indicators of copper status when copper was supplied in the diet 



 Extensive Literature Search on the bioavailability of trace elements Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

222 

but not subcutaneously. It appears that ingestion of fructose as compared to starch increases the requirement for copper and that the mode of copper administration that 
circumvents the gastrointestinal tract attenuates the fructose-copper interaction. Thus, the fructose-copper interaction occurs either during intestinal digestion and absorption, 

hepatic uptake of copper via the portal blood or its hepatic utilization. 

 

Study code 58110 

Year 1988 

Animal Category  10. Other categories : Male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 6 treatments (5/6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Interactions: Fe-Cu-ascorbic acid 

Composition Diets/treatments The experimental diets varied in their level of Cu (0.42 or 5.74 µg Cu/g diet, deficient and adequate, respectively), Fe (38 or 191 µg Fe/g diet, moderate and high, respectively), 

and ascorbic acid (0 or 1% of the diet, low or high, respectively). Duration 21 days. 

Response criteria Ceruloplasmin, liver, plasma, heart and faecal content. 

Results High Fe decreased (p <0.05) Cu absorption only in Cu-deficient rats. High ascorbic acid significantly decreased tissue Cu levels in Cu adequate rats. High Fe with ascorbic acid 

caused severe anaemia in Cu-deficient rats and decreased plasma ceruloplasmin by 44% in Cu-adequate rats. Cu/Zn-SOD activity in erythrocytes was decreased (p<0.05) by 
14% during Cu deficiency but was not affected by Fe or ascorbic acid. These results may be important to individuals with high intakes of Fe and ascorbic acid. 

 

Study code 58573 

Year 1984 

Animal Category  10. Other categories : male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) Exp1: 1 treatment;Exp2:4 treatments (20 replicates per treatment) 

Diet Background Analysed 0.53/0.54/0.55 ppm 

Units’ basis of diets and/or results Diet - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments Exp 1; low copper basal diet (0.54 ppm) and deionized water ad libitum. Duration 42 days.  

Exp 2; The rats were fed the low copper basal diet (0.54ppm) for 28 days and then transferred to the test diets containing 0, 1, 2 and 3 ppm of copper from copper carbonate for 
7 or 14 days. 

Response criteria Liver and serum content 

Results Statistical analyses of serum and liver copper by using the slope-ratio bioassay were performed to determine the relative potency of the test products to the copper carbonate 
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standard. The results from four feeding experiments indicate that 1) hypocupremia was produced by feeding a low copper basal diet to weanling rats after 28 days, 2) the time 
required to replete serum and liver copper was 7 days and 3) copper was available equally from isolated soybean protein and copper carbonate. 

 

Study code 65152 

Year 1992 

Animal Category  10. Other categories : male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) Exp 1: 2 treatments (11 replicates per treatment).  

Exp 2: 2 treatments (30 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose.  

Composition Diets/treatments Exp1: short-term severe deficiency (1 month), 1) CuD: Diet Cu deficient (<0.5 mg Cu/kg)2) CuA: Cu adequate Diet (5 mg Cu/kg).  

Exp2: long-term marginal deficiency (5 month)1) CuA: Cu adequate Diet(5 mg Cu/kg), 2) CuM: Cu marginally deficient in Cu (1 mg Cu/kg) 

Response criteria Liver and heart content. Plasma content: ceruloplasmin. 

Results Organ elements affected similarly (i.e., in proportion to degree of Cu deprivation) by CuM and CuD diets were liver Cu and Zn and heart Cu, Zn, Mn, and P. Responses to the 
CuM diet not predicted by feeding of the short-term CuD diet included a time-dependent exaggeration of the increase in liver Fe and decreases in liver Mn and heart Ca and Na. 

Growth inhibition seen with the CuD diet was not seen with the CuM diet. Heart weight and haematocrit, which were severely altered in CuD rats, were near control values in 

CuM rats, though still significantly different from those of CuA rats. In CuM rats, change in percent heart water was opposite to that of CuD rats. These findings indicate that 

care must be used in extrapolating data from severely deficient animals to marginally deficient animals. Differences in affected variables from marginally Cu-deficient animals 

may at best be reduced, but they could also be eliminated, exaggerated, or even reversed relative to those of severely deficient animals. 

 

Study code 56209 

Year 2001 

Animal Category  10. Other categories : Male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 2 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Interactions As-Cu 

Composition Diets/treatments 1) Control diet, 2) Control diet + 100mg As/kg. Duration 2 weeks 

Response criteria Animal performance. Liver, kidney, urine, bile, and plasma content 
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Results Arsenic feeding decreased plasma copper concentration, but markedly increased kidney copper concentration. High intakes of arsenic could primarily cause copper 
accumulation in the renal cortex. Arsenic feeding may have had a toxic effect so that feed intake and true copper absorption became depressed, which, in turn, led to 

significantly decreased copper concentrations in plasma and a tendency toward lower liver copper concentrations. Because biliary copper excretion is determined by hepatic 

copper concentration, biliary copper excretion was diminished in the rats fed the high-arsenic diet as a secondary feature. Direct evidence can be obtained only by studying the 
time-course of copper metabolism in rats fed a high-arsenic diet. To identify specific effects of arsenic, the use of a pair-feeding or restricted-feeding regimen would be 

essential. True copper absorption was lowered essentially through the lower copper intake in the rats fed arsenic. It is speculated that arsenic feeding primarily leads to copper 

accumulation in the kidney, followed by a decrease in feed intake and thus in true, absolute copper absorption, a decrease in plasma copper concentration, and a decrease in 
biliary copper excretion. 

 

Study code 60992 

Year 2001 

Animal Category  10. Other categories : Male weanling Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 9 treatments (8 replicates per treatment) 

Diet Background Analysed 1.06 mg Cu/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Interactions As-Cu 

Composition Diets/treatments 3x3 factorial arrangement; A) Arsenic (supplemented as As2O3 at 0, 0.5, or 50 mg/kg) and B) copper (supplemented as cupric carbonate at 1, 6, or 25 mg/kg). Duration 62 days. 

Response criteria Animal performance, Liver, kidney, and plasma content: ceruloplasmin 

Results The results confirm earlier findings showing that high dietary arsenic causes a marked accumulation of copper in the kidney of rats. Additionally, the results suggest that high 

dietary arsenic can exacerbate signs of copper deficiency. For example, heart weight/body weight ratio and the concentration of liver iron were increased by copper deprivation, 
and both parameters were further increased in rats fed 50 mg arsenic/g diet. Also, in rats fed high dietary arsenic, ceruloplasmin was markedly decreased in rats fed 1 or 6 mg 

copper/g diet compared to rats fed 25 mg copper/g. The mechanism for the apparent exacerbation of copper deficiency by high arsenic is not known 

 

Study code 55339 

Year 2005 

Animal Category  10. Other categories : Male Wistar rats 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Estimated7 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) and Fresh matter (FM) 

Factors affecting// combinations Other factors: Age 

Composition Diets/treatments Same diet for 4 group of different ages (9, 22, 44, 88 weeks). Duration 30 days 
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Response criteria Liver, bone, urine, and plasma content 

Results Our results showed that aged rats exhibited less efficient intestinal absorption and retention of Cu. 65Cu absorption ranged from 17.7% in the adult rats to 14.2% in the old rats 
but the difference did not reach the significance. 65Cu absorption also only tended to correlate negatively with rat age. Only few, if any, incomplete studies have reported an age 

effect on Cu absorption and the results were inconsistent. In our study, there was a clear significant age-related increase in serum Cu level. In conclusion, our results clearly 

confirmed that intestinal absorption of Ca and Zn declined considerably with age and that of Cu remained unchanged. 

 

Study code 55429 

Year 2006 

Animal Category  10. Other categories : Male Wistar rats 

Nº treatments (replicates/ treatment) 8 treatments (10 replicates per treatment) 

Diet Background Estimated7 mg Cu/kg diet 

Units’ basis of diets and/or results - 

Factors affecting// combinations Dietary factors: inulin. Other factors: Age 

Composition Diets/treatments Factorial 2x4; A) Age (2, 5, 10, or 20 month) and B) 2 diet: control and inulin (3.75%for the first 4 days and 7.5% until the end). Duration 30 days. 

Response criteria Animal performance. Liver, bone, urine, faecal and plasma content 

Results Absorption of Zn67 and Cu65 was significantly lower in 11- and 21-mo-old rats than in 3- and 6 month-old-rats. Moreover, inulin intake significantly increased Zn67 and Cu65 

absorption. In conclusion, age and dietary inulin intake can significantly affect intestinal absorption of zinc and copper in rats. Further studies are required to explore this effect 

over longer periods of inulin intake and to test the effects of inulin in humans. In conclusion, our results showed clearly that older rats (11 and 21 months) absorb less Zn and 
Cu than younger rats (6 months and 3 months) and that inulin intake stimulate intestinal absorption of both Zn and Cu. Further studies are required to explore this effect with 

longer periods of inulin intake and to validate these results on the stimulatory effect of inulin on Zn and Cu absorption in the elderly. 

 

Study code 56081 

Year 2002 

Animal Category  10. Other categories : male Wistar rats 

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet -: Not applicable (drinking water), Results - Fresh matter (FM) 

Factors affecting// combinations Dietary factors: AMV drinking water 

Composition Diets/treatments 1) C: control group received plain drinking water.2) AMV: drinking water were given 0.14 g/L Ammonium metavanadate (AMV)(1.2 mM), 3) BMOV: drinking water was 
given 0.38 g/L Bis(maltolato) oxovanadium(IV) (BMOV) (1.2mM), 4) VS: drinking water was given 0.26 g/L vanadyl sulphate trihydrate (VS) (1.2 mM).Duration: 12 weeks 
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Response criteria Liver, kidney, bone, and muscle content 

Results These results show that neither complexation (AMV, VS, or BMOV) nor oxidation state had effects on the Cu concentration in bone, kidney, muscle and liver. 

 

Study code 56369 

Year 2000 

Animal Category  10. Other categories : Male Wistar rats 

Nº treatments (replicates/ treatment) 3 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other: Not specified 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Control diet (control group) (0.61mg/kg), 2) Control diet without Cu (Cu-deficient group)(7.4mg/kg), 3) Control diet supplemented with Cu (Cu-supplemented 

group)(35.0mg/kg). Duration 3 weeks. 

Response criteria Urine, plasma, faecal, and serum content: diamine oxidase, plasma caeruloplasmin 

Results Results showed that plasma Cu and plasma caeruloplasmin were significantly decreased at day 8 compared with the control group (7.4mg Cu/kg diet) while DAO activity was 

significantly decreased at day 12 of the deficient diet (0.61 mg Cu/kg diet). Cu supplementation (35 mg Cu/kg diet) had no effect on any of the studied biomarkers of Cu status.  
In Cu-deficient rats plasma Cu and DAO activities were normalized 4 d after return to the control diet while caeruloplasmin was normalized later, at day 11. Apparent 

absorption values (%) of total Cu or 65Cu isotope were significantly increased in the Cu-deficient rats compared with the other groups and similar in the control and the Cu-

supplemented groups. The urinary excretion of total Cu or 65Cu isotope was increased in the Cu-supplemented group compared with the other two groups. Both apparent 
absorption and urinary excretion of total Zn or 67Zn isotope remained unchanged in the three experimental groups. In conclusion, the plasma biomarkers of Cu status studied in 

the present work were affected more or less rapidly by low Cu intake and restored by return to control diet. Among these biomarkers, DAO activity was shown to react less 

rapidly to Cu deficiency than plasma Cu or caeruloplasmin concentrations. Further studies are still necessary to assess the sensitivity and specificity of DAO as a biomarker of 
Cu status. The present study also showed a significant increase in Cu intestinal absorption with dietary Cu restriction but no decrease with Cu supplementation in the rat. 

 

Study code 56647 

Year 1998 

Animal Category  10. Other categories : male Wistar rats 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Dry matter (DM) 

Factors affecting// combinations Fe overdose-C content 
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Composition Diets/treatments 1) Control group2) Iron overload produced by iron supplemented diet (supplemented with 3% (w/w) carbonyl iron).3) Iron overload produced by polymaltose iron every 3-4 
days intra peritoneal injection4) Iron overload produced by polymaltose iron every 3-4 days intra venous injection Duration: 5 months. 

Response criteria Liver and Spleen content 

Results Iron overload in rats, regardless of the route of its application, resulted in an increase not only of iron but also of zinc and manganese in the liver and the spleen, whereas the 

content of these metals in the brain did not change. The copper content of the liver, spleen, and brain remained the same after iron overload. The increase of zinc and 

manganese in the liver and spleen following iron overload was probably a result not only of increased intestinal absorption but also of increased uptake from the cell. This is 
also supported by the fact that no increase in the zinc and manganese concentrations occurred in the brain since, despite iron overload, the iron content remained constant. 

 

Study code 57124 

Year 1995 

Animal Category  10. Other categories : Male Wistar rats 

Nº treatments (replicates/ treatment) 2 treatments (12 replicates per treatment) 

Diet Background Analysed 15.7mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Interaction Sn-Cu  

Composition Diets/treatments 1) Control diet2) High-Sn diet containing 100 mg added Sn/kg. Duration 28 days 

Response criteria Animal performance, liver, kidney, urine, and plasma content 

Results The high-Sn diet had no effect on feed intake, body-weight gain or weight of liver and kidney but significantly reduced Cu concentrations in plasma, liver and kidney. Biliary 

Cu excretion was decreased significantly in rats fed on the high-Sn diet. Apparent Cu absorption (Cu intake - faecal Cu) was not affected by the high-Sn diet, but the estimate 
of true Cu absorption (Cu intake - (faecal Cu - biliary Cu)) was significantly reduced. We conclude that high Sn intake reduces Cu status in rats through inhibition of Cu 

absorption. The decreased biliary Cu excretion observed on the high-Sn diet is a result of the reduced Cu absorption. High Sn intake reduces Cu status in rats by inhibiting Cu 

absorption which is followed by decreased excretion of Cu in bile. This hypothesis could be tested by infusing Sn intravenously which, if our hypothesis is correct, would not 
affect biliary Cu excretion. 

 

Study code 57267 

Year 1994 

Animal Category  10. Other categories : Male Wistar rats 

Nº treatments (replicates/ treatment) 3 treatments (15 replicates per treatment) 

Diet Background 8.1 mg/kg 

Units’ basis of diets and/or results Diet - Other: not specified, Results - Dry matter (DM) 
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Factors affecting// combinations Interaction: Fe-Cu 

Composition Diets/treatments One group remained on the diet containing 40 mg Fe/kg, and the other groups were transferred to the diets containing either 7 or 389 mg Fe/kg. Duration 6 weeks. 

Response criteria Animal performance, Liver, kidney, spleen, bone, bile, heart, and plasma content: Cu and ceruloplasmin,  

Results Fe intakes reduced apparent absorption and biliary excretion of Cu in a dose-dependent fashion. In individual rats, biliary Cu excretion showed a significant, positive 

correlation with Liver Cu concentration. It is concluded that increased Fe intakes depress Cu absorption which produces a decrease in plasma and organ Cu concentrations. As a 
result, biliary Cu excretion is lowered which contributes to achieving Cu balance at high Fe intakes. Because the concentrations of Cu in plasma and bile, and also plasma 

ceruloplasmin activities, showed much greater percentage reductions with increasing Fe intake than did the concentrations of Cu in organs, it is possible that increased Fe status 

interferes with the mobilization of Cu stores. 

 

Study code 57281 

Year 1994 

Animal Category  10. Other categories : male Wistar rats 

Nº treatments (replicates/ treatment) 3 treatments (8 replicates per treatment) 

Diet Background 5.1 mg/kg 

Units’ basis of diets and/or results Diet - Not specified 

Factors affecting// combinations Interactions: Ascorbic acid-Cu 

Composition Diets/treatments 1) Control, 2) Control+10.5 g/kg ascorbic acid since 0 day, 3) Control+10.5 g/kg ascorbic acid since 37 day. Duration 42days 

Response criteria Animal performance, liver, kidney, spleen, plasma, heart, and muscle content, faecal, digesta in small intestine 

Results Ascorbic acid depressed tissue Cu concentrations after a feeding period of 42, but not after 6 d. Dietary ascorbic acid lowered apparent Cu absorption after 6, but not after 42 d. 

The lowering of tissue Cu concentrations after long-term ascorbic acid feeding may have increased the efficiency of Cu absorption, and thus counteracted the inhibitory effect 

of ascorbic acid. Dietary ascorbic acid caused a significant decrease in the Cu concentrations in the liquid phase of both the proximal and distal parts of the small intestinal 
lumen. This effect was due to both a decrease in the amount of Cu in the liquid digesta and an increase in the volume of the liquid phase; only the latter effect for the distal 

intestine was statistically significant. We conclude that ascorbic acid supplementation lowers Cu absorption by decreasing the concentration of soluble Cu in the small intestine. 

 

Study code 58378 

Year 1985 

Animal Category  10. Other categories : male Wistar rats 

Nº treatments (replicates/ treatment) 2 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 
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Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Control 10-20mg/kg Cu, 2) Supplemented with 3 g/kg Cu. Duration 15 weeks. 

Response criteria Kidney and urine content 

Results Kidney copper concentration rose (mean + SEM, µg Cu/g) to 4238.0± 475 at 4 weeks (control 59±10) and remained unchanged to 15 weeks. Urinary copper output rose (m ± 

SEM, µg Cu/h) to 4.3±0.36 (control 0.3±0.04) at 4 weeks; it peaked temporarily 10.9±2.5, p<0.05, at 5 weeks and subsequently fell to 4.I± 0.75 at 6 weeks and thereafter. 
Histochemically demonstrable copper accumulated in the renal proximal convoluted tubules up to 4 weeks during which it was excreted into the lumen by exocytosis and 

cellular exfoliation. Widespread sloughing of necrotic copper-containing tubule cells became marked at 5 weeks but declined subsequently as regeneration occurred. Urinary 

copper output reflects the changes in kidney copper turnover and is apparently derived from this source. Renal tubular excretion of copper probably serves a protective function 

in the copper-loaded rat. 

 

Study code 58572 

Year 1984 

Animal Category  10. Other categories : mice 

Nº treatments (replicates/ treatment) 4 treatments (50 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Mice were given a subcutaneous injection of NaCl, FeCl2 or CuCl2 providing 50 µg of Na, Fe or Cu, respectively, when 7 days old and were killed 5 days later. 

Response criteria Liver and brain content 

Results Furthermore, liver and brain copper levels did not rise to normal levels despite significant improvements. Similarly, brain norepinephrine levels rose, but were still below 

normal. Brindled mice do not respond to copper therapy to the same degree as do -Cu mice. Iron therapy was successful in reversing the anaemia of -Cu mice but was without 
effect on growth or brain development. 

 

Study code 58627 

Year 1983 

Animal Category  10. Other categories : mice 

Nº treatments (replicates/ treatment) 4 treatments (75 replicates per treatment)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet – Other. Results - Dry matter (DM) 

Factors affecting// combinations Interaction: Cu- Fe 
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Composition Diets/treatments Hemizygous brindled males (Mobr/y) and their normal broth brothers (Mo+/y) were obtained from matings of heterozygous females (Mobr/+) with normal males in C57BL 
mice. Copper-supplemented ( + Cu) offspring were derived from normal dams fed the - Cu diet but given cupric sulphate in the drinking water (20 ppm Cu).  

Response criteria Animal performance. Brain, liver, kidney, spleen, thymus and heart content 

Results Cu levels were decreased in all -Cu mouse tissues studied, whereas Fe levels tended to be unaltered. Mobr/y mice also exhibited lower tissue Cu levels in soft tissues, except for 

kidney and small intestine; however, Cu levels in Mobr/y mice were greater than in -Cu mice. Functional copper deficiency was demonstrated in -Cu tissues by decreases in 

cytochrome c oxidase (CO) and cuprozinc-superoxide dismutase (SOD). The magnitude of the change was tissue specific. Mobr/y tissues, which were low in Cu, also exhibited 
decreased SOD and CO activity. However, the drop in Mobr/y tissue was less than in -Cu tissue. This was most pronounced in bone marrow, where both CO and SOD were 

four times higher in Mobr/y than in -Cu mice. Both Mobr/y and -Cu mice had low serum ceruloplasmin activities. The presence of anaemia in -Cu mice and the absence of 

anaemia in Mobr/y mice may result from a more severe copper-deficient state in erythropoietic tissues in -Cu mice rather than from differences in ceruloplasmin activity. 

 

Study code 55638 

Year 2005 

Animal Category  10. Other categories : new-born Sprague-Dawley 

Nº treatments (replicates/ treatment) 3 treatments (16 pregnant animals).- 

Diet Background 13 µg/g 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 0, 10, or 25 g Cu/day as CuSO4 in 10% sucrose solution by oral gavage during the suckling period and weaned to a standard diet containing 13 g/g Cu. Duration 10 days 

postnatal. 

Response criteria Animal performance, kidney, spleen, brain, intestine and serum content: Cu, ceruloplasmin. 

Results Total 67Cu absorption decreased, and intestinal 67Cu retention increased with increased Cu intake. At day 10, intestine Cu concentration, MT mRNA, and Ctr1 protein levels 
increased with supplementation, but no changes in Atp7A or Atp7B levels were observed. At day 20, intestine Cu concentration was unaffected by Cu supplementation, but 

Ctr1 protein and Atp7A mRNA and protein levels were higher than in controls. In liver, Cu level reflected Cu intake at days 10 and 20. There was a significant increase in Ctr1, 

Atp7B, and MT mRNA expression in liver at both ages with Cu supplementation. In conclusion, the ability of suckling rat pups to tolerate varying amounts of dietary Cu may 
be due to changes in Cu transporters, facilitated by transcriptional and posttranslational mechanisms. Despite these adaptive changes, Cu supplementation resulted in elevated 

alanine aminotransferase levels, suggesting a risk of Cu toxicity with supplementation during infancy. 

 

Study code 58655 

Year 1983 

Animal Category  10. Other categories : pregnant rats 

Nº treatments (replicates/ treatment) 3 treatments (8, 5 and 7 virgin female rats per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interaction: Cu-Zn 

Composition Diets/treatments 20 Virgin female Sprague-Dawley rats were fed from mating to term (per gram diet): 1) a control diet (10 µg copper, 100 µg zinc) (n=8), 2) a copper-deficient diet (0.7 µg 
copper, 100 µg zinc)(n=5), 3) a zinc-deficient diet (10 µg copper; 0.7 µg zinc) (n=7).On day 21 of gestation, the females were killed by overexposure to ether. 

Response criteria Liver, kidney, plasma, placenta and uterus content 

Results Copper concentration in the foetuses of copper-deficient dams was 30% of that of controls, but the size and number of live foetuses was unaffected. The zinc concentration of 

the zinc-deficient foetuses was 78% of that of the controls, and both the size and number of live foetuses were considerably lower than normal. Accumulation of copper in the 

products of conception may be accounted for by dietary copper intake, whereas accumulation of zinc in foetuses of zinc-deficient females is dependent in part on catabolism of 

maternal tissues. 

 

Study code 58850 

Year 1981 

Animal Category  10. Other categories : rat 

Nº treatments (replicates/ treatment) Radiolabelling study 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Radiolabelling study 

Composition Diets/treatments Most of the experimental work was done with new-born, random-bred Wistar-Porton rats, from 1st or 2nd litters that were culled to eight at 2 d post partum. Newborn animals 

were nursed by their mothers and weaned at 21 d of age. Neonatal rats (5-d-old), that were dosed with L-[36S]cystine (1 µCi/anirnal) and L-[4,5-3H]leucine (10 µCi/animal) 
before removal of the gastrointestinal tracts, were the same as those used previously for the isolation of hepatic metallothionein 

Response criteria Pancreas content 

Results The concentration of copper in the rat intestine was found to increase rapidly after birth to a maximum greater than 140 µg/g wet weight at 2 d of age and then to decline, at 

first slowly to 90 µg/g wet weight on day thirteen and then rapidly to 40 µg/g and 3.4 µg/g wet weight on the 15th and 19th day respectively. The intestinal concentration of Zn, 
which doubled between 1 d prepartum and 2 d postpartum, also fell slowly until 10 d of age, but thereafter remained constant. 2. From the 2nd to the 15th day postpartum 

approximately 60% of the total Cu and 50% of the total zinc in the intestine was located in the soluble fraction of the tissue. Most of the Zn in this fraction was bound by 

proteins of molecular weights greater than 13700 daltons, whereas most of the Cu was present as an extremely polydisperse complex of lower molecular weight. This complex 
in the intestine of the 5-d-old rat, in contrast with the soluble proteins of higher molecular weight, did not incorporate either 3H or 35S within 4 h of the administration of L-[4,5-
3H]leucine and L-[35S]cystine. 3. The loss of Cu from the intestine between the 13th and 15th day of post-natal age occurred mainly from this complex and was accompanied by 

the transient appearance of Cu in a fraction of low molecular weight. 4. At 21 d of age the soluble fraction of the intestine contained only a small amount of Cu. This was 
distributed between two protein fractions, one of which contained Zn and appeared to be a metallothionein. 5. The results are discussed in relation to the control of Zn and Cu 

absorption. 

 

Study code 55447 
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Year 2005 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Exp 1; 8 treatments (6 replicates per treatment). Exp 2; 8 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Other factors: Pesticides 

Composition Diets/treatments Exp. 1. 1) Control (CON) diet: calcium = 5000, zinc = 35, copper = 6, 2) Low calcium + low zinc (LC+Z) diet calcium = 500; zinc = 7; copper = 6, 3) Low calcium + low zinc 

+ low copper (LC+Z+C) diet: calcium =500, zinc = 7, copper = 2, 4) High zinc + high copper (HZ+C) diet: calcium = 5000, zinc = 60, copper = 12 Pesticides were added to the 
diet at 25% of LD50/kg diet. Duration = 4 weeks.  

Exp. 2. 1) Control (CON), 2) LC+Z,3) LC+Z+C, 4) HZ+C, 5) CON + Pesticides, 6) LC+Z + Pesticides, 7) LC+Z+C + Pesticides, 8) HZ+C + Pesticides. Duration = 2 weeks 

Response criteria Liver, kidney, plasma, mucosa content  

Results The LC+Z+C and HZ+C diets significantly reduced the retention of copper in the mucosa and the concentrations were 37% and 44%, respectively, less than the CON, and the 

addition of pesticides further reduced copper retention by 67% in the LC+Z+C and HZ+C groups when compared to the same diets without pesticides (p≤0.05). In the small 
intestines, both the low- and high-copper diets decreased copper retention by about 60% and 85%, respectively, compared to the CON, and the addition of pesticides did not 

alter copper retention. 

 

Study code 55480 

Year 2005 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 treatments (20 replicates per treatment) 

Diet Background 3.2-3.61 liver 

Units’ basis of diets and/or results Diet – Other. Results - Dry matter (DM) 

Factors affecting// combinations Interactions: Cu-Zn 

Composition Diets/treatments Three Zn levels, including Zn adequate (35.94 mg/kg, as a control), Zn deficiency (3.15 mg/kg), and Zn overload (347.50 mg/kg) in growing male rats for 6 weeks.. 

Response criteria Liver, kidney, pancreas, jejunum, spleen, bone (femur), and plasma content 

Results In conclusion, dietary Zn deficiency reduced body and organs weights and concentrations of Zn in tissues. Also, this caused a reduction in biochemical parameters such as ALP 
and Cu-Zn SOD activities. Contrariwise, Zn overload had a positive effect on the increase of body and organs weights and promoted the activities of ALP and Cu-Zn SOD. 

Moreover, we found that no adverse effects were seen in rats fed ZO diets, which might indicate that this diet was a truer reflection of adequate or optimal rather than overload. 

NRC is after all minimal requirements rather than optimal. Thus, the Zn overload may reflect nutrient needs rather than overdose in the diets and environment of our 
experiment. The MT contents in the liver were identical in the rats fed the ZD and ZO diets. In the end, our data have shown that MT induction was not required for the 

reduction of Cu status in rats and that the actual mechanism might involve the interaction or inhibition between Cu and Zn, and this needs to be further explored. 
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Study code 55519 

Year 2005 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Exp1; 3 treatments (5 control animal and 6 animals in 2 treatments). Exp2: 5 treatments (4 replicates per treatment) 

Diet Background 11.7 mg Cu/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Interactions: Zn-Cu 

Composition Diets/treatments Exp 1. Oral treatment:1) Controls receiving normal diet for 55 days; 2) Cu receiving 1.8 g Cu/kg solid diet for 55 days; 3) Cu-Zn receiving 1.8 g Cu/kg solid diet for 30 days 

and subsequently 1.8 g Cu and 6 g Zn/kg solid diet for 25 days. 

Exp 2. Injection: 1) Control; one intraperitoneal injection (i.p.) of NaCl 0.9% for 3 days and sacrificed 15 h after 2) Cu (15); one i.p. injection of CuSO4 (Cu 3 mg/kg) for 3 
days and sacrificed 15 h after 3) Cu (63) one i.p. injection of CuSO4 (Cu 3 mg/kg) for 3 days and sacrificed 63 h after 4) Zn one i.p. injection of ZnSO4 (Zn 10 mg/kg) for 2 

days and sacrificed 15 h after 5) Cu-Zn—receiving one i.p. injection of Cu 3 mg/kg for 3 days followed by i.p. injection of Zn 10 mg/kg for 2 days and sacrificed 15 h after 

Response criteria Liver content: homogenate and supernatant, kidney content: homogenate and supernatant, Biochemical response: SOD and enzyme in kidney, liver, intestine. Other: Intestine 
homogenate and supernatant 

Results When adult male rats were fed a diet of Cu for 55 days, the amount Cu increased significantly in the liver (about two-fold) and intestine (about five-fold), both in homogenates 

and supernatants, while no changes were observed in the content of Zn content. On the other hand, adult male rats that were fed an initial diet with Cu and subsequently 

supplemented with Zn, the amount of Cu decreased significantly with respect to the Cu-group reaching values similar to the control group. In the Cu (15) group we observed 

that the amount of Cu increased in the liver and kidney homogenates by 16- and 4-fold, respectively, whereas in supernatants this increase was eight and three times higher than 

that of controls. Similarly, in relation to the time of sacrifice, in the Cu (63) group the Cu content was about 10-fold higher only in liver homogenates. Cu treatment induced an 

increase in the hepatic and intestinal concentration of Cu of 66 and 455%, respectively, that was not associated with synthesis of metallothionein synthesis, but rather appeared 
to be related to the higher activity of SOD. Subsequent administration with Zn after dietary Cu induced an increase in the hepatic and intestinal metallothionein content of more 

twice and reduced the Cu content to control values. Thus, Zn could act as both a competitor for absorption on the luminal side of the intestinal epithelium inducing the synthesis 

of metallothionein. When Zn was administered, Cu was already deposited in tissues and thus there is no competition between two metals at the level of membrane transport. In 
this experimental model treatment with Cu alone induced liver metallothionein synthesis, and the subsequent treatment with Zn did not decrease the hepatic content of Cu. One 

explanation for these observations is that Zn induces the synthesis of metallothionein, which binds Cu for which it has a higher affinity. 

 

Study code 55765 

Year 2004 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Exp. 1.5 treatments (7 replicates per treatment). Exp. 2. 5 treatments (6 replicates per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results   

Factors affecting// combinations   

Composition Diets/treatments Exp. 1. Each group of animals was fed on a test diet containing one of five levels of Fe (5, 10, 20, 30 or 35mg/kg diet) for 3 weeks, the level of 35mg Fe/kg diet being taken as 
the standard (control) based on the AIN-93G formulation. Exp. 2. The rats were fed on the basal diet (control diet with 30mg Fe/kg diet) or on a diet containing one of four 

levels of TA; (5, 10, 15 or 20g TA/kg diet) for 3 weeks.  

Response criteria Faecal and blood content 

Results Results demonstrate that more than 10 g TA/kg diet induced anaemia by reducing the Fe absorption, although there was no effect on the absorption of other important trace 

minerals. Our findings suggest that the usual intake of polyphenols is relatively safe, but that a high intake by supplementation or by dietary habit of tannin affects only the Fe 

level. 

 

Study code 55824 

Year 2003 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 treatments (10, 11 and 14 replicates in each treatment) 

Diet Background 5.1-31.6 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other 

Factors affecting// combinations Interactions: Zn, Cu and Se 

Composition Diets/treatments Standard diet (5 mg of Cu/Kg of diet, 30 mg of Zn/Kg and 0.1 mg of Se/Kg). After analysis, the mineral content (mg/kg) was: 1) standard diet, 5.2 Cu; 34.4 Zn; 0.09 Se; 2) cow 

milk diet, 5.2 Cu; 31 Zn; 0.09 Se; 3) goat milk diet, 5.3 Cu; 31.5 Zn; 0.1 Se. Duration: 30 days 

Response criteria Liver, kidney, spleen, and bone (femur and sternum) content 

Results The copper content in the kidneys and in the femur was greater when the animals consumed a goat milk diet than a cow milk diet. Zn deposits in femur, testes, liver, kidney, 

heart and longissimus dorsi muscle were greatest with the goat-milk diet, followed by the standard diet and were lowest for the rats given cow-milk diet. This study shows that 

the goat-milk has an important and beneficial effect on the bioavailability of copper, zinc and selenium. 

 

Study code 57044 

Year 1996 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Other 
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Factors affecting// combinations Interactions: Cu-Fe 

Composition Diets/treatments Dams were fed control diets or iron-loaded diets (20 g/kg carbonyl iron) with either distilled water or copper-loaded water (350 mg/L) beginning at d 20 of pregnancy. The 
weanlings also had access to the diets and water supply and were examined at 15, 21 and 63 d of age 

Response criteria Animal performance. Brain, liver, kidney, and plasma content 

Results These results suggest that brain iron uptake mechanisms may be different when excess copper is present. Liver non-heme iron was also greater in copper-loaded rats, 

irrespective of iron status. However, kidney iron concentrations generally were not affected by dietary copper. In rats fed the copper-containing diet, the uptake of iron into 

brain and liver was significantly lower than in those fed the control diet, suggesting that copper loading can decrease iron uptake into organs. It is concluded that combined 
dietary supplementation with iron and copper can alter the metabolism of each metal. These changes are age and organ dependent. Developing rats may be very susceptible to 

these combined overload states because significant effects are seen in early adulthood. 

 

Study code 57193 

Year 1995 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 8 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results 0.6 mg/kg 

Factors affecting// combinations Dietary factors: Fat dose carbohydrate source and dose 

Composition Diets/treatments Weanling male rats were fed diets with:1) 45% fat and 20% cornstarch,2) 45% fat and 20% fructose, 3) 5% fat and 60% corn-starch, 4) 5% fat and 60% fructose for 3 weeks, 

with either sufficient (+) or deficient (-) amounts of copper (0.6 or 5.7 mg/kg). 

Response criteria Liver, kidney, and plasma content 

Results These results support the hypothesis that a high fat ingestion becomes an aggravating stress factor, which, in combination with a high-fructose intake in a copper-deficient diet, 

adversely alters key organ mineral content, with detrimental effects on copper nutritional status and intermediary metabolism. 

 

Study code 57808 

Year 1990 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 5 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other 

Factors affecting// combinations Dietary source: fructose 
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Composition Diets/treatments Weanling male rats were randomly assigned to one of five diets which contained c which was (g/kg): 1) 627 fructose (diet 100);2) 470 fructose, 157 starch (diet 75);3) 313.5 
fructose, 313.5 starch (diet 50);4) 157 fructose, 470 starch (diet 25);5) 627 starch (diet 0). Duration 2 or 5 weeks. 

Response criteria Liver, kidney, pancreas, and plasma content, blood urea content 

Results There was a significant linear inverse response of body-weight (p less than 0.0001), packed cell volume (p less than 0.0001) and erythrocyte superoxide dismutase (EC 

1.15.1.1) activity (p less than 0.008) to increasing levels of dietary fructose and a direct linear response of plasma cholesterol (P less than 0.05) and blood urea nitrogen 

concentrations (p less than 0.001) to increasing levels of dietary fructose. Liver, kidney and pancreatic Cu concentrations decreased in a dose-response manner as the level of 
dietary fructose increased. In general, if fructose was included in the diet the signs of Cu deficiency were exacerbated in a dose-response manner. 

 

Study code 58174 

Year 1987 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Exp. 1: 3 treatments (8 replicates per treatment). Exp 2: 5 treatments (6 replicates per treatment). Exp. 3: 7 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Other 

Factors affecting// combinations Interaction: Fe-Zn-Cu 

Composition Diets/treatments Exp. 1. Duration: 21 days.1) treatment C-A, control diet with adequate levels of zinc and iron; 2) treatment Fe-A, diet with excess (1530 µg Fe/g diet) iron added as iron (II) 
sulphate 3) Treatment Zn-A, diet with excess (2441µg of zinc, iron and copper in the diets were 14.6, 35.2 and 6.4 (µg /g diet, respectively. 

Exp. 2. Thirty rats were assigned to five dietary treatments in this 25-d study. Three dietary treatments were similar to those in study A. Two additional groups were fed the 

control diet throughout the study except on d 19 when they were fed one 2-g meal of either the diet with excess iron (treatment C-Fe-B)or the diet with excess zinc (treatment 
C-Zn-B).The basal dietary levels of zinc, iron and copper were 14.8, 33.7 and 6.7 µg/g respectively. 

Exp 3. Forty-two rats were assigned to seven dietary treatments in this 21-d study. Three dietary treatments were similar to those in study A. In addition, one group of rats was 

fed a very high level (3042 (µg Fe/g diet) of iron (treatment 3Fe-C) and another group of rats was pair-fed (treatment CPF-C) the control diet to the level consumed by rats fed 
excessive zinc. As in study B, two other groups were fed the control diet throughout the study except on d 13 when they were fed one 2-g meal of either the diet with very high 

levels (3042 (µgFe/g diet) of iron (treatment C-Fe-C)or the diet with excess zinc (treatment C-Zn-C). The basal levels of zinc, iron and copper were 24.9, 33.8 and 3.7 µg/g 

diet, respectively. 

Response criteria Liver, kidney, bone (tibia), serum, and faeces content 

Results Consumption of excess iron for several weeks or in one test meal did not alter tissue levels of zinc or apparent absorption of 65Zn. In contrast rats fed excess zinc throughout the 
three studies had depressed haematocrits and serum copper levels, apparently absorbed 59Fe less efficiently and retained less 59Fe in livers and tibias than control animals. 

Nutritional status with regard to iron or zinc, not just the intakes of iron and zinc, also influenced the interactions between zinc and iron. Rats fed excess iron for several weeks 

retained less 65Zn from a test meal in their tibias than rats fed excessive iron in only the test meal. Although chronic ingestion of excess zinc depressed apparent absorption of 
59Fe from a test meal, the ingestion of one test meal with excess zinc did not. Investigators studying nutrient interactions should not rely solely on studies in which unadjusted 

humans or animals are given a single dose of test substances because acute responses do not reflect all the changes induced by chronic feeding. 
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Study code 58187 

Year 1987 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 treatments (31, 15, and 33 replicates per treatment). 

Diet Background Not specified 

Units’ basis of diets and/or results   

Factors affecting// combinations Other factors: Hypertension. Supplementation dose. 

Composition Diets/treatments Rats were fed diets containing 0.4 or 8.0% NaCl for 32 days. Animals in the 8.0% (n=33) NaCl group were subdivided into three groups that were tested for taste preferences 

for distilled -deionized water (n=15), water containing calcium chloride (0.002-0.05M;n=9), or water containing calcium lactate (0.002-0.05M;n=9). 

Response criteria Animal performance. Heart, spleen, and plasma content, erythrocyte content. Haematocrit 

Results At the conclusion of the study, blood pressure was significantly higher in the rats fed a high NaCl diet than in controls. Liver, kidney, and heart copper concentrations were 
significantly lower in the rats fed a high NaCl diet compared with controls, while plasma copper levels were higher. In contrast, tissue zinc levels were higher in the rats fed a 

high NaCl diet than in controls, while plasma zinc levels were lower. It is hypothesized that alterations in copper and zinc metabolism may be one factor underlying tissue 

damage in these animals. 

 

Study code 58188 

Year 1987 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Other 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) CuDFeN (copper deficient, iron normal) containing <1 ppm Cu, 35 ppm Fe; 2) CuAFeN (copper adequate, iron normal) containing 5 ppm Cu, 35 ppm Fe; 3) CuDFeH 

(copper deficient, iron high) < 1 ppm Cu, 250 ppm Fe; 4) CuAFeH (copper adequate, iron high) 5 ppm Cu, 250 ppm Fe. The rats were fed their assigned diets and deionized 

water ad libitum for 42 days. 

Response criteria Liver, serum, and plasma content, Erythrocyte content 

Results Copper deficiency possibly alters the cell's mechanical properties and consequently decreases erythrocyte survivability by modifying the membrane cytoskeleton. 

 

Study code 58270 
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Year 1983 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments. Exp1: 6 animal per treatment. Exp2: 12 animals per treatment). 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other 

Factors affecting// combinations Dietary factor: Carbohydrate source. 

Composition Diets/treatments 1) Corn-starch, copper deficient (0.6 µg Cu/g); 2) Corn-starch, copper supplemented (6.0 µg Cu/g); 3) Fructose, copper deficient (0.6 µg Cu/g); 4) Fructose, copper 

supplemented (6.0 µg Cu/g). 

Experiment 1. Absorption of 64Cu from extrinsically labeled diets. During the 5th and 6th week of being fed their respective diets, a total of 24 rats, 6 from each dietary group. 

Experiment 2. Gastric absorption of MCu from extrinsically labeled water. During the 5th and 6th week of being fed their respective diets, 12 rats from each dietary group were 

randomly selected after an overnight fast. 

Response criteria Pancreas, stomach, and spleen content 

Results Gastric absorption of 64Cu was studied when the isotope was administered by gastric tube either in diet containing fructose or starch or in water. 64Cu was not absorbed from the 
stomach regardless of the type of dietary treatment, copper status or whether the copper was administered either in diet or in water. In addition, the absorption of 64Cu from a 

diet containing either fructose or starch or from a saline solution was studied using the isolated ligated duodenal loop. When 64Cu was administered with dietary fructose 64Cu 

retention and absorption were impaired when compared to starch. When 64Cu was administered in saline solution, differences in retention and absorption between the four 
dietary groups disappeared. It is suggested that the requirements for copper rather than the decreased absorption of copper are responsible at least in part for the more 

pronounced severity of copper deficiency in rats fed fructose compared to those fed starch. 

 

Study code 58434 

Year 1985 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 6 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments For up to 80 days all rats were fed egg white-based diets in a 3x2 factorial experiment with: Adequate, marginal, and low level iron (120 µg Fe/g diet; 25 µg Fe/g diet; MFe, 

and 10 µg Fe/g diet; LFe) and either: an adequate level of copper (10 µCu/g diet; ACu) or deficient level of copper (0.7 µg Cu/g diet; DCu).  

Response criteria Liver and plasma content 

Results It was surprising that tissue zinc concentrations were not affected by a deficiency of either dietary copper or iron in this study, since interactions between both zinc and copper 

and zinc and iron have been shown. This is probably because the diets used in the present experiment contained adequate levels of zinc (100 µg/g).Interactions between zinc 
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and copper and between zinc and iron occur primarily in animals fed low or marginal levels of zinc in the diet.In summary, the development of copper-deficiency anaemia was 
found to be multi-factorial in nature, with age, dietary iron concentration, and duration and adaptation to copper deficiency all strong influences. In addition to decreased iron 

oxidation by plasma Fox I and/or Fox II, decreased iron reduction by either liver xanthine dehydrogenase or ascorbic acid may be involved in the impairment of liver iron 

mobilization found in copper deficiency 

 

Study code 58450 

Year 1985 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Exp 1: 3 treatments (8 replicates per treatment). Exp 2: 4 treatments (8 replicates per treatment). Exp 3: 4 treatments (8 replicates per treatment). Exp 4: 5 treatments (5 
replicates per treatment) Exp 5: 2 treatments (10 replicates per treatment) Exp 6: 4 treatments (8 replicates per treatment)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments Exp. 1: Diets: 0, 25 or 50 µg Cu/d for 4 d. Exp. 2:Rats that weights were 85, 1 15, 165 and 220 g were fed with 50 µg Cu/d for 4 d.Exp. 3:Rats were Cu depleted at time 0 day 
and 5 day and then repleted with 2 Cu levels (20 or 35 pg Cu/d for 4 d.)Exp. 4: Animals were offered either the basal diet C (three groups) or diet C supplemented with Cu (one 

group). Rats given the basal diet were killed after 0, 9, 16 and 24 d and those receiving the supplemented (+Cu) diet were killed after 24 dExp. 5: rats were offered the basal 

depletion diet for 28 d and then given either 0 or 10 µg Cu on each of three consecutive days. Exp 6: rats were offered the basal depletion diet for 28 d and then given 0, 2.5, 5.0 
or 10.0 ,µg Cu on each of three consecutive days 

Response criteria Liver, plasma, and duodenal mucosa content 

Results The assay was used to study the effect of the Cu-antagonist molybdenum on the distribution of available Cu in digesta from sheep given dried grass either untreated (1.6 mg 

Mo/kg dry matter (DM)) or treated with ammonium molybdate (1 1.6 mg Mo/kg DM). The relative availability of Cu in untreated dried grass (75%) was substantially higher 
than in rumen (12%), duodenal (43%) or ileal (28%) digesta. In all cases, addition of Mo to the diet resulted in a substantial reduction in Cu availability. 

 

Study code 58456 

Year 1985 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Exp. 1 and 2: 9 treatments  

Diet Background Not specified 

Units’ basis of diets and/or results   

Factors affecting// combinations Interaction: Cu-Zn 

Composition Diets/treatments Exp1: The diet regimens, for 7 days, were arranged in a 3x3 factorial design with copper and zinc concentrations of 1, 6 and 36 mg/kg and 5, 30 and 180 mg/kg, respectively 

(representing low, adequate and high intake levels for each metal). The small intestine was perfused with M199 tissue culture medium containing 6 mg/L copper and 30 mg/L 
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zinc. 

Exp 2:the dietary copper and zinc concentrations were held at 6 mg/kg and 30 mg/kg, respectively, for 7 days while the metal concentrations in the luminal perfused were 

changed (3x3factorial: from 1 to 36 mg/L and from 5 to 180 mg/L for copper and zinc, respectively). 

Response criteria True absorption, Other: intestinal mucosa cytosol content 

Results Exp1: Neither metal was found to significantly alter the other's absorption. High dietary zinc increased metallothionein-bound copper but did not change the intracellular 

copper concentration. Exp2: The higher copper concentrations in the perfusate increased zinc accumulation in mucosal cells and decreased the zinc transferred to the portal 
perfusate at the highest luminal zinc concentration. These data indicate that a competition and/or inhibition of a pathway for zinc out of the mucosal cell occurs at high luminal 

copper concentrations. High luminal zinc concentrations in the perfusate decreased the copper concentration in the mucosal cell cytosol and the amount transferred to the portal 

effluent. These results taken together indicate that a competition and/or inhibition of copper or zinc uptake into intestinal cells occur when the luminal concentration of the 

respective congener is very high. 

 

Study code 58819 

Year   

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (8-9 replicates per treatment). 

Diet Background Not specified 

Units’ basis of diets and/or results Diet – Other. Results - Dry matter (DM) 

Factors affecting// combinations Other factors: Exercise 

Composition Diets/treatments 1) Female exercise, FE (n = 9);2) Female sedentary, FS (n = 8); 3) Male exercise, ME (n = 9); 4) Male sedentary, MS (n =8). The diet, containing 62 ppm iron and 27 ppm 
copper, and glass-distilled water were fed ad libitum throughout the experimental period (8 weeks) 

Response criteria Animal performance. Hearts, liver, spleen, bone (bing leg), serum, and faecal content 

Results Blood haemoglobin concentrations and haematocrit levels were increased in the exercising males compared to the sedentary males (P less than 0.025). Serum ceruloplasmin 

levels were significantly elevated in the exercised group. There was a trend toward decreased iron and increased copper in the spleens, livers and hearts of the exercised males. 

Total faecal iron was increased and, therefore, apparent iron absorption was decreased in the male exercise group as calculated from an iron and copper balance study 
conducted during week 8 of the exercise period. In female rats there were no effects of exercise in the parameters measured. Whether the different responses of males and 

females are due to sexual differences or a relative lack of exercise in the female rats which floated easily is not known. Elevated ceruloplasmin levels may be related to the 

stress of exercise. The results of this study indicate that exercise produces an alteration in iron and copper distribution and/or iron reutilization, absorption or excretion. 

 

Study code 58855 

Year 1980 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment) 
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Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Interactions: Zn- Cu 

Composition Diets/treatments Litters were divided randomly, each into two groups of four animals. Pups of one group  from each litter were given single intraperitoneal doses of Cu (2mg/kg as CuSO4 

·5H2O) in isotonicsaline (9 g sodium chloride/l; 0.1 ml/kg body-weight); those of the other groups were injected with saline only. The litters were killed 24 or 48 h after 
treatment and the livers removed for fractionation and analysis 

Response criteria Liver and plasma content 

Results The decrease in the hepatic concentration of thionein-bound Zn, which occurred with age after birth, was proportional to the increase in liver weight until the 16th day 

postpartum; thereafter it was greater. Throughout the period from birth to 25 d of age the Zn concentration remained constant in the cytosolic non-thionein fraction (i.e. total 
cytoplasmic Zn--thionein-bound Zn), but decreased in other compartments of the liver. The same constant concentration of cytoplasmic non-thionein-bound Zn also was 

observed in animals with reduced total hepatic Zn contents, but normal body-weights, and in 20-d-old Zn-deficient pups. The concentration of thionein-bound Cu increased 

significantly only between the 6th and 14th day postpartum. The age-related variations in Cu contents of the particulate components closely paralleled those in the whole liver, 
whereas the Cu contents of the cytosolic thionein and non-thionein fractions did not increase appreciably until after the 10th day. It is concluded that the cytosolic non-thionein 

fraction of newborn rat liver may contain particularly important metabolic sites that require Zn and a major function of Zn-thionein is to regulate the supply of the metal to 

these sites. As, from birth to 26 d of age, the sum of the concentrations of thionein-bound Zn and Cu was correlated with whole liver Zn, the accumulation of Cu as a soluble 
metallothionein seems to be a secondary event, dependent on the hepatic Zn concentration. 

 

Study code 58904 

Year 1980 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 10 treatments 

Diet Background Estimated12 µg copper/g 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors ( Fe, Cu, Zn drinking water) 

Composition Diets/treatments On day 7 of lactation, dams with their litters were randomly assigned to one of five groups:1) received water supplemented with 20 mM iron NTA (FeNTA); 2) received water 

supplemented with 5 mM copper NTA (CuNTA); 3) received water supplemented with 20 mM zinc NTA (ZnNTA);4) received water supplemented with 20 mM NTA, 5) 
Received water containing no supplement. 

Response criteria Animal performance. Liver, kidney, spleen and milk content 

Results In conclusion, we have shown that the copper and iron content of rat milk can be increased by dietary supplementation of the element, and that this increase is reflected in tissue 

composition of the suckling offspring. We propose, therefore, that this animal model might be useful for comparative studies on mineral supplementation, regarding both 
modality and efficacy. In addition, we have shown that serial milking is not an acceptable technique in the rat as it can alter the composition of milk, which in turn is reflected 

in the suck ling neonate 
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Study code 60816 

Year 2002 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 6 treatments (10-14 replicates per treatment) 

Diet Background The iron and copper contents in the diets (mg/kg diet) after analysis were as follows: standard diet: Fe, 31.15; Cu, 5.19; cow milk diet: Fe, 30.02; Cu, 5.19; and goat milk diet: 

Fe, 30.03; Cu, 5.33.  

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments The standard diet (Diet S) was prepared by using olive oil as the source of fat (10%) and casein as the protein source (20%). The milk- based diets were created with 
lyophilized cow or goat milk (Diet C and Diet G, respectively). 1) group T-S: transected rats, standard diet (n=11)2)group R-S: resected rats, standard diet (n=13)3) group T-C: 

transected rats, cow milk diet (n=10)4) group R-C: resected rats, cow milk diet (n=11)5) group T-G: transected rats, goat milk diet (n=14)6) group R-G: resected rats, goat milk 

diet (n=10).Duration 38 days 

Response criteria Liver, kidney, bone, heart and faeces content. 

Results The present study demonstrates the beneficial effect of goat milk, compared with cow milk, on the metabolism of iron and copper in control rats and those with resection of the 
DSI. This study suggests that goat milk should be studied for use in human malabsorption syndrome. 

 

Study code 61324 

Year 1997 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 6 treatments (6replicates of 2 animal per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Interactions: Cu, Zn, Mn, Cd, Fe 

Composition Diets/treatments The animals within a block were randomly assigned to experirnental groups and one animal was assigned to an initial slaughter group (group 0) to establish a pre-experimental 
trace metal status in the duodenum, liver, and kidney. The experimental groups included (fed for 8 week): 1) control, standard diet (Cd, 0 mg/kg); 2) diet with 10% yeast of low 

Cd concentration (Cd, 0.3 mg/kg);3) diet with 10% yeast of high Cd concentration (Cd, 6 mg/kg); 4) diet with 10% yeast of low Cd concentration + CdCl2 (Cd, 6 mg/kg); 5) 

standard diet + CdCl2 (Cd, 6 mg/kg). 

Response criteria Animal performance. Duodene, liver, kidney content 

Results Animals had ad libitum access to water and feed for the entire duration of the experiment (8 weeks). Body weight gain and feed consumption were recorded. At the end of the 
experiment, animals were euthanized and the duodenum, liver, and kidney were sampled. Cadmium concentrations in the tissue samples were determined using atomic 

absorption spectrophotometry after dry ashing of the samples. There was an obvious increase of cadmium concentration in the organs of animals that were fed diets with 

elevated cadmium concentrations (experimental groups 3, 4, 5). Among these groups, no significant differences were found in cadmium concentrations in the liver and kidney. 



 Extensive Literature Search on the bioavailability of trace elements Monograph II - Copper 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

243 

However, cadmium concentrations in the duodenum differed significantly, with the highest cadmium concentration found in animals from group 5 (CdCl2 supplement, no 
yeast) which suggests a higher availability of dietary cadmium in the form of CdCl2 compared to cadmium incorporated in the feeding yeast. While zinc and copper 

concentrations in the organs examined remained unaffected by the experimental treatments, dietary cadmium reduced the iron concentrations in the duodenum and liver and 

this effect seemed to be alleviated by the presence of yeast in the diet. Different dietary treatments also caused differences in the liver concentrations of manganese. 

 

Study code 64671 

Year 1998 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Exp. 1. 4 treatments (4 replicates per treatment). Exp 2 5treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: Zn, and Cu 

Composition Diets/treatments Exp 1. Two groups of adult male mice, MT-null and control were divided in two diets, one diet contained 35 mg of Zn and 1.5 mg of Cu/kg of diet and the other contained 400 

mg of Zn and 1.5 mg of Cu/kg. Duration 2 weeks. 

Exp 2. Five mice from both the MT-null and control groups were killed; Mice were fed a diet containing 35 mg of Zn/kg and no added Cu. Over the course of 42 days, 5 mice 

from each genotype were killed at days 0, 10, 14, and 42,. Five of the remaining mice from each genotype were fed a similar diet containing 6 mg Cu/kg for 42 days. 

Response criteria Plasma content 

Results Plasma Zn concentrations were significantly lower in MT-null mice than controls regardless of dietary Zn concentration, but plasma Zn was elevated by the same degree in 

both types of mice as a result of consuming the high-Zn diet. Liver Zn also was lower in MT-null mice than in controls, and was significantly elevated by high dietary Zn in 
MT-null mice but not in the controls. High-Zn significantly elevated iMT in the control mice, but as expected, not in the MT-null mice. Plasma Cu was the most sensitive 

indicator of Cu status, and was significantly lower in MT-null mice than in controls, and lower in those fed high-Zn than in those fed normal Zn, regardless of genotype. Plasma 

ceruloplasmin activity was not affected by high-Zn in the control mice, but was slightly but significantly depressed in the MT-null mice. This study suggests that the induction 
of intestinal MT by high dietary Zn is not responsible for low Cu status in this strain of mice. 

 

Study code 65413 

Year 1988 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 6 treatments (In both experiments) 

Diet Background Not specified 

Units’ basis of diets and/or results - 

Factors affecting// combinations Other factors: sex 
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Composition Diets/treatments Two factorially arranged experiments were performed with weanling Sprague-Dawley rats;. one utilized males, the other utilized females. The rats were fed a 16% casein-70% 
acid washed-ground corn diet for 5 weeks. The variables were supplemental copper at 0 and 6 μg/g, and sulphur amino acids supplemented as cystine at 6.3 and 12.6 mg/g, 

methionine at 6.3 and 12.6 mg/g, methionine plus cystine each at 6.3 mg/kg, and arginine at 16 mg/g. Arginine was fed to induce a relative sulphur amino acid deficiency. 

Duration 5 weeks. 

Response criteria Animal performance. Heart, liver and, plasma content, erythrocyte content : haemoglobin 

Results Sex and sulphur amino acid nutriture markedly affected the direction, extent, and severity of the signs of copper deficiency. Copper deficiency signs of depressed haematocrit, 
haemoglobin, plasma ceruloplasmin and liver copper, and elevated plasma urea were more marked in males than females. The elevations in plasma cholesterol and liver 

weight/body weight ratio were more marked in females than males. Changes in sulphur amino acid nutriture generally had a greater effect on the signs of copper deficiency in 

males than females. Feeding 12 mg cystine/g of diet increased the severity of anaemia, the depression in plasma glucose, and the elevation in plasma urea in male copper 

deficiency did not cause a further increase. In contrast to males, sulphur amino acid nutriture had very little influence on the signs of copper deficiency in females. The findings 

suggest that some of the difference between male and female rats in the response to copper deficiency is the result of differences in sulphur amino acid metabolism. 

 

Study code 58574 

Year 1984 

Animal Category  10. Other categories : Sprague-Dawley female rats 

Nº treatments (replicates/ treatment) 2 treatments 

Diet Background Estimated7 mg Cu/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM), and Fresh matter (FM) 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments Groups of rats were fed diets providing 8 ppm iron (- Fe) and 250 ppm iron (+ Fe) throughout pregnancy and lactation. Duration from pregnancy to 17 day of lactation. 

Response criteria Animal performance. Liver, spleen content, placenta and amniotin content 

Results While liver and spleen iron decreased in 17-day-old pups, levels of copper increased. Sub-cellularly, the greatest increase in hepatic copper in -Fe pups was found in the 
cytosol, thus the increased copper deposition is not similar to copper loading. Serum ceruloplasmin activity was significantly elevated in -Fe lactating dams and was slightly, 

but not significantly, increased in -Fe pregnant dams and suckling pups. 

 

Study code 58053 

Year 1988 

Animal Category  10. Other categories : Sprague-Dawley male 

Nº treatments (replicates/ treatment) 12 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 
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Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments The test diets were the basal Cu-deficient diet with the addition of Cu at either 1.0, 3.0, 5.0 or 10.0 µg diet as CuCO3 and sodium phytate at either 0, 0.5 or 10.0%.By analysis 
the diets contained 1.4, 3.0, 5.2 or 10.5 µg Cu/g and 0.4 or 0.8% phytate. Duration 3 days. 

Response criteria Liver and serum content, Other : Superoxide dismutase. 

Results liver copper (LCu), liver Cu-Zn Superoxide dismutase (LSOD) activity, serum Cu (SCu) and serum ceruloplasmin (CP) concentrations were determined were used as indexes 

of Cu bioavailability. The addition of phytic acid to diets fed to Cu-deficient rats significantly enhanced Cu bioavailability compared to that of rats fed diets without phytic 

acid. Coefficients of determination (r2) were calculated for each response parameter versus dietary Cu concentration. The r'-values for pooled LCu and LSOD values were 0.31 
and 0.30, respectively, between 1.4 and 5.2 microg Cu/g. At low dietary Cu concentrations, liver Cu parameters (i.e., LCu and LSOD) were more responsive indexes of Cu 

status than SCu and CP. Each index of Cu status was found to correlate with the other indexes of Cu nutriture. Phytic acid is postulated to enhance Cu utilization by its ability 

to bind other dietary components, such as Zn, that compete with Cu at the site of intestinal absorption. 

 

Study code 56247 

Year 2001 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 4 treatments 

Diet Background Estimated 2.0/2.5 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interaction: Fe-Cu 

Composition Diets/treatments Duration 96 days. Rats were fed a diet high in iron (217 mg/kg) and marginal (35 mg/kg), but not deficient in copper (2.0 or 2.5 mg/kg) 

Response criteria Liver, Serum content : ceruloplasmin. Plasma content: Cu cholesterol, Other: Heart 

Results When dietary copper was 2.0 mg/kg of diet, high iron decreased (p<0.008) cardiac and hepatic copper, plasma copper and ceruloplasmin, and increased (p<0.02) cardiac 

weight, hepatic iron and plasma cholesterol. When dietary copper was increased to 2.5 mg/kg, copper in heart and plasma decreased (p<0.04) and hepatic iron increased 

(p=0.001) with high iron but other effects disappeared. No harmful changes in haematology, such as haematocrit, mean corpuscular volume, etc. was found. High iron 
increased the dietary copper requirement of the animals. 

 

Study code 56934 

Year 1996 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 9 treatments 

Diet Background Analysed 0.71 mg/kg 
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Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Combinations of three Zn (ZnMet, ZnLys, ZnSO4) and three Cu (CuLys, CuSO4, CuO) sources added to the basal diet at 30 mg/kg of Zn and 6 mg/kg of Cu.Duration 4/5 
weeks. 

Response criteria Liver, kidney, bone, plasma and muscle content 

Results Plasma Cu concentrations were lower (p<0.05) for CuO- than CuSO4- and CuLys-supplemented rats. Bone Zn concentrations were higher (p<0.05) for CuLys- than for CuO-

supplemented rats. In all tissues where Cu was measured, CuO was the lowest (p<0.05) available source of Cu. Furthermore, in muscle, CuS04-supplemented rats had higher 

(p<0.05) Cu concentrations than CuLys-supplemented rats. Kidney MT concentrations followed the same pattern as Cu concentrations, with CuO-fed rats having the lowest 

(p<0.05) MT concentrations. Plasma Cu concentrations of depleted rats were lower (p<0.05) for CuO- than CuLys-supplemented rats. Kidney Zn concentrations were lower 

(p<0.05) for CuSO4- than for CuO-supplemented rats after depletion. In liver, CuO supplemented rats had the lowest (p<0.05) Cu concentration. Copper oxide was less 

available than CuLys and CuSO4 when added in adequate dietary levels. However, organic (ZnMet and ZnLys) and inorganic (ZnSO4) sources of Zn were similar. These results 
indicate that, at adequate supplemental levels, organic sources of Zn and Cu are metabolized similarly in most aspects as the best inorganic sources (CuSO4 and ZnSO4).· 

 

Study code 57120 

Year 1995 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 3 treatments 

Diet Background Analysed 0.4 µg/g 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) (CuA: Cu adequate) Diet + 6 µgCu/g diet, 2) (CuM3.0: cupper marginally deficient 3µg/g) Diet + 3 µgCu/g diet, 3) (CuM1.5: cupper marginally deficient 1.5µg/g) Diet + 

1.5 µgCu/g diet. Duration 5 weeks 

Response criteria Liver content, Other: blend in time, haematocrit 

Results The CuM1.5 and CuM3.0 diets significantly decreased hepatic copper after 3 weeks as compared with the CuA diet. Bleeding time after micropuncture was significantly longer 

at all times in the CuM1.5 group and after 5 weeks in the CuM3.0 group. 

 

Study code 57278 

Year 1994 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 3 treatments (18 replicates per treatment) 

Diet Background Analysed 0.6/1.6/6.6 µg/g 
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Units’ basis of diets and/or results Diet - Other: Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Deficient (0.6 µg Cu/g diet), 2) marginal (1.6 µg Cu/g diet), 3) adequate (6.6 µg Cu/g diet). Duration 7 weeks. 

Response criteria Liver, kidney, plasma, and heart content 

Results The present study demonstrated that Cu status in rats was rapidly compromised by Cu deficient and Cu-marginal diets, as measured by liver Cu concentration. In addition, 

changes in haematocrit and in plasma pool sizes of cholesterol and triacyl glycerols are more sensitive indices of marginal Cu deficiency than measurements of plasma 
cholesterol and triacylglycerol concentrations or growth response. 

 

Study code 57762 

Year 1990 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Analysed 0.06g/kg 

Units’ basis of diets and/or results Diet - Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Cu adequate (14.0 mg/kg) with DL-homocysteine (10 g/kg). 2) Cu adequate (14.0 mg/kg) with no DL-homocysteine. 3) Cu deficient (1.3 mg/kg) with DL-homocysteine (10 
g/kg).4) Cu deficient (1.3 mg/kg) with no DL-homocysteine (10 g/kg).Duration 42 days. 

Response criteria Liver, kidney, plasma, and heart content 

Results Haemoglobin concentration, tissue Cu levels and the activities of the Cu-dependent enzymes (ceruloplasmin, Superoxide dismutase and cytochrome c oxidase) were markedly 

lowered by Cu-deficient diets and by homocysteine. These dietary treatments also lowered the activity of glutathione peroxidase and produced concomitant increases in the 

activity of manganese-dependent superoxide dismutase and iron levels in the liver. However, dietary homocysteine decreased hepatic Mn and low Cu diets decreased cardiac 
iron content. Moreover, both dietary treatments significantly lowered kidney Fe levels. Homocysteine increased heart, liver and kidney weights (g/100 g body tissue) and 

greatly elevated the level of thiobarbituric acid reactive substances (TBARS) in heart tissue. These results indicate that dietary homocysteine can markedly lower Cu status in 

rats and result in tissue redistribution of Fe and increased cardiac levels of TBARS, a measure of lipid peroxidation. 

 

Study code 58451 

Year 1985 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates per treatment) 

Diet Background Estimated5mg/kg 
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Units’ basis of diets and/or results Diet - Other: Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Interactions: Zn-Cu-S 

Composition Diets/treatments 1) 30% lactalbumin (L); 2) 30% soy assay protein (S); 3) 30% soy assay protein with 0.26% supplemental cysteine (SC); 4) 30% soy assay protein with 0.45% supplemental 
methionine (SM);5) 30% soy assay protein with 0.26% supplemental cysteine and 0.45% supplemental methionine (SCM); 6) 30% soy assay pro tein with 0.71% supplemental 

cysteine (SXC). Duration 31 days. 

Response criteria Animal performance. Liver, kidney, bone, and gastro intestinal tract content 

Results Copper utilization. The dietary treatments had less effect on copper than on zinc utilization. The copper concentrations in livers, tibias or GI tracts did not differ significantly 

among treatments. The rats fed diet L had significantly (p<0.05) higher levels of copper in their kidneys than animals fed all the soy-based diets except diet SXC. The animals 

fed diet SXC had significantly higher levels of copper in their kidneys than animals fed diets S and SC.Rats fed diet L had significantly higher levels of zinc in tibias, kidneys 

and plasma; higher levels of copper in kidneys; and higher levels of iron in tibias than rats fed diet S.We observed that apparent absorption of copper was negative when rats 

were fed the lactalbumin diet. The animals fed this diet absorbed zinc more efficiently than the other animals. Perhaps an interaction among zinc, copper and the dietary 
treatments occurred. 

 

Study code 58570 

Year 1984 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 6 treatments (10 or 15 replicates per treatment) 

Diet Background Analysed 0.82-0.92 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors: Carbohydrates source 

Composition Diets/treatments 1) Corn-starch fed, copper deficient, 2) corn-starch fed, copper supplemented, 3) fructose fed, copper deficient, 4) fructose fed, copper supplemented, 5) glucose fed, copper 

deficient, 6) glucose fed, copper supplemented  The copper-supplemented groups (controls) were given 5 µg Cu/ml in the form of CuSO4 added to the deionized drinking water. 

Duration 9 weeks. 

Response criteria Animal performance, liver, serum, and plasma content: ceruloplasmin 

Results Decreased haematocrit, serum copper, and ceruloplasmin concentrations but increased heart and liver weights, total liver lipid, and hepatic iron concentration were found in all 
copper-deficient rats regardless of the dietary carbohydrate. Feeding rats the high glucose diet decreased plasma albumin and liver glycogen but increased blood urea nitrogen 

when compared to rats fed starch. However, rats fed fructose generally exhibited a more severe copper deficiency as compared to rats fed either starch or glucose. The severity 

was characterized by lower (p < 0.05) body weight, liver glycogen, haematocrit, serum copper, and albumin. Conversely, liver and heart weights, blood urea nitrogen, and 
plasma glutamic oxaloacetic transaminase were higher (p < 0.05). Plasma cholesterol was increased by copper deficiency only in rats fed fructose or glucose. During the study, 

17 of the 40 rats fed copper-deficient diets died; 66% of those fed fructose, 26% fed glucose, and 30% fed starch. These results suggest that the fructose moiety of sucrose is 

responsible for the increased severity of copper deficiency in rats fed sucrose as compared to starch. 

 

Study code 54399 
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Year 2012 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 5 treatments (8 replicates per treatment) 

Diet Background Estimated 10 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Basal diet (control), 2) basal diet+80 mg/kg BW CuSO4, 3) basal diet+80 mg/kg BW chitosan (CS-I), 4) basal diet+80 mg/kg BW copper-loaded chitosan nanoparticles 

(CSN-I), 5) basal diet+160 mg/kg BW copper-loaded chitosan nanoparticles (CSN-II). Orally administrated with physological saline. Duration 21 days 

Response criteria Other : Morphological Measurement of the small intestinal mucosa, digestive enzymes 

Results In summary, this study showed that CSN could improve morphology of intestinal mucosa, thus increasing the activities of digestive enzymes in intestinal content and mucosal 
disaccharase. However, the same, which indicated that Cu2+ or chitosan has little functions on these indexes and cannot cause these changes. Only copper loaded chitosan 

nanoparticles can result in these changes could be. Thus, the digestive capacity of nutrients was improved, which may be one of reasons for increase of growth performance in 

rats treated with copper-loaded chitosan nanoparticles. It is indicated that CSN  

 

Study code 54884 

Year 2009 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 4 treatments (8-10 replicates per treatment) 

Diet Background Estimated∼0.4 μg Cu/g 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: Se-Cu 

Composition Diets/treatments Factorial 2x2: diets supplemented with 0 or 0.2 μg Se (as selenite)/g and 0 or 6 μg Cu (as Cu carbonate)/g.Duration 5 weeks 

Response criteria Liver content 

Results Cu deficiency decreased body weight and increased heart weight/body weight ratio. Liver Cu and Zn were decreased in rats fed <1 μg Cu/g. Regardless of dietary Se, feeding 

<1 μg Cu/g (compared to 6 μg/g) resulted in increased liver Fe concentrations. In rats fed <1 μg Cu/g, feeding the Se-deficient diet compared to feeding the Se-adequate diet 

resulted in a significant increase in liver Fe. However, in rats fed 6 μg Cu/g, feeding the Se deficient diet had little effect on liver Fe resulting in a significant interaction 
between dietary Se and Cu. 

 

Study code 55241 

Year 2006 
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Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 3 treatments 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors: Protein source 

Composition Diets/treatments The rats of different groups were fed semisynthetic diets containing either 20% casein (casein group, CPG), 20% soybean protein (soybean protein group, SPG), and 20% 

peanut protein (peanut protein group, PPG). Duration: 5 weeks 

Response criteria Animal performance, liver, kidney, bone, and serum content 

Results To sum up, soybean protein significantly increased the Fe and Mn excretions of the rats and remarkably increased the absorption rate (AAR) and apparent retention rate (ARR) 
of Zn and Fe compared to casein. Peanut protein significantly increased the urinary excretions of Zn, Cu, Fe, and Mn and increased the AAR and ARR of Cu and the AAR of 

Fe. This indicates the positive meaning of soybean protein to improve Zn and Fe deficiencies and peanut protein to improve Cu and Fe deficiencies. However, the physiological 

functions and mechanism promoting the acceleration of urinary Zn, Cu, Fe, and Mn excretions after consumption of peanut protein needs to be studied further. To sum up, 
compared to casein, soybean protein might be a good dietary source to make up for Zn and Fe deficiency, and also peanut protein to make up for Cu and Fe deficiency. 

 

Study code 61568 

Year 1996 

Animal Category  10. Other categories : Sprague-Dawlley 

Nº treatments (replicates/ treatment) 12 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Fresh matter (FM) 

Factors affecting// combinations Interactions:  Cu, Zn, and Cd  

Composition Diets/treatments Six-week-old male rats were placed in a 2x2x3 factorial experiment with two concentrations of dietary zinc (60 and 350 mg/kg), two concentrations of dietary copper (3 and 9 
mg/kg), and three concentrations of dietary cadmium (0, 1, and 5 mg/kg).Duration: 3 weeks 

Response criteria Liver, kidney, serum, and intestinal mucosa 

Results Authors suggested that the negative effect of chronic feeding of high-zinc diets on copper status was not related to sequestration of copper by zinc-induced metallothionein 

(MT) in the intestinal mucosa. Results from the present study support those findings and suggest that similar effects of cadmium on copper status are not related to reduced 

copper absorption by cadmium-induced MT and copper sequestration.After 3 weeks, the difference in the MT concentration between rats fed high- and normal-zinc diets was 
only 1.5 times. However, rats fed the highest amount of cadmium had MT concentrations about five time higher than those not fed cadmium. In both the zinc and cadmium 

groups, the concentration of intestinal zinc and cadmium followed that of MT: however, the copper concentrations were not changed. Although intestinal MT was not elevated 

appreciably in zinc-fed rats, the copper status of these rats fed 3 mg of copper/kg of diet was severely depressed. Rats fed 9 mg of copper/kg of diet were not affected. The 
copper status in rats fed high-cadmium and 3 mg of copper/kg of diet was depressed even more than with a high-zinc diet. This study suggests that the effects of high dietary 

zinc or cadmium on copper status are not the result of induced intestinal MT binding of copper thus preventing its passage into the circulation. 
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Study code 54466 

Year 2011 

Animal Category  10. Other categories : virgin female Wistar rats 

Nº treatments (replicates/ treatment) Mothers: 4 treatments (5 replicates per treatment); Progeny: 2 treatments. 

Diet Background Not specified 

Units’ basis of diets and/or results Diet -Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors: fat ingestion 

Composition Diets/treatments 1) NP-NF group, fed a normal protein, normal folic acid (FA) diet (18% protein, 0.002-g FA/kg diet);2) PR-NF group, fed a protein-restricted, normal folic acid diet (9% 

protein, 0.002-g FA/kg diet); 3) PR-FS group, fed a protein restricted, folic acid-supplemented diet (9% protein, 0.005 g FA/kg)4) NP-FS group, fed a normal protein, folic 

acid-supplemented diet (18% protein, 0.005 g FA/kg)At 10 weeks of age, the offspring of each mother group were randomly assigned to two groups that were fed either a high-
carbohydrate, low-fat, or a low-carbohydrate, high-fat diet (HF groups) until the age of 16 weeks (post weaning period) 

Response criteria Liver and kidney content 

Results In this study, sex was a determinant of mineral content in the rat liver and kidneys; specifically, female rats had higher hepatic and renal levels of these minerals than males. 

However, to analyse the main influence of sex and also its interaction effects (along with other experimental factors), further studies are needed making use of larger groups of 

animals. In this study, the diet rich in saturated fats decreased the hepatic and the renal Cu levels, as well as the hepatic Zn stores in the rats, irrespective of maternal dietary 
history. It was found that the consumption of such a high-fat diet caused a decrease in the hepatic Cu content, and that this effect was more pronounced when a Cu deficiency 

already existed. The mineral status is regulated at various points, with intestinal absorption being one of them. It has been demonstrated that dietary free fatty acids and 

triglycerides inhibit Cu absorption in the small intestine of rats, probably due to the formation of poorly soluble Cu soaps. Therefore, the decreased Cu accumulation observed 
in the present study may be a result of impaired Cu absorption. The level of accumulated Zn and Cu can also be affected by the accumulation of other minerals. The interactions 

between Fe and other elements (e.g., Zn and Cu) are well-known. It was found that increased absorption of Fe after feeding high-fat diets rich in saturated fats may also affect 
the bioavailability of Cu 

 

Study code 56418 

Year 2000 

Animal Category  10. Other categories : Wistar rats 

Nº treatments (replicates/ treatment) 3 treatments (n=16) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Dietary factors: red wine and ethanol 

Composition Diets/treatments Rats were divided into three groups, a control group that received demineralized water, a group that received red wine diluted with water (v/v) and an ethanol group that 

received 6% ethanol. Half of each group was used for the short-term study; the others were used for the long-term study. After 3 d (short-term study) or 28 d (long-term study) 
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of beverage consumption, the rats were gavaged with 2 mL of solution containing 2027 nmol 67Zn and 902 nmol 65Cu. 

Response criteria Plasma and faecal content 

Results In the long-term study, blood, tibia and liver were also sampled for mineral status assessment. Neither short- nor long-term intake of red wine altered 67Zn or 65Cu absorption. In 
contrast, long-term (but not short-term) ethanol consumption significantly increased both 67Zn and 65Cu absorption compared with the control and red wine groups. The long-

term consumption of ethanol or red wine did not affect blood or tissue Zn or Cu levels. In conclusion, short- or long-term consumption of red wine did not have a negative 

effect on intestinal absorption or tissue levels of zinc and Cu in rats. 

 

Study code 57758 

Year 1990 

Animal Category  10. Other categories: Wistar male rats 

Nº treatments (replicates/ treatment) 6 treatments (2 replicates of 6/5 animal per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Not specified 

Factors affecting// combinations Dietary factors: amino acids 

Composition Diets/treatments 1) Diet+10%Casein, 2) Diet+4%Met, 3) to 8) Diet+5% Cys-cys, His, Thr, Trp, Phe or Tyr, 9) Diet+6%Val 10) to 11) Diet+7%Ile or Lys12) Diet+8%Leu. Duration 8 days. 

Response criteria Animal performance, Liver and Serum content : (Cu, cholesterol, Ceruloplasmine) 

Results Excessive cystine and histidine increased serum cholesterol and alpha-tocopherol. Excessive cystine and methionine increased liver and kidney alpha-tocopherol and ascorbic 

acid. Excessive tyrosine and phenylalanine caused a marked increase in serum copper and ceruloplasmin activity, whereas excessive cystine, methionine, and histidine caused a 

decrease in the ceruloplasmin activity. Excessive histidine increased liver cytochrome P-450, whereas excessive tyrosine markedly decreased liver cytochrome P-450. 

 

Study code 54184 

Year 2012 

Animal Category  10. Other categories : Wistar rats 

Nº treatments (replicates/ treatment) 5 treatment (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Interactions: Cr(III)-thiamine 

Composition Diets/treatments 1) the control diet (AIN-93 M) and high fructose diets (HF) with variable levels of Cr(III) (as the chromium(III) propionate complex and thiamine: 1) HF (Cr and thiamine (T) 

adequate, 1 and 5 mg/kg diet, respectively; equals to 0.1 mg Cr and 0.5 mgT/kg body mass per day, respectively),2) HF+Cr (supplemented with 10 mg Cr/kg diet, equals to 1 

mg Cr/kg body mass per day),3) HF+T (supplemented with T 100 mg/kg diet, equals to 10 mg/kg body mass per day)4) HF+T+Cr (supplemented with Cr and T, 10 and 100 
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mg/kg diet; equals to 1 and 10 mg/kg body mass per day) for 8 weeks 

Response criteria Animal performance. Liver and Kidney content, Biochemical response 

Results It was shown that supplementary thiamine (10 mg/kg body mass/day) increased liver Cu content (by 11 %), while it decreased kidney Zn and Cu levels (7-13 %) in high-
fructose fed rats. However, these changes appear to be rather small, thus their significance for the overall mineral status is unclear. 
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EXECUTIVE SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of 

iodine (I) additives and their incompatibilities and interactions, in particular when combined with 

other feed additives or components of the animal diet. Different search chains were performed for each 

one of the elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web of 

Knowledge), and the resulting references were managed by using the open-source reference tool 

DistillerSR
©
 systematic review software. In the first level of selection, based on title and abstracts, a 

total of 11982 articles were excluded to be completely unrelated with the search objectives (not about 

iodine, not about the animal species, not about bioavailability issues). In the first level of selection, 

based on title and abstracts, a total of 11982 articles were excluded to be completely unrelated with the 

search objectives (not about iodine, not about the animal species, not about bioavailability issues). 

Finally, 535 articles were retained to be potentially related with the search questions. In case of doubt 

or few/not information exposed in the abstract, the articles were automatically retained to the next 

level. Four hundred twenty-two full-text articles of the 535 were obtained from on-line sources, and 

113 references remained pending to be found. After the assessment of the full-text references, a total 

of 370 articles were excluded to be finally unrelated with the subject. Fifty-two references were 

retained to answer the extraction data form. 

Most of the studies retained in the selection assessed bioavailability issues of iodine on bovines (n=19) 

and pigs (n=10). Less studies concerning goats (n=8), sheep (n=5) and poultry (n=4) were found, 

while very few studies focused on rats and mice (n=3), fish (n=2) and pets (n=1) were retained in the 

selection. It must he highlighted that four of the retained reports were Scientific Opinions from the 

EFSA FEEDAP Panel. Studies assessing iodine incompatibilities using in vitro models were not 

found, either through the searching protocol strategy or other additional sources. Potassium iodide and 

iodate, calcium iodate, chlorella-bound iodine, ethylenediamine dihydrodide were the most commonly 

used supplementation forms in the selected studies, while the use of iodine nanoparticles was not 

reported. Interactions between low vitamin A, low iodine, semi-purified diet and exposure to PCB 

congener apparently antagonized the hypothyroid response. Simultaneous exposure of Se and I 

showed interactive effects on the immunity of laying hens. Supplementation of bovine diets with 

iodine from different sources (KI, EDDI, Ca(IO3)2) was correlated with iodine content in blood, urine, 

milk, faeces, muscle, but the levels of T3 and T4 were unaffected. Several diets and dietary factors 

were assessed in order to identify interactions on iodine status of bovines. One study reported that 

RSM altered the excretion of iodine in milk, increasing the levels in urine, faeces and serum. The 

simultaneous intake of supplementary Se and I showed increase of plasma iodine in comparison with 

the control, but the interaction did not affect T3, T4 and milk I levels. Simultaneous supplementations 

of selenium (0.250 mg Se/kg diet) and iodine (0.10 mg I/kg diet) exerted a positive interactive effect 

on Tsigai breed sheep. The simultaneous intake of supplementary selenium and iodine did not show 

interactions on thyroid hormone concentrations in serum from goats.  
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1. INTRODUCTION 

Iodine is an essential element for all animals. In the 19th century the link between iodine deficiency 

and goitre (enlargement of the thyroid gland in the neck) on the one hand and the correlation between 

the occurrence of endemic goitre and concentrations of iodine in soils, foods and waters on the other 

hand were first made. Indeed, plants, water or other animal feedstuffs have highly variable 

concentrations of iodine. This is due to differences in species and strains, climatic and seasonal 

conditions, the type of soil, the fertiliser treatment or possible interactions. Iodine is present in tissues 

at concentrations of 0.1 μg/g body weight but is mainly concentrated in the thyroid gland at 400 μg/g 

body weight. It is an integral part of the thyroid hormones thyroxin (tetraiodothyronine) (T4) and 

triiodothyronine (T3). These hormones, particularly T3, control oxidation rate and protein synthesis in 

the cells. They set the basal metabolic rate. Also, they play a key role in the development of the foetus, 

digestion, muscle function, immune defence, circulation and seasonality of reproduction. Iodine is 

absorbed (and recycled) very efficiently in the gastrointestinal tract. The absorbed iodine is then 

transported in the bloodstream, bound to plasma proteins. As it passes through the thyroid gland, up to 

90 % of the iodine is captured by a Na/K-dependent ATP-ase. The efficiency with which the iodine is 

taken up by the gland varies according to the need and is regulated by hormones. Excess dietary iodine 

is excreted, in the form of iodide, predominantly via urine, but also in milk of lactating animals 

(Jongbloed et al., 2002; Suttle, 2010). Exposure to excess iodine paradoxically results in 

hypothyroidism, because of feedback inhibition of T3 synthesis (Underwood and Suttle, 1999). In 

cattle clinical signs include excessive nasal and ocular discharge, coughing, nervousness, tachycardia, 

decrease of appetite, dermatitis and alopecia, exophtalmos, weight loss, decreased milk production, 

susceptibility to infectious and respiratory diseases, and increased mortality of dams. In pigs depressed 

growth rate, feed intake and haemoglobin levels have been observed. In poultry depressed growth and 

neurological clinical were reported. Additionally, decreased egg production, egg size, and hatchability, 

low fertility and enlarged thyroids in hatching chicks are originated by high dietary exposure to iodine 

in chicken and turkey laying hens (Suttle, 2010). Iodine requirements are estimated in 0.14 mg I/kg in 

pigs, 0.35-0.4 mg I/kg in poultry, 0.15-0.55 mg I/kg in bovines, 0.3-3.5 mg I/day in sheep, 0.18-3.32 

mg I/day in goats, 0.6-8.1 mg I/day in horses, 0.6-1.1 mg I/kg in salmonids, as well as 0.7 and 1.3 mg 

I/kg in dogs and cats, respectively (NRC, 1993,1994,1998,2000,2007). 

The FEEDAP Panel adopted an Opinion on the use of iodine in feedingstuffs (EFSA, 2005) and 

several Opinions about the re-evaluation of the iodine-containing additives calcium iodate anhydrous 

and potassium iodide, when used as feed additives for all animal species (EFSA, 2013a,b,c). 

The additives ―calcium iodate, anhydrous‖, "calcium iodate, hexahydrate", "sodium iodide" and 

―potassium iodide‖ had been authorised in the EU under the element Iodine for all animal species 

―Without a time limit‖ (EC, 2005). Following the provisions of Article 10(1) of Regulation (EC) No 

1831/2003 the compounds were included in the EU Register of Feed Additives under the category 

―Nutritional additives‖ and the functional group ―Compounds of trace elements‖ (EC, 2003).  
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix III.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (18/07/2013). A total of 

13951 raw articles were retrieved from the sum of SCOPUS (n=5126), PUBMED (n=4867) and ISI 

(n=3958). These references were imported and merged in an EndNote
®
 library (See Figure 4). A first 

duplicated deletion was performed by means of the EndNote
® 

application, the merged references were 

imported to Distiller SR
© 

on-line server to perform a second duplicated deletion (in total, 1434 

references were deleted). A final pool of 12517 articles was ready to perform the selection process. 

 

Figure 4. Flow chart of the ELS process for articles related to I, and number of articles retrieved. 

In the first level of selection, based on title and abstracts, a total of 11982 articles were excluded to be 

completely unrelated with the search objectives (not about iodine, not about the animal species, not 

about bioavailability issues). Finally, 535 articles were retained to be potentially related with the 

PUBMED (n=4867) Date: 18/07/2013 

SCOPUS (n=5126) Date: 18/07/2013 

ISI (n=3958) Date: 18/07/2013 

Total records 

(n=13951) 

Records (full texts) potentially eligible (n=535) 

EXCLUDED obviously 

irrelevant records 

(n=11982) 

Duplicates (n=1434) 

Studies included in the review 

(n=52) 

EXCLUDED (n=370) 

Pilot full text 

selection 

process 

 

Screen 
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search questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. 

Four hundred twenty-two full-text articles of the 535 were obtained from on-line sources, and 113 

references remained pending to be found. 

After the assessment of the full-text references, a total of 370 articles were excluded to be finally 

unrelated with the subject. Fifty-two references were retained to answer the extraction data form (See 

Appendix III.C). 

2.2. Data synthesis 
(References of this section can be found in Appendix III.C)

  

Most of the studies retained in the selection assessed bioavailability issues of iodine on bovines (n=18) 

and pigs (n=10). Less studies concerning goats (n=7), sheep (n=5) and poultry (n=4) were found, 

while very few studies focused on rats (n=3), fish (n=2) and pets (n=1) were retained in the selection. 

It must he highlighted that four of the retained reports were Scientific Opinions from the FEEDAP 

Panel of EFSA. Studies assessing iodine incompatibilities using in vitro models were not found, either 

through the searching protocol strategy or other additional sources. 

Table 9. Summary table concerning the animal categories, iodine molecular forms, factors affecting 

the bioavailability and the indicators used in the processed studies 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs 1.1. Pigs. Piglets 

(suckling) 

1.4. Pigs. Pigs 

for fattening 

1.5. Pigs. Sows 

for reproduction 

 

Potassium iodide 

Potassium iodate 

Calcium iodate 

Chlorella-bound 

iodine 

Supplementation source 

Supplementation dose  

Dietary factors: 

Glucosinolates 

Soya-bean meal (SBM) - 

Rapeseed meal (RSM) 

Other factors: location 

Animal performance 

Liver content 

Kidney content 

Heart content 

Adipose tissue content 

Muscle content 

Bone content 

Skin content 

Serum content  

Plasma content 

Milk content 

Thyroid response 

Biochemical response : 

(Cu/Zn SOD, CAT, GPx) 

 

2.Poultry 2.3. Poultry. 

Laying hens 

 

Potassium iodide 

Potassium iodate 

 

Supplementation source 

Supplementation dose  

Interactions Se-I, PCBs-I 

Dietary factors 

Animal performance 

Liver content  

Serum content  

Plasma content 

Thyroid response 

3.Bovines 3.1. Bovines. 

Calves for 

rearing 

3.2. Bovines. 

Calves for 

fattening 

3.3. Bovines. 

Cattle for 

fattening 

3.4. Bovines. 

Dairy cows for 

Potassium iodide 

Potassium iodate 

Calcium iodate 

Ethylenediamine 

dihydriodide 

Supplementation source 

Supplementation dose  

Interactions Se-I  

Other factors: 

pasteurization, age 

Animal performance 

Liver content 

Kidney content 

Muscle content 

Milk content 

Colostrum content 

Plasma content 

Urine content 

Thyroid response 

Biochemical response : 

thyrotropin, thyroid 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph III - Iodine 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

267 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

hormones, glutathione-

peroxidase activity in 

erythrocytes 

4.Sheep 4.1. Sheep. 

Lambs for 

rearing 

4.2. Sheep. 

Lambs for 

fattening 

4.3. Sheep. Dairy 

sheep 

4.4. Sheep. Ewes 

for reproduction 

Potassium iodide 

Potassium iodate 

 

Supplementation source 

Supplementation dose  

Interactions Se-I 

Dietary factors 

Animal performance 

Serum content 

Milk content 

Immune response 

Thyroid response 

Biochemical response : 

ASAT, ALT, CpK, 

cholesterol and TG 

5. Goat 5.1. Goat. Kids 

for rearing 

5.2. Goat. Kids 

for fattening 

5.3. Goat. Dairy 

goats 

5.4. Goat 

reproduction 

Potassium iodide 

 

Supplementation dose 

Interactions Se-I  

Other factors: castration 

Animal performance 

Serum content  

Semen content 

Thyroid response 

Biochemical response : 

Plasma concentrations of 

urea, glucose, insulin, free 

triiodothyronine (FT3) and 

free thyroxin 

(FT4),Thyroid response 

6. Fish 6.Rainbow trout 

6.Atlantic 

salmon 

 Supplementation dose 

Interactions I- 

Hexabromocyclododecane 

(HBCD) 

Liver content 

Kidney content 

Muscle content 

Intestine content 

Plasma content  

Thyroid response 

9. Pets 9. 2. Pets and 

other non-food-

producing 

animals. Cats 

 Supplementation dose 

 

 

Urine content 

Serum content  

Faecal content 

 

 

10. Other: 

Rats/Mice 

10. Other: 

Rats/Mice 

Potassium iodide 

 

Supplementation dose 

Interactions Se-I 

Liver content 

Plasma content  

Serum content 

Urine content  

Biochemical response : 

GSHPx, Type 1 

Deiodinase Activity, 

Thyroid response : T3/T4 

 

 

 
 

2.2.1. Factors affecting the bioavailability of iodine in pigs 

o Assessment of bioavailability 
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According to the outcomes of an experimental trial consisting on five treatments, each one with 16 

pigs for fattening, the highest iodine concentration was measured in the thyroid gland, followed by 

kidney, liver, muscle, skin, and abdominal fat tissue. Iodine concentrations in thyroid gland, kidney, 

and skin were very significantly influenced by the iodine dose (from 4,000 to 10,000 µg I/kg, from KI 

and KIO3 fed until sacrifice at 115±0.3 kg), also heightening iodine concentration in muscle. However, 

the significant interaction of the factors remarked that these increases were not similar for KI and 

KIO3 
(38274)

. Iodine concentration levels from 0.5 to five mg I/kg diet as calcium iodate (anhydride) did 

not show any significant effect on the performance parameters or body weight of pigs for fattening (14 

per treatment), fed for 97-125 days. Nevertheless, a significant effect of the iodine supplementation 

was observed on the thyroid, whose weight increased 54% in comparison to the control group, when a 

diet of five mg/kg was administered. The highest iodine dose caused a 2.7-fold increase of the iodine 

concentration in the thyroid, compared to control animals. The iodine content in the bones was slightly 

higher than that in the muscle/fat fraction, but only significantly at the highest iodine dosage (five 

mg/kg diet) 
(38750)

. When piglets (eight per treatment) fed iodine-supplemented diets (6.5-10.5 mg 

KI/kg) for three months, the iodine content increased by up to 45% in fresh muscle, by 213% in 

adipose tissue, by 124% in the heart, by 207% in the liver, and by 127% in the kidneys, in comparison 

to the control group. There was a significantly higher concentration of serum thyroxin (T4) and a 

significantly lower concentration of serum triiodothyronine (T3) in those iodine-supplemented groups. 

The iodine content of urine from all iodine-supplemented groups was also greatly increased 
(39539)

. 

Another study surveyed the iodine content in pig muscles before their processing in 18 farms (six pigs 

per farm) from Czech Republic. The results showed that the average iodine content in leg muscles of 

market pigs was 25.6 µg I/kg fresh matter 
(44761)

. 

In one trial with five treatments (0.150, four and ten mg I/kg from KI and KIO3) administered to pigs 

for fattening (16 per treatment) until sacrifice at 115 kg, the authors observed a significant down-

regulation of sodium/iodide symporter (NIS) and Cu/Zn superoxide dismutase (SOD) mRNA 

expression in the thyroid gland in high-iodine groups. In liver, a source effect on the mRNA 

expression of Cu/Zn SOD between KI and KIO3 at 4,000 µg I/kg was shown. In contrast, not only 

SOD but also glutathione peroxidase (GPx) activity was affected by iodine source with a stronger 

down-regulation in the high KIO3 group. In muscle, GPx activity was affected by both iodine source 

and dose, showing stronger down-regulation in KI groups. NIS expression was significantly decreased 

with increased iodine supplementation, which ensures thyroid gland functions 
(43295)

. 

o Interactions 

Diets, without supplementary iodine, showed a decrease of the concentration of this element, 

particularly in milk and serum of piglets, in a double trial study with 3 treatments (6-15 piglets per 

treatment) supplementing iodine (150-600 g I/kg diet, as KI bound to casein) for 28 days. Diets with 

glucosinolates decreased the iodine concentration in milk and serum. Urine and faeces samples from 

sows feeding the rapeseed-press cake diets increased iodine concentration. No response of sows‘ 

serum iodine orthyroxin on glucosinolates was observed 
(39659)

. Sows (six/eight) from two farms (A 

and B) were monitored for 21 days after iodine supplementation. The supplementation of Chlorella-

bound iodine significantly increased the content of this element in colostrum of experimental sows 

from 365 to 492 μg/L, and from 241 to 391μg/L in two different farms. Iodine concentration in milk 

decreased in all sows, particularly in the animals included in both experimental groups. 

Supplementation of iodine bound in Chlorella biomass increased its concentration in colostrum of 

sows with both the low and the high dietary uptake of this element 
(49068)

. Soya-bean meal (SBM) and 

rapeseed meal (RSM) supplemented with iodine and copper were administered to piglets (six per 

treatment) in two different experiments for 140 days. The RSM rations without iodine 

supplementation caused a thyroid weight increase of 13-fold. Iodine supplementation increased the 

thyroid hormone level in blood compared to that of the control group, thus preventing signs of 

deficiency. In combination with I, copper supplementation tended to improve performance and thyroid 
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hormone state 
(50948)

. Another similar study (based on four-six piglets per treatment) tested both meals 

with added levels of copper (250 mg/kg diet), zinc (150 mg/kg diet) and iodine (0.0625-1 mg/kg diet) 

for 97 and 104 days. The results showed that only untreated RSM without I supplementation depressed 

performance and gave symptoms of I deficiency. In addition, thyroid gland and liver weights were 

also increased, while serum T4 content was significantly reduced in animals receiving RSM not 

supplemented with I, but treated with Cu
2+

. A plateau of the serum T4 content was achieved from 0.5 

mg I/kg of the RSM diet. In contrast, when goitrogens were inactivated by means of Cu
2+

, the serum 

T4 level was significantly increased, and plateaued from 0.122 mg I/kg diet 
(50949)

. A group of piglets 

(six per treatment) were slaughtered after fed three different supplemented diets (basal, ten and 20 g 

seaweed/kg) during 21 days, in order to assess the iodine levels in tissues. The results showed 

significant increases in the iodine content for several tissues in piglets on seaweed (20 g seaweed/kg 

feed), corresponding to ten mg seaweed/kg feed) compared to the control diet (1 mg iodine/kg feed) 
(43291)

. 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.2. Factors affecting the bioavailability of iodine in poultry 

o Assessment of bioavailability 

Supplemental doses of KI and KIO3 until five mg iodine per kg feed were administered to laying hens 

for 25 days. Iodine concentration of serum was relatively high in comparison with liver and meat 

samples. Iodine levels in control groups were 29 mg I/L (KI groups) and 28 mg I/L (Ca(IO3)2 groups) 

and increased to 382 mg I/L (KI groups) and 350 mg I/L (Ca(IO3)2 groups) in the highest 

supplemented groups. Liver iodine was at a higher level than meat and also increased significantly 

with increasing feed of iodine. Liver iodine ranged from 224 to 1734 mg I/kg in KI groups and from 

281 to 1813 mg I/kg in Ca(IO3)2 groups 
(38353)

. 

o Interactions 

In a study designed to examine some of the possible interactions, between low iodine, low vitamin A, 

and a specific PCB congener, three different dietary treatments (with different levels of vitamin A and 

iodine) were administered to laying hens (six per treatment) for 12 days. In the case of chicks 

receiving a low vitamin A (750 IU/kg) - low iodine (70 µg I/kg diet) semi-purified diet and exposed to 

the PCB congener, the hypothyroid response was apparently antagonized. Comparing exposed chicks 

with unexposed controls, metabolic rate and the proportion of free T3, increased while total serum 

thyroxin and thyroid weight were unchanged 
(42111)

. Another study was conducted to assess the effect 

of 1 mg triiodothyronine (T3) hormone/kg diet, Se (1 mg/kg), iodine (1-2 mg/kg), and vitamin C (250 

mg/kg) combinations on biochemical parameters and antioxidant enzyme activities of broilers (30 per 

treatment) exposed for 40 days. Plasma T3, triglyceride, and were significantly different among 

groups. Malondialdehyde (MDA) level in heart tissue of control group was found significantly higher 

than those of other groups. MDA levels in liver and abdominal fat tissues of control and iodine group 

were determined significantly higher than those of other groups, whereas MDA level in lung tissue 

was similar found in all groups Liver catalase (CAT) activity of control and iodine group were 

significantly the highest. Results showed that cold exposure in broilers induced oxidative damage in 

tissues, but this damage decreased partly in supplement groups, except group 1 
(44031)

. The interactive 

effect of dietary iodine (0.1-0.2 mg I/kg) and selenium (0.05-0.5 mg Se/kg) on poultry immune 

parameters was studied on laying hens (six replicates of three birds) for 24 weeks. The results 

indicated that iodine and selenium may affect immunity in laying hens and, when the iodine level in 

the laying hen was lower than 0.2 mg/kg, a selenium allowance higher than 0.1 mg/kg may be 

necessary to improve immunity 
(44657)

. 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph III - Iodine 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

270 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.3. Factors affecting the bioavailability of iodine in bovines 

o Assessment of bioavailability 

Four iodine supplementation levels (until 7.5 mg KI/kg diet) were administered to dairy cows (eight 

per treatment) for seven weeks to assess the iodine content in milk. Iodine concentrations in raw milk 

increased with each increase in dietary I from 162.2 ng/mL for basal diet to 534.5, 559.8 and 607.5 

ng/mL when 2.5, 5 and 7.5 mg/kg was fed as potassium iodide. This trend was found for blood plasma 

and urine iodine concentration. Iodine supplementation had no significant effect on thyroidal 

hormones. High-temperature short-time (HTST) pasteurization process reduced iodine levels. Mean 

iodine content found in milk prior to heating processing was 466.0 ng/mL, whereas for the processed 

milk was 349.5 ng/mL 
(38496)

. Another similar study was performed with five cows for 14 days, 

monitoring milk and plasma iodine content after administration of iodine supplementation (0.2 to 10.1 

mg I/kg diet). The levels for the four doses tested in milk were 101, 343, 1215, and 2762 µg iodine/kg. 

The total amount of iodine in milk per day was 30-40 % of ingested supplemental iodine. Omitting 

additional iodine resulted in a short-term reduction of serum and milk iodine following an exponential 

decay function. The iodine supplementation of 0.5-1.5 mg /kg diet DM represented the requirement of 

the cow, resulting in 100-300 µg iodine/L milk, which optimally contributes to human supply 
(38598)

.  

After administration of iodine (0.625-5.0 mg I/kg as ethylenediamine dihydroiodide (EDDI)) to calves 

(five per treatment) for 12 weeks, the effect of sampling time was significant. In all groups a marked 

increase occurred in plasma iodine from zero to four weeks, and peaks were reached at eight weeks in 

all treatments. Average plasma iodine of treated calves was increased linearly in proportion to daily 

dose up to 2.5 mg/kg BW. Plasma T4 was not different among iodine treatments when treatment effect 

was tested with the mean square for calves within treatment. Partitioning of the highly significant time 

effect revealed a predominately linear component. Concentrations of T4 were high at zero to four 

weeks, and then declined at 12 weeks in all groups. Plasma T3 was not changed either by treatment or 

time on treatment. Interaction of treatment with sampling time was not significant for either T4 or T3 
(42591)

.  

Iodine intake increased the concentration in milk and total excretion of dairy cows (four/ten replicates 

per treatment). Iodine levels supplementation as KI (until 47.2 mg iodine per head per day for five 

weeks) affected the concentration and total excretion in milk. No effects on milk iodine concentration 

were related to milk yield or milk yield-treatment interaction; however, iodine excretion in milk was 

major in higher yielding groups. Iodine carry over was affected by the milk yield in supplemented 

groups 
(43209)

. Iodine contents in blood, urine, raw, and pasteurized milk of dairy cows (four per 

treatment) were significantly affected by the iodine supplementation at levels of 2.5, 5 and 7.5 mg I 

(KI)/kg diet DM for eight weeks of study. Blood T3, and T4, concentrations were not significantly 

affected by the treatments 
(44013)

. Iodine supplementation (3.52 and 8.31 mg I/kg DM as Ca(IO3)2 did 

not significantly influence DM intake, daily weight gain or slaughtering performance of bulls (11-12 

per treatment) after dietary treatments. Thyroid gland weight increased significantly with the highest 

iodine dosage (26, 32 and 42 g of iodine per animal). Iodine supplementation significantly increased 

iodine concentration in muscle, liver, kidney and thyroid gland 
(44205)

. 

Mean total muscle iodine levels for the 0, 50, and 400mg treatment groups of calves (four per 

treatment) were 0.092, 0.127 and 0.406 µg/g wet tissues, respectively. I concentrations did not differ 

statistically between individual muscles within the zero and 50 mg treatment groups, but in the 400 mg 

ethylenediaminedihydriodide (EDDI) group, the trapezius (0.469 g/g) and biceps brachii (0.569 
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g/g) muscles had higher iodine concentrations than the semi-membranous (0.316 g/g), psoas major 

(0.365 g/g) and longissimus (0.307 g/g). Dietary iodine increased liver and thyroid iodine 

concentrations in the 400-mg treatment group over those observed for the 0 and 50 mg treatment 

groups 
(42687)

. 

o Interactions 

In one study consisting in two experiments with dairy cows (seven/eight per treatment) fed a basal diet 

with different levels of iodine concentrations (ethylenediamine dihydroiodide (EDDI)) for 14/15 days, 

the authors finally concluded that cows differed in their ability to transfer iodine into milk. No 

significant interaction was observed between dietary iodine and post-milking treatments on any of the 

variables and, therefore, results are presented according to main effects. A linear effect was found of 

dietary iodine content on milk iodine concentration. Thyroxin levels were not affected by the 

treatments. The results of the second experiment showed that milk iodine was significantly increased 

by the use of iodized sanitizers in pre-milking. Pre-dipping with 0.5% iodine pre-dip solution followed 

by complete drying of the teat (Comp) tended to increase milk iodine content above that of the Con 

treatment. The Inc treatment (drying 3 teats instead of 4) significantly increased milk iodine 

concentrations above those of the Comp treatment 
(38239)

.  

Another study aimed to evaluate the iodine status (serum iodine, T3, T4) and the iodine concentration 

of all main routes of elimination (urine, faeces, milk) of dairy cows (eight replicates per treatment) at 

feed iodine supplementations ranging from a non-supplemented ration up to the permitted maximum 

level of feed (five mg iodine/kg diet DM as KI and Ca(IO3)2) for 21 days of trial. The results showed 

that the supplementary iodine increased iodine contents of serum, urine and faeces. Rapeseed meal 

(RSM) application resulted in consistently higher iodine contents in the mentioned matrices just 

displaying significant differences at high supplementation levels. When feeding distillers dried grains 

with soluble (DDGS), at high iodine supplementations iodide caused higher serum and faecal iodine 

than iodate. No impact was shown for the RSM application and the iodine species on T3 and T4. The 

results of the study indicated that high iodine intakes not only cause strong increases in milk and 

urinary iodine but also lead to a considerable rise of iodine excretion via faeces. RSM in feed causes a 

shift of iodine normally excreted via milk to an excretion via urine and faeces accompanied by higher 

serum iodine 
(48475)

. 

Milk iodine concentrations at various feed iodine supplementation levels up to the permitted 

maximum level in feed, as well as, the impact of a high percentage of RSM in the ration and of the 

applied iodine species (iodide, iodate) on the iodine content of milk was evaluated with dairy cows 

(eight per treatment) for a 21-days trial. The milk iodine concentrations on day 19, 20, and 21 of each 

period were independent of the iodine supplementation of the previous period. The supplementation 

and the protein source showed a significant influence on the iodine concentration of milk. Increasing 

iodine supplementation levels in the feed caused increased milk iodine concentrations in all groups. 

Feeding RSM led to strongly diminished milk iodine concentrations compared with feeding DDGS. 

On the one hand, the significant interaction between supplementation level and protein source 

illustrated that differences between the least squares means of the RSM and DDGS groups were 

significant only at iodine supplementation levels of 2 mg/kg of DM and higher. Conversely, 

significant differences between supplementation levels were first investigated at feed iodine 

supplementation levels of 2 mg/kg of DM and higher in the groups with DDGS, and were investigated 

only at iodine supplementation levels of 4 and 5 mg/kg of DM in the RSM groups. The iodine 

concentration in milk showed a linear dependence on the feed iodine supplementation 
(38556)

. 

Iodine supplementation (6.6 mg I/kg, ethylenediamine dihydroiodide (EDDI)) resulted in a significant 

increase in urinary iodine concentration through the 21 studied days with dairy cows (four per 

treatment). The evaluation of the thyroid gland status in cows of the groups with iodine supplements 

showed an insignificant trend to increased T3 concentrations, decreased concentrations of total and 
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free T4. Iodine supplements showed a tendency to increase the T3/T4 ratio. Rapeseed meal (RSM) did 

not influence the concentrations of T3 total T4, and free T4 significantly; the T3/T4 ratio remained 

unchanged as well 
(45302)

. Supplementation of diets with iodine (4.4 mg I/mL, injected) increased the 

response of thyroid hormones to thyrotropin-releasing hormone of calves (16 per treatment) but did 

not increase BW gain through the nine weeks of study. Interaction between Se (3 mg Se/day) and I 

treatment within the herds was not apparent for any outcome variable 
(46292)

. 

Long-term effect and interplay of iodine (0.45-5.45 ppm) and selenium (0.45-5.45 ppm) 

supplementation on non-pregnant cows (12 replicates per treatment), pregnant cows, and their calves 

was studied through 120 days. Nutritional iodine markers adequately represented the course of iodine 

supplementation for the study, with significant higher values in plasma iodide and I urine in HISe 

compared to LISe group. Moreover, the excess of I in diet (regarding NRC requirements) was showed 

by an increase of I excretion in urine (protection against I overload) 
(38337)

. Glutathione peroxidase 

(GSH-Px) activity, T3 and T4 concentrations, and iodine in milk of dairy cows (two cows per 

treatment) were not influenced by dietary Se supplements in the range 0.08-1.11 mg Se/kg diet for 21 

days 
(45279)

. 

Effect of taramira and mustard oilcakes on growth performance, nutrient utilization, and thyroid 

function was compared in crossbred calves (five replicates per treatment). Serum T3 level did not vary 

among the groups or among the periods, however, serum T4 level in TMC25 group (25% taramira) 

was significantly higher than in control and TMC50 group (50% taramira), which could be attributed 

to the animal variation rather than feeding effect 
(45276)

. 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.4. Factors affecting the bioavailability of iodine in sheep 

o Assessment of bioavailability 

Serum concentrations of thyroxin (T4) increased from 20 to 48 nmol/L for 24 weeks, period of time 

during which control lambs grazed ryegrass-clover pasture (eight treatments with 12-24 sheeps each). 

I supplementation increased the concentration and total amount of I in the thyroid gland and increased 

serum T4 concentration, but did not affect any other values measured in the lambs grazing the pasture 

herbage. Serum concentrations of T3 were stable at two nmol/L, for both groups. Control lambs 

grazing kale for 24 weeks showed marked thyroid enlargement and depletion of thyroid iodine. By 

week six, serum T3 and T4 concentrations had declined to two-five nmol/L and one nmol/L 

respectively and were stable at these values for the remainder of the experiment. Iodine 

supplementation eliminated the thyroid depletion of this element, caused serum T3 concentration to 

rise and stabilize at 90 nmol/L by week 18, and T3 concentration to stabilize at two nmol/L by week 

six. From week six onwards, wool growth was increased 13% by iodine supplementation, whereas 

empty body growth was unaffected 
(42513)

. 

Two experimental treatments (3.1 and 5.1 mg I/kg) were designed to assess the effect of iodine 

supplementation on immune parameters in ewes and their new-born lambs for eight months of study. 

Before the start of the experiment, the average concentration of IgG in blood serum (mg/mL), average 

percentage of γ-globulins in blood serum, and average white blood cell (WBC) count (G/L) did not 

show any significant differences between the ewes of group C and E. In the ewes of group E, a 

significant decrease in concentration of IgG from 19.6 mg/mL (before the experiment) to 13.0 mg/mL 

(1-30 d after parturition) and 9.8 mg/mL (60 d after parturition) was observed. The difference in the 

average concentration of IgG between group C and E for the entire experiment was not significant, 
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and a similar situation occurred in WBC count. The level of γ-globulins after parturition was 

significantly lower in group E than in group C 
(43543)

. 

There was a negative linear reduction in serum IgG concentration and IgG absorption efficiency as 

maternal dietary iodine supplementation increased. Supplementation of the ewe's diet in late 

pregnancy with 17.3 g of a mineral supplement as formulated in the current experiment lowers the 

lamb's ability to absorb colostral IgG, and offering only the iodine component of this mineral 

supplement, at a level which approximates to about one third of currently quoted toxicity levels, will 

result in reduced serum IgG concentration in the lamb 
(44840)

. 

o Interactions 

The supplementation of 0.250 mg Se/kg and 0.10 mg I/kg exerted a positive influence on biochemical 

status of Tsigai breed sheep (six sheep), for which the activities of indicator enzymes aspartate 

transaminase (ASAT), alanine transaminase (ALT), creatine phosphokinase (CpK), cholesterol, and 

triglycerides returned to normal from 13 % to 29 %. Se and I supplementation for Karakachan sheep 

decreased the ALT and ASAT activity by 18 % and eight %, respectively. The changes occurring with 

the activity of creatine phosphokinase in the deficient group were most considerable (33 %). The 

Karakachan sheep reacted to a smaller extent to the trace element supplement, as compared to the 

Tsigai breed 
(43780)

. 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.5. Factors affecting the bioavailability of iodine in goats 

o Assessment of bioavailability 

The mean iodine concentration in milk from goats (n=17) receiving iodized salt was 147.1 µg/L 

(ranged from 51.8 to 393.6) and for the remaining goats 19.3 ± 13.2 µg/L. The mean iodine 

concentrations in goat milk on three farms on which neonatal goitre in kids was diagnosed ranged 

from 8.5 to 23.3 µg/L 
(45703)

. 

One of the studies assessed the nutritional performance and thyroid hormone status of adult goats fed 

graded levels of I (0.05-0.075 mg I/animal/day), when their diet contained a goitrogenic mustard cake-

based supplement for 180 days of trial. Mean serum concentration of triiodothyronine was 1.2, 1.2 and 

1.7 ng/ml, being significantly higher in the I-75 group. Mean level of thyroxin was 18.3, 24.9 and 27.4 

ng/mL, significantly higher in both I-supplemented groups. Serum thyroid hormones also increased in 

response to I supplementation 
(45661)

.  

The impact of iodine supplementation to a Leucaena diet on the blood biochemical parameters and 

thyroid hormones was assessed in two groups of goats (six goats per treatment). Although the serum 

level of T3 was comparable between the two groups that of T4 increased significantly in the I-100 

group (0.1 mg KI/day/head). The T3/T4 ratio was also similar between both the groups 
(45664)

. 

o Interactions 

Effects of iodine supplementation on performance of intact and castrated goats fed a mustard 

(Brassica juncea) cake-based diet were studied in fourteen 2-year-old goats (six intact and eight 

castrated bucks) for 210 days. Average daily gain of the goats at the end of 210 days of study was 

higher the I supplemented (25.5 g) than non-supplemented (10.9 g) goats. DM intake also improved 

because of provision of extra iodine (556.2 versus 448.9 g per day). Serum triiodothyronine 

concentration was similar between the groups, I supplementation increased serum thyroxin from 21.4 

to 29.7 ng/mL with a concomitant reduction in serum cholesterol
 (45089)

.  
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Dietary iodine supplementation (0.1 mg I/day/animal) on nutrient metabolism, thyroid hormones and 

immune response of adult goats fed a leucaena-based diet intended to create a mild hypothyroid 

condition was studied on 12 goats (six per treatment) for 180 days. The concentration of T3 remained 

unaffected because of iodine supplementation while that of T4 by 25.3% margin in the exposed group. 

Further, a narrower serum T4:T3 ratio observed in the control (36.0) than that in exposed (44.2) group 

of goats highlighted greater conversion of T4 to T3 in control animals, to compensate for the lowered 

availability of dietary iodine because of leucaena leaf meal (LLM) feeding
(42945)

.  

One study was designed to investigate the effects of dietary supplementation with I (two-four mg I/kg) 

and Se (one mg Se/kg) and the interaction between these two trace elements on nutrient digestibility, 

serum thyroid hormones, and antioxidant status in Liaoning Cashmere goats (six goats per treatment) 

through 45 days of experiment. The serum T3 concentration was not affected by iodine 

supplementation. However, serum T4 concentration and T4/T3 ratio were significantly increased by I 

supplementation. No interactions between I and Se were observed for thyroid hormone concentrations 
(38361)

. The effect of supplementation with either Se (1 mg intraruminal) or I (200-400 mg 

intramuscular), or both, on growth rate, mohair production, and plasma concentrations of thyroid 

hormones in Angora goat kids (one or three kids per treatment) fed lucerne pellets deficient in both Se 

and I. Interaction between Se and I supplementation was not significant for any of the outcomes 

measured and therefore the tabulated results. Supplementation with I increased plasma thyroxin 

concentration but decreased triiodothyronine concentration 
(50090)

. 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.6. Factors affecting the bioavailability of iodine in fish (Salmonids) 

o Assessment of bioavailability 

Another study aimed to assess the possibility to tailor fillet iodine concentration of sea water reared 

adult Atlantic salmon (100 per treatment) by feed supplementation of iodine (40-80 mg KI/kg diet 

DM) for 150 days of study. Iodine concentration in muscle, liver and kidney were all affected by the 

dietary iodine level, despite wide intra-treatment variation. After 150 days, fillets of fish fed 10, 54 

and 86 mg I/kg showed mean concentrations of 0.4, 0.5, and 0.9 mg I/kg wet weight, respectively, 

whereas the iodine concentration in the liver and the kidney increased approximately three times in the 

dietary groups. Similarly, plasma T4 and T3 showed great variation within the treatments. No 

significant correlations were found between individual tissue iodine concentration and thyroid 

hormone concentration in any of the groups at any sampling time. This preliminary feeding 

experiment showed that fillet iodine in adult Atlantic salmon can be increased up to 1.4 mg I/kg wet 

weight by dietary iodine 80 times the minimum requirement for salmonids, without impacting health, 

performance or plasma thyroid hormone status 
(44674)

. 

o Interactions 

To examine potential effects of hexabromocyclododecane (HBCD) diasteroisomers, juvenile rainbow 

trout (five replicates of 20 fish per treatment) were fed diets containing environmentally relevant 

concentrations of the individual α, β and φ isomers in the laboratory followed by oral dosing with 

[
125

I]-T4 to examine tissue disposition. Measurements of the labelled T4 in tissues two, four, six and 14 

days after gavage showed that tissue disposition and elimination rates of the hormone were altered by 

HBCD. In particular, on day 14 after gavage feeding, there was significantly lower radioactivity in the 

thyroid of fish exposed to the HBCD isomers relative to the reference group. This implies that either 

there was lower iodide uptake by the gland in fish exposed to HBCD or that the rate of thyroid 

hormone turnover in HBCD treated fish was elevated. There was also a significantly higher type II 
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outer ring deiodinase enzyme activity in livers of fish exposed to the beta and gamma isomers. Taken 

together, these results indicate that HBCD can potentially impact the thyroid system of fish 
(38488)

. 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.7. Factors affecting the bioavailability of iodine in rabbits 

(Studies about bioavailability, interactions and incompatibilities of iodine were not found) 

 

2.2.8. Factors affecting the bioavailability of iodine in horses 

(Studies about bioavailability, interactions and incompatibilities of iodine were not found) 

 

2.2.9. Factors affecting the bioavailability of iodine in pets 

o Assessment of bioavailability 

One study aimed to determine the iodine (I) requirement in adult cats. Therefore, forty-two healthy 

euthyroid cats (1.6-13.6 years old) were utilized in a randomized complete block design. Cats were fed 

a dry basal diet (0.23 mg/kg I) for a minimum of 1 month (pre-test) then switched to a different basal 

diet supplemented with seven levels of KI for 1 year (experimental period). No significant changes in 

food intake, weight gain or clinical signs were noted. Serum I, daily urinary I, daily faecal I, and 

urinary I:creatinine ratio was linear functions of iodine intake. An estimate of the I requirement (i.e. 

breakpoint) was determined from regression of Tc99m thyroid: salivary ratio (scintigraphy) on I intake 

at 12 months [0.46 mg I/kg diet (DM basis) as well as 9 months iodine balance (0.44 mg I/kg diet 

(DM)] 
(38534)

. 

o Interactions 

(Studies about interactions of iodine were not found) 

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.10. Factors affecting the bioavailability of iodine in rats/mice 

o Assessment of bioavailability 

(Studies about bioavailability of iodine were not found) 

o Interactions 

Renal, but not hepatic, type I iodothyronine 5‘-deiodinase (DI-I) activity was lower in rats with low 

selenium intake than in controls (60 rats per treatment). Circulating T3 concentration was not affected 

by the dietary levels of iodine or selenium. Unlike in liver, kidney and erythrocytes, thyroidal GSH-Px 

activity was not lower than in controls in rats with low selenium intake, but was significantly higher 

when iodine intake was low. Significant interactions of iodine and selenium on serum T4 and thyroidal 

GSH-Px activity were observed. Serum T4 was maintained at control levels when both dietary iodine 

and selenium were low, but not when iodine alone, or selenium alone, was low. Activity of thyroidal 

GSH-Px was lowest in rats fed a diet containing high iodine and low selenium. The results suggest that 

high iodine intake, when selenium is deficient, may permit thyroid tissue damage as a result of low 

thyroidal GSH-Px activity for thyroid stimulation. A moderately low selenium intake normalized 
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circulating T4 concentration in the presence of iodine deficiency 
(40343)

. Another study aimed to explore 

the effects of supplemental selenium on disorders of thyroid function resulting from excessive iodine 

intake. Plasma T4 was higher, but T3 was lower in excessive iodine (EI) group mice in comparison 

with results obtained in normal controls (NI). Selenium supplementation restored the thyroid hormone 

levels. There was no significant difference between the selenium (IS) groups. Analysis of urine 

samples showed that median urinary iodine level of NI group was 81.0 μg/g Cr, and excessive iodine 

exposure leads to a very significant increase in urinary iodine level. Compared with the EI group, IS1 

(0.1 mg Se/L), IS2 (0.2 mg Se/L), IS3 (0.3 mg Se/L), and IS4 (0.4 mg Se/L) groups significantly 

increased the level of urinary iodine, but there was no significant difference between EI and IS5 (0.5 

mg Se/L). The activity of thyroid peroxidase (TPO) was inhibited by excessive iodine significantly. 

Compared with the effect of iodine alone, iodine in combination with selenium increased the activity 

of TPO, indicating that selenium supplement alleviated the damage of TPO resulted from iodide 

excess. However, the IS group had decreased tendency although there was no significantly difference 

between the NI, IS2, and IS3 groups 
(38466)

.  

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 
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2.3. Data quality assessment  

Results from quality assessment are summarized in the Table 10, and extensively presented in 

Appendix III.E. Most of the manuscripts included in the search answered at well or medium level of 

quality from the quality data questions. Only few of them responded with bad quality or without 

enough information about. 

Table 10. Summary of percentage of studies in each answering category. 

Quality data questions % of studies 

 ~  

1. Do the objectives address the ELS 

questions? 
51.9 48.1 0.0 

2. Was the methodology fitted to the purpose of 

the study? 
44.2 55.8 0.0 

3. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
36.5 63.5 0.0 

4. Was the study design fitted to some 

harmonized protocol? 
19.5 80.8 0.0 

5. Were doses analytically confirmed? 5.8 94.2 0.0 

6. Was background of the samples analysed? 65.4 34.6 0.0 

7. Were the treatments randomly allocated? 15.4 84.6 0.0 

8. Was the sample size justified? 0.0 100.0 0.0 

9. How were statistical methods details and 

analysis units? 
36.5 63.5 0.0 

10. Was there incomplete or missing data? 42.3 57.7 0.0 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, based on title and abstracts, a total of 11982 articles were excluded to be 

completely unrelated with the search objectives (not about iodine, not about the animal species, not 

about bioavailability issues). Finally, 535 articles were retained to be potentially related with the 

search questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. Four hundred twenty-two full-text articles of the 535 were 

obtained from on-line sources, and 113 references remained pending to be found. After the assessment 

of the full-text references, a total of 367 articles were excluded to be finally unrelated with the subject. 

Fifty-five references were retained to answer the extraction data form.  

Most of the studies retained in the selection assessed bioavailability issues of iodine on bovines (n=19) 

and pigs (n=10). Less studies concerning goats (n=8), sheep (n=5) and poultry (n=4) were found, 

while very few studies focused on rats and mice (n=3), fish (n=2) and pets (n=1) were retained in the 

selection. It must he highlighted that four of the retained reports were Scientific Opinions from the 

EFSA FEEDAP Panel. Studies assessing iodine incompatibilities using in vitro models were not 

found, either through the searching protocol strategy or other additional sources.  

Potassium iodide and iodate, calcium iodate, chlorella-bound iodine, ethylenediamine dihydrodide 

(EDDI) were the most commonly used supplementation forms in the selected studies, while the using 

of iodine nanoparticles was not implemented in the included studies. 

Supplementation of bovine diets with iodine from the different sources (KI, EDDI, Ca(IO3)2) was 

correlated with iodine content in blood, urine, milk, faeces, muscle, but the levels of T3 and T4 were 

unaffected. Supplementary iodine showed a significant reduction of IgG of those sheep groups fed 

higher iodine supplementation levels. Serum thyroid hormones levels of goats increased at higher 

levels of iodine supplementation. The simultaneous intake of supplementary selenium and iodine did 

not show interactions on thyroid hormone concentrations in serum from goats. Iodine concentration in 

muscle, liver and kidney of Atlantic salmons were all positively affected by the dietary iodine levels 

(40-80 mg KI/kg diet DM). In the contrary case, iodide uptake by the gland in fish exposed to 

hexabromocyclododecane (HBCD) diasteroisomers. One study performed with cats suggested that 

serum I, daily urinary I, daily faecal I, and urinary I:creatinine ratio was linear functions of iodine 

intake. 

Interactions between low vitamin A, low iodine, semi-purified diet and exposure to PCB congener 

apparently antagonized the hypothyroid response. Simultaneous exposure of Se and I showed 

interactive effects on the immunity of laying hens. Several diets and dietary factors were assessed in 

order to identify interactions on iodine status of bovines. One study reported that RSM altered the 

excretion of iodine in milk, increasing the levels in urine, faeces and serum. The simultaneous intake 

of supplementary Se and I showed increase of plasma iodine in comparison with the control, but the 

interaction did not affect T3, T4 and milk I levels. Simultaneous supplementations of selenium (0.250 

mg Se/kg diet) and iodine (0.10 mg I/kg diet) exerted a positive influence of Tsigai breed sheep.  
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PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (iodine OR 

*iodide OR *iodate OR *iodo*) AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND 

(*availab* OR Absor* OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR 

Transport OR *accumul* OR Deposition OR Storage OR Release OR Homeostasis OR Speciation OR 

Digest* OR *access* OR Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR 

Status OR interact* OR incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* 

OR Organ$ OR Tissue$ OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur 

OR Toe OR Gut OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR 

Leukocyte OR Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide 

dismutase‖ OR Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-

iodothyronine deiodinase‖ OR Glutathione) 

 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY(iodine OR *iodide OR *iodate 

OR *iodo*) AND TITLE-ABS-KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND 

TITLE-ABS-KEY(*availab* OR absor* OR uptake OR metabol* OR *activity OR *efficacy OR 

distribut* OR transport OR *accumul* OR deposition OR storage OR release OR homeostasis OR 

speciation OR digest* OR *access* OR excretion OR secretion OR "Biological value" OR "Nutritive 

value" OR status OR interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance 

OR *monitor* OR *mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking 

strength" OR tibia OR femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR 

pancrea* OR blood OR leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma 

OR "Superoxide dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" 

OR "5-iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "MEDI") OR 

EXCLUDE(SUBJAREA, "NEUR") OR EXCLUDE(SUBJAREA, "IMMU") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "DENT") OR 

EXCLUDE(SUBJAREA, "ENVI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "PHYS") OR EXCLUDE(SUBJAREA, "NURS") OR 

EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENGI") OR 
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EXCLUDE(SUBJAREA, "CENG") OR EXCLUDE(SUBJAREA, "MATE") OR 

EXCLUDE(SUBJAREA, "ENER") OR EXCLUDE(SUBJAREA, "SOCI") OR 

EXCLUDE(SUBJAREA, "PSYC") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "COMP") OR EXCLUDE(SUBJAREA, "BUSI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(iodine OR *iodide OR *iodate OR *iodo*) AND 

Topic=(Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND Topic=(*availab* OR Absor* 

OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR 

Deposition OR Storage OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR 

Excretion OR Secretion OR "Biological value" OR "Nutritive value" OR Status OR interact* OR 

incompatib*) AND Topic=(*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR 

Tissue$ OR Hair OR Nail$ OR Bone$ OR "Breaking strength" OR Tibia OR Femur OR Toe OR Gut 

OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR 

Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR 

Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine 

deiodinase‖ OR Glutathione) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

 EXCLUDED 

 DOUBTFUL 

Exclusion Reason Not about the TE 

 Not about bioavailability and/or 

incompatibilities and/or interactions 

 Other species 

 Other reason 

Manuscript type Journal article 

 Short communication 

 Review 

 Conference paper 

 Other 

Year of publication 
 

(QA) Do the objectives address the ELS questions? Clearly addressed 

 Possibly addressed 

 Clearly not addressed 

(QA) Was the methodology fitted to the purpose of the 

study? 
Clearly sufficient 

 Possibly sufficient 

 Clearly insufficient 

(QA) Does experimental procedure provide precise details 

(i.e. how, when, where, why)? 
Clearly sufficient 

 Possibly sufficient 

 Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

 Possibly adequate 

 Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

 Possibly sufficient 

 Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 
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 Only informal guesses 

 No details in the text 

(QA) How were statistical methods details and analysis 

units? 
Clearly adequate 

 Possibly adequate 

 Clearly inadequate 

(QA) Was there incomplete or missing data? Clearly complete 

 Possibly complete 

 Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

 Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

 Q.3. What interactions can be found? 

Trace Element Cobalt 

 Copper 

 Iodine 

 Iron 

 Manganese 

 Molybdenum 

 Selenium 

 Zinc 

 Other 

Select or enter the specific trace element form OXIDE 

 SULPHATE 

 CHLORIDE 

 CARBONATE 

 AA Chel 

 GLY Chel 

 MET Chel 

 HMTBa 

 ACETATE 

 LACTATE 

 FUMARATE 

 OTHERS 
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This(ese) form(s) is(are) legislated by EC? YES 

 NO 

 Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration units)   

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

 Estimated (Enter concentration)    

 Not specified 

(QA) Were doses analytically confirmed? Yes 

 No 

 Not specified 

Concentrations are expressed in (Dry matter (DM)/ Fresh 

matter (FM)): 
Diet - Dry matter (DM) 

 Diet - Fresh matter (FM) 

 Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

What process is measured? Digestibility 

 Accessibility 

 Absorption 

 Metabolism 

 Distribution 

 Storage 

 Excretion 

 Solubility 

 Other 

Which factors are affecting these processes? Dietary factors 

 Trace elements 

 Contaminants 

 Physiological factors 

 Others 
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Study Type TRO (In vitro ) 

 INV (In vivo) 

 EXV (Ex vivo) 

 Other 

Animal category 1.1. Pigs. Piglets (suckling) 

 1.2. Pigs. Piglets (weaned) 

 1.3. Pigs. Piglets (suckling and 

 1.4. Pigs. Pigs for fattening 

 1.5. Pigs. Sows for reproduction 

 1.6. Pigs. Sows, in order to have benefit 

in piglets 

 2.1. Poultry. Chickens for fattening 

 2.2. Poultry. Chickens reared for laying 

 2.3. Poultry. Laying hens 

 2.4. Poultry. Turkeys for fattening 

 2.5. Poultry. Turkeys for breeding 

purposes 

 2.6. Poultry. Turkeys reared for 

breeding 

 3.1. Bovines. Calves for rearing 

 3.2. Bovines. Calves for fattening 

 3.3. Bovines. Cattle for fattening 

 3.4. Bovines. Dairy cows for milk 

production 

 3.5. Bovines. Dairy cows for 

reproduction 

 4.1. Sheep. Lambs for rearing 

 4.2. Sheep. Lambs for fattening 

 4.3. Sheep. Dairy sheep 

 4.4. Sheep. Ewes for reproduction 

 5.1. Goat. Kids for rearing 

 5.2. Goat. Kids for fattening 

 5.3. Goat. Dairy goats 

 5.4. Goat reproduction 

 6. Fish. Salmon/trout 

 7.1. Rabbits. Rabbits suckling and 

weaned 
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 7.2. Rabbits. Rabbits for fattening 

 7.3. Rabbits. Breeding does (for 

reproduction) 

 7.4. Rabbits. Breeding does (in order to 

have benefits to young rabbits) 

 8. Horses 

 9. 1. Pets and other non food-producing 

animals. Dogs 

 9. 2. Pets and other non food-producing 

animals. Cats 

 10. Other categories 

Specify the in vitro  or ex vivo techniques  

Nº Animals in each group treatment and total  

Number of replicates by treatment  

*Enter the relative response of the effect if provided True absorption 

 Animal performance 

 Liver content 

 Kidney content 

 Pancreas content 

 Spleen content 

 Hair content 

 Nails content 

 Egg content 

 Breaking Strength 

 Bone content 

 Biochemical response 

 Urine content 

 Milk content 

 Bile content 

 Serum content 

 Plasma content 

 Erythrocyte content 

 Thyroid response 

 Other 

In the study are assessed... Interactions 

 Incompatibilities 
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 Other 

Enter the name of the combinations assessed, e.g. 

"selenium methionine-phytates" 
 

Interaction Outcome (Enter the parameter by means of 

which the interactions and/or incompatibilities were assessed) 
 

The method to assess the interaction/incompatibility is... Qualitative 

 Quantitative 

 Other 

The effect of the interaction/incompatibility is ... Synergistic 

 Additive 

 Less than additive 

 Antagonistic 

 Other 

The overall document is.... Conclusive 

 Inconclusive 

Enter comments 
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Appendix III.D includes the tables of the most relevant results concerning bioavailability issues of 

each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. Nº treatments (replicates/treatment). The number of animals per treatment, number 

of replicates by treatment or the number of animals by replicate is detailed in this section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. Duration. A detailed description of the treatment 

levels, diet groups, and the most relevant information about their composition and duration of 

treatments is specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table III.D.1. Pigs 

Study code 38274 

Year 2012 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 5 treatments (16 replicates per treatment) 

Diet Background Not specified20 g I/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Control group (150 gI/kg), 2-3) Two potassium iodide [KI] groups (4,000 and 10,000 g I/kg), 4-5) Two potassium iodate [KIO3] groups(4,000 and 10,000 g 

I/kg)Duration  = until sacrifice at 115 ± 0.3 kg 

Response criteria Animal performance, liver, kidney, muscle, skin, abdominal fat tissue content of I. Thyroid response: T3, T4, T3/T4.  

Results The highest iodine concentration was measured in the thyroid gland and then followed by kidney, liver, muscle, skin, and abdominal fat tissue. Iodine concentrations in thyroid 

gland, kidney, and skin showed high significant iodine dose influences. The increasing iodine content of feed heightened iodine concentration in muscle samples too; however, 
significant interaction of the factors highlighted that these increases were not similar for KI and KIO3. In liver, the iodine concentration increased in a linear manner with the 

higher iodine supplementation and showed a significant treatment influence. Additionally, no significant treatment effect was observed in abdominal fat tissue. Likewise, 

neither T4 and T3 thyroid hormones nor their ratio was influenced by the iodine supplementation. 

 

Study code 38750 

Year 2008 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 5 treatments (14 replicates per treatment) 

Diet Background Analysed 0.14 mg I/kg 

Units’ basis of diets and/or results Diet-Not specified. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control (C), 2) C + 0.5 mg I/kg diet, 3) C + 1 mg I/kg diet, 4) C + 2 mg I/kg diet, 5) C + 5 mg I/kg diet. Calcium iodate(anhydride). Duration = 97-125 days 

Response criteria Animal performance. Bone, plasma and muscle content of iodine. Thyroid response. 

Results The various iodine dosages had no significant effect on the performance parameters or on the empty BW. A significant effect of the iodine supplementation was shown on the 

thyroid weight. The organ weight increase caused by the highest tested iodine addition (5 mg/kg diet) amounted to 54% in comparison to the control. Rising iodine dosages up 

to 2 mg/kg diet increased the thyroid iodine content significantly. Higher iodine supplementation of 5 mg/kg diet did not increase it further, which indicates that a plateau of 
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thyroid iodine concentration is reached at high iodine intake. The highest iodine application caused a 2.7-fold iodine concentration of the thyroid compared to the control group. 

The iodine content in the bones was slightly higher than in the muscle/fat fraction and was elevated significantly only at an iodine dosage of 5 mg/kg diet. 

 

Study code 39539 

Year 2002 

Animal Category  1.1. Pigs. Piglets (suckling) 1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 5 treatments (8 replicates per treatment) 

Diet Background Analysed 0.22 mg I/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose and source. Diet 

Composition Diets/treatments 1) Control group, basal diet (0.22 mg of iodine/kg feed) 2) KI-L, basal diet + 5 mg iodine (6.54 mg KI)/kg of feed3) KI-H, basal diet + 8 mg iodine (10.46 mg KI)/kg of feed4) 
Algae-L, basal diet + 5 mg iodine (1.16 g Laminaria digitata algae)/kg of feed5) Algae-H, basal diet + 8 mg iodine (1.86 g Laminaria digitata algae)/kg of feedDuration = 3 

months 

Response criteria Liver, kidney, serum, heart, muscle, adipose tissue content of iodine. Thyroid response. 

Results After pigs fed iodine-supplemented diets for 3 months, it was found that compared to the control group the iodine content increased by up to 45% in fresh muscle, by 213% in 
adipose tissue, by 124% in the heart, by 207% in the liver and by 127% in the kidneys. There was a significant higher concentration of serum thyroxin (T4) and a lower 

concentration of serum triiodothyronine (T3) in those iodine-supplemented groups. The iodine content of urine from all iodine-supplemented groups was also greatly increased. 

Furthermore, it was shown that the supplementation of algae into feed could increase daily body weight gain by 10% . It is suggested that the carry-over of iodine through 

feeding pigs with an algae-supplemented feed could be beneficial to both the control of IDD and the improvement of pig production 

 

Study code 39659 

Year 2001 

Animal Category  1.1. Pigs. Piglets (suckling) 1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Experiment 13 treatments (6 replicates per experiment)Experiment 23 treatments (15 replicates per treatment) 

Diet Background Estimated  

Units’ basis of diets and/or results Diet - Dry matter. Results-Dry matter 

Factors affecting// combinations Dietary factors:glucosinolates 

Composition Diets/treatments Experiment 11) Control - Basal diet 2) Rapeseed oil - basal diet + 150 g I/kg diet3) Ground rapeseed - basal diet + 300 g I/kg diet(KI bound to casein)Experiment 21) 

Control - basal diet + 150 g I/kg diet2) Rapeseed press cake -basal diet + 300 g I/kg diet3) Rapeseed press cake  - basal diet + 600 g I/kg diet (KI bound to casein)Duration 
= 28 days lactation 

Response criteria Urine, milk, serum content of iodine. Thyroid response : T3, T4 
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Results Diets without supplementary I decreased the I concentration particularly in milk and piglet serum. The presence of rapeseed and rapeseed press cake were indicated by a 

thiocyanate concentration increase, mainly in sow serum. The diets with glucosinolates decreased the milk and piglet serum I concentration. Spot urine and faeces samples from 

sows eating the rapeseed-press cake diets had increased I concentration. The sows' serum I and thyroxin did not respond to glucosinolates or these diets caused an increase in 
concentration. Both these criteria seem unsuitable for the diagnosis of I status of adult animals. Glucosinolates and their degradation compounds may affect the thyroid and the 

mammary glands resulting in lower I milk transfer and higher renal and intestinal I excretion 

 

Study code 43295 

Year 2013 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 5 treatments (16 replicates per treatment) 

Diet Background Not specified20 g I/kg 

Units’ basis of diets and/or results Diet - as-fed. Results-Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Control diet + 150 g I/kg as KI, 2) Supplemented with 4,000 g I/kg (as KI), 3) supplemented with 4,000 g I/kg (as KIO3), 4) supplemented with 10,000 g I/kg (as KI), 

5) supplemented with 10,000 g I/kg (as KIO3). Duration =  until sacrifice at 115 ± 0.3 kg 

Response criteria Biochemical response : (Cu/Zn SOD, CAT, GPx)Thyroid response 

Results In thyroid gland, a significant down-regulation of sodium/iodide symporter (NIS) and Cu/Zn superoxide dismutase (SOD) mRNA expression was observed in high-iodine 

groups. In liver, a source effect on the mRNA expression of Cu/Zn SOD between KI and KIO3 at 4,000 mu g I/kg was shown. In contrast, not SOD but glutathione peroxidase 

(GPx) activity was affected by iodine source with strongest down-regulation in high KIO3 group. In muscle, GPx activity was affected by both iodine source and dose, showing 

stronger down-regulation in KI groups. In kidney and adipose tissue, oxidative stress parameters showed no or only unsystematic changes. However, variation in iodine supply 

had no effect on malonyl dialdehyde (MDA) concentrations. NIS expression was significantly decreased with increased iodine supplementation, which is to ensure the thyroid 
gland function. However, the alleviating effect of iodine supplementation observed in antioxidant enzyme mRNA expression and activity did not reflect on the lipid peroxide 

level. 

 

Study code 43921 

Year 2009 

Animal Category  1.1. Pigs. Piglets (suckling) 1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment) 

Diet Background Analysed 1.05 g/kg 

Units’ basis of diets and/or results Diet: as-fed. Results-Not specified 

Factors affecting// combinations Dietary factors 
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Composition Diets/treatments 1) (C) Basal diet based on maize and soybean flour as control, 2) (SW1) Basal diet + 10 g seaweed/kg feed, 3) (SW2) Basal diet + 20 g seaweed/kg feed. Duration= 21 days 

Response criteria Animal performance 

Results Statistically significant increases in iodine content were noted for several tissues in piglets on seaweed (20 g/kg), corresponding to 10 mg iodine/ kg feed) compared with the 
control diet (1 mg iodine/ kg feed). 

 

Study code 44761 

Year 2005 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 18 farms from 10 districts (six per district) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet-Not specified. Results-fresh matter 

Factors affecting// combinations Other factors: location 

Composition Diets/treatments 10 districts Czech Republic18 farms. Duration = 6 months (April-September 2004) 

Response criteria Muscle content 

Results Average iodine content in leg muscles of market pigs was 25.6 ± 15.54 g I/kg fresh matter, median 20.2 and coefficient of variation 60.6%. Significantly higher iodine levels 

were recorded in the leg muscles was of herds LI2, ZU, BR, FU, BU, ST and some others. Iodine level variations in the samples from respective farms were expressed in the 

levels range of 8.5 to 66.2 g I/kg.  

 

Study code 49068 

Year 2004 

Animal Category  1.5. Pigs. Sows for reproduction 

Nº treatments (replicates/ treatment) 2 groups (6-8 replicates per group) 

Diet Background Analysed 0.2-1.6 ppm I 

Units’ basis of diets and/or results Diet - Dry matter. Results-Not specified 

Factors affecting// combinations Dietary factors Other factors: location 

Composition Diets/treatments On farm A this mixture contained 1 549 μg I/kg while the iodine content in a similar feed mixture administered on farm B was 228 μg I/kg.450 μg per head/day of organically 
Chlorella-bound iodine. Duration = 21 days 

Response criteria Milk content 

Results The supplementation of Chlorella-bound iodine increased the content of this element in colostrum of experimental sows from 365 ± 81 μg/l to 492 ± 122 μg/l on farm A and 
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from 241 ± 70 μg/l to 391 ± 75 μg/l on farm B. Iodine concentration in milk decreased in all sows, particularly in the animals included in both experimental groups, where it 

decreased to about half the values detected in colostrum. It can be concluded from the results that the supplementation of iodine bound in Chlorella biomass increased its 

concentration in colostrum of sows with both the low and the high dietary uptake of this element, which proved its good utilization.  

 

Study code 50948 

Year 1988 

Animal Category  1.1. Pigs. Piglets (suckling) 1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Experiment 1 5 treatments (6 replicates per treatment). Experiment 2 8 treatments (6 replicates per treatment) 

Diet Background Analysed 30 g I/kg diet 

Units’ basis of diets and/or results Diet-Not specified. Results-Not specified  

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Soya-bean meal (SBM) - rapeseed meal (RSM).  

Experiment 1, 1) SBM + 0.1 mg I /kg (control group), 2) no supplementation, 3) SBM  + 0.1 mg I/kg,  4) SBM + 250mg Cu/kg, 5) SBM + 1 mg I /kg + 250mg Cu/kg. 

Experiment 2, 1) SBM + 0.125 mg I/kg, 2) SBM + 0.125 mg I/kg + 250 mg Cu/kg, 3) RSM + 0.5 mg I/kg, 4) RSM+ 0.125 mg I/kg + 250 mg Cu/kg, 5) RSM+ CuSO4 + 0.5 mg 
I/kg, 6) RSM+ CuSO4 7) RSM+ CuSO4 + 0.5 mg I/kg + 250 mg Cu/kg, 8) RSM+ CuSO4 + 0.5 mg I/kg. Duration=140 days 

Response criteria Serum content of I. Thyroid response 

Results The RSM rations without I supplementation caused hypothyroidism characterized by a thyroid hormone deficit, decreased feed intake and growth, myxoedema and cretinism. 

Thyroid weight was increased 13-fold. Iodine supplementation increased the thyroid hormone level in blood compared to that of the control group and prevented signs of 

deficiency. Thyroid weight was still three times as great as that of a control group and performance was reduced by 10%. Combined with I, copper supplementation tended to 

improve performance and thyroid hormone state. If Cu2+ took effect on RSM (1 kg RSM with 12.5 g CuSO4·5H2O dissolved in 0.5 l water, dried after 24 h at 60°C over a 

period of 48 h) the performance was increased significantly and nearly reached that of the soya-bean meal (SBM) control. The treatment of RSM with Cu2+ normalized the 
weight of thyroid and liver, and increased the serum thyroid hormone concentration. 

 

Study code 50949 

Year 1988 

Animal Category  1.1. Pigs. Piglets (suckling) 1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Experiment 1 7 treatments (6 replicates per treatment)Experiment 211 treatments (4 replicates per treatment) 

Diet Background Analysed 30 -80 g kg 

Units’ basis of diets and/or results Diet - Dry matter Results-Not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments SBM (Soybean meal) - RSM (Rapeseed meal).  
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Experiment 1. 1 SBM diet (control) + 0.2 mg I/kg,.2) SBM without I, Cu or Zn, 3) SBM+  1 mg I/kg and feed intake limited to that of the animals of the I-deficient group (pair 

fed), 4) SBM + 1 mg I /kg eaten ad libitum5) SBM + 0.2 mg I/ kg6) SBM + 1 mg I+250 mg Cu /kg7) SBM + 1 mg I+250 mg Cu+ 150 mg Zn kg. Duration = 97 days.  

Experiment 2. 1) SBM + 0.125 I mg /kg, 2) RSM, 3) RSM + 0.125 I mg /kg, 4) RSM + 0.25 I mg /kg, 5) RSM + 0.5 I mg /kg, 6) RSM + 1 I mg /kg, 7) RSM + Cu, 8) RSM + 
Cu+ 0.0625 I mg /kg, 9) RSM + Cu+ 0.125 I mg /kg, 10) RSM + Cu+ 0.25 I mg /kg, 11) RSM + Cu+ 0.5 I mg /kg. Duration = 104 days 

Response criteria Serum content of I. Thyroid response 

Results Only untreated RSM without I supplementation depressed performance and gave symptoms of I deficiency, but thyroid gland and liver weights were also increased and the 

serum T4 content was significantly reduced in animals which were given the RSM not supplemented with I, but treated with Cu2+. A plateau of the serum T4 content was 

achieved from >0.5 mg I/kg of the RSM diet. In contrast, when goitrogens were inactivated by means of Cu2+, the serum T4 level was increased significantly and plateaued 
from 0.122 mg I/kg diet.  
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Table III.D.2. Poultry.  

Study code 38353 

Year 2011 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 4 treatments (6 replicates of 12 birds per treatment) 

Diet Background Analysed 0.5 mg I/kg 

Units’ basis of diets and/or results Diet-Not specified. Results-Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1)-(0 (control), 1, 25 and 5mg I/kg feed) KI, 2)-(0 (control), 1, 25 and 5mg I/kg feed) Ca(IO3)2. Duration = 35 days 

Response criteria Animal performance, liver and serum content of I. Thyroid response 

Results In comparison with liver and meat samples, the I concentration of blood serum was relatively high. The I concentration in the control groups was 29 mg I/L (KI groups) and 28 

mg I/L (Ca(IO3)2 groups) and increased to 382 mg I/L(KI groups) and 350 mg I/L (Ca(IO3)2 groups) in the highest supplemented groups. The results show that the I 
concentration of liver was at a higher level than meat and also increased significantly with increasing feed I concentrations. I concentrations of liver ranged from 224 to 1734 

mg I/kg in KI groups and from 281 to 1813 mg I/kg in Ca(IO3)2 groups. 

 

Study code 42111 

Year 1986 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet-Not specified. Results-Not specified 

Factors affecting// combinations Diet contentPCBs 

Composition Diets/treatments 1) Semipurified low vitamin A (i.e., basic diet plus 350 g/kg iodine and 750 IU/kg vitamin A palmitate), 2) Semipurified low vitamin A-low iodine (i.e., basic diet plus 70 

g/kg iodine and 750 IU/kg vitamin A palmitate), 3) Practical diet. Duration = 12 days 

Response criteria Animal performance, thyroid response 

Results In the case of chicks receiving a low vitamin A-low iodine semi-purified diet and exposed to the PCB congener, the hypothyroid response was apparently antagonized. 

Comparing exposed chicks with unexposed controls, metabolic rate and the proportion of free T3 (i.e., %T3 resin uptake) increased while total serum thyroxin and thyroid 
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weight were unchanged. In addition, growth rate, food consumption, and serum retinol decreased on this diet. These results are interpreted to mean that growth rate may have 

been altered by circulating levels of retinol, and vitamin A insufficiency may predispose birds to the hypothyroid effects of PCBs. 

 

Study code 44031 

Year 2009 

Animal Category  2.1. Chickens for fattening  

Nº treatments (replicates/ treatment) Total = 15030/treatment3 replicates of 10birds 

Diet Background Analysed 0.41-0.45 ppm 

Units’ basis of diets and/or results Diet-Not specified. Results-Not specified 

Factors affecting// combinations Interactions Se-I Diet 

Composition Diets/treatments 1) Control. Basal diet, 2) Group I Basal diet supplemented with 1 mg/kg selenium as sodium selenite plus 2 mg/kg iodine as calcium iodate, 3) Group II Basal diet 
supplemented 1 mg/kg selenium plus 1 mg/kg T3, 4) Group III Basal diet supplemented with 250 mg/kg vitamin C as ascorbic acid plus I mg/kg iodine, 5) Group IV. Basal diet 

supplemented with 250 mg/kg vitamin C plus 1 mg/kg T3. Duration = 40 days 

Response criteria Plasma content of I: MDA, Thyroid response. Plasma T3, triglyceride and SGPT 

Results Plasma T3, triglyceride and serum glutamic-pyruvic transaminase (SGPT) were significantly different among the groups. MDA level in heart tissue of control group was found 
significantly higher than those of other groups. MDA levels in liver and abdominal fat tissues of control and group I were determined significantly higher than those of other 

groups, whereas MDA level in lung tissue was similar found in all groups The catalase (CAT) activity of liver of control and group I was found significantly the highest. 

Results showed that cold exposure in broilers induced oxidative damage in tissues, but this damage decreased partly in supplement groups, except group 1. 

 

Study code 44657 

Year 2006 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 12 treatments (six replicates of 3 bird per treatment) 

Diet Background Analysed 0.098 mg I/kg 

Units’ basis of diets and/or results Diet-Not specified. Results-Not specified 

Factors affecting// combinations Iodine levels 

Composition Diets/treatments 12 dietary treatments with different inclusion levels of iodine (0, 0.1 and 0.2 mg calcium iodate /kg), selenium (0, 0.05, 0.1 and 0.2 mg/kg) or their combinations Duration= 24 

weeks 

Response criteria Other : LPS-/ConA-stimulation indices 

Results There were significant differences in LPS stimulation index, ConA stimulation index, peroxide enzyme activity and phagocytosis to neutral red particles in different iodine or 
selenium supplementation levels. The highest iodine and selenium supplementation both resulted in highest LPS-/ConA-stimulation indices (p<0.05). However, when iodine 
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was lower than 0.2 mg/kg the additional effect of different levels of selenium did not always result in significant differences in these indices. The results indicated that iodine 

and selenium may affect immunity in laying hens and, when the iodine level in the laying hen is lower than 0.2 mg/kg, a selenium allowance higher than 0.1 mg/kg may be 

necessary to improve immunity. 
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Table III.D.3. Bovines 

Study code 38239 

Year 2012 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) Experiment 1. 3 treatments (7 replicates per treatment). Experiment 2. 4 experiments (8 replicates per treatment) 

Diet Background Estimated 0.1 mg I/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Fresh matter   

Factors affecting// combinations Supplementation dose. Other factors: dipping 

Composition Diets/treatments Experiment 1.1) 0.25 mg I EDDI/kg of DM (low), 2) 0.5 mg I EDDI/kg of DM (recommended), 3) 1 mg I EDDI/kg of DM (high) levels of iodineand 3 different postdip 

managements (chlorhexidine with dip cup, 1% iodine dip cup, and 1% iodine by manual spray). Duration =  15 days. 

Experiment 2. 1) No predip (Con), 2) Predip with a predip solution containing 0.5% iodine + complete cleaning (Comp), 3) Predip with a postdip solution containing 1% iodine 

+ complete cleaning (Post), 4) Predip with a predip solution containing 0.5% iodine + incomplete cleaning (Inc). Duration = 14 days 

Response criteria Milk and plasma content of I 

Results The results suggested that cows differ in their ability to transfer iodine into milk. No significant interaction was observed between dietary iodine and post-milking treatments on 

any of the variables and, therefore, results are presented according to main effects. A linear effect was found of dietary iodine content on milk iodine concentration. Thyroxin 

levels were not affected by the treatments. The results of the second experiment showed that milk iodine was significantly increased by the use of iodized sanitizers in pre-

milking. Pre-dipping with 0.5% iodine pre-dip solution followed by complete drying of the teat (Comp) tended to increase milk iodine content above that of the Con treatment. 
The Inc treatment (drying 3 teats instead of 4) significantly increased milk iodine concentrations above those of the Comp treatment. 

 

Study code 38337 

Year  

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 2 treatments (12 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Low I (0.45 ppm) and Se (0.15 ppm) diet (LISe), 2) High I (5.45 ppm) and Se (0.45 ppm) diet (HISe). Duration = 120 days 
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Response criteria Biochemical response: thyrotropin, thyroid hormones, glutathione-peroxidase activity in erythrocytes. Urine, plasma, colostrum content of I. 

Results Nutritional I markers adequately represented the course of I supplementation during the study, with significant higher values in plasma iodide (PI) and I urine in HISe 

compared to LISe group. Moreover, the excess of I in diet (regarding NRC requirements) is showed by an increase of I excretion in urine (protection against I overload). 

 

Study code 38496 

Year 2011 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Analysed 0.534 mg I/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter   

Factors affecting// combinations Supplementation dose. Other factors: pasteurization  

Composition Diets/treatments 1) Control - basal diet2) Basal + 2.5 mg KI/kg3) Basal + 5 mg KI/kg4) Basal + 7.5 mg KI/kg. Duration 7 weeks 

Response criteria Milk content of I 

Results Iodine concentrations in raw milk increased with each increase in dietary I from 162.2 ng/ml for basal diet to 534.5, 559.8 and 607.5 ng/ml when 2.5, 5 and 7.5 mg/kg was fed 
as potassium iodide. This trend was found for blood plasma and urine iodine concentration. Iodine supplementation had no significant effect on thyroidal hormones. High-

temperature short-time (HTST) pasteurization process reduced I concentration. The mean iodine content found in the milk prior to heating processing was 466.0 ± 205.0 ng/ml, 

whereas for the processed milk this level was 349.5 ± 172.8 ng/ml. It was concluded that iodine supplementation above of NRC recommendation (0.5 mg/kg diet DM) resulted 

in significant increases in iodine concentrations in milk, although the effect of heating in HTST pasteurization process on iodine concentration was not negligible. 

 

Study code 38556 

Year 2009 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Analysed 0.16-0.18 mg I/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) RSM containing 3.5 μmol of GSL/g of DM (16.5% of TMR) + potassium iodide (KI), 2)-RSM containing 3.5 μmol of GSL/g of DM (16.5% of TMR) + anhydrous calcium 

iodate [Ca(IO3)2], 3) Distillers dried grains with solubles (DDGS) made from 90% wheat and 10% barley + potassium iodide (KI), 4) Distillers dried grains with solubles 
(DDGS) made from 90% wheat and 10% barley + anhydrous calcium iodate [Ca(IO3)2]Concentration: supplementation levels of 0,0.5, 1, 2, 3, 4, and 5 mg/kg of DM. Duration: 

21 days 
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Response criteria Milk content 

Results The milk iodine concentrations on d 19, 20, and 21 of each period were independent of the iodine supplementation of the previous period. The supplementation and the protein 

source showed a significant influence on the iodine concentration of milk. Increasing iodine supplementation levels in the feed caused increased milk iodine concentrations in 

all groups. Feeding RSM led to strongly diminished milk iodine concentrations compared with feeding DDGS. On the one hand, the significant interaction between 
supplementation level and protein source illustrated that differences between the least squares means of the RSM and DDGS groups were significant only at iodine 

supplementation levels of 2 mg/kg of DM and higher. Conversely, significant differences between supplementation levels were first investigated at feed iodine supplementation 

levels of 2 mg/kg of DM and higher in the groups with DDGS, and were investigated only at iodine supplementation levels of 4 and 5 mg/kg of DM in the RSM groups. Less 
significant differences in the case of RSM may be explained by generally lower iodine concentrations at a relatively high individual cow variation. The iodine concentration in 

milk showed a linear dependence on the feed iodine supplementation. 

 

Study code 38598 

Year 2009 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 5 cows 

Diet Background Analysed 0.12mg/kg DM in the grass/maize silage 

Units’ basis of diets and/or results Diet - Dry matter Results - Fresh matter   

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Five Holstein cows were fed four iodine doses (via Ca(IO3)2 6H2O). In four sequential 14-d periods, doses of 0.2 (basal diet), 1.3, 5.1, and 10.1 mg iodine /kg diet dry matter 

were administered. Duration: 14 days 

Response criteria Milk and plasma content of I 

Results The iodine content of milk and serum reflected the iodine dosages in feed significantly. The levels for the four doses tested in milk were 101±32, 343±109, 1215±222, and 

2762±852 g iodine/ kg. The total amount of iodine in milk per day was 30-40% of ingested supplemental iodine. Omitting additional iodine resulted in a short-term reduction 

of serum and milk iodine following an exponential decay function. The iodine supplementation of 0.5-1.5 mg /kg diet DM represents the requirement of the cow, resulting in 

100-300 g iodine/ L milk, which optimally contribute to human supply. 

 

Study code 42591 

Year 1982 

Animal Category  3.1. Bovines. Calves for rearing 3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 6 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 
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Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control + 0.625 mg I EDDI/kg bw, 2) Control + 1.25 mg I EDDI/kg bw, 3) Control + 2.5 mg I EDDI/kg bw, 4) Control + 5.0 mg I EDDI/kg bw. Duration 12 weeks 

Response criteria Animal performance. Plasma content of I. Thyroid response 

Results The effect of sampling time was significant. In all groups a marked increase occurred in plasma I from 0 to 4 weeks, and peaks were reached at 8 weeks in all treatments. 
Average plasma I of treated calves was increased linearly in proportion to daily dose up to 2.5 mg/kg BW. Plasma T4 was not different among I treatments when treatment 

effect was tested with the mean square for calves within treatment. Partitioning of the highly significant time effect revealed a predominately linear component. Concentrations 

of T4 were high at 0 to 4 weeks, then declined at 12 weeks in all groups. Plasma T3 was not changed either by treatment or time on treatment. Interaction of treatment with 
sampling time was not significant for either T4 or T3. 

 

Study code 42687 

Year 1981 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) Total= 123 treatments (4 calves per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Fresh matter   

Factors affecting// combinations Supplementation dose and source. Ethylenediamine dihydriodide 

Composition Diets/treatments 1) 0 mg ethylenediamine dihydriodide [EDDI]/head/day, 2) 50 mg ethylenediamine dihydriodide [EDDI]/head/day, 3) 400 mg ethylenediamine dihydriodide [EDDI]/head/day 

Duration = 4 weeks 

Response criteria Animal performance. Liver, serum and muscle content of I. Thyroid response. 

Results Mean total muscle I levels for the 0-, 50- and 400-mg treatment groups were .092, .127 and .406 micrograms/g wet tissue, respectively, each being different from the other two. 

I concentrations did not differ statistically between individual muscles within the 0- and 50-mg treatment groups, but in the 400-mg ethylenediamine dihydriodide (EDDI) 

group, the trapezius (0.469 g/g) and biceps brachii (0.569 g/g) muscles had higher I concentrations than the semimembranous (0.316 g/g), psoas major (0.365 g/g) and 

longissimus (0.307 g/g). Dietary I increased liver and thyroid I concentrations in the 400-mg treatment group over those observed for the 0- and 50-mg treatment groups 

 

Study code 43209 

Year 2010 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) Experiment 1. 3 treatments (4 replicates per treatment). Experiment 2. 3 treatments (10 replicates per treatment) 

Diet Background Analysed 1.55 mg I/kg diet DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter   



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph III - Iodine 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

310 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Experiment 1. 0) Control group fed the TMR containing 1.71 and 0.08mg/kg DM of I and Se, respectively (CTR)1) Group 1, total mixed ration (TMR) + 23.2 and 2.2mg/head 

of I (KI) and Se, respectively (T1), 2) Group 2, TMR + 45.3 and 4.3mg per head of I and Se, respectively (T2). Duration= 5 weeks.  

Experiment 2. 1) High milk (H):44.0±2.9 kg/day and 137±17 days in milk, 2) Average milk(A): 31.7±1.8 kg/day and 207±47 days in milk, 3) Low milk(L): 24.2±2.7 kg/day 
and 245±57 days in milk. Duration = 16 days 

Response criteria Milk content 

Results The iodine intake increased the concentration and total excretion in milk. In Experiment 2 the level of iodine supplementation affected the concentration and total excretion in 

milk. No effects on milk iodine concentration were related to milk yield or milk yield X treatment interaction; however, the iodine excretion in milk was major in higher 

yielding groups. The iodine carry over was affected by the milk yield in supplemented groups. 

 

Study code 44013 

Year 2009 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (4 replicates per treatment) 

Diet Background Analysed (Enter I concentration) 0.53 mg I/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Basal diet (without KI) as the control diet, 2) Basal diet + 2.5 mg I (KI)/kg diet, 3) Basal diet + 5 mg I (KI)/kg diet, 4) Basal diet + 7.5 mg I (KI)/kg diet DM. Duration = 8 

weeks 

Response criteria Serum/ plasma content of I. Thyroid response 

Results There were no significant difference between treatments for dry matter intake, milk yield and compositions and the milk production efficiency. Iodine contents in blood, urine, 
raw and pasteurized milk were significantly affected by the iodine supplementation. Blood T, and T, concentrations were not significantly affected by the treatments. No 

adverse effect of iodine supplementation on performance and health of dairy cow were detected in this study.  

 

Study code 44205 

Year 2008 

Animal Category  3.5. Bovines. Dairy cows for reproduction : Bulls 

Nº treatments (replicates/ treatment) 3 treatments (11-12 bulls per treatment) 

Diet Background Analysed 0.79 I per kg dry matter  

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 
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Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Consumed mainly concentrate 0.79 mg I / kg dry matter 2) Received a mixture from concentrates A and B 3.52 mg I per kg dry matter 3) -Consumed only Concentrate B 

8.31 mg I per kg dry matter Ca(IO3)2. Duration= slaughtering at 500 kg body weight 

Response criteria Animal performance. Liver, kidney and muscle content of I. Thyroid response. 

Results I-supplementation did not significantly influence DM intake, daily weight gain (1453 (1), 1419 (2) and 1343 (3) g) or slaughtering performance, but the weight of the thyroid 

gland increased significantly with the highest I dosage (32 (1), 26 (2) and 42 (3) g animal. I-supplementation significantly increased I-concentration in muscle, liver, kidney and 
thyroid gland. 

 

Study code 45276 

Year 2003 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 3 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Dietary factors: taramira cake 

Composition Diets/treatments 1) Control (MC100) concentrate mixture containing mustard cake, 2) Group II (TMC25) (Taramira cake 25%), 3) Group III (TMC50) (Taramira cake 50 %) according to the 

recommendation of NRC (1989) for calves growing at the rate of 500 g/day 

Response criteria Thyroid response 

Results The values of serum T3 and T4 were within physiological range. Serum T3 level did not vary among the groups or among the periods, however, serum T4 level in TMC25 group 

was significantly higher than in MC100 and TMC50 groups, which may be attributed to the animal variation rather than feeding effect. 

 

Study code 45279 

Year 2003 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (2 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Interactions I-Se  

Composition Diets/treatments 1) 1RMSe = feed mixture with rapeseed meal and selenium supplement2) 2RM0 = feed mixture with rapeseed meal3) 3SMSe = feed mixture with soybean meal and selenium 
supplement4) 4SM0 = feed mixture with soybean meal. Duration=21 days 
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Response criteria Milk content of I. Plasma content of T3/T4. Thyroid response 

Results GSH-Px activity, T3 and T4 concentrations and concentrations of iodine in milk were not influenced by dietary Se supplements. The presence of rapeseed meal in feed mixtures 

resulted in a reduced content of Se in milk: in groups receiving selenised yeast there was a trend to lower Se concentration by 4.19 g/L  while in groups without Se supplement 

the Se concentration was significantly lower by 5.62 g/L 

 

Study code 45302 

Year 2003 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatment (2 replicates per treatment) 

Diet Background Analysed  0.41-0.45 ppm 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) RM1-Cows received a feed mixture containing 6.63 mg I/kg RM (group RM)+ iodine supplement (EDDI), 2) RM0-Cows received a feed mixture containing RM (group 

RM) 0.410 mg I EDDI/kg, 3) SM1-Cows without RM (group SM) + iodine supplement6.59 mg I EDDI/kg, 4) SM0-Cows without RM (group SM).0.450 mg I EDDI/kg. 

Duration = 21 days 

Response criteria Urine and milk content of I. Thyroid response : T3/T4 

Results The iodine supplement increased iodine concentration in milk significantly. In iodine supplemented groups, RM reduced iodine concentration in milk (SMI vs. RMI). In groups 

without iodine supplement, the effect of RM was manifested only as a tendency to a reduced iodine concentration in milk (SM0 vs. RM0). Iodine supplementation resulted in a 

significant increase in urinary iodine concentration. The evaluation of the thyroid gland status in cows of the groups with iodine supplements showed an insignificant trend to 

increased concentrations of T3, decreased concentrations of total and free T4. Iodine supplements showed a tendency to increase the T3/T4 ratio. RM did not influence the 
concentrations of T-3) total T4, and free T4 significantly; the T3/T4 ratio remained unchanged as well. 

 

Study code 45651 

Year 2001 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (4 replicates per treatment) 

Diet Background Analysed 0.45 ppm DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Supplementation source  

Composition Diets/treatments 0) Control - basal diet 1) Group 1 (MIN) - 23.6 mg iodine (I)/day as calcium iodate, 2) Group 2 (NIL) - MIN without trace elements and vitamins, 3) Group 3 (BOL) - 2 High 
Iodine ‗All-Trace‘ rumen boluses (3.4 g total iodine, KI, Calcium iodate). Duration = 11 weeks 
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Response criteria Plasma content. Thyroid response 

Results Mean initial PII values were low (16-24 ng/mL) reflecting the previous 17 days when no dietary iodine supplementation was given. By weeks one, five and 11 there were 

significant PII increases for both MIN and BOL supplemented cows. The boluses released markedly more iodine during week 1 and the lower mean PII values at weeks five 

and 11 reflected reduced (but still adequate) iodine release rates. At week 11 the higher mean PII value for the MIN group was associated with the increase in daily iodine given 
to those after calving. Mean plasma T4 values were always adequate and unaffected by either form of supplementation and declined similarly for all groups of cows after five 

and 11 weeks. 

 

Study code 46292 

Year 1996 

Animal Category  3.1. Bovines. Calves for rearing 3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) Total = 155, Herds 1=90, Herds 2=65, Four treatments (16 calves per treatment) 

Diet Background Analysed 0.22-0.44 ppm I DM 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Interactions Se-I (injected) 

Composition Diets/treatments 1) Un-supplemented, 2) Basal + Se (3 mg/d) Injected, 3) Basal + I (4.4 mg/d) Injected, 4) Basal + Se and I injected. Duration=9 weeks 

Response criteria Liver and serum content of I. Thyroid response 

Results Supplementation with I increased the response of thyroid hormones to thyrotropin-releasing hormone but did not increase BW gain. Interaction between Se and I treatment 

within the herds was not apparent for any outcome variable. 

 

Study code 46607 

Year 1994 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) Total = 2789 Friesian cows 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation dose. Interactions I-Se 

Composition Diets/treatments 1) 400 mg iodine/ml, 2) 50 mg Se, barium selenite, 3) (A+B), 4) Control. Duration = 27 weeks 

Response criteria Serum/plasma content of I. Thyroid response 

Results While mean thyroid gland weight (18 g) did not differ between control and treated groups, thyroid hyperplasia was significantly more common among dead calves from cows 

given selenium or controls (25%), compared to calves from cows given either iodine alone or both iodine and selenium (0%). The % of dead calves with deficient (≤5.06 
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mol/kg, WM) kidney selenium concentrations (24%) did not differ between control and treated animals. 

 

Study code 48287 

Year 2011 

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) Total = 252 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Fresh matter   

Factors affecting// combinations Other factors: age 

Composition Diets/treatments 3 age groups1) G1 (<3 years)2) G2 (3-6 years)3) G3 (>6 years) 

Response criteria Plasma content 

Results Average value of plasma inorganic iodine (PII), triiodothyronine (T3) and thyroxin (T4) in cattle were 0.63±0.11nmol/l and 58.10±4.21 nmol/l, respectively. Triiodothyronine 

and thyroxin levels were poorly related to iodine status thus indicated that thyroid hormones are not the true index of sub-clinical deficiency. 

 

Study code 48475 

Year 2009 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 28 treatments (eight replicates per treatment) 

Diet Background Analysed 0.16-0.18 ppm I DM 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose and source. Dietary factors 

Composition Diets/treatments 1) G1 - rapeseed meal (RSM) containing 3.5 μmol GSL/g DM + iodine in the form of potassium iodide (KI), 2) G2 - rapeseed meal (RSM) containing 3.5 μmol GSL/g DM + 

calcium iodate anhydrous (Ca(IO3)2), 3) G3 - distillers dried grains with solubles (DDGS) made from 90% wheat and 10% barley + iodine in the form of potassium iodide (KI), 

4) G4 - distillers dried grains with solubles (DDGS) made from 90% wheat and 10% barley + calcium iodate anhydrous (Ca(IO3)2)iodine supplementations of 0, 0.5, 1, 2, 3, 4 
and 5 mg/kg DM. Duration = 21 days 

Response criteria Urine, serum and faecal content of I. Thyroid response. 

Results The supplementary iodine increased iodine contents of serum, urine and faeces. RSM application resulted in consistently higher iodine contents in the mentioned matrices just 

displaying significant differences at high supplementation levels. When feeding DDGS, at high iodine supplementations iodide caused higher serum and faecal iodine than 

iodate. Besides, the iodine species showed no consistent impact on the tested parameters. At the highest tested iodine supplementation (5 mg/kg DM) in the experimental 
groups (DDGS/iodide, DDGS/iodate, RSM/iodide, RSM/iodate) the iodine concentration of serum amounted to 234, 157, 334 and 361 μg/l, of urine to 1134, 1020, 2341 and 
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2513 μg/l and of faeces to 673, 354, 715 and 790 μg/kg fresh matter. At the same supplementation level T4 was significantly lowered. No impact was shown for the RSM 

application and the iodine species on T3 and T4. The results of the study indicated that high iodine intakes not only cause strong increases in milk and urinary iodine but also 

lead to a considerable rise of iodine excretion via faeces. RSM in feed causes a shift of iodine normally excreted via milk to an excretion via urine and faeces accompanied by 
higher serum iodine. 

 

Study code 48761 

Year 2007 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) Five cows 

Diet Background Analysed 0.2 ppm I DM 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose. Other factors: dipping 

Composition Diets/treatments 1) 0.2 mg I per kg dry matter2) 10 mg I per kg dry matter. Duration = 16 days 

Response criteria Milk content 

Results At the end of the dose-response study (up to 10 mg I supplementation per kg DM) without teat dipping, the basal diet (0.2 mg I/kg DM) was given for 16 days. The serum 

iodine concentration decreased from 290 to ≈ 60 μg/kg, that of milk, from 2762 to ≈ 100 μg/kg. In the second part of the study the teats were separately dipped twice a day after 
milking in a disinfectant providing a free available iodine concentration of 3 g per l through nonoxinol(9)-iodine. The diet fed had a native iodine content of 0.2 mg/kg DM. 

Dipping was compared over 18 days with non-dipping. The dipping procedure significantly increased the mean iodine concentration from 100±23 to 154±42 μg/kg milk 
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Table III.D.4. Sheep 

Study code 42513 

Year 1983 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 8 treatments (12-24 replicates per treatment) 

Diet Background Analysed Kale 20 g/kg//Pasture 270 g/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Interactions: I-Cu. Dietary factors 

Composition Diets/treatments 2x2x2 factorial arrangement. Diet (kale and ryegrass-clover pasture), I supplementation (with and without), Copper supplementation (with and without). Duration = 24 weeks 

Response criteria Animal performance. Serum content. Thyroid response 

Results Serum concentrations of thyroxin (T4) increased from 20 to 48 nmol/L during the 24 weeks that control lambs grazed ryegrass-clover pasture. I supplementation increased the 

concentration and total amount of I in the thyroid gland and increased serum T, concentration, but did not affect any other values measured in the lambs grazing the pasture 
herbage. Serum concentrations of triiodothyronine (T3) were stable at 2 nmol/L for both groups. Control lambs grazing kale for 24 weeks showed marked thyroid enlargement 

and depletion of thyroid I. By week 6, serum T, and T, concentrations had declined to 2-5 nmol/L and 1 nmol/L respectively and were stable at these values for the remainder 

of the experiment. I supplementation eliminated the thyroid depletion of this element, caused serum T, concentration to rise and stabilize at 90 nmol/L by week 18, and T, 
concentration to stabilize at 2 nmol/L by week 6. From week 6 onwards, wool growth was increased 13% by I supplementation, whereas empty body growth was unaffected. 

 

Study code 43543 

Year 2012 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 2 treatments (6 sheep per treatment) 

Diet Background Analysed 3.1 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control group (C) (3.1 mg I/kg). 2) Experimental group (E) (5.1 mg I/kg). Duration = 8 months 

Response criteria Serum content. Immune response 
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Results Before the start of the experiment, the average concentration of IgG in blood serum (mg/mL), average percentage of γ-globulins in blood serum, and average white blood cell 

(WBC) count (G/L) did not show any significant differences between the ewes of group C and E. In the ewes of group E, a significant decrease in concentration of IgG from 

19.6 mg/mL (before the experiment) to 13.0 mg/mL (1-30 d after parturition) and 9.8 mg/mL (60 d after parturition) was observed. The difference in the average concentration 
of IgG between group C and E during the entire experiment was not significant, and a similar situation occurred in WBC count. The level of γ-globulins after parturition was 

significantly lower in group E than in group C. 

 

Study code 43780 

Year 2010 

Animal Category  4.3. Sheep. Dairy sheep  

Nº treatments (replicates/ treatment) 12 total2 groups (6 replicates per group) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interactions I-Se s 

Composition Diets/treatments 1) Control - 0.250 mg Se per day in the form [U/l] of NaHSeOз and 0.10 mg I per day in the form of KI(6 Tsigai and 6 Karakachan sheep). 2) Deficient group 

Response criteria Biochemical response : ASAT, ALT, CpK, cholesterol and TG 

Results The supplement of 0.250 mg Se/kg and 0.10 mg I/kg exerted a positive influence on biochemical status of Tsigai breed sheep, during which the activities of indicator enzymes 
ASAT, ALT, CpK, cholesterol and triglycerides returned to normal from 13% to 29%. The Se and I supplementation for Karakachan sheep decreased the ALT and ASAT 

activity by 18% and 8%, respectively. The changes occurring with the activity of creatine phosphokinase in the deficient group were most considerable (33%). The Karakachan 

sheep reacted to a smaller extent to the trace element supplement, as compared to the Tsigai breed. 

 

Study code 44840 

Year 2005 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) Experiment 1/2 (11 replicates per treatment). Experiment 3 (12 replicates per treatment) 

Diet Background Estimated 3.2mg/ewe 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1.1-C) Control basal diet + 0 g mineral/vitamin fortification LM) control Basal diet + 17.3 g mineral/vitamin fortification 2-MM) control Basal diet + 34.6 g 

mineral/vitamin fortification3-HM) control Basal diet + 52.0 g mineral/vitamin fortification. Duration= final 7 weeks of pregnancy.  

Experiment 2. 1-C) control, as in experiment 1 (HM), as in experiment 1; (4), ewes offered the same mineral/ vitamin supplement as HM but with iodine excluded. Duration= 

gestation 
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Response criteria   

Results There was a negative linear reduction in serum IgG concentration and IgG absorption efficiency as maternal dietary iodine supplementation increase. Supplementation of the 

ewe's diet in late pregnancy with 17.3 g of a mineral supplement as formulated in the current experiment lowers the lamb's ability to absorb colostral IgG, and offering only the 

iodine component of this mineral supplement, at a level which approximates to about one third of currently quoted toxicity levels, will result in reduced serum IgG 
concentration in the lamb. 

 

Study code 45703 

Year 2001 

Animal Category  4.3. Sheep. Dairy sheep, 5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) Sheep = 60. Goats = 942 treatments 

Diet Background Analysed 22.9-162.4 ppm 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Supplementation source 

Composition Diets/treatments 1) District 1. No supplementation2) District 2. Iodine supplementation 

Response criteria Milk content 

Results The mean iodine concentration in sheep milk was 105.5 g/L. The corresponding value for the farms (n=4) where the sheep had access to mineral licks (35 mg iodine /kg) was 

243.3±87.2 µg/L (ranged from 107.7 to 436.6) and fur the rest of the farms (n = 6) 47.9±27.8 µg/L Mean iodine concentrations in goat milk (31.6 g/L in 1998 and 63.0 µg/L 

in 1999) were indicative of iodine deficiency. The corresponding value for the goats (n=17) receiving iodized salt was 147±102.6 g/L (ranged from 51.8 to 393.6) and for the 

remaining goats 19.3±13.2 µg/L. The mean iodine concentrations in goat milk on three farms on which neonatal goitre in kids was diagnosed ranged from 8.5 to 23.3 g/L. 
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Table III.D.5. Goats 

Study code 38151 

Year 2013 

Animal Category  5.1. Goat. Kids for rearing 5.2. Goat. Kids for fattening  

Nº treatments (replicates/ treatment) 3 treatments (10 replicates per treatment) 

Diet Background Analysed 0.34 mg I/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter   

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) (Control group; CON) 0 mg of KI/day, 2) (low iodine group; LI) 0.45 mg of g/L, 3) (high iodine group; HI) KI/day 0.90 mg of KI/day. Duration= 8 weeks 

Response criteria Biochemical response: Plasma concentrations of NEFA, urea, glucose, insulin, free triiodothyronine (FT3) and free thyroxin (FT4)Thyroid response 

Results The iodine supplementation in dairy goats increased FT3 concentration,FT3/FT4 ratio and ‗Revised Quantitative Insulin Sensitivity Check Index‘ RQUICKI and decreased BUN 

(blood urea nitrogen). The increase of RQUICKI with iodine supplementation suggests an improvement of the insulin sensitivity of the tissues associated with a reduction of 
insulin secretion. 

 

Study code 38361 

Year 2011 

Animal Category  5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) 6 treatments (6 replicates per treatment) 

Diet Background Analysed 0.67 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Interactions Se-I 

Composition Diets/treatments 2x3 factorial. Iodine (0, 2, 4 mg I/kg) and Se (0, 1 mg Se/kg). Duration=45 days 

Response criteria Biochemical response : SOD, GSH-Px. Thyroid response : T3/T4 serum. Other : digestibility 

Results No effect was observed on N intake, faecal N, urinary N, N balance, or N retention with I or Se supplementation. No significant effects were seen on dry matter intake (DMI) or 

nutrient digestibility with I or Se supplementation. Interactions between I and Se were found regarding the digestibility of ADF, and compared with group I4Se1, the 
digestibility of ADF was significantly increased in group I4Se0. In addition, the digestibility of DM, neutral detergent fibre (NDF) had an increased tendency in group I4Se0 

compared with group I4Se1. The serum T3 concentration was not affected by I supplementation. However, the serum T4 concentration and the T4:T3 ratio were significantly 
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increased by I supplementation. No interactions between I and Se were observed for thyroid hormone concentrations. 

 

Study code 42945 

Year 2011 

Animal Category  5.3. Goat. Dairy goats ,5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment) 

Diet Background Analysed 0.44 mg/kg DM 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) CON - basal diet. 2) EXP - + 0.1 mg I/day/animal. Duration = 180 days 

Response criteria Thyroid response 

Results The concentration of T3 remained unaffected because of iodine supplementation while that of T4 increased by 25.3% margin in the EXP group. Further, a narrower serum T4:T3 

ratio observed in CON (36.04) than that in EXP (44.21) group of goats highlighted greater conversion of T4 to T3 in CON animals, to compensate for the lowered availability of 

dietary iodine because of leucaena leaf meal (LLM) feeding. 

 

Study code 45089 

Year 2004 

Animal Category  5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) 4 treatments (14 replicates per treatment) 

Diet Background Analysed 0.204 ppm hay0.243 ppm supplementation 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose. Other factors: castration 

Composition Diets/treatments 1) Castrated - 0 mg supplemental iodine, 2) Castrated - 0.1 mg supplemental iodine, 3) No castrated - 0 mg supplemental iodine, 4) No castrated - 0.1 mg supplemental iodine. 

Duration 210 days 

Response criteria Animal performance. Serum and semen content of IThyroid response : T3/T4 

Results Mean daily intake (per unit metabolic body size) of DM (44.86 versus 36.13 g) and ME (379.0 versus 300.7 kJ) were increased due to I supplementation, but not the CP or 
DCP intakes. Retention of N, Ca and P were similar irrespective of I level or castration. Average daily gain of the goats at the end of 210 days of study was higher in the I 

supplemented (25.5 g) than non-supplemented (10.9 g) goats. DM intake also improved because of provision of extra iodine (556.2 versus 448.9 g per day). Serum 

triiodothyronine concentration was similar between the groups, I supplementation increased serum thyroxin from 21.43 to 29.72 ng/ml with a concomitant reduction in serum 
cholesterol. Semen quality of bucks assessed at the end of the study revealed a significant improvement in the physical seminal attributes, viz. volume, motility, concentration 
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and number of spermatozoa/ejaculate due to extra iodine, with a concurrent improvement in serum testosterone (1.75 versus 0.47 ng/ml). 

 

Study code 45661 

Year 2001 

Animal Category  5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) 3 treatments (4 goats per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) (Control, I-0) 0 mg I per animal per day, 2) (I-50) 0.050 mg  I per animal per day, 3) (I-75) 0.075 mg I per animal per day. Duration= 180 days 

Response criteria Animal performance. Serum content of I. Thyroid response 

Results Mean live weight of I-75 animals was higher at the end of the experimental feeding period with net live weight gains of 2.6, 4.8 and 5.4 kg for the three groups. Mean serum 

concentration of triiodothyronine was 1.20, 1.23 and 1.65 ng/ml, being significantly higher in I-75 group. Mean level of thyroxin was 18.3, 24.9 and 27.4 ng/ml, significantly 

higher in both I-supplemented groups. Serum thyroid hormones also increased in response to I supplementation 

 

Study code 45664 

Year 2001 

Animal Category  5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) 2 treatments (6 goats per treatment) 

Diet Background Analysed 0.12 ppm DM wheat straw 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Control (I0) - Basal diet, 2) Experimental (I100) Basal diet + I supplementation (KI) 0.1 mg/day/head. Duration=90 days 

Response criteria Serum content.  

Results The study revealed that the serum glucose level was significantly higher in I-100 group as compared to I-0. Haemoglobin, packed cell volume and serum concentrations of total 

protein, albumin, globulin, calcium, inorganic phosphorus and alkaline phosphatase did not show significant differences as a result of iodine supplementation. Though the 

serum levels of triiodothyronine (T3) were comparable between the two groups, that of thyroxin (T4) increased significantly (p<0.001) in the I-100 group. The T3/T4 ratio was 
also similar between both the groups. The study indicated that the adverse effect of Leucaena feeding on thyroid gland could possibly be alleviated by provision of extra iodine. 
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Study code 45703 

Year 2001 

Animal Category  4.3. Sheep. Dairy sheep 5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) Sheep = 60. Goats = 94 

Diet Background Analysed 22.9-162.4ppm 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) District 1. No supplementation. 2) District 2. Iodine supplementation 

Response criteria Milk content 

Results The mean iodine concentration in sheep milk was 105.5 g/L. The corresponding value for the farms (n = 4) where the sheep had access to mineral licks (35 mg iodine /kg) was 

243.3 ±87.2 g/L (ranged from 107.7 to 436.6) and fur the rest of the farms (n = 6) 47.9±27.8 g/L Mean iodine concentrations in goat milk (31.6 g/L in 1998 and 63.0 g/L 
in 1999) were indicative of iodine deficiency. The corresponding value for the goats (n = 17) receiving iodized salt was 147.1±102.6 µg/L (ranged from 51.8 to 393.6) and for 

the remaining goats 19.3 ±13.2 µg/L. The mean iodine concentrations in goat milk on three farms on which neonatal goitre in kids was diagnosed ranged from 8.5 to 23.3 µg/L.  

 

Study code 50090 

Year 1996 

Animal Category  5.1. Goat. Kids for rearing 5.2. Goat. Kids for fattening  

Nº treatments (replicates/ treatment) 6 treatments (1 replicate of 3 goats per treatment) 

Diet Background Analysed 0.09 mg/kg dry matter  

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Interactions I-Se 

Composition Diets/treatments 2x3 factorial arrangement Se (0-1 mg (intraruminal)) and iodine (0, 200 or 400 mg I (i.m)). Duration= 95 days 

Response criteria Serum / plasma content. Thyroid response 

Results Interaction between Se and I supplementation was not significant for any of the Results measured and therefore the tabulated results. Supplementation with I increased plasma 
thyroxin concentration but decreased triiodothyronine concentration. The lack of significance of the Se x I interaction for plasma thyroxin concentration suggests that the 

effects of Se and I on plasma thyroxin were additive and this was supported by the appearance of the profile plot for thyroxin. 
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Table III.D.6. Fish 

Study code 38488 

Year 2010 

Animal Category  6. Fish. Salmon/trout : rainbow trout 

Nº treatments (replicates/ treatment) 4 treatments (5 of 20 fish per tank) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Other factors: Hexabromocyclododecane (HBCD) 

Composition Diets/treatments 1) Control (Reference diet), 2) 1% alpha-HBCD, 3) 1% beta-HBCD, 4) 1% gamma-HBCDGavage 1 microCi of [125I]-T4. Duration= 32 days 

Response criteria Liver muscle, intestine and plasma content of I. Thyroid response. 

Results Measurements of the labelled T4 in tissues 2, 4, 6 and 14d after gavage showed that tissue disposition and elimination rates of the hormone were altered by HBCD. In 

particular, on day 14 after gavage feeding, there was significantly lower radioactivity in the thyroid of fish exposed to the HBCD isomers relative to the reference group. This 
implies that either there was lower iodide uptake by the gland in fish exposed to HBCD or that the rate of thyroid hormone turnover in HBCD treated fish was elevated. There 

was also a significantly higher type II outer ring deiodinase enzyme activity in livers of fish exposed to the beta and gamma isomers. Taken together, these results indicate that 

HBCD can potentially impact the thyroid system of fish. 

 

Study code 44674 

Year 2006 

Animal Category  6. Fish. Salmon/trout : salmo salar 

Nº treatments (replicates/ treatment) 3 treatments (100 per treatment) 

Diet Background Analysed 10 mg I/kg DM 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control 0 mg iodine (as KI) /kg on dry weight basis, 2) 40 mg iodine (as KI) /kg on dry weight basis, 3) 80 mg iodine (as KI) /kg on dry weight basis. Duration= 150 days 

Response criteria Liver, kidney and muscle content of I.  

Results The iodine concentration in muscle, liver and kidney were all affected by the dietary iodine level, despite wide intra-treatment variation. After 150 days, fillets of fish fed 10, 54 

and 86 mg I/kg showed mean concentrations of 0.4, 0.5 and 0.9 mg I/ kg wet weight, respectively, whereas the iodine concentration in the liver and the kidney increased 
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approximately three times in the dietary groups. Similarly, plasma T4 and T3 showed great variation within the treatments. No significant correlations were found between 

individual tissue iodine concentration and thyroid hormone concentration in any of the groups at any sampling time. This preliminary feeding experiment showed that fillet 

iodine in adult Atlantic salmon can be increased up to 1.4 mg I/kg wet weight by dietary iodine 80 times the minimum requirement for salmonids, without impacting health, 
performance or plasma thyroid hormone status. 
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Table III.D.7. Pets 

Study code 38534 

Year 2010 

Animal Category  9. 2. Pets and other non-food-producing animals. Cats 

Nº treatments (replicates/ treatment) 7 treatments (6 replicates per treatment) 

Diet Background Analysed 0.17 mg I/kg diet 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments 1) Basal diet + 0.17 mg I/kg diet (KI), 2) Basal diet +  0.23 mg I/kg diet (KI), 3) Basal diet +  0.47 mg I/kg diet (KI), 4) Basal diet +  1.1 mg I/kg diet (KI), 5) Basal diet +  3.1 

mg I/kg diet (KI), 6) Basal diet +  6.9 mg I/kg diet (KI), 7) Basal diet +  8.8 mg I/kg diet (KI). Duration=1 year 

Response criteria Urine, serum and faecal content of iodine 

Results No significant changes in food intake, weight gain or clinical signs were noted. Serum I, daily urinary I, daily faecal I and urinary I/creatinine ratio were linear functions of 
iodine intake. An estimate of the I requirement (i.e. breakpoint) was determined from regression of Tc99m thyroid/salivary ratio (scintigraphy) on I intake at 12 months [0.46 

mg I/kg diet (DM basis) as well as 9 months I balance (0.44 mg I/kg diet ]. 
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Table III.D.8. Rats/mice 

Study code 38466 

Year 2011 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (28 rats per treatment) 

Diet Background Not specified 300 μg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation (Se-Iodine) 

Composition Diets/treatments 1) IS1 group, 0.1 mg Se/L + 3,000 μg/L iodine, 2) IS2 group, 0.2 mg Se/L + 3,000 μg/L iodine, 3) IS3 group, 0.3 mg Se/L + 3,000 μg/L iodine, 4) IS4 group, 0.4 mg Se/L + 

3,000 μg/L iodine, 5) IS5 group, 0.5 mg Se/L + 3,000 μg/L iodine. Duration = 16 weeks 

Response criteria Liver, plasma and urine content of I. Biochemical response: GSHPx, Type 1 Deiodinase Activity. Thyroid response : T3/T4 

Results Plasma T4 was higher, but T3 was lower in EI group mice in comparison with results obtained in NI. Selenium supplementation restored the thyroid hormone levels. There was 
no significant difference between the IS groups. Analysis of urine samples showed that median urinary iodine level of NI group was 81.0 μg/g Cr. Excessive iodine exposure 

led to a very significant increase in urinary iodine level. Compared with the EI group, IS1, IS2, IS3, and IS4 groups significantly increased the level of urinary iodine, but there 
was no significant difference between EI and IS5. The activity of TPO was inhibited by excessive iodine significantly. Compared with the effect of iodine alone, iodine in 

combination with selenium increased the activity of TPO, indicating that selenium supplement alleviated the damage of TPO resulted from iodide excess. However, the IS 

group had decreased tendency although there was no significantly difference between the NI, IS2, and IS3 groups. 

 

Study code 38620 

Year 2009 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (60 rats per treatment) 

Diet Background Not specified5 g/L 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation level 

Composition Diets/treatments 1) NI (normal iodine)- 5 μg/L, 2) five fold high iodine (5HI)- 820 μg/L, 3) ten fold iodine (10HI)-1,845 μg/L, 4) 50-fold iodine (50HI)-10,045 μg/L, 5) 100-fold iodine 

(100HI)-20,295 μg/L. Duration 3, 6, 12 month 
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Response criteria Thyroid response 

Results Measurement: content of monoiodotyrosine (MIT), diiodotyrosine (DIT), T4, and T3 in thyroid tissues, the activity of thyroidal type 1 deiodinase (D1) and its (Dio1) mRNA 

expression level. Results showed that, in the case of iodine excess, the biosynthesis of both MIT and DIT, especially DIT, was increased. There was an obvious tendency of 

decreasing in MIT/DIT ratio with increased doses of iodine intake. In addition, iodine excess greatly inhibited thyroidal D1 activity and mRNA expression. T3 was greatly 
lower in the HI group, while there was no significant difference of T4 compared with NI group. The T3/T4 ratio was decreased in HI groups, antiparalleled with increased doses 

of iodine intakes. In conclusion, the increased biosyntheses of DIT relative to MIT and the inhibition of thyroidal Dio1 mRNA expression and D1 activity may be taken as an 

effective way to protect an organism from impairment caused by too much T3. These observations provide new insights into the cellular regulation mechanism of thyroid 
hormones under physiological and pathological conditions. 

 

Study code 40343 

Year 1997 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 3 treatment (6/7replicates per treatment) 

Diet Background Analysed 0.03 mg I/kg diet 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation dose. Interactions I-Se 

Composition Diets/treatments 3x3 factorial. Basal (low) diet (0.03 mg I/kg and 0.05 mg Se/kg diet) + I (0.2 and 1. 0 mg I/kg diet (potassium iodate) + Se (0.18 and 1.0 mg Se/kg (sodium selenate))  Duration 

6 weeks 

Response criteria Biochemical response: GSH-Px, DI-I. Serum content. Thyroid response : T3-T4 

Results Renal, but not hepatic, DI-I activity was lower in rats with low selenium intake than in controls. Circulating T3 concentration was not affected by the dietary levels of iodine or 
selenium. Unlike in liver, kidney and erythrocytes, thyroidal GSH-Px activity was not lower than in controls in rats with low selenium intake, but was significantly higher when 

iodine intake was low. Significant interactions of iodine and selenium on serum T4 and thyroidal GSH-Px activity were observed. Serum T4 was maintained at control levels 
when both dietary iodine and selenium were low, but not when iodine alone, or selenium alone, was low. Activity of thyroidal GSH-Px was lowest in rats fed a diet containing 

high iodine and low selenium. The results suggest that high iodine intake, when selenium is deficient, may permit thyroid tissue damage as a result of low thyroidal GSH-Px 

activity during thyroid stimulation. A moderately low selenium intake normalized circulating T4 concentration in the presence of iodine deficiency. 
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EXECUTIVE SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of iron 

(Fe) additives and their incompatibilities and interactions, in particular when combined with other feed 

additives or components of the animal diet. Different search chains were performed for each one of the 

elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web of 

Knowledge), and the resulting references were managed by using the open-source reference tool 

DistillerSR
©
 systematic review software. The DistillerSR

©
 library contained not only the specific 

literature search for searched keywords but also separate sub-libraries containing literature that was 

included or excluded from the ELS. This is based on several consecutive phases to accurately select 

the articles complying with the inclusion criteria. Identification and removal of duplicates were 

executed in 2 steps: one based on the title and abstract, and the following one according to the full 

text. In order to avoid the loss of key papers, each selection was performed by duplicate. A database in 

MS Excel format, recording the most important items derived from selection process, was obtained. 

The search process was documented in enough detail to ensure that it can be reproduced and that 

search strategies can be repeated, i.e. the search terms and search term combinations for all databases 

are clearly reported in the protocol. In the first level of selection, based on title and abstracts, a total of 

10436 articles were excluded to be completely unrelated with the search objectives (not about iron, not 

about the animal species, not about bioavailability issues). Finally, 884 articles were retained to be 

potentially related with the search questions. In case of doubt or few/not information was available in 

the abstract, the articles were automatically retained to the next level. Up to 459 full-text articles of the 

884 were obtained from on-line sources, while 234 references remained pending to be found. Finally, 

192 references were retained to answer the extraction data form and 458 references were excluded. 

Most of the studies retained in the selection, assessed the bioavailability issues of iron in category of 

others (n=76, including rats, mice and cell cultures) and pigs (n=56). Less studies were found for 

poultry (n=22), bovines (n=17), fish (n=9), sheep (n=3) and goat (n=2). No studies about rabbits (n=0) 

and pets (n=0) were retained in the selection. Five studies assessing incompatibilities of Fe using in 

vitro  models were retained in the selection. On the other hand, the main sources of supplementation 

were Fe sulphate and Fe AA chelates, both of them currently authorised in the EU as additives (EC 

2112/2003a and EC 479/2006). However, in some studies Fe dextran, Fe elemental, Fe Gly chelate, Fe 

saline, Fe fumarate, Fe proteinate, Fe ammonium citrate, Fe methionine, and Fe-EDTA, among others, 

were also used. Moreover, in several cases, the supplementation was carried out with iron 

nanoparticles. The main indicators of bioavailability in all the animal species were performance, as 

well as content of iron in liver, plasma, urine, faeces, serum and kidney. Furthermore, indicators of 

iron status, such as haemoglobin status, have also been used in several studies. Relative bioavailability 

of iron has been reported in studies with pigs and poultry. Most of the studies assessed the effect of 

dietary factors on Fe bioavailability. These dietary factors included other minerals (Ca, Cu, Mn, Se or 

Zn), fat and protein composition of the diet, content of fructose or polydextrose, phytates and fibres, or 

vitamins. Studies on incompatibilities where performed mainly with Caco-2 cells models to assess the 

effect of several dietary factors, such as vitamin A, phytate, inulin, probiotic bacteria or ascorbic acid, 

on Fe bioavailability. 
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1. INTRODUCTION 

Iron has been known to be an essential element since ancient times and its beneficial effect on blood 

formation was already recognised in the 17th century (Underwood, 1977). It plays a key role in many 

biochemical reactions. Most of the Fe in the organism is found in its organic form, while a very small 

percentage is found as free inorganic ions (Georgievskii, 1982). Haemoglobin (blood) Fe represents 

approximately 60% of total body Fe, whereas myoglobin represents only about 3-7% (McDowell, 

1992). Two kinds of organic Fe may be differentiated: haemal and non-haemal. Haemal Fe, which 

forms part of a porphyrin group, represents 70-75% of total Fe and includes haemoglobin, myoglobin, 

cytochromes, cytochrome oxidase, catalase and peroxidase. In turn, non-haemal Fe includes Fe 

transport and storage forms such as transferrin, ferritin, hemosiderin, and other Fe proteinates. Iron 

content of the body varies with species, age, sex, nutrition and state of health, being controlled by 

adjustment of the absorption rate (Finch and Cook, 1984). The body has a limited capacity to excrete 

Fe, so the recycling of this element is important, especially as a result of the breakdown of senescent 

red blood cells. Pigs are more tolerant of excess Fe than are cattle and poultry. The maximum tolerable 

levels of dietary Fe are 3000 mg/kg for pigs and 1000 mg/kg for cattle and poultry (NRC, 1980). 

However, less than 1000 mg/kg Fe can interact with copper and zinc metabolism and lead to 

reproduction problems in ruminants. Apparently, cattle can safely consume substantially more Fe from 

natural feed sources than from soluble sources such as ferrous sulphate (McDowell, 1992). Iron 

requirements were estimated to be in the range between 40-100 mg Fe/kg in pigs, 38-80 mg Fe/kg in 

poultry, 50 mg Fe/kg in bovines, 12.3-18 mg Fe/kg in bovines, 8-156 mg Fe/day in sheep, 6-100 mg 

Fe/day in goats, 84.2-1125 mg Fe/day in horses, 60 mg Fe/kg in rainbow trout, 72 mg Fe/kg in dogs 

and 70 mg Fe/kg in cats (NRC, 1993, 1994, 1998, 2000, 2006, 2007). 

Safety and efficacy of chelated forms of Fe with synthetic feed grade glycine have been assessed, and 

EFSA has delivered a Scientific Opinion (EFSA, 2005). A Scientific Opinion was delivered by EFSA 

on the safety and efficacy of Fe chelate of amino acids, hydrate, when used as feed additive for all 

animal species (EFSA, 2013). 

Iron compounds presently authorized in the EU as feed additives are ferrous carbonate, ferrous 

chloride tetrahydrate, ferric chloride hexahydrate, ferrous citrate hexahydrate, ferrous fumarate, 

ferrous lactate trihydrate, ferric oxide, ferrous sulphate monohydrate, ferrous sulphate heptahydrate, 

ferrous chelate of amino acids hydrate, ferrous chelate of glycine hydrate (EC 2003a,b, 2006). 
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix IV.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (16/07/2013). A total of 

14868 raw articles were retrieved from the sum of SCOPUS (n=4566), PUBMED (n=7699) and ISI 

(n=2603). These references were imported and merged in an Endnote library. A first duplicated 

deletion was performed by means of the Endnote application, and the merged references were 

imported to DistillerSR
© 

on-line server to perform a second duplicated deletion. In this step, 3548 

references were deleted. A final pool of 11320 articles was ready to perform the selection process. 

 

Figure 5. Flow chart of the ELS process for articles related to Fe, and number of articles retrieved. 

In the first level of selection, based on title and abstracts, a total of 10436 articles were excluded to be 

completely unrelated with the search objectives (not about iron, not about the animal species, not 

about bioavailability issues). Finally, 884 articles were retained to be potentially related with the 
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search questions. In case of doubt or few/not information was available in the abstract, the articles 

were automatically retained to the next level. 

Up to 649 full-text articles of the 884 were obtained from on-line sources, while 234 references 

remained pending to be found. Finally, 193 references were retained to answer the extraction data 

form and 457 references were excluded (See Appendix IV.C). 

 

2.2. Data synthesis
(References of this section can be found in Appendix IV.C)

 

Most of the studies retained in the selection, assessed the bioavailability issues of iron in category of 

others (n=76, including rats, mice and cell cultures) and pigs (n=56). Less studies were found for 

poultry (n=22), bovines (n=17), fish (n=9), sheep (n=3) and goat (n=2). No studies about rabbits (n=0) 

and pets (n=0) were retained in the selection. Five studies assessing incompatibilities of Fe using in 

vitro models were retained in the selection. 

Table 11. Summary table concerning the animal categories, molecular forms, factors affecting the 

bioavailability and the indicators used in the processed studies. 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs 1.2. Pigs. Piglets 

(weaned) 

1.3. Pigs. Piglets 

(suckling and 

1.4. Pigs. Pigs for 

fattening 

1.6. Pigs. Sows, 

in order to have 

benefit in piglets 

Fe dextran 

Fe sulphate 

Fe elemental 

Fe Gly chelate 

Fe chelate 

Fe saline 

Fe AA chelates 

Fe fumarate 

Fe proteinate 

Fe ammonium 

sulphate 

Fe citrate 

Interactions: Fe-Mn, 

Fe-Inulin, Fe-Zn, Fe-

tannic acid, iron-

phytate, Fe-ascorbic 

acid 

Animal performance 

Liver content 

Biochemical response : 

RNA, expression of 

proteins and genes 

Serum content 

Plasma content 

Intestine content 

Heart content 

Duodenal content 

True absorption 

Digesta content 

Kidney content 

Urine content 

Faeces content 

Whole pig content 

Pancreas content 

Spleen content 

Bile content 

Lymphaden content 

Bone content  

2.Poultry 2.1. Poultry. 

Chickens for 

fattening  

2.3. Poultry. 

Laying hens 

Fe Gly chelate 

Fe citrate 

Fe sulphate 

Fe AA chelates 

Fe methionine 

Interactions: 

coccidiosis-iron, 

manganese - copper, 

iron, zinc, calcium, 

and selenium  

Animal performance 

Liver content 

Bone content  

Serum content 

Faeces content 

Breast content 

Biochemical response : 

gene expression, 

Muscle content  

Kidney content, 

Spleen content, 

Plasma content, 

Bladder content  
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

Intestine content 

Excreta content 

Egg content, 

Thymus content 

Bursa of Fabricius content 

3.Bovines 3.1. Bovines. 

Calves for 

rearing 

3.2. Bovines. 

Calves for 

fattening 

FeEDTA Interactions: vitamin 

A-iron 

Animal performance 

Serum content 

Plasma content 

Liver content 

Urine content 

Carcass characteristics 

Faeces content 

Meat colour,  

Muscle content  

4.Sheep 4.2. Sheep. 

Lambs for 

fattening 

 

Fe-sulphate Interactions: copper- 

Fe, 

Aluminium-iron, 

Selenium-iron 

Animal performance 

Urine content 

Serum content 

Liver content 

Kidney content 

Bone content, 

Brain content 

Longissimus muscle 

content 

5. Goat 5.2. Goat. Kids 

for fattening  

5.3. Goat. Dairy 

goats 

Not specified Supplementation 

source and dose 

Apparent absorption 

Animal performance 

Plasma content 

Liver content 

Haemoglobin 

Haematocrit 

Transferrin 

6. Fish 6. Fish. 

Salmon/trout 

Fe chloride 
59

Fe 

ferric ammonium 

citrate 

Fe sulphate 

Fe elemental 

Interactions: Fe-

vitamin C 

True absorption 

Biochemical response 

Liver content, 

Kidney content, 

Spleen content 

Whole body content 

Animal performance, 

Bone content  

Plasma content 

Heart content 

7. Rabbit Not data Not data Not data Not data 

8. Horses 8. Horses Not specified Dietary factors: diet, 

vitamin E 

Apparent absorption 

Serum content 

Urine content 

Faecal content 

Sweat content 

9. Pets Not data 
Not data Not data Not data 

10. 

Other:  

10. Other: Rats/ 

mice/guinea pigs/ 

Fe citrate 

Fe chloride 

Fe sulphate 

NaFeEDTA 

Fe  pyrophosphate 

Interactions: ascorbic 

acid-iron, iron-fibre, 

vitamin A-iron, 

manganese-copper, 

acidic 

True and apparent 

absorption 

Animal performance 

Liver content  

Spleen content  
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

Fe AA chelate 

Fe fumarate 
Fe4(OH)11NO3.2H2O 

xylooligosaccharide-

iron, polydextrose -

iron, 

Cadmium-iron, 

iron-difructose 

anhydride III, iron-

phytate- insoluble 

fibre, Iron-Zinc, 

cystine/cysteine - 

Cu/Fe, 

fructooligosaccharides-

iron, Fe-glucose-

fructose, Cd-Fe, 

safflower oil, flaxseed 

oil, olive oil, or beef 

tallow - iron, HRE-

iron 

Plasma content 

Serum content 

Faeces content 

Bone content 

Thymus content 

Bursa of Fabricius content 

Kidney content 

Biochemical response : 

gene expression, 

Urine content 

Muscle contents 

Heart content 

Small intestine content 

Duodenum content 

Milk content 

 

2.2.1. Factors affecting the bioavailability of Fe in pigs 

o Assessment of bioavailability 

Fe from feed ingredients was not sufficient to maintain indices of Fe status in weaned piglets (5 to 27 

replicates per treatments depending on the measurement) distributed into five treatments differing in 

Fe content (0, 25, 50, 100, 150 mg/kg as ferrous sulphate monohydrate) for 35 days. Although, the 

decrease in Fe stores of the pigs was not severe enough to reduce growth performance. The lessening 

of a pig‘s Fe stores during this rapid growth period may result in the occurrence of anaemia during the 

subsequent grower and finisher periods 
(17444)

. In agreement with the previous study supplementing the 

diet of weaned piglets for 35 days with different Fe sulphate doses (0, 25, 50, 100, 150 mg Fe/kg) 

showed that iron contributed by feed ingredients commonly included in nursery pig diets provided 

analysed dietary iron concentrations in excess of the post-weaning requirement (80 mg/kg), but the 

iron in these feedstuffs was not sufficient to maintain liver stores of growing pigs. This decrease in 

liver iron stores decreased indices of iron status, which could result in depressed growth. The addition 

of at least 100 mg of iron/kg of diet via the highly available iron source like ferrous sulphate is 

necessary to prevent an excessive decline in iron stores. This highly adequate and available iron source 

is especially required by pigs that have been selected for increased growth and muscling, which is 

typical of pigs currently used in the swine industry 
(23896)

. Providing different diets for 35 days to 

weanling pigs (8 replicates per treatment) with different levels of microminerals (according to NRC: 0, 

50, 100, 150 % as organic source or 100 % as inorganic source, sulphate) showed a dietary need for 

microminerals, but during the initial period post-weaning, there may be adequate body reserves 

derived from the lactation period such that it curtails an imminent deficiency. Data indicated that the 

innate minerals provided from the feedstuffs used in this experiment may have provided adequate Cu 

and Mn, but there was a supplemental need for Fe, Se, and Zn. It would appear that enzyme syntheses 

that require these microminerals occur at a greater priority in weanling pigs. In addition, the 

supplemental level of some microminerals required may be less than that found in many dietary 

micromineral premixes 
(22912)

. At later stages of the development, the reduction of trace mineral at 

levels lower than those commonly used in the swine industry from 20 to 115 kg body weight did not 

negatively affected grower-finisher pig performance (four replicates per treatment), carcass 

characteristics, and carcass value. Furthermore, excretion of some minerals including iron tended to be 
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lower in grower-finisher pigs fed diets containing reduced levels of trace minerals compared to levels 

commonly used in the swine industry (24 replicates per treatment) 
(23824)

. However, some studies 

indicate that current dietary Fe recommendations are sufficient for optimal live pig performance, pork 

carcass composition, and pork quality. Comparing a negative (without Fe supplementation) and a 

positive (100 ppm Fe as Fe sulphate) control with diets with different levels of iron supplementation 

(50, 100 and 150 ppm Fe as Fe AA complex) was observed that supplementing swine diets from 34 to 

118.2 kg body weight with Fe had no beneficial effects on performance or carcass composition of 

growing-finishing pigs. Furthermore, Results of this study suggested that minor improvements in pork 

colour during retail display can be achieved by feeding an additional 100 ppm Fe 
(16857)

. A study with 

weaned and fattening pigs (lasting 41 days and with four replicates of two, three or six animals per 

treatment) fed three different diets, control, reduced inorganic trace minerals supplemented with 25 

mg Fe sulphate/kg or reduced chelated trace minerals supplemented with 25 mg Fe metal proteinate/kg 

showed that reducing the concentrations of Zn, Cu, Mn, and Fe typically supplemented to pig diets 

will greatly decrease faecal mineral excretion without negatively affecting pig performance from 

weaning through development 
(28578)

.  

Use of humic substances in swine diets is a novel concept
(23819)

. Supplementing diets for weaned 

piglets (5 replicates of 5 animals per treatment) with different levels of Fe sulphate (0, 30, 70, 88 

mg/kg diet) or humic substances (70 mg Fe/kg) showed that humic substances with 8,700 mg/kg iron 

and 71% relative bioavailability could be used as a source of iron for pig diets, see Table 12. Phytase 

(1,430 units/kg), 1 -OHD3 (10 mg/kg), or the combination, added to the SBM fortified basal diet did 

not further improve haematocrit or haemoglobin, indicating that Fe bioavailability of SBM was not 

increased by either of these feed additives. Based on standard-curve methodology, and using 

haemoglobin as a criterion, the relative bioavailability of Fe was 38.5% for SBM, 21.0% for SBM + 

phytase, 23.2% for SBM + 1a-OHD3, and 29.2% for SBM + phytase + 1 -OHD3 
(23819)

. 

Table 12. Relative bioavailability of Fe sources and dietary combinations (Soy bean meal (SBM), 

phytase, 1 -OHD3 and humic substances) based on multiple linear regression of red blood cells and 

haematocrit in pigs. 

Fe source Fe indices Relative bioavailability 

(%) 

Reference 

Fe sulphate Red blood cells 100 
23819 

Fe from humic substances Red blood cells 71 
23819

 

SBM Haematocrit 39 
23819

 

SBM + phytase Haematocrit 21 
23819

 

SBM + 1 -OHD3 Haematocrit 23 
23819

 

SBM + phytase + 1 -OHD3 Haematocrit 29 
23819

 

Weaned piglets (9 or 18 replicates per treatment) fed with a control diet (not supplemented) or a high 

Fe diet (700 mg/kg as Fe sulphate) for 63 days showed that high Fe reduced feed efficiency but did not 

affect pig weight gain. Blood haemoglobin concentrations and Fe concentrations of liver, intestine, 

and heart were increased by high dietary Fe on all days (21, 42, and 63). Furthermore, Fe 

concentrations in liver and heart increased with age. The expression of some genes was affected by 

age, suggesting age dependency of Fe metabolism in pigs. Hence, iron status is affected by age and its 

status during the growing phase may affect posterior development periods 
(15897)

. Dietary Fe additions 

(0, 25, 50, 100 or 150 mg/kg diet ferrous sulphate monohydrate) for 35 days also increased mineral 

status of nursery pigs (eight replicates for the basal diet and four for the other treatments) and once 

tissue mineral stores are loaded, dietary minerals in excess of the body‘s requirement are excreted 
(17123)

. Increasing the dietary iron level in piglets (0, 50, 100, 150 mg Fe/ kg for 28 days and four 

replicates of nine animals per treatment) improved their haematological status and liver Fe content; 

however, higher levels of dietary Fe may be detrimental to the piglet‘s health due to its influence on 
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the intestinal microflora which might possibly increase the incidence of diarrhoea 
(16318)

. To solve 

anaemia problems in young pigs not only oral supplements are evaluated. Supplementing suckling and 

weaning piglets in two different experiments (five and six replicates per treatment, respectively), in the 

first giving 200 mg Fe injection as Fe dextran or supplementing the diet with 150 mg Fe/kg as ferrous 

sulphate for 13 and 35 days, respectively. Results showed that an exogenous iron source prevented 

iron deficiency in neonatal pigs influenced the binding activity of iron regulatory proteins 
(17213)

. 

Administrating Fe dextran intramuscularly at different doses (200 or 300 mg), Fe sulphate orally  (0, 

80, 160, 240 mg Fe/kg from Fe sulphate) at different times (24 hours after birth, 7 days) in pigs with 

different birth weight (heavy, light) in four trials (the first two for 17 days and the others for 35 days 

and 347, 86-92, 12 and 5-6 replicates per treatment each) showed a possible beneficial effect of 

administering additional Fe later in the nursing period in the modern pig, and also that the dietary Fe 

requirement of pigs post-weaning is dependent on pig birth weight, the amount of innate Fe in the 

feed-stuffs, and the Fe status of the pig at weaning 
(22812)

. Molecular regulation of iron absorption in 

new-born anaemic piglets is immature, which possibly explains the poor responsiveness of these 

animals to oral iron therapy. Moreover, parenteral iron supplementation has to be based on a tight 

balance between possible benefits and risks: the efficacy of iron supplements in combating anaemia 

and the generation of oxidative damage due to iron excess. A study evaluating iron injection for 14 

days (control, traditional supplementation or modified strategy) showed that modified strategy 

(injection 40 mg Fe/kg at day three and day ten) of new-born piglets (five or six replicates per 

treatment) with iron dextran improves the piglets‘ haematological status, attenuates the induction of 

hepcidin expression, and minimizes the toxicity of the administered iron 
(15668)

. Comparing for 35 days 

weaning piglets injected Ferriphor to ones that did not receive the injection (2344-2347 replicates per 

treatment), the iron-injected piglets were significantly heavier. The iron-supplemented piglets also 

revealed significantly less pre-weaning morbidity and mortality and higher blood haemoglobin 

concentration compared with the non-injected ones. Outdoor pigs do not require supplemental iron to 

attain the same, or greater, blood haemoglobin concentrations. Those results suggest that in order to 

prevent pre-weaning losses and support piglet health and weight performance, iron supplementation 

should be administered to piglets in outdoor pig production units 
(18011)

. Contrary to the previous study, 

comparing the two rearing systems (outdoor, indoor) and supplementing animals with different Fe 

dextran doses (0, 100, 400 mg), it was observed that outdoor pigs (18 replicates per treatment) did not 

require supplemental iron to attain the same, or greater, blood haemoglobin concentrations 
(18852)

. Oral 

administration (from day 3 to day 25) of iron provided via the feed, using specially designed feeding 

troughs (HemOral), constitutes a valuable alternative for the classical parenteral injection of an iron 

dextran complex in suckling and weaned piglets (44 replicates per treatment). The haemoglobin 

concentrations at weaning were higher in pigs that received oral rather than intramuscular 

administration of iron, and performance and feed intake levels during lactation were similar 
(27275)

. 

Voluntary access to amino acid-chelated iron for 35 days prevented anaemia in the majority of the 

weaning piglets (60, 30 or 20 replicates per treatment) and resulted in a growth intensity comparable 

to piglets injected with iron dextran (negative and positive controls, injected 200 mg Fe dextran at day 

three or 21 respectively)
(23908)

. In a similar study was also observed that oral administration of 200 mg 

Fe
2+

 fumarate from day seven to day 35 to suckling piglets (10 to 20 replicates per treatment) was 

efficient in preventing anaemia and it resulted in good growth rate of the piglets, which was 

comparable to piglets that were given Fe
3+

 dextran (negative and positive controls, injected 200 mg Fe 

dextran at day three or 21 respectively)
 (24085)

. At later stages of the development, the reduction of trace 

mineral at levels lower than those commonly used in the swine industry from 20 to 115 kg body 

weight did not negatively affected grower-finisher pig performance (four replicates per treatment), 

carcass characteristics, and carcass value. Furthermore, excretion of some minerals including iron 

tended to be lower in grower-finisher pigs fed diets containing reduced levels of trace minerals 

compared to levels commonly used in the swine industry (24 replicates per treatment) 
(23824)

. 
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Different iron sources were used to compare iron bioavailability. The major number of studies 

compared the bioavailability form Fe sulphate and Fe-Gly. Weaned piglets were distributed in two 

experiments (both six replicates per treatments). In one experiment (four treatments) the basal diet (34 

ppm Fe) was supplemented with 28 ppm Fe differing in its source (Fe chelate, Fe glycinate or Fe 

sulphate). In a second experiment, animals were fed the basal diet (41 ppm Fe) or six experimental 

diets differing in Fe source (Fe glycinate, Fe sulphate) and dose (30, 60, 90 ppm). Digestibility of Fe 

from Fe-glycinate was higher compared with Fe from Fe-sulphate. Furthermore, a dietary iron 

concentration of 70 ppm seems to be sufficient to maximize growth performance but not iron-

dependent blood parameters 
(27879)

. In agreement with the previous study, supplementing diets of 

weaned pigs (three replicates per treatment) with different doses of Fe-Gly (0, 30, 60, 90, 120 mg/kg) 

for 40 days was beneficial to growth, haemoglobin, Fe concentration and packed cell volume (PCV) in 

blood, thymus gland index and T-lymphocyte proliferation, without significant effects on feed intake, 

feed gain ratio, blood immunoglobulins concentration and B lymphocyte proliferation. Results also 

indicated Fe-Gly is a good source for iron fortification in diets for weanling piglets 
(23469)

.  Similar 

results indicating that Fe-Gly was more effective in improving iron status of iron-deficient weaned 

piglets than FeSO4 were obtained comparing an iron deficient diet (without supplementation) with one 

supplemented with 120 mg Fe/kg as Fe sulphate or as Fe-Gly (6 replicates per treatment) for ten days. 

Moreover, gene expression of iron related transporters differ between FeSO4 and Fe-Gly group. 

Results also suggest that PepT1 may play a crucial role in transportation and absorption of Fe-Gly 
(26786)

. Among other iron sources are studied: iron proteinates, iron polymaltose complex, iron 

fumarate, humic substances, Availa-Fe
®
 and iron form yeast. Dietary additives of iron at the levels of 

20, 100, and 40 mg/kg from its proteinate (for 12 to 32 days) also provided more advantages than the 

use of these mineral elements from inorganic sources in pigs at growth stage (five to eight replicates 

per treatment). The proteinate of ferrous iron showed a higher availability than their inorganic 

compounds and largely reduced its excretion 
(23018)

. Comparing a positive (day three injection of 200 

mg Fe dextran) and a negative control (day 17 injection of 200 mg Fe dextran) with diets 

supplemented with 100 mg of Fe polymaltose complex (IPC) or Fe fumarate for 31 days in weaned 

pigs (12 to 19 replicates per treatment) showed that efficacy of oral administration of IPC in anaemia 

prevention in piglets was comparable with that of oral administration of iron fumarate 
(23363)

. Dietary 

supplementation for five weeks of Availa-Fe
®
 as the iron source at different doses (30, 60, 90, 120 mg 

Fe/kg) for weanling piglets (9 to 12 replicates per treatment) did not show a statistically significant 

improvement in live-weight gain or feed conversion ratio. It did, however, show an improvement in 

skin colour, blood constituents and iron tissue storage. The bioavailability of iron was significantly 

better from Availa-Fe
®
 compared to ferrous sulphate supplementation (control or positive control, 100 

mg Fe/kg as Fe sulphate heptahydrate + 43 mg Fe/kg from the ingredients and 120 mg Fe/kg as Fe 

sulphate, respectively). The positive response to iron supplementation in piglets linearly increased as 

the level of Availa-Fe
®
 increased 

(24296)
. Contrary to the studies described previously, supplementation 

of diets with iron yeasts for three weeks was found to be low efficient when compared with inorganic 

form of this bioelement in fattening pigs (16 replicates per treatment) 
(27919)

.  

Different studies evaluating dietary ingredients were performed. Among those, bean varieties and iron 

bioavailability are compared. Weaned piglets (10 replicates per treatment) fed a diet containing red 

beans (42.4 mg/kg Fe) or white beans (50.2 mg/kg Fe) for five weeks showed that bean neither colour 

nor bean polyphenol content affected Fe and Zn absorption from maize-bean diets. Moreover, the 

bioavailability of bean Fe and Zn to pigs is quite good despite high phytate concentrations in the diets 
(16132)

. In agreement, a similar study in piglets (six or eight replicates per treatment) fed diets red (47.9 

mg/kg) beans or white beans (53.6 mg/kg) for 28 days proved that corn-bean diets can provide 

sufficient iron to maintain iron status in rapidly growing piglets with high iron requirements but cannot 

replete low haemoglobin concentrations 
(16377)

. A study showed that replacing barn (7% or 20% in 

experiment 1 and 2, respectively) to Fe sulphate for seven weeks in weaned pigs (six to seven and 

three to four replicates per treatment in experiment one and two, respectively) had no significant 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph IV - Iron 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

349 

difference in the bioavailability of the iron present in the diets. Furthermore, bran seemed to have no 

inhibitory effect on iron absorption, even when 20% bran was included in the diet 
(22275)

. Weaned pigs 

(5 replicates per treatment) fed a reference diet or the same diet supplemented with Chorella vulgaris, 

Na-alginate, inulin or a mixture of essential oils for 11 days showed that inulin, essential oils, and 

sodium alginate had the ability to potentiate both the immune function and mineral retention including 

iron during the initial post weaning period 
(22784)

. Replacing normal barley (NB) with the low-phytic 

acid barley mutant (M955) for 28 days did not increase the utilization of Fe in practical diets for young 

swine (5 replicates per treatment), apparently because of the small increase in the availability of the 

endogenous trace minerals in the diets containing M955 compared with NB. However, for the trace 

mineral (TM) treatments, there were linear increases in growth performance, metacarpal bone ash and 

strength, haematocrit volume, and Zn and Cu absorption, retention, and excretion (mg/d) with 

increasing concentrations of Fe, Zn, and Cu provided as FeSO4, ZnSO4, and CuSO4, with the greatest 

treatment concentration providing 100% of the NRC (1998) requirement for Fe and Zn, and 160% of 

the requirement for Cu (no supplemental Fe, Zn or Cu; 20 mg/kg Fe and Zn and 2 mg/kg Cu; 40 

mg/kg Fe and Zn and 4 mg/kg  Cu; 60 mg/kg Fe and Zn and 6 mg/kg Cu; 80 mg/kg Fe and Zn and 8 

mg/kg Cu). Results indicate that the inorganic trace mineral supplementation should not be less than 

the NRC (1998) requirements for young swine 
(16134)

. 

Feeding Yorkshire x Duroc barrows (6 replicates per treatment) during fattening period with 2 

different diets (control or a diet with half of the mineral supplementation) for 2 weeks further another 

week with the control diet showed that concentrations of total Fe were dependent on diet, pig within 

diet, and location, whereas concentrations of free Fe did not vary significantly. Mean total Fe 

concentrations (FULL and LOW diet) were 22.2 and 11.5 mM. Relative total Fe concentration values 

were as follows: stomach, pooled jejunum, ileum < proximal colon, distal colon. Total Fe 

concentrations with FULL diets were higher in the ileum and the lower intestine. Free:total ratios were 

very low  and were similar to each other. Approximately 1% of the Fe in digesta from the small 

intestine was free. Hence it could be concluded that mineral supplementation did not alter free:total 

ratios of any ion in the GI tract 
(19959)

. 

Studies modifying diets in sows in order to benefit piglets are also performed. A study with 24 sows (8 

replicates per treatment) fed diets differing in Fe source (Fe AA complex or Fe sulphate heptahydrate) 

and dose (80 or 120 mg Fe/kg) showed that the addition of 120 mg/kg iron from an amino acid 

complex into the diets of gestating and lactating sows and nursing piglets improved iron status of 

neonatal and nursing piglets more effectively than 120 mg/kg iron from ferrous sulphate heptahydrate, 

which may  have resulted from the better absorption, metabolism or placental and mammary transfer 

of iron. However, this improvement of the organic Fe was not sufficient to replace the Fe injection 

commonly practised in swine production for prevention of iron-deficiency anaemia 
(23667)

. The critical 

need for exogenous Fe at birth to achieve maximum post-weaning response was also observed feeding 

sow with Fe sulphate or Fe chelate until 17-28 days post-partum and injecting piglets (or not) with Fe 

dextran at birth or at weaning (13 to 19 replicates per treatment). Young pigs at weaning do not readily 

overcome a previously induced Fe deficiency, even if injected with Fe at weaning, and although blood 

Hb concentrations and percentages of Hct respond positively to Fe-fortified nursery diets 
(16405)

. 

o Interactions 

Fe-Inulin 

The benefit of inulin on dietary iron bioavailability and body iron status in weaned piglets (8 replicates 

per treatment) for five weeks was independent of chain length (Raftilose HP, P95 or Synergy 1 50:50) 
(15613)

. In agreement, supplementing 4% inulin for five or six weeks improved utilization of intrinsic 

iron in the corn and soybean meal diet by young pigs (six to eight replicates per treatment), and this 

benefit was associated with soluble Fe and sulphide concentrations but not pH or phytase activity in 

the digesta 
(16837)

. However, in weaned piglets fed a control or a diet supplemented with inulin for five 
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and 6 weeks was observed that colonic iron absorption levels were consistently low in all pigs, 

suggesting that the colon does not make a significant contribution to total iron absorption in iron-

deficient pigs and that inulin did not promote iron absorption in the colon 
(16082)

. 

Fe-L-Carnitine 

The combination of L-carnitine (100 mg/kg) + Fe (60 mg/kg as Fe AA complex) increased the growth 

performance of growing pigs from 30 to 60 kg body weight (5 replicates per treatment for 

performance) and the lean percentage and fatless ham weight in carcass and also increased the Fe 

content in the blood serum and the longissimus dorsi muscle (25 replicates for other measurements). 

The results suggest the more effective outcomes can be reached when L-carnitine + Fe rather than only 

L-carnitine is used in diets 
(23225)

. 

Fe-Phytase 

Dietary phytase supplementation (1200 U) for four or five weeks improved the bioavailability of iron 

in corn, soy protein concentrate, and soybean meal to weanling pigs (4 to 5 replicates per treatment), 

and it may reduce the need for inorganic iron supplementation in their diets 
(18869)

. However, the 

addition of E. coli phytase in diets for fattening sows (9 replicates per treatment) for 28 days did not 

increase the apparent percentage absorption of Fe and no differences in the efficacy of the E. coli or P. 

lycii phytase enzymes at 500 U/kg of low-P diet for any criterion measured were found 
(16998)

. 

Fe-Tannic acid 

Inclusion of tannic acid (TA - 0, 125, 250, 500, 1000 mg/kg) in the diet for weaned piglets (36 

replicates treatment) had a negative impact on performance, haematological indices and plasma iron 

status of pigs. Moreover, TA had antimicrobial activity only against coliforms at day 14; but not at day 

28 
(23025)

. 

Fe-Vitamins 

Both iron preparations (200 mg Fe/ml as Urosferran or as Myofer) were efficient to prevent anaemia 

from day 10 onwards in suckling piglets (17 to 21 replicates per treatment) with no differences 

between the iron preparations used. While no significant differences were observed for the plasma 

level of vitamin E, the administration of iron caused a more pronounced decrease in plasma vitamin C 

than in control animals with significant differences observed already at day 10. Furthermore, the 

administration of iron prevented the decrease in the concentration of retinol in plasma as observed in 

control piglets, resulting in higher plasma retinol levels at day 24. This would indicate an 

improvement of the vitamin A status by stabilisation of plasma retinol levels in piglets after birth. 

Because of the overall role of vitamin A in growth and tissue integrity, this could be of importance for 

the well-being of the developing piglet 
(24319)

. Furthermore, another study reported that iron nutrition 

status during 21 days was better in suckling piglets (4 replicates per treatment) injected with both iron 

(200 mg Fe dextran) and vitamin A than in piglets treated with iron alone. The combination of vitamin 

A and iron was more effective than iron alone in preventing piglet anaemia 
(23248)

. 

Fe injection (200 mg) for suckling and weaned piglets (4 to 15 replicates per treatment) from sows fed 

adequate vitamin E (300 IU) will result in adequate growth and haemoglobin concentration with 

today‘s improved genetics 
(18885)

. 

Dietary delta aminolevulinic acid (ALA) supplementation (10 mg/kg) from day 10 of gestation until 

weaning increased the iron status and milk iron concentration of sows (30 replicates per treatment and 

their respective piglets). In addition, the results of this study revealed that the iron status of piglets in 

the ALA treatment groups was also improved, which indicates that the efficiency of iron transfer from 

the sow to the piglet increased in response to dietary supplementation of ALA. However, 

supplementation with ALA and vitamin C (500 mg/kg) did not further improve the iron status of sows 

and piglets 
(16024)

. 
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Fe-Mineral mixture 

No significant differences in true Fe absorption in suckling piglets (6 replicates per treatment) were 

observed across groups with a six-fold addition of calcium and a five-fold addition of phosphorus to 

the control diet for 16 days. However, additions to the control diet of Ca+P+Zn+Cu resulted in a 

significant reduction in true Fe absorption. The addition of Fe (0.008 g/kg as Fe sulphate) to the last 

diet restored the Fe absorption to that of the diet with added Ca+P+Zn 
(20321)

. 

Fe-As 

There were increases in iron levels in liver, bile, spleen, thymus, and pancreas in fattening pigs (6 

replicates per treatment) fed the high As diets (basal diet supplemented with: 10, 20, 30 mg As/kg) for 

78 days, but iron contents in kidney, heart, and serum were decreased by the arsenic treatment. This 

suggested that high dietary As levels could alter serum biochemical parameters and the retention iron 

in the viscera of growing and finishing pigs 
(16803)

. 

Fe-Ca 

A diet high in calcium (9 replicates per treatment) for 21-24 days did not inhibit iron absorption in 

weaned Yorkshire weaned piglets. It can be speculated that there may be an adaptive response to the 

inhibition of iron absorption by calcium to meet the increased iron needs in the presence of a high 

calcium diet 
(18996)

. 

Fe-Cu 

Feeding fattening barrows (16 replicates per treatment) with elevated dietary levels of Cu (200 mg/kg) 

form different sources (sulphate or a copper lysine complex) tended to increase iron absorption 
(24728)

. 

However, another study showed that the addition of 250 ppm Cu to the diet for Yorkshire x Hampshire 

x Duroc weaned pigs (7-8 replicates per treatment) for 15 days decreased Fe in plasma and liver while 

the addition of 5% fat increased Fe in kidney and heart 
(19610)

. No effect on the performance or serum 

enzymes of growing pigs was observed by the addition of high dietary levels of trace minerals, Cu 

sulphate (0, 250 mg/kg), Fe sulphate (100, 500, 1000 mg/kg), ZnO (100, 1000mg/kg) into diets for 

weaned pigs (two to eight replicates per treatment) for eight weeks 
(20978)

. 

Feeding sows in order to benefit piglets (7 replicates per treatment)with control (basal diet 

supplemented with 10 mg Cu/kg) or low Cu (no supplementation) for five days starting at different 

points of pregnancy (day 30, 60 and 100) was observed that regardless of the dietary Cu intake, 

excretion of Fe was achieved primarily via the faeces, representing more than 99.9% of the total daily 

excretion from the body. Average faecal Fe excretion throughout pregnancy was 750 mg per day. 

Urinary excretion of Fe was less than 0.5 mg per day and it was neither affected by dietary Cu intake. 

Low-Cu first-litter gilts retained more Fe than the controls (233.7 VS. 129.8 mg per day). This 

represented an 80% increase in the retention of the dietary Fe. Thus, the control retained only 14.8% 

of the Fe dietary intake while the low-Cu group retained 25.2% of the dietary Fe intake 
(19887)

. 

Fe-F 

Iron deposition in different tissues was evaluated in fattening barrows and gilts (six or eight replicates 

per treatment) fed diets with different content of fluorine (0, 50, 100, 150 mg/kg) for 84 or three days. 

Iron levels in most tissues of 100 and 150 mg/kg fluorine-added groups except for the heart and 

pancreas were significantly lower than that of the control. However, growth performance, nutrient 

digestibility, and mineral concentrations in all tissues of pigs were not significantly affected by the 

addition of 50 mg/kg fluorine. Thus, this study suggested that excess fluoride levels could decrease 

growth performance and change the retention of iron in pigs 
(17149)

. 

Fe - Mn 
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Feeding weaned piglets (4-8 replicates per treatment) with different levels of iron (low-no 

supplemental, adequeate-100 mg Fe supplemented/kg or high-500 mg Fe supplemented/kg) for 32 

days was observed that high concentrations of dietary Fe to nursery pigs also affected Mn metabolism, 

as both liver and duodenal Mn concentrations were lower in pigs receiving 520 mg Fe/kg DM (H-Fe). 

These results supported the role of DMT1 in uptake of both Fe and Mn into the absorptive enterocyte 

of the small intestine in pigs 
(16061)

. 

Fe-Zn 

Interactions between dietary Fe and Zn were evaluated in weaned pigs (six to ten replicates per 

treatment) fed diets with different levels of Fe elemental form (100, 200 mg/kg) and Zn carbonate (25, 

50, 100 mg/kg) for eight days. Data demonstrated good bioavailability of elemental iron without 

effects on zinc, copper and calcium 
(19046)

. However, when Zn was supplemented (0, 50, 500, 5000 

ppm ZnO) in diets for sows from 30 kg and through two parities (21-50 replicates per treatment)was 

observed that highest Zn supplementation had higher Fe stores in the liver of piglets, but the Fe 

content of the heart, kidney and pancreas was not affected by dietary treatment and parity 
(22191)

. 

Fe-Cr, Somatropin 

Chromium supplementation (300 µg) from 30 to 60 kg body weight led to increased kidney Fe in 

fattening Poland China x Landrace pigs not treated with somatotropin (6 replicates per treatment). 

Total kidney Fe was also increased by somatotropin treatment. No significant Cr effects on liver, 

heart, or longissimus muscle Fe were observed. A reduction in liver Fe concentration due to 

somatotropin administration was offset by the increases in liver size. Somatotropin effects on tissue Fe 

were variable and difficult to evaluate due in part to growth hormone-induced changes in organ 

weights 
(19469)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.2. Factors affecting the bioavailability of Fe in poultry 

o Assessment of bioavailability 

Fe intakes and BW were significantly higher in the high-Fe group than the low-Fe group. Blood Hb 

concentrations were significantly higher in the high-Fe group compared with the low-Fe group after 

the first week of the study. The iron bioavailability values were significantly different between 

treatments. Chicken is sensitive to dietary Fe concentrations 
(15836)

.  

An investigation did not reveal any significant benefit of replacing supplemental inorganic trace 

minerals with an organic complex of the same. However, the study indicated that it is possible to 

reduce excretion rate of the trace minerals by a judicious escalation in the level of supplementation. 

The results of the present investigation further revealed that the trace mineral requirement of broiler 

chickens suggested by the NRC may not be optimum to support the maximum growth potential of the 

high-yielding strains. Although most of the increase in body weight via genetic selection has been an 

indirect response to selection for appetite, increased body growth may result in skeletal problems, 

which may be related to poor mineral nutrition. It is thus reasonable to consider a review of the current 

NRC recommendations to meet the needs of modern birds 
(15923)

. 

Biofortified red-mottled beans were a promising vehicle for increasing intakes of bioavailable Fe 
(15276)

. Improved body weight gain and feed conversion ration (FCR) during finisher phase and overall 

study period were observed in birds fed on Fe supplemented diets when compared with birds fed on 

control diet. At day 35, the RBC, Hb, haematocrit, and Fe concentration in plasma, tibia and liver were 
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higher in birds fed on Fe supplemented diets than birds fed on the control diet. Supplementation of Fe 

in organic form resulted in greater Fe concentration in the tibia and liver and less Fe excretion at d 34 

to 35, when compared with birds receiving inorganic Fe. These results indicate the necessity to 

supplement Fe in the commercial diets of broilers; however, organic and inorganic sources of Fe 

supplementation at 80 mg/kg were equally effective in improving performance, nutrient retention and 

haematological indices. In addition, Fe supplementation through an organic source seems to be more 

efficient in depositing Fe in the haemopoietic organs (liver and tibia) of birds under Fe depleted 

conditions 
(15265)

. 

Fe-SP is as good as, if not better, Fe-Met in enriching Fe in egg yolk. As the price of soybean meal is 

lower than methionine, the production cost of Fe-SP could be less than that of Fe-Met. It was 

concluded that Fe content of egg yolk can be effectively enriched by supplementing 100 ppm iron as 

iron-soy proteinate for 5 weeks in 68 weeks old Hy-Line Brown layers 
(23173)

. 

o Interactions 

An experiment indicated that addition with Fe-Gly could improve growth performance and iron tissue 

storage and improves the antioxidant status of broiler chickens 
(15078)

. 

Duodenal coccidiosis resulting from E. acervulina infection increased liver iron stores in chicks fed at 

least 1000 mg/kg iron. Moreover, coccidiosis increased iron absorption in chicks fed 1500 mg/kg iron 

to the point of exacerbating iron toxicity 
(22287)

. 

Zinc was the first limiting element among these four trace minerals Cu, Fe, Mn, and Zn. Under 

conditions of dietary Zn deficiency, supplemental Mn, Cu and Fe did not stimulate bird performance, 

being mostly excreted. There was no obvious interaction between organic Zn and other trace minerals 

used in the current study 
(27484)

. There is still a lack of information about retention of trace elements in 

eggs and the body of poultry and their excretion and deposition in the soil. High concentrations of Zn, 

Fe, and Cu in excreta indicate their low utilization (i.e., limited deposition in tissues and eggs) 
(17110)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.3. Factors affecting the bioavailability of Fe in bovines 

o Assessment of bioavailability 

Supplementing commercial milk replacers with 25 ppm of iron (II)-fumarate during the first fattening 

period (5 to 6 weeks) and 15 ppm during the second fattening period resulted in an improved fattening 

performance without having a negative impact on the overall visual colour evaluation of the carcass 

surface muscles in calves for rearing (24 replicates per treatment). In order to avoid a detrimental 

effect on the colour of the veal, however, it should be noted that at least 4 weeks should be allowed 

between withdrawal of the supplemental iron and slaughter. Providing veal calves with a more 

appropriate supply of iron would enable producers to better take advantage of the growth capacity of 

these animals, but still meet the consumers ‗expectations concerning veal colour 
(24620)

. Supplementing 

diets with EDTA (15 mg EDTA/mg of Fe in the diet) for 18 days lightened the colour of the meat, 

reduced myoglobin and reduced muscle Fe, but had no effect on carcass composition of calves for 

fattening (8 to 11 replicates per treatment). Milk-fed calves (receiving exclusively milk replacer) had 

better average daily gains (ADG) than mix-EDTA-fed (concentrates ad lib and milk replacer during 

the whole period, 750 g of milk powder/day starting at week 4) or grain+EDTA-fed (milk replacer 

during the first 4 weeks and concentrates during the whole period)calves. Grain+EDTA-fed calves had 

lower ADG than GRAIN calves. The EDTA treatments were without effect on feed efficiency and 

EDTA did not affect N digestibility or Fe retention 
(24847)

. In calves for rearing (10 replicates per 
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treatment) fed high iron (HI, 5-5-6 mg Fe/kg), high-low iron (H-LI, 140-5- 6 mg Fe/kg) or low iron 

(LI, 105-102-106 mg Fe/kg) as Fe sulphate source for 16 weeks was observed that blood haemoglobin 

concentration was higher in HI calves than in LI, whereas that in H-LI calves was intermediate. 

Furthermore, the dietary iron regimens affected some of the blood traits measured, but not the health 

or behaviour traits registered for these calves 
(21461)

. Another study based on the results for animal 

performance and carcass quality of veal calf (8 to 16 replicates per treatment) showed that a lower 

dose of EDTA (5 mg EDTA mg/kg) compared with a higher dose (15 mg EDTA/kg) can be sufficient 

if the duration of EDTA administration is kept at approximately 18 weeks. Other factors to be 

considered are the effects of EDTA on the chemical composition of the meat produced as well as the 

meat quality parameters 
(23793)

. Concentrate diets made using commercial ingredients containing 100-

200 mg/kg of iron (100, 150, 200 mg/kg), exceed the concentration necessary to lighten meat colour, 

to decrease haemoglobin concentration and to decrease iron content of muscle and of liver of grain-fed 

calves (16 replicates per treatment from 67.2 to 190 kg body weight). The only way to lighten meat of 

grain-fed calves appears to be decreasing iron absorption by adding an iron chelating agent to the diet 
(25191)

. When supplementing different iron EDTA doses in milk replacer (100, 200, 1000, 5000 mg 

Fe/kg) for ten weeks to pre-ruminant calf (8 replicates per treatment), it was observed that they can 

tolerate supplementation with 2000 and 5000 ppm iron. However, at toxic iron intake, calf 

performance and feed efficiency were reduced. There was a characteristic change to higher liver than 

spleen iron, and hemosiderin became the predominant iron storage compound in both tissues. Elevated 

dietary iron did not seem to reduce tissue copper concentrations in the pre-ruminant calf as other 

researchers observed in calves with functioning rumens 
(21529)

. Performance of calves (16 replicates) 

was not affected appreciably by 4000 ppm supplemental Fe as ferrous carbonate from a pure lenses of 

siderite ore  for eight weeks compared with other diets supplemented with (0, 500, 1000 or 2000 mg 

Fe/kg). This is a higher tolerance than shown previously for ferrous sulphate Fe 
(25147)

. 

Different pathways of iron administration have been also evaluated (non-supplemented, parenteral Fe 

injection as Gleptoferron, oral Fe as Fe sulphate) in calves for rearing (three to six replicates per 

treatment) for 68 days. Animals receiving no supplementation showed haematological results 

suggestive of mild anaemia. Forms of iron supplementation did not differed significantly in their 

ability to prevent the onset of anaemia. Iron fractional absorption determined using a dual stable 

isotope labelling method was 60, 39 and 18% in the iron deficient calves, the calves supplemented 

with parenteral iron and oral iron, respectively 
(23895)

. 

Sometimes, different iron sources providing from dietary ingredients are used in diets. The 

administration of solid feeds for 160 days to veal calves (46 replicates per treatment) for welfare 

purposes had no detrimental effects on growth performance and promoted for stomach development. 

Both beet pulp and wheat straw improved calves‘ health status compared those fed a milk replacer, 

and fewer iron treatments for anaemia and medical treatments for respiratory or gastrointestinal 

diseases were needed. This study showed that there is not a straight-forward relationship between 

roughage iron content and meat colour. The final ―redness‖ of veal meat does not depend on the 

amount of iron provided by a roughage source. In a solid feed rich in NDF such as wheat straw, the 

iron, likely entrapped by the cell wall constituents, was not available for metabolism. Therefore veal 

calves receiving wheat straw produce carcasses and meat with a colour similar to that of calves fed 

only milk replacer 
(24128)

. Feeding 0.5 kg/day green tea to cattle (2 replicates per treatment) for 174 

days was possible to reduce muscle iron content, and decrease colour saturation compared with a 

control diet or supplementation with 2 kg/day wheat bran. Secondly, breed affected the content of iron 

in the muscle. The longissimus thoracis muscle of Japanese Black and Japanese Brown x Japanese 

Black/Holstein cattle contained substantially less iron than Japanese Black x Holstein, Japanese Black 

x Japanese Black/Holstein, Charolais x Japanese Black/Holstein or Japanese Short-horn x Japanese 

Black. Whether this was due to differences in genetics or production practices is equivocal. However, 
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the greater iron content of beef produced in the USA may explain its darker colour and subsequently 

lower acceptance in the Japanese market 
(24374)

. 

o Interactions  

Fe-Vitamin A 

Injection of iron (500 mg Fe as polymaltose hydroxide) in calves for rearing increased the iron 

concentration in the haematological parameters for 24 - 48 hours monitoring. However, when iron was 

injected with vitamin A (200,000 IU Vitamin A) this effect was less pronounced 
(15833)

. 

Fe-Ni, Fe - Protein 

Nickel supplementation (0, 5 mg/kg) for 140 days reduced iron concentrations in lung, liver and 

muscle of calves (5 replicates per treatment). Increased dietary protein (10, 12.25, or 14.5 %) 

decreased iron in liver and spleen. Those findings indicate that relatively small increases in dietary 

nickel and protein can influence metabolism of other trace elements 
(21716)

. 

Fe-Clinoptilolite 

Clinopltilolite is a natural zeolite. The use of both natural and synthetic zeolites in animal nutrition has 

increased in the recent years, mainly to improve their performance and to protect against mycotoxins 

intoxication. The concentrations of Fe significantly higher in test group of calves supplemented with 2 

% clinoptilolite for 14 days than the control diet or the one supplemented 2 % clinoptilolite for 48 

hours (10 replicates per treatment) 
(16453)

. In a similar study was shown that the long-term dietary 

supplementation of clinoptilolite (4 weeks) either at the level of 1.25% or 2.5% of the concentrate feed 

does not have any adverse effects on the serum concentration of Fe in dairy cows (17-18 replicates per 

treatment)
(17112)

. 

Fe-Cu 

Supplementing 1,000 mg of iron per kilogram diet for 149 days has a deleterious effect on copper 

status of cattle (11 replicates per treatment). Neither copper sulphate nor copper proteinate at the 

supplemental concentrations (5 or 10 mg/kg diet) evaluated were effective in preventing the adverse 

effect of high iron on copper status 
(17931)

. Iron is not the only trace element affecting the Cu 

metabolism. The existence of a common step in the Mo-Cu and Fe-Cu interactions in calves could 

perhaps explain why there was a highly significant interaction between Fe and Mo in an experiment 

with calves (5 replicates per treatment) fed diets supplemented with Fe (800 mg/kg as Fe carbonate) or 

Mo (5 mg/kg) for 32 weeks and why there were no major or consistent additive effects of the two 

antagonists on Cu metabolism in the calves in group FeMo. However, it cannot be excluded that each 

antagonist alone was having the maximum possible effect on the absorption of Cu and on the 

liberation of hepatic reserves of Cu, so that there was no scope for further change. It will be necessary 

to determine the antagonistic effect of lower levels of both antagonists before this can be resolved. The 

findings will be of considerable importance to those concerned with the estimation of the requirements 

of ruminants for Cu and with the quantitation of the effects of specific dietary components on the 

utilization of Cu 
(22259)

. 

Fe - Cd 

Addition of Cd (0.25, 1, 5 mg/ kg) in diets for cows for milk production (6 replicates) showed that 

dietary Cd did not influence the concentration of Fe in colostrum or milk. However, kidney Fe was 

decreased at both 394 and 554 days 
(20757)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 
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2.2.4. Factors affecting the bioavailability of Fe in sheep 

o Assessment of bioavailability 

Fe in liver and kidney increased as a result of high dietary Al 
(22311)

. Results showed a decreasing trend 

in serum iron concentration particularly during the early and middle stages of supplementation (0-20 

days) with Se nanoparticles or selenium ions 
(15318)

. 

o Interactions  

Retention of trace elements, particularly that of Cu, Fe, and Zn, linearly increased with the dose of 

supplemental Cr. Hence, Cr supplementation may improve utilization of nutrients including the trace 

elements and may also elicit a hypolidemic effect in goats 
(16107)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.5. Factors affecting the bioavailability of Fe in goats 

o Assessment of bioavailability 

(Studies about assessment of bioavailability of iron were not found) 

o Interactions  

Neither the intake nor the apparent absorption of Fe in the bucks was affected by Cr supplementation. 

No definite effect of supplemental Cr feeding on plasma Fe concentration could be ascertained though 

on day 65 it was found to be higher in the 0.4 mg Cr group of bucks 
(17331)

. High dietary levels of iron, 

within the range of their fluctuation in silage and forage, can impair the copper status of ruminants, 

especially when concurrent intakes of copper are low 
(19973)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.6. Factors affecting the bioavailability of Fe in fish (Salmonids) 

o Assessment of bioavailability 

Haem-bound iron had higher bioavailability than iron sulphate in Atlantic salmon and that the level of 

inorganic iron supplementation may be reduced by inclusion of 20 g/kg blood meal feed. Iron in its 

elemental form was not available, except in high concentrations (1500 mg/kg iron). Elemental iron 

less than 1500 mg/kg even reduced the availability of iron from the basal diet. High dietary levels of 

iron sulphate did not affect growth or mortality. A negative relationship between iron and vitamin C 

found in the groups fed high levels of blood meal was probably caused by low levels of ascorbic acid 

in these feeds 
(24565)

. 

Fish with a low iron status showed a significantly greater absorption of both haem and nonhaem iron 

than iron-loaded fish. The low-iron group distributed a larger proportion of the iron to kidney and 

spleen than the iron-loaded or control fish. Absorption of both forms of iron increased with higher 

doses administered, but absorption relative to dose administered decreased. There was a trend 

suggesting that increased levels of dietary haem iron resulted in the reduced uptake of nonhaem iron, 

but not viceversa 
(24391)

. 

o Interactions  
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All divalent metals, except for cobalt, inhibited the intestinal Fe
2+

 absorption in fish, and the 

magnitude of inhibition followed the order of: Ni
2+

~Pb
2+

>Cd
2+

~Cu
2+

>Zn
2+

. Elevated Fe
2+

 did not 

affect lead accumulation in the intestine, indicating a greater affinity of Pb
2+

 to the Fe
2+

 transport 

pathway and/or the existence of additional pathways for lead absorption. In contrast, the accumulation 

of cadmium in the intestine decreased considerably in the presence of excess Fe
2+

, indicating the 

importance of the Fe
2+ 

absorption pathway in dietary cadmium accumulation in fish. The inhibitory 

effects of various divalent metals on iron absorption occur primarily in the mucosal epithelium, which 

clearly indicates that these interactions occur through DMT1 
(16049)

. 

The fish-meal based diet appeared to require supplementation with Zn, Mn and Fe to maintain 

adequate whole-body and tissue levels. The element mixture used appeared to meet the requirements 

for Zn and Mn, while the Fe content appeared too low. Deleting Fe from the element mixture did not 

affect Fe status of the fish. The dietary Fe concentration was, however, low in all groups and the 

difference between the unsupplemented and the Fe supplemented diet was probably too low to affect 

Fe status. In this experiment whole-body element concentration increased with growth for Zn and Fe 

and remained constant for Cu, while there was a move towards reduced Mn in the fish given the 

unsupplemented diet 
(24390)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.7. Factors affecting the bioavailability of Fe in rabbits 

(Studies about bioavailability, interactions and incompatibilities were not found) 

 

2.2.8. Factors affecting the bioavailability of Fe in horses 

o Assessment of bioavailability 

In a three weeks trial, the exercise significantly increased the apparent absorption of iron in horses (4 

replicates) fed diets containing 147 mg Fe/kg (estimated content). Urinary iron excretion did not 

change throughout the experiment. Sweat iron loss did not change during the exercise. The exercise 

significantly increased iron balance. We considered that haemolysis is induced by moderate exercise 

and is further enhanced by heavy exercise, which decreases serum iron and transferrin saturation (TS). 

However, the increase in iron absorption compensates for the adverse effect of exercise on iron status. 

Therefore, exercise does not induce anaemia in horses 
(17173)

. 

o Interactions 

The iron levels were not changed by exercise or treatment alone but increased when the horses (25 

replicates per treatment) had been supplemented with 60 mg/ml Vitamin E + 1 mg/ml Se 

intramuscularly (25 replicates per treatment) and exercised for 90 minutes 
(16305)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.9. Factors affecting the bioavailability of Fe in pets 

(Studies about bioavailability, interactions and incompatibilities were not found) 
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2.2.10. Factors affecting the bioavailability of Fe in other categories: rats/mice 

o Assessment of bioavailability 

No statistically significant differences in haemoglobin concentration, mean corpuscular volume, mean 

In vivo 59Fe absorption from intrinsically labelled Fe-containing fractions of liver and blood were 

measured in rats by intra-gastric dosing. All rats were fed on a low-Fe diet for three days before 

dosing in order to standardize the Fe status of the intestinal mucosal cells. An increase in digestion 

time from two to 12 hours increased "Fe absorption (P < 0.01) from all fractions except ferritin. Fe-

deficient rats when compared with essentially Fe-replete rats showed decreased gastric retention for all 

fractions, but increased "Fe absorption over 2 h only from ferritin. Ferritin showed several unusual 

absorption characteristics. Dietary tungsten supplementation of Fe-deficient rats reduced the 

ferroxidase activity of intestinal mucosal xanthine oxidase. In addition, gastric retention and "Fe 

absorption (P < 0.05) from all fractions were increased 
(21239)

. 

The rats were divided into four groups (seven replicates per treatment) i.e., sham-operated (Sham), 

gastrectomized only (GX), cecectomized only (CX) and both gastrectomized and caectomized (GCX). 

Half of the rats in each group were fed a control diet (AIN-93G) and the other half was fed a Sc-FOS-

containing diet (75 g/kg diet) for 28 days. The cecum plays an important role in the mechanism by 

which Sc-FOS prevents postgastrectomy anaemia. Our findings suggest that Sc-FOS stimulate iron 

absorption from the large intestine, at least in gastrectomized rats, and the large intestine may have the 

ability to absorb iron at a nutritionally important level 
(18676)

. 

The effects of different proteins (pork, egg albumin, egg yolk, soybean and casein) on iron absorption 

and intestinal solubility were examined in growing rats. Rats (seven replicates per treatment) were fed 

iron-adequate diets including one of the protein sources for 14 days. All the diets were adjusted to 

contain similar levels of protein (220 g crude protein /kg diet) and iron (51-53 mg iron /kg diet).In 

conclusion, the addition of pork protein to the diet improved most iron absorption by enhancing 

solubility in small intestine. On the other hand, egg yolk protein had most inhibitory effect on 

absorption and solubility of iron. The differences in the effects of these proteins could be explained on 

the bases of how different proteins influence their solubility in the small intestine 
(24807)

. 

During soya seeds germination in FeSO4 solutions their phytoferritin content is multiplied. Prepared 

soybean sprouts have been proposed as a safe and easily available source of iron supplementation. The 

preparation was compared with FeSO4 and ferritin isolates, using rats with induced iron deficiency 

anaemia. No statistically significant differences in haemoglobin concentration, mean corpuscular 

volume, mean corpuscular haemoglobin, and mean corpuscular haemoglobin concentration existed 

between those animals supplemented with sprouts enriched in ferritin, ferritin isolate and FeSO4 and 

healthy animals forming the control group. Moreover, the examined preparation had a beneficial 

influence on the recreation of ferritin reserves in both the liver and the blood serum, and also did not 

induce negative alterations in general growth parameters of animals 
(14965)

. 

A study was designed to investigate the effect of pectin on Fe bioavailability in ileorectomised rats or 

caecectomised rats. In the first experiment, rats were divided into the following two groups: 

ileorectomised rats fed a fibre-free diet (FF diet) and ileorectomised rats fed a FF diet supplemented 

with 5 % (w/w) pectin (pectin diet). In Experiment two, caecectomised rats and sham-operated rats 

were given one of the following diets for three weeks: diet containing ferrous iron (FeII diet), diet 

containing pectin at 50 g/kg diet (pectin diet) and diet containing a mixture of FeII and product 

prepared by the enzymatic degradation of pectin (FeII-OGA diet), which were presumed to be 

oligomers of galacturonic acid. Apparent Fe absorption in ileorectomised rats fed the pectin diet was 

significantly lower compared with ileorectomised rats fed the fibre free diet. These results suggest that 

Fe in pectin might be released by microbial degradation and subsequently made available for 

absorption in the large intestine, although pectin might decrease Fe absorption in the small intestine 
(15299)

. 
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Female Fischer rats have been fed during five hours low iron diets (without ferric phosphate) for three-

six weeks before use. Samples of 
59

FeCl3 (0.5 ml) containing 5.6 ng Fe were placed in the tied off 

duodenal segments in the peritoneal cavity of anesthetized animals. Results demonstrate the dramatic 

effects of pH on iron bioavailability, in the absence of chelators such as ascorbate, and the importance 

of considering iron solubility in measurements of iron absorption 
(22135)

. 

Male Wistar rats (six replicates per treatment) were fed a 15% lipid diet (soybean oil [SO] or a 1:0.3 

fish:soybean oil mixture [FSO]) and diets containing the same sources of lipids supplemented with 

10% ITF (Raftilose Synergy 1) ad libitum for 15 days. A decrease in liver iron stores (P = 0.015) was 

observed in rats fed FO, considering that ITF consumption returned to levels comparable to the SO 

control group. These findings confirm the positive influence of ITF on mineral bioavailability, which 

was potentiated by addition of FO to the diet 
(16283)

. 

Rats were fed with two treatments (5 replicates per treatment) differing in Se levels during 12 weeks. 

Zinc and iron hepatic levels were not affected by Se-deficiency 
(15966)

. Three diets (local Vicia faba, 

Troy Vicia faba, vicia faba insoluble cotyledon residue) were administrated in rats (four replicates per 

treatment) during ten days. The results suggest that other seed constituents, possibly the soluble non-

starch polysaccharides, may be involved in the elevated loss of Zn and Mn in rats fed on diets 

containing faba bean for extended periods, while some insoluble structural hull components may 

interfere with the absorption of Fe from the gut 
(20661)

.
 

Male Sprague-Dawley rats (10 replicates per treatment) were exposed to diets supplemented with 

FeSO4 or NaFeEDTA at 1200 mg of Fe/kg of diet, with or without tea, for 27 days. Absorption of iron 

from NaFeEDTA is regulated similarly to iron from FeSO4. Nonetheless, post-absorptive body iron 

distribution differs significantly between rats fed these two forms of iron at high intake levels 
(17157)

. A 

study was performed to provide data on the disposition, accumulation and toxicity of sodium iron 

EDTA in comparison with iron (II) sulphate in rats (six/seven replicates per treatment) on 

administration via the diet for 31 and 61 days. Results showed that iron is accumulated from the diet in 

liver, spleen and kidneys in a dose-dependent manner, and iron derived from FeEDTA is taken up 

and/or accumulated less efficiently in liver and spleen than iron from FeSO4. Moreover, feeding iron 

up to 11.5 and 11.2 mg/kg body weight/day, derived from FeSO4 and FeEDTA, respectively, did not 

result in tissue iron excess or in any other toxicologically significant effects 
(18461)

. 

The diets provided either 73 g/100 g digestible wheat starch (DS) alone, or 53 g/100 g DS plus 20 

g/100 g crude potato starch (RS) and either 0 or 1.1 g/100 g PA. A period of three weeks was first 

planned to adapt the rats (eight replicates per treatment) to their respective diets. Mineral balance was 

enhanced significantly by RS (Ca, /46%; Mg /50%; Fe /20%; Zn, / 33% and Cu, /61%). The apparent 

absorption of Fe, Zn and Cu was significantly lower in rats fed the DS + PA diet than in rats fed the 

DS diet (Fe, 035%; Zn, 028%; and Cu, 031%). The negative effects of PA on mineral balance are 

relatively minor compared with the stimulatory effect of RS 
(19182)

. 

Diet A contained (by analysis) 43.5 mg Fe/kg diet (as ferric citrate), and diet B contained 44.3 mg 

Fe/kg diet (ferric citrate-bovine blood) were administrated in rats (seven replicates per treatment). The 

ADC of Ca and Mg decreased significantly in Fe-deficient rats regardless of the source of dietary Fe. 

The HRE increased by 72.9% in Fe-deficient rats fed on diet A, and by 91.1% in Fe-deficient animals 

fed on diet B. In Fe-deficient rats fed on Fe for 10 d the values of haematological variables approached 

normality. However, serum Fe remained low, indicating that Fe reserves were still depleted. A 

deficient dietary supply of Fe for 30 d did not significantly modify the numbers of circulating 

leucocytes 
(20326)

. 

Rats (six-eight replicates per treatment) were fed in two different diets (Fe deficient or Fe adequate) 

containing 7 mg Fe/kg diet [adequate iron (+Fe]) for three weeks prior to a 10-min test of 
59

Fe 

absorption from an in vivo ligated duodenal segment. Non-protein sulfhydryl concentration was 

positively correlated with, and the best predictor of, Fe absorption in -Fe rats 
(20821)

. 
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The effects of iron nutrition and soy protein on iron absorption by rats were studied. Rats (10 

replicates per treatment) were fed semi-purified diets containing either 0, 5, or 20 micrograms of 

added iron, as FeSO4*7H2O, per gram of diet to obtain groups with different iron status. Iron status did 

not affect the relative iron availability among treatments. The rat trials did not indicate any significant 

differences between iron absorption from meals containing soy flour (SF), soy protein concentrate 

(SC) or soy protein isolate (SI) regardless of the iron status of the rat 
(22223)

. 

The bioavailability of zinc and iron from the basic salts (Zn5(OH)8Cl2.H2O, Fe(OH)SO4 and 

Fe4(OH)11NO3.2H2O) was studied in male Wistar rats (20 replicates per treatment). In experiment one, 

zinc absorption from Zn5(OH)8Cl2.H2O, extrinsically labelled with 
65

Zn, was measured and compared 

to zinc absorbed from either ZnCl2 or ZnCO3. In experiment two, rats were fed ad libitum for two 

weeks on semisynthetic diets containing ZnCO3 or Zn5(OH)8Cl2.H2O as the zinc source (13 mg Zn/kg 

diet) and FeSO4, 7H2O, Fe(OH)SO4 or Fe4(OH)11NO3.2H2O as the iron source (35 mg Fe/kg diet). The 

availability of iron from the basic iron salts, however, was very poor when compared to ferrous 

sulphate 
(25443)

. Rats were treated with three stages of low or normal iron diets from gestation until the 

end of the study. During the first stage (four weeks prior to three weeks after pregnancy, total seven 

weeks), two groups of adult females (dams) (12 replicates per treatment) were fed with either a low-

iron (7.4 mg iron/kg, group LD) or control-iron (274 mg/kg, group CD) diet. During the second stage 

(from 3 to 13 weeks of age, total 10 weeks), all pups from stage 1 (both the LD and CD groups) were 

placed on a control-iron diet for 10 weeks (groups LD-CD and CD-CD, respectively). During the third 

stage (from 13 to 29 weeks of age, total 16 weeks), both LD-CD and CD-CD groups from stage 2 

were fed with a low-iron (named LD-CD-LD and CD-CD-LD groups, respectively).These findings 

indicate that rats with an early-life experience of iron deficiency (during pregnancy and the nursing 

period) can develop stronger iron absorption capabilities in adulthood 
(15054)

. 

The bioavailability of iron from ferrous sulphate sources that had been stored for unknown periods 

was evaluated by using iron-deficient rats. The efficiency of converting dietary iron that had been 

stored for unknown periods into haemoglobin varied from 60 to 84%. This variability was not 

explained on the basis of percent of iron in the ferrous state nor on the percent of iron in the source. 

The one fresh source used was re-evaluated 3 months later, and its bioavailability had been reduced 

from 84 to 65%. The bioavailability of six fresh ferrous sulphate samples varied from 50 to 59% in 

experiment 2. It was concluded that, whenever ferrous sulphate is to be used as a reference source, 

fresh salt should be obtained to reduce variability among experiments 
(22152)

. The secreted mucus layer 

can trap or bind iron. Because the mucus layer contained more sialic acid presumably an indication 

that it was thicker-and bound proportionally more iron in the Fe-200 and Fe-500 rats than in the Fe-0 

rats, this iron-binding ability is interpreted as protection for the animal against excess iron absorption. 

Its importance, relative to other mechanisms of iron absorption regulation at the lumen-mucosal 

interface, is unknown. The apparent "defect" in mucus synthesis and/or secretion in iron deficient rats 

is intriguing and should be studied further 
(20898)

. HP inulin and oligofructose increased the intestinal 

absorption of Fe in rats 
(15225)

. 

o Interactions 

Interactions Fe-Xylitol 

To evaluate the effect of xylitol feeding on the iron content of rat tissues (9 replicates per treatment), 

the animals were fed on the basal diet containing (g/kg) 200 glucose, or 50 or 200 xylitol, or the same 

diet containing no added carbohydrates for 8 weeks. This study concluded xylitol at 50 g/kg did not 

affect the tissue Fe concentrations, but 200 g xylitol/kg increased the Fe content of the livers, 

duodenum wall, spleen, bone marrow and serum. Xylitol-Fe complexes are suggested to be 

responsible for the increased Fe absorption during xylitol feeding 
(22193)

. These results are in 

concordance with a second study, where the authors studied the effect of peroral administration of 

xylitol on the absorption of iron and the activities of xanthine oxidase (EC 1.2.3.2) and ferroxidase in 
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rat duodenal wall in male rats (12 replicates per treatment). The animals were given a basal diet 

containing 200 g xylitol/kg or the same diet containing no added carbohydrates for 8 weeks. These 

results also showed that xylitol significantly has increased serum and liver Fe concentrations with a 

concomitant, significant increase in the duodenal xanthine oxidase activities, but caused a marginal 

increase in the duodenal ferroxidase activities 
(21862)

. 

Interactions Fe-phytate 

Effects of dietary sodium phytate on iron availability and absorption in rats were assessed in two 

experiments.  In experiment one, (six replicates per treatment) iron-deficient rats were switched to 

diets containing variable levels of added sodium phytate and variable levels of iron as ferrous sulphate 

in a 4 x 4 factorial design during two weeks. In experiment two (five replicates per treatment) both 

iron-adequate and iron-deficient rats were force-fed a slurry containing an iron-deficient diet, 59Fe 

and sodium phytate. The results of the first experiment indicated that levels of dietary phytate up to 

4% of the diet do not impair haemoglobin regeneration by anaemic rats. The results of the second 

experiment indicated that sodium phytate does not affect iron absorption differently in iron adequate 

rats compared to iron-deficient rats. It is suggested that conflicting results in the literature on effects of 

phytate on iron absorption may be explained by differences in experimental conditions or by the 

presence in the diet of some inhibitory component besides phytate, possibly dietary fibre 
(22461)

. 

Another 2 x 5 factorial design study, It was examined the effects of ingestion of five types of insoluble 

fibre on growth and Zn absorption in rats fed a marginally Zn-deficient diet with or without added 

sodium phytate (8 replicates per treatment) during 19 days.  The authors concluded that Fe absorption 

was not suppressed by phytate, however, feeding of these three types of fibre (watermelon skin, yam-

bean root and pineapple core fibre) promoted Fe absorption in rats fed phytate-free diets 
(18318)

. 

The effects of sodium phytate supplementation on fat digestion and cholesterol metabolism were 

investigated in female rats (12 replicates per treatment) for 25 days. The results presented that phytate 

consumption did not affect liver iron concentrations. However, cholesterol consumption reduced 

hepatic concentrations of iron 
(17079)

. 

Interaction Fe-pectins 

The effects of pectin structure on iron solubility were examined in vivo in rats (7 replicates per 

treatment) and in vitro  using pectins differing in degree of esterification (DE) and molecular weight 

(MW). In conclusion, none of the pectins tested in this study showed any adverse effect on iron 

solubility and iron absorption in comparison to the pectin-free basal diet. The pectin with low MW and 

high DE (P-B) showed the most enhancement, and that with the high MW and low DE (P-C) was not 

different from controls. The differences in the effects of these pectins could be explained on the bases 

of how their MW and DE influence their solubility and the strength of their binding to iron and other 

cations 
(20468)

. 

Interactions Fe-Al-Citrate and Fe-citrate 

The interaction between Al and internal Fe metabolism was investigated using rats (5 replicates per 

treatment) fed diets that were either deficient, sufficient, or loaded with Fe, with or without the 

addition of Al and sodium citrate during 9-11 weeks. The F-deficient diet and Fe-loaded diet led to 

states of Fe deficiency and Fe overload in the rats, and supplementation of the diet with A1 increased 

Al levels in the kidneys, liver, and femurs, but, generally, only when the diet also contained citrate. 

Neither Al nor citrate supplementation of the diet had any effect on nonheme Fe concentrations in the 

liver, kidney, or brain, or on the uptake of 59Fe or 125I-transferrin by liver, kidney, brain, or spleen. 

Only with the femurs was a significant effect observed: increased 59Fe uptake in association with 

increased A1 intake. Therefore, using this animal model, there was little evidence for interaction 

between Fe and Al metabolism, and no support was obtained for the hypothesis that dietary 
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supplementation with Fe and citrate can lead to excessive Fe absorption and deposition in the tissues 
(19053)

. 

Interactions Fe-Protein 

Rats were fed on low iron diets containing 5, 10 and 30% protein. In experiment one (6/8 replicates 

per treatment) different % of vitamin free casein and less than 5 µg/kg Fe was applied for 10 weeks. In 

experiment two, animals (six replicates per treatment) were given Fe kinetic studies, no repletion or 25 

mg Fe i.p as iron dextran or ad libitum access to the 27% protein low iron diet. Finally a solution of 1 

µCi 59FeSO4 in saline at pH 2 was injected into the tail vein over a 1-minute period. Iron absorption 

from the iron-deficient diet appeared unaffected by the associated protein deficiency. When doubly 

depleted animals were refed with iron, there was active red blood cell production despite the protein-

depleted state, whereas with protein refeeding there was resumption of growth and increased anaemia. 

These studies demonstrate the inverse relationship between protein and iron deficiency states when 

they coexist 
(22016)

. 

Interactions Fe-Fibre 

Rats (11 replicates per treatment) were fed in two diets (fibre mixture group and control group) during 

3 weeks. The results demonstrated that the fibre mixture had no influence either on growth or on Fe 

intestinal absorption in rats recovering from anaemia 
(15695)

. 

Interactions Fe-Xylooligosacharide (U-XOS) 

Experiment 1: Female Sprague-Dawley rats (19 replicates per treatment) were fed three different diets 

for 28 days; a U-XOS-supplemented low-iron diet (LI-X), a low-iron diet (LI), and a control diet (C). 

On day 28, the LI-X and LI groups showed iron deficiency without anaemia. Experiment 2: Male 

Sprague-Dawley rats (11 replicates per treatment) were fed a U-XOS-supplemented diet (X) or a 

control diet (C) during 7 days. The results showed that U-XOS could preserve storage of hepatic iron 

in adult female rats fed low iron diets and could prevent IDA by promotion of dietary iron absorption, 

inhibition of iron excretion, and/or improvement of iron bioavailability 
(15259)

. 

Interactions Fe-Folic acid 

A specific study was carried out on the offspring of mothers fed either a protein-balanced or a protein-

restricted diet (18% vs. 9% casein) during pregnancy, with or without folic acid supplementation 

(0.005- vs. 0.002-g folic acid/kg diet). At 10 weeks of age, the offspring of each maternal group were 

randomly assigned to groups fed either the AIN-93G diet or a high-fat diet for 6 weeks. Maternal 

dietary folic acid and protein intake during pregnancy, as well as the type of post weaning diet, affect 

Fe, Zn, and Cu levels in the offspring of the rat 
(15449)

. 

Interactions Fe-Polydextrose 

It has been also investigated whether polydextrose stimulates iron absorption in rats (10 replicates per 

treatment) submitted to partial gastrectomy and sham operated. The animals were fed with 

polydextrose or control diets during eight weeks. The diet with polydextrose reduced the excretion of 

iron. Apparent iron absorption was higher in the polydextrose fed groups than in the control group. 

Polydextrose increase iron absorption and prevents postgastrectomy anaemia 
(15581)

. 

Interactions Fe-Difructose anhydre 

When examining the intestinal segment responsible for and the mechanisms involved in the non-

digestible disaccharide difructose anhydride III (DFAIII)-mediated enhancement of iron absorption, it 

was seen that rats (7-9 replicates per treatment) were fed with a semi-purified stock diet (control) or 

Diet with 3% difructose anhydride III (DFAIII) diet (30 g of DFAIII/kg of diet during 2 weeks. The 

DFAIII-induced increases in iron absorption are the result of increased cecum iron absorptive capacity 

through expansion of the cecum mucosa maintaining DMT-1 mRNA expression 
(15913)

. 
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Interactions: Fe-saponins 

Three experiments were performed in this subject: the first to determine whether there was any 

indication that Gypsophila saponins influenced Fe absorption from a meal at low saponin: Fe molar 

values, and the second at higher saponin: Fe molar values. Test meals given to rats in Experiments 1 

and 2 contained saponin: Fe molar values of 0.5, 1.2 and 4, and 8, 16 and 32 respectively. In the third 

experiment Fe absorption from meals containing different saponins was measured. Gypsophila 

saponins, soya saponin T or saponins extracted from lucerne plant tops, given at a saponin : Fe molar 

value of approximately 8, were studied. Results indicated that Fe absorption decreased with increasing 

concentration of Gypsophila saponins. This was significant at a saponin : Fe molar value of 

approximately 1, with maximum effect occurring at molar ratios of 4 and above, when Fe absorption 

was reduced by approximately 17 %. Gypsophila saponins had no effect on Zn absorption from a test 

meat. Fe absorption was similar in groups given purified or crude Gypsophila saponins at the same 

saponin: mineral molar value of 8, demonstrating that the 'non-saponin' fraction of the commercial 

preparation does not affect the absorption of this mineral. Saponins extracted from lucerne plant tops, 

fed at a saponin : Fe value of approximately 8, also reduced Fe absorption from a single meal. Fe 

absorption from a meal containing a similar amount of soya saponin I was not significantly different 

from controls. These results indicate that some dietary saponins may reduce Fe absorption and hence 

have an adverse effect on Fe status in man and simple-stomached animals 
(21429)

. 

Interactions: Fe-fructooligosaccharides (FO) 

The CaCO3-induced decrease in Fe solubility in the digestion probably was associated with an 

increased efficiency of mucosal Fe uptake so that the amount of mucosal uptake remained unaltered. 

The CaCO3-induced decrease in Fe transfer through the mucosal cytoplasm and/or basolateral 

membrane may have been responsible for the concurrent decrease in Fe bioavailability 
(19764)

. 

Interactions: pH-ascorbate-citrate-dietary fibre-Fe 

The effects of pH, ascorbate, citrate and dietary fibre on retention of ferrous and ferric iron by jejuno-

ileal segments of rat intestine were examined in vivo for periods of 10 minutes. Iron was introduced in 

an isosmotic solution of sodium chloride and dextrose buffered by 2-[bis(2-

hydroxyethyl)amino]ethanesulfonic acid (BES) and acetate meaning different sources (sulphate 

heptahydratate or ammonium ferric sulphate dodecahydrate solution containing 1 mg/ml ferrous or 

ferric iron). The results showed that iron retention has been optimal over a broad pH range from 5 to 

7.8. Inclusion of ascorbic acid in the solution injected (5, 25 or 75 μg/ml) has not increased retention 

of iron in either valence state. A low concentration of sodium citrate (2 mM) had no effect on iron 

retention, but increasing the concentration to 5 mM has released iron from the mucosa. Maize and 

wheat fibres have decreased the retention of ferrous iron by binding and by promoting autoxidation 

and formation of poorly soluble iron polymers. Bound ferrous iron has been released completely at pH 

be low 5 
(21752)

. Eight treatments (15 replicates per treatment) in a 2 x 2x 2 factorial arrangement (Si 

levels (0, 500 mg/kg diet), Fe levels as Fe citrate (35, 187 mg/kg diet) and ascorbic acid levels (0, 900 

mg/kg diet) during 8 weeks. 

Supplemental silicon, in conjunction with the higher dietary-iron level, prevented the plasma-iron 

decreasing effect observed for the higher level of iron in the absence of silicon. In the absence of 

ascorbic acid, silicon also increased iron concentration in the liver. Supplemental silicon, in 

conjunction with the higher dietary-iron level, prevented the plasma-iron decreasing effect observed 

for the higher level of iron in the absence of silicon. Lower growth of the silicon and iron-

supplemented rats is believed to be a response to a subsequent iron-imposed aberration of copper or 

zinc metabolism. This is supported by decreased intestinal metallothionein, increased weights (g/100 g 

body weight) of liver, heart, and testes, and decreased packed-cell volume and haemoglobin 

concentration. The lower plasma-iron level associated with the higher level of dietary iron appeared to 
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be an expression of the iron-imposed reduction of liver copper stores. Ascorbic acid decreased plasma-

iron concentration and prevented the silicon-related increase in liver iron 
(19492)

. 

Guinea-pig (9 replicates per treatment) dams were fed on purified diets containing high or moderate 

levels of ascorbic acid, in combination with high (1 g/kg diet) or moderate (0.043 g/kg diet) levels of 

iron, during pregnancy and suckling. Their offsprings' diets contained 0.1 g ascorbic acid/kg and 0.04 

g Fe/kg. The authors showed that a high ascorbic acid intake clearly enhanced both tissue ascorbate 

and Fe storage in the dams, and high Fe intake increased both the dams‘ and the pups‘ tissue Fe stores. 

In the animals receiving high Fe intake, a co-existing high ascorbate intake by the dams reduced the 

growth rate of the offspring, but only during the early stages of development, not during the later 

stages of post-weaning growth 
(21339)

. 

Female guinea pigs were fed diets varied in ascorbic acid and iron concentration (four to six replicates 

per treatment) for 21 days. High dietary ascorbic acid (10 times control) increased tissue ascorbic acid 

levels and produced a decrease in liver ferritin and hemosiderin, without altering liver or plasma total 

iron. Conversely, splenic total iron increased with no changes in ferritin and hemosiderin iron. The 

increased ascorbic acid did lower copper levels in blood and liver, 39% and 52%, respectively. In 

guinea pigs maintained on an ascorbic acid-free diet for 21 days, a decrease in hepatic ferritin and total 

iron was observed, as well as an increase in splenic hemosiderin and total iron 
(22542)

. 

Interaction Fe-Glucose-Fructose 

Female rats (12 replicates per treatment) were fed for four weeks on low-Fe (10 mg Fe/kg as FeSO4.) 

or normal-Fe (40 mg Fe/kg) diets containing either fructose or glucose (709.4 g monosaccharide/kg). 

Results demonstrated that  the effect of fructose on Fe absorption depends on the Fe source in the diet. 

With Fe3+ salts, fructose may improve Fe absorption, which may relate to the formation of Fe3+-

fructose complexes in the gastrointestinal tract. The present study using FeSO4, as the Fe source 

demonstrates that fructose or glucose lowers Fe absorption in rats, which may relate to the decreased 

Fe concentration in the liquid phase of intestinal digestion 
(20353)

. 

Interactions: Fe-phytic acid-phytase 

Albino rats (7 replicates per treatment) were fed diets based on corn starch and casein during four 

weeks. All diets were supplemented with 35 mg/kg of iron from FeSO4 x 7 H2O. Group I was fed the 

basal diet free of phytic acid (PA) and phytase. By replacing corn starch by 7.5 g (groups II and IV) 

and 15 g phytic acid (groups III and V) from sodium phytate per kg diet, molar PA/iron ratios of 18 

and 36 were obtained. In groups IV and V, 1000 U phytase from Aspergillus niger per kg diet were 

added. Results obtained in this study demonstrated that phytic acid in the diet reduces apparent iron 

absorption, thereby changing several indicators of iron status in growing rats. Supplementation of 

microbial phytase from Aspergillus niger would seem to be a means of improving iron availability 

from phytate-rich food and feedstuffs 
(18797)

. 

Interactions: Fe-agar agar;Fe-carrageenan and Fe-Na alginate 

The effect of "indigestible" polysaccharides fed at the 10% level in a semi-synthetic diet on absorption 

of Ca, Fe, Zn, Cu, Cr and Co, on weight gain and on faecal dry matter excretion was studied for 8 days 

in five groups of 12 weanling male rats each and compared to a control group. Results showed that 

carrageenan (C) and agar-agar (AA) reduced absorption of all minerals tested, Na-alginate (NA-A) 

decreased Fe-, Cr- and Co-absorption, carob bean gum (CBG) and gum guar (GG) interfered with the 

absorption of Zn, Cr, Cu and Co. Mineral content of rat carcasses, assayed at the termination of the 

experimental period, did not reveal any significant differences between controls and animals fed AA 

or GG, suggesting that the rat is able to compensate for the increased faecal losses, presumably by 

reduced urinary losses. Ingestion of AA, C or Na-A resulted in a marked increase of faecal dry matter, 

indicating that hardly any of these substances were degraded, whereas a considerable portion of GG 

and CBG was metabolized, presumably due to the action of intestinal bacteria 
(22525)

. 
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Interactions: Fe-Vit A 

A study evaluated the VA effects on the modulation of the levels of mRNA encoding proteins 

involved in the iron bioavailability, whether in the intestinal absorption process or in the liver iron 

metabolism. Mice (10 replicates per treatment) were fed with two diets (control group(CONT) that 

received purified AIN93 diet in which vitamin A and VAD which received purified AIN93 diet 

without any addition of vitamin A). The in vivo results support the idea that vitamin A deficiency may 

not affect iron absorption but would rather affect iron mobilization mechanisms. On the other hand, 

our results using Caco-2 cells raises the possibility that vitamin A addition to intestinal epithelium 

may improve iron absorption through the induction of FPN1 gene expression 
(15084)

. 

Interactions Fe-Cu 

Five groups of eight weanling male rats each were used. Animals were fed at different Cu 

concentrations (Cu-adequate diet (5.0 mg Cu/kg; CuA) and Cu-deficient diet (0.25 mg Cu/kg; CuD) 

for 28 days. The rats were fed 1.0 g each of their respective diets labelled with 59Fe (37 kBq/g), and 

the amount of label retained was measured one week later by whole-body-counting (WBC). Group 

three was fed a CuA diet and Groups four and 5 were fed a CuD diet for 28 days. Group 5 was then 

fed the CuA diet for another week while Groups 3 and 4 continued on their previous regimens. Rats in 

Groups 3, 4, and 5 were fed 1.0 g of diet labelled with 59Fe, and the amount of label retained was 

measured by WBC one week later. The main observations in this study were that reductions of 

duodenal Hp protein and Fe absorption in CuD rats were completely restored with Cu repletion. Signs 

of anaemia induced by Cu deficiency and closely associated with Hgb production were also fully 

restored. These findings suggest that a strong association exists between duodenal Hp abundance and 

Fe absorption in the CuD rat and that reduced Fe absorption in these rats is an important factor in the 

cause of anaemia 
(17305)

. 

Studies of anaemia and tissue iron distribution were carried out in copper-deficient rats and pair-fed 

control animals given Fe orally or parenterally in varying doses. Three experiments (one experiment 

with 6/12/8 replicates per treatment as ferrous ammonium during 6 weeks; second experiment with 7/8 

replicates per treatment for 6 weeks and third experiment with 12/6/4 replicates per treatment and 

Intramuscular Fe (10, 25 and 50 mg) was administrated as ferrous ammonium during six weeks were 

conducted. The anaemia of Cu deficiency was partially but incompletely corrected by oral Fe 

supplementation of one-to five-fold normal dietary levels or by intramuscular Fe supplementation. 

Serum Fe increased in Cu-deficient animals as the dose of supplemental Fe was increased. Hepatic Fe 

accumulation occurred in Cu-deficient rats which were administered with either oral Fe in two to five-

fold excess or low doses of intramuscular Fe. This difference was not seen in animals receiving high 

doses of intramuscular Fe, but similar relative differences were seen in Cu-deficient and Cu-replete 

rats which had been given no Fe supplementation. Duodenal Fe was not increased in Cu deficiency. 

Bone marrow Fe was present in Cu-deficient animals receiving either parenteral or oral Fe 

supplementation. Present studies suggest that a decrease in caeruloplasmin (EC 1 .16.3.1) activity does 

not wholly explain the anaemia of Cu deficiency. Fe accumulation may be restricted to the liver, 

suggesting that Cu may be required for normal intracellular Fe metabolism 
(22149)

. 

Male Sprague-Dawley rats (5/4 replicates per treatment) were used in two feeding experiments for 56 

days to evaluate the utilization of Cu in Cu proteinate, Cu lysine, and cupric sulphate. In Experiment 

one, 60 rats were randomly assigned to 12 treatments in a 2 x 2 x 3 factorial arrangement of 

treatments, with Zn supplementation at 0 or 1000 mg/kg diet, Cu supplementation at 5 or 15 mg/kg 

diet, and Cu form of CuSO4 5H2O, Cu proteinate, or Cu lysine. The purified basal diet contained .81 

mg Cu, 20 mg Zn, and 60 mg Fe/kg diet. Experiment two was similar to Experiment one except Zn 

was replaced by Fe. The rats supplemented with Cu lysine had higher liver Fe content than the rats 

supplemented with CuSO4 ( P < .05), and the rats supplemented with Cu proteinate had higher kidney 

Fe than the rats supplemented with CuSO4 ( P < 0.05). Copper sources did not influence the Fe 
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content in spleen, heart, or lung. Cu complexes might be absorbed via another mechanism, which 

differs from inorganic Cu and does not interfere with Zn and Fe. High dietary Fe increased ( P < 0.05) 

Fe deposition in liver, spleen, and kidney. Iron content of heart was 5.2% higher ( P < 0.05) for the 15 

mg Cu/kg feed supplementation groups than for the 5 mg groups. Copper complexes increased the Fe 

content of liver and kidney and decreased the Cu content of kidney compared with cupric sulphate, 

suggesting different absorption and excretion mechanisms for copper complexes that do not interfere 

with iron 
(24729)

. Copper deficient (Cu
-
) dams (five replicates per treatment) on treatment for five 

weeks, two of gestation and three of lactation, had markedly lower copper content of milk and 

mammary tissue, and lower milk iron. New-born pups from Cu
-
 dams had lower copper and iron 

concentrations. Results showed that copper deficient (Cu
-
) dams lower milk iron. New-born pups from 

Cu
-
 dams had lower iron concentrations. Compared to Cu

+
 pups, Cu

-
pups, analysed between postnatal 

age (P) 0 and P26, were smaller, anaemic, had lower plasma iron. Liver iron in Cu
+
 pups decreased 

with age while nursing but increased after eating solid food. Liver iron was lower in Cu
-
 pups at P0 

and P13 and normal at P20 and P26. Intestinal iron levels in Cu
-
 pups were higher than Cu

+
 pups post-

weaning in some experiments 
(16532)

. 

Three diets (copper-deficient diet: no added copper + 70 mg/kg as finely ground ferric citrate, control 

diet: 6 mg Cu(II)/kg + 70 mg/kg as finely ground ferric citrate and iron-deficient diet: 6 mg Cu(II)/kg 

+ no added iron) were administrated in rats for eight weeks. By feeding a diet deficient in copper (no 

added copper + 70 mg/kg as finely ground ferric citrate), CD was produced, liver iron has been 

doubled. Copper Deficiency has increased iron absorption. When absorption in CD rats has been 

compared with that seen normally and in iron-devidient anaemic animals, strong correlations have 

been found among mucosal iron, ferritin, and iron absorption, suggesting that the level of iron 

absorption has been appropriate given that the erythroid and stores stimulators of iron absorption have 

been opposed in CD.  Because CD has reduced the activity of Cp, as evidenced by copper-dependent 

plasma ferroxidase I activity and hepatocyte iron accumulation, but iron absorption has increased, it 

has been unlikely that the ferroxidase activity of Hp has been important and suggests another function 

for this protein in the export of iron from the enterocyte during iron absorption. Also, the copper-

dependent ferroxidase activity of Cp has not appear important for iron efflux from macrophages, 

because Kupffer cells of the liver and nonheme iron levels of the spleen have been normal during 

copper deficiency, suggestion another role for Cp in these cells 
(17839)

. 

Male Wistar rats (replicates not specified) were fed copper-adequate or copper-deficient diet with 

supplementation of L-cystine or L-cysteine (2%) for ten days or 21 days. The authors concluded that 

copper-deficient diet increased heart weight, caused anaemia, reduced plasma iron and elevated liver 

iron. These defects were exacerbated by supplemental cysteine. Cysteine feeding also exacerbated the 

defects of dietary copper deficiency including anaemia, increased heart weight, and reduced plasma 

iron, although cysteine feeding had no influence on liver iron concentration. Supplemental cysteine 

reduced apparent absorption of iron, while supplemental cystine did not. These results suggest that 

cysteine feeding enhances the defects of copper deficiency by a mechanism involving impaired 

mobilization of iron from liver into blood, and that cysteine feeding enhances the defects of copper 

deficiency by a mechanism involving reduced intestinal absorption of iron 
(19641)

. 

Fe absorption in CuD rats was determined by feeding diets labelled with 59Fe and using whole-body 

counting (WBC) to assess the amount retained over time. Male weanling rats (five replicates per 

treatment) were fed an AIN-93G diet low in Cu (<0.3 mg/kg; CuD) or one containing adequate Cu 

(5.0 mg/kg; CuA) during 35 days. At days seven and 25, five rats per group were fed 1.0 g of their 

respective diets that had been labelled with 59Fe.  Results demonstrated that at day seven, CuD rats 

absorbed 90% as much Fe as CuA rats, but at d 25, CuD rats absorbed only 50% as much as CuA rats. 

Apparently, the route of Fe loss in the CuD rats was through the gut. At d 16 and 34, CuD rats lost 4 to 

5 times more 59Fe in the faeces in a 24-h period than the CuA rats. Also, 59Fe in the duodenal mucosa 
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of CuD rats was 100% higher than in CuA rats. These findings suggest that Fe deficiency anaemia in 

CuD male rats is caused at least in part by reductions in Fe absorption and retention 
(17518)

. 

Holtzman rat and Hsd:ICR (CD-1) outbred albino mouse dams (three-six replicates per treatment) 

were fed a Cu- diet and drank deionized water or Cu supplemented water for 32 days. Cu- rat and 

mouse pups were both anaemic, but only rat pups had lower plasma and brain iron levels. Plasma iron 

was lower throughout the suckling period in Cu− rats but not Cu− mice. Cu− mice derived from dams 

restricted of Cu only during lactation were also severely anaemic without hypoferremia. Intestinal 

metal analysis confirmed that Cu− pups had major reductions in intestinal concentration of Cu, 

increased Fe, and normal Zn. However, whole mouse (less the intestine) analysis demonstrated normal 

content of Fe indicating that the limitation in iron transport by intestinal hephaestin had no 

consequence to total iron reserves of the mouse 
(16511)

 . 

Interactions Fe-Zn 

In three studies, rats (six-eight replicates per treatment) were fed diets containing adequate levels of 

iron (33-35 micrograms Fe/g diet as iron (II) sulphate) and zinc (15-25 micrograms Zn/g diet) and 

diets with excessive levels of zinc (2441-2470 micrograms Zn/g diet) or iron (1408-3042 micrograms 

Fe/g diet) for 21 days. In general, differences in conclusions drawn from many studies on iron-zinc 

interactions are attributable to differences in experimental design and in the variables measured and 

not to differences among species. It is noteworthy that recently Bafundo, Baker and Fitzgerald (12) on 

the basis studies in chicks, and now our laboratory on the basis of studies in rats have concluded that 

ingestion of excess amounts of zinc had greater effects on iron metabolism than ingestion of excess 

amounts of iron had on zinc metabolism. Moreover, investigators studying nutrient interactions should 

not rely solely on studies in which unadjusted humans or animals are given a single dose of test 

substances. Acute responses to a single oral dose of a diet do not reflect all the changes induced by 

chronic feeding of the same diet 
(21567)

. 

Diets during two months were supplied adequate intakes of Fe (45 and 300mg/kg diet, as sulphate) 

and Zn (14 and 45 mg/kg) in male rats (replicates not specified). Interactions occur at several stages of 

the trace elements metabolism, absorption and tissue storage; Fe is more efficient in altering Zn 

storage than the reverse 
(19442)

. 

Rats were divided in three treatments (seven replicates per treatment) differing with Zn levels (38, 19 

and 3.8 mg Zn/kg basis diet), during ten weeks. In conclusion, dietary Zn deficiency reduced growth 

rate, testis weight and serum concentration of Zn, Cu, and Fe. Also, this caused reduction in 

hematological parameters, serum proteins, glucose and HDL. Contrariwise, serum lipids and LDL 

were increased of male and female growing rats 
(18330)

. 

The influence of iron (Fe) on the bioavailability and functional status of zinc (Zn) was studied in 

young rats (eight replicates per treatment) using metabolic balances and tissue dosages, which were 

compared to growth. Diets supplied adequate intakes of Fe (45 and 300 mg/kg diet) as 

Fe(II)SO4·7H20, and Zn (14 and 45 mg/kg) for 2 months. The competition between Fe and Zn 

observed in young animals impairs Zn functional status assessed by growth; this relationship is 

observed even at normal levels of intake, and seems to persist as long as the diet is given, suggesting 

that metabolic regulation is overwhelmed 
(19016)

. 

Interactions Fe-Cd 

The retention and distribution of iron-
59

 after oral administration of a single iron dose in the presence 

and absence of various cadmium doses were tested in normal rats (eight replicates per treatment) 

acutely or subchronically treated with various amounts of dietary cadmium (28, 56, 112 ppm). In a 

second series of experiments the kinetic parameters (Km and Vmax) of iron absorption were estimated 

in normal and iron-deficient rats after oral administration and from tied-off jejunal and duodenal 

segments. In acute experiments the retention of iron decreased inversely with respect to the cadmium 
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dose administered simultaneously. After subchronic exposure to dietary cadmium for 4 weeks the 

retention of iron was increased if iron was administered alone or together with cadmium in 

comparison to normal controls. If iron was administered alone to subchronically treated animals, iron 

retention was of the same order of magnitude as in iron deficient controls. However, if iron was 

administered together with cadmium (molar ratios l/0.5, l/l, l/2 µmol/kg body wt) the retention of iron 

was decreased in a dose-dependent manner. The iron content in the liver and spleen of acutely exposed 

rats decreased, whereas the tissue content of the treated rats increased according to the increased body 

retention of iron. The utilization of iron for haemoglobin synthesis remained unchanged in all groups 

investigated 
(21871)

. 

Different Cd doses (20-40 mg Cd2/kg) were administrated in rats (replicates not specified) through 

different means, by act of drinking, feeding for 45 days. Iron concentration after administration of 

cadmium was significantly decreased. The authors observed that deferasirox significantly reduced 

cadmium level present in blood and at the same time, iron concentration returned to the normal level 
(15783)

. 

Cadmium supplementation in different levels and source supplementation for 8 weeks in rats (five 

treatments with 12 replicates) affects the intestinal absorption of iron and may be one of the factors 

contributing to the development of an anaemic condition. Besides, the results suggest that the presence 

of yeast in the diet moderates the reduction of iron intake induced by cadmium (either present in yeast 

or added in the form of CdCl2) 
(24527)

. 

Interactions: Fe-Ca-Mg 

In experiment 1, male Sprague-Dawley rats (8 replicates per treatment) were fed a control diet (100 g 

of cellulose/kg of diet), test diets containing 30 g of FOS, or the four non-digestible disaccharides in 

place of the cellulose in the control diet for 4 week. In experiment 2, female Sprague-Dawley rats (8 

replicates per treatment) (sham or ovariectomized) were assigned to one of four subgroups and fed the 

control or test diet containing FOS, DFAIII, and melibiose during five weeks. Results showed that 

non-digestible disaccharides increase calcium, magnesium, and iron absorption in normal and 

ovariectomized rats; however, the effects depend on the disaccharide tested, a fact that may be partly 

associated with the cecum fermentation of these disaccharides 
(17181)

. 

Interaction: Fe-Si 

A 2x2x3 factorial experiment was performed to study the pH dependence of a silicon-iron interaction 

in rats (10 replicates per treatment). The dietary treatments used in the factorial design were the 

following (mg/kg of diet): silicon, 0 and 500; iron, 35 and 187 as ferric citrate; acid-base, ammonium 

chloride as 0.5% of total diet (acidic), sodium bicarbonate as 1.0% of total diet (basic), or no 

supplementation of acid or base (control) during eight weeks. The results observed that a 

supplementation of 500 mg silicon/kg of diet has increased plasma-iron concentration in rats fed the 

acidic or control diets, but not in rats fed the basic diet. A high dietary-iron level has suppressed 

copper absorption and utilization and subsequently imposed a negative effect on its own utilization. 

An increase in the plasma total-cholesterol concentration caused by high dietary-iron level has been 

likely a consequence of the antagonistic effect of iron on copper absorption and utilization 
(19493)

. 

Interaction: Fe-Se 

A study examined the effects of Se deficiency on various minerals in serum and other tissues of male 

Wistar rats (six replicates per treatments). Animals were given free access to either Torula yeast-based 

Se-deficient (SeD) diet or Se-adequate (SeA) (containing 0.1 mg Se/kg diet as sodium selenite) diet 

during 24 weeks. In conclusion the results obtained in this study suggest that Se deficiency increases 

iron levels in serum and various tissues because of iron liberated by promoted haemolysis. This iron 

overload may play a role in the pathophysiology of Se deficiency 
(19991)

. 
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Interaction: Fe-Mn  

The interactive effects of manganese and iron on true absorption and endogenous losses of manganese 

were investigated by feeding rats (eight replicates per treatment) three levels of manganese (0.9, 48 or 

188-mu-g Mn/g diet) and two levels of iron (19 or 276-mu-g Fe/g diet) for 7 weeks. After 45 days, 

half of the rats were fed Mn-54 and half were injected intraportally with Mn-
54

 complexed to albumin. 

The authors demonstrated that increasing dietary Mn had little effect on most variables, except to 

reduce serum Cu when dietary Cu was adequate but not when it was low, and to reduce RBC SOD1 

activity when dietary Fe was low but not when it was adequate. Hgb was higher (P < 0.004) in Fe-

adequate rats fed LCys than in those fed DLMet, with no effect in Fe-deficient rats. Although the 

anaemia of Cu deficiency in AIN-93G-fed rats was not as pronounced as that reported in rats fed the 

AIN-76A-based diet, other manifestations of the deficiency were prominent 
(25068)

. 

o Incompatibilities 

On the other hand, results using Caco-2 cells raises the possibility that vitamin A addition to intestinal 

epithelium may improve iron absorption through the induction of FPN1 gene expression 
(15084)

. The 

importance of the efficient hydrolysis of IP6 at lower pH range was to alleviate the negative effect of 

phytic acid and its degradation products on protein and Fe
3+

 digestion. Hence, an early and thorough 

hydrolysis of phytate by phytase in the upper digestive tract is essential for an improved phosphorus, 

minerals (e.g., Fe
3+

), and protein digestion 
(15205)

. Cd
2+

is taken up via the Zn
2+ 

(ZIP8) and Fe
2+

 (DMT1) 

transport pathways in fish enterocytes because at certain concentration Zn and Fe were found to inhibit 

the uptake of Cd
2+

 
(15294)

. Inulin did not inhibit or enhance Fe uptake by Caco-2 cells from white and 

red beans. However, it should not be ruled out that variable data could be obtained due to the bean 

genotype considered. The probiotic bacteria L. acidophilus had a positive effect on Fe availability in 

both white and red beans. The latter observation was associated with a decrease in flavonol content in 

the digests, mainly astragalin. Therefore, some species of probiotics could increase Fe bioavailability 

from beans 
(16147)

. Except for the addition of ascorbic acid, under the experimental conditions used, 

Caco-2 cells were not capable of obtaining iron from NaFe-EDTA. Furthermore, iron uptake from 

electrolytic iron was inhibited when Na2 or K2-EDTA were included. Ferritin determinations to Caco-

2 cells evaluated 24h after 1h incubation periods, showed that NaFe-EDTA did not induce new ferritin 

synthesis, since iron did not enter the cells. Thus, mechanisms or the requirements of iron uptake from 

EDTA are different than from other iron compounds 
(23859)

. 
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2.3. Data quality assessment  

Results from quality assessment are summarized in Table 13, while they are extensively presented in 

Appendix E. Most of the manuscripts included in the search answered at well or medium level of 

quality from the quality data questions. Only few of them responded them with bad quality, or no 

enough information was provided. 

Table 13. Summary of percentage of studies in each answering category 

Quality data questions % of studies 

 ~  

1. Do the objectives address the ELS 

questions? 
77.6 22.4 0.0 

2. Was the methodology fitted to the purpose of 

the study? 
71.1 28.9 0.0 

3. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
52.5 44.1 3.4 

4. Was the study design fitted to some 

harmonized protocol? 
11.7 88.3 0.0 

5. Were doses analytically confirmed? 22.4 75.6 2.0 

6. Was background of the samples analysed? 30.9 69.1 0.0 

7. Were the treatments randomly allocated? 30.7 50.0 19.3 

8. Was the sample size justified? 0.5 99.5 0.0 

9. How were statistical methods details and 

analysis units? 
32.8 65.2 2.0 

10. Was there incomplete or missing data? 56.2 51.4 2.5 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, based on title and abstracts, a total of 10436 articles were excluded to be 

completely unrelated with the search objectives (not about iron, not about the animal species, not 

about bioavailability issues). Finally, 884 articles were retained to be potentially related with the 

search questions. In case of doubt or few/not information was available in the abstract; the articles 

were automatically retained to the next level. Up to 459 full-text articles of the 884 were obtained 

from on-line sources, while 234 references remained pending to be found. Finally, 192 references 

were retained to answer the extraction data form and 458 references were excluded 

Most of the studies retained in the selection, assessed the bioavailability issues of iron in the category 

of others (n=76, including rats, mice and cell cultures) and pigs (n=56). Less studies were found for 

poultry (n=22), bovines (n=17), fish (n=9), sheep (n=8), horses (n=2) and goats (n=2). No studies 

about rabbits (n=0) and pets (n=0) were retained in the selection.  

On the other hand, the main sources of supplementation were Fe sulphate and Fe AA chelates, both of 

them currently authorised in the EU as additives. However, in some studies Fe dextran, Fe elemental, 

Fe Gly chelate, Fe saline, Fe fumarate, Fe proteinate, Fe ammonium citrate, Fe methionine, and Fe-

EDTA, among others, were also used. Moreover, in several cases, the supplementation was carrying 

out with iron nanoparticle. 

The main indicators of bioavailability in all the animal species were animal performance, as well as 

content of iron in liver, plasma, urine, faeces, serum and kidney. Furthermore, indicators of iron status, 

such as haemoglobin status, were also used in several studies. Relative bioavailability of iron was 

reported in studies with pigs and poultry. 

Most of the studies assessed the effect of dietary factors on Fe bioavailability. These dietary factors 

included other minerals (Ca, Cu, Mn, Se or Zn), fat and protein composition of the diet, content of 

fructose or polydextrose, phytates and fibres, or vitamins. The benefit of inulin on dietary iron 

bioavailability and body iron status was assessed in weaned piglets. The combination of Fe with L-

carnitine increased the growth performance of growing pigs. Dietary phytase supplementation for four 

or five weeks improved the bioavailability of iron in corn, soy protein concentrate, and soybean meal 

to weanling pigs. Inclusion of tannic acid in the diet for weaned piglets had a negative impact on 

performance, haematological indices and plasma iron status of pigs. Additions to the control diet of 

Ca+P+Zn+Cu resulted in a significant reduction in true Fe absorption in piglets. The interaction of Fe 

with arsenic resulted in increases of Fe levels in several organs (liver, bile, spleen, thymus and 

pancreas) but the levels decreased in other (kidney, heart and serum). All divalent metals, except for 

cobalt, inhibited the intestinal Fe2+ absorption in fish. The interactions of Fe with dietary factors 

(xylitol, phytate, pectins, citrate, protein, fibre, folic acid or polydextrose) and with other minerals 

(Cu, Zn, Cd, Ca, Mg, Se or Mn) were widely studied in rats/mice models. 

Studies on incompatibilities where performed mainly with Caco-2 cells models to assess the effect of 

several dietary factors, such as vitamin A, phytate, inulin, probiotic bacteria or ascorbic acid, on Fe 

bioavailability. 
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PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (Iron OR 

Ferric OR Ferrous)  AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND (*availab* 

OR Absor* OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR 

*accumul* OR Deposition OR Storage OR Release OR Homeostasis OR Speciation OR Digest* OR 

*access* OR Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR StatusOR 

interact* OR incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ 

OR Tissue$ OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur OR Toe OR 

Gut OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR 

Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR 

Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine 

deiodinase‖ OR Glutathione) 

 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY (Iron OR Ferric OR Ferrous) 

AND TITLE-ABS-KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND TITLE-ABS-

KEY(*availab* OR absor* OR uptake OR metabol* OR *activity OR *efficacy OR distribut* OR 

transport OR *accumul* OR deposition OR storage OR release OR homeostasis OR speciation OR 

digest* OR *access* OR excretion OR secretion OR "Biological value" OR "Nutritive value" OR 

statusOR interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance OR 

*monitor* OR *mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking strength" 

OR tibia OR femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR pancrea* OR 

blood OR leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma OR 

"Superoxide dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" OR 

"5-iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "NEUR") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "NURS") OR EXCLUDE(SUBJAREA, "PHYS") OR 

EXCLUDE(SUBJAREA, "MATE") OR EXCLUDE(SUBJAREA, "CENG") OR 

EXCLUDE(SUBJAREA, "ENGI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENER") OR 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph IV - Iron 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

375 

EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "PSYC") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "COMP") OR 

EXCLUDE(SUBJAREA, "DENT") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Iron OR Ferric OR Ferrous) AND Topic=(Nutr* OR Feed 

OR Addit* OR Supplement* OR Diet*) AND Topic=(*availab* OR Absor* OR Uptake OR Metabol* 

OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR Deposition OR Storage 

OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR Excretion OR Secretion 

OR "Biological value" OR "Nutritive value" OR StatusOR interact* OR incompatib*) AND 

Topic=(*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ OR Hair OR 

Nail$ OR Bone$ OR "Breaking strength" OR Tibia OR Femur OR Toe OR Gut OR Intestine OR 

Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte OR Serum OR 

Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin OR ―Cytochrome 

oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR Glutathione) 

Refined by: [excluding] Web of Science Categories=( ONCOLOGY OR CHEMISTRY ORGANIC 

OR WATER RESOURCES OR ENGINEERING BIOMEDICAL OR ENTOMOLOGY OR 

ENGINEERING ENVIRONMENTAL OR GEOGRAPHY PHYSICAL OR PEDIATRICS OR 

NEUROIMAGING OR SPECTROSCOPY OR OCEANOGRAPHY OR ECOLOGY OR 

PARASITOLOGY OR ENGINEERING CHEMICAL OR PATHOLOGY OR INFECTIOUS 

DISEASES OR UROLOGY NEPHROLOGY OR MEDICINE GENERAL INTERNAL OR 

CRITICAL CARE MEDICINE OR PLANT SCIENCES OR ENERGY FUELS OR LIMNOLOGY 

OR GENETICS HEREDITY OR ORTHOPEDICS OR CHEMISTRY MEDICINAL OR PHYSICS 

APPLIED OR HEMATOLOGY OR PHYSICS CONDENSED MATTER OR CHEMISTRY 

ANALYTICAL OR CLINICAL NEUROLOGY OR REPRODUCTIVE BIOLOGY OR MEDICAL 

LABORATORY TECHNOLOGY OR ANTHROPOLOGY OR SOIL SCIENCE OR 

MULTIDISCIPLINARY SCIENCES OR BIODIVERSITY CONSERVATION OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR SPORT SCIENCES OR ENGINEERING 

CIVIL OR SURGERY OR ENGINEERING PETROLEUM OR HORTICULTURE OR 

ENVIRONMENTAL STUDIES OR GERIATRICS GERONTOLOGY OR GEOLOGY OR 

BIOPHYSICS OR OPHTHALMOLOGY OR GERONTOLOGY OR RESPIRATORY SYSTEM OR 

METALLURGY METALLURGICAL ENGINEERING OR DEVELOPMENTAL BIOLOGY OR 

MINING MINERAL PROCESSING OR ELECTROCHEMISTRY OR NANOSCIENCE 

NANOTECHNOLOGY OR GASTROENTEROLOGY HEPATOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR GEOCHEMISTRY GEOPHYSICS OR POLYMER SCIENCE OR 

MATERIALS SCIENCE MULTIDISCIPLINARY OR PSYCHIATRY OR METEOROLOGY 

ATMOSPHERIC SCIENCES OR THERMODYNAMICS OR PALEONTOLOGY OR 

TRANSPLANTATION OR SUBSTANCE ABUSE OR VIROLOGY OR AGRICULTURAL 
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ENGINEERING OR DENTISTRY ORAL SURGERY MEDICINE OR CHEMISTRY PHYSICAL 

OR BIOCHEMICAL RESEARCH METHODS OR ENGINEERING GEOLOGICAL OR 

GEOSCIENCES MULTIDISCIPLINARY ) 

 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph IV - Iron 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

377 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix IV.B. Data form 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph IV - Iron 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

378 

 

Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of the 

study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Experimental procedure provides precise details (i.e. 

how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 
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  Only informal guesses 

  No details in the text 

(QA) How were statistical methods details and analysis 

units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) There was incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 

  ACETATE 

  LACTATE 

  FUMARATE 

  OTHERS 
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This(ese) form(s) is(are) legislated by EC? YES 

  NO 

  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration units)   

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ Fresh 

matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 

  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 

  Physiological factors 

  Others 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph IV - Iron 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

381 

Study Type TRO (In vitro ) 

  INV (In vivo) 

  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have benefit 

in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 

  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 

  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 

  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 
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  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 

reproduction) 

  7.4. Rabbits. Breeding does (in order to 

have benefits to young rabbits) 

  8. Horses 

  9. 1. Pets and other non food-producing 

animals. Dogs 

  9. 2. Pets and other non food-producing 

animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 

  Egg content 

  Breaking Strength 

  Bone content 

  Biochemical response 

  Urine content 

  Milk content 

  Bile content 

  Serum content 

  Plasma content 

  Erythrocyte content 

  Thyroid response 

  Other 

In the study are assessed... Interactions 

  Incompatibilities 
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  Other 

Enter the name of the combinations assessed, e.g. 

"selenium methionine-phytates" 
  

Interaction Outcome (Enter the parameter by means of 

which the interactions and/or incompatibilities were assessed) 
  

The method to assess the interaction/incompatibility is... Qualitative 

  Quantitative 

  Other 

The effect of the interaction/incompatibility is ... Synergistic 

  Additive 

  Less than additive 

  Antagonistic 

  Other 

The overall document is.... Conclusive 
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Appendix IV.D includes the tables of the most relevant results concerning bioavailability issues 

of each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. No. treatments (replicates/treatment). The number of animals per treatment, 

number of replicates by treatment or the number of animals by replicate is detailed in this 

section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table IV.D.1. Pigs 

Study code 23248 

Year 2009 

Animal Category  1.1. Pigs. Piglets (suckling)  

Nº treatments (replicates/ treatment) 3 treatments (4 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interaction: Fe-vitamin A 

Composition Diets/treatments 1) Control (no iron), 2) 200 mg injectable iron (iron dextran) at 2 days of age3) 200 mg injectable iron (iron dextran) with 2000 IU oral vitamin A on day 2. Duration: 21 days 

Response criteria Anima performance. Liver, spleen and plasma content of Fe 

Results Iron nutrition status is better in piglets provided with both iron and vitamin A than in piglets treated with iron alone. The combination of vitamin A and iron is more effective 
than iron alone in preventing piglet anaemia. 

 

Study code 15613 

Year 2010 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background No inorganic iron was supplemented in the basal diet 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interaction: Fe-inulin 

Composition Diets/treatments 1) Basal diet2) 4% inulin as Raftiline HP 3) 4% inulin as Raftilose P95 4) 4% inulin as Synergy 1 (50:50 mixtures of HP and P95).Duration: 5 weeks 

Response criteria Animal performance Serum and intestine content of Fe 

Results The benefit of inulin on dietary iron bioavailability and body iron status is independent of chain length. Results from those studies will help in understanding the mode of 

microbiota action of inulin for its positive effect on body iron status and gut health. 

 

Study code 15897 

Year 2010 
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Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 2 treatments (9 replicates per treatment for performance and for other measurements18)  

Diet Background  Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control (not supplemented Fe) 2) High Fe diet (700 mg Fe/kg)Duration: 63 days 

Response criteria Animal performance Biochemical response: RNA Liver, serum, plasma, intestine and heart content of Fe 

Results High Fe reduced feed efficiency but did not affect pig weight gain. Blood haemoglobin concentrations and Fe concentrations of liver, intestine, and heart were increased by 

high dietary Fe on all days. Concentrations of liver and heart Fe increased with age. The expression of some genes examined in this study was affected by age, suggesting age 

dependency of Fe metabolism in pigs. 

 

Study code 16061 

Year 2009 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 3 treatments (4 replicates per treatment and 8 for tissue analysis)  

Diet Background Analysed 20 mg Fe/kg DM (~25% of the young pig‘s requirement for Fe) 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose. Interaction: Fe - Mn 

Composition Diets/treatments 1) [low Fe (L-Fe)] no supplemental Fe, 2) [adequate Fe (A-Fe)]100 mg supplemental Fe/kg, 3) [high Fe (HFe)] 500 mg supplemental Fe/kg. Source: FeSO4. Duration: 32 days 

Response criteria Biochemical response: expression of proteins and genes. Liver, serum, plasma and duodenal content of Fe 

Results Feeding high concentrations of dietary Fe to nursery pigs also affected Mn metabolism, as both liver and duodenal Mn concentrations were lower in pigs receiving 520 mg 

Fe/kg DM (H-Fe). These results support the role of DMT1 in uptake of both Fe and Mn into the absorptive enterocyte of the small intestine in pigs. 

 

Study code 16082 

Year 2009 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 2 treatment (5 replicates per treatment) 

Diet Background No inorganic iron was added to the diet 
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Units’ basis of diets and/or results Diet - Not specified. Results-radioactivity 

Factors affecting// combinations Interaction: Fe-inulin 

Composition Diets/treatments 1) Control2) Inulin On 7 consecutive days in week for an oral dose of 1 mg of 54Fe (99.84% enrichment) in the morning feed and 6h later 0.5 mg of 58Fe (92.8% enrichment) 
infused into the caecal cannula. Duration: 5 weeks 

Response criteria True absorption. Serum, plasma content of Fe 

Results Colonic iron absorption levels were consistently low in all pigs, suggesting that the colon does not make a significant contribution to total iron absorption in iron-deficient pigs 

and that inulin does not promote iron absorption in the colon. 

 

Study code 16132 

Year 2009 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 2 treatments (10 replicates per treatment) 

Diet Background Analysed. White and red beans: 50.2 and 42.4 mg/kg diet, respectively 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Dietary factors: beans 

Composition Diets/treatments Fe deficient pig 1) red beans, 2) white beans. On days 7 and 21, pigs were given a meal containing beans intrinsically labelled with Fe (III) and Zn (II) (58Fe, 70Zn). Three 3 
hours after meals, an intravenous infusion of 54Fe and 67Zn was administered. Duration: 5 weeks 

Response criteria Animal performance True absorption. Serum (haemoglobin) content of Fe 

Results Bean colour or bean polyphenol content affected Fe and Zn absorption from maize-bean diets. Moreover, the bioavailability of bean Fe and Zn to pigs is quite good despite 

high phytate concentrations in the diets. 

 

Study code 16377 

Year 2008 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 2 treatments (8 replicates per treatment and 6 for fresh digest) 

Diet Background Analysed. Red and white beans 47.9 and 53.6 mg/kg, respectively 

Units’ basis of diets and/or results Diet - Fresh matter. Results- Dry matter, Fresh matter 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Iron deficient piglets. 1) Red bean diet (RBD), 2) White bean diet (WBD). Duration: 28 days 
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Response criteria Animal performance Plasma and digesta content of Fe 

Results Results suggest that corn-bean diets can provide sufficient iron to maintain iron status in rapidly growing piglets with high iron requirements but cannot replete low 
haemoglobin concentrations. 

 

Study code 17123 

Year 2005 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 5 treatments (8 replicates for the basal and 4 for the other treatments) 

Diet Background 189.0; 223.8; 97.8 mg/kg for each growing phase 

Units’ basis of diets and/or results Diet - Fresh matter. Results -Dry matter: in whole pig and Fresh matter: in liver and kidney 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control (0 mg/kg Fe), 2) Supplemented with 25 mg/kg Fe, 3) Supplemented with 50 mg/kg Fe, 4) Supplemented with 100 mg/kg Fe, 5) Supplemented with 150 mg/kg Fe. 

Source: ferrous sulphate monohydrate. Duration: 35 days 

Response criteria Animal performance. Liver, kidney, urine, plasma, faeces and whole pig content of Fe 

Results Results suggested that dietary Fe additions increase mineral status of nursery pigs. Once tissue mineral stores are loaded, dietary minerals in excess of the body‘s requirement 

are excreted. 

 

Study code 19046 

Year 1999 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Experiment 14 treatments (5 or 10 replicates per treatment)Experiment 26 treatments (10 or 6 replicates per treatment) 

Diet Background Estimated. Experiment 1: 100 mg/kg Experiment 2: 100 or 200 mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations Supplementation source. Interaction: Fe-Zn 

Composition Diets/treatments Experiment 1: 2x2 factorial arrangement. Iron source (elemental iron, FeSO4, each at 100 mg iron/kg diet). Dosage form of radioactive iron (elemental 59Fe powder, 59FeSO4). 
Duration: 8 days.  

Experiment 2: 2x3 factorial arrangement. Fe (100, 200 mg/kg) Zn (25, 50, 100 mg/kg). Duration: 8 days 

Response criteria Liver content of Fe 

Results The data demonstrate good bioavailability of elemental iron without effects on zinc, copper and calcium. 
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Study code 23025 

Year 2010 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 5 treatments (36 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results -Dry matter  

Factors affecting// combinations Interactions: Fe-tannic acid 

Composition Diets/treatments 1) 0 mg/kg tannic acid (TA), 2) 125 mg/kg TA, 3) 250 mg/kg TA, 4) 500 mg/kg TA, 5) 1000 mg/kg TA. Duration: 28 days 

Response criteria Animal performance. Haematological status. Plasma and faecal content of Fe 

Results Inclusion of tannic acid in the diet had a negative impact on performance, haematological indices and plasma iron status of pigs. Moreover, TA had antimicrobial activity only 

against coliforms at day 14; but not at day 28. 

 

Study code 27879 

Year 2008 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Experiment 14 treatments (6 replicates per treatment)Experiment 27 treatments (6 replicates per treatment except basal diet that has 12) 

Diet Background Analysed. Experiment 1: 33.7 mg/kg. Experiment 2: 71.0 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation source. Supplementation dose 

Composition Diets/treatments Experiment 1:1) Basal diet: iron deficient (34 ppm iron by analysis), 2) Basal diet + 28 ppm Fe-chelate, 3) Basal diet + 28 ppm Fe-glycinate, 4) Basal diet + 28 ppm Fe-
sulphate. Duration: Not specified 

Response criteria Animal performance Serum content of Fe 

Results Higher digestibility of Fe from Fe-glycinate compared with Fe from Fe-sulphate was observed. A dietary iron concentration of 70 ppm seems to be sufficient to maximize 

growth performance but not iron-dependent blood parameters. 

 

Study code 17444 

Year 2004 
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Animal Category  1.2. Pigs. Piglets (weaned): Duroc × Landrace- Yorkshire, Landrace × Yorkshire, and Yorkshire) 

Nº treatments (replicates/ treatment) 5 treatments (9 replicates per treatment for performance, 27 for haematological status and 5/6 for liver and whole body concentration) 

Diet Background Analysed189.00/223.80/97.80 mg/kg for each of the growing phases 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Basal diet (0 mg/kg Fe), 2) Supplemented with 25 mg/kg Fe, 3) Supplemented with 50 mg/kg Fe, 4) Supplemented with 100 mg/kg Fe, 5) Supplemented with 150 mg/kg Fe 

Source: ferrous sulphate monohydrate. Duration: 35 days 

Response criteria Animal performance Liver, plasma, whole body content of Fe 

Results Results suggest that Fe contributed by feed ingredients was not sufficient to maintain indices of Fe status. The decrease in Fe stores of the pigs was not severe enough to reduce 
growth performance. Even so, the lessening of a pig‘s Fe stores during this rapid growth period may result in the occurrence of anaemia during the subsequent grower and 

finisher periods. 

 

Study code 15668 

Year 2010 

Animal Category  1.3. Pigs. Piglets (suckling and 

Nº treatments (replicates/ treatment) 3 treatments (5 to 6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Injected dose 

Composition Diets/treatments 1) Control (no iron supplementation), 2) Intramuscular injection in the neck with 100 mg Fe/kg BW on day 3 postpartum (traditional supplementation), 3) Injection with 40 mg 

Fe/kg BW on day 3 and again on day 10 postpartum (modified supplementation). Duration: 14 days 

Response criteria Biochemical response mRNA. Liver, serum, plasma content of Fe 

Results The results of this study provide evidence that the molecular regulation of iron absorption in new-born anaemic piglets is immature, which possibly explains the poor 

responsiveness of these animals to oral iron therapy. These findings also showed that parenteral iron supplementation has to be based on a tight balance between possible 
benefits and risks: the efficacy of iron supplements in combating anaemia and the generation of oxidative damage due to iron excess. A modified strategy for iron 

supplementation of new-born piglets with iron dextran improves the piglets‘ haematological status, attenuates the induction of hepcidin expression, and minimizes the toxicity 

of the administered iron. 

 

Study code 17213 

Year 2005 
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Animal Category  1.3. Pigs. Piglets (suckling and  

Nº treatments (replicates/ treatment) Experiment 12 treatments (5 replicates per treatment)Experiment 22 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Fresh matter  

Factors affecting// combinations Injection and supplementation dose 

Composition Diets/treatments Experiment 1: Treatments were administered via intramuscular injection: 1) 1 mL of 0.9% (wt/vol) sterile saline solution2) 1 mL of 200 mg Fe as Fe-dextran. Duration: 13 days 

Response criteria Animal performance Biochemical response Liver, serum, plasma and whole -body content of Fe 

Results The use of an exogenous iron source to prevent iron deficiency in neonatal pigs influences the binding activity of iron regulatory proteins. 

 

Study code 27275 

Year 2011 

Animal Category  1.3. Pigs. Piglets (suckling and  

Nº treatments (replicates/ treatment) 2 treatments (44 replicates per treatment for sows and their respective piglets)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation pathway 

Composition Diets/treatments 1) Group O: oral iron supplementation via a special iron-rich feed (HemOral). The iron content was with ferrous fumarate, ferrous glycine chelate, ferrous amino acid chelates 

and ferrous sulphate.2) Group IM: 1 ml of a 200 mg iron dextran complex intramuscular injection iron at day. Duration: from day 3 to day 25 

Response criteria Animal performance: health and productivity of pigs. Plasma content of Fe 

Results Oral administration of iron provided via the feed, using specially designed feeding troughs, constitutes a valuable alternative for the classical parenteral injection of an iron 
dextran complex. The haemoglobin concentrations at weaning were higher in pigs that received oral rather than intramuscular administration of iron, and performance and feed 

intake levels during lactation were similar. 

 

Study code 16134 

Year 2009 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 10 treatments (5 replicates per treatment) 

Diet Background AnalysedNB-102.9 and M955-92.1 mg/kg 
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Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Dietary factors: barley 

Composition Diets/treatments 2×5 factorial arrangement: Barley cultivar (HB, M955)Trace mineral (TM) concentration (TM0 - no supplemental Fe, Zn, or Cu, TM25 - 20 mg each of Fe and Zn, and 2 mg of 
Cu, TM50 - 40 mg each of Fe and Zn, and 4 mg of Cu, TM75 - 60 mg each of Fe and Zn, and 6 mg of Cu, TM100 - 80 mg each of Fe and Zn, and 8 mg of Cu) Duration: 28 

days 

Response criteria Apparent absorption Animal performance Urine, serum and faecal content of Fe 

Results Replacing normal barley (NB) with the low-phytic acid barley mutant (M955) in the current experiment did not increase the utilization of Fe, Zn, and Cu in practical diets for 

young swine, apparently because of the small increase in the availability of the endogenous trace minerals in the diets containing M955 compared with NB. However, for the 

trace mineral (TM) treatments, there were linear increases in growth performance, metacarpal bone ash and strength, haematocrit volume, and Zn and Cu absorption, retention, 

and excretion (mg/d) with increasing concentrations of Fe, Zn, and Cu provided as FeSO4, ZnSO4, and CuSO4, with the greatest treatment concentration providing 100% of the 

NRC (1998) requirement for Fe and Zn, and 160% of the requirement for Cu. These results indicate that the inorganic trace mineral supplementation should not be less than the 
NRC (1998) requirements for young swine. 

 

Study code 16803 

Year 2006 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (3 replicates per treatment for performance and 6 for the other measurements) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Dietary factors: As Interaction: As - Fe 

Composition Diets/treatments 1) Basal diet (0 mg/kg As), 2) Basal diet + 10 mg/kg As, 3) Basal diet + 20 mg/kg As, 4) Basal diet + 30 mg/kg As. Duration: 78 days  

Response criteria Animal performance. Liver, kidney, pancreas, spleen, bile, serum, heart and lymph content of Fe 

Results There were increases in iron levels in liver, bile, spleen, thymus, and pancreas in pigs fed the high As diets, but iron contents in kidney, heart, and serum were decreased by the 

arsenic treatment. This study suggested that high dietary As levels could alter serum biochemical parameters and the retention of copper, iron, and zinc in the viscera of 
growing and finishing pigs. 

 

Study code 23018 

Year 2010 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) All 2 treatments. Experiment 1: 5 replicates per treatment. Experiment 2: 8 replicates per treatment. Experiment 3: 5 replicates per treatment. Experiment 4: 6 replicates per 

treatment 
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Diet Background 1) 100 mg/kg. 2) 250 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation source. Other factors: age 

Composition Diets/treatments Experiment 1 ( 28-58 days age). Experiment 2 (35-67days age). Experiment 3 (42-71 days age). Experiment 4 (barrows 40-52 days age). All experiments:1) Proteinates (Fe 

organic source), 2) Sulphates (Fe inorganic source) 

Response criteria Animal performance Urine, faecal content of Fe 

Results Dietary additives of iron at the levels of 20, 100 and 40 mg/kg from its proteinate provided more advantages than the use of these mineral elements from inorganic sources in 

pigs at growth stage. The proteinate of iron showed higher availability than inorganic compounds and largely reduced its excretion. 

 

Study code 23824 

Year 2004 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment for performance and carcass characteristics and 24 for faecal concentration) 

Diet Background Not specified, 1) 113, 104, 87.5 and 70 ppm2) 30 ppm for four growing periods 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter (DM) 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control, 2) Reduced trace mineral. Duration: from 20 to 115 kg 

Response criteria Animal performance. Carcass characteristics Faeces content of Fe 

Results Grower-finisher pig performance, carcass characteristics, and carcass value were not negatively affected by levels of trace minerals lower than those commonly used in the 
swine industry. Excretion of copper, iron, and manganese tended to be lower in grower-finisher pigs fed diets containing reduced levels of trace minerals compared to levels 

commonly used in the swine industry. 

 

Study code 24728 

Year 1996 

Animal Category  1.4. Pigs. Pigs for fattening: barrows 

Nº treatments (replicates/ treatment) 3 treatments (16 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Dry matter  

Factors affecting// combinations Accumulation and dietary factors: Cu. Interaction: Fe - Cu 
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Composition Diets/treatments Dietary treatments:1) Basal (B) (36 mg/kg of Cu), 2) B + 200 mg/kg of Cu from CuSO4·5 H2O (CuSO4 ), 3) B + 200 mg/kg of Cu from a copper lysine complex (CuLys). 
Duration: 14 days 

Response criteria Animal performance. Urine, faeces content of Fe 

Results Feeding these elevated dietary levels of Cu tended to increase iron absorption; however, zinc absorption was not significantly altered. 

 

Study code 27919 

Year 2007 

Animal Category  1.4. Pigs. Pigs for fattening : barrows 

Nº treatments (replicates/ treatment) 5 treatments (5 replicates per treatment) 

Diet Background Not specified78 mg/kg and Y-Fe 48 mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Control; Fe source - ferric sulphate, Cu - copper sulphate, Mn – manganese oxide 

2) Group II; the source of Fe were yeasts Saccharomyces cerevisiae (Y-Fe), Cu - copper sulphate, Mn - manganese oxide, 3) Group III; the source of Cu were yeasts 
Saccharomyces cerevisiae (Y-Cu), Fe - ferric sulphate, Mn - manganese oxide, 4) Group IV; the source of Mn were yeasts Saccharomyces cerevisiae (Y-Mn), Fe - ferric 

sulphate, Cu - copper sulphate, 5) Group V; the source of iron, copper and manganese were yeasts Saccharomyces cerevisiae (Y-Fe, Y-Cu, Y-Mn). Duration: 3 weeks 

Response criteria Apparent absorption  

Results Copper and manganese yeasts may find an application in pigs feeding. However, iron yeasts were found to be low efficient when compared with inorganic form of this 

bioelement. 

 

Study code 23469 

Year 2007 

Animal Category  1.4. Pigs. Pigs for fattening : Duroc×Landrace×Yorkshire 

Nº treatments (replicates/ treatment) 6 treatments (3 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Control (no Fe supplementation), 2) Control + 30 mg/kg of iron as Fe-Gly, 3) Control + 60 mg/kg of iron as Fe-Gly, 4) Control + 90 mg/kg of iron as Fe-Gly, 5) Control + 

120 mg/kg of iron as Fe-Gly, 6) Control + 120 mg/kg of iron from ferrous sulphate heptahydrate (positive control). Duration: 40 days 
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Response criteria Animal performance. Immunological status. Plasma content of Fe 

Results The results of the present study showed that dietary Fe-Gly was beneficial to growth, haemoglobin, Fe concentration and PCV in blood, thymus gland index and T-lymphocyte 
proliferation, but had no significant effects on feed intake, feed gain ratio, blood immunoglobulin concentration and B lymphocyte proliferation in weanling piglets. The results 

also indicate Fe-Gly is a good source for iron fortification in diets for weanling piglets. 

 

Study code 16024 

Year 2009 

Animal Category  1.6. Pigs. Sows, in order to have benefit in piglets   

Nº treatments (replicates/ treatment) 4 treatments (30 replicates per treatment and their respective piglets) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified  

Factors affecting// combinations Accumulation and dietary factors: vitamin C and ALA. Interaction: Fe- Vitamin E, Fe - ALA 

Composition Diets/treatments 2×2 factorial arrangement: Vitamin C (0, 500 mg/kg)ALA (0, 10 mg/kg). Duration: From day 107 of gestation until weaning 

Response criteria Animal performance Serum and plasma content of Fe in piglets 

Results Dietary delta aminolevulinic acid (ALA) supplementation increased the iron status and milk iron concentration of sows. In addition, the results of this study revealed that the 
iron status of piglets in the ALA treatment groups was also improved, which indicates that the efficiency of iron transfer from the sow to the piglet increased in response to 

dietary supplementation of ALA. However, supplementation with ALA and vitamin C did not further improve the iron status of sows and piglets. 

 

Study code 20321 

Year 1993 

Animal Category  1.1. Pigs. Piglets (suckling) 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates per treatment) 

Diet Background No specified 0.29 mg/L 

Units’ basis of diets and/or results Diet - Not specified. Results - Radioactivity 

Factors affecting// combinations Interaction: Fe - Mineral mixture 

Composition Diets/treatments 4-5 days after birth animals received an injection of Fe dextran (3.6 mmol elemental iron), 1) Control diet, 2) Control diet + Ca + P3) Control diet + Ca + P + Zn, 4) Control 

diet + Ca + P + Zn + Cu, 5) Control diet + Ca + P + Zn + Cu + Fe (Fe = 0.008 g/kg), 6) Control diet. At day 5 animals receiving diets 1-5 were given an isotope mixture via 

gastric tube (0.37 MBq of 65Zn, 0.37 MBq of 54Mn, 0.74 MBq of 59Fe, 0.18 MBq of 75Se and 0.37 MBq of 47Ca) and animals receiving diet 6 (51Cr, 65Zn, 54Mn, 59Fe, 75Se and 
47Ca). Duration: 16 days 

Response criteria True absorption. Animal performance. Liver, kidney and heart content of Fe. 
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Results No significant differences in true absorption Fe were observed across groups with a six-fold addition of calcium and a five-fold addition of phosphorus to the control diet. 
Additions to the control diet of Ca+P+Zn+Cu resulted in a significant reduction in true Fe absorption. Addition of Fe to the diet restored the Fe absorption to that of Group 3 

with added Ca+P+Zn. For Fe the accumulation of isotope tracer in the intravenously dosed pigs was an order of magnitude higher than in the orally dosed pigs. Urinary 

excretion of radioactive tracers in both orally and intravenously dosed animals was minimal for Mn, Fe and Zn (<2% of administered dose). 

 

Study code 24319 

Year 2000 

Animal Category  1.1. Pigs. Piglets (suckling) 

Nº treatments (replicates/ treatment) 3 treatments (17 to 21 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Other 

Factors affecting// combinations Supplementation source. Interactions: Fe - Vitamin E, C, A 

Composition Diets/treatments 1) Control (C, injected intramuscularly saline solution), 1) Group U (injected intramuscularly 1 ml iron dextran (200 mg Fe/ml) as Urosferran 200), 1) Group M (injected 

intramuscularly 1 ml iron dextran (200 mg Fe/ml) as Myofer 200). Duration: 24 days 

Response criteria Haematological parameters. Plasma vitamins 

Results Both iron preparations were efficient to prevent anaemia from day 10 onwards with no differences between the iron preparations  used. While no significant differences were 
observed for the plasma level of vitamin E, the administration of iron caused a more pronounced decrease in plasma vitamin C than in control animals with significant 

differences observed already at day 10. Furthermore, the administration of iron prevented the decrease in the concentration of retinol in plasma as observed in control piglets, 

resulting in higher plasma retinol levels at day 24. This would indicate an improvement of the vitamin A status by stabilisation of plasma retinol levels in piglets after birth. 
Because of the overall role of vitamin A in growth and tissue integrity, this could be of importance for the well-being of the developing piglet. 

 

Study code 18011 

Year 2002 

Animal Category  1.1. Pigs. Piglets (suckling) : crosses of pure-bred Large White and Landrace sows, mated to Duroc boars 

Nº treatments (replicates/ treatment) 2 treatments (2344-2347 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Other 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Non extra iron supplemented, 2) Injected in the neck on day 3 postpartum with 1.5 ml of Ferriphor 10% solution. Duration: 35 days 

Response criteria Animal performance. Mortality. Haemoglobin. 
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Results At weaning the iron-injected piglets were significantly heavier. The iron-supplemented piglets also revealed significantly less pre-weaning morbidity and mortality and higher 
blood haemoglobin concentration compared with the non-injected ones. This study suggests that in order to prevent pre-weaning losses and support piglet health and weight 

performance, iron supplementation should be administered to piglets in outdoor pig production units. 

 

Study code 18852 

Year 1999 

Animal Category  1.1. Pigs. Piglets (suckling) : Pic C-15-405 

Nº treatments (replicates/ treatment) 6 treatments (18 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not applicable 

Factors affecting// combinations Injection dose. Others: raising conditions 

Composition Diets/treatments 1) Raised outdoor and injected 0 mg Fe dextran, 2) Raised outdoor and injected 100 mg Fe dextran, 3) Raised outdoor and injected 400 mg Fe dextran, 4) Raised indoor and 

injected 0 mg Fe dextran, 5) Raised indoor and injected 100 mg Fe dextran, 6) Raised indoor and injected 400 mg Fe dextran. Duration: from day 3 to day 28 

Response criteria Animal performance. Haemoglobin. Immunological status. 

Results Outdoor pigs do not require supplemental iron to attain the same, or greater, blood haemoglobin concentrations. 

 

Study code 18869 

Year 1999 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 2: 3 treatments (4 animals per treatment). Experiment 3: 4 treatments (5 animals per treatment) 

Diet Background Estimated Experiment 2: 52 mg/kg. Experiment 3: 100 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Other 

Factors affecting// combinations Interaction: Fe-Phytase 

Composition Diets/treatments Experiment 1: SBM incubated at 37º C with:1) 0 units phytase/kg, 2) 400 units phytase/kg, 3) 800 units phytase/kg, 4) 1200 units phytase/kg. Duration: 4 hours 

Response criteria Animal performance. Haemoglobin. 

Results Dietary phytase supplementation improves the bioavailability of iron in corn, soy protein concentrate, and soybean meal to weanling pigs, and it may reduce the need for 

inorganic iron supplementation in their diets. 

 

Study code 20978 
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Year 1990 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1. 6 treatments (first 4th weeks 6 replicates per treatment and last 4th weeks 3 of 2 animals). Experiment 2. 8 treatments (first 4th weeks 8 replicates per treatment and 
last 4th weeks 4 of 2 animals) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interaction: Fe-Cu 

Composition Diets/treatments Experiment 1:2x3 factorial arrangement: Cu as CuSO4·5H20 (0, 250 ppm) Fe as FeSO4·7H20 (100,500, 1000 ppm). Duration: 8 weeks. Experiment 2:2x2x2 factorial 
arrangement Cu as CuSO4·5H20 (0, 250 ppm)Fe as FeSO4·7H20 (100, 1000 ppm)Zn as ZnO (100, 1000 ppm). Duration: 8 weeks 

Response criteria Animal performance. Tocopherol levels. 

Results The addition of high dietary levels of trace minerals had no effect on the performance or serum enzymes of growing pigs, but the addition of Cu decreased serum tocopherols. 

 

Study code 22275 

Year 1983 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 2 treatments. Experiment 1 (6-7 replicates per treatment). Experiment 2 (3-4 replicates per treatment) 

Diet Background No specified Mineral Mixture: 1.4, 2.5, -, 2.5 g/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Iron anaemia induced pigs.  

Experiment 1: 1) 7 % Bran (60 % of Fe from bran and 40 % from Fe sulphate), 2) No bran (80 % of Fe from Fe sulphate). Duration: 7 weeks.  

Experiment 2: 1) 20 % Bran (iron source: cereals), 2) No bran (80 % of Fe from Fe sulphate). Duration: 7 weeks 

Response criteria Animal performance. Haemoglobin. Serum content of Fe 

Results There was no significant difference in the bioavailability of the iron present in the diets. Bran seemed to have no inhibitory effect on iron absorption, even when 20% bran was 

included in the diet. 

 

Study code 23363 

Year 2008 

Animal Category  1.2. Pigs. Piglets (weaned) 
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Nº treatments (replicates/ treatment) 4 treatments / 12-19 replicates per treatment 

Diet Background No specified 200 mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Other 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Positive control: injected intramuscularly 200 mg Fe+3 from Fe dextran (day 3 ), 2) Iron polymaltose: 100 mg Fe+3 orally as iron polymaltose complex (IPC) (day 3 and 11 ), 

3) Ferrous fumarate: 100 mg Fe+2 orally as ferrous fumarate (day 3 and 11 ), 4) Negative control: Not given iron preparation until day 17, then injected intramuscularly 200 mg 
Fe+3 from Fe dextran. From day 7 all animals had access to a diet with 220 mg Fe/kg. Duration: 31 days 

Response criteria Animal performance. Haematological indices. Plasma content of Fe.  

Results Efficacy of oral administration of IPC in anaemia prevention in piglets was comparable with that of oral administration of iron fumarate. 

 

Study code 23819 

Year 2004 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 treatments (5 replicates of 5 animals per treatment) 

Diet Background Estimated 27 mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Other 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) S1 + 0 mg Fe/kg as Fe sulphate, 2) S2 + 30 mg Fe/kg as Fe sulphate, 3) S3 + 70 mg Fe/kg as Fe sulphate, 4) S4 + 88 mg Fe/kg as Fe sulphate, 5) Humic substances treatment 

(HS, 70 mg Fe/kg). Duration: 35 days 

Response criteria Animal performance. Haematological parameters. 

Results Use of humic substances in swine diets is a novel concept. Humic substances with 8,700 mg/kg iron and 71% relative bioavailability can be used as a source of iron for pig 
diets. 

 

Study code 23908 

Year 2003 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 3 treatments (60, 30 or 20 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not applicable 
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Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Experimental group (ad libitum mineral supplement high content of AA chelated iron (100 g Fe/kg) from 2nd to 14th day of life), 2) Positive control (Injected 200mg Fe+3 
(iron dextran) at 3rd day of life), 3) Negative control (Injected 200mg Fe+3 (iron dextran) at 21st day of life, before not given any iron preparation). Duration: 35 days 

Response criteria Animal performance. Haematological examination. Plasma content of Fe. 

Results Voluntary access to amino acid-chelated iron prevented anaemia in the majority of the weaning piglets and resulted in growth intensity comparable to piglets injected with iron 

dextran. 

 

Study code 24085 

Year 2002 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 3 treatments (10-20 replicates per treatment) 

Diet Background No specified Pellet:124mg/kg; Paste: 13g in 40g 

Units’ basis of diets and/or results Diet - Not specified. Results - Other  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) 200 mg Fe+2 fumarate orally as paste (on day 6 and 11), 2) 200 mg Fe+3 dextran intramuscularly (day 3), 3) 200 mg Fe+3 dextran intramuscularly (day 21). Duration: from 

day 7 to day 35 

Response criteria Animal performance. Haemoglobin. Erythrocyte profile. 

Results Oral administration of Fe2+ fumarate to suckling piglets was efficient in preventing anaemia under conditions of this trial and it resulted in good growth rate of the piglets, 

which was comparable to piglets that were given Fe3+ dextran. 

 

Study code 24296 

Year 2000 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 treatments (9 to 12 replicates per treatment and 5 for iron content in different tissues) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation source. Supplementation dose 

Composition Diets/treatments 1) Control (100 mg/kg as Fe sulphate heptahydrate and 43 mg/kg from the ingredients ), 2) Control + 30 mg Fe/kg as Fe AA complex (Availa-Fe ), 3) Control + 60 mg Fe/kg as 

Fe AA complex (Availa-Fe), 4) Control + 90 mg Fe/kg as Fe AA complex (Availa-Fe), 5) Control + 120 mg Fe/kg as Fe AA complex (Availa-Fe ), 6) Control + 120 mg Fe/kg 
as Fe sulphate (positive control)Duration: 5 weeks 
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Response criteria Animal performance. Haematological parameters. Skin colour. Liver, spleen plasma content and muscle content of Fe.  

Results Dietary supplementation of Availa-Fe® as the iron source for weanling piglets did not show a statistically significant improvement in live-weight gain or feed conversion ratio. 
It did, however, show an improvement in skin colour, blood constituents and iron tissue storage. The bioavailability of iron is significantly better from Availa-Fe® compared to 

ferrous sulphate supplementation. The positive response to iron supplementation in piglets linearly increased as the level of Availa-Fe® increased. 

 

Study code 23896 

Year 2004 

Animal Category  1.2. Pigs. Piglets (weaned) : Duroc x Landrace-Large white, Landrace x Largewhite, Yorkshire 

Nº treatments (replicates/ treatment) 5 treatments (9 replicates of 5 animals per treatment for performance and 5-6 for other measurements) 

Diet Background Analysed 189, 223.8, 97.8 mg/kg each phase 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Day 1 or 2 intramuscular injection of 200 mg Fe dextran,1) Basal diet + 0 mg Fe/kg, 2) Basal diet + 25 mg Fe/kg, 3) Basal diet + 50 mg Fe/kg, 4) Basal diet + 100 mg Fe/kg, 5) 
Basal diet + 150 mg Fe/kg Source: Fe sulphate hydrate. Duration: 35 days (from 19 ± 3) 

Response criteria Animal performance. Haematological status. Liver and whole body content of Fe. 

Results Iron contributed by feed ingredients commonly included in nursery pig diets provided analysed dietary iron concentrations in excess of the post-weaning requirement (80 

mg/kg), but the iron in these feedstuffs was not sufficient to maintain liver stores of growing pigs. This decrease in liver iron stores decreased indices of iron status, which could 

result in depressed growth. The addition of at least 100 mg of iron/kg of diet via the highly available iron source like ferrous sulphate is necessary to prevent an excessive 

decline in iron stores. This highly adequate and available iron source is especially required by pigs that have been selected for increased growth and muscling, which is typical 

of pigs currently used in the swine industry. 

 

Study code 26786 

Year 2013 

Animal Category  1.2. Pigs. Piglets (weaned) : Duroc x Landrace x Yorkshire 

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment) 

Diet Background Analysed 20.2 g/kg 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Basal diet (iron deficient), 2) Basal diet + 120 mg Fe/kg as Fe sulphate3) Basal diet + 120 mg Fe/kg as Fe-Gly. Duration: 10 days 

Response criteria Animal performance. Biochemical response: mRNA iron transporters. Blood parameters Liver, kidney, serum, heart and lung content of Fe. 
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Results Fe-Gly was more effective in improving iron status of iron-deficient piglets than FeSO4. Moreover, gene expression of iron related transporters differ between FeSO4 and Fe-
Gly group. Results also suggest that PepT1 may play a crucial role in transportation and absorption of Fe-Gly. 

 

Study code 22784 

Year 2012 

Animal Category  1.2. Pigs. Piglets (weaned): German Landrace 

Nº treatments (replicates/ treatment) 5 treatments (5 replicates per treatment) 

Diet Background Estimated 80 mg of 0.4% mineral premix  

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Dietary factors: Chlorella vulgaris, Na-alginate, essential oils 

Composition Diets/treatments 1) Reference diet (RF ), 2) Reference diet + Chlorella vulgaris powder (RD + CV), 3) Reference diet + Na-alginate (RD + A ), 4) Reference diet + inulin (RD + I ), 5) 
Reference diet + mixture of essential oils (RD + EO). Duration: 11 days 

Response criteria Animal performance. Immunological parameters. Liver, kidney content.  

Results The results of this experiment indicate that natural supplements investigated herein, especially inulin, essential oils, and sodium alginate had the ability to potentiate both the 

immune function and mineral retention during the initial post weaning period. 

 

Study code 28578 

Year 2004 

Animal Category  1.2. Pigs. Piglets (weaned) : gilts,1.4. Pigs. Pigs for fattening : gilts 

Nº treatments (replicates/ treatment) 3 treatments (4 replicates of 2,3 or 6 animals per treatment) 

Diet Background No specified180, 100 mg/kg each phase 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Control, 2) Reduced inorganic trace minerals (+ 25 mg Fe/ kg as Fe sulphate ), 3) Reduced chelated trace minerals (+ 25 mg Fe/ kg as Fe metal proteinate). Duration: 41 
days 

Response criteria Animal performance. Haemoglobin. Plasma and faecal content of Fe 

Results Reducing the concentrations of Zn, Cu, Mn, and Fe typically supplemented to pig diets will greatly decrease faecal mineral excretion without negatively affecting pig 

performance from weaning through development. 
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Study code 16318 

Year 2008 

Animal Category  1.2. Pigs. Piglets (weaned) : Landrace x Yorkshire x Duroc 

Nº treatments (replicates/ treatment) 4 treatments (4 replicates of 9 animals per treatment) 

Diet Background Estimated 53, 47 ppm each phase 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter and liver content dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Basal diet, 2) Basal diet + 50 mg Fe/kg, 3) Basal diet + 100 mg Fe/kg, 4) Basal diet + 150 mg Fe/kg. Source: Fe sulphate monohydrate. Duration: 28 days 

Response criteria Animal performance. Haematological indices Faecal microflora. Liver, plasma and faecal content of Fe 

Results Increasing the dietary iron level in piglets improved their haematological status and liver Fe content; however, higher levels of dietary Fe may be detrimental to the piglet‘s 

health due to its influence on the intestinal microflora which might possibly increase the incidence of diarrhoea. 

 

Study code 18996 

Year 1999 

Animal Category  1.2. Pigs. Piglets (weaned) : Yorkshire 

Nº treatments (replicates/ treatment) 2 treatments (9 replicates per treatment) 

Diet Background No specified11.8 mg/L 

Units’ basis of diets and/or results Diet - Not specified. Results - Not applicable 

Factors affecting// combinations Interaction: Fe - Ca 

Composition Diets/treatments 1) Control, 2) High calcium All animals were intramuscularly injected iron dextran (100 mg elemental Fe). Duration: 21-24 days 

Response criteria Haemoglobin Fe uptake 

Results A diet high in calcium did not inhibit iron absorption and it can be speculated that there may be an adaptive response to the inhibition of iron absorption by calcium to meet the 
increased iron needs in the presence of a high calcium diet. At amounts currently used in premature infant diets, calcium supplementation will likely not compromise iron status 

in early neonatal life. 

 

Study code 22912 

Year 2011 

Animal Category  1.2. Pigs. Piglets (weaned) : Yorkshire x Landrace 
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Nº treatments (replicates/ treatment) 5 treatments (8 replicates per treatment) 

Diet Background Analysed 0-10 days: 94 mg/kg; 10-35 days: 111 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Basal diet (0% of NCR requirements with organic microminerals, 2) 50% of NCR requirements organic microminerals, 3) 100% of NCR requirements organic 

microminerals4) 150% of NCR requirements organic microminerals5) 100% inorganic of NCR requirements Source: Inorganic treatment with sulphate. Duration: 35 days 

Response criteria Animal performance: Enzyme activity. Liver, plasma content : of Fe 

Results Results demonstrated that the weanling pig has a dietary need for microminerals, but during the initial period post-weaning, there may be adequate body reserves derived from 
the lactation period such that it curtails an imminent deficiency. The data indicate that the innate minerals provided from the feedstuffs used in this experiment may have 

provided adequate Cu and Mn, but there was a supplemental need for Fe, Se, and Zn. It would appear that enzyme syntheses that require these microminerals occur at a greater 

priority in weanling pigs. In addition, the supplemental level of some microminerals required may be less than that found in many dietary micromineral premixes. 

 

Study code 19610 

Year 1996 

Animal Category  1.2. Pigs. Piglets (weaned) : Yorkshire x Hampshire x Duroc 

Nº treatments (replicates/ treatment) 4 treatments (7-8 replicates per treatment) 

Diet Background Analysed 0%fat: 250 and 5%fat: 244 ppm 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Fresh matter  

Factors affecting// combinations Interaction: Fe - Cu, Fe -fat 

Composition Diets/treatments 2x2 factorial arrangement: Cu (15, 250 ppm as Cu sulphate pentahydrate). Added animal fat (0, 5%)Duration: 15 days 

Response criteria Animal performance. Enzyme activities. Liver, kidney, pancreas, spleen, plasma and heart content of Fe  

Results The addition of 250 ppm Cu to the diet decreased Fe in plasma and liver. The addition of 5% fat increased Fe in kidney and heart. 

 

Study code 16837 

Year 2006 

Animal Category  1.2. Pigs. Piglets (weaned) : Yorkshire x Hampshire x Landrace 

Nº treatments (replicates/ treatment) Experiment 13 treatments (8 replicates per treatment)Experiment 22 treatments (6 replicates per treatment) 

Diet Background Analysed Experiment 1: 74.1 mg/kg Experiment 2: 53.1 mg/kg 
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Units’ basis of diets and/or results Diet - Not specified Results - Not specified 

Factors affecting// combinations Interaction: Fe - inulin 

Composition Diets/treatments Experiment 1:1) Basal diet (no inorganic iron added), 2) Basal diet + 2 % inulin, 3) Basal diet + 4 % inulin. Duration: 5 weeks.  

Experiment 2:1) Basal diet (no inorganic iron added), 2) Basal diet + 4 % inulin. Duration: 6 weeks 

Response criteria Animal performance Haemoglobin. Digesta content of Fe 

Results Supplementing 4% inulin improved utilization of intrinsic iron in the corn and soybean meal diet by young pigs, and this benefit was associated with soluble Fe and sulphide 

concentrations but not pH or phytase activity in the digesta. 

 

Study code 18885 

Year 1999 

Animal Category  1.3. Pigs. Piglets (suckling and 

Nº treatments (replicates/ treatment) Experiment 1.3 treatments (4 replicates per treatment). Experiment 2. 4 treatments (14-15 replicates per treatment). Experiment 3. 2 treatments (33-39 replicates per treatment) 

Diet Background No specified Experiment 1: no added Fe 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not applicable 

Factors affecting// combinations Supplementation source. Interaction: Fe - Vitamin E  

Composition Diets/treatments Experiment 1:Day 3 to day 6 iron deficient diet1) FE: 1 ml of 200 mg Fe dextran intramuscularly2) FEE: FE diet + 1 ml of 300 IU vitamin E intramuscularly3) FESEE: 1.03 ml 

of 200 mg Fe dextran intramuscularly, 0.15 mg Se and 15 IU vitamin E. Duration: From day 3 to day 14 

Experiment 2:1) FE: 200 mg Fe dextran intramuscularly 2) FEE: FE diet + 300 IU vitamin E intramuscularly 3) EFE: 300 IU vitamin E + 200 mg Fe dextran intramuscularly 

injected 24 hours later4) OFE: 100 mg Fe (ferrous proteinate) + 10 mg Cu orally. Duration: 65 days  

Experiment 3:200 mg Fe dextran intramuscularly 24h after birth1) 200 mg Fe dextran intramuscularly day 142) no injection day 14 Duration: 33 days 

Response criteria Animal performance. Haemoglobin 

Results Results from these experiments indicate that one Fe injection (200 mg) for pigs from sows fed adequate vitamin E will result in adequate growth and haemoglobin 

concentration with today‘s improved genetics. 

 

Study code 22812 

Year 2011 

Animal Category  1.3. Pigs. Piglets (suckling and 

Nº treatments (replicates/ treatment) Experiment 1. 1 treatment (347 replicates per treatment). Experiment 2. 3 treatments (86-92 replicates per treatment). Experiment 3. 6 treatments (12 replicates of 5 animals per 

treatment). Experiment 4. 12 treatments (5-6 replicates of 4 animals per treatment) 

Diet Background Analysed 200, 199, 201 mg/kg each phase 
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Units’ basis of diets and/or results Diet - Fresh matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Other: age 

Composition Diets/treatments Experiment 1: 1) 200 mg Fe dextran injected intramuscularly (24h of birth). Duration: 17 days.  

Experiment 2: 1) 200 mg Fe dextran injected intramuscularly (24h of birth ), 2) 300 mg Fe dextran injected intramuscularly (24h of birth ), 3) 200 mg Fe dextran injected 

intramuscularly (24h of birth) + 100 mg Fe dextran injected day 10. Duration: 17 days 

Response criteria Animal performance. Haematological measurements Plasma content of Fe 

Results Additional 100 mg of injected Fe during the latter suckling period increased blood haematological measurements but not necessarily the growth response of the pigs during the 

nursing period. The effects of additional injected Fe on Hb and Hct seemed to last approximately 4 weeks post-weaning. However, during the latter part of the nursery period, 

supplemented dietary Fe seemed to have an appreciable influence on post-weaning haematology responses and growth performance. Our results indicate a possible beneficial 

effect of administering additional Fe later in the nursing period in the modern pig, and also the dietary Fe requirement of pigs post-weaning is dependent on pig birth weight, 

the amount of innate Fe in the feed-stuffs, and the Fe status of the pig at weaning. 

 

Study code 16857 

Year 2007 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 5 treatments (7 replicates per treatment but for some quality traits 14 to 19) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Other Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Negative control (mineral premix without Fe ), 2) Positive control (PC; mineral premix with 100 ppm Fe sulphate ), 3) PC + 50 ppm Fe AA complex (Avalia-Fe ), 4) PC + 

100 ppm Fe AA complex (Avalia-Fe ), 5) PC + 150 ppm Fe AA complex (Avalia-Fe)Duration: from 34 to 118.2 kg BW 

Response criteria Animal performance. Carcass composition Pork quality traits Muscle content of Fe 

Results Results of this study suggest that minor improvements in pork colour during retail display can be achieved by feeding an additional 100 ppm Fe. However, supplementing 
swine diets with Fe had no beneficial effects on performance or carcass composition of growing-finishing pigs. Thus, these results indicate that current dietary Fe 

recommendations are sufficient for optimal live pig performance, pork carcass composition, and pork quality. 

 

Study code 16998 

Year 2006 

Animal Category  1.4. Pigs. Pigs for fattening : barrows 

Nº treatments (replicates/ treatment) 7 treatments (9 replicates per treatment) 
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Diet Background Estimated 165mg /kg in 0.15% mineral premix  

Units’ basis of diets and/or results Diet - Other Results - Not specified 

Factors affecting// combinations Interaction: Fe - phytase 

Composition Diets/treatments Low-P + 0, 100, 500, 2500, 12500 U Escherichia coli phytase/kg or + 500 U Peniophora lycii phytase/kg. Duration: 28 days 

Response criteria Apparent absorption Animal performance Faecal content of Fe 

Results The addition of E. coli phytase did not increase the apparent percentage absorption of Fe. There were no differences in the efficacy of the E. coli or P. lycii phytase enzymes at 

500 U/kg of low-P diet for any criterion measured. 

 

Study code 17149 

Year 2005 

Animal Category  1.4. Pigs. Pigs for fattening : barrows and gilts 

Nº treatments (replicates/ treatment) 4 treatments. Experiment 14 replicates of 6 pigs per treatment. Experiment 28 replicates per treatment 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interaction: Fe - F 

Composition Diets/treatments 1) 0 mg/kg Fluorine2) 50 mg/kg Fluorine3) 100 mg/kg Fluorine4) 150 mg/kg Fluorine. Duration: 3-84 days  

Response criteria Animal performance. Apparent digestibility Liver, pancreas, spleen, bone, serum, renal cortex, heart and brain content of Fe 

Results Iron levels in most tissues of 100 and 150 mg/kg fluorine-added groups except for the heart and pancreas were significantly lower than that of the control. However, growth 

performance, nutrient digestibility, and mineral concentrations in all tissues of pigs were not significantly affected by the addition of 50 mg/kg fluorine. Thus, this study 

suggested that excess fluoride levels could decrease growth performance and change the retention of iron, copper, zinc, and manganese in pigs. 

 

Study code 19469 

Year 1997 

Animal Category  1.4. Pigs. Pigs for fattening : Poland Chinax Landrace 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Analysed 332 and 351 µg/g for each batch  

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations Supplementation Fe - Cr, Fe - somatropin 
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Composition Diets/treatments 2x2 factorial arrangement: Chromium picolinic supplemented (0, 300 µg). Pituitary porcine somatropin injected (ppST, 0, 100 µg) . Duration: from 30 to 60 kg BW 

Response criteria Liver, kidney, heart and longissimus muscle content of Fe 

Results Chromium supplementation led to increased kidney Fe in the pigs not treated with somatotropin. Total kidney Fe was also increased by somatotropin treatment. No significant 
Cr effects on liver, heart, or longissimus muscle Fe were observed. A reduction in liver Fe concentration due to somatotropin administration was offset by the increases in liver 

size. Somatotropin effects on tissue Fe were variable and difficult to evaluate due in part to growth hormone-induced changes in organ weights. 

 

Study code 23225 

Year 2009 

Animal Category  1.4. Pigs. Pigs for fattening : Polish LW x Polish Landrace sows and Pietrain xDuroc and Pietrainx Hampshire boars 

Nº treatments (replicates/ treatment) 3 treatments (5 replicates per treatment for performance and 25 for the other measurements) 

Diet Background Estimated 85 mg/kg 

Units’ basis of diets and/or results Diet - Not specified Results - Not applicable 

Factors affecting// combinations Interaction: Fe - L-Carnitine 

Composition Diets/treatments 1) Basal diet, 2) Basal diet + 100 mg/kg L-Carnitine, 3) Basal diet + 100 mg/kg L-Carnitine + 60 mg/kg Fe as Fe AA complex. Duration: from 30 to 60 kg 

Response criteria Animal performance. Carcass measurements Serum, longissimus muscle content of Fe 

Results The combination of L-carnitine+Fe increased the growth performance of growing pigs and the lean percentage and fatless ham weight in carcass and also increased the Fe 
content in the blood serum and the longissimus dorsi muscle of pigs. The results suggest the more effective Results can be reached when L-carnitine+Fe rather than only L-

carnitine is used in diets. 

 

Study code 19959 

Year 1995 

Animal Category  1.4. Pigs. Pigs for fattening : Yorkshire x Duroc barrows 

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment) 

Diet Background No specified220mg/kg 

Units’ basis of diets and/or results Diet - Not specified Results - Fresh matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Full diet (control ), 2) Low diet (half of the mineral Supplementation for 2 weeks and no supplementation for one more week. Duration: 3 weeks 

Response criteria Digesta content of Fe 
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Results Concentrations of total Fe were dependent on diet, pig within diet, and location, whereas concentrations of free Fe did not vary significantly. Mean total Fe concentrations 
(FULL and LOW diet) were 22.2 and 11.5 mM. Relative total Fe concentration values were as follows: stomach, pooled jejunum, ileum < proximal colon, distal colon. Total 

Fe concentrations with FULL diets were higher in the ileum and the lower intestine. Free: total ratios were very low and were similar to each other. Approximately 1% of the 

Fe in digesta from the small intestine was free. Hence it could be concluded that mineral supplementation did not alter free: total ratios of any ion in the GI tract. 

 

Study code 19887 

Year 1995 

Animal Category  1.5. Pigs. Sows for reproduction : Landrace 

Nº treatments (replicates/ treatment) 2 treatments (7 replicates per treatment) 

Diet Background Analysed 460mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interaction: Fe – Cu. Other: duration 

Composition Diets/treatments 1) Control (Basal + 10 mg Cu/kg ), 2) Low-Cu (Basal)Duration: 5 days (starting at day 30, 60 and 100 of pregnancy) 

Response criteria Urine and faeces content of Fe 

Results Regardless of the dietary Cu intake, excretion of Fe was achieved primarily via the faeces, representing more than 99.9% of the total daily excretion from the body. Average 

faecal Fe excretion throughout pregnancy was 750 mg per day. Urinary excretion of Fe was less than 0.5 mg per day and it was unaffected by dietary Cu intake. Low-Cu first-

litter gilts retained more Fe than the controls (233.7 VS. 129.8 mg per day). This represented an 80% increase in the retention of the dietary Fe. Thus, the control retained only 
14.8% of the Fe dietary intake while the low-Cu group retained 25.2% of the dietary Fe intake. 

 

Study code 22191 

Year 1983 

Animal Category  1.6. Pigs. Sows, in order to have benefit in piglets 

Nº treatments (replicates/ treatment) 3 treatments (21-50 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Not specified Results - Fresh matter  

Factors affecting// combinations Interaction: Fe - Zn 

Composition Diets/treatments 1) Basal diet (35 to 38 ppm Zn ), 2) Basal diet + 50 ppm ZnO, 3) Basal diet + 500 ppm ZnO, 4) Basal diet + 5000 ppm ZnO. Duration: from 30kg BW trough two parities 

Response criteria Liver, kidney, pancreas, and heart content of Fe 

Results Highest Zn supplementation level had higher Fe stores in the liver. The Fe content of the heart, kidney and pancreas was not affected by dietary treatment and parity. 
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Study code 23667 

Year 2005 

Animal Category  1.6. Pigs. Sows, in order to have benefit in piglets : Landrace x Large White 

Nº treatments (replicates/ treatment) 3 treatments (8 replicates per treatment) 

Diet Background Analysed Gestation: 256 mg/kg; Lactation: 278 mg/kg; Piglets: 144 mg/kg 

Units’ basis of diets and/or results Diet - Not specified Results - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Sows:1) Control (80 mg Fe/kg as Fe sulphate ), 2) Control + 120 mg Fe/kg as Fe AA complex (Availa-Fe ), 3) Control + 120 mg Fe/kg as Fe sulphate. Duration: gestation and 

lactation. 

Piglets, 1)From control sows: Control (not supplemented Fe and injection of Fe dextran at birth ), 2)From T2 sows: Control + 120 mg Fe/kg as Fe AA complex (Availa-Fe ), 
3)From T3 sows: Control + 120 mg Fe/kg as Fe sulphate. Duration: from day 5 to day 28 

Response criteria Animal performance: reproductive. Haemoglobin. Haematocrit. Milk and plasma content of Fe.  

Results This study indicated that the addition of 120 mg/kg iron from an amino acid complex into the diets of gestating and lactating sows and nursing piglets improved iron status of 

neonatal and nursing piglets more effectively than 120 mg/kg iron from ferrous sulphate heptahydrate, which may have resulted from the better absorption, metabolism or 

placental and mammary transfer of iron. However, this improvement of the organic Fe was not sufficient to replace the Fe injection commonly practised in swine production for 
prevention of iron-deficiency anaemia. 

 

Study code 16405 

Year 2008 

Animal Category  1.6. Pigs. Sows, in order to have benefit in piglets : Yorkshire x Landrace x PIC (line 280) piglets 

Nº treatments (replicates/ treatment) Experiment 1 4 treatments (16-19 replicates per treatment)Experiment 28 treatments (13-19 animals per treatment) 

Diet Background Estimated) 90 mg/ kg 

Units’ basis of diets and/or results Diet - Fresh matter. Results - Other  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Experiment 1:2x2 factorial arrangement: Fe source in sow diets (inorganic as sulphate, organic as chelated to hydrolysed soy protein)Fe injection to the neonate as Fe dextran 
(0, 200 mg). Duration: until 17 days post-partum 

Response criteria Animal performance: of piglets and reproductive performance Haematological parameters. 

Results Young pigs at weaning do not readily overcome a previously induced Fe deficiency, even if injected with Fe at weaning, and although blood Hb concentrations and percentages 

of Hct respond positively to Fe-fortified nursery diets, the need for exogenous Fe at birth seems to be critical to achieve maximum post-weaning response. 
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Table IV.D.2. Poultry 

Study code 15078 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (6 replicates per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as-fed basis 

Factors affecting// combinations Iron glycine chelate 

Composition Diets/treatments 1) Control (no Fe supplementation), 2) control+40 mg/kg of Fe as FeGly, 3) control+80 mg/kg of Fe as Fe-Gly, 4) control+120 mg/kg of Fe as Fe-Gly, 5) control+160 mg/kg of 
Fe as Fe-Gly, and6) control+160 mg/kg of Fe from FeSO4 (positive control). Duration: 42 days 

Response criteria Animal performance. Liver, bone, tibia, serum, faeces and breast muscle content. 

Results The study was conducted to determine the effects of iron glycine chelate (Fe-Gly) on growth, tissue mineral concentrations, faecal mineral excretion, and liver antioxidant 

enzyme activities in broilers. This study indicates that addition with Fe-Gly could improve growth performance and iron tissue storage and improves the antioxidant status of 

broiler chickens. 

 

Study code 15276 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 2 treatments (12 replicates per treatment) 

Diet Background Analysed 42.9 ± 1.2 and 54.6 ± 0.9 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM),Results - Other : Not specified 

Factors affecting// combinations Supplementation dose. Dietary factors: red-mottled bean diet 

Composition Diets/treatments 1. ―High-Fe": 60% red-mottled bean diet (54ppm Fe); 2. ―Low-Fe": 60% red-mottled bean diet (42ppm Fe). Duration 4 wk 

Response criteria Animal performance. Liver and serum content. Biochemical response : gene expression. 

Results The objective was to compare the capacities of biofortified and standard colored beans to deliver iron (Fe) for haemoglobin synthesis. Haemoglobin maintenance efficiencies 

(HME) were different between groups on days 14 and 21 of the experiment. Final total body haemoglobin Fe contents were different between the standard and high Fe bean 

groups. Biofortified red-mottled beans are a promising vehicle for increasing intakes of bioavailable Fe 
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Study code 15836 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 2 treatments (2 replicates of 5 bids per treatment) 

Diet Background Analysed (Enter Fe concentration) 

Units’ basis of diets and/or results Diet - Fresh matter (FM)Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) High-Fe group (Fe+) that was fed an Fe-adequate maize (Zea mays)-based diet (141 μg of Fe/g of diet), 2) Low-Fe group (Fe−) that was fed an Fe-deficient maize-based diet 

(51 μg of Fe/g of diet) 

Response criteria Serum content. Other : Iron bioavailability 

Results Fe intakes and BW were significantly higher in the high-Fe group than the low-Fe group. Blood Hb concentrations were significantly higher in the high-Fe group compared 
with the low-Fe group after the first week of the study (Table 2). The iron bioavailability values were significantly different between treatments. Chicken is sensitive to dietary 

Fe concentrations 

 

Study code 15923 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 3 treatments (9 replicates with ten birds per treatment) 

Diet Background Analysed  

Units’ basis of diets and/or results Diet - Dry matter (DM)Results - Other : not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Basal diet devoid of supplemental trace elements (control); 2) ITM, in which the diet was supplemented with an inorganic trace element premix (1 g/kg diet ), 3) OTM, 
which contained the ITM (0.5 g/kg diet) and an organically chelated trace element premix (3 g/kg diet) along with an iodine (I)-selenium (Se) premix (125 mg/kg diet). 

Duration: 39 days 

Response criteria Animal performance. Liver, serum, muscles and tibiae content.  

Results The present investigation did not reveal any significant benefit of replacing supplemental inorganic trace minerals with an organic complex of the same. However, the study 

indicated that it is possible to reduce excretion rate of the trace minerals by a judicious escalation in the level of supplementation. The results of the investigation further 

revealed that the trace mineral requirement of broiler chickens suggested by the NRC may not be optimum to support the maximum growth potential of the high-yielding 

strains. Although most of the increase in body weight via genetic selection has been an indirect response to selection for appetite, increased body growth may result in skeletal 
problems, which may be related to poor mineral nutrition. It is thus reasonable to consider a review of the current NRC recommendations to meet the needs of modern birds. 
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Study code 22287 

Year 1982 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1-4 and 7 - (3 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet : Not specified 

Factors affecting// combinations Supplementation doseOther factors: infection E. acervulina, coccidiosis 

Composition Diets/treatments Experiment 1. 2x2 factorial arrangement (0 and 500 mg Fe/kg) (presence and absence of 4x105 E. acervulina.  

 Experiment 2. 2x2 factorial arrangement (0 and 500 mg Fe/kg) (presence and absence of 8x105 E. acervulina.  

Experiment 3. 3 X 3 factorial arrangement. Levels of iron (0, 500 and 1000 mg/kg) Infection levels (absence, 4x105 or 8 x105 E. acervulina)  

Response criteria Animal performance. Liver, kidney, spleen, plasma, bladder and intestine content. 

Results Excess supplemental iron (500-1500 mg/kg) did not affect performance of uninfected chicks, but 1500 mg/kg iron exacerbated the coccidiosis-induced growth depression. In 

the presence of coccidiosis, 1000 and 1500 mg/kg iron significantly increased liver iron concentrations over that found in uninfected chicks fed the same levels of iron. Dietary 

iron increased intestinal iron content, but the increase was partially ameliorated by the coccidial infection. Plasma iron and total iron-binding capacity (TIBC) were decreased 
by acute coccidiosis (6 days postinoculation); however, by day 14 the coccidial infection was without effect on plasma iron, while TIBC tended to be elevated. Coccidiosis 

increased the chick's dietary iron requirement, but only because of decreased feed intake. Performance and haematological parameters were maximized approximately 0.9 mg 

iron per day in both control and infected chicks 

 

Study code 22845 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 16 treatments (4 replicates of 10 animals per treatment for performance and 3 or 1 replicates of 1 animal for quality traits and immunity) 

Diet Background Analysed 185.7, 159.2 mg/kg for growing phase 

Units’ basis of diets and/or results Diet : Not specified. Results - Other : Not applicable 

Factors affecting// combinations Supplementation dose. Interactions: Cu x Fe x Zn x Mn 

Composition Diets/treatments 4x4 factorial arrangement:1) Cu (0, 10, 20, or 30 mg of Cu/kg diet ), 2) Fe (0, 50, 100, or 200 mg of Fe/kg diet ), 3) Zn (0, 30, 60, or 120 mg of Zn/kg diet ), 4) Mn (0, 40, 80, 

or 160 mg of Mn/kg diet)Duration: 42 days 

Response criteria Animal performance. Other : Meat quality traits, immunity. 

Results No significant difference was observed in ADG, ADFI, and FCR among experimental groups was observed. Supplementing the diet with 200 mg of Fe significantly increased 
the L* (lightness) value of breast muscle, and supplementing the diet with 50 mg of Fe significantly increased the b* (yellowness) value in breast muscle. A diet supplemented 

with 100 mg of Fe increased the water-holding capacity of leg muscle. 
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Study code 22925 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (4 replicates of 20 or 12 animals per treatment) 

Diet Background Analysed 71, 68 mg/kg for each growing phase 

Units’ basis of diets and/or results Diet - Fresh matter (FM)Results - Other : No specified 

Factors affecting// combinations Dietary factors: δ-aminolevulinic acid, vitamin C 

Composition Diets/treatments 3x2 factorial arrangement: δ-aminolevulinic acid levels (0, 5, 10 mg/kg)Vitamin C levels (5, 500 mg/kg). Duration: 45 days 

Response criteria Animal performance. Liver, serum, breast content of Fe. Blood characteristics and meat colour 

Results Dietary administration of ALA and VC can improve the Fe status of broilers without influencing growth performance, immune related blood profiles and organ weights. 

Therefore, the practical Fe recommendations are sufficient for ensuring optimal broiler performance and immunity development. In addition, the application of ALA is more 

effective in animals that are likely to face Fe-deficiencies such as piglets. 

 

Study code 23061 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 4 treatments (6 replicates of 4 animals per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet: Not specified. Results - Other: Not specified 

Factors affecting// combinations Interactions: Phytates and phytase 

Composition Diets/treatments 2x2 factorial arrangement: phytate-P levels (2, 4 g/kg) phytase levels (0, 500 FTU/kg). Duration: form 17 to 21 days 

Response criteria Other : Ileal flow 

Results The results showed that phytate decreased the ileal flows of Fe and supplemental phytase decreased the flows of Fe (21%). The results suggest that phytate may reduce amino 

acid utilization by increased endogenous losses but increase mineral utilization under conditions of feeding purified diets. The addition of microbial phytase may improve 

mineral and amino acid nutrition by decreasing their endogenous losses in the intestine of broiler chickens. 

 

Study code 23094 
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Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 3 treatments (6 replicates of 8 animals per treatment) 

Diet Background Analysed W:203, S:189, C:239 mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Other : Not specified 

Factors affecting// combinations Dietary factors: diet 

Composition Diets/treatments 1) Wheat based diet, 2) Sorghum based diet, 3) Maize based diet. Duration: 14 days 

Response criteria Other : Tract retention. 

Results Age effects were significant for all trace minerals, with retention being highest at day 3, declining to day 5 and then remaining unchanged to day 14. Diet type effects were 

significant for Fe retention from day 7 onwards. The notable observations were the lower retention of Fe and higher retention of Cu in sorghum-based diets. 

 

Study code 23770 

Year 2005 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 9 treatments (4 replicates of 16 birds per treatment) 

Diet Background Analysed 231, 296 mg/kg for growing phase 

Units’ basis of diets and/or results Diet: Not specified. Results - Other : Not applicable 

Factors affecting// combinations Supplementation dose. Dietary factors: vitamin A 

Composition Diets/treatments 3x3 factorial arrangement: Dietary iron (0, 10, 30 mg/kg diet)Vitamin A (750, 1500, 2700 IU/kg diet)Duration: 7 weeks 

Response criteria Animal performance. Other : immunity parameters, haemoglobin concentration. 

Results Iron content in the basal diet is sufficient for broilers, and no iron needs to be added to broiler's diet. The diet for broilers should be supplemented with 1500-2700 IU vitamin 
A/kg to obtain better performance 

 

Study code 27484 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) Performance parameters and mineral concentration in excreta. Experiment 1: 6 (of 4 animals)Experiment 2: 8 (of 6 animals)Experiment 3: 8 (of 6 animals)Tibia trace mineral 

content 6 for all experiments 
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Diet Background Analysed (Enter Fe concentration) S: 64; F: 74 mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM)Results - Dry matter (DM) 

Factors affecting// combinations Interactions: Cu  

Composition Diets/treatments Experiment 11) control diet; 2) Cu diet: control + 4 mg organic Cu/kg diet; 3) Fe diet: control + 30 mg organic Fe/kg diet(4) Cu+Fe diet: control + 4 mg organic Cu and 30 mg 

organic Fe/kg diet. Duration: 35daysExperiment 2: (1d old male broiler chicks ), 1) control diet; 2) Mn diet: control + 30 mg organic Mn/kg diet; 3) Zn diet: control + 30 mg 
organic Zn/kg diet; 4) Mn+Zn diet: control + Mn + organic Zn/kg diet; 5) Cu+Fe+Mn+Zn diet: control diet + 4 mg Cu, 30 mg Fe, 30 mg Mn and 30 mg Zn/kg diet from 

organic source6) inorganic diet: control diet plus 4 mg Cu, 30 mg Fe, 30 mg Mn and 30 mg Zn/kg diet from sulphate. Duration: 35d. 

Response criteria Animal performance. Bone, tibia and excreta content. 

Results Supplemental organic Zn alone or combined with other elements significantly increased feed intake, body weight gain and tibia bone length. However, supplemental organic Fe 
alone or combined with Cu significantly increased feed intake but had no obvious effect on body weight gain. The organic Fe supplementation resulted in a wider tibia. 7. 

Depletion of organic and inorganic Zn resulted in decreased feed intake, body weight gain and total tibia bone Zn content. Zinc deficiency did not affect the uptake of organic 

Fe by tibia bone but reduced its total Fe content. 8. Zinc is the first limiting element among these 4 trace minerals. Adding Mn, Cu and Fe to Zn deficient diets did not stimulate 
bird performance. Surplus organic Fe and Cu resulted in increased feed intake and increased tibia bone Fe content but did not contribute to bird performance. 

 

Study code 23359 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening : Arbor Acres 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet : Not specified. Results - Other : Not specified 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) Basal diet + 40 mg Fe/kg as Fe sulphate, 2) Basal diet + 40 mg Fe/kg as Fe bound to yeast, 3) Basal diet + 40 mg Fe/kg as Fe ascorbate, 4) Basal diet + 40 mg Fe/kg as Fe 

chelate. Duration 42 days 

Response criteria Liver, spleen content. Bone marrow. Haematological parameters, immune response. 

Results Addition of organic iron supplements resulted in increased erythrocyte count, haemoglobin concentration and haematocrit value on the 21st day. Different iron forms did not 

change the concentration of nonheme iron in the liver on the 21st and 42nd day. On the 35th day, the group supplemented with ferrous ascorbate had lower liver iron 

concentration. Also, concentrations of nonheme iron in the spleen were lower in groups supplemented with organic iron forms. The concentration of iron in the bone marrow 
decreased with age and the lowest values were recorded in the ferrous ascorbate supplemented group. The degree of cutaneous hypersensitivity to PHA was higher in groups 

supplemented with organic iron forms on the 21st and 35th day. Titers of anti-Gumboro antibodies were higher in the group supplemented with iron helate on the 35th day, but 

later (day 42) no significant differences were observed among groups. 

 

Study code 15138 
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Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening : Cocks 

Nº treatments (replicates/ treatment) 4 treatment (30 birds per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet : Not specified 

Factors affecting// combinations Supplementation dose. Interactions Mn 

Composition Diets/treatments 1) Control - basal diet, 2) Low-dosed group (L group) - basic diet supplemented with 600 mg/kg MnCl2, 3) Middle-dosed group (M group) - basic diet + 900 mg/kg MnCl2, 4) 

High-dosed group (H group) - basal + 1,800 mg/kg MnCl2 

Response criteria Spleen, thymus, bursa of Fabricius content 

Results The results showed that Mn content in immune organs increased and Fe, Zn, and Ca contents decreased; however, Cu and Se contents showed no difference. 

 

Study code 15265 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening : male Ross chicks 

Nº treatments (replicates/ treatment) 3 treatments (4 replicates per treatment) 

Diet Background Analysed  

Units’ basis of diets and/or results Diet : Not specified. Results - Other : not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments (Fe)-deficient semi-synthetic diet (45 mg Fe/kg) . 1) Maize-soybean meal-based basal diet, containing 103 to 106 mg Fe/kg (control), 2) Basal diet + 80 mg/kg Fe (FeSO(4) . 

H(2)O, 28% Fe) 3) Basal diet + 80 mg/kg Fe organic (ferrous methionine chelate, 10% Fe) source. Duration: 35 days 

Response criteria Animal performance. Liver, spleen, serum, plasma and tibia content. 

Results Improved body weight gain and FCR during finisher phase and overall study period; and greater DM and CP retention, and excreta Fe excretion, at d 20 to 21 and d 34 to 35; 

were observed in birds fed on Fe supplemented diets when compared with birds fed on control diet. At d 35, the RBC, Hb, haematocrit, and Fe concentration in plasma, tibia 
and liver were higher in birds fed on Fe supplemented diets than birds fed on the control diet. Supplementation of Fe in organic form resulted in greater Fe concentration in the 

tibia and liver and less Fe excretion at d 34 to 35, when compared with birds receiving inorganic Fe. These results indicate the necessity to supplement Fe in the commercial 

diets of broilers; however, organic and inorganic sources of Fe supplementation at 80 mg/kg were equally effective in improving performance, nutrient retention and 
haematological indices. In addition, Fe supplementation through an organic source seems to be more efficient in depositing Fe in the haemopoietic organs (liver and tibia) of 

birds under Fe depleted conditions. 

 

Study code 24848 
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Year 1995 

Animal Category  2.1. Poultry. Chickens for fattening : New Hampshire x Columbian 

Nº treatments (replicates/ treatment) 6 treatments (4 replicates of 4 animals per treatment) 

Diet Background Analysed 46.5 mg Fe/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM). Results - Other : Not applicable 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Basal diet (iron deficient ), 2) Basal diet + 10 mg Fe/kg as Fe sulphate, 3) Basal diet + 20 mg Fe/kg as Fe sulphate, 4) Basal diet + 30 mg Fe/kg as Fe sulphate, 5) Basal diet 

+ 18 mg Fe/kg from freeze-dried barrow liver, 6) Basal diet + 20 mg Fe/kg from freeze-dried gilt liver 

Response criteria Relative absorption. Animal performance. Other: Haematocrit, Haemoglobin. 

Results Sex-dependent differences in Fe bioavailability do not exist in barrow liver and gilt liver as tested in chicks. Iron bioavailability in pork liver was approximately 40% relative to 
FeSO4, which may differ in different animal species (i.e., chicks vs cats vs dogs). Caution must be exercised in extrapolating chick Fe bioavailability results to cats and dogs. 

 

Study code 19783 

Year 1996 

Animal Category  2.1. Poultry. Chickens for fattening : New Hampshire x Columbian Plymouth 

Nº treatments (replicates/ treatment) Experiment 1: 8 treatments (4 replicates of 4 animals per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Dry matter (DM),Results - Other : Not specified 

Factors affecting// combinations Supplementation dose. Dietary factors: diet 

Composition Diets/treatments Experiment 1:1) Basal diet, 2) Basal diet + 10 mg Fe/kg as Fe sulphate, 3) Basal diet + 20 mg Fe/kg as Fe sulphate, 4) Basal diet + 2.5 % tomato pomace, 5) Basal diet + 5.1 % 

soybean hulls, 6) Basal diet + 3.5 % beet pulp, 7) Basal diet + 16.7 % orhard grass, 8) Basal diet + 7.5 % corn fiber Test foods were added at levels expected to provide 10 mg 
Fe/kg. Duration: 14 days 

Response criteria Animal performance. Other : iron bioavailability 

Results The effects of hemicelluloses on iron absorption remain unclear. In these studies, reduced bioavailability of iron from high fibre feeds could not be attributed to hemicellulose 

content. Even when psyllium, a fibre source that is predominantly an acidic arabinoxylan, was tested, there was no depression in iron bioavailability. 

 

Study code 24587 

Year 1997 

Animal Category  2.2. Poultry. Chickens reared for laying : female chicks from New Hampshire males and Columbian females 
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Nº treatments (replicates/ treatment) 8 treatments (4 replicates of 2 animals per treatment) 

Diet Background No specified BD:20 mg/kg, SBM: 19mg/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM)Results - Other : Not applicable 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Iron deficient basal diet + 0 mg/kg Fe sulphate, 2) Basal diet + 10 mg/kg Fe sulphate, 3) Basal diet + 20 mg/kg Fe sulphate, 4) Basal diet + 80 mg/kg Fe sulphate, 5) Basal 

diet + 4.35 soy bean meal (SBM ), 6) Basal diet + 4.35 SBM) + 1.43 units phytase/kg, 7) Basal diet + 4.35 (SBM) + 10 µg/kg 1a-hydroxycholecalciferol (1α-OHD3 ), 8) Basal 
diet + 4.35 (SBM) + 1.43 units phytase /kg + 10 µg/kg 1α-OHD3. Duration: 14 days 

Response criteria Animal performance. Other : Haemoglobin, Haematocrit. Relative bioavailability 

Results Addition of 19 mg Fe/kg from SBM to the basal diet improved haemoglobin and haematocrit, but the response was less than that obtained from 10 mg Fe/kg from FeSO4·7H2O. 

Phytase (1,430 units/kg), 1a-OHD3 (10 mg/kg), or the combination, added to the SBM fortified basal diet did not further improve haematocrit or haemoglobin, indicating that 

Fe bioavailability of SBM was not increased by either of these feed additives. Based on standard-curve methodology, and using haemoglobin as a criterion, the relative 
bioavailability of Fe was 38.5% for SBM, 21.0% for SBM + phytase, 23.2% for SBM + 1a-OHD3, and 29.2% for SBM + phytase + 1a-OHD3. 

 

Study code 17110 

Year 2005 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) n = 16 eggs per treatment for liver n = 3 average samples per treatment 

Diet Background Estimated 120 mg/kg 

Units’ basis of diets and/or results Diet : Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Interactions Zn,Cu,Fe 

Composition Diets/treatments 1) Basal diet2) 80 Zn (ZnSO4 7H2O ), 3) 120 Fe (FeSO4 7H2O ), 4) 25 Cu (CuSO4 5H2O ), 5) 80 Zn and 120 Fe6) 80 Zn and 25 Cu; 7) 120 Fe and 25 Cu8) 80 Zn, 120 Fe, and 
25 Cu. Duration: 8 wk. 

Response criteria Liver, egg and excreta content 

Results There is still a lack of information about retention of trace elements in eggs and the body of poultry and their excretion and deposition in the soil. High concentrations of Zn, Fe, 

and Cu in excreta indicate their low utilization (i.e., limited deposition in tissues and eggs). 

 

Study code 18010 

Year 2002 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 10 treatments (7 replicates per treatment) 
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Diet Background No specified 

Units’ basis of diets and/or results Diet : Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Dietary factors: vitamin A, zinc 

Composition Diets/treatments 2x5 factorial arrangement: Vitamin A levels (0, 10000 IU/kg) ZnO (0, 25, 50, 100, 200, mg/kg). Duration: 12 weeks 

Response criteria Liver, pancreas, thyroid and gizzard content of Fe 

Results The group fed highest zinc in the diet had twofold iron concentration in their thyroid tissue compared to the concentration of the control groups. 

 

Study code 23173 

Year 2009 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment)  

Diet Background Analysed 

Units’ basis of diets and/or results Diet : Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Control; non supplementation, 2)Fe-Met 100; 100 ppm Fe-Met, 3) Fe-SP 100; 100 ppm iron Fe-SP, 4) Fe-SP 200; 200 ppm Fe-SP. Duration 35d 

Response criteria Animal performance, egg content, egg production and egg quality traits 

Results Fe-SP is as good as, if not better, Fe-Met in enriching Fe in egg yolk. As the price of soybean meal is lower than methionine, the production cost of Fe-SP could be less than 

that of Fe-Met. It was concluded that Fe content of egg yolk can be effectively enriched by supplementing 100 ppm iron as iron-soy proteinate for 5 wks in 68 wks old Hy-Line 
Brown layers. 

 

Study code 25046 

Year 1992 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) Experiment 1: 5 treatments (16 replicates per treatment) 

Diet Background Analysed E1:204 and E2:277 mg/kg 

Units’ basis of diets and/or results Diet : Not specified. Results - Other : Not applicable 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: 1) Control (without Cottonseeed meal (CSM) or cottonseed lipid ), 2) Control + 730 g crystalline Fe sulphate heptahydrate, 3) CSM (300g ), 4) CSM (300g) + 
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730 g solution Fe sulphate heptahydrate 5) CSM (300g) + 730 g crystalline Fe sulphate heptahydrate Duration: 10 weeks 

Response criteria Animal performance. Other : Egg production 

Results Treatment of CSM with FSH in solution slightly depressed food intake and egg production initially, but the performance of hens gradually improved to that of non-CSM 
controls; treatment with crystalline FSH lowered performance to a considerably greater degree without much sustained improvement. Bpth treatment methods were effective in 

preventing the gossypol-related brown yolk discoloration, although in Experiment 2, the solution method produced eggs of slightly better quality. 

 

Study code 22653 

Year 2012 

Animal Category  2.3. Poultry. Laying hens : Breeder hens 

Nº treatments (replicates/ treatment) 6 treatments (10 replicates per treatment) 

Diet Background Analysed 496 mg Fe/kg and 588 mg Fe/kg MBM 

Units’ basis of diets and/or results Diet : Not specified. Results - Other : Not specified 

Factors affecting// combinations Dietary factors. 

Composition Diets/treatments 2 x 3 factorial arrangement: All vegetable diet + not supplemented with Fe, 2) All vegetable diet + 60 mg Fe/kg as FeSO4H2O (inorganic, 626 mg/kg ), 3) All vegetable diet + 
60 mg Fe/kg as Fe-AA (complexed, 624 mg/kg ), 4) Meat and bone meal (MBM) containing diet + not supplemented with Fe (Control, Analysed 522 mg/kg ), 5) Meat and 

bone meal containing diet + 60 mg Fe/kg as FeSO4H2O (inorganic, 576 mg/kg ), 6) Meat and bone meal containing diet + 60 mg Fe/kg as Fe-AA (complexed, 574 mg/kg). 

Duration: 12 weeks 

Response criteria Animal performance. Blood, egg yolks, egg albumen, egg production 

Results It is concluded that breeder hens have reduced hen day egg production when diets are not supplemented with Fe and that Fe supplementation can affect yolk and albumen 
contents depending on the presence of MBM in the diet. 
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Table IV.D.3. Bovines 

Study code 15833 

Year 2010 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 4 treatments (number of animals not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Vit A 

Composition Diets/treatments 1) control (injections of 5 ml normal saline), 2) 500 mg Fe as polymaltose hydroxide injected to each calf at 24-48 h of age, 3) 200,000 IU vitamin A injected to each calf at 24-

48 h of age4) Fe and vitamin A injected to each calf as mentioned previously at 24-48 h of age 

Response criteria Animal performance. Serum and plasma content 

Results Injection of iron increased the iron concentration in the haematological parameters. However, when iron was injected with vitamin A this effect was less pronounced. 

 

Study code 21461 

Year 1988 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 3 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results- Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Low iron (5-5-6 mg Fe/kg as Fe sulphate for each period ), 2) High - Low iron (140-5- 6 mg Fe/kg as Fe sulphate for each period ), 3) High iron (105-102-106 mg Fe/kg as 
Fe sulphate for each period)Duration: 16 weeks 

Response criteria Carcass traits Well-being 

Results From wk 7 on, blood haemoglobin concentration was higher in HI calves than in LI, whereas that in H-LI calves was intermediate. Hence, the dietary iron regimens affected 

some of the blood traits measured, but not the health or behaviour traits registered for these calves. 

 

Study code 24620 
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Year 1997 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) Experiment 12 treatments (24 to 8 replicates per treatment)Experiment 22 treatments (24 replicates per treatment, at week 6 experimental treatment has been divided in two 
groups of 12) 

Diet Background Estimated24.14 mg Fe/kg each period 

Units’ basis of diets and/or results Diet - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Experiment 1. 1) Control, 2) Control + 25 mg/kg Fe (II) fumarate Duration: 79 days.  

Experiment 2. 1) Control 2) Control + 25 mg/kg Fe (II) fumarate (at the beginning) at week 6: 2.a) Control + 15 mg/kg Fe (II) fumarate 2.b) Control. Duration: 71 days 

Response criteria Animal performance. Apparent digestibility Haemoglobin Meat colour Plasma content of Fe  

Results Supplementing commercial milk replacers with 25 ppm of iron (II)-fumarate during the first fattening period (5 to 6 weeks) and 15 ppm during the second fattening period 
resulted in an improved fattening performance without having a negative impact on the overall visual colour evaluation of the carcass surface muscles. In order to avoid a 

detrimental effect on the colour of the veal, however, it should be noted that at least 4 weeks should be allowed between withdrawal of the supplemental iron and slaughter. 

Providing veal calves with a more appropriate supply of iron would enable producers to better take advantage of the growth capacity of these animals, but still meet the 
consumers ‗expectations concerning veal colour. 

 

Study code 21716 

Year 1986 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 6 treatments (5 replicates per treatment) 

Diet Background Estimated0.4% trace mineral containing 0.20% Fe 

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations Interactions: Fe-Ni, Fe - Protein 

Composition Diets/treatments 2x3 factorial arrangement. Protein levels (10, 12.25, 14.5 %)Ni (0, 5 mg/kg). Duration: 140 days 

Response criteria Animal performance. Liver, kidney, spleen, lung, heart and muscle content of Fe 

Results Nickel supplementation reduced iron concentrations in lung, liver and muscle. Increased dietary protein decreased iron in liver and spleen. These findings indicate that 

relatively small increases in dietary nickel and protein can influence metabolism of other trace elements. 
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Study code 23793 

Year 2004 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 5 treatments (16 or 8 replicates per treatment) 

Diet Background Estimated 165, 131, 111 mg Fe/kg in phase 1, 2 and 3 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Control, 2) 5 mg EDTA/mg Fe for 8 week prior to slaughter, 3) 5 mg EDTA/mg Fe for 18 week prior to slaughter, 4) 15 mg EDTA/mg Fe for 8 week prior to slaughter, 5) 

15 mg EDTA/mg Fe for 18 week prior to slaughter. Duration: 18 weeks 

Response criteria Animal performance. Liver, blood and carcass content of Fe 

Results Based on these results for animal performance and carcass quality, supplementing veal calf diets with a lower dose of EDTA (5 mg EDTA mg-1 Fe) can be sufficient if the 

duration of EDTA administration is kept at approximately 18 weeks. Other factors to be considered are the effects of EDTA on the chemical composition of the meat produced 
as well as the meat quality parameters. 

 

Study code 21529 

Year 1987 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 5 treatments (8 replicates per treatment) 

Diet Background Estimated0.1 mg/100ml; Milk replacer: 8 mg Fe/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Milk replacer + 100 mg Fe /kg, 2) Milk replacer + 500 mg Fe /kg, 3) Milk replacer + 1000 mg Fe /kg, 4) Milk replacer + 2000 mg Fe /kg, 5) Milk replacer + 5000 mg Fe /kg 

Duration: 10 weeks 

Response criteria Animal performance. Liver, kidney, spleen, bile, plasma, muscle (biceps crural) and heart content of Fe 

Results The pre-ruminant calf tolerated between 2000 and 5000 ppm iron in milk replacer. At toxic iron intake, calf performance and feed efficiency were reduced; there was a 
characteristic change to higher liver than spleen iron; and hemosiderin became the predominant iron storage compound in both tissues. Elevated dietary iron did not appear to 

reduce tissue copper concentrations in the pre-ruminant calf as other researchers observed in calves with functioning rumens. 
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Study code 24128 

Year 2002 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 3 treatments (46 replicates per treatment) 

Diet Background Estimated BP: 217 mg Fe/kgWS: 79 mg Fe/kgMR: 55.4 mg Fe/kgGP: 14.6 mg Fe/kg23.1 mg Fe/kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Dietary factors: beet pulp and wheat straw. Other: location 

Composition Diets/treatments 3 × 2 × 2 factorial arrangement. Diet (Control, 250 g/calf day of dried beet pulp (BP), 250 g/calf day of wheat straw (WS)), Drinking water (No, Yes), Housing system 

(Individual stall, group pen). Duration: 160 days. 

Response criteria Animal performance. Carcass characteristics Plasma and faeces content of Fe  

Results The administration of solid feeds to veal calves for welfare purposes had no detrimental effects on growth performance and promoted for stomach development. Both beet pulp 

and wheat straw improved calves‘ health status, and fewer iron treatments for anaemia and medical treatments for respiratory or gastrointestinal diseases were needed. Farmers 
refrain from feeding solid feeds to veal calves mainly because they can lead to the production of darker meat. The present study showed that there is not a straight-forward 

relationship between roughage iron content and meat colour. The final ―redness‖ of veal meat does not depend on the amount of iron provided by a roughage source. In a solid 

feed rich in NDF such as wheat straw, the iron, likely entrapped by the cell wall constituents, was not available for metabolism. Therefore veal calves receiving wheat straw 
produce carcasses and meat with a colour similar to that of calves fed only milk replacer. 

 

Study code 16453 

Year 2008 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 3 treatments (10 animals per treatment) 

Diet Background Estimated 0.4 % supplement containing 3g Fe 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not applicable 

Factors affecting// combinations Interactions: Fe-Clinoptilolite 

Composition Diets/treatments 1) Control. 2) Colostrum + 2 % clinoptilolite for 48 hours3) Colostrum + 2 % clinoptilolite for 14 days. Duration: 6 weeks 

Response criteria Serum content 

Results The concentrations of Fe significantly higher in test group 3 than other trial groups 
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Study code 23895 

Year 2004 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment and 4-3 for Fe absorption) 

Diet Background Estimated 1.7 mg Fe/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter  

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) Fe deficient diet (no supplemental Fe ), 2) Parenteral Fe (600 mg as gleptoferron every 21 days ), 3) Oral Fe (100 mg as sulphate). Duration: 68 days 

Response criteria True absorption. Haemoglobin. Liver and muscle content of Fe 

Results Animals receiving no supplementation showed haematological results suggestive of mild anaemia. Forms of iron supplementation did not differed significantly in their ability 
to prevent the onset of anaemia. Iron fractional absorption determined using a dual stable isotope labelling method was 60, 39 and 18% in the iron deficient calves, and the 

calves supplemented with parenteral iron and oral iron, respectively. 

 

Study code 24847 

Year 1995 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 5 treatments (11 or 8 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) MILK: animals received exclusively milk replacer; 2) MIX: concentrates ad lib and milk replacer during the whole period, 750 g of milk powder/ d starting at week 43) 

GRAIN: milk replacer during the first 4 wk and concentrates during the whole period; 4) MIX+EDTA (15 mg of EDTA/mg of Fe in diet starting at week 4 ), 5) 
GRAIN+EDTA (15 mg of EDTA/mg of Fe in diet starting at week 4). Duration: 18 days 

Response criteria Animal performance. Meat colour. Carcass characteristics Liver, urine and faeces content 

Results Milk-fed calves had better average daily gains (ADG) than mix-EDTA-fed or grain+EDTA-fed calves. Grain+EDTA-fed calves had lower ADG than Grain calves. The EDTA 

treatments were without effect on feed efficiency and EDTA did not affect N digestibility or Fe retention. Treatments with EDTA lightened the colour of the meat, reduced 

myoglobin and reduced muscle Fe. Treatments with EDTA had no effect on carcass composition. 
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Study code 25191 

Year 1990 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 3 treatments (16 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Diets formulated to meet the requirements of the National Academy of Sciences National Research Council (1978 ), 1) HI - 200 mg/kg iron2) II - 150 mg/kg iron3) LI - 100 

mg/kg iron. Duration: from 67.2 to 190 kg body weight 

Response criteria Animal performance Meat colour. Liver, serum and muscle content of Fe  

Results Concentrate diets made using commercial ingredients containing 100-200 mg/kg of iron, exceed the concentration necessary to lighten meat colour, to decrease haemoglobin 

concentration and to decrease iron content of muscle and of liver of grain-fed calves. The only way to lighten meat of grain-fed calves appears to be decreasing iron absorption 
by adding an iron chelating agent to the diet. 

 

Study code 22259 

Year 1983 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 4 treatments (5 individual replicates per treatment) 

Diet Background Estimated 100 mg Fe/kg diet 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Interactions: Fe-Mo-Cu 

Composition Diets/treatments 1) Control group ( 0 mg/kg Mo + 0 mg/kg Fe ), 2) Fe (0 mg/kg Mo + 800 mg/kg Fe ), 3) Mo (0 mg/kg Fe + 5 mg/kg Mo ), 4) FeMo (800 mg/kg Fe + 5 mg/kg Mo)Duration: 32 

weeks 

Response criteria Animal performance. Status Fe Liver and plasma content of Fe  

Results The existence of a common step in the Mo-Cu and Fe-Cu interactions in calves could perhaps explain why there was a highly significant interaction between Fe and Mo in the 
present experiment and why there were no major or consistent additive effects of the two antagonists on Cu metabolism in the calves in group FeMo. However, it cannot be 

excluded that each antagonist alone was having the maximum possible effect on the absorption of Cu and on the liberation of hepatic reserves of Cu, so that there was no scope 

for further change. It will be necessary to determine the antagonistic effect of lower levels of both antagonists before this can be resolved. The findings will be of considerable 
importance to those concerned with the estimation of the requirements of ruminants for Cu and with the quantitation of the effects of specific dietary components on the 

utilization of Cu. 
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Study code 17931 

Year 2003 

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 4 treatments (11 replicates, 6 Angus and 5 Simmental, per treatment) 

Diet Background Estimated1000 mg Fe/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 2x2 factorial arrangement: Cu source (sulphate, proteinate) Zn source (sulphate, proteinate). All diets were supplemented with 1000 mg Fe/kg diet as Fe sulphate. Duration: 149 

days 

Response criteria Animal performance. Liver content 

Results Supplementing 1,000 mg of iron per kilogram diet has a deleterious effect on copper status of cattle. Neither copper sulphate nor copper proteinate at the supplemental 

concentrations (5 or 10 mg/kg diet) evaluated were effective in preventing the adverse effect of high iron on copper status. Simmental steers consistently had lower copper 
status than Angus cattle, suggesting that Simmental have a higher copper requirement. 

 

Study code 24374 

Year 1999 

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) Experiment 13 treatments (2 replicates per treatment)Experiment 26 treatments (29/16/18/11/12 replicates per treatment)Experiment 32 treatments (3/17 replicates per 

treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Percentage. Results - Not applicable 

Factors affecting// combinations Dietary factors: wheat bran and green tea. Other: breed 

Composition Diets/treatments Experiment 1. 1) Basal concentrate ration (40% flaked corn, 55% steam rolled barley, 5% soybean meal, and 0.05% mineral additive ), 2) Basal diet + 2 kg/d wheat bran3) 

Basal diet + 0.5 kg/d green tea. Duration: 174 days . 

Experiment 2. 1) Japanese Black breed, 2) Japanese Black x Holstein, 3) Japanese Black x Japanese Black/Holstein, 4) Japanese Brown x Japanese Black/Holstein, 5) Charolais 

x Japanese Black/Holstein, 6) Japanese Short-horn x Japanese Black. Duration: from 253 to 948 days. 

Experiment 3:1) Wagyu crossbred cattle 2) Angus crossbred cattle Duration: 148 days 

Response criteria Muscles content of Fe 
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Results There were two novel observations in this investigation. First, it was possible to reduce muscle iron content, and decrease colour saturation, by feeding green tea to cattle. 
Second, the M. longissimus thoracis of Japanese Black and Japanese Brown x Japanese Black/Holstein cattle contained substantially less iron than the M. longissimus dorsi of 

cattle produced in the USA, especially when compared at similar ages. Whether this was due to differences in genetics or production practices is equivocal. However, the 

greater iron content of beef produced in the USA may explain its darker colour and subsequently lower acceptance in the Japanese market. 

 

Study code 25147 

Year 1991 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 5 treatments (16 replicates per treatment) 

Diet Background Estimated170 mg Fe/kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Not applicable 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) 0 mg Fe/kg as Fe carbonate2) 500 mg Fe/kg Fe carbonate3) 1000 mg Fe/kg Fe carbonate4) 2000 mg Fe/kg Fe carbonate5) 4000 mg Fe/kg Fe carbonate. Duration: 8 weeks 

Response criteria Animal performance 

Results The results of this study indicate that the performance of calves was not affected appreciably by 4000 ppm supplemental Fe as ferrous carbonate from a pure lenses of siderite 

ore. This is a higher tolerance than shown previously for ferrous sulphate Fe. 

 

Study code 17112 

Year 2005 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 treatments (17-18 replicates per treatment) 

Diet Background Analysed75 g Fe/kg 

Units’ basis of diets and/or results Diet: Not specified. Results - Not applicable 

Factors affecting// combinations Interactions: Fe-clinoptilolite 

Composition Diets/treatments 1) Control + 1.25 % clinoptilolite, 2) Control + 2.5 % clinoptilolite, 3) Control. Duration: 4 weeks 

Response criteria Serum content 
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Results The conclusion of the present study is that the long-term dietary supplementation of clinoptilolite (a natural zeolite, the use of both natural and synthetic zeolites in animal 
nutrition has increased, mainly to improve their performance andto protect against mycotoxins intoxication) either at the level of 1.25% or 2.5% of the concentrate feed does 

not have any adverse effects on the serum concentration of Cu, Zn, and Fe in dairy cows. 

 

Study code 20757 

Year 1991 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment) 

Diet Background Estimated150-160 mg Fe/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Interactions: Fe-Cd 

Composition Diets/treatments 1) Control (0.25 mg Cd/kg ), 2) Low Cd (1 mg Cd/kg ), 3) High Cd (5 mg Cd/kg).Duration: 554 days 

Response criteria Liver, kidney, pancreas, spleen, bone, milk, muscle, adrenal, brain, heart, ovary and uterus content of Fe 

Results Dietary Cd did not influence the concentration of Fe in colostrum or milk. Kidney Fe was decreased at both 394 and 554d. 
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Table IV.D.4. Sheep 

Study code 16107 

Year 2009 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 6 per treatment 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : not specified 

Factors affecting// combinations Interactions: Chromium 

Composition Diets/treatments An all-grain diet formulated to meet nutrient requirements. The goats were randomly assigned to one of four dietary treatments receiving supplementation of 0, 0.5, 1.0, and 1.5 
mg Cr daily for 240 days. Basal diet Chromium 0.187 mg/kg. 

Response criteria Animal performance. Urine and serum content 

Results Retention of trace elements particularly that of Cu, Fe, and Zn linearly increased with the dose of supplemental Cr. Hence, Cr supplementation may improve utilization of 

nutrients including the trace elements and may also elicit a hypolidemic effect in goats. 

 

Study code 22311 

Year 1982 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 5 per treatment 

Diet Background Estimated  

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Intereactions: Al 

Composition Diets/treatments Four treatments in a 2 x 2 factorial arrangement, with two levels of added A1 (A12Cl6H20) designed to provide 0 or 2,000 ppm supplemental dietary A1, and two levels of P. 

Monosodium phosphate (Na PO4) was added to provide .15 and .29% dietary P on an as-fed basis (.17 and .32% dry basis). Duration: 56 days 

Response criteria Animal performance. Liver, kidney, bone, brain and longissimus muscle content 

Results Fe in liver and kidney increased as a result of high dietary A1. 

 

Study code 24205 

Year 2001 
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Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 4 treatments (1 replicate per treatment on day 15 and 6 on day 30)Experiment 2: 7 treatments (5 replicates per treatment) 

Diet Background Analysed (Enter Fe concentration) E1:193 and E2:90 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM)Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Experiment 1:4x2 factorial design: Dietary Fe (0, 400, 800, 1200 mg/kg diet). Duration (15, 30 days)Duration: 30 days. Experiment 2: Basal diet + 0, 300 or 600 mg Fe/kg as 

Fe sulphate or 600 mg Fe/kg as Fe carbonate A, B or C. Duration: 30 days 

Response criteria Liver, kidney, spleen, bone, muscle and heart content of Fe 

Results Liver Fe concentrations from sheep fed ferrous sulphate were numerically greater than those of animals fed the carbonate sources or the control diet. Kidney Fe concentrations 
from lambs fed ferrous sulphate at 600 mg/kg Fe or carbonate-A were greater than those B or C. Iron concentrations in spleen were lower in lambs fed carbonate-B than for 

those fed 600 mg/kg Fe as ferrous sulphate, but were similar to other carbonates. Overall average bioavailability estimates based in multiple regression slope ratios for the three 

tissues were ferrous sulphate 1.00, carbonate-A 0.55, carbonate-B 0.00, and carbonate-C 0.20. Estimates for carbonates A and C were similar to those based on haemoglobin 
concentrations reported previously for young swine supplemented at dietary concentrations near the requirement. 

 

Study code 24716 

Year 1996 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Analysed (Enter Fe concentration) pellet:161, A:9780, B:8898 µg/g 

Units’ basis of diets and/or results Diet - Dry matter (DM),Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Base line (slaughtered after the pre-experimental period ), 2) Control (fed only lucerne pellets ), 3) Lucerne pellet + 100 g Soil A/day (low Cd ), 4) Lucerne pellet + 100 g 
Soil A/day (high Cd)Duration: 76 days 

Response criteria Liver, plasma and digesta content of Fe 

Results The soils did not affect the concentrations of Cu, Mn, Fe, and Zn in the liver. s. Soil ingestion increased in the 30000 xg supernatant fractions Fe concentrations in all digesta. 

 

Study code 15318 

Year 2012 

Animal Category  4.2. Sheep. Lambs for fattening : Lori-Bakhtiary 
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Nº treatments (replicates/ treatment) 7 per treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments During the study period, sheep were fed alfalfa hay and barley and assigned to three groups for 10 consecutive days. - Sheep were orally given 1 mg/kg_ of Se NPs (group 1) - 

1 mg/kg of sodium selenite (group 2) - the control group (group 3) was given distilled water. 

Response criteria Serum content 

Results Results showed a decreasing trend in serum iron concentration particularly during the early and middle stages of supplementation (0-20 days) with Se nanoparticles or selenium 
ions. 

 

Study code 21896 

Year 1985 

Animal Category  4.2. Sheep. Lambs for fattening : male Dorset Horn 

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment) 

Diet Background Estimated (Enter Fe concentration) 30 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM).  

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) casein diet 3.61 kg, 2) soya-bean-protein diet 3.67 kg. The experimental period of 24 d was divided into a preliminary period of 4 d and two 10 d collection periods (periods 
1 and 2). On day 0 of period 1 and 2, each lamb was given an oral dose (10 ml) of 59Fe as ferric chloride (10 microCi) and 10 ml of 65Zn as zinc chloride (10 microCi) 

Duration: 24 days 

Response criteria Animal performance. Urine and faecal content 

Results Mean retention of 59Fe in lambs given the casein diet was 0.50 (SE 0.12) and in those given the soya-bean-protein diet 0.06 (SE 0.05). There were large variations among 

animals but the treatment effect was significant. Retention of 65Zn was significantly greater than that of 59Fe for all lambs but the effect of dietary treatment was similar to that 
for Fe. 6sZn retention values for casein and soya-bean-protein diets were 0.84 (SE 0.06) and 0.52 (SE 0.03) respectively, and the difference was significant. There were only 

very small amounts of 59Fe and 65Zn in urine, representing 0.0024003 of the dose. 

 

Study code 21388 

Year 1988 

Animal Category  4.2. Sheep. Lambs for fattening : Suffolk and Dorset wether lambs 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 
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Diet Background No specified 154 mg/kg 

Units’ basis of diets and/or results Diet : Not specified, Results - Dry matter (DM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) 0 mg/kg Fe, 2) 300 mg/kg Fe, 3) 600 mg/kg Fe, 4) 1200 mg/kg Fe Source: Fe carbonate. Duration: 98 to 121 days 

Response criteria Animal performance. Liver, kidney, spleen, bone, serum, and muscle content 

Results The addition of up to 1,200 mg Fe/kg as ferrous carbonate to a forage-based diet did not affect growth, feed intake or Zn and Mn status in growing lambs. Supplementation of 

between 300 and 1,200 mg Fe/kg diet reduced Cu status based on measurements of plasma Cu, serum ceruloplasmin and liver Cu. The antagonistic effect of Fe on Cu 

metabolism may be of practical significance in ruminants fed forage diets, which often are high in Fe. Plasma P concentrations were decreased slightly by high dietary Fe. 

 

Study code 17397 

Year 2005 

Animal Category  4.2. Sheep. Lambs for fattening : wethers 

Nº treatments (replicates/ treatment) 3 treatments (4-5 replicates per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet : Not specified (%),Results - Other : Not applicable (µg/L) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet + 0.2 mg swainsonie/g BW2) Basal diet + 0.4 mg swainsonie/g BW3) Basal diet + 0.8 mg swainsonie/g BW. Duration: 19 days 

Response criteria Serum content 

Results Total serum Fe was decreased within the initial 22 h following the swainsonine exposure. On d 21 (48 h after swainsonine feeding ended), serum Fe increased to 472 mg/L. 
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Table IV.D.5. Goats 

Study code 17331 

Year 2005 

Animal Category  5.2. Goat. Kids for fattening : Capra hircus 

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment) 

Diet Background Analysed 164.76; 185.05; 147.27 mg/kg diet. composite 

Units’ basis of diets and/or results Diet - Dry matter (DM)Results - Other : Not applicable 

Factors affecting// combinations Interactions Cr-Fe 

Composition Diets/treatments 1) Control, 2) Control + 0.2 mg elemental Cr, 3) Control + 0.4 mg elemental Cr. Duration: 70 days 

Response criteria True absorption: apparent Animal performance. Plasma content 

Results Neither the intake nor the apparent absorption of Fe in the bucks was affected by Cr supplementation. No definite effect of supplemental Cr feeding on plasma Fe concentration 
could be ascertained though on day 65 it was found to be higher (in the 0.4 mg Cr group of bucks. 

 

Study code 19973 

Year 1995 

Animal Category  5.3. Goat. Dairy goats : Dutch White 

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment) 

Diet Background No specified: 308 mg/kg 

Units’ basis of diets and/or results Diet : Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 1) Low iron (Basal - 269 mg Fe/kg ), 2) High iron (Basal + 25 g Fe/ kg - 2380 mg Fe/kg)Duration: 56x56 day cross over design proceeded by 14-days run in each period 

Response criteria Liver and plasma content. Indicators of Fe status (haemoglobin, haematocrit, transferrin). 

Results High iron intake reduced the group mean plasma copper (by 18%) and caeruloplasmin activity (by 13%) and produced a significant decrease (27%) in hepatic copper 

concentrations. Hepatic iron concentrations were raised (by 56%) after feeding the high iron ration. It is concluded that high dietary levels of iron, within the range of their 
fluctuation in silage and forage, can impair the copper status of ruminants, especially when concurrent intakes of copper are low. 
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Table IV.D.6. Fish 

Study code 16049 

Year 2009 

Animal Category  6. Fish. Salmon/trout  

Nº treatments (replicates/ treatment) 9 treatments (5 fish per treatment) 

Diet Background Estimated 2 µM  

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: divalent metals 

Composition Diets/treatments Copper, nickel, cobalt, lead and cadmium as nitrate salts, and zinc as a chloride salt; at 2 µM and 20 µM), and compared to the control (Fe2+ alone; at 2 µM). 

Response criteria True absorption. Biochemical response 

Results All of the divalent metals except cobalt inhibited the intestinal Fe2+ absorption in fish, and the magnitude of inhibition followed the order of: Ni2+~ Pb2+NCd2+~Cu2+NZn2+. 

Elevated Fe2+ did not affect lead accumulation in the intestine, indicating a greater affinity of Pb2+ to the Fe2+ transport pathway and/or the existence of additional pathways for 

lead absorption. In contrast, the accumulation of cadmium in the intestine decreased considerably in the presence of excess Fe2+, indicating the importance of the Fe2+ 
absorption pathway in dietary cadmium accumulation in fish. The inhibitory effects of various divalent metals on iron absorption occur primarily in the mucosal epithelium, 

which clearly indicates that these interactions occur through DMT1. 

 

Study code 17751 

Year 2003 

Animal Category  6. Fish. Salmon/trout : Atlantic salmon 

Nº treatments (replicates/ treatment) Not specified 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Dietary factors: eicosapentaenoic acid/docosahexaenoic acid (EPA/DHA) 

Composition Diets/treatments 1) 2.7 % EPA/DHA + 65 mg Fe/kg, 2) 2.7 % EPA/DHA + 115 mg Fe/kg, 3) 2.7 % EPA/DHA + 315 mg Fe/kg, 4) 3.4 % EPA/DHA + 45 mg Fe/kg, 5) 3.4 % EPA/DHA + 65 

mg Fe/kg, 6) 3.4 % EPA/DHA + 115 mg Fe/kg, 7) 5.9 % EPA/DHA + 45 mg Fe/kg, 8) 5.9 % EPA/DHA + 65 mg Fe/kg, 9) 5.9 % EPA/DHA + 115 mg Fe/kg. Duration: from 

January to September 

Response criteria Biochemical response : non-haem ferritin iron in the live. .Other : cumulative mortality 
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Results Health has been positively and significantly affected by synergistic effects between very long-chain polyunsaturated fatty acids of the n-3 family eicosapentaenoic 
acid/docosahexaenoic acid (EPA/DHA) and iron, where positive effects of high dietary levels of EPA/DHA have been enhanced when combined with low levels of iron. Health 

has been positively and significantly affected by synergistic effects between very long-chain polyunsaturated fatty acids of the n-3 family eicosapentaenoic 

acid/docosahexaenoic acid (EPA/DHA) and iron, where positive effects of high dietary levels of EPA/DHA have been enhanced when combined with low levels of iron. A 
non-additive effect between EPA/DHA and iron has been confirmed by statistical analyses that revealed a significant effect of EPA/DHA alone and an interaction of iron with 

EPA/DHA. Liver cell cultures treated with EPA/DHA have revealed that the synergistic effect could be related to an EPA/DHA dependent regulation of mRNA for proteins 

important for transport (transferrin) and storage (ferritin) of iron in the salmon. In keeping with this finding, the transcriptional down-regulation of iron metabolism in vitro has 
been reflected in decreased in vivo iron stores with increasing levels of dietary EPA/DHA. Hence, to avoid overloading of the iron transport/storage-systems resulting in 

increased susceptibility to bacterial infections, high levels of dietary EPA/DHA should be accompanied by low levels of dietary iron. 

 

Study code 24391 

Year 1999 

Animal Category  6. Fish. Salmon/trout : Atlantic salmon 

Nº treatments (replicates/ treatment) 3 treatments (10 fish per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet : Not specified. Results - Other : not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 50 µg or 200 µg 59Fe-labelled haem iron, as well as 5 mg 55Fe-labelled ferric ammonium citrate. - Two other groups of eight control fish received 50 mg ferric ammonium 

citrate in addition to either of the two levels of haem iron (50 µg or 200 µg).Duration 2 days 

Response criteria True absorption. Liver, kidney and spleen content 

Results Fish with a low iron status showed a significantly greater absorption of both haem and nonhaem iron than iron-loaded fish. The low-iron group distributed a larger proportion 

of the iron to kidney and spleen than the iron-loaded or control fish. Absorption of both forms of iron increased with higher doses administered, but absorption relative to dose 
administered decreased. There was a trend suggesting that increased levels of dietary haem iron resulted in the reduced uptake of nonhaem iron, but not vice versa. 

 

Study code 24565 

Year 1997 

Animal Category  6. Fish. Salmon/trout : Atlantic salmon 

Nº treatments (replicates/ treatment) 12 groups (3 fish per group) 

Diet Background Estimated  

Units’ basis of diets and/or results Diet : Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 
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Composition Diets/treatments Basal diet supplemented with 0, 25, 50, 100, 500 and 1500 mg iron kg-1 in the form of elemental iron, iron(II)sulphate, or haem-bound iron in the form of blood meal. Duration 
8 wk. 

Response criteria Other : whole body content 

Results Haem-bound iron had higher bioavailability than iron sulphate in Atlantic salmon, and that the level of inorganic iron supplementation may be reduced by inclusion of 20 g 

blood meal kg-1 feed. Iron in its elemental form was not available, except in high concentrations (1500 mg iron kg-1). Elemental iron less than 1500 mg kg-1 even reduced the 

availability of iron from the basal diet. High dietary levels of iron sulphate did not affect growth or mortality. A negative relationship between iron and vitamin C found in the 
groups fed high levels of blood meal was probably caused by low levels of ascorbic acid in these feeds 

 

Study code 24178 

Year 2001 

Animal Category  6. Fish. Salmon/trout : Oncorhynchus mykiss 

Nº treatments (replicates/ treatment) 6 treatments (3 fish per treatment) 

Diet Background Estimated HA:7139, LA:133 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : Not applicable (%) 

Factors affecting// combinations Dietary factors: phytase, citric acid. Other: thermal treatments 

Composition Diets/treatments Experiment 1(high-ash diets):Untreated soybean meal (SBM) / Microwaved /Dry roasted/ Steam heated / Cooked/ Phytase-treated. Duration: 7 daysExperiment 1x (high-ash 

diets): Untreated SBM/ SBM + 1000 U phytase/kg diet/SBM + 5 % citric acid. Duration: 7 days 

Response criteria True absorption 

Results Thermal treatments (microwaving, dry roasting, steam heating, cooking) had no measurable effect on the apparent absorption of phosphorus and other minerals. Phytase 

supplementation increased the apparent absorption of iron in low-ash diets containing soybean meal, but had little effect in high-ash diets containing both soybean and fish 
meal. 

 

Study code 27740 

Year 2008 

Animal Category  6. Fish. Salmon/trout : Oncorhynchus mykiss 

Nº treatments (replicates/ treatment) 5 per treatment 

Diet Background Analysed 320mg/kg 
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Units’ basis of diets and/or results Diet: Not specified. Results - Other: Radioactivity 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Experiment 1:1) Injection 59Fe+2 2) Injection 59Fe+3 Duration: 1, 2, 3, 4 hours. Experiment 2:Injection 59Fe+2 and59Fe+3 to gut sacs at 15-25ºC Experiment 3:Injection 59Fe+2 

and59Fe+3 to gut sacs at pH 6.6, 7.4, 8.2Duration: 2 hours 

Response criteria True absorption 

Results Iron uptake rate in the anterior intestine is significantly higher than that in the mid and posterior intestine. Interestingly, absorption of iron in the anterior intestine occurs likely 

via simple diffusion, whereas a carrier-mediated pathway is apparent in the mid and posterior intestine. The uptake of ferric and ferrous iron appeared to be linear over the 
entire range of iron concentration tested (0-20 lM), however the uptake of ferrous iron was significantly higher than that of ferric iron at high iron concentrations ([15 lM). An 

increase in mucosal pH from 7.4 to 8.2 significantly reduced iron absorption in both mid and posterior intestine, implying the involvement of a Fe2+/H+ symporter. Iron 

chelators (nitrilotriacetic acid and desferrioxamine mesylate) had no effects on iron absorption, which suggests that fish are able to acquire chelated iron via intestine. 

 

Study code 24545 

Year 1998 

Animal Category  6. Fish. Salmon/trout : Oncorhynchus mykiss and Carassius auratus 

Nº treatments (replicates/ treatment) 12 treatments (3 fish per treatment) 

Diet Background Estimated 173 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source. Dietary factors. 

Composition Diets/treatments Experiment 1. 1) Basal diet (BD) 2) BD + Citric acid (5g/100g ), 3) BD + sodium citrate (5g/100g ), 4) BD + potassium chloride (3g/100g ), 5) BD + sodium chloride (5g/100g 
), 6) BD + histamine dihydrochloride (0.3g/100g ), 7) BD + EDTA disodium salt (1g/100g ), 8) BD + sodium bicarbonate (5g/100g ), 9) BD + amino acids (5g/100g)10) BD + 

ascorbic acid (1g/100g)11) BD + inositol and choline (0.5 +1g/100g)12) BD + cholecalciferol (0.05g/100g)Duration: 13 days. 

Response criteria Urine and faecal content. Other : apparent digestibility and availability 

Results Apparent availability of calcium, phosphorus, magnesium, iron, manganese and strontium was increased by citric acid supplementation. The other supplements had no 

measurable effect on the apparent availability of minerals in fish meal. The results of this study, while preliminary, suggest that citric acid warrants further investigation as a 
dietary supplement to fish meal-based diets to increase availability of phosphorus and other minerals and to reduce their excretion into effluent water and the environment. 

 

Study code 23988 

Year 2003 

Animal Category  6. Fish. Salmon/trout : Salmo salar 

Nº treatments (replicates/ treatment) 4 treatments (10 fish per treatment) 
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Diet Background Analysed 61-164 ppm 

Units’ basis of diets and/or results Diet : Not specified. Results - Dry matter (DM) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Low wheat starch (5 %)- Low Zn and Fe (6 mg/kg each ), 2) Low wheat starch (5 %)- High Zn and Fe (30 mg/kg each ), 3) High wheat starch (10 %)- Low Zn and Fe (6 
mg/kg each ), 4) High wheat starch (10 %) - High Zn and Fe (30 mg/kg each). Duration: 8 weeks 

Response criteria Animal performance. Liver, spleen, bone, vertebra, whole body and muscle content. Other : Haematocrit. 

Results Dietary iron plus zinc significantly influenced final weight, condition factor and hepatosomatic index, with lower values in fish fed with higher mineral levels. Liver iron 

concentration was affected by both dietary starch and mineral levels. Whole body homogenates showed significantly higher zinc levels in fish fed with higher iron and zinc 

diets, whereas plasma zinc levels were affected by dietary starch, iron and zinc levels, which showed a significant interaction effect. 

 

Study code 24390 

Year 1999 

Animal Category  6. Fish. Salmon/trout : Swim-up fry 

Nº treatments (replicates/ treatment) 3 treatments (3 replicates per treatment)  

Diet Background Analysed 99-140 ppm 

Units’ basis of diets and/or results Diet : Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Diet 1: basal diet Cu (as CuSO4.5H2O) 3.5; Fe (FeSO4.7H2O) 34; Mn as (MnSO4.H2O) 13; Zn (ZnSO4.7H2O) 68 mg(per kg diet) 

Diet 2: (per kg) 68 mg Zn, 34 mg Fe, 13 mg Mn and 3.5 mg CuDiet 3. Basal diet not supplemented with Fe. Duration 34 wk. 

Response criteria Animal performance. Liver, bone, vertebrae, plasma, whole body and heart content 

Results The fish-meal based diet appeared to require supplementation with Zn, Mn and Fe to maintain adequate whole-body and tissue levels. The element mixture used appeared to 
meet the requirements for Zn and Mn, while the Fe content appeared too low. Deleting Fe from the element mixture did not affect Fe status of the fish. The dietary Fe 

concentration was, however, low in all groups and the difference between the unsupplemented and the Fe supplemented diet was probably too low to affect Fe status. In this 

experiment whole-body element concentration increased with growth for Zn and Fe and remained constant for Cu, while there was a move towards reduced Mn in the fish 
given the unsupplemented diet. 
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Table IV.D.7. Horses 

Study code 16305 

Year 2008 

Animal Category  8. Horses  

Nº treatments (replicates/ treatment) 2 treatments (25 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet- Not specified. Results - Not applicable 

Factors affecting// combinations Interactions : Fe-Vit E-Se 

Composition Diets/treatments 1) Untreated controls2) 8 ml intramuscular dose of 60 mg/ml Vitamin E + 1 mg/ml Se. Duration: 90 minutes 

Response criteria Serum content 

Results The iron levels were not changed by exercise or treatment alone but increased when the horses had been supplemented and exercised. 

 

Study code 17173 

Year 2005 

Animal Category  8. Horses  

Nº treatments (replicates/ treatment) 1 treatment (4 replicates per treatment) 

Diet Background Estimated147 mg Fe/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Others : exercise (walk, trot, canter) 

Composition Diets/treatments 10 kg/day of timothy hay + 1 kg/day of alfalfa hay + 2 kg/day of oats grain + 1 kg/day of commercial pelleted vitamin A and mineral supplemented in two equal meals daily. 
Duration: 3 weeks 

Response criteria Apparent absorption. Urine, faeces and sweat content of Fe  

Results The exercise significantly increased the apparent absorption of iron. Urinary iron excretion did not change throughout the experiment. Sweat iron loss did not change during the 

exercise. The exercise significantly increased iron balance. We considered that haemolysis is induced by moderate exercise and is further enhanced by heavy exercise, which 
decreases serum iron and TS. However, the increase in iron absorption compensates for the adverse effect of exercise on iron status. Therefore, exercise does not induce 

anaemia in horses. 
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Table IV.D.8. Others. Rats and mice 

Study code 15225 

Year 2012 

Animal Category  10. Other categories: Rats 

Nº treatments (replicates/ treatment) 4 treatments (number of replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified 

Factors affecting// combinations Dietary factors: dietary fibre and maize 

Composition Diets/treatments 1) HP inulin group - regular rations with 103.1 g of HP inulin (100 g of dietary fibre); 2) Synergy1 group - regular rations with 112.36 g of synergy1 (100 g of dietary fibre ), 3) 
Oligofructose group - regular rations with 108.7 g of oligofructose (100 g of dietary fibre ), 4) Control group - regular rations without dietary fibber, which was replaced by 100 

g of maize starch 

Response criteria True absorption, Animal performance 

Results HP inulin and oligofructose increased the intestinal absorption of Fe in rats. 

 

Study code 22135 

Year 1983 

Animal Category  10. Other categories: Rats 

Nº treatments (replicates/ treatment) 1 treatment (4 replicates) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Radioactivity 

Factors affecting// combinations Trace elements Fe 

Composition Diets/treatments Female Fischer rats have been fed low iron diets (without ferric phosphate) for 3-6 weeks before use. Samples of 59FeCl3 (0.5 ml) containing 5.6 ng Fe were placed in the tied 
off duodenal segments in the peritoneal cavity of anesthetized animals. Duration: 5 hours 

Response criteria True absorption 

Results The results demonstrate the dramatic effects of pH on iron bioavailability, in the absence of chelators such as ascorbate, and the importance of considering iron solubility in 

measurements of iron absorption. 

 

Study code 16283 
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Year 2009 

Animal Category  10. Other categories: Rats 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Estimated80-140 µg Fe/g 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Dietary factors: diet composition 

Composition Diets/treatments 1) SO (soybean oil ), 2) SO+ITF (soybean oil + raftilose synergy 1) 3) FSO (fish: soybean mixture) 4) FSO+ITF (fish: soybean mixture + raftilose synergy 1)Duration: 15 days 

Response criteria Liver, urine, faeces, cecum mucosa and bone content of Fe 

Results A decrease in liver iron stores (P = 0.015) was observed in rats fed FO, considering that ITF consumption returned to levels comparable to the SO control group. These findings 

confirm the positive influence of ITF on mineral bioavailability, which was potentiated by addition of FO to the diet. 

 

Study code 22193 

Year 1983 

Animal Category  10. Other categories: Rats 

Nº treatments (replicates/ treatment) 4 treatments (9 replicates per treatment) 

Diet Background Estimated100 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter (bone marrow) and Fresh matter  

Factors affecting// combinations Interactions Fe-Xylitol 

Composition Diets/treatments 1) Control (no added carbohydrates ), 2) 200 g glucose/kg diet3) 50 g xylitol/kg diet4) 200 g xylitol/kg diet. Duration: 8 weeks 

Response criteria Animal performance. Liver, kidney, spleen, bone marrow, serum and duodenum wall content of Fe 

Results Xylitol at 50 g/kg did not affect the tissue Fe concentrations, but 200 g xylitol/kg increased the Fe content of the livers, duodenum wall, spleen, bone marrow and serum. 
Xylitol-Fe complexes are suggested to be responsible for the increased Fe absorption during xylitol feeding. 

 

Study code 15966 

Year 2010 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (5 replicates per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Trace elements Se, Cd, Zn, Fe, Cu 

Composition Diets/treatments 1) Se-adequate diet (0.14 mg Se/kg), 2) Se-deficient (<0.06 mg Se/kg). Duration: 12 weeks. 

Response criteria Liver content of Fe 

Results Zinc and iron hepatic levels were not affected by Se-deficiency. 

 

Study code 22461 

Year 1981 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 116 treatments (6 replicates per treatment). Experiment 24 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions Fe-phytate 

Composition Diets/treatments Experiment 1. 4 x 4 factorial design. The animals were fed a 20% casein purified diet with or without iron for at least 5 weeks.1) Iron adequate diet (40 mg Fe/kg) as 
FeSO4H2O, 2) Iron-deficiency diet (3-7 mg Fe/kg) Duration: 2 weeks 

Response criteria True absorption, Animal performance and blood content of Fe 

Results The results of the first experiment indicated that levels of dietary phytate up to 4% of the diet do not impair haemoglobin regeneration by anaemic rats. The results of the 

second experiment indicated that sodium phytate does not affect iron absorption differently in iron adequate rats compared to iron-deficient rats. It is suggested that conflicting 

results in the literature on effects of phytate on iron absorption may be explained by differences in experimental conditions or by the presence in the diet of some inhibitory 
component besides phytate, possibly dietary fibre. 

 

Study code 20468 

Year 1993 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (7 replicates per treatment) 

Diet Background Analysed19.91 g Fe/ kg premixture in sucrose 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions Fe-pectins 
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Composition Diets/treatments 1) Basal diet (47.0 ± 0.7 mg Fe/kg ), 2) Basal diet + Pectin-A (47.2 ± 0.5 mg Fe/kg ), 3) Basal diet + Pectin-B (45.4 ± 0.6 mg Fe/kg ), 4) Basal diet + Pectin-C (46.9 ± 0.7 mg 
Fe/kg ), 5) Basal diet + Pectin-D (47.0 ± 0.6 mg Fe/kg)Duration: Not specified 

Response criteria True absorption, Stomach and intestines content of Fe 

Results In conclusion, none of the pectins tested in this study showed any adverse effect on iron solubility and iron absorption in comparison to the pectin-free basal diet. The pectin 

with low MW and high DE (P-B) showed the most enhancement, and that with the high MW and low DE (P-C) was not different from controls. The differences in the effects 

of these pectins could be explained on the bases of how their MW and DE influence their solubility and the strength of their binding to iron and other cations. 

 

Study code 19053 

Year 1998 

Animal Category  10. Other categories : Rats  

Nº treatments (replicates/ treatment) 12 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified Results- Fresh matter  

Factors affecting// combinations Interactions Fe-Al-Citrate and Fe-citrate 

Composition Diets/treatments 12 treatments0.16, 1.4, 360 mmol/kg Fe 1,120 mmol/kg Al 0,120 mmol/kg citrate. Duration: 9-11 weeks 

Response criteria Animal performance. Liver, kidney, plasma and brain content of Fe 

Results The F-deficient diet and Fe-loaded diet led to states of Fe deficiency and Fe overload in the rats, and supplementation of the diet with A1 increased Al levels in the kidneys, 

liver, and femurs, but, generally, only when the diet also contained citrate. Neither Al nor citrate supplementation of the diet had any effect on nonheme Fe concentrations in 

the liver, kidney, or brain, or on the uptake of 59Fe or 125I-transferrin by liver, kidney, brain, or spleen. Only with the femurs was a significant effect observed: increased 59Fe 
uptake in association with increased A1 intake. Therefore, using this animal model, there was little evidence for interaction between Fe and Al metabolism, and no support was 

obtained for the hypothesis that dietary supplementation with Fe and citrate can lead to excessive Fe absorption and deposition in the tissues. 

 

Study code 20661 

Year 1992 

Animal Category  10. Other categories : Rats  

Nº treatments (replicates/ treatment) 6 treatments (4 replicates per treatment) 

Diet Background Analysed 54 mg Fe/ kg  

Units’ basis of diets and/or results Diet - Dry matter. Results- Percentage 

Factors affecting// combinations Dietary factors : local Vicia faba, Troy Vicia faba, vicia faba insoluble cotyledon residue 

Composition Diets/treatments 1) LA: Lactalbumin control, 2) Local-UFM: locally growth Vicia faba cultivar meal, 3) Troy-UFM: Vicia faba cultivar meal, 4) Local-UFH: hulls from locally grown V.faba 
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cultivar, 5) Troy UFH: hulls from V faba Troy cultivar, 6) V. faba insoluble cotyledon residue. Duration: 10 days 

Response criteria Apparent absorption Urine and faecal excretion content of Fe 

Results The results suggest that other seed constituents, possibly the soluble non-starch polysaccharides, may be involved in the elevated loss of Zn and Mn in rats fed on diets 
containing faba bean for extended periods, while some insoluble structural hull components may interfere with the absorption of Fe from the gut. 

 

Study code 17305 

Year 2005 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (6-8 replicates per treatment) 

Diet Background Estimated35 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Radioactivity 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 1) Cu adequate (CuA) + Feed 59Fe, 2) Cu deficient (CuD) + Feed 59Fe, 3) CuA + Feed 59Fe, 4) CuD + Feed 59Fe, 5) CuD Switch to CuA diet. Duration: 42 days 

Response criteria Liver, kidney, spleen and whole blood content of Fe. 

Results The main observations in this study were that reductions of duodenal Hp protein and Fe absorption in CuD rats were completely restored with Cu repletion. Signs of anaemia 

induced by Cu deficiency and closely associated with Hgb production were also fully restored. These findings suggest that a strong association exists between duodenal Hp 
abundance and Fe absorption in the CuD rat and that reduced Fe absorption in these rats is an important factor in the cause of anaemia. 

 

Study code 21239 

Year 1989 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (number of replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Percentage 

Factors affecting// combinations Others : intraperitoneally factors 

Composition Diets/treatments 1) Essentially Fe-replete diet (300 mg Fe/kg, 2 h digestion + 25 µCi 59FeCl3, 2) Fe-deficient diet, 2 h digestion + 25 µCi 59FeCl3, 3) Fe-deficient diet, 12 h digestion + 25 µCi 
59FeCl3, 4) Fe-deficient + Tungsten (W) supplemented diet as sodium tungstate, 2 h digestion + 25 µCi 59FeCl3. Duration: 3 weeks 

Response criteria True and apparent absorption. Gastric retention, Small intestinal mucosal ferroxidase activity. 

Results An increase in digestion time from 2 to 12 h increased "Fe absorption (P < 0.01) from all fractions except ferritin. Fe-deficient rats when compared with essentially Fe-replete 
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rats showed decreased gastric retention for all fractions, but increased "Fe absorption over 2 h only from ferritin. Ferritin showed several unusual absorption characteristics. 
Dietary tungsten supplementation of Fe-deficient rats reduced the ferroxidase activity of intestinal mucosal xanthine oxidase. In addition, gastric retention and "Fe absorption 

(P < 0.05) from all fractions were increased. 

 

Study code 18676 

Year 2000 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 8 treatments (7 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Dietary factors : Short-Chain Fructo-oligosaccharides 

Composition Diets/treatments The iron source in both experimental diets was iron (III) citrate, and the iron concentration was 806 mmol/kg diet. Duration: 4 weeks 

Response criteria True absorption. Blood, caecum and colorectal content of Fe. 

Results The cecum plays an important role in the mechanism by which Sc-FOS prevents postgastrectomy anaemia. Our findings suggested that Sc-FOS stimulate iron absorption from 
the large intestine, at least in gastrectomized rats, and the large intestine may have the ability to absorb iron at a nutritionally important level. 

 

Study code 21871 

Year 1985 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 12 treatments (8 replicates per treatment) 

Diet Background Estimated0.5 mmol/kg Fe 

Units’ basis of diets and/or results Diet - Other (mmol/kg Fe)Results- Radioactivity 

Factors affecting// combinations Interactions: Fe-Cd 

Composition Diets/treatments Groups 1 to 4: were fed a commercial diet (0.5 mmol/kg Fe and less 0.01 mg/kg of Cd), Groups 5 to 11: were fed a experimental diet (0.5 mmol/kg Fe and 0, 0.25, 0.5 and 1 
mmol/kg Cd as CdCl2. Group 12: Low-iron diet (0,2 mmol/kg Fe + 0.3 g casein hydrolysate dissolved in 2.0 ml of distilled water).After 4 weeks single dose of iron: 1 µmol 

Fe/kg as FeSO4. Duration: 7 weeks 

Response criteria True absorption. Animal performance. Liver and spleen content of Fe. 

Results In acute experiments the retention of iron decreased inversely with respect to the cadmium dose administered simultaneously. After subchronic exposure to dietary cadmium for 

4 weeks the retention of iron was increased if iron was administered alone or together with cadmium in comparison to normal controls. If iron was administered alone to 
subchronically treated animals, iron retention was of the same order of magnitude as in iron deficient controls. However, if iron was administered together with cadmium 
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(molar ratios l/0.5, l/l, l/2 µmol/kg body wt) the retention of iron was decreased in a dose-dependent manner. The iron content in the liver and spleen of acutely exposed rats 
decreased, whereas the tissue content of the treated rats increased according to the increased body retention of iron. The utilization of iron for haemoglobin synthesis remained 

unchanged in all groups investigated. 

 

Study code 22016 

Year 1984 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 13 treatments (6/8 replicates per treatment). Experiment 23 treatments (6 replicates per treatment) 

Diet Background Estimated less 5 µg/kg diet 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-proteins 

Composition Diets/treatments Experiment 1. 5,10,27% vitamin free casein and less than 5 µg/kg Fe. Duration: 10 weeks.  

Experiment 2. Fe kinetic studies: no repletion 25 mg Fe. Duration: 4 weeks 

Response criteria Liver, plasma and blood content of Fe 

Results Iron absorption from the iron-deficient diet appeared unaffected by the associated protein deficiency. When doubly depleted animals were refed with iron, there was active red 

blood cell production despite the protein-depleted state, whereas with protein refeeding there was resumption of growth and increased anaemia. These studies demonstrate the 
inverse relationship between protein and iron deficiency states when they coexist. 

 

Study code 22149 

Year 1983 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 1. 7 treatments (6/12/8 replicates per treatment). Experiment 2. 4 treatments (7/8 replicates per treatment). Experiment 3. 6 treatments (12/6/4 replicates per 
treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments Experiment 1. Basal diet Fe (0, 5, 100 mg IM)Cu (replete, deficient). Duration: 6 weeks.  

Experiment 2. Fe 200, 500 mg as ferrous ammonium sulphate supplement Cu (replete/ deficient). Duration: 6 weeks.  

Experiment 3. Intramuscular Fe supplement (10, 25, 50 mg) Cu (replete/deficient). Duration: 6 weeks 

Response criteria Animal performance. Bone, serum and tissue content of Fe 
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Results The anaemia of Cu deficiency was partially but incompletely corrected by oral Fe supplementation of one-to five-fold normal dietary levels or by intramuscular Fe 
supplementation. Serum Fe increased in Cu-deficient animals as the dose of supplemental Fe was increased. Hepatic Fe accumulation occurred in Cu-deficient rats which were 

administered with either oral Fe in two to five-fold excess or low doses of intramuscular Fe. This difference was not seen in animals receiving high doses of intramuscular Fe, 

but similar relative differences were seen in Cu-deficient and Cu-replete rats which had been given no Fe supplementation. Duodenal Fe was not increased in Cu deficiency. 
Bone marrow Fe was present in Cu-deficient animals receiving either parenteral or oral Fe supplementation. Present studies suggest that a decrease in caeruloplasmin 

(EC1.16.3.1) activity does not wholly explain the anaemia of Cu deficiency. Fe accumulation may be restricted to the liver, suggesting that Cu may be required for normal 

intracellular Fe metabolism. 

 

Study code 24729 

Year 1996 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 12 treatments (5/4 replicates per treatment) 

Diet Background Estimated60 mg Fe/kg diet 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 2 x 2 x 3 factorial arrangement. The purified basal diet contained 0.81 mg Cu, 20 mg Zn, and 60 mg Fe/kg diet. Basal diet + Fe as FeSO4 at 0 or 1,000 mg/kg diet, Cu at 5 or 15 

mg/kg diet, and Cu supplied as cupric sulphate (CuSO4·5H2O),or Cu proteinate or Cu lysine. Duration: 56 days. 

Response criteria Animal performance. Liver, kidney, spleen, heart and lung content of Fe 

Results The rats supplemented with Cu lysine had higher liver Fe content than the rats supplemented with CuSO4, and the rats supplemented with Cu proteinate had higher kidney Fe 
than the rats supplemented with CuSO4. Copper sources did not influence the Fe content in spleen, heart, or lung. Cu complexes might be absorbed via another mechanism, 

which differs from inorganic Cu and does not interfere with Zn and Fe. High dietary Fe increased Fe deposition in liver, spleen, and kidney. Iron content of heart was 5.2% 

higher for the 15 mg Cu/kg feed supplementation groups than for the 5 mg groups. Copper complexes increased the Fe content of liver and kidney and decreased the Cu content 
of kidney compared with cupric sulphate, suggesting different absorption and excretion mechanisms for copper complexes that do not interfere with iron. 

 

Study code 24807 

Year 1995 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (7 replicates per treatment) 

Diet Background Estimated1. 2.17 g Fe mixed with 987.83 g sucrose 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Others: different proteins 
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Composition Diets/treatments 1) Diet with Casein2) Diet with egg albumin (EA), 3) Diet with isolated soybean protein (ISP ), 4) Diet with Egg yolk protein (EY ), 5) Diet with Pork protein. All diets contain 
about 220 g crude protein and 51-53 mg Fe/ kg diet. 

Response criteria Apparent absorption. Liver, kidney, spleen, plasma, faecal and small intestine content of Fe 

Results In conclusion, the addition of pork protein to the diet improved most iron absorption by enhancing solubility in small intestine.  

 

Study code 15695 

Year 2010 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (11 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-fibber 

Composition Diets/treatments 1) Fibre mixture group, 2) Control group: the 50 g of cellulose/kg of AIN93-G was replaced with 100 g of maize starch/kg of feed. Duration: 3 weeks 

Response criteria Animal performance. Liver, serum, plasma and faeces content of Fe 

Results The fibre mixture had no influence either on growth or on Fe intestinal absorption in rats recovering from anaemia. 

 

Study code 21429 

Year 1988 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 1. 12 treatments (8/9/10 replicates per treatment). Experiment 2. 6 treatments (5/7/8/10 replicates per treatment). Experiment 3. 5 treatments (11/12/14/15 replicates 
per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- percentage 

Factors affecting// combinations Interactions: Fe-saponins 

Composition Diets/treatments Experiment 1. Test meal of 3 g cooked starch-sucrose (1: 1, w/w) paste containing either 120 µg Fe as ferrous sulphate in 0.1 M-hydrochloric acid, labelled with 18.5 kBq 59Fe 

(FeCl3, 110-740 MBq/mg Fe, or 139 pg Zn as zinc chloride in 0.1 M-HCl, labelled with 37 kBq 65Zn. Duration: 9 days. 

Experiment 2. A 3 g starch-sucrose test meal containing 120 µg Fe labelled with 59Fe and an appropriate amount of Gypsophila saponins.saponin:Fe molar ratios of 8, 16, 32. 
Duration: 10 days 

Response criteria True absorption 
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Results Results indicated that Fe absorption decreased with increasing concentration of Gypsophila saponins. This was significant at a saponin : Fe molar value of approximately 1, 
with maximum effect occurring at molar ratios of 4 and above, when Fe absorption was reduced by approximately 17 %. Gypsophila saponins had no effect on Zn absorption 

from a test meat. Fe absorption was similar in groups given purified or crude Gypsophila saponins at the same saponin: mineral molar value of 8, demonstrating that the 'non-

saponin' fraction of the commercial preparation does not affect the absorption of this mineral. Saponins extracted from lucerne plant tops, fed at a saponin : Fe value of 
approximately 8, also reduced Fe absorption from a single meal. Fe absorption from a meal containing a similar amount of soyasaponin I was not significantly different from 

controls. These results indicate that some dietary saponins may reduce Fe absorption and hence have an adverse effect on Fe status in man and simple-stomached animals. 

 

Study code 16532 

Year 2008 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 1. 2 treatments (5 replicates per treatment). Experiment 2. 2 treatments (4 replicates per treatment) 

Diet Background Analysed 53 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments Experiment 1 and 2All rats received the AIN-76A diet omitting cupric carbonate.1) Water Cu adequate, 2) Water Cu deficient. Duration: 5 weeks 

Response criteria Liver, milk, plasma and small intestine content of Fe 

Results Copper deficient (Cu-) dams lower milk iron. New-born pups from Cu- dams had lower iron concentrations. Compared to Cu+ pups, Cu-pups, analysed between postnatal age 
(P) 0 and P26, were smaller, anaemic, had lower plasma iron. Liver iron in Cu+ pups decreased with age while nursing but increased after eating solid food. Liver iron was 

lower in Cu- pups at P0 and P13 and normal at P20 and P26. Intestinal iron levels in Cu- pups were higher than Cu+ pups post-weaning in some experiments. 

 

Study code 14965 

Year   

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (number of replicates not specified)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet - not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control, 2) Iron deficiency (induced through diet ), 3) Iron deficiency + soybean germinate with FeSO4, 4) Iron deficiency + ferritin isolate, 5) Iron deficiency + FeSO4 

Response criteria Liver and serum content of Fe 

Results No statistically significant differences in haemoglobin concentration, mean corpuscular volume, mean corpuscular haemoglobin, and mean corpuscular haemoglobin 
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concentration existed between those animals supplemented with sprouts enriched in ferritin, ferritin isolate and FeSO4 and healthy animals forming the control group. 
Moreover, the examined preparation had a beneficial influence on the recreation of ferritin reserves in both the liver and the blood serum, and also did not induce negative 

alterations in general growth parameters of animals. 

 

Study code 15259 

Year 2011 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 1. 3 treatments (19 replicates per treatment). Experiment 2. 2 treatments (11 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results- Fresh matter  

Factors affecting// combinations Interactions: Fe - acid xylooligosaccharide 

Composition Diets/treatments Experiment 1. 1) Acidic xylooligosaccharide (U-XOS) - low iron, 2) Low iron as iron citrate3) Control. Duration: 28days.  

Experiment2. 1) U-XOS supplemented, 2) Control. Duration: 7days 

Response criteria Apparent absorption. Animal performance. Liver and serum content of Fe 

Results U-XOS could preserve storage of hepatic iron in adult female rats fed low iron diets and could prevent IDA by promotion of dietary iron absorption, inhibition of iron 

excretion, and/or improvement of iron bioavailability. 

 

Study code 15299 

Year 2012 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 1. 2 treatments (replicates not specified). Experiment 2. 3 treatments (replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter. Results- Not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1 Ileorectomised rats fed: 1) Fibre-free diet (FF diet ), 2) FF diet + 5 % (w/w) pectin (pectin diet).Experiment 2Sham-operated/ caecectomised rats - diet containing 

ferrous iron (FeII diet ), 1) Pectin at 50 g/kg diet (pectin diet) 2) Mixture of Fe II and oligomers of galacturonic acid. Duration: 3 weeks 

Response criteria Apparent absorption Serum content of Fe 

Results Apparent Fe absorption in ileorectomised rats fed the pectin diet was significantly lower compared with ileorectomised rats fed the fibre free diet. These results suggest that Fe 
in pectin might be released by microbial degradation and subsequently made available for absorption in the large intestine, although pectin might decrease Fe absorption in the 

small intestine. 
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Study code 15449 

Year 2011 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified Results - Not specified 

Factors affecting// combinations Interactions: Fe-folic acid 

Composition Diets/treatments 1) NP-NF group: normal protein, normal folic acid (FA) diet (18% protein, 0.002-g FA/kg diet ), 2) PR-NF group: protein-restricted, normal folic acid diet (9% protein, 0.002-g 

FA/kg diet ), 3) PR-FS group: protein restricted, folic acid-supplemented diet (9% protein, 0.005 g FA/kg);4) NP-FS group: normal protein, folic acid-supplemented diet (18% 

protein, 0.005 g FA/kg).Duration: 6 weeks 

Response criteria Liver and kidney content of Fe. 

Results Maternal dietary folic acid and protein intake during pregnancy, as well as the type of post weaning diet, affect Fe, Zn, and Cu levels in the offspring of the rat. 

 

Study code 15544 

Year 2011 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 1) Cu adequate, 2) Cu deficient. Duration: Not specified 

Response criteria Animal performance. Liver, serum haemoglobin and plasma content of Fe. 

Results Data imply that generous supply of dietary Fe during development can eliminate some but not all of the signs of Fe deficiency in CuD pups. 

 

Study code 15581 

Year 2010 

Animal Category  10. Other categories : Rats 
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Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified Results- Not specified 

Factors affecting// combinations Interactions: Fe- polydextrose 

Composition Diets/treatments 1) Vagoctomy-gastrectomy + Control diet, 2) Vagoctomy-gastrectomy + Polydextrose diet, 3) Sham group + Control diet, 4) Sham group + Polydextrose diet. Duration: 8 

weeks. 

Response criteria Animal performance. Serum and faeces content of Fe. 

Results The diet with polydextrose reduced the excretion of iron. Apparent iron absorption was higher in the polydextrose fed groups than in the control group. Polydextrose increase 
iron absorption and prevents postgastrectomy anaemia. 

 

Study code 15783 

Year 2010 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 3 treatments (replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified Results- Not specified 

Factors affecting// combinations Interactions: Fe -Cd 

Composition Diets/treatments 1) Control group, 2) Low dose cadmium - 20 mg Cd2/kg body weight, 3) High dose cadmium - 40 mg Cd2/kg body weight. Duration: 45 days 

Response criteria Serum content of Fe. 

Results Iron concentration after administration of cadmium was significantly decreased. Deferasirox significantly reduced cadmium level present in blood and at the same time, iron 

concentration returned to the normal level. 

 

Study code 15913 

Year 2010 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (7-9 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 
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Factors affecting// combinations Interactions: Fe-difructose anhydre 

Composition Diets/treatments 1) Semi-purified stock diet (control), 2) Diet + 3% difructose anhydride III (DFAIII) diet (30 g of DFAIII/kg of diet). Duration: 2 weeks 

Response criteria True absorption. Biochemical response: gene expression Liver and faeces content of Fe. 

Results The DFAIII-induced increases in iron absorption are the result of increased cecum iron absorptive capacity through expansion of the cecum mucosa maintaining DMT-1 

mRNA expression. 

 

Study code 17157 

Year 2005 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) FeSO4, no tea 59FeSO4, 2) NaFeEDTA, no tea, 3) FeSO4, with tea, 4) NaFeEDTA, with tea. Duration: 38 days 

Response criteria True absorption. Liver, kidney and spleen content of Fe 

Results Absorption of iron from NaFeEDTA is regulated similarly to iron from FeSO4. Nonetheless, post-absorptive body iron distribution differs significantly between rats fed these 

two forms of iron at high intake levels. 

 

Study code 17181 

Year 2005 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 16 treatments (8 replicates per treatment)Experiment 24 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Dietary factors: non-digestible disaccharides. Interactions: Fe-Ca-Mg 

Composition Diets/treatments Experiment 11) Cellulose 100 g/kg diet. Crystallized cellulose (30 g/kg diet) was replaced with:2) Fructo oligosaccharide (FOS) 3) di-D-fructose anhydride III (DFAIII),4) 

(MAL) maltitol,5) (MEL) melibiose, and6) (CEL) cellobiose. Duration: 4 weeks. Experiment 21) Control2) FOS3) DFAIII, 4) MEL. Duration: 5 weeks 

Response criteria True absorption. Animal performance. 
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Results Non-digestible disaccharides increase calcium, magnesium, and iron absorption in normal and ovariectomized rats; however, the effects depend on the disaccharide tested, a 
fact that may be partly associated with the cecum fermentation of these disaccharides. 

 

Study code 17839 

Year 2003 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 3 treatments (22 replicates in groups one and two and 5 replicates in group three) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - As fed basis. Results- Fresh matter  

Factors affecting// combinations Interaction: Fe-Cu 

Composition Diets/treatments 1) Copper-deficient diet: no added copper + 70 mg/kg as finely ground ferric citrate, 2) Control diet: 6 mg Cu(II)/kg + 70 mg/kg as finely ground ferric citrate, 3) Iron-deficient 
diet: 6 mg Cu(II)/kg + no added iron. Duration: 8 weeks 

Response criteria True absorption. Animal performance. Biochemical response: Plasma ferroxidase I activity, Liver, spleen and plasma content of Fe. Plasma ferroxidase I activity, enterocyte 

copper levels, total enterocyte copper-dependent oxidase activity. 

Results By feeding a diet deficient in copper (no added copper + 70 mg/kg as finely ground ferric citrate), CD was produced, liver iron has been doubled. Copper Deficiency has 
increased iron absorption. When absorption in CD rats has been compared with that seen normally and in iron-devidient anaemic animals, strong correlations have been found 

among mucosal iron, ferritin, and iron absorption, suggesting that the level of iron absorption has been appropiate given that the erythroid and stores stiumulators of iron 

absorption have been opposed in CD. Because CD reduced the activity of Cp, as evidenced by copper-dependent plasma ferroxidase I activity and hepatocyte iron 

accumulation, but iron absorption has increased, it has been unlikely that the ferroxidase activity of Hp has been important and suggests another function for this protein in the 

export of iron from the enterocyte during iron absorption. Also, the copper-dependent ferroxidase activity of Cp has not appear important for iron efflux from macrophages, 

because Kupffer cells of the liver and nonheme iron levels of the spleen have been normal during copper deficiency, suggestion another role for Cp in these cells. 

 

Study code 18318 

Year 2001 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 10 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-phytate-insoluble fibre 

Composition Diets/treatments 2 x 5 factorial design. Insoluble fibre: CE, cellulose; CH, corn husk fibre; WS, watermelon skin fibre; YB, yam-bean root fibre; PC, pineapple core fibre; F, fibre (100 g/kg diet) 

Phytates: 0 vs. 13 g/kg. The test diets contained 75 mg Zn/kg diet and the stock diet contained 35 mg Zn/kg diet as ZnCo3. Duration: 19 days 
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Response criteria Apparent absorption. Animal performance. 

Results Fe absorption was not suppressed by phytate, however, feeding of these three types of fibre (watermelon skin, yam-bean root and pineapple core fibre) promoted Fe absorption 
in rats fed phytate-free diets. 

 

Study code 18461 

Year 2001 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 6 treatments (6/7 replicates per treatment) 

Diet Background Estimated low-iron AIN-93M diet 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Low-iron AIN-93M diet (<5 mg Fe/kg diet):1) FeEDTA low-dose, 2) FeEDTA mid-dose, 3) FeEDTA high-dose, 4) FeSO4 low-dose, 5) FeSO4 mid-dose, 6) FeSO4 high-dose. 

Duration: 31 and 61 days. 

Response criteria Animal performance. Liver, kidney, spleen and plasma content of Fe. 

Results Iron is accumulated from the diet in liver, spleen and kidneys in a dose-dependent manner, and iron derived from FeEDTA is taken up and/or accumulated less efficiently in 

liver and spleen than iron from FeSO4. Moreover, feeding iron up to 11.5 and 11.2 mg/kg body weight/day, derived from FeSO4 and FeEDTA, respectively, did not result in 

tissue iron excess or in any other toxicologically significant effects. 

 

Study code 19182 

Year 1998 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Dietary factors : phytic acid and resistant or soluble starch 

Composition Diets/treatments 1) Digestible starch (DS), 2) Resistant starch (RS), 3) DS + Phytic acid (PA), 4) RS + PA. Duration: 21 days 

Response criteria Apparent absorption. Animal performance .Faecal content of Fe. 

Results Mineral balance was enhanced significantly by RS (Ca, /46%; Mg /50%; Fe /20%; Zn, / 33% and Cu, /61%). The apparent absorption of Fe, Zn and Cu was significantly lower 

in rats fed the DS + PA diet than in rats fed the DS diet (Fe, 035%; Zn, 028%; and Cu, 031%). The negative effects of PA on mineral balance are relatively minor compared 
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with the stimulatory effect of RS. 

 

Study code 19442 

Year 1997 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Zn 

Composition Diets/treatments 1) 300 mg/kg (Fe+) as sulphate, 2) 45 mg/kg (Fe- ), 3) 45 mg/kg (Zn+ ), 4) 15 mg/kg (Zn-). Duration: 2 months 

Response criteria True absorption. Liver, bone, urine, muscle, and faeces content of Fe. 

Results Interactions occur at several stages of the trace elements metabolism, absorption and tissue storage; Fe is more efficient in altering Zn storage than the reverse. 

 

Study code 19493 

Year 1997 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 12 treatments (10 replicates per treatment) 

Diet Background Estimated0.606 mg Fe/kg  

Units’ basis of diets and/or results Diet - As fed basis. Results- Dry matter  

Factors affecting// combinations Interaction: Fe-Si 

Composition Diets/treatments A 2 x 2 x 3 factorial arrangement: Silicon: 0 (-Si) - 500 (+Si) mg/kg. Iron: 35 (-Fe), as ferric citrate, 187 (+Fe) mg/kg. Salts having acidic (A) or basic (B) potentials including 

0.5% of ammonium chloride (+A) or 1% of sodium bicarbonate (+B), or no supplementation of acid or base (-AB).Duration: 8 weeks 

Response criteria Animal performance Liver, heart and kidney content of Fe Biochemical response: Plasma ceruloplasmin, cholesterol. 

Results The supplementation of 500 mg silicon/kg of diet has increased plasma-iron concentration in rats fed the acidic or control diets, but not in rats fed the basic diet. A high dietary-

iron level has suppressed copper absorption and utilization and subsequently imposed a negative effect on its own utilization. An increase in the plasma total-cholesterol 

concentration caused by high dietary-iron level has been likely a consequence of the antagonistic effect of iron on copper absorption and utilization. 

 

Study code 19641 
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Year 1996 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Dietary factors: Cystine and Cysteine. Interactions: Fe-Cu 

Composition Diets/treatments CuA + Cysteine 2% of dietCuA + Cysteine2% of diet CuD + Cystine 2% of diet CuD + Cysteine 2% of diet Cu-adequate diet (CuA) and Cu-deficient diet (CuD)Cu 

concentration gave a range of 0.04 to 0.05 mg Cu/100g diet for the CuD diets and a range of 1.57 to 1.63 mg Cu/100g for the CuA diets. Duration: 10 or 21 days. 

Response criteria Liver, spleen, bone, plasma and heart content of Fe. 

Results Copper-deficient diet increased heart weight, caused anaemia, reduced plasma iron and elevated liver iron. These defects were exacerbated by supplemental cystine. Cysteine 
feeding also exacerbated the defects of dietary copper deficiency including anaemia, increased heart weight, and reduced plasma iron, although cysteine feeding had no 

influence on liver iron concentration. Supplemental cysteine reduced apparent absorption of iron, while supplemental cystine did not. These results suggest that cystine feeding 

enhances the defects of copper deficiency by a mechanism involving impaired mobilization of iron from liver into blood, and that cysteine feeding enhances the defects of 
copper deficiency by a mechanism involving reduced intestinal absorption of iron. 

 

Study code 20220 

Year 1994 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 8 treatments (replicates not specified) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results-Not applicable 

Factors affecting// combinations Interactions: Fe-Zn-Cu-CaEDTA 

Composition Diets/treatments Soya-protein isolate The Fe concentration of all diets was adjusted to 50.1 mg/kg by addition of 31.6 mg Fe/kg, either as FeSO4, 7H2O in diets A and E, or as NaFe3‘EDTA to 

diets B, C, D, F, G and H. In addition, diets C and G were supplemented with Na2EDTA. 2H2O at 300 mg EDTA/kg, and diets D and H were supplemented with Na2EDTA. 
2H2O at 800 mg EDTA/kg. Duration: 21 days 

Response criteria Apparent absorption . Animal performance. Urine content of Fe. 

Results NaFe3+EDTA as a food additive would have no detrimental effect on the metabolism of other nutritionally-important minerals and trace elements. In some situations it might 

improve Zn absorption from low-Zn-bioavailability diets. 

 

Study code 20326 
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Year 1993 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (7 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results- Not applicable 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Exp. C-A: diet A+diet A, 2) Exp. C-B: diet A - diet B (ferric citrate-bovine blood), 3) Exp. F-A: diet 0 (without Fe supplement) - diet A,4) Exp. F-B diet 0 - diet B. Duration: 

30 days 

Response criteria Serum and plasma content of Fe 

Results The ADC of Ca and Mg decreased significantly in Fe-deficient rats regardless of the source of dietary Fe. The HRE increased by 72.9% in Fe-deficient rats fed on diet A, and 
by 91.1% in Fe-deficient animals fed on diet B. In Fe-deficient rats fed on Fe for 10 d the values of haematological variables approached normality. However, serum Fe 

remained low, indicating that Fe reserves were still depleted. A deficient dietary supply of Fe for 30 d did not significantly modify the numbers of circulating leucocytes. 

 

Study code 20353 

Year 1993 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (12 replicates per treatment) 

Diet Background Analysed42.0/38.8/9.5/9.0 mg Fe/ kg  

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Dietary factors: glucose and fructose. Interactions: Fe-glucose-fructose 

Composition Diets/treatments 1) Normal-Fe - Glucose - 709.4 g glucose and 40 mg Fe/kg, 2) Normal-Fe - Fructose 09.4 g fructose and 40 mg Fe/kg, 3) Low-Fe - Glucose - 709.4 g glucose and 10 mg Fe/kg, 
4) Low-Fe - Fructose - 709.4 g fructose and 10 mg Fe/kg. Duration: 28-29 days. 

Response criteria True absorption. Animal performance. Liver, kidney, spleen, tibia, serum, plasma, heart and faecal content of Fe. 

Results Effect of fructose on Fe absorption depends on the Fe source in the diet. With Fe3+ salts, fructose may improve Fe absorption, which may relate to the formation of Fe3+-

fructose complexes in the gastrointestinal tract. The present study using FeSO4, as the Fe source demonstrates that fructose v. glucose lowers Fe absorption in rats, which may 
relate to the decreased Fe concentration in the liquid phase of intestinal digestion. 

 

Study code 20821 

Year 1991 
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Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (6-8 replicates per treatment) 

Diet Background Analysed 7 mg Fe/kg, 192 mg Fe/kg, 162 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Trace elements: Fe 

Composition Diets/treatments 1) Fe-deficient, 2) Fe-adequate (+Fe) ferric citrate Duration 3 weeks. 

Response criteria True absorption. 

Results Non-protein sulfhydryl concentration was positively correlated with, and the best predictor of, Fe absorption in -Fe rats. 

 

Study code 21752 

Year 1986 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Not specified 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: pH-ascorbate-citrate-dietary fibre-Fe 

Composition Diets/treatments 70 or 100 μl of standard ammonium ferrous sulphate heptahydrate or ammonium ferric sulphate dodecahydrate solution containing 1 mg/ml ferrous or ferric iron was added to 

obtain the desired concentration of 0.7 or 1.0 μg Fe/ml. Duration: 10-min periods. 

Response criteria True absorption. Iron retention. 

Results Iron retention has been optimal over a broad pH range from 5 to 7.8. Inclusion of ascorbic acid in the solution injected (5, 25 or 75 μg/ml) has not increased retention of iron in 
either valence state. A low concentration of sodium citrate (2 mM) had no effect on iron retention, but increasing the concentration to 5 mM has released iron from the mucosa. 

Maize and wheat fibres have decreased the retention of ferrous iron by binding and by promoting autoxidation and formation of poorly soluble iron polymers. Bound ferrous 

iron has been released completely at pH be low 5. Retention of ferric iron has been also lowered in the presence of fibre, presumably as a result of polymerization. Retention of 
iron by the rat in the absence of ligands has been independent of valence state. 

 

Study code 21862 

Year 1985 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (12 replicates per treatment) 
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Diet Background Analysed 196 mg Fe/kg 

Units’ basis of diets and/or results Diet - As fed-basis. Results- Fresh matter  

Factors affecting// combinations Interactions : Fe-Xylitol 

Composition Diets/treatments 1) Basal diet: ferrous fumarate (200mg/kg) and its total Fe content was 196 mg/kg 2) Basal diet + 50 g xylitol/kg week 1, 200 g/kg at a rate of 50 g/kg per week and maintained 

at 200 g/kg diet for 5 weeks. Duration: 8 weeks  

Response criteria Animal performance. Liver and serum content of Fe. 

Results Xylitol significantly has increased serum and liver Fe concentrations with a concomitant, significant increase in the duodenal xanthine oxidase activities, but caused a marginal 

increase in the duodenal ferroxidase activities.  

 

Study code 22223 

Year 1983 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 12 treatments (10 replicates per treatment) 

Diet Background Estimated14.8 ppm 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Dietary factors : soy protein, 

Composition Diets/treatments 0, 5, 20 ng/kg Fe (FeSO4 7H2O) + casein/soy flour (SF)/ soy protein concentrate (SC)/soy protein isolate (SI). Duration 3 weeks.  

Response criteria True absorption 

Results Iron status did not affect the relative iron availability among treatments. The rat trials did not indicate any significant differences between iron absorption from meals containing 
soy flour (SF), soy protein concentrate (SC) or soy protein isolate (SI) regardless of the iron status of the rat. 

 

Study code 22434 

Year 1981 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 16 treatments (6-12 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Cu and protein 
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Composition Diets/treatments Cereal diet (R1), a chow diet or purified diets Sixteen of these diets represent a factorial experimental design in which 4 variables: zinc (Z), copper (C), iron (F) as ferrous 
sulphate, and additional protein (P) are supplements to a base diet (B). Duration: 28 days 

Response criteria Liver, serum and plasma content of Fe 

Results Supplementation of the diet with additional iron did not increase the haemoglobin or haematocrit but it did further increase iron storage in the liver. It was suggested that cereal 

enrichment programs might do well to consider copper and protein rather than focus total attention to additional iron and zinc. 

 

Study code 24527 

Year 1997 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (12 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results-Dry matter  

Factors affecting// combinations Interactions: Fe-Cd 

Composition Diets/treatments 1) Standard diet 2) 10% of low Cd yeast (1) 3) 10% of high Cd yeast (2 ), 4) 10% of low Cd yeast + CdCl2, 5) Standard diet + CdCl2, (1) Cadmium concentration in the yeast: 3 

mg/kg (2) Cadmium concentration in the yeast: 60 mg/kg. Duration: 8 weeks 

Response criteria Animal performance. Liver, kidney and duodenum content of Fe. 

Results Chronic exposure to dietary cadmium affects the intestinal absorption of iron and may be one of the factors contributing to the development of an anaemic condition. Besides, 

the results suggest that the presence of yeast in the diet moderates the reduction of iron intake induced by cadmium (either present in yeast or added in the form of CdCl2). 

 

Study code 25443 

Year 1992 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (20 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results-Not specified 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments Semisynthetic diets containing: 1) ZnCO3, 2) Zn5(OH)8Cl2.H2O as the zinc source (13 mg Zn/kg diet), 3) FeSO4, 7H2O, Fe(OH)SO4, 4) Fe4(OH)11NO3.2H2O as the iron source 

(35 mg Fe/kg diet). Duration: 2 weeks 

Response criteria Liver content of Fe red blood cell count (RBC), packed cell volume (PCV), mean cell volume (MCV) and haemoglobin (Hb) concentration. 
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Results The availability of iron from the basic iron salts, however, was very poor when compared to ferrous sulphate. 

 

Study code 15054 

Year 2012 

Animal Category  10. Other categories : Rats  

Nº treatments (replicates/ treatment) 2 treatments (12 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified 

Factors affecting// combinations Trace elements: Fe 

Composition Diets/treatments Dams treatments: 1) Low Fe 7.4 mg Fe/kg (LD ), 2) Control 274 mg Fe / kg (CD)Offspring 250 mg Fe/kg (3-13 weeks), 1) (LD-CD) first stage LD with control-iron diet2) 

(CD-CD) first stage CD with control-iron diet. Offspring diets (13 -29 weeks), 1) (LD-CD-LD) LD-CD rats with low-iron diet, 2) (LD-CD-CD) rats with low-iron dietLow Fe 

7.4 mg Fe/kg. Control 274 mg Fe / kg, as ferric citrate. Duration: 16 weeks 

Response criteria Liver, serum, ferritin, Hb and plasma content of Fe 

Results These findings indicate that rats with an early-life experience of iron deficiency (during pregnancy and the nursing period) can develop stronger iron absorption capabilities in 
adulthood. 

 

Study code 17079 

Year 2005 

Animal Category  10. Other categories : Rats:  

Nº treatments (replicates/ treatment) 4 treatments (12 replicates per treatment) 

Diet Background Analysed 36.7 µg/g diet 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Interactions: Fe-phytate 

Composition Diets/treatments 1) Control, 2) Cholesterol, 3) Na-phytate, 4) Na-phytate + Cholesterol. Duration: 25 days 

Response criteria Liver content 

Results Phytate consumption did not affect liver iron concentrations. However, cholesterol consumption reduced hepatic concentrations of iron. 

 

Study code 17518 
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Year 2004 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (5 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results-Radioactivity 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 1) Cu adequate, 2) Cu deficient. At day 7 and 25, 5 rats from each group received 1 g of their respective diets exogenously labelled with 59Fe. Fe retention was measure for 10 

days. Duration: 35 days 

Response criteria Animal performance. Liver, spleen, plasma, whole body retention, blood parameters, faeces, duodenal mucosa and total body content of Fe. 

Results At d 7, CuD rats absorbed 90% as much Fe as CuA rats, but at d 25, CuD rats absorbed only 50% as much as CuA rats. Apparently, the route of Fe loss in the CuD rats was 
through the gut. At d 16 and 34, CuD rats lost 4 to 5 times more 59Fe in the faeces in a 24-h period than the CuA rats. Also, 59Fe in the duodenal mucosa of CuD rats was 100% 

higher than in CuA rats. These findings suggest that Fe deficiency anaemia in CuD male rats is caused at least in part by reductions in Fe absorption and retention 

 

Study code 19492 

Year 1997 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 8 treatments (15 replicates per treatment) 

Diet Background Estimated3.5% basal mixt that contain 0.606% Fe citrate 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Dietary factors : Ascorbic acid, Interactions: Fe-Si-Ascorbic acid 

Composition Diets/treatments 2x2x2 factorial arrangement: Si levels (0, 500 mg/kg diet)Fe levels as Fe citrate (35, 187 mg/kg diet)Ascorbic acid levels (0, 900 mg/kg diet)Duration: 8 weeks 

Response criteria Animal performance. Liver, plasma and blood parameters content of Fe. 

Results Supplemental silicon, in conjunction with the higher dietary-iron level, prevented the plasma-iron decreasing effect observed for the higher level of iron in the absence of 
silicon. In the absence of ascorbic acid, silicon also increased iron concentration in the liver. Lower growth of the silicon and iron-supplemented rats is believed to be a 

response to a subsequent iron-imposed aberration of copper or zinc metabolism. This is supported by decreased intestinal metallothionein, increased weights (g/100 g body 

weight) of liver, heart, and testes, and decreased packed-cell volume and haemoglobin concentration. The lower plasma-iron level associated with the higher level of dietary 
iron appeared to be an expression of the iron-imposed reduction of liver copper stores. Ascorbic acid decreased plasma-iron concentration and prevented the silicon-related 

increase in liver iron. 

 

Study code 22152 
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Year 1983 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 16 treatments (10 replicates per treatment)Experiment 27 treatments (10 replicates per treatment) 

Diet Background Estimated5.5/6.05 mg Fe/kg (E1 and 2) 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Trace elements : Fe 

Composition Diets/treatments Experiment 1:1) Basal diet (5.5 ppm Fe), 2-6) Basal diet + Fe sulphate from 5 different suppliers (25-31 ppm). Duration: 10 days.  

Experiment 2:1) Basal diet (6.05 ppm Fe), 2-7) Basal diet + Fe sulphate from 6 different suppliers (25-31 ppm). Duration: 10 days 

Response criteria Animal performance. Liver and haemoglobin content of Fe. 

Results The efficiency of converting dietary iron that had been stored for unknown periods into haemoglobin varied from 60 to 84%. This variability was not explained on the basis of 
percent of iron in the ferrous state nor on the percent of iron in the source. The one fresh source used was re-evaluated 3 months later, and its bioavailability had been reduced 

from 84 to 65%. The bioavailability of six fresh ferrous sulphate samples varied from 50 to 59% in experiment 2. It was concluded that, whenever ferrous sulphate is to be used 

as a reference source, fresh salt should be obtained to reduce variability among experiments. 

 

Study code 20898 

Year 1991 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 1. 2 treatments (7-8 replicates per treatment). Experiment 2. 3 treatments (5-7 replicates per treatment) 

Diet Background Analysed. E1:6.7 mg Fe/kg and E2:6.4 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Trace elements : Fe 

Composition Diets/treatments Experiment 1: 1) Basal diet, 2) Basal diet + 200 mg Fe/kg as Fe citrate. Duration: 3 weeks.  

Experiment 2:1) Basal diet, 2) Basal diet + 200 mg Fe/kg as Fe citrate, 3) Basal diet + 500 mg Fe/kg as Fe citrate. Duration: 3 weeks 

Response criteria Animal performance. Spleen and small intestine content of Fe 

Results The secreted mucus layer can trap or bind iron. Because the mucus layer contained more sialic acid presumably an indication that it was thicker-and bound proportionally more 
iron in the Fe-200 and Fe-500 rats than in the Fe-0 rats, this iron-binding ability is interpreted as protection for the animal against excess iron absorption. Its importance, 

relative to other mechanisms of iron absorption regulation at the lumen-mucosal interface, is unknown. The apparent "defect" in mucus synthesis and/or secretion in iron 

deficient rats is intriguing and should be studied further. 

 

Study code 18330 
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Year 2001 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 3 treatments (7 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Zn 

Composition Diets/treatments Treatments:1) Control group was fed the requirement of Zn (38 mg Zn/kg basis diet ), 2) Zn-deficient diet (19 mg Zn /kg diet ), 3)Very low Zn diet (3.8 mg Zn /kg diet). 

Durations: 10 weeks. 

Response criteria Iron status. 

Results In conclusion, dietary Zn deficiency reduced growth rate, testis weight and serum concentration of Zn, Cu, and Fe. Also, this caused reduction in haematological parameters, 
serum proteins, glucose and HDL. Contrariwise, serum lipids and LDL were increased of male and female growing rats. 

 

Study code 18797 

Year 1999 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (7 replicates per treatment) 

Diet Background Analysed 35 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Dietary factors: phytic acid and phytase. Interactions: Fe-phytic acid-phytase 

Composition Diets/treatments 1) Basal diet2) Basal diet + 7.5 g phytic acid/kg3) Basal diet + 15 g phytic acid/kg4) Basal diet + 7.5 g phytic acid/kg + 1000 U phytase/kg5) Basal diet + 15 g phytic acid/kg + 

1000 U phytase/kg. Duration: 4 weeks 

Response criteria Apparent absorption Animal performance Liver, femur, haematocrit, transferrin, and faecal content of Fe. 

Results Phytic acid in the diet reduces apparent iron absorption, thereby changing several indicators of iron status in growing rats. Supplementation of microbial phytase from 

Aspergillus niger would seem to be a means of improving iron availability from phytate-rich food and feedstuffs. 

 

Study code 22525 

Year 1980 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 16 treatments (12 replicates per treatment)Experiment 23 treatment (8 replicates per treatment) 
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Diet Background Not specified 

Units’ basis of diets and/or results Diet – Percentage. Results- Dry matter  

Factors affecting// combinations Dietary factors: gum guar, Na-alginate, agar-agar and carrageenan. Interactions: Fe-carrageenan; Fe-agar agar; Fe-Na alginate 

Composition Diets/treatments Experiment 1:1) Control: a semisynthetic basal diet.2) Gum guar (GG), 3) Carob bean gum (CBG),4) Na-alginate (Na-A), 5) Agar-agar (AA), 6) Carrageenan(C). Duration: 11 

days.  

Experiment 2:1) Control group, 2) Gum guar (GG) was substituted at the 10% for corn-starch, 3) Agar Agar (AA) was substituted at the 10% level for corn-starch. Duration: 21 

days 

Response criteria True absorption. Faeces and carcass mineral content of Fe Balance 

Results Carrageenan (C)and agar-agar (AA) reduced absorption of all minerals tested, Na-alginate (NA-A) decreased Fe-, Cr- and Co-absorption, carob bean gum (CBG) and gum guar 
(GG) interfered with the absorption of Zn, Cr, Cu and Co. Mineral content of rat carcasses, assayed at the termination of the experimental period, did not reveal any significant 

differences between controls and animals fed AA or GG, suggesting that the rat is able to compensate for the increased faecal losses, presumably by reduced urinary losses. 

Ingestion of AA, C or Na-A resulted in a marked increase of faecal dry matter, indicating that hardly any of these substances were degraded, whereas a considerable portion of 
GG and CBG was metabolized, presumably due to the action of intestinal bacteria. 

 

Study code 16887 

Year 2006 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Fresh matter  

Factors affecting// combinations Trace elements: Fe 

Composition Diets/treatments 35 mg Fe (as FeSO4)/kg basal feed (all groups)(day 1)- oral (OR) iron added in basal feed (I and II) or subcutaneous (SC) iron delivered by a single subcutaneous injection (III 

and IV) - 70 µg of iron 59FeSO4 (I) or Na59FeEDTA (II) and 42 µg of Fe in 59FeSO4 (III) or Na59FeEDTA (IV)dosing (day 1) - 59FeSO4 (I)/ Na59FeEDTA(II)/ 59FeSO4(III)/ 
Na59FeEDTA (IV) counting period (days 2−11)- 35 mg/kg basal feed Fe as FeSO4 (I and III)/ NaFeEDTA (II and IV)Duration 12 days 

Response criteria Animal performance. Liver, kidney, spleen, bone, urine, plasma, heart and muscle content of Fe. 

Results NaFeEDTA is absorbed as effectively as FeSO4 if administered orally. Iron is dissociated from EDTA prior to or during intestinal absorption. Some fraction of the dissociated 

EDTA is absorbed separately and may cause the mobilization and redistribution of iron in the body. 

 

Study code 19016 

Year 1999 

Animal Category  10. Other categories : Rats 
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Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results-Not specified 

Factors affecting// combinations Interactions: Fe-Zn 

Composition Diets/treatments Basal dietSupplementation45, 300 mg/kg Fe 15, 45 mg/kg Zn. Duration: 8 weeks 

Response criteria True absorption. Animal performance. Liver, serum, muscle, tissue storage content of Fe. 

Results The competition between Fe and Zn observed in young animals impairs Zn functional status assessed by growth; this relationship is observed even at normal levels of intake, 

and seems to persist as long as the diet is given, suggesting that metabolic regulation is overwhelmed. 

 

Study code 17654 

Year 2004 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 16 treatments (8 replicates per treatment) 

Diet Background Analysed10 and 35 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Dietary factors: cystine and methionine content. Interactions: Fe-Cu; Fe-Mn; Fe-sulphur amino acids 

Composition Diets/treatments 2 x 2 x 2 x 2 factorial design Cu (<1 and 5 mg/kg), Fe (10 and 35 mg/kg) Mn (10 and 50 mg/kg) L-cystine (LCys) DL-methionine (DLMet). Duration: 6 weeks 

Response criteria Liver, spleen, duodenal and serum content of Fe 

Results Increasing dietary Mn had little effect on most variables, except to reduce serum Cu when dietary Cu was adequate but not when it was low, and to reduce RBC SOD1 activity 

when dietary Fe was low but not when it was adequate. Hgb was higher (P < 0.004) in Fe-adequate rats fed LCys than in those fed DLMet, with no effect in Fe-deficient rats. 

Although the anaemia of Cu deficiency in AIN-93G-fed rats was not as pronounced as that reported in rats fed the AIN-76A-based diet, other manifestations of the deficiency 
were prominent. 

 

Study code 25068 

Year 1992 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 6 treatments (12 replicates per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter and Fresh matter  

Factors affecting// combinations Interactions: Fe-Mn 

Composition Diets/treatments 3 x 2 x 2 factorial design. Mn (low, adequate, high as manganese carbonate)Fe (Marginal, high as ferric citrate). Duration: 7 weeks. After 45 days of the test diets; six rats per 
diet were fed with 54Mn; and the remaining six rats were injected intraportally with 54Mn complexed to albumin. 

Response criteria Apparent absorption Kidney, spleen, gut mucosal cell content of Fe. 

Results The decreased true absorption of manganese that we observed in animals fed high dietary iron could reflect either decreased manganese uptake into the mucosal cells or 

reduced transfer from the mucosal cells to the rest of the body. This suggests that iron inhibited manganese uptake into the mucosal cells. Variations in dietary iron intake have 

a greater effect on manganese utilization than variations in manganese intake have on iron utilization. Variations in iron intake affected the concentration of manganese and the 

activity of MnSOD in several tissues, but the greatest effect of variations in iron and manganese intakes occurred in gut mucosal cells. Hence the primary site of the 

manganese-iron interaction was probably in mucosal cells during mineral uptake. 

 

Study code 19991 

Year 19995 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment) 

Diet Background Analysed142 mg Fe/kg diet 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interactions: Fe-Se 

Composition Diets/treatments 1) Torula yeast -based diet (Se-adequate (SeA) ), 2) Se-deficient (SeD). Duration: 24 weeks 

Response criteria Animal performance. Liver, kidney, spleen, serum, heart and blood content of Fe 

Results In conclusion the results obtained in the study suggested that Se deficiency increased iron levels in serum and various tissues because of iron liberated by promoted haemolysis. 
The iron overload could play a role in the pathophysiology of Se deficiency. 

 

Study code 17626 

Year 2004 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 12 treatments (8/7 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- - Dry matter  
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Factors affecting// combinations Dietary factors : fats (safflower oil, flaxseed oil, olive oil, or beef tallow)Interactions: Fe- safflower oil, flaxseed oil, olive oil, or beef tallow 

Composition Diets/treatments A 3 × 4 randomized block design was used. 10, 35, or 100 µg Fe/g diet and either safflower oil, flaxseed oil, olive oil, or beef tallow. Duration: 8 weeks 

Response criteria Animal performance Liver, serum and plasma content of Fe 

Results Findings of the study demonstrated that flaxseed oil and olive oil may altered tissue minerals and affected iron utilization. 

 

Study code 21567 

Year 1987 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) Experiment 13 treatments (8 replicate per treatment)Experiment 2 5 treatments (6 replicates per treatment)Experiment 3 7 treatments (8 replicates per treatment) 

Diet Background Analysed35.2 µg Fe/g diet 

Units’ basis of diets and/or results Results - Fresh matter. Results- Radioactivity 

Factors affecting// combinations Interactions: Fe-Zn 

Composition Diets/treatments Experiment 1. 1) Treatment C-A, control diet with adequate levels of zinc and iron, 2) Treatment IFe-A, diet with excess (1530 microg Fe/g diet) iron added as iron (II) 
sulphate, 3) Treatment 2Zn-A, diet with excess (2441 microg Zn/g diet) zinc added as zinc sulphate heptahydrate. Duration: 21 days. 

Response criteria Apparent absorption Animal performance. Liver, kidney, tibia and blood content of Fe 

Results In general, differences in conclusions drawn from many studies on iron-zinc interactions are attributable to differences in experimental design and in the variables measured 

and not to differences among species. It is noteworthy that recently Bafundo, Baker and Fitzgerald (12) on the basis studies in chicks, and now our laboratory on the basis of 

studies in rats have concluded that ingestion of excess amounts of zinc had greater effects on iron metabolism than ingestion of excess amounts of iron had on zinc metabolism. 
Moreover, investigators studying nutrient interactions should not rely solely on studies in which unadjusted humans or animals are given a single dose of test substances. Acute 

responses to a single oral dose of a diet do not reflect all the changes induced by chronic feeding of the same diet. 

 

Study code 20045 

Year 1994 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) 13.7 mg/kg dietary iron as ferrous sulphate and skim milk (SM) test substance, 2) 13.7 mg/kg dietary iron and skim milk fortified (SMF) test substance, 3) 21.7 mg/kg 
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dietary iron and SM test substance, 4) 21.7 mg/kg dietary iron and SMF test substance. Duration: 13 days 

Response criteria Milk content 

Results Haemoglobin regeneration efficiency (HRE) was significantly higher in the fermented product-given rats than in the skim milk-supplied rats. There was no significant 
interaction in HRE between the dietary iron group and the oral administration group. These results indicate that L. acidophilus SBT 2062 is effective for increasing of iron 

bioavailability in rats. These results indicate that L. acidophilus SBT 2062 is effective for increasing of iron bioavailability in rats. 

 

Study code 17078 

Year 2005 

Animal Category  10. Other categories : Rats 

Nº treatments (replicates/ treatment) 5 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not applicable 

Factors affecting// combinations Dietary factors : phytic acid (PA) 

Composition Diets/treatments 1) Control (0.47 % phytic acid, PA ), 2) Control + 0.1 % PA, 3) Control + 0.2 % PA, 4) Control + 0.3 % PA, 5) Control + 1 % PA 

Response criteria Serum content 

Results Serum iron was significantly reduced, but only in rats on the highest supplement of the tested compounds. Results obtained in this experiment clearly indicate that the PA is 
able to induce hormonal and metabolic changes in animals. These changes seem to result not only from reduced bioavailability of minerals but also from interactions of PA 

with nutrients and enzymes in the liver. 

 

Study code 16511 

Year 2008 

Animal Category  10. Other categories : Rats and Mice 

Nº treatments (replicates/ treatment) 2 treatments (3-6 replicates per treatment) 

Diet Background Analysed53 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Interactions: Fe-Cu 

Composition Diets/treatments 1) Cu deficient diet (AIN76A omitting cupric carbonate) + deionized water with copper sulphate (20 mg Cu/L) (Cu+2) Cu deficient diet + copper-free deionized water (Cu). 
Duration: 32 days 

Response criteria Plasma, Haemoglobin, plasma, brain, intestinal and whole body content of Fe 
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Results Plasma iron was lower throughout the suckling period in Cu- rats but not Cu- mice. Cu- mice derived from dams restricted of Cu only during lactation were also severely 
anaemic without hypoferremia. Intestinal metal analysis confirmed that Cu- pups had major reductions in intestinal concentration of Cu, increased Fe, and normal Zn. However, 

whole mouse (less the intestine) analysis demonstrated normal content of Fe indicating that the limitation in iron transport by intestinal hephaestin had no consequence to total 

iron reserves of the mouse. Further research will be needed to determine the reason Cu- mice were anaemic since the "ferroxidase" hypothesis does not explain this phenotype. 

 

Study code 15084 

Year  

Animal Category  10. Other categories : Mice 

Nº treatments (replicates/ treatment) 4 treatments (3 replicates for the in vitro mRNA analysis; 9 or 10 replicates for the in vivo analysis and 7 replicates for iron in liver determination) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Not specified 

Factors affecting// combinations Interactions: Fe-Vit A 

Composition Diets/treatments Culture 1) Incubation with 10μmol/L all-transretinoic acid or 2) Incubation with vehicle (ethanol) onlyAnimals, 1) Control group (CONT) that received purified AIN93 diet in 

which vitamin A was present as retinol palmitate (4,000 IU/Kg), 2) Vitamin A deficient group (VAD) which received purified AIN93 diet without any addition of vitamin A. 

Response criteria Gene expression. Liver content of Fe  

Results The in vivo results support the idea that vitamin A deficiency may not affect iron absorption but would rather affect iron mobilization mechanisms. On the other hand, our 
results using Caco-2 cells raises the possibility that vitamin A addition to intestinal epithelium may improve iron absorption through the induction of FPN1 gene expression. 

 

Study code 16018 

Year 2010 

Animal Category  10. Other categories : Mice 

Nº treatments (replicates/ treatment) 6 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Supplementation source and dose. Dietary factors 

Composition Diets/treatments A 3 x 2 factorial experiment was designed. 1) Basal diet group (BD), 2) Basal diet + 1% PA group phytic acid (PA), 3) Basal diet + 0.8 g/kg of body weight fructo-

oligosaccharides (FOS) group (FOS1), 4) FOS1 + 1% PA group (FOS1+PA), 5) Basal diet + 2.5 g/kg of body weight group (FOS2) and 6) FOS2 + 1% PA group (FOS2+PA). 

Response criteria Apparent absorption Animal performance. Liver, serum and femur content of Fe 

Results Fructo-oligosaccharides (FOS) enhanced the apparent absorption rate of Ca, Mg, and Fe and increased the hepatic Zn and femur Mg levels, whereas phytic acid (PA) inhibited 

the apparent absorption rate of Mg, Fe, and Zn and decreased serum Mg and Fe, hepatic Mg, Fe and Zn, and femur Zn levels. With regard to the inhibitory effect of PA, FOS 
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restored the apparent absorption rate of Ca, Mg, and Fe, which recovered to the basal diet levels. 

 

Study code 21098 

Year 1990 

Animal Category  10. Other categories : Mice 

Nº treatments (replicates/ treatment) 1 treatment (17 replicates per treatment) 

Diet Background Estimated50 mg Fe/kg 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Diet contained 3.1 (Se 0.3 nmol non-haem-Fe/g (n 3).Insignificant amounts (< 0.01 nmol/g) of haem-Fe were present. Duration: 3 days 

Response criteria Duodenal and stomach content of Fe 

Results The present findings provide identification and quantification of Fe species, present during dietary digestion and absorption, which can be related to Fe complexes used in 
model studies of Fe uptake by duodenal mucosa. These species include transient forms of Fe which are available for uptake by a proposed, non-esterified fatty acid-mediated, 

mucosal uptake mechanism, suggesting that this mechanism can operate in dietary Fe absorption. 

 

Study code 21339 

Year 1988 

Animal Category  10. Other categories : Guinea pigs 

Nº treatments (replicates/ treatment) 4 treatments ( 9 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Dietary factors: ascorbic acid. Interactions: Fe- ascorbic acid 

Composition Diets/treatments Guinea-pig dams were fed on purified diets containing high (5 g/kg diet plus I g/l drinking water) or moderate (0.5 g/kg diet) levels of ascorbic acid, in combination with high 

(1 g/kg diet) or moderate (0.043 g/kg diet) levels of iron, during pregnancy and suckling. Their offsprings' diets contained 0.1 g ascorbic acid/kg and 0.04 g Fe/ kg. 

Approximate intakes (mg/d): 1) Group A; 400 ascorbate, 40 Fe; 2) Group B; 20 ascorbate, 40 Fe; 3) Group C: 400 ascorbate, 1.8 Fe; 4) Group D: 20 ascorbate, 1.8 Fe 

Response criteria Animal performance. Liver and spleen content of Fe 

Results High ascorbic acid intake clearly enhanced both tissue ascorbate and Fe storage in the dams, and high Fe intake increased both the dams‘ and the pups‘ tissue Fe stores. In the 
animals receiving high Fe intake, a co-existing high ascorbate intake by the dams reduced the growth rate of the offspring, but only during the early stages of development, not 

during the later stages of post-weaning growth.  
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Study code 22542 

Year 1980 

Animal Category  10. Other categories : Guinea pigs 

Nº treatments (replicates/ treatment) 5 treatments (4,5,6, replicates per treatment)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Dietary factors: ascorbic acid. Trace elements : Fe, Cu Interactions: Fe- ascorbic acid 

Composition Diets/treatments 1) Control group. The amount of ascorbic acid (25 mg/animal/day ), iron (7.5 mg/ animal/day) and copper (0.5 mg/animal/ day) consumed by the control group was provided 

by a stock diet (Purina Guinea Pig Chow, Ralston Purina, St. Louis, MO ).2) - Ascorbic acid-supplemented group. 3) Iron-supplemented group. 4) - Iron-ascorbic-acid-

supplemented group. 5) Scorbutic group. Duration 21 days. 

Response criteria Liver, ferritin and hemosiderin, spleen and plasma content of Fe. 

Results High dietary ascorbic acid (10 times control) increased tissue ascorbic acid levels and produced a decrease in liver ferritin and hemosiderin, without altering liver or plasma 
total iron. Conversely, splenic total iron increased with no changes in ferritin and hemosiderin iron. The increased ascorbic acid did lower copper levels in blood and liver, 39% 

and 52%, respectively. In guinea pigs maintained on an ascorbic acid-free diet for 21 days, a decrease in hepatic ferritin and total iron was observed, as well as an increase in 

splenic hemosiderin and total iron. 

 

Study code 15205 

Year 2012 

Animal Category  In vitro 

Nº treatments (replicates/ treatment) Phytase plate assay method 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions 

Composition Diets/treatments Blank, IP1, IP2, IP3, IP4, IP5 (3 different positional isomers), IP6. IP - myo-inositol phosphate. The ferric reagent used was Fe3+ sulfosalicylic acid solution. 

Response criteria Absorption. 

Results The in vitro data with IP (1-5) generated with microbial 3- and 6-phytases indicate that, for complete alleviation of pepsin inhibition, IP(6) needs to be broken down to IP(1-2.) 

In contrast to the aggregation with protein, the reactivity of IP(1-6) toward Fe(3+) decreased proportionally from IP(6) to IP(3.) Based on the radical decrease in turbidity of 

IP(6) -protein complex observed, as a result of IP(6) dephosphorylation to IP(5), a novel qualitative and semi-quantitative phytase plate assay was established using IP(6)-
protein complex incorporated into an agarose petri-dish as substrate. Phytase activity was shown as the development of clear halos on the agarose plate with time. This simple 

phytase plate assay method can be used at animal farms, control laboratories, and even for the screening of engineered phytase variants. The current study, thus, stresses the 
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importance of the efficient hydrolysis of IP(6) at lower pH range to alleviate the negative effect of phytic acid and its degradation products on protein and Fe(3+) digestion. 

 

Study code 15294 

Year 2011 

Animal Category  In vitro 

Nº treatments (replicates/ treatment) Isolated enterocytes 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation source and dose. Interaction Cd. 

Composition Diets/treatments Total Fe: 0, 0.25, 1, 2, 3.5 and 5 mM; added as Fe-ascorbate on the uptake rate of 0.15 μM Cd2+were examined for 10 min. 

Response criteria True absorption. 

Results The apical uptake of free Cd(2+) in the enterocytes was a saturable and high-affinity transport process. Both zinc (Zn(2+)) and iron (Fe(2+)) inhibited cellular Cd(2+) uptake through 
a competitive interaction, suggesting that Cd(2+) enters enterocytes via both Zn(2+) (e.g., ZIP8) and Fe(2+) (e.g., DMT1) transport pathways. Cellular Cd(2+) uptake increased in 

the presence of HCO(3)(-), which resembled the function of mammalian ZIP8. Cellular Cd(2+) uptake was unaffected by Ca(2+), indicating that Cd(2+) does not compete with Ca(2+) 

for apical uptake. 

 

Study code 16147 

Year 2009 

Animal Category  In vitro 

Nº treatments (replicates/ treatment) Probiotic bacteria Caco-2 cells 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Fe in upper chamber (μg). Bean sample Non inoculated with bacteria. White 2.07 µg. White + inulin 2.08 µg. Red 2.65 µg. Red + inulin 2.79 µg Inoculated with B. infantis. 

White 2.07 µg. White + inulin 2.10 µg. Red 2.72 µg. Red + inulin 2.63 µg. Inoculated with L. acidophilus. White 2.04 µg. White + inulin 2.13 µg. Red 2.75 µg. Red + inulin 
2.64 µg. 

Response criteria True absorption. 

Results Supplemental inulin did not affect Fe uptake from white nor red beans. Incubation with B. infantis increased total soluble phenols (TSP) in the digests and decreased Fe uptake. 

Incubation with L. acidophilus decreased TSP in the digest and increased Fe uptake. Variations in Fe uptake were not associated with soluble phytate concentrations in the 

digests. The largest change in flavonoids profile was found in the digests incubated with L. acidophilus, which decreased the soluble concentration of astragalin (kaempferol-3-
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O-glucoside). The results suggested that certain probiotics could increase Fe uptake from common beans. 

 

Study code 17411 

Year 2005 

Animal Category  In vitro 

Nº treatments (replicates/ treatment) Caco-2 cells 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) Control, 2) Control + 100 µM FeMHA, 3) Control + 250 µM FeMHA, 4) Control + 100 µM FeNTA, 5) Control + 250 µM FeNTA. Duration: 180 min 

Response criteria Other : Intracellular Fe content of Fe and transhepitelial transport. 

Results Experiments in vitro with human intestinal Caco-2 cells indicated that the MHA/Fe chelate was taken up by the cells without any apparent toxic effect. The iron uptake was 
higher than that of iron nitrilotriacetate (Fe(3+)NTA), an effective chelate for delivering iron to milk diets. In conclusion, these data indicate that the use of MHA chelates could 

be a valuable tool to increase bioavailability of trace minerals and reduce the environmental impact of animal manure. 

 

Study code 23859 

Year 2004 

Animal Category  In vitro 

Nº treatments (replicates/ treatment) Caco-2 cells 

Diet Background No specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interaction: EDTA 

Composition Diets/treatments a) Incubation mixtures were prepared containing PBS adjusted to pH 5.5, 37 kBq 59Fe and 3 mol/L of iron as ferrous fumarate, ethylenediaminetetraacetic acid ferric-sodium 

salt (NaFe-EDTA), iron-amino acid chelate (Ferrochel) or electrolytic iron.c). Increasing concentrations of NaFe-EDTA at 1.5, 3.0, 6.0 and 9.0 mol/L were tested 

Response criteria True absorption. 

Results Except for the addition of ascorbic acid, under the experimental conditions used, Caco-2 cells were not capable of obtaining iron from NaFe-EDTA. Furthermore, iron uptake 

from electrolytic iron was inhibited when Na(2) or K(2)-EDTA were included. Ferritin determinations to Caco-2 cells evaluated 24h after 1h incubation periods, showed that 
NaFe-EDTA did not induce new ferritin synthesis, since iron did not enter the cells. Further studies are required to evaluate incorporation of iron from NaFe-EDTA to a 

common iron pool and the requirements for iron uptake by Caco-2 cells. 
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15613    ~ ~ ~ ~    

15668   ~ ~ ~ ~ ~ ~ ~  

15897    ~  ~     

16024      ~   ~  

16061      ~   ~  

16082     ~ ~   ~  

16132      ~     

16134      ~     

16318    ~ ~ ~ ~  ~  

16377    ~ ~ ~ ~    

16405    ~ ~ ~ ~  ~ ~ 

16803    ~ ~ ~   ~ ~ 

16837    ~ ~ ~     

16857    ~  ~   ~ ~ 

16998    ~  ~   ~  

17123 ~   ~ ~ ~     
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17149    ~  ~ ~ ~ ~ ~ 

17213   ~ ~ ~ ~ ~  ~  

17444   ~ ~ ~ ~ ~    

18011   ~ ~ ~ ~   ~ ~ 

18852    ~ ~ ~   ~ ~ 

18869    ~ ~ ~   ~  

18885    ~ ~ ~   ~  

18996    ~ ~ ~ ~  ~ ~ 

19046  ~ ~ ~ ~ ~ ~  ~  

19469    ~ ~ ~     

19610    ~  ~     

19887    ~ ~ ~ ~ ~   

19959    ~ ~ ~ ~  ~ ~ 

20321    ~ ~ ~ ~  ~  

20978   ~ ~ ~ ~ ~  ~  

22191   ~ ~ ~ ~ ~ ~ ~ ~ 

22275   ~ ~ ~ ~ ~  ~ ~ 

22784     ~ ~ ~  ~ ~ 

22812    ~ ~ ~     

22912  ~  ~ ~ ~ ~ ~   

23018     ~ ~   ~  

23025    ~  ~   ~  
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23225   ~ ~ ~ ~ ~ ~   

23248    ~ ~ ~ ~  ~  

23363    ~ ~ ~ ~ ~ ~ ~ 

23469    ~  ~   ~ ~ 

23667    ~ ~ ~ ~    

23819    ~ ~ ~   ~  

23824     ~ ~ ~  ~  

23896    ~  ~     

23908  
 ~ ~ ~ ~ ~  ~ ~ 

24085   ~ ~ ~ ~ ~ ~ ~ ~ 

24296    ~ ~ ~ ~  ~ ~ 

24319    ~ ~ ~ ~  ~ ~ 

24728    ~ ~ ~   ~  

26786    ~ ~ ~     

27275   ~ ~ ~ ~ ~ ~ ~ ~ 

27879    ~ ~ ~ ~    

27919   ~ ~ ~ ~ ~  ~ ~ 

28578    ~ ~ ~   ~  
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15078 
  ~ ~ 

15138 
 ~ ~ ~ ~ ~ ~ ~ 

15265 
  ~ 

15276 
  ~ ~ ~ ~ ~ ~ 
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  ~  ~ 

15923 ~ ~ ~ ~ ~ ~ ~ ~ 

17110 
  ~ ~ ~ 

18010 
 ~ ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ ~ 
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 ~  ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ 
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  ~ ~ ~ ~ 

22925 
   ~ ~ ~ 

23061 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
23094 ~ ~ ~ ~ ~ ~ ~ ~ 

23173 
 ~ ~ ~ ~ ~ 
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 ~ ~ ~ ~  ~ ~ ~ 
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  ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ 
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   ~ ~ ~ 
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15833 ~ ~ ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ 
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  ~ ~ ~ 
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  ~ ~ ~ ~ ~ 

21461 
  ~ ~ ~ ~ ~ ~ 

21529 
  ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ ~ 

23895 
 ~ ~ ~ ~ ~ ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

24374 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ 

24847 
 ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ ~ 

25191 
 ~ ~ ~ ~ ~ ~ 
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15318 ~ ~  ~ ~ ~ ~ ~ ~ 
16107 

  ~ ~ ~ 
17331 

  ~ ~ 

17397 
 ~ ~ ~  ~ ~ ~ 

19973 
  ~ ~ ~ ~ 

21388 
  ~ ~ ~ ~ ~ 

21896 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
22311 

  ~ ~ ~ 

24205 
  ~ ~ 

24716 
  ~ ~ ~ ~ 
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   ~ ~ ~ ~ 

17751 
 ~ ~ ~ ~ ~ 

23988 
  ~ ~ ~ ~ 

24178 
 ~ ~ ~ ~ ~ ~ ~ 

24390 
  ~ ~ ~  ~ ~ 

24391 
 ~ ~ ~ ~ ~ ~ ~ 

24545 ~ ~ ~ ~ ~ ~ ~  ~ ~ 
24565 

  ~ ~ ~ ~ ~ 

27740 
  ~ ~ ~ ~ ~ 
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16305    ~ ~ ~ ~  ~ ~ 

17173 ~ ~  ~ ~ ~ ~ ~ ~ ~ 
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Other. Rats/Mice and cell cultures 
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14965 ~ ~ ~ ~ ~ ~ ~ ~   

15054   ~ ~ ~ ~  ~  ~ 

15084   ~ ~  ~ ~ ~ ~ ~ 

15205  ~ ~ ~ ~ ~ ~  ~ ~ 

15225     ~ ~     

15259   ~ ~ ~ ~ ~  ~ ~ 

15294   ~  ~ ~  ~ ~  

15299   ~ ~ ~ ~ ~ ~ ~ ~ 

15449    ~ ~ ~   ~ ~ 

15544     ~ ~ ~    

15581  ~ ~ ~ ~ ~   ~ ~ 

15695   ~ ~ ~ ~ ~ ~ ~  

15783 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

15913   ~ ~ ~ ~ ~ ~ ~ ~ 

15966    ~ ~ ~ ~  ~  

16018    ~  ~    ~ 

16147     ~ ~   ~ ~ 
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16283 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

16511   ~ ~ ~ ~ ~   ~ 

16532  ~ ~ ~ ~ ~ ~ ~   

16887     ~ ~   ~ ~ 

17078  ~ ~ ~ ~ ~ ~ ~ ~  

17079    ~ ~ ~     

17157  ~ ~ ~  ~ ~  ~  

17181    ~ ~ ~ ~  ~ ~ 

17305    ~ ~ ~ ~  ~ ~ 

17411    ~ ~ ~   ~  

17518    ~ ~ ~   ~ ~ 

17626      ~   ~ ~ 

17654 ~ ~ ~ ~ ~ ~ ~ ~   

17839  ~ ~ ~  ~ ~ ~ ~ ~ 

18226 ~ ~ ~ ~  ~  ~ ~ ~ 

18318 ~ ~ ~ ~ ~ ~ ~  ~ ~ 

18330 ~ ~  ~ ~ ~ ~ ~ ~ ~ 

18461   ~ ~ ~ ~ ~  ~  
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18676    ~ ~ ~ ~ ~ ~ ~ 

18797    ~ ~ ~     

19016 ~ ~ ~ ~ ~ ~ ~ ~ ~  

19053 ~   ~ ~ ~ ~ ~ ~ ~ 

19182   ~ ~ ~ ~ ~  ~  

19442  ~ ~ ~  ~ ~    

19492    ~ ~ ~   ~  

19493 ~ ~  ~  ~ ~  ~  

19641   ~ ~ ~ ~ ~  ~  

19764   ~ ~ ~  ~ ~   

19991 ~ ~ ~ ~ ~ ~ ~ ~   

20045      ~ ~ ~  ~ 

20220    ~  ~   ~  

20326 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

20353  ~ ~ ~  ~ ~    

20468 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

20661 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

20821  ~ ~ ~ ~ ~     
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20898    ~ ~ ~ ~    

21098 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

21239 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

21339   ~ ~ ~ ~ ~  ~ ~ 

21429    ~ ~ ~ ~ ~ ~ ~ 

21567 ~  ~ ~ ~ ~ ~ ~  ~ 

21752 ~ ~ ~ ~  ~ ~ ~ ~ ~ 

21862 ~ ~  ~  ~ ~ ~  ~ 

21871 ~ ~  ~ ~ ~ ~ ~ ~ ~ 

22016 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

22135 ~ ~  ~ ~ ~ ~ ~ ~  

22149 ~ ~ ~ ~ ~ ~ ~ ~ ~  

22152     ~ ~ ~ ~ ~  

22193     ~ ~ ~ ~ ~ ~ 

22223 ~ ~ ~ ~ ~ ~ ~ ~   

22434 ~ ~ ~ ~ ~ ~  ~ ~  

22461 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

22525 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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22542   ~ ~ ~ ~ ~ ~ ~ ~ 

23859    ~ ~ ~ ~  ~ ~ 

24527  ~ ~ ~ ~ ~ ~  ~  

24729    ~  ~ ~ ~ ~ ~ 

24807 ~   ~ ~ ~ ~  ~ ~ 

25068 ~ ~  ~ ~ ~ ~ ~ ~ ~ 

25443   ~ ~  ~ ~ ~ ~ ~ 
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EXECUTIVE SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of 

manganese (Mn) additives and their incompatibilities and interactions, in particular when combined 

with other feed additives or components of the animal diet. Different search chains were performed for 

each one of the elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web 

of Knowledge), and the resulting references were managed by using the open-source reference tool 

DistillerSR
©
 systematic review software. The DistillerSR

©
 library contained not only the specific 

literature search for searched keywords but also separate sub-libraries containing literature that was 

included or excluded from the ELS. This is based on several consecutive phases to accurately select 

the articles complying with the inclusion criteria. Identification and removal of duplicates were 

executed in 2 steps: one based on the title and abstract, and the following one according to the full 

text. In order to avoid the loss of key papers, each selection was performed by duplicate. A database in 

MS Excel format, recording the most important items derived from selection process, was obtained. 

The search process was documented in enough detail to ensure that it can be reproduced and that 

search strategies can be repeated, i.e. the search terms and search term combinations for all databases 

are clearly reported in the protocol. In the first level of selection, based on title and abstracts, a total of 

3791 articles were excluded to be completely unrelated with the search objectives, as they were not 

about Mn, animal species and/or bioavailability issues. Finally, 794 articles were retained to be 

potentially related with the search questions. In case of doubt or the abstract did contain few/no 

information, the article was automatically retained to the next level. Up to 539 full-text articles were 

obtained from on-line sources, while the remaining (n=255) were kept as pending to be found. After 

the assessment of the full-text references, a total of 349 articles were excluded to be finally unrelated 

with the subject. In consequence, 190 references were retained to answer the extraction data form. 

Poultry, on one hand, and rats and mice, on the other one, were the two animal species for which a 

higher number of studies on bioavailability of manganese was selected (n=68 and n=35, respectively). 

A lower number of investigations was found for bovines (n=27), pigs (n=19), fish (n=17), and sheep 

(n=18), while those corresponding to horses (n=2), pets (n=2), rabbits (n=1), and goats (n=1) were 

only testimonial. Studies assessing incompatibilities of Mn using in vitro  models were not found, 

either through the searching protocol strategy or through other additional sources. Taking into account 

the articles included in the search, the most commonly used indicators of Mn bioavailability were liver 

and plasma (or serum) content in pigs, bovines, and sheep. Bone content was extensively reported in 

studies with poultry, highlighting the high sensitivity when considering Mn content in tibia. Studies 

with poultry included measures such as egg content, feather content, breaking strength, eggshell 

breaking or thickness, and leg abnormality score, among others. A wide range of studies with 

salmonids used coefficients such as the ―apparent digestibility coefficient‖ to compare the efficacy 

between treatments. Other comparative investigations used data on total body burdens of manganese. 

Finally, the activity and expression of the Mn superoxide dismutase have been implemented in several 

studies with poultry, sheep, and fish. Relative bioavailability of Mn has been widely reported in 

poultry, and few studies with sheep and bovines. Interactions of Mn have been mainly studied in 

poultry, rats and mice, as well as in pigs and fish. Most authors assessed the combinations of Mn with 

other elements, such as Fe, Co, Ca or Zn. Another set of manuscripts was focused on evaluating the 

effect of the combinations of other compounds such as phytase and phytate, tannic acid, lactose, 

fructo-oligosaccharides, bentonite, or silicon. Iron and phytate mainly showed an antagonistic effect, 

as they decreased the bioavailability of manganese. Contrastingly, Mn bioavailability can be increased 

by means of other combinations, pairing Mn with Zn or phytase. 
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1. INTRODUCTION 

Manganese is one of the least abundant trace elements in all livestock tissues. This mineral forms a 

link in the chain of calcium metabolism. The major functions of Mn can be linked to the 

metalloenzymes. Insufficient manganese impairs the cartilage development, through a reduced 

synthesis of mucopolysaccharides, causing skeletal disorders. Impaired mucopolysaccharide synthesis 

may also result in subnormal egg production and poor shell formation. Mn has an important function 

in blood clotting and lipid and carbohydrate metabolism. As Mn deficiency lowers the activity of the 

Mn superoxide dismutases, this element is very important for the protection of cells against damage by 

the free oxygen radical O2¯. Abnormal male and female reproductive functions are also related with a 

lack of sufficient Mn (Jongbloed et al. 2002; Suttle, 2010). The acute toxicity of Mn is relatively low. 

The oral LD50 of Mn chloride is ranged 275-450, 250-275 and 400-810 mg/kg bw in mice, rats and 

guinea pigs, respectively. The ingestion of Mn may delay reproductive maturation in male animals, 

reduce testosterone levels and delay growth of the testes. Parenteral Mn administration was reported to 

active degenerative changes in the seminiferous tubulus, resulting in infertility (SCF, 2000). Mn 

requirements were estimated to be ranged between 2-20 mg Mn/kg in pigs, 17-60 mg Mn/kg in 

poultry, 12-45 mg Mn/kg in bovines, 12-55 mg Mn/day in sheep, 3-49 mg Mn/day in goats, 67.4-900 

mg Mn/day in horses and 13 mg Mn/kg in rainbow trout (NRC, 1993, 1994, 1998, 2000, 2007). 

The Scientific Committee on Animal Nutrition (SCAN) issued a report on the use of 

manganomanganic oxide in feedingstuffs (EC, 2002).EFSA issued an Opinion on the safety of the 

―Chelated forms manganese with synthetic feed grade glycine‖ (EFSA, 2005). Moreover, the 

European Food Safety Authority was requested to deliver a Scientific Opinion on the safety and 

efficacy of a manganese chelate of the hydroxy analogue of methionine (Mintrex
®
Mn) as a feed 

additive for all species (EFSA, 2008, 2009, 2010a). More recently, the Panel on Additives and 

Products or Substances used in Animal Feed (FEEDAP) delivered two Scientific Opinions on the 

safety and efficacy of manganese chelate of amino acids hydrate and manganous oxide, when used as 

feed additive for animal species (EFSA, 2013a,b). 

Ten Mn compounds ("manganous carbonate", "manganous chloride, tetrahydrate", "manganous 

hydrogen phosphate, trihydrate", "manganous oxide", "manganic oxide", "manganous sulphate, 

tetrahydrate", "manganous sulphate, monohydrate", "Mn chelate of amino acids hydrate", 

"manganomanganic oxide", and "Mn chelate of glycine hydrate") were regulated as feed additives by 

the European Commission ―Without a time limit‖ for all animal species by the Commission 

Regulations (EC 2003a,b; EC, 2006).  
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix V.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (11/07/2013). A total of 7207 

raw articles were retrieved from the sum of SCOPUS (n=3925), PUBMED (n=2106) and ISI 

(n=1176). These references were imported and merged in an EndNote
®
 library. A first duplicated 

deletion was performed by means of the EndNote
®
 application (duplicated n=2622). The merged 

references were imported to DistillerSR
©
 on-line server to perform a second duplicated deletion by 

means DistillerSR
©
‘s tool (n=508). A final pool of 4585 articles was ready to perform the selection 

process (See Fig. 6). 

 

Figure 6. Flow chart of the ELS process for articles related to Mn, and number of articles retrieved. 

 

In the first level of selection, based on title and abstracts, a total of 3791 articles were excluded to be 

completely unrelated with the search objectives, as they were not about Mn, animal species and/or 

PUBMED (n=2106) Date: 11/07/2013 

SCOPUS (n=3925) Date: 11/07/2013 

ISI (n=1176) Date: 11/07/2013 

Total records 

(n=7207) 

Records (full texts) potentially eligible (n=794) 

EXCLUDED obviously 

irrelevant records 

(n=3791) 

Duplicates (n=2622) 

Studies included in the review 

(n=190) 

EXCLUDED (n=349) 

Pilot full text 

selection 

process 

 

Screen 

titles/abstracts  

Total records 

(n=4585) 

NOT FOUND (n=255) 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

514 

bioavailability issues. Finally, 794 articles were retained to be potentially related with the search 

questions. In case of doubt or the abstract did contain few/no information, the article was 

automatically retained to the next level. 

Up to 539 full-text articles were obtained from on-line sources, while the remaining (n=255) were kept 

as pending to be found. 

After the assessment of the full-text references, a total of 349 articles were excluded to be finally 

unrelated with the subject. In consequence, 190 references were retained to answer the extraction data 

form (See Appendix V.C). 

 

2.2. Data synthesis
(References of this section can be found in Appendix V.C)

 

Most of the studies retained in the selection, assessed bioavailability issues of manganese on poultry 

(n=68) and rats and mice (n=35). Other investigations were focused on bovines (n=27), pigs (n=19), 

fish (n=17), and sheep (n=18), while very few studies concerning horses (n=2), pets (n=2), rabbits 

(n=1), and goats (n=1) were retained in the selection. Studies assessing incompatibilities of Mn using 

in vitro models were not found, either through the searching protocol strategy nor through other 

additional sources. 

In case of poultry, two main set of articles were identified: 1) articles intended to assess efficacy and 

differences on bioavailability between inorganic and organic manganese forms, and 2) manuscripts to 

assess other factors affecting the bioavailability (interactions with other minerals or dietary factors). 

The studies carried out with the other species were mainly focused on assessing the interactions 

between manganese with other minerals or with different dietary factors. 

The summary of the animal categories, molecular forms, factors affecting the bioavailability and the 

indicators of bioavailability used in the studies, can be found in Table 14. More extensive information, 

relative to each animal category, can be found in Appendix V.D, while complete raw data are 

available in the raw database file (Excel file). 

Considering the studies included in the search, the most commonly used indicators of manganese 

bioavailability were liver content and plasma/serum content in pigs, bovines, and sheep. Bone content 

was extensively reported in studies with poultry, highlighting the datum of content in tibia as highly 

sensitive, as well as with fish (Salmonids). Studies with poultry included measures such as egg 

content, feather content, breaking strength, eggshell breaking or thickness, or leg abnormality score. A 

wide range of studies with Salmonids used coefficients such as ―Apparent digestibility coefficient‖ in 

order to compare the efficacy between treatments. In turn, other authors compared the whole body 

content in the same species. The activity and expression of the Mn superoxide dismutase has been 

implemented in several studies with poultry, sheep, and fish. 

 

Table 14. Summary table concerning the animal categories, molecular forms, factors affecting the 

bioavailability and the indicators used in the processed studies. 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs 1.1. Pigs. Piglets 

(suckling)  

1.2. Pigs. Piglets 

(weaned)  

1.4. Pigs. Pigs for 

fattening  

Sulphates 

Carbonates  

Amino acid 

chelates  

Mn Proteinates  

Interactions: Chlorella 

vulgaris, Na-alginate 

Inulin, Fe, P, Zn, Cu, 

Ca, Ca-P, CaCO3, 

phytase 

Essential oils 

Diet, food matrix 

Supplementation form, 

concentration 

 

Animal performance 

Liver content 

Kidney content 

Heart content 

Duodenal content 

Spleen content  

Oesophagus content 

Testes content 

Plasma content  

Serum content 

Carcass content 

Bone content 

Urine content 

Faecal content 

IgG, IgA, IgM,  

Thyroid response 

Bioavailability  

Digestibility 

Apparent balance 

True absorption 

2.Poultry 2.1. Poultry. 

Chickens for 

fattening  

2.2. Poultry. 

Chickens reared 

for laying  

2.3. Poultry. 

Laying hens 

 

Oxides 

Sulphates  

Methionine 

chelates 

Aminoacid 

chelates 

HMTBa Mintrex 

Saccharomyces 

cerevisiae yeast 

Mn Proteinates 

Fumarate 

Propionate 

Interactions: Mn-Zn, 

phytase, EDTA, citric 

acid, P, Ca, Co, Cr, Fe, 

cholecalciferol, boron, 

1,25-(OH)2D3 

Coccidiosis infection 

Diet, food matrix 

Supplementation form, 

concentration 

Location 

Caecectomization 

 

Animal performance  

Liver content  

Kidney content 

Spleen content 

Pancreas content 

Bone content (tibia) 

Muscle content 

Breast content 

Skin content 

Feather content 

Egg content 

Egg yolk content 

Egg albumin Mn 

Breaking strength 

Eggshell breaking, 

thickness 

Leg abnormality score 

Carcass content 

Serum content 

Plasma content 

Heart Mn superoxide 

dismutase (SOD) 

MnSOD (expression) 

Faecal content 

Bile content 

Apparent absorption 

Digestibility 

3.Bovines 3.1. Bovines. 

Calves for rearing 

3.2. Bovines. 

Calves for 

fattening 

3.3. Bovines. 

Oxides 

Sulphates 

Mn disodium 

EDTA 

Aminoacid 

chelates 

Interactions: Cr-Mn, 

Mn-Ni-Protein, Mn-

Hg-Cd, Cu-Mn,  

Supplementation form 

Conceived vs. failed 

Animal performance  

Reproductive performance 

Liver content  

Kidney content 

Spleen content  

Lung content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

Cattle for 

fattening 

3.4. Bovines. 

Dairy cows for 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

Methionine 

chelates 

Peptide Mn 

HMTBA 

Muscle content 

Plasma content   

Serum content  

Milk content 

Colostrum content 

Faecal content 

Digestibility 

True absorption 

Erythrocyte glutathione 

peroxidase activity 

4.Sheep 4.1. Sheep. 

Lambs for rearing 

4.2. Sheep. 

Lambs for 

fattening 

Oxides 

Carbonates 

Sulphates 

Aminoacid 

chelates 

Methionine 

chelates 

Diet, matrix content 

Age 

Animal performance  

Liver content  

Kidney content 

Spleen content 

Pancreas content 

Brain content  

Lung content 

Muscle content 

Bone content 

Plasma content 

Serum content  

Faecal content 

Urine content 

MnSOD 

Absorption 

5. Goat 5.1. Goat. Kids 

for rearing 

 Dietary factors Biochemical response 

Plasma content 

6. Fish 6.Rainbow trout 

6.Atlantic salmon 

Sulphates 

Aminoacid 

chelates 

 

Interactions: phytase, 

Ca, P, Fe, 

cholecalciferol, citric 

acid, Na citrate EDTA, 

KCl, Histamine, 

ascorbic acid, vitamin 

D3, inositol+choline 

Diet, matrix content 

Supplementation form 

Animal performance 

Plasma content 

Heart content 

Bone content 

Liver content 

MnSOD 

Alkaline phosphatase (ALP) 

Whole body content 

Faecal content 

Apparent digestibility 

coefficient (ADC),  

Availability coefficient 

(AAC) 

Absorption 

7. Rabbit 7.1. Rabbits. 

Rabbits suckling 

and weaned 

7.2. Rabbits. 

Rabbits for 

fattening  

 Interactions: Cu 

 

Liver content 

Kidney content 

Spleen content 

Brain content 

Heart content 

Intestines content 

Lung content 

8. Horses 8. Horses  Supplementation 

Diet content 

Hair content 

Liver content 

Kidney content 

Plasma content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

9. Pets 9. 2. Pets and 

other non-food-

producing 

animals. Cats 

Sulphate Interactions: Cu Liver content 

Spleen content 

Brain content 

Heart content 

Lung content 

Milk content 

10. Other: 

Rats/Mice 

10. Other: 

Rats/Mice 

Chloride 

Sulphate 

Propionate 

Interactions: bentonite, 

silicon, arginine, 

cysteine, Cd, As, Fe, 

Mg, 

fructooligosaccharides, 

phytic acid, Al, DON, 

lactose, steroid 

hormones, sulphite, 

tannic acid, ethanol. 

Supplementation form, 

concentration 

Diet content 

Liver content  

Kidney content 

Spleen content 

Brain content  

Duodenum content 

Muscle content 

Bone content 

Plasma content   

Serum content  

Carcass content 

Bile content 

Milk content 

Urine content 

MnSOD 

Absorption (apparent) 

 

 

2.2.1 Factors affecting the bioavailability of Mn in pigs 

o Assessment of bioavailability 

The mean absorption of Mn in pigs was found to be low in a study where eight crossbred male piglets 

were dosed with radiolabeled Mn (9.25 mBq) 
(9175)

. The authors reported that the mean absorption was 

0.5%, while the apparent absorption (total 
54

Mn intake-total-
54

Mn faeces, through ten days) reached a 

value of 1.7%. Endogenous excretion of Mn through bile was found to be 0.05% of the dose for the 

eleven days post-dosing. At the time of necropsy, retention of 
54

Mn in pig organs was greater in the 

jejunum, followed (in descending order) by liver, colon, pancreas, kidney, adrenal, spleen, and muscle 

tissues 
(9175)

. 

Several of the studies with pigs aimed to assess the effect of manganese source, either individually or 

by comparison (e.g. organic vs. inorganic form). In one of them, the experimental group (two groups 

of 19-21 piglets) fed organic bound Mn supplemented diets (as Mn proteinate at 9.60 ppm for eight 

weeks), showed increased levels of Mn in blood serum and tissues (heart, liver, kidney, and loin 

muscles) than control diet 
(12116)

. Another similar study did not found a significant effect of 

supplementation with Mn proteinates (at similar concentration for ten weeks) on Mn serum levels 

from piglets (two treatments of four pigs each)
 (12044)

.
 

Supplementation of Yeast-Mn (50 mg Mn/kg diet DM) for 21 days significantly increased Mn 

retention (up to 20.1%) and absorption (up to 21.4%) when compared with the control group 

(manganese oxide) from a total of five treatments of five barrows 
(11561)

. Another study found that gilts 

(three treatments of 24 suckling piglets), fed a reduced manganese proteinate diet (ten mg Mn/kg diet) 

for 40 days, had lower faecal Mn concentrations than those fed a reduced inorganic diet (sulphate 

form) during the nursery phase 
(11964)

. However, in Africa, when faecal Mn concentrations in pigs for 
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fattening (two treatments of 100 pigs each) were compared between 1-year Mn-reduced (37-60 ppm 

Mn) and Mn-normal (48-69 ppm Mn) diets, the faecal excretion was found not to be affected 
(8251)

. 

Another investigation performed with 14piglets (eight and six by treatment), elucidated that liver and 

skeletal muscle Mn concentrations were significantly elevated by increased dietary Mn (50 mg Mn/kg 

diet as Mn sulphate monohydrate for 42 days), but no affection on Mn levels in heart was observed 
(12391)

. Furthermore, some additional 350 ppm of Mn as MnSO4 above the maintenance requirements of 

growing-finishing pigs (four replicates of two animals in the three treatments) did not affect either live 

pig performance during the four growing phases 
(8404)

.  

o Interactions 

A number of studies has aimed to assess the interactions of several elements and other dietary 

compounds on Mn bioavailability. It was observed that high supplemental Fe levels (at 500 mg of 

supplemental Fe per kg of diet)combined with Mn basal levels of 9.3 mg/kg DM, reduced liver and 

intestinal Mn content in weaned male piglets (three treatments of eight piglets) after a 32-days trial 
(8257)

. 

On the other hand, manganese was higher in the liver of piglets (5 treatments and 5 animals in each) 

whose dams received 5,000 ppm supplemental Zn from ZnO than in livers of piglets from dams 

containing 50 or 500 ppm Zn from ZnO, in an experimental study lasting 21 days. However, the dam‘s 

dietary treatment did not seem to influence the content of Mn in other organs, such as kidney, 

pancreas, heart, glands, and spleen 
(10045)

.  

Manganese absorption was not altered when piglet‘s diet (0.86 mg MnSO4/L) was supplemented with 

3.7 g Ca/L, 2.52 g P/L, 6 mg Zn/L and 1.04 mg Cu/L for five days in a study structured on six 

treatments, each one with six piglets 
(9507)

. Similarly, dietary copper (at two and ten mg Cu/kg diet as 

CuCO3) did not have any effect on Mn intake, absorption and excretion from a diet with basal levels of 

42 mg Mn/kg in 14 piglets (divided in two treatments) for five days of trial
(9381)

. Addition of 9.2 and 

18.5 g of CaCO3 to a basal diet with Mn levels of 22-24 mg Mn/kg did not influence the apparent 

absorption and retention of Mn in 30 kg female piglets (three treatments of four piglets each), for 32 

days 
(9519)

. However, when the Ca:P ratio increased to 2.29, the apparent digestibility of Mn declined 

significantly in a trial with 25 crossbred pigs for fattening (five per treatment) fed a basal diet of 350 

mg MnSO4/kg diet for 35 days 
(11198)

.  

Supplementation of 1500 units of phytase/kg in pigs‘ diets with basal levels ranging 4.9-46.7 mg 

Mn/kg diet, did not affect absorption or retention of Mn in a 21-day trial with four treatments of 12 

pigs for fattening 
(9321)

. Furthermore, Chlorella vulgaris (1%), Na-alginate (1%), inulin (1.5%) or 

essential oils (0.04%) were included in five different dietary treatments (with 4 piglets each) in order 

to assess their interaction with Mn on several parameters of distribution. The results did not show any 

effect of these dietary treatments on Mn concentration in liver and spleen, after treatment with piglets 

for 11 days 
(8091)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.2. Factors affecting the bioavailability of Mn in poultry 

o Assessment of bioavailability 

The effect of supplementation sources on several performance and egg quality parameters was 

evaluated in a study consisting in six treatments of 30 laying hens. The results showed that substitution 

of 75 mg Mn oxides/kg diet with equal amounts of their sulphate forms for 53 weeks, significantly 

improved feed intake, feed conversion ratio, percentage of broken eggs, and the Haugh index 
(8119)

.  
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Corn-soybean diets supplemented with 40-40-7 mg Zn-Mn-Cu per kg of diet from their sulphate or 

organic sources, instead of applying 100-100-10 mg/kg diet from their oxide sources, supported the 

proper performance of broiler chickens in a trial with six treatments and four replicates of 13 birds 

each, for 42 days 
(8157)

. In addition, the substitution of Zn and Mn oxides with amino acid complexes 

(at 50 mg Mn/kg diet) of microelements did not either have any effect on the physical and geometrical 

parameters of tibia, ash content in tibia and in toes, eggshell percentage, eggshell thickness, and 

eggshell density. Contrastingly, it improved eggshell breaking strength in the late phase of the laying 

cycle (at 62 and 70 weeks of age), on the basis of seven treatments each of 12 laying hens 
(8319)

. 

In another investigation 
(8311)

, five treatments (six replicates of six chickens for fattening each) were 

designed to assess the effect of different intravenous Mn sources with different chelation strength. 

Intravenously injected Mn from the organic Mn source with moderate chelation strength (Qf = 45.3, 

containing 64.8 g of Mn/kg) was the most utilizable Mn source, as it was more effective in the 

sensitive target tissue than Mn from sulphate salts or other two organic Mn sources, with weak or 

strong chelation strength (Qf = 3.2, containing 82.7 g of Mn/kg, and Qf= 115.4, containing 78.6 g of 

Mn/kg, respectively) 
(8311)

. Comparing the mineral proteinate with inorganic mineral sources at 

different levels in chickens for fattening for 35 days (ten treatments of 150 chicks), there was 81% 

reduction in excretion of Mn in the manure 
(11336)

. Although the difference was not significant in 

comparison to the non-supplemented diet, some improvements on relative cracked-plus-thin shells 

were observed when using the organic mineral blend, according to a study with three different 

treatments of 64 laying hens each.  

It has been confirmed that the addition of the organic blend to the diet of laying hens at 0.250 kg/ton 

for 16 weeks may result in higher total egg solids when comparing with values from the control 

(inorganic) diet 
(8355)

, according to an experiment with 3 treatments, 8 replicates and 8 animals. 

Another study 
(8408)

 found that organic Mn (amino acid chelate) was more available than inorganic Mn, 

based on five treatments (48 broilers/treatment) for 42 days. In addition, dietary Mn might reduce 

abdominal adipose deposition by decreasing lipoprotein lipase (LPL) and malate dehydrogenase 

activities or increasing hormone-sensitive lipase activity in abdominal adipose tissue 
(8408)

.  

When the effect of dietary Zn, Mn, and Cu supplementation from organic sources on growth 

performance was assessed in 648 female broiler chickens assigned to nine treatments with four 

replicates of 18 chicks each, it was observed that the diet supplemented with 50% Zn + 50% Mn + 

50% Cu, added as organic minerals (60 mg Mn/kg, Mn-methionine hydroxy analogue chelate), 

improved growth performance, carcass characteristics, and tibia quality, together with a decreasing 

trace mineral deposition in tibia, liver, and excreta 
(10777)

.  

Organic Mn (Mn from yeast) was not more available than that from MnSO4 (140.5 mg Mn/kg) when 

both sources were compared at different concentration levels, divided in five treatments, including the 

control (12 chicks/treatment) for 55 days. Although there was a tendency towards a higher Mn 

accumulation in the egg, no differences between element sources were found in blood. The 

introduction of organic forms of Mn to feed for hens did not cause any significant changes in the 

concentration of this element in egg, blood, and feather of hens, with the exception of the group 

receiving organic Mn (significantly higher content of Mn in feathers) 
(8324)

.  

Other researchers 
(11712)

 reported that chickens for fattening (30 chicks/treatment) fed 800 mg/kg 

MINTREX
® 

Mn for 20 days had 15.81% higher Mn levels in tibia than those fed the sulphate form, 

and 53.89% higher Mn concentrations in tibia than those fed the oxide form at the same Mn 

concentration. According to the authors, this indicated a greater biological availability of the Mn from 

the MINTREX
® 

Mn than provided by commonly used inorganic forms of Mn
(11712)

. Two similar 

studies performed with laying hens (12-30 animals/treatment) for 4-12 weeks showed that the 

supplementation with the Mn organic form (15-75 mg/kg Mn-Bioplex
TM

, and 100-500 mg/kg Mn-

propionate), positively affects the element distribution in the organism, leading to an improvement in 
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weight growth, egg weight, and in bone solidity 
(8078; 10979)

. In addition, it has been elucidated that 

organically complexed trace minerals (Bioplex
TM

Mn) could be used at much lower concentrations than 

those currently recommended as inorganic minerals (at 1/3), without a negative impact on the 

performance or the antioxidant defence system in broilers, according to two studies performed with 

chickens for fattening (50/treatment) for 42 days
(11120;11180)

. In an experimental study consisting in five 

treatments of 48 chickens for fattening each, it was reported that an organic Mn source (amino acid 

chelate at 100 and 200 mg/kg) with moderate chelation strength could be more effective than other Mn 

sources in activating Mn superoxide dismutase (SOD) gene expression at both, transcriptional and 

translational levels, after feeding for 21 days 
(12550)

. Nevertheless, other sources of Mn, such as MnSO4, 

at levels from 20 to 180 mg/kg administered to groups of 60-112 chickens for fattening during the 

same period of time, increased the activity of MnSOD in heart 
(12496; 12543)

. 

In another set of investigations, no significant differences were appreciated between organic and 

inorganic sources. Working scenarios were the comparison between MnSO4 (90 g) and protein chelate 

(15 g) in broilers (9 per treatment) fed for 39 days
 (8178)

, or between Mn oxide (45 ppm) and Mn 

chelates (Bioplex 17 to 100%) in seven treatments of seven chickens for fattening fed for 42 days 
(8351)

. 

Diets supplemented with trace elements in the proteinate form had the same effect than inorganic ones, 

at ten and 60 mg of supplemental Mn/kg when the chickens for fattening (50-60 per treatment) were 

fed for 12-49 days 
(8194; 8715)

. Notwithstanding, some authors reported that the supplementation at 

different levels of Mn (up to 40 mg Mn/kg) only significantly increased Mn digestibility in the 

duodenum, as they did not find any significant difference between organic and inorganic sources 

administered to chickens for fattening (eight chicks per treatment) for 35 days 
(8221)

. Similarly, when 

using organically complexed minerals (Bioplex) to feed chickens for fattening (50 each treatment), 

instead of inorganic forms (MnO, at 60 mg/kg), no affection was observed in Mn plasma levels 
(8232)

. 

In a specific case, the highest levels of organic-complexed Mn tested (80 mg/kg) did not contribute to 

bird growth. The trial consisted in five different treatments of eight replicates of four chickens for 

fattening each, for a period of 19 days 
(8382)

.  

Mn fumarate was not found to be more efficient in broiler chickens (n=5 in each treatment) than MnO 

at the tested range (30-240 ppm Mn) for 49 days, since a significant improvement in body weight gain 

and feed efficiency was not observed experimentally. At the same levels of supplementation, no 

significant differences were found in the Mn concentrations of organs/tissues 
(11961)

. Inorganic Mn 

(sulphate) at 10 mg/kg significantly increased the egg mass compared to the organic form (peptide 

chelates) in chickens for fattening (12 treatments of 40 birds) fed for 46 weeks. Inorganic Mn was seen 

to be more efficient in decreasing abnormal chicks than organic Mn
(12577)

. 

Relative bioavailability calculations have been implemented in several studies with poultry (see Table 

12). Lower outcomes in organically treated groups have been frequently found in comparison to 

inorganically treated ones. For example, the relative bioavailability of Mn in the Mn amino acid 

chelate at 500-1500 ppm for 21 days was found to be approximately 15% lower than that of reagent-

grade Mn sulphate for chickens for fattening, when all data were included in the regression model. 

However, similar findings were found irrespectively of the form when the greatest level of 

supplementation was eliminated (n=30 per treatment) 
(8549)

.  

Table 15. Relative bioavailability of Mn sources based on multiple linear regression of bone and heart 

Mn content, MnSOD activity and MnSOD at mRNA level. 

 
Mn source Mn indices Relative bioavailability 

(%) 

Reference 

MnSO4H2O Bone Mn 100 
8549 

Mn Aa chelate Bone Mn 84±4 
8549 

MnSO4 Bone Mn 100 
8078 
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Mn propionate  Bone Mn 139 
8078 

MnSO4H2O Heart Mn 100 
12496 

Mn proteinate Heart Mn 86±12 
12496

 

MnSO4H2O MnSOD activity 100 
12496

 

Mn proteinate MnSOD activity 95±12 
12496

 

MnSO4H2O MnSOD mRNA level 100 
12496

 

Mn proteinate MnSOD mRNA level 103±28 
12496

 

 

o Interactions 

Manganese-Phytase 

Microbial and vegetal phytases have been widely assessed in treatments intended to increase the 

bioavailability of manganese in poultry, alone or in combination of other supplements, such as 

ethylenediaminetetraacetic acid (EDTA), citric acid, protein or calcitriol (1,25(OH)2D3).  

Interaction between EDTA and microbial phytase significantly affected the concentration of 

manganese in serum and tibia ash. Adding 300 FTU microbial phytase/kg diet to the corn-soybean 

based diets with 0.1% phosphorus for 15 days, increased the concentration of serum manganese of 

tibia ash in laying hens at 53-64 weeks age (four replicates of eight hens)
(8321)

.  

The interaction between citric acid and microbial phytase did not significantly affect the concentration 

of Mn in serum, tibia ash, and tibia ash calcium percentage, when tested on chickens for fattening for 

21 days. Microbial and vegetal phytases increased Zn and Mn bioavailability when both minerals were 

supplied at the minimal level adequate for chick growth performance (25 mg Mn/kg) or when supplied 

at lower levels (eight replicates of two chicks per treatment)
(8734)

.  

Significant reductions in manganese excretion were observed in microbial phytase supplemented diets 

(500 FTU/kg for 46 days) as compared to the control in chickens for fattening (eight replicates of 20 

birds per treatment) 
(11417)

.  

Levels of phosphorus, manganese, and zinc in tibia and faeces were positively affected by adding 

phytase (300-1200 units/kg) and 1,25-(OH)2D3(5 g/kg) for 20-42 days to diets of chickens for 

fattening (n=12-24 per treatment) 
(11987; 12945)

.  

Manganese-Phosphorus 

Manganese use was reduced by excess of phosphorus (0.8% of dicalcium phosphate), mainly because 

a decrease in the gut absorption in chickens for fattening (n=16/treatment). Calcium-free phosphorus 

salts were found as antagonistic to Mn utilization with respect to those both Ca and P (0.5-1.0% Ca 

and 0.4-0.8% P for two weeks) 
(8984)

. In another study, all tissues showed significantly reduced 

biological half-lives as a result of loading chickens for fattening (4 treatment of 3 animals each) with a 

high level of Mn (1000 mg/kg) for the 7 days of loading period. However, there was wide variation in 

Mn turnover rates among tissues. Liver, kidney, and whole body contained readily exchangeable 

manganese in much higher proportions than bone 
(8989)

.  

Adding citric acid (2.5-5%) into low available phosphorus diets increased manganese digestibility on 

the basis of corn-soybean meal diets administered to chickens for fattening (four replicates of 15 

chicks/treatment) for 21 days 
(10851)

. 

Manganese-Zinc 

Higher levels of Zn (80 ppm) and Mn (120 ppm) as sulphates than those recommended by NRC were 

needed to improve the immune response in broilers (ten treatments with nine replicates of six animals) 

of 35 days of age 
(12584)

. Mean Mn concentrations in tibia and mean Zn levels in plasma increased with 
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Mn dietary levels (16-40 mg Mn/kg from MnSO4 for 21 days) in broilers (16 chicks per treatment). 

Tibia and plasma Zn concentrations were decreased in the presence of 0.75% dietary guar gum, while 

tibia Mn concentration tended to increase, although not significantly, when guar gum was added to the 

diet 
(9088)

.  

Egg production was improved by supplementing 65 mg/kg Zn in combination with 30 mg/kg Mn to 

laying hens diets of ten weeks of duration (six-seven replicates of 15 birds/treatment), increasing the 

relative excretion of both minerals 
(10839)

. Another experiment conducted with laying hens (six 

treatments with six replicates of 10 birds), evidenced that supplemental chromium (0.4 ppm diet), as 

chromium picolinate, and zinc (30 ppm diet), as zinc sulphate, gave place to a raise in the serum 

concentrations of Fe, Zn, Mn, and Cr 
(12112)

. 

Manganese-Iron 

There were no differences in breast muscle and tibia contents of Cu, Zn, and Mn when broilers (six 

replicates of ten chicks) were fed different levels of iron (40-160 mg Fe/kg), as Fe-Gly and FeSO4, 

compared with control diets lasting 42 days. Moreover, mineral contents of Cu, Zn, and Mn in faeces 

of chicks did not differ among treatments 
(12462)

. 

Manganese-Cobalt 

A significant interaction of Co (CoCl2·6H2O) and Mn (MnSO4·H2O) was observed in growth rate and 

efficiency of gain, as well as in Co and Mn concentration in some tissues of chickens for fattening (six 

replicates of three chicks per treatment). This interaction was present both in uninfected chicks and in 

Coccidiosis-infected chicks in a four-days trial. Excesses of dietary Co (250 mg Co/kg diet) and Mn 

(1500 mg Mn/kg diet) increased tissue Ca and Mn concentrations, respectively. The excess of Co also 

increased the accumulation of Mn in kidney, bile, and the tibia 
(9938)

. 

Manganese-Calcium 

The mineral excretion of chickens for fattening (6 replicates of 5 chicks) increased in parallel to the 

dietary Ca and the burdens of non-phytin phosphorus (NPP) levels. Similarly, the retention of Zn, Mn, 

and Fe in liver was significantly higher (p<0.01) at lower levels of Ca and NPP tested. These findings 

indicate that the commercial broilers do not require more than 3 g NPP and 6 g Ca/kg diet for the 

starter phase (up to 21 days of age) to optimize weight gain, feed efficiency and utilization of Ca, P, 

Zn, Mn, Fe, and Cu 
(12111)

. 

Manganese-Cholecalciferol (CC) 

Chickens for fattening (six treatments with eight replicates) which were fed a basal diet for 21 days, 

exhibited rickets and increased bone concentrations of sodium, potassium, zinc, copper, and 

manganese, in comparison to those fed supplemental CC at doses of up to 15 mg CC/kg 
(9242)

.  

Phosphorus and manganese excretion in chickens for fattening (seven replicates of five birds per 

treatment) decreased in proportion to an increase in the levels of CC in broiler diets of 21 days. 

Concentrations of P and Mn in excreta decreased (p<0.01), by increasing CC level from 200 to 2,400 

ICU/kg diet. It was concluded that dietary levels of Ca and NPP could be reduced to 0.50 and 0.25%, 

respectively, by enhancing the levels of cholecalciferol from 200 to 2,400 ICU/kg without affecting 

body weight gain, feed efficiency, and bone mineralization. Additionally, phosphorus and manganese 

excretion decreased with the increase in the levels of CC in broiler diets 
(11662)

. 

Other interactions 

The Coccidial infection did not affect Mn levels in any tissue of chickens for fattening (three 

replicates of six chicks per treatment) fed a basal diet during periods of seven or ten days. Coccidiosis 

exacerbated Mn toxicity assessed by haematological parameters, increasing dramatically bone and bile 

Mn concentrations in chicks fed high levels of Mn. This increase in Mn absorption caused by 
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Coccidiosis resulted in a lower dietary requirement for Mn. In fact, the Coccidial infection almost 

doubled the rate of Mn uptake by bone 
(10058)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.3. Factors affecting the bioavailability of Mn in bovines 

o Assessment of bioavailability 

Manganese in blood serum was significantly improved in groups of calves (four treatments of 100 

animals each) supplemented with 100 mg Mn/animal/day from manganese sulphate for 100 days. 

Anyhow, values remained within the standard range 
(8144)

.  

Manganese concentrations in liver of dairy cows for reproduction (78-80 cows/group) were not 

significantly different according to the Mn species, either organic (Mn methionine) or inorganic (Mn 

sulphate), in groups treated for two years at concentrations of 254 mg/day. However, the Mn content 

in faeces was significantly higher than those from cows of the control group 
(9086)

. It seems that the 

main organ involved in manganese accumulation is liver (3.1 mg Mn/kg), according to the results of 

an experiment with cattle for fattening (five replicates/treatment). Liver accumulated significantly 

higher levels of Mn than kidney (1.2 mg Mn/kg) after 9-12 months of study 
(11797)

.  

In turn, productive and reproductive performance of dairy cows (ten cows per group), as well as 

incidences of pathologic events and claw disorders, is not influenced by feeding organic trace minerals 

(250 g/kg as proteinates) in partial replacement for the minerals in a sulphate form for 240 days 
(8150)

. 

The supplementation of methionine-based organic trace minerals (MBOTMs) at NRC requirement 

levels (75 ppm Mn) for 75 days in male calves for fattening (five calves each treatment), improved 

much more the body weight than that using inorganic trace minerals (Mn sulphate) 
(11186)

. In calves for 

rearing (six treatments with six calves per treatment), the absorption of trace minerals was found to be 

significantly higher in the group supplemented with organic minerals (Mn proteinate) (0.73-0.89 

g/day) than that where inorganic sources (MnSO4·H2O) were used, in a test lasting ten days. 

Furthermore, supplementation had an important role in growth performance, nutrient utilization, trace 

mineral balance, and serum mineral concentration 
(11478)

.  

Replacing a portion of dietary Mn sulphate with methionine hydroxyl manganese (Mn-(HMTBA)2), at 

concentrations between 7 and 14 ppm Mn for 120 days, improved the lipid metabolism and milk fat 

secretion, during the peak-and mid-lactation periods of dairy cows (ten per treatment)
(10989)

. In 

contrast, no significant differences were found by other researchers when organic (peptide chelates) 

and inorganic sources (MnO) were compared in cattle for fattening (30 cows per group), at 

concentrations between 120 and 240 mg Mn/kg for 90 days 
(8075)

, as the organic form of supplements 

did not significantly affect reproductive performance, lameness score, or colostrum production. 

o Interactions 

Liver Mn concentrations tended to be greater in calves injected with 10 mg Mn disodium EDTA/mL 

compared with the control (two treatments with ten animals per treatment) in the 15 days post-

injection. Plasma concentrations of Mn were greater post-injection in treated steers compared with the 

control 
(8051)

.  

Chromium chloride and chromium-yeast supplementation resulted in similar changes in the plasma 

concentrations of manganese of calves for fattening (ten calves per group), in the concentration range 

between 0.2 and 0.8 mg Cr/kg diet DM administered for 30 days 
(8450)

.  
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Feeding a combination of zinc amino acid (167-149 mg/kg DM), manganese amino acid (79-82 mg/kg 

DM), copper amino acid complex (27-28 mg/kg DM), and cobalt glucoheptonate (1.2 mg/kg DM) for 

80 days to early lactation Holstein cows (almost 150 cows per group) improved the conception rate 

with fewer days in milk to pregnancy. However, none effect was noted in milk production, milk fat 

and protein content, linear somatic cell count, animal body condition score, or lameness score 
(8638)

.  

Nickel supplementation (0.45-0.57 mg/kg) for 140 days reduced manganese concentrations in muscle 

of calves for rearing (20 animals per treatment), while increased dietary protein increased manganese 

concentrations in heart 
(9852)

. Copper and manganese concentrations were significantly associated in 

kidney of 195 calves sampled for 6-12 months 
(11731)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.4. Factors affecting the bioavailability of Mn in sheep 

o Assessment of bioavailability 

The Mn concentration in bone tissue of lambs for fattening (36 per group) was not significantly 

influenced by the feeding intensity for 92-209 days, being the Mn concentration in bone tissue in the 

range 1-2 mg Mn/kg 
(8403)

. Manganese intakes (350 mg Mn from MnSO4·H2O for two years) increased 

the content of this element in liver, kidney, spleen, brain, and pancreas of lambs for a rearing (six 

replicates per treatment) by over 25%, and in gut by 260% 
(9009)

.  

Supplemental Mn, as MnO, was relatively safe for wethers (three per group). In the event of over 

supplementation (8000 ppm Mn) for the 18 weeks trial, Mn would be rapidly removed from tissues 

and eliminated from the body, if animals recovered normal Mn intakes 
(9012)

.  

No accumulation of Mn was found in tissues of lambs (six replicates per group) in a long-term study 

of 3 years. In fact, Mn concentrations in liver and pancreas tissues were lower throughout time 
(9312)

. 

Also in lambs, comparable levels of supplementation (500-8000 ppm Mn) of feed-grade MnO and 

reagent-grade MnCO3 were administered to eight groups of animals (seven replicates per treatment), 

for 84 days. Sheep fed MnO exhibited greater tissue Mn concentration than those fed MnCO3, while 

higher rates of tissue uptake were found in MnO-supplemented sheep 
(9935)

. Finally, no significant 

difference was observed in the urinary excretion of Cu and Mn between faunated and defaunated 

animals wethers (three treatments with replicates of four animals). However, urinary excretion of Fe 

was significantly lower in defaunated wethers and faecal loss was higher in an 18-days trial 
(9700)

. 

Liver, kidney, and bone concentrations of Mn in lambs (six replicates per treatment) increased with 

MnSO4 supplementation (1500-4500 ppm Mn) administered for 21 days. Liver was most responsive to 

dietary Mn, followed by kidney and bone. Relative bioavailability was estimates from bone, kidney 

and liver Mn content (see Table 16) 
(9727)

.  

Table 16. Relative bioavailability of Mn sources based on multiple linear regression of bone, kidney 

and liver Mn content. 

Mn source Mn indices Relative bioavailability 

(%) 

Reference 

MnSO4 Bone Mn 100 
9727 

MnO Bone Mn 57±7 
9727

 

MnO2 Bone Mn 39±14 
9727

 

MnCO3 Bone Mn 23±12 
9727

 

MnSO4 Kidney Mn 100 
9727
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MnO Kidney Mn 55±8 
9727

 

MnO2 Kidney Mn 25±8 
9727

 

MnCO3 Kidney Mn 20±12 
9727

 

MnSO4 Liver Mn 100 
9727

 

MnO Liver Mn 61±6 
9727

 

MnO2 Liver Mn 35±6 
9727

 

MnCO3 Liver Mn 40±9 
9727

 

 

o Interactions 

A significantly greater concentration of copper and manganese in bones (ribs) of lambs (six animals 

per treatment) fed cyc-methionine (2-4 g/lamb/day for 12 h) were detected, when compared with the 

control diet 
(8337)

. In addition, Mn concentrations in several tissues, such as liver, kidney and muscle, 

were not affected by a treatment with ferrous carbonate, at 300, 600, and 1200 ppm administered to 

lambs (five replicates per treatment) for 84 days 
(9782)

.  

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.5. Factors affecting the bioavailability of Mn in goats 

o Assessment of bioavailability 

One of the selected studies 
(8234)

 aimed to assess the relationship between thyroid hormones status, 

erythrocyte antioxidant enzymes, and serum profiles of trace elements with goat kids (50 per 

treatment). There were no significant differences in serum thyroid hormones, serum levels of zinc 

(Zn), copper (Cu), manganese (Mn), iron (Fe), selenium (Se), and antioxidant enzymes during the 

study (30 days). In contrast, there were significant correlations between triiodothyronine (T3) and 

glutathione peroxidase (GPx) (p<0.05; r=0.203), on one hand, and between thyroxine (T4) and GPx 

(p<0.05; r=0.312), on the other hand. In turn, no significant correlation was found between other 

parameters 
(8234)

. 

o Interactions 

(Studies about interactions of manganese were not found). 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.6. Factors affecting the bioavailability of Mn in fish (Salmonids) 

o Assessment of bioavailability 

Availability of manganese in the diet was reduced by the inclusion of high-ash animal by-products in 

the diet for a 12-days study with rainbow trout (12 fish per treatment and nine different treatments) 
(12401)

. In another experimental study involving 12 different dietary treatments administered to Coho 

salmon and rainbow trout (12 treatments with three-five replicates per treatment) for ten weeks, it was 

reported that feed ingredients could lower Mn absorption by inhibiting absorption of available Mn 

and/or by inducing its endogenous loss 
(8787)

. Absorption and retention of Mn from the amino acid 

chelated diet was higher than inorganic sources at concentrations of 10-20 ppm Mn for 15 weeks in 

rainbow trout (30 animals per treatment) 
(8501)

.  
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The interaction of dietary Mn sources (MnSO4, glass-embedded Mn or amino acid-chelate) and levels 

(7 and 14 mg Mn/kg) significantly influenced whole-body and bone Mn contents, as well as retention 

in rainbow trout (30 per treatment) for a 12-weeks trial. However, it had no effect on growth and 

absorption 
(12262)

.  

According to some authors 
(8712)

, the whole-body Mn content can be significantly influenced by dietary 

Mn sulphate concentration, when this element was administered to Atlantic salmons at levels of 13 mg 

Mn/kg for 12 weeks (three different treatments of 300 fish each). The highest accumulation of Mn was 

found in bone of Rainbow trout (3 treatments of 30 animals in each) after supplementation of 20 mg 

Mn/kg from sulphate and chelate forms for 15 weeks. Liver and bone seemed to be an excellent 

indicator of Mn availability in trout 
(8561)

.  

MnSOD in cardiac muscle and liver of Rainbow trout was reduced in the group of trout (30 trout per 

group) to which a low-Mn diet (1.3 mg Mn/kg as sulphante), in comparison to that administered with a 

high-Mn diet (33 mg Mn/kg as sulphate), in a trial of 24 weeks. The fall in Cu-ZnSOD and MnSOD 

activities coincided with reduced tissue levels of their respective metal components 
(10148)

. 

o Interactions 

Phytase supplementation significantly improved the digestibility of Mn in different diets at levels of 

500 FTU/kg of diet administered to Rainbow trout (30-183 trout per treatment) for periods of 2-10 

weeks. Trace mineral premix supplemental levels in rainbow trout diets could be reduced with phytase 

supplementation at 500 FTU/kg diet without affecting body composition and apparent nutrient 

retention for rainbow trout 
(8589; 11945)

. Likewise, phytase supplementation (200-1000 FTU/kg) in 

extruded soybeans increased significantly the apparent digestibility coefficients (ADCs) of manganese 

on Rainbow trout (two-three replicates of 30 fishes per treatment) fed for six weeks 
(12127)

.  

The apparent availability of manganese was increased by citric acid (5%), EDTA (1%) and sodium 

citrate (3%) supplementation in diets with basal levels of 4 mg Mn/kg administered for 3-5 weeks to 

Rainbow trout (three replicates per treatment) 
(9165)

. Finally, there was no significant effect of dietary 

iron supplemented at 25-1500 mg Fe/kg diet (as FeSO4·7H2O) on whole-body manganese of Atlantic 

salmons (three replicates per treatment), when this was added to 8-week diets with basal levels of 23 

ppm of Mn 
(9178)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.7. Factors affecting the bioavailability of Mn in rabbits 

o Assessment of bioavailability 

(Studies about bioavailability of manganese were not found). 

o Interactions 

The Mn concentration in the rabbit body from a Cu-polluted group was reduced with respect to the 

control group, especially in heart and spleen, in a study consisting in five animals per group, all of 

them fed a natural Cu diet for 50 days. According to the authors, this high Cu content affected the 

compensation of Mn 
(8491)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 
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2.2.8. Factors affecting the bioavailability of Mn in horses 

o Assessment of bioavailability 

The content of Mn in liver and kidney of horses was assessed in three different dietary treatment 

groups of 30 animals each, fed for eight months. Hepatic Mn concentrations ranged between 0.13 and 

0.14 µmol/g DM, while the level in kidney was 0.09 µmol/g DM for all groups. Significant differences 

were not found when Mn levels were compared between groups of horses 
(13164)

. 

o Interactions 

When assessing the effect of vitamins and organic source of zinc and copper on the elemental content 

of hooves and hairs of horses (eight animals per group) for nine months, it was observed that the 

supplementation had no significant effect on the concentrations of Cu, Mg and Mn in horse hair, being 

this tissue an unreliable indicator of nutritional status of horses 
(10860)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.9. Factors affecting the bioavailability of Mn in pets 

o Assessment of bioavailability 

The concentrations of Mn during development and lactation were assessed in domestic short-hair cats 

(Total of 26 cats and 106 milk samples) for more than 43 days of lactation. Concentration of 

manganese increased during lactation, from 0.14 to 0.39 μg/ml. Most of the increase occurred during 

the first and second weeks of lactation 
(10080)

. 

o Interactions 

The effect of copper intake on manganese content in liver, lung, spleen, brain, muscle, and kidney 

was assessed in two groups of cats (16-19 cats each), receiving different dietary content of Cu as 

cupric sulphate. The dietary content of copper, ranging from 0.58 to 12 μg Cu/g, did not affect the 

manganese concentration in the studied tissues 
(10023)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 

 

2.2.10. Factors affecting the bioavailability of Mn in others: rats/mice 

o Assessment of bioavailability 

(Studies about assessment of bioavailability of manganese were not found) 

o Interactions 

Manganese-Bentonite 

A Bentonite (2%)-fortified diet of eight weeks produced a moderate but persistent decrease in 
54

Mn 

uptake in the carcass, liver, kidneys, duodenum, and blood of experimental group of rats (five 

replicates of eight animals). Notwithstanding, no influences of dietary bentonite on the uptake of 
54

Mn 

in the gonads, brain, muscles, and spleen were found 
(8356)

. 

Manganese-Silicon-Arginine 
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Silicon (12-35 μg/g) deprivation increased the Mn concentration in femur and tibia of Sprague-Dawley 

rats (9-12 rats/treatment group), in an 8-9 weeks experiment. Vertebral concentrations of manganese 

were decreased by silicon deprivation, whereas Mn levels in tibia were affected by an interaction 

between silicon and supplemental amino acids 
(8590; 8625)

. 

Manganese-Cadmium 

The differences in cadmium composition (0, 0.3, and 6 mg Cd/kg as CdCl2) of experimental diets 

administered for 8 weeks did not affect the concentrations of manganese in the duodenum and kidney 

of rats (12 rats per treatment). However, some impact was observed on the Mn concentration in liver, 

being lower in rats treated with Cd yeast 
(8776)

. Contrastingly, it was reported that liver manganese in 

rats (10-15 rats/treatment) increased when Cd levels raised from ten to 200 mg CdCl2/kg diet in a 6-

weeks trial 
(12810)

. 

Manganese-Iron 

High iron intake (102, 109, and 276 μg Fe/g diet as sulphate for 7-8 weeks) inhibited manganese true 

absorption, reduced tissue manganese concentrations, and inhibited heart manganese-dependent 

superoxide dismutase activity of rats 
(8968; 9691; 10184)

. In turn, when iron was deprived on rats (6-8 

rats/treatment), 
54

Mn greatly increased in the tissues 
(10211; 12824)

, irrespectively of the trial duration 

(seven days or six weeks). Regardless of the route of its application, Fe overload (300-350 mg 

polymaltose iron for four weeks) in rats (ten rats treatment group), resulted in an increase not only of 

Fe but also of Zn and Mn in liver and spleen, whereas the content of these metals in brain did not 

change 
(9131)

. Iron at a dose of 100 ppm administered to rats (six replicates per treatment) for 11 weeks 

did not interact with manganese in the absorption process at the age of suckling in the range 20-500 

mg Mn/kg 
(10181)

. 

Manganese-Magnesium 

Magnesium deficiency (56 mg Mg/kg) increased Mn absorbed from diets with basal levels of 50 ppm 

of Mn in 70-days trial with rats (seven animals per treatment). This favoured the deposition of Mn in 

all tissues, except for liver and trabecular bone 
(9048)

. The Mg-deficient diet (129 mg Mg/kg) 

administered during eight weeks to rats (seven rats per treatment), significantly increased enterocyte 

content of Mn respective to the control (480 mg Mg/kg) 
(12908)

. 

Manganese-Copper 

Some interaction of Fe and Cu has been found, as duodenal Mn was reduced by Cu deficiency when 

rats (eight rats per treatment) were Fe-deficient (ten mg Fe/kg). Nevertheless, there was no effect 

when rats were Fe-adequate (35 mg Fe/kg) in a 6-weeks study 
(12824)

. 

Manganese-Aluminium 

When studying the influence of Al, it was observed that a dietary with a high content of this element 

(1000 pg Al/g diet) during development altered the ability of nursing mouse pups to retain absorbed 

Mn (five-ten mice per treatment) 
(9284)

. 

Manganese-Deoxynivalenol(DON) 

Sub-chronic ingestion of DON in concentrations occurring in contaminated food and feed between 

0.1-10 ppm of DON for six weeks, resulted in an impairment of the intestinal transfer, as well as the 

uptake of nutrients and minerals. Manganese was reduced in livers from rats treated with DON (20 

rats per treatment) 
(9616)

. 

Manganese-Fructo-oligosaccharides (FOS) 
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In rats, the intake of Mn at concentrations of 12 ppm for 27 days was affected by the presence of FOS 

at levels between 1% and 5%. However, the apparent absorption and balance did not significantly 

differ among groups (ten rats per group) 
(9127)

. 

Manganese-Phytic acid 

The absorption and retention of Mn in rats (five treatments with seven rats per treatment) fed 60 mg 

Mn/kg was not altered by the different phytic acid treatments, in a 4-weeks trials where doses of 3.5-

14 g sodium phytate/kg diet were administered 
(9200)

. The concentration of Mn in heart of females from 

the phytate diet group (Basal diet with 1% sodium phytate administered for 11 weeks) were 

significantly lower than those found in non-phytate treated rats. However, urine Mn levels were 

significantly higher in phytate fed female rats 
(11981)

. 

Manganese-Tannic acid (TA) 

No relationship was reported between Mn absorption in rats (6/7 rats per treatment) and tannic acid 

feeding, at concentration levels from five to 20 g TA/kg for three weeks 
(12819)

. 

Manganese-Lactose 

Lactose (17%) added to the purified diet in a 7-days trial, depressed 
54

Mn retention in all tissues 

studied from rats (six rats per treatment). Lactose addition also decreased specific activities of the 

livers and kidneys. However, it tended to increase stable manganese values 
(10211)

. 

Manganese-Ethanol-Protein 

In an 8-weeks experiment, ethanol and protein deficiency led to a reduction of Zn in liver, the lowest 

values being observed in the low-protein, ethanol-fed rats (seven rats per treatment). Similar findings 

were noted for Zn in muscle and Mn in liver 
(12903)

. 

o Incompatibilities 

(Studies about incompatibilities of manganese were not found). 
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2.3. Data quality assessment  

Results from quality assessment are summarized in Table 17, and extensively shown in Appendix V. 

E. Most of the manuscripts included in the search answered at well or medium level of quality from 

the quality data questions. Only few of them responded with bad quality or without enough 

information about. 

Table 17. Summary of percentage of studies in each answering category 

Quality data questions % of studies 

 ~  

1. Do the objectives address the ELS 

questions? 
62.2 37.8 0.0 

2. Was the methodology fitted to the purpose of 

the study? 
73.2 26.8 0.0 

3. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
65.8 33.2 1.0 

4. Was the study design fitted to some 

harmonized protocol? 
21.6 78.4 0.0 

5. Were doses analytically confirmed? 20.4 76.9 2.7 

6. Was background of the samples analysed? 42.1 57.9 0.0 

7. Were the treatments randomly allocated? 19.5 80.5 0.0 

8. Was the sample size justified? 0.5 98.9 0.6 

9. How were statistical methods details and 

analysis units? 
48.9 50.6 0.5 

10. Was there incomplete or missing data? 28.9 70.5 0.6 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, based on title and abstracts, a total of 3791 articles were excluded to be 

completely unrelated with the search objectives, as they were not about Mn, animal species and/or 

bioavailability issues. Finally, 794 articles were retained to be potentially related with the search 

questions. In case of doubt or the abstract did contain few/no information, the article was 

automatically retained to the next level. Up to 539 full-text articles were obtained from on-line 

sources, while the remaining (n=255) were kept as pending to be found. After the assessment of the 

full-text references, a total of 349 articles were excluded to be finally unrelated with the subject. In 

consequence, 190 references were retained to answer the extraction data form 

Poultry, on one hand, and rats and mice, on the other one, were the two animal species for which a 

higher number of studies on bioavailability of manganese was selected (n=68 and n=35, respectively). 

A lower number of investigations was found for bovines (n=27), pigs (n=19), fish (n=17), and sheep 

(n=18), while those corresponding to horses (n=2), pets (n=2), rabbits (n=1), and goats (n=1) were 

only testimonial. Studies assessing incompatibilities of Mn using in vitro models were not found, 

either through the searching protocol strategy or through other additional sources. 

Taking into account the articles included in the search, the most commonly used indicators of Mn 

bioavailability were liver and plasma (or serum) content in pigs, bovines, and sheep. Bone content was 

extensively reported in studies with poultry, highlighting the high sensitivity when considering Mn 

content in tibia. Studies with poultry included measures such as egg content, feather content, breaking 

strength, eggshell breaking or thickness, and leg abnormality score, among others. A wide range of 

studies with salmonids used coefficients such as the ―apparent digestibility coefficient‖ to compare the 

efficacy between treatments. Other comparative investigations used data on total body burdens of 

manganese. Finally, the activity and expression of the Mn superoxide dismutase have been 

implemented in several studies with poultry, sheep, and fish. Relative bioavailability of Mn has been 

widely reported in poultry, and few studies with sheep and bovines. 

Interactions of Mn have been mainly studied in poultry, rats and mice, as well as in pigs and fish. Most 

authors assessed the combinations of Mn with other elements, such as Fe, Co, Ca or Zn. Another set of 

manuscripts was focused on evaluating the effect of the combinations of other compounds such as 

phytase and phytate, tannic acid, lactose, fructo-oligosaccharides, bentonite, or silicon. Iron and 

phytate mainly showed an antagonistic effect, as they decreased the bioavailability of manganese. 

Contrastingly, Mn bioavailability can be increased by means of other combinations, pairing Mn with 

Zn or phytase. 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

532 

4. REFERENCES 

European Commission (EC), 2002, online. Report of the Scientific Committee on Animal Nutrition on 

the use of manganomanganic oxide in feedingstuffs. Available from: 

http://ec.europa.eu/food/fs/sc/scan/out77_en.pdf 

European Commission (EC), 2003a. Commission Regulation (EC) No 1831/2003 of the European 

Parliament and of the Council of 22 September 2003 on additives for use in animal nutrition. 

Official Journal of the European Union, 268, 29. 

European Commission (EC), 2003b. Commission Regulation (EC) No 1334/2003 of 25 July 2003 

amending the conditions for authorisation of a number of additives in feedingstuffs belonging to 

the group of trace elements. Official Journal of the European Union, 187, 11. 

Jongbloed AW, Kemme PA, De Groote G, Lippens M and Meschy F, 2002. Bioavailability of major 

and trace minerals. EMFEMA (International Association of the European Manufacturers of 

Major,Trace and Specific Feed Mineral Materials); Brussels,Belgium. 

EFSA (European Food Safety Authority), 2005. Chelated forms of iron, copper, manganese and zinc 

with synthetic feed grade glycine. EFSA Journal, 289, 1-6. 

EFSA (European Food Safety Authority), 2008. Safety and efficacy of Mintrex
®
Mn (Manganese 

chelate of hydroxy analogue of methionine) as feed additive for all species. EFSA Journal, 692, 1-

17. 

EFSA (European Food Safety Authority), 2009. Scientific Opinion on consumer safety of a 

manganese chelate of hydroxyl analogue of methionine (Mintrex
®
Mn) as feed additive for chickens 

for fattening. EFSA Journal, 1316, 1-5. 

EFSA (European Food Safety Authority), 2010. Scientific Opinion on consumer safety of a 

manganese chelate of hydroxyl analogue of methionine (Mintrex
®
Mn) as feed additive for all 

species. EFSA Journal 1424, 1-12. 

EFSA (European Food Safety Authority), 2013a. Scientific Opinion on the safety and efficacy of 

manganese compounds (E5) as feed additives for all species: manganese chelate of amino acids, 

hydrate, based on a dossier submitted by Zinpro Animal Nutrition Inc. EFSA Journal 11(8)3324. 

EFSA (European Food Safety Authority), 2013b. Scientific Opinion on the safety and efficacy of 

manganese compounds (E5) as feed additives for all animal species: manganous oxide, based on a 

dossier submitted by Poortershaven Industriële Mineralen B.V. EFSA Journal,11(8)3325. 

NRC (National Research Council of the National Academies), 1993. Nutrient Requirements of Fish. 

National Academy Press, Washington, D.C., USA. 

NRC (National Research Council of the National Academies), 1994. Nutrient Requirements of 

Poultry, Nineth Revised Edition. The National Academy Press, Washington, D.C., USA. 

NRC (National Research Counsil of the National Academies), 1998. Nutrient Requirements of Swine, 

Tenth Revised Edition. National Academy Press, Washington, D.C., USA. 

NRC (National Research Council of the National Academies), 2000. Nutrient Requirements of Beef 

Cattle, Seventh Revised Edition. The National Academies Press, Washington, D.C., USA. 

NRC (National Research Council of the National Academies), 2007. Nutrient Requirements of Horses. 

6 th Edition ed. The National Academies Press, Washington, D.C., USA. 

Suttle FN, 2010. Mineral Nutrition of Livestock. CAB International, Cambridge, USA. 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

533 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix V.A. Search Chains 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

534 

PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (Manganese 

OR Mangano* OR Manganic) AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND 

(*availab* OR Absor* OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR 

Transport OR *accumul* OR Deposition OR Storage OR Release OR Homeostasis OR Speciation OR 

Digest* OR *access* OR Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR 

StatusOR interact* OR incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* OR 

Organ$ OR Tissue$ OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur OR 

Toe OR Gut OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte 

OR Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR 

Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine 

deiodinase‖ OR Glutathione) 

 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY(manganese OR mangano* OR 

manganic) AND TITLE-ABS-KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND 

TITLE-ABS-KEY(*availab* OR absor* OR uptake OR metabol* OR *activity OR *efficacy OR 

distribut* OR transport OR *accumul* OR deposition OR storage OR release OR homeostasis OR 

speciation OR digest* OR *access* OR excretion OR secretion OR "Biological value" OR "Nutritive 

value" OR statusOR interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance 

OR *monitor* OR *mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking 

strength" OR tibia OR femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR 

pancrea* OR blood OR leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma 

OR "Superoxide dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" 

OR "5-iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "NEUR") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "NURS") OR EXCLUDE(SUBJAREA, "PHYS") OR 

EXCLUDE(SUBJAREA, "MATE") OR EXCLUDE(SUBJAREA, "CENG") OR 

EXCLUDE(SUBJAREA, "ENGI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENER") OR 
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EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "PSYC") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "COMP") OR 

EXCLUDE(SUBJAREA, "DENT") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Manganese OR Mangano* OR Manganic) AND 

Topic=(Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND Topic=(*availab* OR Absor* 

OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR 

Deposition OR Storage OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR 

Excretion OR Secretion OR "Biological value" OR "Nutritive value" OR StatusOR interact* OR 

incompatib*) AND Topic=(*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR 

Tissue$ OR Hair OR Nail$ OR Bone$ OR "Breaking strength" OR Tibia OR Femur OR Toe OR Gut 

OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR 

Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR 

Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine 

deiodinase‖ OR Glutathione) 

Refined by: [excluding] Web of Science Categories=( ONCOLOGY OR CHEMISTRY ORGANIC 

OR WATER RESOURCES OR ENGINEERING BIOMEDICAL OR ENTOMOLOGY OR 

ENGINEERING ENVIRONMENTAL OR GEOGRAPHY PHYSICAL OR PEDIATRICS OR 

NEUROIMAGING OR SPECTROSCOPY OR OCEANOGRAPHY OR ECOLOGY OR 

PARASITOLOGY OR ENGINEERING CHEMICAL OR PATHOLOGY OR INFECTIOUS 

DISEASES OR UROLOGY NEPHROLOGY OR MEDICINE GENERAL INTERNAL OR 

CRITICAL CARE MEDICINE OR PLANT SCIENCES OR ENERGY FUELS OR LIMNOLOGY 

OR GENETICS HEREDITY OR ORTHOPEDICS OR CHEMISTRY MEDICINAL OR PHYSICS 

APPLIED OR HEMATOLOGY OR PHYSICS CONDENSED MATTER OR CHEMISTRY 

ANALYTICAL OR CLINICAL NEUROLOGY OR REPRODUCTIVE BIOLOGY OR MEDICAL 

LABORATORY TECHNOLOGY OR ANTHROPOLOGY OR SOIL SCIENCE OR 

MULTIDISCIPLINARY SCIENCES OR BIODIVERSITY CONSERVATION OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR SPORT SCIENCES OR ENGINEERING 

CIVIL OR SURGERY OR ENGINEERING PETROLEUM OR HORTICULTURE OR 

ENVIRONMENTAL STUDIES OR GERIATRICS GERONTOLOGY OR GEOLOGY OR 

BIOPHYSICS OR OPHTHALMOLOGY OR GERONTOLOGY OR RESPIRATORY SYSTEM OR 

METALLURGY METALLURGICAL ENGINEERING OR DEVELOPMENTAL BIOLOGY OR 

MINING MINERAL PROCESSING OR ELECTROCHEMISTRY OR NANOSCIENCE 

NANOTECHNOLOGY OR GASTROENTEROLOGY HEPATOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR GEOCHEMISTRY GEOPHYSICS OR POLYMER SCIENCE OR 

MATERIALS SCIENCE MULTIDISCIPLINARY OR PSYCHIATRY OR METEOROLOGY 

ATMOSPHERIC SCIENCES OR THERMODYNAMICS OR PALEONTOLOGY OR 
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TRANSPLANTATION OR SUBSTANCE ABUSE OR VIROLOGY OR AGRICULTURAL 

ENGINEERING OR DENTISTRY ORAL SURGERY MEDICINE OR CHEMISTRY PHYSICAL 

OR BIOCHEMICAL RESEARCH METHODS OR ENGINEERING GEOLOGICAL OR 

GEOSCIENCES MULTIDISCIPLINARY ) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of 

the study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Experimental procedure provides precise 

details (i.e. how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 
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  Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 

  Only informal guesses 

  No details in the text 

(QA) How were statistical methods details and 

analysis units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) There was incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be 

found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 
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  ACETATE 

  LACTATE 

  FUMARATE 

  OTHERS 

This(ese) form(s) is(are) legislated by EC? YES 

  NO 

  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration 

units) 
  

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ 

Fresh matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 
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  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 

  Physiological factors 

  Others 

Study Type TRO (In vitro ) 

  INV (In vivo) 

  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have 

benefit in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for 

laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 
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  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 

  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 

  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 

  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 

reproduction) 

  7.4. Rabbits. Breeding does (in 

order to have benefits to young 

rabbits) 

  8. Horses 

  9. 1. Pets and other non food-

producing animals. Dogs 

  9. 2. Pets and other non food-

producing animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 
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  Egg content 

  Breaking Strength 

  Bone content 

  Biochemical response 

  Urine content 

  Milk content 

  Bile content 

  Serum content 

  Plasma content 

  Erythrocyte content 

  Thyroid response 

  Other 

In the study are assessed... Interactions 

  Incompatibilities 

  Other 

Enter the name of the combinations assessed, e.g. 

"selenium methionine-phytates" 
  

Interaction Outcome (Enter the parameter by means 

of which the interactions and/or incompatibilities were 

assessed) 

  

The method to assess the interaction/incompatibility 

is... 
Qualitative 

  Quantitative 

  Other 

The effect of the interaction/incompatibility is ... Synergistic 

  Additive 

  Less than additive 

  Antagonistic 

  Other 

The overall document is.... Conclusive 

  Inconclusive 

Enter comments   
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Appendix V.D includes the tables of the most relevant results concerning bioavailability issues of 

each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. Nº treatments (replicates/treatment). The number of animals per treatment, number 

of replicates by treatment or the number of animals by replicate is detailed in this section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table V.D.1. Pigs 

Study code 8091 

Year 2012 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 treatments (4 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results (Wet basis ) 

Factors affecting// combinations Chlorella vulgaris. Na-alginate. Inulin. Essential oils 

Composition Diets/treatments 1) RD: reference diet, Barley-wheat basal diet (control)2) RD + CV: RD + Chlorella vulgaris powder (1%) 3) RD + A: RD + Na-alginate (1%) 4) RD + I: RD + Inulin (1.5%) 

5) RD + EO: Mixture of essential oils (0.04%). Duration: 11 days 

Response criteria Animal performance, liver, spleen and plasma content of Mn 

Results The results showed that the concentration of IgG was increased in the plasma of pigs fed the PPEs supplemented diets being significantly higher (p<0.05) in the case of dietary 

sodium alginate supplementation in comparison to the control (6.00 vs. 4.03 mg/ml). In liver, PPEs, especially inulin and essential oils, were able to modulate the level of 
cytokine production and mineral retention, resulting in higher liver concentration of IL-1β (125.4 and 88.9%), IL-8 (136.9 and 61.3%), TNF-a (296.6 and 121.6%), and IFN-γ 

(51.2 and 107.28%), Cu (71.31 ppm), and Fe (192.56 ppm) in comparison to the control. No effect on Mn concentration was registered in the liver and spleen. 

 

Study code 8251 

Year 2009 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 2 treatments (100 animals per treatment) 

Diet Background  Analysed. Phase1-4 Normal69, 68, 48 and 57 ppm Mn. Reduced 60, 53, 37 and 41 ppm Mn 

Units’ basis of diets and/or results Results -(Dry matter) 

Factors affecting// combinations Trace element concentration 

Composition Diets/treatments 1) Normal. Received a diet with common industry levels of trace minerals. 2) Reduced. Received reduced dietary trace mineral levels but were fed the same basic diet as Group 

1. 

Response criteria Plasma and faecal content of Mn 

Results Copper, manganese and iron excretion were not affected (p>0.05) by the dietary levels of these trace minerals. Dietary manganese content was similar in the different groups. 

There was a tendency for lower faecal manganese excretion. It seems to be reasonable to suggest that the reduction in dietary levels of zinc, copper, and iron might have 
increased the availability of manganese, resulting in reduced excretion. 
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Study code 8257 

Year 2009 

Animal Category  1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 3 treatments (4 replicates of 2 animals per treatment) 

Diet Background  Analysed. 9.3 mg Mn/kg DM 

Units’ basis of diets and/or results Diet (Dry matter) 

Factors affecting// combinations Dietary Fe  

Composition Diets/treatments 1) Low Fe (LFe): no supplemental Fe (NRC), 2) Adequate Fe(AFe) 3) High Fe (HFe)0, 100 and 500 mg supplemental Fe/kg DM. Duration: 32 days 

Response criteria Animal performance, liver, and duodenal content of Mn 

Results Liver Mn was reduced in HFe (8.1±0.7 mg/kg) pigs relative to AFe and LFe (11.2±1.0 and 12.4±1.0 mg/kg).Intestinal Mn concentrations were reduced in A-Fe and H-Fe pigs 

(5.1±0.40 and 3.7±0.47 mg/kg) relative to LFe pigs (7.7±0.75mg/kg). 

 

Study code 8404 

Year 2007 

Animal Category  1.1. Pigs. Piglets (suckling) 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates of 4-5 pigs) 

Diet Background Estimated. Negative control44-50 ppm Mn. Positive control70-76 ppm Mn 

Units’ basis of diets and/or results Diet (as-fed basis) 

Factors affecting// combinations Mn source 

Composition Diets/treatments 1) A negative control (NC); 2) NC diets supplemented with 350 ppm (as-fed basis) of Mn from MnSO43) NC diets supplemented with 350 ppm (as-fed basis) of Mn from 

AAMn; 4) A positive control (PC) corn-soybean meal grower-finisher diets with Mn included in the mineral premix to meet NRC (1998) requirements; 5) PC diets 

supplemented with 350 ppm (as-fed basis) of Mn from MnSO4;6)PC diets supplemented with 350 ppm (as-fed basis) of Mn from AAMn. Duration: 4 phases 

Response criteria Animal performance, carcass content of Mn 

Results Pig performance was not (p≥0.44) affected by supplemental Mn; however, during the grower-II phase, pigs fed the basal diets including Mn consumed less (p<0.02) feed and 
tended to be more efficient (p<0.09) than pigs fed the basal diets devoid of Mn. Results of this study indicate that feeding an additional 350 ppm of Mn from MnSO4 above the 

maintenance requirements of growing-finishing pigs does not beneficially affect live pig performance but may improve pork colour and delay discoloration of pork during retail 

display. 

 

Study code 8507 
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Year 2004 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 2 treatments 

Diet Background  Analysed. (Phase1-4)Normal 69-64-49-52 ppm MnReduced61-55-39-42 ppm Mn 

Units’ basis of diets and/or results Diet (Dry matter) 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) Normal (levels of supplemental TE commonly used in the swine industry), 2) Reduced TE supplementation4 Diet phases depending on pig weight. Duration: 135-136 days 

Response criteria Animal performance, plasma and carcass content of Mn. 

Results Faecal excretion of zinc was significantly lower, and excretion of copper, iron, and manganese tended to be lower, in grower-finisher pigs fed diets containing trace mineral 

levels lower than common industry standards. Carcass characteristics were not negatively affected. 

 

Study code 8631 

Year 2001 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 4 treatments(6 replicates of 17 animals) 

Diet Background Estimated. Diet 128 mg Mn/kg. Diet 2,3,411 

Units’ basis of diets and/or results Diet - as fed. Results (Dry bone) 

Factors affecting// combinations Supplementing microbial phytase to corn-soybean meal diets in which sources of supplemental inorganic phosphorus (P), zinc (Zn), copper (Cu), and manganese (Mn) 

Composition Diets/treatments 1)Positive control which included a standard trace-mineral premix and inorganic P supplementation (0.16% available P, 0.46% Ca)2) Negative control in which a trace-mineral 

premix without Zn, Cu, and Mn was fed, and no inorganic P was added (0.06% available P, 0.46% Ca3) Negative-control diet supplemented with 300 U/kg microbial phytase 
4) Negative-control diet supplemented with 500 U/kg microbial phytase 

Response criteria Animal performance, bone content of Mn 

Results Bone ash was reduced (p<0.05) for pigs fed the negative control diet compared to the fully-supplemented positive-control diet and the diets containing added phytase. With 

proper phytase supplementation, it may be possible to entirely eliminate supplemental levels of Pi, Zn, Mn and Cu from corn-soybean meal diets for late-finishing pigs. 

 

Study code 9175 

Year 1997 

Animal Category  1.4. Pigs. Pigs for fattening: (Yorkshire x Duroc) 

Nº treatments (replicates/ treatment) (8 animals per treatment) 
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Diet Background Estimated42 mg Mn/kg 

Units’ basis of diets and/or results Diet-as-fed basis. Results - Fresh tissue 

Factors affecting// combinations Radiolabeled Mn 

Composition Diets/treatments Pigs (20-40 kg) were fitted with cannulas in the bile duct, lumen of the duodenum, portal vein, ileocolic vein and jugular vein. After recovery for 6-8 d, pigs were given an oral 
dose of 9.25 mBq of 54Mn. The flow rate of blood past the portal vein was determined by infusion of P-amino hippuric acid into the ileocolic vein. Duration: 1630 h 

Response criteria Apparent absorption, faecal, bile, liver and spleen content of Mn 

Results The mean absorption 24 h after dosing was 0.5% of the dose. Apparent absorption, calculated as total 54Mn intake - total 54Mn faeces (through 10 d after dosing), was 1.7+/-

0.9%.Total excretion of Mn in the bile for the 11 d post dosing was 0.05% of the total dose. Biliary excretion of Mn was minimal for the first 4 d after dosing, but then 

increased from d 5 to 12.Retention of 54Mn in organs of pigs (on a per organ basis) at the time of necropsy was greatest in the jejunum (347%) followed by liver (81.5%), colon 

(44%), pancreas (2.8%), kidney(2.3%), adrenal, spleen and muscle tissues. 

 

Study code 9321 

Year 1995 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 4 treatments (12 animals per treatment) 

Diet Background Analysed Mn. Diet Corn 4.9 mg Mn/kg. Soy bean meal 31.4 mg Mn, treatments 42.3-46.7 mg Mn/Kg 

Units’ basis of diets and/or results Diet - as-fed basis 

Factors affecting// combinations Zn-Phytase-TE 

Composition Diets/treatments Dietary phytase and Zn supplementation of a corn-soybean meal diet. Phytase: 0 or 1,500 phytase units/kg. Zinc: 0 or 100 mg/kg. Duration: 24 h 

Response criteria Animal performance, plasma content of Mn, apparent balance 

Results Growth rate was fastest (p<0.05) and feed efficiency was highest (p<0.05) for pigs fed phytase-supplemented diets. Addition of phytase did not affect (p>0.05) absorption or 
retention of Mn. 

 

Study code 9381 

Year 1995 

Animal Category  1.1. Pigs. Piglets (suckling) 

Nº treatments (replicates/ treatment) 2 treatments (7 animals per treatment) 

Diet Background Estimated. 42 mg Mn/kg 

Units’ basis of diets and/or results Outputs - Dry matter  



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

564 

Factors affecting// combinations Cu-Mn 

Composition Diets/treatments 1) Low-Cu (LCu) basal diet containing only 2 mg/kg of Cu 42 mg Mn/kg. 2) Control (CCu) diet - cupric carbonate to provide 10 mg/kg of Cu and 42 mg Mn/kg. Duration: 5 

days 

Response criteria Urine and faecal content of Mn, DM digestibility 

Results Dietary Cu intake had a direct effect (p<0.05) on Cu balance but also altered the Zn and Fe nutritional balance, leaving Mn balance almost unchanged. Dietary Mn intake was 

similar (p>0.05) in the two experimental groups and averaged 82.15 mg per day. Faecal excretion was also very similar and represented almost 100% of the intake, while 
urinary excretion was negligible.In the low-Cu group, the Mn retention reached 4.7% of the dietary intake while the control group was 1.35%. However, no significant effect 

was observed in the Mn balance in response to the dietary intake 

 

Study code 9507 

Year 1993 

Animal Category  1.1. Pigs. Piglets (suckling) ,1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates (animals)) 

Diet Background Estimated. 0.86 mg Mn MnSO4/ L liquid formula 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Ca*P+Zn+Cu+Fe3.7 g Ca/L2.52 g P/L6 mg Zn/L1.04 mg Cu/L1.18 mg Fe/L 

Composition Diets/treatments 1) Control. 2) Control+Ca*P. 3) Control+Ca*P+Zn. 4) Control+ Ca*P+Zn+Cu. 5) Control+Ca*P+Zn+Cu+ +Fe. 6) Control. Duration: 5 days 

Response criteria Liver, faecal, heart and kidney content of Mn. 

Results Addition of Ca*P+Zn reduced Zn absorption (p<0.05) and Ca*P+Zn+Cu reduced Fe absorption (p<0.01), but Mn and Se absorptions were not altered. Uptake of only Zn tracer 
into heart was significantly different (p<0.05) among diet groups. Weight gain and linear growth were similar in all groups. Addition of Ca*P produced higher bone mineral 

density, but its effect on Zn absorption warrants further investigation. 

 

Study code 9519 

Year 1993 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 3 treatments (4 animals per treatment) 

Diet Background Estimated. Diet 122 mg Mn/kg DM. Diet 223 mg Mn/kg DM. Diet 324 mg Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Addition CaCO3 in apparent absorption. 

Composition Diets/treatments 1) Control, 2) Control + addition of CaCO3 - 9.20 g, 3) Control + addition of CaCO3 - 18.50 g. Duration: 32 days 
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Response criteria Liver and plasma content of Mn 

Results Addition of CaCO3 did not influence the apparent absorption and retention of P, Fe, Zn, Cu, and Mn. The average small intestinal absorption (mg/d; percentage absorption in 

parentheses) of Fe, Zn, Cu and Mn was 55.1 (42), 13.3 (38), 2.3 (53), and 12.8 (39) respectively. Apparent total intestinal absorption (mg/d; percentage absorption in 

parentheses) was 32.4 (25), 5.4 (16), 1.5 (35), 4.6 (14) respectively and the retention (mg/d) of Fe, Zn, and Cu was 29.1,4.7, 1.2 respectively.  

 

Study code 10045 

Year 1983 

Animal Category  1.1. Pigs. Piglets (suckling) ,1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 treatments (variable number each treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - wet basis 

Factors affecting// combinations Dietary Zn in Mn distribution 

Composition Diets/treatments Diet: dietary requirements, except for Zn. 1)Diet+0ppm of Zn from ZnO, 2)Diet+50ppm of Zn from ZnO, 3)Diet+500ppm of Zn from ZnO, 4) Diet+ 5000ppm of Zn from ZnO 

Response criteria Liver, pancreas, spleen, serum, oesophagus, testes and heart content of Mn 

Results Manganese was higher in the liver of pigs whose dams received 5,000 ppm supplemental Zn than in the livers of pigs from dams fed 50 or 500 ppm Zn. The dam‘s dietary 

treatment did not influence Mn concentration in the other organs (kidney, Pancreas, Heart, glands and spleen) that were studied. 

 

Study code 11198 

Year 2010 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 5 treatments (5 animals per treatment) 

Diet Background Estimated. Premix350 mg; MnSO4·H2O/ kg diet (0.5%) 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Ratio of digestible Ca/P 

Composition Diets/treatments Ratio of digestible Ca/P. 1) Ratio 0.89. 2) Ratio 1.37. 3) Ratio 1.82. 4) Ratio 2.29. 5) Ratio 2.75.  

Duration: 35 days 

Response criteria Urine and serum content of Mn 

Results When the Ca:P ratio increased from 0.89 to 1.82, the apparent digestibility of Ca, P, N, Mg, Cu, Fe, Zn and Mn was no difference (p>0.05), but when the Ca:P ratio increased 

to 2.29, the apparent digestibility of Ca, P, Mg, Cu, Fe, Zn and Mn declined significantly (p<0.05). The results suggested that when the true digestible Ca:P ratio was 1.82, the 
growth performance and the utilization of Ca, P, Mg, Cu, Fe, Zn and Mn were optimal in 20-50 kg growing pigs fed corn-rough-soybean meal-based diets. 
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Study code 11561 

Year 2007 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 5 treatments (5 animals per treatment) 

Diet Background Estimated50 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - dry faeces 

Factors affecting// combinations Influence of the trace element source  

Composition Diets/treatments 1)Control; the source of Fe was ferric sulphate, Cu - copper sulphate, Mn - manganese oxide2)The source of Fe were yeasts Saccharomyces cerevisiae (Y-Fe), Cu - copper 

sulphate, Mn - manganese oxide3)The source of Cu were yeasts Saccharomyces cerevisiae (Y-Cu), Fe - ferric sulphate, Mn - manganese oxide4) The source of Mn were yeasts 
Saccharomyces cerevisiae (Y-Mn), Fe - ferric sulphate, Cu - copper sulphate5) The source of iron, copper and manganese were yeasts Saccharomyces cerevisiae (Y-Fe, Y-Cu, 

Y-Mn).Concentration: 50 mg Mn /kg (Y-Mn)Duration: 21 days 

Response criteria Apparent absorption, animal performance, and digestibility 

Results The supplemented microelements did not have the adverse effect on digestibility of the main nutrients and the apparent absorption of Ca, P and Mg. Barrows fed feed 

containing Y-Fe excreted more iron with urine than the control, which statistically significantly (p<0.05) influenced decrease of retention from 67.4 to 58.0 %. Supplementation 
of Y-Mn also significantly (p<0.05) increased Mn retention up to 20.1 % and absorption up to 21.4 % when compared with the control group (12.8 and 13.8 %, respectively). 

Joint supplementation of Y-Fe, Y-Cu and Y-Mn did not improve retention and absorption of all the microelements. It was found that in pigs feeding, yeasts enriched with 

copper and manganese may find application in practice. However, yeasts enriched with iron, were found to be less efficient than inorganic form of this bioelement. 

 

Study code 11730 

Year 2006 

Animal Category  1.2. Pigs. Piglets (weaned): guinea pigs 

Nº treatments (replicates/ treatment) 4 treatments (10 animals per treatment) 

Diet Background Estimated. 21.21 ppm Zn5.66 ppm Cu 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Influence of the trace element source 

Composition Diets/treatments 1) Control (no Zn supplementation). 2) 20ppm was added as zinc sulphate (ZnSO4). 3) 20ppm was added as zinc amino acid complex (ZAAC). 4) 20ppm was added as ZnSO4 

+ ZAAC in equal parts. Duration: 70 days 

Response criteria Animal performance, pancreas, serum, and spleen content of Mn 

Results The organ weights (as percentage of body weights) did not show any differences among the treatment groups. Although the Mn concentration was significantly (p<0.05) higher 
in the pancreas, the Cu concentration was significantly (p<0.05) reduced in the spleen in all of the Zn-supplemented groups. 
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Study code 11964 

Year 2004 

Animal Category  1.1. Pigs. Piglets (suckling) 

Nº treatments (replicates/ treatment) 3 treatments (4 replicates of 6 animals per treatment) 

Diet Background Estimated. Diet 1-Control60 mg Mn/kg. Diet 2,3- Reduced 10mg Mn/kg 

Units’ basis of diets and/or results Diet - as feed basis/ dry matter 

Factors affecting// combinations Organic-Inorganic 

Composition Diets/treatments 1) Control. 2) Reduced inorganic trace minerals (supplied 100% of the supplemental TE from inorganic sulphate forms). 3) Reduced chelated trace minerals (supplied 50% of 

TE in the form of metal proteinates). Duration: 40 days 

Response criteria Animal performance, plasma and faecal content of Mn 

Results Performance by control pigs did not differ from pigs fed the reduced trace mineral treatments during the nursery and grower-development periods. Pigs fed the reduced chelated 
diet had lower faecal Fe (p<0.10) and Mn (p<0.05) concentrations than pigs fed the reduced inorganic diet during the nursery phase. Faecal Mn concentrations were higher 

(p<0.05) at all sampling times in controls compared with pigs fed reduced trace minerals. 

 

Study code 12044 

Year 2003 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) 2 treatments (4 animals per treatment) 

Diet Background Estimated. OS-03 basal comp30 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Organic-Inorganic 

Composition Diets/treatments 1) Control - dry feed mixture OŠ- 03.  

2) Treatment- diet supplemented with organic- bound trace elements Fe: 19.6; Cu:14.25; Zn: 18.4; Mn: 9.60; Se0.00014 in g/kg diet in the form of a commercial preparation. 

Duration: 10 weeks 

Response criteria Serum content of Mn 

Results The supplementation with organic- bound trace elements had no significant effect on Mn serum levels. The first blood sampling in the experimental group showed decreased 
levels of Mn, which were restored during the following weeks of the supplementation. In the control group, deficient Mn levels were observed in the 3rd, 4th, and 6th week of 

the experiment. In both groups, the highest Mn levels were recorded in the 2nd week of the experiment. Feeding the organic - bound trace elements resulted in a favourable 

effect on weight gain, content of trace element s in the blood, indices of phagocytic activity, and the response of lymphocytes to Aujeszky‗s disease virus. 
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Study code 12116 

Year 2003 

Animal Category  1.1. Pigs. Piglets (suckling) ,1.2. Pigs. Piglets (weaned) 

Nº treatments (replicates/ treatment) 2 treatments (19 animals in 2 control groups and 21 animals in 2 experimental groups) 

Diet Background Estimated. OS-0170.07 mg Mn/kgOS-0246.35 mg Mn/kg. OS-0339.20 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Organic-Inorganic 

Composition Diets/treatments 1) Control2) Control + supplemented with organic- bound trace elements. Fe: 19.6; Cu: 14.25; Zn: 18.4; Mn: 9.60; Se0.00014 in g/kg diet in the form of a commercial 

preparation. Duration: 87 days 

Response criteria Animal performance, liver, kidney, serum, heart and muscles content of Mn 

Results The experimental group of weanlings exhibited an insignificant increase in mean values for Mn in the kidneys and loin muscles. 

 

Study code 12391 

Year 2000 

Animal Category  1.4. Pigs. Pigs for fattening 

Nº treatments (replicates/ treatment) Experiment 1. 2 treatments (8 animals High Mn and 6 animals Low Mn)  

Experiment 2. 4 treatments (5 replicates (animals) per treatment) 

Diet Background Estimated. Basal diet996.5-1000 g/kg  

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Mn and Mg concentration 

Composition Diets/treatments Experiment 1. 1) High manganese (0.95±0.10 mmol Mn/kg, n=8) . 2) Low manganese (0.040±0.003 mmol Mn/kg, n=6) .  

Experiment 2. 1) Basal diet (4.1 mmol Mg/kg and 36.0 mmol Mn/kg). 2) Basal diet + high Mn (4.1 mmol Mg/kg and 0.91 mmol Mn/kg) . 3) Basal diet + high Mn + ultratrace 

element premix (4.1 mmol Mg/kg and 0.91 mmol Mn/kg) . 4) Basal diet + high Mn + ultratrace + adequate Mg (41.1 mmol Mg/kg and 0.91 mmol Mn/kg).  

Duration: 42 days 

Response criteria Liver, muscle and heart content of Mn 

Results Liver and skeletal muscle Mn levels were significantly elevated by increased dietary Mn. Increased dietary Mn did not affect heart Mn, but heart Mg concentrations were 
significantly depressed by high, as compared to low, dietary.  
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Table V.D.2.a. Poultry. Interactions. 

Study code 8110 

Year 2012 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) Total 2505 treatments (5 replicates of 10animals per treatment) 

Diet Background Estimated. Premix 1200 mg Mn/kg (1 %) 

Units’ basis of diets and/or results Results - fresh matter 

Factors affecting// combinations Heat stress duet 

Composition Diets/treatments 1) TN = thermo neutral diet 2) HS = heat stress diet 3) HS-MOS = mannan-oligosaccharide-supplemented heat stress diet 4) HS-PM = probiotic mixture supplemented heat 
stress diet 5) HS-SYN = symbiotic-supplemented heat stress. Duration: 42 days 

Response criteria Serum content of Mn 

Results It was surprising that HS did not affect the serum trace mineral concentrations compared with those of the TN group. Dietary supplementation increased (p<0.05) the serum 

concentrations of zinc and copper in the MOS and the SYN groups compared with those of the HS, TN, and the HS-PM groups. In contrast, serum manganese was higher 

(p<0.05) only in the HS-MOS group 

 

Study code 8175 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 2 treatments (4 replicates of 15600 animals per treatment) 

Diet Background Estimated Premix (0.05-0.08 %)60 ppm Mn 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation 

Composition Diets/treatments 1) Control 120 ppm Mn2) CTM treatment(chelated Trace minerals) 60 ppm Mn. Duration: 52 days 

Response criteria Liver, tibia, blood and bone content of Mn. Breaking strength. 

Results 1.- The CTM Mintrex, containing Zn(HMTBa)2, Cu(HMTBa)2, and Mn(HMTBa)2 chelates, supplemented at reduced Zn and Mn levels had no negative effect on growth 

performance or tissue mineral storage in broilers. 2.- The CTM improved BW gain and breast meat yield in trial 1 (Cobb birds). 3.- The CTM was beneficial for footpad health 

and, consequently, bird well-being. 
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Study code 8190 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments(4 replicates per treatment) 

Diet Background Estimated. Premix(0.3 %)600 mg/kg 

Units’ basis of diets and/or results Results - feather ashes 

Factors affecting// combinations Mn-Food matrixTª 

Composition Diets/treatments 1) Corn meal basal 44 mg/kg (Zn)2) 0 supplementation3) 40 mg/kg supplem. zinc oxide4) 60 mg/kg supplem. zinc oxideLow Temperature (26-22ºC) -High Temperature (30-

26 ºC)Duration: 42 days 

Response criteria Feather content of Mn, growth performance 

Results     HT   LTT1  4.99   3.99T2  4.99   4.33T3  4.66   4.82T4  6.82   4.99Higher manganese (p<0.05) concentrations were observed in Diet 4 broilers as compared to those fed Diet 
1. Under high temperature conditions, broilers had higher manganese (p<0.05) concentrations in feathers. 

 

Study code 8220 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 3 treatments (6 replicates per treatment) 

Diet Background Estimated. Premix (125 mg/kg) 

Units’ basis of diets and/or results Results -Dry matter correction 

Factors affecting// combinations Mn-Food matrix 

Composition Diets/treatments 1) (W) Wheat based diet (163 mg/kg)2) Sorghum based diet (148 mg/kg)3) (M) Maize based diet (174 mg/kg)Duration: 14 days 

Response criteria Faecal content of Mn. Retention coefficient 

Results Retention    Wheat // Sorghum // Maize. Day 3 0.17   0.32    0.25Day 5 0.11   0.24    0.13Day 7 0.09   0.31    0.11Day 9 0.08   0.11    0.17Day 14 0.08   0.13    0.13Age effects 

were significant (p<0.05) for all trace minerals, with retention being highest at day 3, declining to day 5 and then remaining unchanged today 14.Diet type effects were 
significant (p<0.05) for Fe retention from day 7 onwards, for Mn and Zn till day 7 and for Cu on all days except day 9. 

 

Study code 8223 

Year 2010 
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Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Exp 1. 3 treatments. Exp 2. 6 treatments (8 replicates groups of 6) . Exp3. 3 treatments (8 replicate groups of 6 animals per treatment) 

Diet Background EstimatedStarter17.8 mg/kgFinisher15.4 mg/kg 

Units’ basis of diets and/or results Diet - as fed. Results - dry-bone basis 

Factors affecting// combinations Mn-Zn 

Composition Diets/treatments Exp1:1)Control. 2) Cu diet: control+4mg org Cu/kg diet. 3) Fe diet: control+30mg org Fe/kg diet. (4) Cu+Fe diet: control+4mg org Cu+30mg org Fe/kg diet 

Exp2:1) Control diet. 2)Mn diet: control diet+30mgorg Mn/kg diet. 3)Zn diet: control+30mg org Zn/kg diet. 4)Mn+Zn. 5) Cu+Fe+Mn+Zn diet. 6) inorganic diet 

Exp3:1)Org Zn(OrgZn): control+4mg org Cu+30mg org Fe+ 30mg org Mn/kg diet,+30mg org Zn/kg diet. 2) Inorg Zn(Inorg-Zn): control diet+4mg inorg Cu+30mg inorg 

Fe+30mg inorg Mn+30mg inorg Zn/diet. 3) Normal Zn: control+4mg org Cu+30mg org Fe+30mg org Mn/kg diet + org Zn/kg diet.  

Duration: 42 days 

Response criteria Animal performance, bone content 

Results       Mn Tibia   Mn Excreta 

Exp 1 

Control    1.2     114.2 

Cu diet    0.8     112.7 

Fe diet    1.2     110.8 

Cu + Fe    1.2    130.3 

Exp 2 

Control     3.5    133.3 

Mn Diet    6.3    307.2 

Zn diet    10.4    137.0 

Mn+Zn    15.7    335.8 

Mn+Zn+Cu+Fe 10.9    335.7 

Inorganic   13.3    309.6 

Exp 3 

Organic Zn  11.4 

Inorganic Zn  10.0 

Normal Zn  16.6 

There was no obvious interaction between organic Zn and other trace minerals used in the current study. 

 

Study code 8283 
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Year 2009 

Animal Category  2.5. Poultry. Turkeys for breeding purposes 

Nº treatments (replicates/ treatment) 2 treatments (3 replicates per treatment) 

Diet Background  Analysed. Basal diet 80 mg Mn/kg  

Units’ basis of diets and/or results Results - dry-bone basis 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) Molted by fasting. 2) High dietary zinc to obtain the second and third production cycle. Duration: 5 weeks 

Response criteria Serum, egg yolk, egg albumin content of Mn 

Results Serum copper and manganese increased at the 5% and peak of the second production cycle in zinc-moulted group. Egg albumin manganese increased at 5% during the second 

production cycle in fasting moulted group. Egg yolk manganese increased at the 5% and at the end of the second production cycle in zinc moulted group. Egg yolk manganese 
and iron decreased during the third production cycle in zinc-moulted group. 

 

Study code 8321 

Year 2008 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 4 replicates (8 animals per treatment) 

Diet Background Estimated. 100 mg Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations EDTA - microbial phytase - Mn 

Composition Diets/treatments 1) (C) Control with 0.1% phosphorus. 2) C + 300 FTU/kg MP. 3) C + 0.1% EDTA. 4) C + 0.1% EDTA+ 300 FTU/kg MP. 5) C + 0.2% EDTA. 6) C + 0.2% EDTA+ 300 
FTU/kg MP. Duration: 15 days 

Response criteria Bone (tibia) and serum content of Mn 

Results Interaction between EDTA and microbial phytase significantly affected the concentration of copper and manganese in serum and tibia ash percentage (p<0.01). 

 

Study code 8326 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening Adult White Leghorn Cockerels 

Nº treatments (replicates/ treatment) Control: 5 replicates of 6 animals. Caecectomized: 5 replicates of 6 animals 
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Diet Background  Analysed. Soybean 69.16 mg Mn/kg. Rapeseed 62.13 mg Mn/kg. Sesame 52.64 mg Mn/kg. Sunflower 59.83 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Caecectomized. Food matrix 

Composition Diets/treatments 2 Treatment: 30 control and 30 cockerels were caecectomized. Each group: 5 treatment: Soybean meal was fed to second group of birds. Fed screw pressed sesame meal (50 
g)Solvent extracted sunflower meal (35 g) Screw pressed rapeseed meal (35 g). 

Response criteria True absorption 

Results The availability of manganese from rapeseed, sesame and sunflower meal was significantly higher in intact as compared to caecectomized cockerels. The endogenous output of 

copper, magnesium, manganese and calcium were significantly higher in caecectomized cockerels. It appeared that caeca might markedly reduce the excretion of minerals 

through absorption as observed in intact cockerels. These observations revealed that the caeca played a significant role in the absorption of minerals. Overall the caecectomized 

cockerels underestimated the bioavailability of copper in sunflower meal and manganese in almost all the test feedstuffs 

 

Study code 8734 

Year 1999 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 10 treatments (8 replicates of 2 animals per treatment) 

Diet Background Estimated. Mixture TE. Basal and phytate enriched40 mg Mn/kg. Corn and wheat31 mg Mn/kg 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Mn-Zn- microbial and vegetal phytase 

Composition Diets/treatments Experiment 1, 1) Basal diet alone2) basal diet + low level of Zn and Mn (14 and 16 mg/kg),3) higher level of Zn and Mn (35 and 40 mg/kg, respectively)4, 5 and 6) + microbial 
phytase (800 U/kg of diet). 7 and 8) basal diet + Zn and Mn dietary levels =t 2 and 3 + enriched with phytate from heated bran 9 and 10) the two previous diets supplemented 

with microbial phytase (80 U/kg of diet).Experiment 21) Corn basal diet alone 2) Corn basal diet + low level of Zn and Mn (10 and 12 mg/kg, respectively) 3) + Zn and Mn (30 

and 35 mg/kg)4, 5 and 6) Three previous diets + microbial phytase (1200 U/kg), 7 and 8) Wheat basal diet + vegetal phytase activity containing the same Zn and Mn 
supplementation as treatments 2 and 3 9 and 10) Wheat basal diet same Zn and Mn supplementation as treatments 2 and 3 vegetal phytase heat activated. Duration: 21 days 

Response criteria Tibia content of Mn 

Results Body weight gain, feed intake and FCR were not affected by Zn and Mn dietary levels in the first experiment 1a, 1b. Similarly in the second experiment 2a, 2b increasing 

dietary Zn and dietary Mn did not change the weight gain and feed intake in chickens. The Mn concentration in tibia increased with dietary Mn level (p<0.01). In the 
experiment 1, the tibia deposition of Mn increased at both level of Mn supplementation (ffi44%; Table, +*-20%) but in the experiment 2 the increased was observed only when 

the basal diet was supplemented with 10 mg/kg Mn. The results of the present investigation indicate that microbial and vegetal phytase increased Zn and Mn bioavailability 

when both minerals were supplied at the minimal level adequate for chick growth performance or when supplied at lower levels. The positive effect on bone mineral deposition 
was less apparent when higher levels of Zn and Mn were supplemented in the diets. The presence of microbial or vegetal phytase did not affect tibia Mn concentration in 

experiment 1 but the increase of 37% was statistically significant (p < 0.05) in experiment 2 when the phytase activity was higher and when no inorganic Mn was added to the 

diet. 
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Study code 8772 

Year 1998 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 10 treatments (4 replicates per treatment) 

Diet Background Estimated. Basal diet12 mg Mn/ kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Mn-P 

Composition Diets/treatments 1) P: 2.5, 3.5 and 4.5 g/kg2) Mn: 25, 50 and 75 mg/kg. MnSO4, 5H2O.Duration: 10 weeks 

Response criteria Egg content of Mn, breaking strength, eggshell thickness 

Results No significant effect of available phosphorus and manganese on feed consumption, feed conversion per kg of egg mass was observed. Egg production and egg weight were 

significantly (p<0.05) increased with supplements of 50 and 75 mg/kg manganese, regardless of the available phosphorus level in the diet. Eggshell thickness was not 
influenced by manganese levels, but in increasing the available phosphorus from 2.5 to 4.5 g/kg, eggshell thickness was reduced significantly (p< 0.05). 

 

Study code 8984 

Year 1991 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Five replicate groups of four chicks in Experiment 1, or four replicate groups of four chicks in Experiment 2 

Diet Background  Analysed. 37 mg Mn/kg 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Mn-CaMn-P 

Composition Diets/treatments Basal corn-soybean diet containing 1% Ca, 0.7% P (0.5% available P) and 37 mg Mn/kg. Experiment 1 Supplemental Ca levels of 0, 0.5 and 1.0% from feed-grade limestone. 

Experiment 2, 100 and 1000 mg/kg supplemental Mn (from MnSO4.H2O) and 0, 0.4 and 0.8% added P supplied by dicalcium phosphate. Duration: 2 weeks 

Response criteria Absorption 

Results These results confirm that the antagonism of Mn by inorganic P is due to reduced gut absorption of Mn. 

In conclusion, the results of the present study provide quantitative evidence that excess Ca has no effect on Mn utilization in the chick. Manganese utilization, however, is 

reduced by excess P, and these results from decreased gut absorption of Mn. Thus, P salts not containing Ca have been found as antagonistic to Mn utilization as those (such as 
dicalcium phosphate) that contain both Ca and P. 

 

Study code 8989 
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Year 1991 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (3 animals per treatment) 

Diet Background  Analysed. Basal 1.4 mg Mn/kg 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations P-Mn 

Composition Diets/treatments 1) 30 mg Mn/kg during pre-test and -P during depletion2) 30 mg Mn/kg during pre-test and +P during depletion3) 1000 mg Mn/kg during pre-test and -P during 

depletion4)1000 mg Mn/kg during pre-test and +P during depletion. Duration: 27 days 

Response criteria Liver, kidney, tibia, spleen and feathers content of Mn, weight gain. 

Results Excess P had little effect on Mn turnover. All tissues showed significantly reduced biological half-lives (p<0.05) as a result of loading chicks with a high level of Mn (1000 

mg/kg) during the 7-d loading period. However, there was wide variation in Mn turnover rates among tissues. Liver, kidney and whole body contained readily exchangeable 

manganese in much higher proportions than did bone. 

 

Study code 9088 

Year 1999 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 8 treatments (8 replicates of 2 animals) 

Diet Background Estimated. Exp 1. Basal 29 mg Mn/kg. Exp 2. Basal 31 mg Mn/kg 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Zn-Mn 

Composition Diets/treatments Experiment 1Basal diet (37 mg/kg Zn and 29 mg/kg Mn) + Zn (14 and 35 mg/kg) +Mn (16 and 40 mg/kg) +/- Guar Gum (GG) (0.375%)Experiment 2Basal diet (34 and 31 

mg/kg Zn and Mn, respectively)+ Zn (10 and 30 mg/kg) +Mn (12 and 35 mg/kg) +/- GG (0.75%).Duration: 21 days 

Response criteria Animal performance (growth),bone and plasma content of Mn 

Results Growth performance of chicks was not modified by Zn and Mn levels neither by the dietary addition of 0.375% GG. Adding 0.75% GG reduced growth, feed intake and 
increased feed conversion ratio. Similarly, tibia ash percentage was lowered when 0.75% GG was added to the diet.Zn and Mn tibia concentrations and Zn concentration in 

plasma increased with Zn and Mn dietary levels. Tibia and plasma Zn concentrations were decreased in the presence of 0.75% dietary GG. In contrast, tibia Mn concentration 

tended to increase (statistically NS) when GG was added to the diet. The present investigation shows that high dietary real applied viscosity (RAV) (6.80 ml/g) decreases 
growth performance and Zn availability in the young (21 days) chicks. Therefore, introducing highly viscous raw materials such as triticale, rye or barley at high levels in chick 

diets may contribute to increased Zn level in poultry manure. 

 

Study code 9242 
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Year 19965 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 6 treatments (8 replicates per treatment) 

Diet Background Estimated. Premix 76 mg Mn/kg diet 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Mn Cholecalciferol Boron 

Composition Diets/treatments Boron (0 and 3 mg/kg) Cholecalciferol [0, 3.13 (Exp 1) or 5.0 (Exp 2), and 15.63 μg/kg] supplemented to a low-boron (< 0.18 mg/kg), non-cholecalciferol-added basal diet. 

Duration: 21 days 

Response criteria Animal performance, breaking strength, bone and serum content of Mn 

Results In Exp 1, chicks fed the basal diet, compared to those fed supplemental cholecalciferol, exhibited rickets and increased bone concentrations of sodium, potassium, zinc, copper, 

and manganese, and reduced bone dry weights and concentrations of iron. 

 

Study code 9448 

Year 1994 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 5 treatments (4 replicates of 48 animals per treatment) 

Diet Background Not specified. 25 mg Mn/kg diet 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Concentration 

Composition Diets/treatments Control) Maize and soya-bean meal basal diet (25 mg/kg of Mn)1) 0 mg/kg MnO2) 20 mg/kg MnO3) 40 mg/kg MnO4)80 mg/kg MnO. Duration: 12 weeks 

Response criteria Liver, egg and bone content of Mn. Breaking strength. 

Results No significant difference in egg production, egg weight or feed conversion was observed when the supplement of manganese in the diet increased from 0 to 80 mg/kg, but the 
shell thickness for two strains improved significantly. No interaction in mineral deposition was observed between the two strains. Tibia and liver manganese concentrations 

were increased linearly with increasing level of the element in the diet and retention of manganese was increased from 20.2 to 62.8% for Hy-line and from 15.2 to 63.2% for 

Lohman strain.  

 

Study code 9785 

Year 1988 

Animal Category  2.3. Poultry. Laying hens 
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Nº treatments (replicates/ treatment) 5 treatments (6 replicates of 8 animals per treatment) 

Diet Background Estimated. Premix 60 mg Mn/kg. Not specifiedElodea186.88 mg Mn/kg. Hydrilla50.04 mg Mn/kg 

Units’ basis of diets and/or results Diet - Fresh matter / dry matter 

Factors affecting// combinations Food Matrix(Elodea, Hydrilla) 

Composition Diets/treatments 1) Control (basal)2) Basal with 5% elodea3) Basal with 10% elodea4) Basal with 5% Hydrilla. Duration: 21 days 

Response criteria Animal performance (feed conversion, BW gain) 

Results Chicks given 5 or 10% elodea had similar feed conversion, feed intake and body weight gain to controls. However, 5% Hydrilla significantly (p<0.05) depressed feed 

conversion, feed intake and body weight gains. The relatively high ash and/or calcium content of Hydrilla may be responsible for lowered performance. Hydrilla may possibly 

need to be washed with tap water to remove sand and/or calcium accumulation on the leaves before giving it to poultry. 

 

Study code 9856 

Year 1986 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) (3 replicates of five animals per treatment) 

Diet Background Not specified. Experiment 130 mg Mn/kg. Experiment 2 1.4 mg Mn/kg 

Units’ basis of diets and/or results Results - dry bone content 

Factors affecting// combinations Food matrix (phytate, fibre-free casein-dextrose diet) 

Composition Diets/treatments Experiment 130 mg/kg Mn. Experiment 2phytate- and fibre-free casein-dextrose diet was fed. Duration: 22 days 

Response criteria Bone content of Mn 

Results Manganese deposition in tibias increased linearly (p<0.01) as a function of the dose of Mn administered to chicks fed both diets (Table). In fact, when tibia Mn concentration 
was regressed on total Mn administered, correlation coefficients ranging from 0.95 to 1.00 were obtained (Table).Using slope-ratio methodology to quantify absorption 

efficiency (i.e., crop intubation slope -r i.p. injection slope x 100), values of 1.71% absorption for chicks fed the corn soy diet and 2.40% for chicks fed the casein diet were 

obtained. 

 

Study code 9938 

Year 1985 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates of 3 animals per treatment) 

Diet Background Not specified. 237 ppm Mn 
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Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Mn-CoCoccidiosis 

Composition Diets/treatments 1) 0 mg Mn/kg+ 0 mg Co/kg. 2) 0 mg Mn/kg+ 250 mg Co/kg. 3) 1500 mg Mn/kg + 0 mg Co/kg. 4) 1500 mg Mn/kg + 250 mg Co/kg. Experimental E. acervulina infection (+/-

). Duration: 4 days 

Response criteria Kidney, bone and bile content of Mn 

Results A significant Co x Mn interaction was observed in growth rate and efficiency of gain and in Co and Mn concentration in some tissues as well. This interaction was present both 

in uninfected chicks and in Coccidiosis-infected chicks. Excesses of dietary Co and Mn increased tissue Ca and Mn concentrations, respectively. Excess Co also increased Mn 
accumulation in kidney, bile and the tibia. 

 

Study code 10058 

Year 1983 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) (3 replicates of 6 animals per treatment) 

Diet Background  Analysed. 168 mg Mn/kg 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Coccidial infection 

Composition Diets/treatments Experiment 1.Three levels of Mn (0, 1500 and 3000 mg/kg) added to a corn-soybean meal diet. Absence/presence of 4 X 105 sporulated E. acervulina oocysts.Experiment 

2.Chicks were fed the semi-purified basal diet, which contained 1.4 mg/kg Mn, or the basal diet containing a more-than-adequate level of Mn (212 mg/kg).Experiment 3.Eight 
levels of Mn were added to the basal diet such that dietary Mn concentrations of 1.4, 8.4, 15.4, 22.4, 29.4, 36.4, 43.4 and 101.4 mg/kg were achieved.Experiment 4.The Mn 

levels used were 1.4, 4.9, 8.4, 11.9, 15.4 and 22.4 mg/kg.Duration: 7-10 days 

Response criteria Animal performance, bone and gallbladder content of Mn, Hb content, haematocrit  

Results Gallbladder and bone Mn concentrations were increased linearly by excess Mn addition. The coccidial infection did not affect tissue Mn levels of chicks fed the basal 
diet.Coccidiosis exacerbated Mn toxicity as assessed by haematological parameters; it also dramatically increased bone and bile Mn concentrations in chicks fed high levels of 

Mn. The increase in Mn absorption caused by coccidiosis resulted in a lower dietary requirement for Mn. In fact, the coccidial infection almost doubled the rate of Mn uptake 

by bone. 

 

Study code 10823 

Year 2012 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 5 farms 

Diet Background  Analysed. 259-525 mg Mn/kg 
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Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Location/ diet content 

Composition Diets/treatments Farm-A. Manufactured. (Foodstuff + P.M=Feed A) Mn content. 400+4750=5150 mg/kg. Farm-B. Manufactured. (Foodstuff + P.M=Feed B) Mn content. 375+4400=4775 

mg/kg. Farm-C. Manufactured. (Foodstuff + P.M=Feed C) Mn content. 367+4800=5167 mg/kg. Farm-D. Manufactured. (Foodstuff + P.M=Feed D) Mn content. 

525+4900=5425 mg/kg. Farm-E. Hi-tech.  (Foodstuff + P.M=Feed E) Mn content. 259+3400=3659 mg/kg 

Response criteria Liver, skin and muscles content of Mn 

Results The highest levels of manganese (102±6.11 mg/kg) in muscles; manganese (340±6.48 mg/kg) in liver; manganese (210±3.55 mg/kg) in skin; manganese (233±2.47 mg/kg) in 
litters were determined at farm-D.The highest manganese concentration (127±3.65 mg/kg) in litters of broilers was assessed at farm-B. It was concluded from the results that 

maximum contents of heavy metals accumulated in the body tissues of broilers whereas lesser of their quantities excreted through litters. 

 

Study code 10839 

Year 2012 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) Experiment 1. 4 treatments (7 replicates of 15 birds per treatment)Experiment 2.4 treatments (6 replicates of 15 birds) 

Diet Background  Analysed.  

Exp 1. 90.3 mg Mn/kg.  

Exp 2. 46.6 mg Mn/kg 

Units’ basis of diets and/or results Diet - as fed basis 

Factors affecting// combinations Mn-Zn 

Composition Diets/treatments Experiment 1. 1) Basal diet, 2) Basal diet + 30-0 mg/kg of Zn and Mn, 3) Basal diet + 65-30 mg/kg of Zn and Mn, 4) Basal diet + 100-60 mg/kg of Zn and Mn.  

Experiment 2. 1) Basal diet, 2) Basal diet + 15-0 mg/kg of Mn and Zn, 3) Basal diet + 35-0 mg/kg of Mn and Zn, 4) Basal diet + 55-15 mg/kg of Mn and Zn. Duration: 10 

weeks 

Response criteria Animal performance, egg production, eggshell thickness. Biochemical response (GH, T4, AP, E2, T3) 

Results Egg production was improved by supplementing 30 mg/kg Zn or 65 mg/kg Zn in combination with 30 mg/kg Mn in experiment one. In experiment two, a significant reduction 
of egg performance occurred with 35 mg/kg Mn supplementation. Mn and/or Zn supplementation increased eggshell thickness in experiment one, and decreased yolk 

cholesterol in both experiments. Mn and/or Zn supplementation increased Zn and Mn excretion in both experiments. Serum growth hormone (GH), thyroxine (T4), and insulin 

levels, or alkaline phosphatase (AP) activity were not affected by treatments; serum oestrogen (E2) and triiodothyronine (T3) were different but there was no consistency by 
dietary treatments. This study demonstrates that 30 mg/kg supplemental Zn is necessary to obtain maximal egg production, and there seems to be no need to supply Mn in this 

type of diet. 

 

Study code 10851 

Year 2012 
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Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 6 treatments (4 replicates of 15 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations P Microbial phytase CA 

Composition Diets/treatments 1) P-deficient basal diet (0.2% available phosphorus (aP)) NC, 2) NC + 500 FTU MP / kg of diet, 3) NC + 2.5 % CA / kg of diet, 4) NC + 2.5% CA + 500 FTU MP / kg diet, 5) 
NC + 5 % CA / kg diet, 6) NC + 5 % CA + 500 FTU MP / kg diet. Duration: 21 days 

Response criteria Serum content of Mn, digestibility 

Results The results showed that interaction effect of CA and MP on concentration of copper, zinc and manganese in serum of broilers fed low available phosphorus diets was 

significant (p<0.05). Adding 2.5% CA into low available phosphorus lets increased digestibility of zinc in comparison to diets without CA and with 5% CA in broiler. Adding 

CA into low available phosphorus diets increased manganese digestibility on based corn-soybean meal diets (p<0.01). 

 

Study code 11417 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 5 treatments (8 replicates of 20 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations IP ProteinPhytase 

Composition Diets/treatments 1) Normal crude protein level and minimum amino acids supplementation (CP), 2) Protein reduction on ideal protein basis (IP) and amino acids supplementation, 3) CP diet 

with phytase supplementation, 4) CP diet with organic and inorganic trace mineral supplementation, 5) IP with phytase and organic and inorganic trace mineralsT3, T4 and T5 - 
500 FTU/kg. Duration: 46 days 

Response criteria Animal performance, faecal and carcass content of Mn 

Results At 46 days of age, treatments did not influence performance, or carcass and breast fillet yields, but T2 and T5 promoted higher abdominal fat deposition (p<0.05) as compared 

to T1.All treatments had a quadratic effect (p<0.05) on ammonia air levels as a function of age, with lower levels for the diets formulated on ideal protein basis as compared to 

those containing regular protein levels. Significant reductions (p<0.05) in nitrogen excretion (T2, T5), phosphorus excretion (T3, T5), and manganese excretion (T3, T4, T5) 
were observed as compared to T1.Therefore, the applied nutritional strategies reduced nutrient excretion and ammonia emission, but did not affect broiler performance. 

 

Study code 11605 

Year 2007 

Animal Category  2.1. Poultry. Chickens for fattening 
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Nº treatments (replicates/ treatment) 5 treatments (4 replicates of 5 animals per treatment) 

Diet Background Not specified. Soy-bean diet 37 ppm 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Concentration 

Composition Diets/treatments Control, basal diet (Mn 37 ppm) 1) Basal diet + Mn at 100 ppm, 2) Basal diet + Mn at 200 ppm, 3) Basal diet + Mn at 400 ppm, 4) Basal diet + Mn at 800 ppm, 5) Basal diet + 
Mn at 1600 ppm. Duration: 35 days 

Response criteria Animal performance, liver, kidney, pancreas and bone content of Mn 

Results The retention of Mn in tibia revealed the presence of a linear relationship between Mn intake and its uptake by bone. However, such an increase in Mn deposition did not alter 

tibia weight or per cent total ash. However, such an increase in Mn deposition did not alter tibia weight or per cent total ash. Similarly, the uptake of Mn by liver, kidney and 

pancreas tissues increased linearly with the level of its inclusion in feed. The uptake of Mn was higher in kidney than that in liver or pancreas. Further, the Mn level in diet 
positively influenced Zn retention in bone. Although, Zn supplementation in diet was kept uniform at 44 ppm, its retention in bone increased significantly with the level of Mn 

in diet. The study suggested that Mn supplementation up to 800 ppm had no added advantage on broiler performance other than increasing its bioavailability. Supplementation 

of Mn at 1600 ppm was not desirable. 

 

Study code 11662 

Year 2007 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 16 treatments(7 replicates of 5 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Calcium (Ca), non-phytate phosphorus (NPP) and cholecalciferol (CC) 

Composition Diets/treatments Ca(%)/NPP / CC1) 0.50 / 0.25 / 200, 2) 0.60 / 0.25 / 200, 3) 0.50 / 0.25 / 1200, 4) 0.60 / 0.25 / 1200, 5) 0.50 / 0.25 / 2400, 6) 0.60 / 0.25 / 2400, 7) 0.50 / 0.25 / 3600, 8) 0.60 / 

0.25 / 3600, 9) 0.50 / 0.30 / 200, 10) 0.60 / 0.30 / 200, 11) 0.50 / 0.30 / 1200, 12) 0.60 / 0.30 / 1200, 13) 0.50 / 0.30 / 2400, 14) 0.60 / 0.30 / 2400, 15) 0.50 / 0.30 / 3600, 16) 
0.60 / 0.30 / 3600. Duration: 21 days 

Response criteria Faecal content of Mn 

Results Concentrations of P and Mn in excreta decreased (p<0.01), by increasing CC level from 200 to 2,400 ICU/kg diet. It can be concluded that dietary levels of Ca and NPP could 

be reduced to 0.50 and 0.25%, respectively by enhancing the levels of cholecalciferol from 200 to 2,400 ICU/kg without affecting body weight gain, feed efficiency and bone 

mineralization. Additionally, phosphorus and manganese excretion decreased with increase in levels of CC in broiler diet. Concentrations of P and Mn in excreta decreased 
(p<0.01), by increasing CC level from 200 to 2,400 ICU/kg diet. It can be concluded that dietary levels of Ca and NPP could be reduced to 0.50 and 0.25%, respectively by 

enhancing the levels of cholecalciferol from 200 to 2,400 ICU/kg without affecting body weight gain, feed efficiency and bone mineralization. Additionally, phosphorus and 

manganese excretion decreased with increase in levels of CC in broiler diet. 
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Study code 11987 

Year 2004 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 6 treatments (3 replicates of 8 animals per treatment) 

Diet Background  Analysed. Starter groups41.45-50.65 ppm Mn. Grower groups50.19-52.48 ppm Mn 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations CatPPhytase 1,25-(OH)2D3 

Composition Diets/treatments 1) Control Ca:tP (1:1), 2) + D3 Ca:tP (1:1) Rovimix 1,25-(OH)2D3 (5 g/kg), 3) + D3 +Phytase (600 PU/kg) Ca:tP (1:1) Natuphos (600 PU/kg) Rovimix 1,25-(OH)2D3 (5 g/kg), 

4) Control Ca:tP (2:1), 5) + D3 Ca:tP (2:1) Rovimix 1,25-(OH)2D3 (5 g/kg), 6) + D3 + Phytase Ca:tP (2:1) Natuphos (600 PU/kg) Rovimix 1,25-(OH)2D3 (5 g/kg). Duration: 42 
days 

Response criteria Bone and faecal Mn content. 

Results Three weeks after adding phytase and 1,25-(OH)2D3 the levels of phosphorus, manganese and zinc where affected. Higher levels in tibia Mn from group 3 in comparison with 

the control was found. Adding phytase and 1,25-(OH)2D3 increased the amount of phosphorus retained in the organism. 

 

Study code 12111 

Year 2003 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 12 treatments (6 replicates of 5 animals per treatment) 

Diet Background Not specified. Premix (0.1 %) 60 g MnSO4/ 100 kg diet 

Units’ basis of diets and/or results Results - dry matter 

Factors affecting// combinations Non-phytin phosphorus (NPP) Ca 

Composition Diets/treatments Ca (6, 7, 8, and 9 g/kg) NPP (3, 3.5, 4, and 4.5 g/kg diet). Duration: 21 days 

Response criteria Animal performance, body weight gain, liver and bone content of Mn, leg abnormality score 

Results The excretion of macro minerals (Ca, and P), and micro minerals zinc (Zn), manganese (Mn), iron (Fe), and copper (Cu) was significantly lower at lower levels of Ca and NPP 

tested (6 and 3 g/kg diet, respectively). The mineral excretion increased with increase in dietary Ca and NPP levels, more conspicuously at the disproportionate ratio of these 

minerals (>2:1, Ca and NPP). Similarly, the retention of Zn, Mn, and Fe in liver was significantly higher (p<0.01) at lower levels of Ca and NPP tested. Results from this study 
indicate that the commercial broilers do not require more than 3 g NPP and 6g Ca/kg diet during starter phase (up to 21 d of age) for optimum weight gain, feed efficiency and 

utilization of Ca, P, Zn, Mn, Fe, and Cu. However, the requirements of these minerals for optimum bone mineralization were higher than the levels suggested above. 

 

Study code 12112 
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Year 2003 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates of 10 animals per treatment) 

Diet Background Not specified. 80 mg/kg 

Units’ basis of diets and/or results Diet -Dry matter 

Factors affecting// combinations CrZnCr+Zn 

Composition Diets/treatments 1) Control2) (Cr): supplemented with 0.4 mg Cr/kg of diet3) (Zn): supplemented with 30 mg Zn/kg of diet4)(Cr+Zn):supplemented with 30 mg Zn/kg of diet or 0.4 mg Cr plus 

30 mg Zn/kg of diet. Duration: 3 months 

Response criteria Serum content of Mn, digestibility, antioxidant status 

Results Supplemental chromium and zinc caused an increase in the serum concentrations of Fe, Zn, Mn, and Cr (p < 0.05). 

 

Study code 12462 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 6 treatments(6 replicates of 10 animals per treatment) 

Diet Background Not specified. Premix 80 mg Mn/kg diet 

Units’ basis of diets and/or results Diet - as-fed basis. Results- Dry matter 

Factors affecting// combinations Mn-Fe 

Composition Diets/treatments 1) control (no Fe supplementation)2) control+40 mg/kg of Fe as Fe-Gly3) control+80 mg/kg of Fe as Fe-Gly4) control+120mg/kg of Fe as Fe-Gly5) control+160 mg/kg of Fe 

as Fe-Gly6) control+160 mg/kg of Fe from FeSO4 (positive control)Duration: 42 days 

Response criteria Animal performance, liver, bone, serum, faecal and muscle content of Mn 

Results No significant differences on the contents of Cu, Zn, and Mn in serum and liver could be observed between the treatments. There were no differences in breast muscle and tibia 
Cu, Zn, and Mn contents when broilers were offered different levels of iron as Fe-Gly and FeSO4 compared with the control (p>0.05).Mineral contents of Cu, Zn, and Mn in 

faeces of chicks did not differ among all the treatments (p>0.05). 

 

Study code 12483 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Experiment 1 (n=12) Experiment 2 (n=48)Experiment3 (n=48) 
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Diet Background  Analysed. Soybean meal42.42 mg Mn/kg19.73 mg Mn/kg 

Units’ basis of diets and/or results Diet - as-fed basis. Results- Dry matter 

Factors affecting// combinations Supplementation concentrations 

Composition Diets/treatments Control. Mn-supplemented diet containing 600, 900, and 1,800 mg/kg (MnCl2).Duration: 36 days 

Response criteria Mn faecal content, endogenous mineral losses (EML), apparent mineral availability (AMA) and standardized mineral availability (SMA) 

Results The standardized availability values of Ca, P, Cu, Mn or Zn in soybean meal were 51.14%, 50.22%, 36.28%, 30.79% or 49.66%, respectively. The standardized availability 
values of P (51.59%), Cu (36.37%), Mn (31.94%) or Zn (43.37%) were similar (p>0.12) to the results of experiment 2 except for Ca (41.49%), indicating that the age of birds 

had no effect on the standardized availabilities of P, Cu, Mn or Zn in soybean meal. 

 

Study code 12584 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 10 treatments(9 replicates of 6 animals per treatment) 

Diet Background Not specified12.5 ppm Mn 

Units’ basis of diets and/or results Results - Dry matter  

Factors affecting// combinations Mn-Zn 

Composition Diets/treatments Basal diet of corn-soybean meal was supplemented with 1) Zn 40,/Mn 60 ppm, 2) Zn 40, /Mn 120 ppm, 3) Zn 40 /Mn 240 ppm, 4) Zn 80/Mn 60 ppm, 5) Zn 80/Mn 120 ppm, 6) 

Zn 80 /Mn 240 ppm, 7) Zn 160/Mn 60 ppm, 8) Zn 160/Mn 120 ppm, 9) Zn 160/Mn 240 ppm. Duration: 35 days 

Response criteria Animal performance, liver and bone content of Mn, breaking strength, immune response 

Results The concentration of Zn (207-238 ppm) and Mn (11.8-16.3 ppm) in tibia increased linearly with progressive raise of mineral inclusion in diets. Mn at 240 ppm level caused 

higher retention of Zn in tibia, but not vice versa. Even in the hepatic tissue, Zn (93.6-98.4 ppm) and Mn (9.3-10.2 ppm) concentration increased linearly with their levels of 
inclusion in diets. When Zn and Mn levels were maintained at 4:3 ratio (80:60 or 160:120 ppm), the concentration of Zn (100-106 ppm) in liver was higher, while that of Mn 

was significantly more with low level of Zn (40 ppm) in diet. Mn complimented Zn retention in tibia and antagonized Cu in tibia and liver tissues. Higher levels of Zn (80 ppm) 

and Mn (120 ppm) than those recommended by NRC were needed for improved immune response in broilers at 35 days of age. 

 

Study code 12945 

Year 1995 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 2-5 treatments (3-4 replicates of 4 animals per treatment) 

Diet Background Analysed 21 mg Mn/kg 
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Units’ basis of diets and/or results Results - Dry bone 

Factors affecting// combinations Mn-Phytase1,25-(OH)2D3 

Composition Diets/treatments Experiment 1 and 2.Basal diet. Dietary phytase levels of 0, 300, 600, 900 and 1200 units/kg diet  

Experiment 3 Idem Experiment 2 + Ca was fortified to bring dietary Ca to a level of 1.0 g/100 g, and Mn and Zn were supplemented as well 

Experiment 4 Ca was lowered to 0.63 g/100 g, with available P again targeted at 0.10 g/100 g 

Experiment 5 Two levels of phytase (600 and 1200 units/kg) and one level of 1,25-(OH)2D3 were tested for efficacy in enhancing Zn utilization from the basal diet. 

Experiment 6 The P-deficient corn-soybean meal diet was used to test graded increments (0,10, 20 and 40 g/kg) of la-OH D3.Duration: 20 days 

Response criteria Bone and plasma content of Mn 

Results Tibia Zn and tibia Mn also responded (p<0.01) markedly to phytase or 1,25-(OH)2D3 supplementation, and the combination of phytase and 1,25-(OH)2D3 resulted in even 

greater responses, i.e., an 86% increase over the basal for tibia Zn and a 123% increase over the basal for tibia Mn. Both supplemental phytase and 1,25-(OH)2D3, alone or in 
combination, resulted in higher (p<0.01) values for food intake, weight gain, tibia ash, tibia P and tibia Mn than obtained in chicks fed the basal diet. Utilization of both Zn and 

Mn contained in the corn-soybean meal diet also was markedly enhanced by supplemental phytase, 1,25-(OH)2D3, or the combination 
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Table V.D.2.b Poultry. Supplementation source 

Study code 8031 

Year 2013 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments(4 replicates of 25 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1), basal diet (corn-soybean-oil meal diet, group T1)2) (corn-soybean-dry fat meal diet, group T2)3) (diet 2 + 2 kg of Diamond V yeast culture/t diet, group T3); 4) (diet 2 + 3 
kg of Diamond V yeast culture/t diet, group T4)Duration: 42 days 

Response criteria Liver content of Mn 

Results T1 - 41.9 g/g DMT2 - 25.9 g/g DMT3 - 45.2 g/g DMT4 - 36.1 g/g DMNo effect was observed for Mn concentrations

 

Study code 8059 

Year 2012 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 4 treatments(8 replicates of 20 animals per treatment) 

Diet Background Analysed Starter102 ppm MnGrower209 ppm Mn 

Units’ basis of diets and/or results Results - ash-weight basis 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Experiment 1.BASAL DIET: starter, 102 ppm; grower, 209 ppm SUPPLEMENTED: 3,600, 4,500, or 5,400 ppm Mn from either TBMC or manganese sulphate 

(MnSO4)Experiment 2 and 3. Basal diet (45 and 43 ppm Mn, respectively) and the basal diet supplemented with graded levels of either TBMC or MnSO4 ranging from 30 to 
240 ppm Mn. Duration: 35 days 

Response criteria Animal performance (BW),liver, bone (tibia) content, bile, plasma content of Mn, MnSOD activity 

Results In experiment 1, BW differed among treatments, with higher Mn leading to lower BW (p<0.05). Birds from all treatments showed higher plasma Mn than birds fed the basal 

diet. Birds supplemented with the highest level of MnSO4 had the highest level of plasma Mn (p<0.05). In experiment 2, tibia and liver Mn increased with higher dietary Mn 

regardless of source (p<0.05). Liver Mn increased up to the 60 ppm diets whereas Mn in the tibia was highest with the 130 ppm diets. Bile Mn increased with increasing dietary 
Mn, but these differences were not significant. In experiment 3, manganese superoxide dismutase 1activity, protein, and relative mRNA abundance were not affected by diet. 
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The calculated bioavailabilities of TBMC and MnSO4 did not differ significantly (p>0.20). Together, these results indicate that TBMC is as effective as and better tolerated 

than MnSO4 and that supplementing Mn at the lowest level used in this study may be sufficient for normal development of broiler chickens. 

 

Study code 8078 

Year 2012 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 7 treatments (6 replicatepens with 5 animals per pen) 

Diet Background Analysed 30.2 mg Mn/kg 

Units’ basis of diets and/or results Results -Dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 7 treatments 3 (MnSO4 + 3 Mn propionate + control). The basal diet was supplemented with 20, 100, or 500 mg of Mn/kg from either feed-grade MnSO4 or MnProp + a basal 

diet (control).Duration: 21 days 

Response criteria Bone (tibia)content of Mn 

Results Clinical signs of Mn deficiency were not observed during the study, even in chicks fed the control diet. Body weight gain, feed intake, and feed gain was not affected by Mn 

source or level. Bone concentrations were increased (p<0.01) by Mn supplementation. Bone Mn concentrations tended (p=0.09) to be higher in chicks supplemented with 
MnProp. No Mn level × Mn source interaction was noted for bone Mn concentration. Further, no differences were seen in bone Mn between sources when looking at contrasts 

between each level (p>0.05). It has been shown that bone Mn concentration is a sensitive indicator of Mn bioavailability in chicks fed physiological or high levels of dietary 

Mn. When chicks were fed a corn- and soybean meal-based diet high in Ca and P, the RB of MnProp was 139% of the standard Mn salt supplement (MnSO4) 

 

Study code 8119 

Year 2011 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 6 treatments (three eggs per animal, 30 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - dry / wet weight 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1)Basal diet2) ZnO, MnO, and CuSO4.5H2O 65-75-7 mg/kg Zn, Mn, and Cu3) ZnSO4.7H2O, MnSO4.H2O, and CuSO4.5H2O 65-75-7 mg/kg Zn, Mn, and Cu4)Availa ZMC (0.5 

g ZMC/kg diet) 20-20-3.5 mg/kg Zn, Mn, and Cu5) Availa ZMC (1 g ZMC/kg diet) source20-20-3.5 mg/kg Zn, Mn, and Cu6) -Availa ZMC (1.5 g ZMC/kg diet) source60-60-

10.5 mg/kg Zn, Mn, and Cu. Duration: 53 weeks 

Response criteria Animal performance, egg content, breaking strength, egg shell breaking 

Results Dietary treatments significantly did affect feed intake (p<0.001), feed conversion ratio (p<0.001) and percentage of broken eggs (p<0.05). Substitution of Zn and Mn oxides (65 

and 75 mg/kg, respectively) with equal amounts of their sulphate forms significantly improved feed intake, feed conversion ratio, percentage of broken eggs, and Haugh Unit 
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(p<0.05). Laying hens maintained their performance when substitution of Zn and Mn oxides and Cu sulphate (65, 75, and 7 mg/kg, respectively) reduced up to 20, 20 and 3.5 

mg/kg by amino acid complexes of the microelements. 

 

Study code 8157 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 6 treatments (4 replicates of 13 animals) 

Diet Background Estimated. Starter 14.80 mg Mn/ dayGrower13.80 mg Mn/ day. Finisher12.80 mg Mn/ day 

Units’ basis of diets and/or results Results - on tibia ash 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) (inorganic)100mg Mn/kg (MnO) 2) (mix)140mg Mn/kg (MnO+AA) 3) (inorganic)60mgMn/kg(MnSO4+MnO) 4) (organic)40 mg Mn/kg (AAMn) 5) (inorganic)40 mg 

Mn/kg(MnSO4) 6) 60 mg Mn/kg (AA-Mn) . Duration: 42 days 

Response criteria Animal performance, liver, spleen and bone (tibia) content of Mn: tibia, abdominal fat and bursa of Fabricius 

Results Tibia (mg/kg)1) 7.122) 8.003) 6.504) 7.185) 6.876) 7.25Corn-soybean diets supplemented with 40-40-7 mg/kg Zn-Mn-Cu from their sulphate or organic sources instead of 

application of 100-100-10 mg/kg Zn-Mn-Cu from their oxide sources can support performance of broiler chickens properly. 

 

Study code 8178 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 3 treatments (9 replicates per treatment) 

Diet Background Analysed Starter48.6 g Mn/kg DMGrower62.5 g Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter Results - fresh matter/dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Control2) ITM - Inorg. TE3) OTM - Org. TE90 g MnSO415 g Protein chelate. Duration: 39 days 

Response criteria Apparent absorption, animal performance, liver, bone (tibia), serum and muscle content of Mn  

Results Control* ITM*OTM 

Intake   62.2 152.7  130(mg/kg dry matter) 

Excretion 15.3  20.5  22.1 (mg/day) 
Absorption0.37 0.26  0.13 (mg/mg intake) 

Serum content 1.26 1.73  2.14 (μmol/L) 

Liver content  205.7295.9 288.2 
Muscle    10.7  14.9 14.9 
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Tibia    205.7 295.9 285.9(μmol/kg DM) 

 

Study code 8194 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (50 animals per treatment) 

Diet Background Not specified15 mg Mn/kg  

Units’ basis of diets and/or results Results - Dry matter  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Inorg forms MnO+sodium Se50 mg/kg +0.3 mg/kg (+Cu, Fe+Zn) 

2) Inorg forms MnO+Selplex50 mg/kg +0.3 mg/kg (+Cu, Fe+Zn)  
3)Bioplex Mn 10 mg·kg +sodium Se10 mg·kg +0.3 mg/kg (+Cu, Fe+Zn) 

4) Bioplex Mn 10 mg·kg +Selplex 10 mg·kg +0.3 mg/kg (+Cu, Fe+Zn) 

Duration: 42 days 

Response criteria Breast and muscle content of Mn 

Results Breast muscle Mn (mg/kg DM)   Day 21 / Day 35 /Day 421) 0.17 ± 0.05 /0.08 ± 0.01/ 0.1 ± 0.012)0.15 ± 0.01 /0.07 ± 0.01/ 0.09 ± 0.023)0.15 ± 0.05 /0.07 ± 0.01/ 0.08 ± 
0.014)0.15 ± 0.01 /0.09 ± 0.02/ 0.09 ± 0.01thigh muscle Mn (mg/kg DM)   Day 21 / Day 35 / Day 421) 0.18 ± 0.04/ 0.11 ± 0.02/ 0.12 ± 0.042) 0.15 ± 0.02/ 0.11 ± 0.01/ 0.11 ± 

0.023)0.17 ± 0.03/ 0.13 ± 0.02/ 0.10 ± 0.014)0.15 ± 0.02/ 0.11 ± 0.02/ 0.12 ± 0.02 

In conclusion, the diet supplemented with trace elements in the proteinated form had the same effect on the body weight on days 1, 7, 14, 21, 28, 35 and 42 of life, total feed 

intake, feed conversion ratio, carcass yield and abdominal fat of chickens as well as on the concentration of Cu, Fe, Zn and Mn (except for Se) in the breast and thigh muscle of 

broilers at the age of 21, 35 and 42 days as the recommended doses of inorganic minerals. 

 

Study code 8221 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Analysed Starter14.60 mg Mn/kgFinisher15.4 mg Mn/kg 

Units’ basis of diets and/or results Results - dry tibia 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Control2) Org Diet. Bioplex® chelated3) Inorg Diet4) NRC diet + feed-grade sulphates1). Cu, Fe, Mn and Zn, which were maintained at 7.4, 60.1, 14.6 and 19.1 mg/kg for 

the starter diet and 8.8, 69.2, 15.4 and 20.6 mg/kg for the finisher diet2 and 3). Cu, Fe, Mn, Zn at 4, 20, 40 and 30 mg/kg diet4). 8 mg Cu, 40 mg Fe, 60 mg Mn and 40 mg 

Zn/kg diet.Duration:35 days 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

590 

Response criteria Bone content, digestibility, apparent absorption 

Results      Diet 1 // Diet 2 // Diet 3 // Diet 4Mn Tibia 1.1 // 2.9  // 2.8 // 2.9Mg/g (1-21 d)Mn Tibia 1.8 // 3.2 //  3.9 // 3.4Mg/g (1-35 d)Supplementing different levels of Mn 

significantly increased (p<0.05) Mn digestibility only in the duodenum and there was no significant difference between organic and inorganic sources 

 

Study code 8232 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (5 replicates of 10 animals per treatment) 

Diet Background  Analysed. Starter38.84 mg Mn/kg. Finisher36.63 mg Mn /kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) T1 control with inorganic salts (60 mg Mn as MnO)2) T2 Bioplex(TM) 1/33) T3 Bioplex(TM) 2/34) T4 Bioplex(TM) 3/3Bioplex ZnTM, Bioplex CuTM and Bioplex MnTM contain 
1.000g/kg of Zn, 150g/kg of Cu, and 150 g/kg of Mn, respectively. Duration: 42 days 

Response criteria Biochemical response 

Results The plasma Mn and Fe levels were not different among experimental groups. The plasma Mn and Fe levels in chickens fed at 1/3 levels of organically complexed minerals 

were tend to increase. Haemoglobin and packed cell volume were significantly higher in the chickens fed at 1/3 level of organically complexed minerals (p<0.01).Using at 
lower level organically complexed minerals instead of inorganic forms did not affect the other parameters examined. 

 

Study code 8292 

Year 2009 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 5 treatments (6 replicates of 4 animals per treatment) 

Diet Background Analysed Starter17.8 mg Mn/kgFinisher15.4 mg Mn/kg 

Units’ basis of diets and/or results Diet - as fed. Results - dry-bone basis 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Control (mg/kg) 4(Cu) 30(Fe) 0(Mn) 0(Zn)2) Organic 1 (mg/kg)4(Cu) 30(Fe) 10(Mn) 10(Zn)3) Organic 2 (mg/kg)4(Cu) 30(Fe) 20(Mn) 20(Zn)4) Organic 3 (mg/kg) 4(Cu) 

30(Fe) 30(Mn) 30(Zn)5) Organic 4 (mg/kg) 4(Cu) 30(Fe) 40(Mn) 40(Zn).Duration: 35 days 

Response criteria Animal performance. Bone content of Mn 

Results Body weight gain and total tibia copper (Cu), iron (Fe), Mn and Zn contents increased linearly with supplemental Zn and Mn intake. Supplementation of Mn and Zn had no 
effect on tibia bone width and strength, but increased tibia length. 
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Study code 8311 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 5 treatments (6 replicates of 6 animals per treatment) 

Diet Background Analysed Starter20.88 mg Mn/kgGrower20.96 mg Mn/kg  

Units’ basis of diets and/or results Results - bone ashes 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) (control) 0.9% NaCl, 2) Mn sulphate 0.750 mg Mn/mL, 3) Mn methionine E (Mn Met E)Weak chelation strength (Qf=3.2; 82.7 g Mn/kg), 4) Mn amino acid B (Mn AA B) 

with moderate chelation strength(Qf=45.3; 64.8 g Mn/kg), 5) Mn amino acid B (Mn AA C) with strong chelation strength. (Qf=115.4; 78.6 g Mn/kg). Duration: 42 days 

Response criteria Mn bone content, MnSOD 

Results The results showed that on both d 10 and 20 after Mn injections, the birds injected with Mn-containing solution shad greater (p<0.01) Mn concentrations in both heart and 

bone, heart MnSOD activities, and MnSOD mRNA levels than those injected with the control NaCl solution; however, intravenously injected Mn always had a sensitive and 

consistent effect on heart MnSOD mRNA level of broilers, and the birds injected with a solution containing the organic Mn source with moderate chelation strength always had 
the greatest heart MnSOD mRNA level. The results indicated that intravenously injected Mn from the organic Mn source with moderate chelation strength was the most 

utilizable Mn source and functioned in the sensitive target tissue more effectively than Mn from Mn sulphate or other 2 organic Mn sources with weak or strong chelation 

strength. 

 

Study code 8319 

Year 2008 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 6 treatments (12animals per treatment) 

Diet Background Analysed 30 mg Mn/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Basal diet was supplemented with 30 mg Zn/kg and 50 mg Mn/kg0, 50 100 % Inorganic forms of Zn (ZnO) and Mn (MnO)0, 50 100 % Organic sources (amino acid 

complexes). Duration: 70 weeks 

Response criteria Egg content, breaking strength 

Results Egg production, egg weight, feed intake and feed efficiency were not affected by dietary treatments. Substitution of Zn and Mn oxides with amino acid complexes of 

microelements had also no effect on physical and geometrical parameters of tibia, ash content in tibia and in toes, eggshell percentage, eggshell thickness and eggshell density, 

but improved (p<0.05) eggshell breaking strength in late phase of laying cycle (at 62 and 70 weeks of age).Obtained results indicate that use of organic complexes of Zn and 

Mn could alleviate the negative effect of hen age on eggshell breaking strength. 

 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

592 

Study code 8324 

Year 2008 

Animal Category  2.2. Poultry. Chickens reared for laying 

Nº treatments (replicates/ treatment) 5 treatments (12 animals per treatment) 

Diet Background Estimated60.5 mg Mn/kg DM 

Units’ basis of diets and/or results Diet -Dry matter Results - fresh matter/dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) (Control): Contents of Cu, Fe and Mn were 21.2, 200.8 and 140.5 mg/kg (DM) (47/20/58)% come from inorganic forms CuSO4, FeSO4 and MnO4. 2): like control but Cu 

come from inorganic from (47%) were substituted by organic Cu. 3) Like control but Fe come from inorganic from (20%) were substituted by organic Fe. 4) Like control but 
Mn come from inorganic from (58%) was substituted by organic Mn. 5) like control but Cu Fe and Mn come from inorganic from (47/20/58%) were substituted by organic Mn. 

Duration: 55 days 

Response criteria Egg, blood and feather content of Mn 

Results Eggs: Mn from yeast (organic Mn) was not available better than from MnO although there was a tendency towards higher Mn accumulation in the egg in group IV Blood: non 
differences between element sources. Introduction of organic forms of iron and manganese to feed for hens did not cause any significant changes in the concentration of this 

element in egg, blood and feather of hens with the exception of the group receiving organic Mn (significantly higher content of Mn in feathers). 

 

Study code 8341 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) Experiment 1:6 treatments (8 replicates of 6 animals)Experiment 2:3 treatment (5 replicates of 20 animals) 

Diet Background Estimated. Total-supplem ppm Mn106-77 ppm 88-54 ppm 79-43 ppm 59-32 ppm 48-21 ppm 38-11 ppm 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Experiment 1: 1) 77 ppm Mn suppl.2) 54 ppm Mn suppl.3) 43 ppm Mn suppl.4) 32 ppm Mn suppl.5) 21 ppm Mn suppl.6) 11 ppm Mn suppl. 
Experiment 2: 1) inorganic sources Zn, Cu, Mn and Fe added at 40, 5, 40 and 25 ppm 2) organic minerals at a level approx. 20% of those supplemented for Treatment 13) no 

supplemental trace minerals, and so the diet content of 20 ppm Zn, 13 ppm Cu, 16 ppm Mn and 140 ppm Fe were provided by the major ingredients in the diet. Duration: 42 

days 

Response criteria Animal performance, excretion of Mn 

Results Using mineral proteinates at 14% of current inorganic salt inclusions, support bird performance. Using the mineral proteinate versus inorganic mineral sources and levels, there 

was a 67% reduction in excretion of Zn and an 81% reduction of Mn in the manure calculated for a one year laying cycle. 

 

Study code 8351 
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Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 7 treatments (7 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) NEGCON (Control)2) INORG100% treatment had 15 ppm Cu (sulphate), 45 ppm Fe (sulphate),45 ppm Mn (oxide), and 45 ppm Zn (oxide)3) BP100% Bioplex 4) BP17% 

Bioplex 5) BP33% Bioplex 6) BP50%, Bioplex 7) BP67% Bioplex Diets were supplemented with appropriate xylanase and with phytase. Duration: 42 days 

Response criteria Animal performance, Mn faecal content 

Results The use of Bioplex mineral chelates at moderate higher levels (50%, 67%) during the first 3 wk of broiler production led to better performance during this period. 

Supplementation of broiler diets with Cu,Fe, Mn, and Zn had no significant effect on performance during the entire trial.  No significant differences were found among the 

different doses of the Bioplex minerals (BP17% to BP100%). Final BW was higher with INORG100% and BP100% treatments than with NEGCON treatment. 

 

Study code 8355 

Year 2008 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 3 treatments (8 replicates of 8 animals3 eggs per replicate) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Inorganic minerals 2) 0.250 ppm of an organic Zn, Mn, and Se mixture. 3) 0.500 ppm of an organic Zn, Mn, and Se mixture. Duration: 16 weeks 

Response criteria Egg content, breaking strength 

Results Feed intake (g/bird/day), feed conversion ratio (kg/dozen egg and kg/kg egg), egg weight (g), egg production (%), thin and cracked eggshells(%), specific gravity (g/mL), 

Haugh Units, total egg solids (%), yolk yield, hite and shell yields (%), eggshell thickness. Although not significant as compared to the non-supplemented diet, improvements 

on relative cracked-plus-thin shells were observed with the use of organic mineral blend. The addition of the organic blend to the diet at 0.250 kg/ton resulted in (p<0.05) 
higher total egg solids. Also, as compared to eggs from control group, fresh and dried yolk yields were higher with the dietary inclusion of the organic mineral blend at 0.250 

and 0.500 kg/ton. 

 

Study code 8382 

Year 2007 

Animal Category  2.1. Poultry. Chickens for fattening 
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Nº treatments (replicates/ treatment) 5 treatments (8 replicates of 4 animals per treatment) 

Diet Background Analysed 14.82 mg Mn/ kg 

Units’ basis of diets and/or results Diet - as fed. Dry matter (DM) 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Control Cu, Fe, Mn, and Zn added to the experimental diets separately 2) Organic 1 (LOW-ORG) control diet + 2 mg of Cu/kg of diet and 20 mg/kg of diet each of Fe, Mn, 
and Zn3) Organic 2 (MID-ORG) control + 4 mg of Cu/kg of diet and 40 mg/kg of diet each of Fe, Mn, and Zn4) Organic 3 (HIGH-ORG) control + 8 mg of Cu/kg of diet and 

80 mg/kg of diet each of Fe, Mn, and Zn5) Inorganic positive control(INORG) + 5 mg of Cu,70 mg of Fe, 80 mg of Mn, and 50 mg of Zn (in sulphate form) per kilogram of 

diet. Duration: 19 days 

Response criteria Serum content, plasma and faecal content of Mn 

Results Supplemental Cu, Fe, Mn, and Zn, regardless of their source, improved (p<0.01) broiler performance. The excretion of Cu, Mn, and Zn increased (p<0.001) linearly with 
increasing intakes of these trace minerals. Thus, the birds on the MID-ORG diet, which supported the best FCR, had a lower (p<0.001) trace mineral excretion than those on the 

HIGH-ORG treatments. This clearly suggests that the highest levels of organically complexed Cu, Mn, and Zn tested in the current study do not contribute to bird growth but 

are excreted. 

 

Study code 8397 

Year 2007 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 5 treatments (6 replicates of 9 animals per treatment) 

Diet Background Analysed 15.9 mg Mn/ kg 

Units’ basis of diets and/or results Diet - As feed basis. Results - fresh matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Control2) 120 mg Mn/kg MnSO43) 120 mg Mn/kg Mn Methionine (Mn Met E)4) 120 mg Mn/kg Mn Aa B5) 120 mg Mn/kg Mn Aa CDuration: 21 days 

Response criteria Heart MnSOD activity 

Results The results showed that heart MnSOD mRNA level increased as dietary Mn level increased at any age. At 7 d, chicks fed the diet supplemented with Mn AA B had higher 

MnSOD mRNA levels than those fed the diet supplemented with Mn sulphate and Mn Met E, and the same tendency was observed at 14 or 21 d. The results suggest that 
MnSOD gene expression, which is regulated by dietary Mn at transcriptional level, could reflect differences among bioavailabilities of organic Mn sources as early as 7 d. 

Therefore, the estimation of relative bioavailabilities of Mn sources based on heart MnSOD mRNA level could require a shorter experimental period and a smaller number of 

animals, and thus less cost. 

 

Study code 8408 

Year 2006 

Animal Category  2.1. Poultry. Chickens for fattening 
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Nº treatments (replicates/ treatment) 5 treatments (8 replicates of 6 animals per treatment) 

Diet Background Analysed Starter21.3±0.6 mg Mn/kgGrower19.2 ±0.3 mg Mn/kg 

Units’ basis of diets and/or results Results -Fresh matter  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Un-supplemented basal diet, 2) 100 mg of Mn/kg from MnSO4H2O, 3) 200 mg of Mn/kg from MnSO4H2O, 4)Mn AA A with chelation strength of 26.3 formation quotients 
(Qf; 8.34% Mn), 5) Mn AA B with chelation strength of 45.3 Qf (6.48% Mn). Duration: 42 days 

Response criteria Animal performance, MnSOD activity 

Results During the grower phase, chicks fed supplemental Mn had lower (p<0.10) incidences of leg abnormality than those fed the control diet, and chicks fed diets supplemented with 

200 mg of Mn/kg from MnSO4H2O, Mn AA A, or Mn AA B had lower (p<0.05) incidences of leg abnormality than those supplemented with 100 mg/kg of Mn. Differences 

among of Mn sources, supplemental Mn levels, or interactions between Mn source and supplemental Mn level were not detected (p>0.21) in the dressing percentage and 
percentage of breast muscle or leg muscle. Results from this study indicated that organic Mn was more available than inorganic Mn for decreasing LPL activity in abdominal 

fat of broilers, and dietary Mn might reduce abdominal adipose deposition by decreasing LPL and malate dehydrogenase activities or increasing hormone-sensitive lipase 

activity in abdominal adipose tissue. The results also indicated that dietary Mn up-regulated muscle MnSOD gene expression pre-translationally in association with increased 
MnSOD activity, which might explain the decrease of malondialdehyde content in leg muscle. 

 

Study code 8439 

Year 2006 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 5 treatments (8 replicate of 6animals per treatment) 

Diet Background Analysed 22.74 mg Mn/kg 

Units’ basis of diets and/or results Diet - as fed basis 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Mn-un-supplemented maize-soybean meal basal diets containing 9.5 g Ca/kg and 22.74 mg Mn/kg for the first phase of 21days and adjusted to 8.8 g Ca/kg and 18.86 mg 
Mn/kg or a second phase of 21days (42days total), or fed basal diets supplemented with 100, 200, 300, 400 or 500 mg/kg Mn as Mn sulphate (MnSO4·H2O) for the duration of 

the 42 days. Duration: 21 days 

Response criteria MnSOD 

Results Dietary Mn level had no effect (p>0.05) on MnSOD activities in breast muscles (data not shown), but affected (p<0.05) MnSOD activities in leg muscles. As dietary Mn level 

increased, MnSOD activities increased quadratically (p<0.05). 

 

Study code 8471 

Year 2005 

Animal Category  2.3. Poultry. Laying hens 
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Nº treatments (replicates/ treatment) 13 treatments (6 replicate cages of 8animals per treatment) 

Diet Background Analysed 20 mg Mn/kg 

Units’ basis of diets and/or results Diet - as fed basis. Results - bone ash, fresh tissue 

Factors affecting// combinations Supplementation form. Chelation strength. 

Composition Diets/treatments High calcium basal diet (the Control, containing 18.5 g Ca/kg and 20 mg Mn/kg) Basal diet supplemented with 60, 120, or 180 mg Mn/kg as Mn sulphate (MnSO4·H2O) or Mn 
methionine E (MnMet E) with weak chelation strength [formation quotient (Qf) = 3.2, containing 82.7 g Mn/kg], Mn amino acid B(MnAAB) with moderate chelation strength 

(Qf = 45.3, containing 64.8 g Mn/kg), orMn amino acid C (Mn AA C) with strong chelation strength (Qf = 115.4, containing 78.6 g Mn/kg). Duration: 21 days 

Response criteria Heart MnSOD 

Results The results herein show higher relative bioavailability, implying that organic Mn sources with moderate or strong chelation strength offer partial or complete resistance to 

interference from high dietary calcium during digestion. 

 

Study code 8549 

Year 2003 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates of 5 animals per treatment) 

Diet Background Not specified 118 ppm Mn DM 

Units’ basis of diets and/or results Diet - dry matter-as fed basis. Fresh matter (FM) 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Mn sulphate or Mn aminoacid chelate (MnAA) 0, 500, 1000 or 1500 ppm Mn. Duration: 21 days 

Response criteria Animal performance, bone content of Mn 

Results The relative bioavailability of Mn in the MnAA chelate was found to be approximately 15% lower than that of reagent-grade Mn sulphate for chicks when all data were 

included in the regression model, but equal when the greatest level of supplementation was eliminated. Relative bioavailability: MnSO4H2O 100% Mn chelate: 84+/-3.5% 

 

Study code 8715 

Year 1999 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 3 treatments (5 replicates of 12 animals per treatment) 

Diet Background  Analysed. Starter19 mg Mn/kgGrower38 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - ash basis, dry basis 

Factors affecting// combinations Supplementation form 
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Composition Diets/treatments 1) 0 mg Mn/kg2) 60 mg Mn/kg3) 240 mg Mn/kg MnPro and two levels (200 and 400 pg/kg) of CrPic. The diet containing 60 mg/kg supplemental Mn served as a control for 

both the Mn and Cr-supplemented diets. Duration: 49 days 

Response criteria Bone content 

Results Dietary manganese proteinate supplementation above the NRC recommendation does not appear to have beneficial effect on chronically heat-stressed broilers. Broilers 

supplemented with MnPro at 240 mg/kg had higher (p<0.0001) tibia Mn concentration, while 0 mg/kg Mn supplementation reduced (p<0.0002) tibia Mn. 

 

Study code 10749 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Exp 1. 1) 100 ppm of supplemental Zn as ZnSO42) 30 ppm of supplemental Zn as Zn bis (-2-hydroxy-4-methylthio) butanoic acid [Zn-(HMTBA)2;MINTREX] 

Exp 2. 1) - ITM treatment of 100 ppm of supplemental Zn as ZnSO4, 125 ppm of supplemental Cu as CuSO4,and 90 ppm of supplemental Mn as MnSO4, 2) -a treatment with 32 
ppm of supplemental Zn as Zn-(HMTBA)2, 8 ppm of supplemental Cu as Cu-(HMTBA)2, and 32 ppm of supplemental Mn as Mn-(HMTBA)2. Duration: 3 months 

Response criteria Animal performance, breaking strength, Paw Lesion Score 

Results On d54 (trial 2), the chicks fed Zn-, Cu-, and Mn-(HMTBA)2 had 23.3% more grade 1 and 2 paws than those fed ITM (p = 0.07).For trial 2, litter Zn, Cu, and Mn from birds 

fed Zn-, Cu-, and Mn-(HMTBA)2 were reduced by 40, 74, and 35%, respectively, compared with birds fed the respective ITM.In summary, based on the present data, 

commercial levels of ITM can effectively be replaced with reduced levels of Zn-, Cu-, and Mn-(HMTBA)2 without compromising bird performance while achieving a 
significant improvement in footpad health and a reduction in trace mineral concentrations in the litter. 

 

Study code 10777 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 8 treatments (4 replicates per treatment) 

Diet Background Estimated. Starter16 mg Mn/kg. Grower14 mg Mn/kg 

Units’ basis of diets and/or results Diet - as fed basis 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Organic Zn, Mn and Cu were separately added to the basal diet in eight combinations calculated to provide 50% or 100% of the inorganic levels used in formulating the control 
diet. Duration: 5 weeks 

Response criteria Growth performance, bone quality, bone content of Mn 
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Results Results showed that birds fed diet supplemented with 50% Zn + 50% Mn + 50% Cu, added as organic minerals, improved growth performance, carcass characteristics, tibia 

quality accompanied with decreasing trace mineral deposition in tibia, liver and excreta.  

 

Study code 10979 

Year 2011 

Animal Category  2.3. Poultry. Laying hens 

Nº treatments (replicates/ treatment) 10 treatments (5 replicates of 3 animals per treatment) 

Diet Background Not specified 15.11 mg Mn/kg 

Units’ basis of diets and/or results Results - Dry matter  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) Basal + Mn organic (Mn-Bioplex)15 mg/kg, 2) Basal + Mn organic (Mn-Bioplex)30 mg/kg, 3) Basal+ Mn organic (Mn-Bioplex)45 mg/kg, 4) Basal +Mn organic (Mn-

Bioplex)60 mg/kg, 5)Basal + Mn organic (Mn-Bioplex)75 mg/kg, 6) Basal + Mn inorganic (Mn-sulphate)15 mg/kg, 7) Basal + Mn inorganic (Mn-sulphate)30 mg/kg, 8) Basal 

+ Mn inorganic (Mn-sulphate)45 mg/kg, 9) Basal + Mn inorganic (Mn-sulphate)60 mg/kg, 10) Basal + Mn inorganic (Mn-sulphate)75 mg/kg. Duration: 12 weeks 

Response criteria Animal performance, breaking strength, content of Mn in bone and eggs content 

Results Compared to the inorganic form, the Mn-Bioplex supplementation has significantly increased the body weight gains and the egg weight and reduced the percentage of damaged 
eggs. In parallel, the tibia cortex thickness and its cross area section were significantly enhanced, leading to a slight improvement in bone resistance. The bone proportions of 

mineral Ca and P elements have significantly increased according to the Mn doses but were not significantly affected by the Mn forms whereas the Mg percentage was 

significantly depressed with Mn-Bioplex. The tibial contents of Zn and Cu were maximal when low doses of Mn, mainly as Mn-sulphate, were used whereas the Mn 
accumulation in bone was mainly observed when Mn-Bioplex with doses above 30 mg/kg were used. These results sustained that organic Mn form supplementation positively 

affects the element distribution in the organism leading to improvement in the weight growth, the egg weight and in the bone solidity in laying hens. 

 

Study code 11120 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (5 replicates of 10 animals per treatment) 

Diet Background Analysed. Starter 38.84 mg Mn/kg. Finisher 36.63 mg Mn/kg 

Units’ basis of diets and/or results Results: ash bone content 

Factors affecting// combinations Supplementation form. Bioplex containing amino acids from hydrolysed-soy protein is an amino acid-hydrate complex bonded with Cu, Zn, and Mn. 

Composition Diets/treatments Bioplex CuTM, Bioplex ZnTM, and Bioplex MnTM contain 100 g/kg of Cu, 150 g/kg of Zn, and 150 g/ kg of Mn, respectively, 0) Control Basal diet NRC inorganic mineral 

premix (containing 40 mg Zn as ZnSO4 and 8 mg Cu as CuSO4, 60 mg Mn as MnO and others trace mineral per kg), 1) Organically complexed Zn, Cu, and Mn were separately 

added into basal diet at 1/3, 2) Organically complexed Zn, Cu, and Mn were separately added into basal diet at 2/33) Organically complexed Zn, Cu, and Mn were separately 
added into basal diet at 1/3 as BioplexTM. Duration: 42 days 
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Response criteria Animal performance, Mn bone and faecal content. 

Results Concentration tibia. Trace mineral concentrations in tibia significantly decreased (p<0.05), when organic mineral inclusion was applied at 1/3 level of recommended inorganic 

levels. This reduction in tibia mineral concentrations was restored in the birds fed at 2/3 and 3/3 level of organic minerals for Cu and Mn. 

Excretion. The significantly lower excretion of Zn and Mn were observed in the birds fed at 1/3 levels of organic minerals (p<0.01). The excretion of Zn, Cu and Mn were not 
significantly different between the birds fed inorganic mineral and the birds fed at 3/3 levels of organic mineral. Results showed that organically complexed trace minerals can 

be used at a much lower concentration than the current recommended as inorganic minerals, without a negative impact on performance, while also decreasing the excess 

mineral excretion. 

 

Study code 11180 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (5 replicates of 10 animals per treatment) 

Diet Background Analysed Starter38.84 mg Mn/kgFinished36.63 mg Mn/kg 

Units’ basis of diets and/or results Results - fresh matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) (Control group) diet was controlled using a standard inorganic mineral premix 2) (L1) Organically-complexed Cu, Zn, and Mn were separately added to the basal diet at 1/3 

2) Organically-complexed Cu, Zn, and Mn were separately added to the basal diet at 2/3 3) Organically-complexed Cu, Zn, and Mn were separately added to the basal diet at 

3/3Duration: 42 days 

Response criteria Liver content, plasma content 

Results The liver trace mineral concentrations were significantly higher in chickens fed inorganic trace minerals in comparison to those fed organically-complexed minerals. The 

plasma malondialdehyde (MDA) level of experimental chickens was decreased in groups receiving levels of organic Cu, Zn and Mn in comparison to those fed inorganic forms 

(p<0.01).The erythrocyte superoxide dismutase (SOD) activity was higher in all groups receiving the organic mineral supplements in comparison to those fed inorganic forms 
(p<0.01).No differences were observed on either the erythrocyte catalase (CAT) activity or the plasma ceruloplasmin (Cp) levels, and the liver MDA levels and liver CAT and 

SOD activities in any of the groups that received the organic supplements of Cu, Zn, and Mn. It was concluded that supplementation of lower levels of organically-complexed 

copper, zinc, and manganese instead of their inorganic forms in diets had no negative effects on the antioxidant defence system in broilers. 

 

Study code 11336 

Year 2009 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 10 treatments (3 replicates of 50 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

600 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) 100% IOTM 100% inorganic trace control, 2) 100% OTM 100% organic trace control Bioplex, 3) 100% OZ Organic Zn Bioplex, 4) 100% O Cu Organic Cu Bioplex, 5) 

100% O Mn Organic Mn Bioplex, 6) 100% O Fe Organic Fe Bioplex, 7) 50% OZn Organic Zn Bioplex, 8) 50% OCu Organic Cu Bioplex, 9) 50% OMn Organic Mn Bioplex, 

10) 50% OFe Organic Fe Bioplex. Duration: 35 days 

Response criteria Animal performance, bone, faecal and muscle content of Mn 

Results Results indicated that chicks fed diets containing 100% organic minerals (Zn, Cu, Mn and Fe) had significantly higher body weight, better feed conversion, higher % tibia ash 
and higher immunity compared with those of inorganic control minerals treatment. Also, when organic minerals were fed as a single element while the rest of minerals were 

inorganic forms at a level of 100% or 50%, the performance parameters were not significantly different from those resulted from all organic minerals together but were 

significantly better than those of inorganic control treatment. Faecal mineral excretions from broilers receiving the organic mineral diets were lower than those of inorganic 
control treatment. No significant effects were observed on muscle characteristics among the different treatments. However, organic mineral diets had a positive effect on 

economic efficiency. It is concluded that replacing inorganic minerals with organic sources improved bird's performance and enhanced immune response of chicks. 

 

Study code 11477 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 9 treatments (6 replicates of 5 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results. Bone ash, (dry matter) 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) MnCl2 (100 ppm), 2) MnCl2(1000 ppm), 3) MnCl2 (2000 ppm), 4) MnO (100 ppm), 5) MnO (1000 ppm), 6) MnO (2000 ppm), 7) MnSO4.H2O (100 ppm), 8) MnSO4.H2O 

(1000 ppm), 9) MnSO4.H2O (2000 ppm)Duration: 35 days 

Response criteria Animal performance, liver , kidney and bone content 

Results Results showed that Mn salts did not influence body weight gain (BWG), leg abnormality scores (LAS), tibia weight or tibia ash, but MnCl2 significantly affected feed 

conversion ratio (FCR) and increased Mn concentration in tibia, liver and kidney tissues compared to the oxide and sulphate salts. Inclusion of Mn in diet at 2000-ppm level 
depressed BWG, FCR, tibia weight and tibia ash, while maintaining higher Mn retention in tissues. Interaction between MnCl2 and its levels of supplementation exhibited poor 

performance, possibly due to higher retention of Mn in tibia, liver and kidney compared to oxide or sulphate salts. Between MnO and MnSO4, the later maintained moderately 

high Mn retention in bone over MnO and the vice versa in liver and kidney. It appeared from these results that Mn in sulphate form had moderate turnover in tissues than the 
other 2 salts, particularly in bone, which was desirable. Inclusion of MnCl2 in feed needs caution due to high turnover of Mn in tissues. Supplementation of MnCl2 at lower 

levels may be useful. 

 

Study code 11712 

Year 2006 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 16 treatments (6 replicates of 5 animals per treatment) 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

601 

Diet Background Not specified 

Units’ basis of diets and/or results Results - tibia ash 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments MnO, MnSO4, MINTREX Concentrations 0, 100, 200, 400, 600 and 800 mg/kg. Duration: 20 days 

Response criteria Animal performance, bone content of Mn 

Results There were no significant differences among treatments for body weight, feed conversion, feed intake, mortality, or tibia ash. Significant differences in tibia Mn content were 
observed among source and level of Mn. Slope-ratio analysis of the response to the various products indicated that birds fed MINTREX® Mn had 15.81% higher levels of tibia 

Mn than those fed the sulphate form and 53.89% higher levels of tibia Mn than those fed the oxide form, indicating greater biological availability of the Mn from the 

MINTREX® Mn than provided by commonly used inorganic forms of Mn. 

 

Study code 11961 

Year 2004 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 7 treatments (5 replicates per treatment) 

Diet Background EstimatedStarter107 mg Mn/kgGrower23 mg Mn/kg 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments A basal corn soybean diet (23 mg/kg Mn), 1) 0 ppm Mn, 2) 30 ppm Mn, 3) 60 ppm Mn4) 240 ppm Mn from both Mn sources(MnO and Mn Fumarate). Duration: 49 days 

Response criteria Performance, tibia Mn content 

Results Based on our results, it can be stated that Mn fumarate is not more efficient in broiler chickens than MnO as this Mn source did not cause significant improvement in BW gain 

and feed efficiency. At the same level of supplementation no significant differences were found in the Mn concentrations of organs/ tissues. It is supported that the tibial Mn 

concentration is a proper indicator for the evaluation of Mn supply in chicks.  

 

Study code 12496 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Analysed 15.26 mg Mn/kg 

Units’ basis of diets and/or results Diet- as fed basis. Results - Dry matter 

Factors affecting// combinations Supplementation form 
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Composition Diets/treatments 1) Control, 2) basal diet + 60 mg Mn/kg, 3) basal diet + 120 mg Mn/kg, 4) basal diet + 180 mg Mn/kg (MnSO4 or Mn-Proteinate). Duration: 21 days 

Response criteria MnSOD activity,  

Results Mn concentration, MnSOD activity, and MnSOD mRNA expression level in the heart of broilers increased linearly as dietary Mn concentration increased. Based on slope 

ratios from multiple linear regressions of the above three indices on added Mn level, there were no significant differences in bioavailability estimates of broilers between Mn 

proteinate and Mn sulphate in this experiment. 

 

Study code 12543 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 8 treatments (5 replicates of 12 animals per treatment) 

Diet Background Analysed. Control (0) 18.5 mg Mn / kg mg/kg(20) 38.3 (40) 58.2 (60) 78.8 (80) 98.1 (100)118.2 (120) 138.7(140) 158.4 

Units’ basis of diets and/or results Diet - as-fed basis 

Factors affecting// combinations Concentration levels 

Composition Diets/treatments Fed diets supplemented with 0, 20, 40, 60, 80, 100, 120, or 140 mg Mn/kg from reagent grade Mn sulphate tissue were Analysed at 7, 14, and 21 days of age. Duration: 21 days 

Response criteria MnSOD expression 

Results Tissue Mn concentrations and heart MnSOD activity showed significant quadratic responses, and heart MnSOD mRNA concentration showed an asymptotic response to 

dietary supplemental Mn level, respectively. The estimate of dietary Mn for chicks from 1 to 21 days of age was 122-128 for heart Mn concentration, 141-159 for pancreas Mn 

concentration, 127-138 for liver Mn concentration, and 135-156 mg/kg for heart MnSOD activity, respectively. Heart MnSOD mRNA concentration was a consistent index for 
the estimation of the Mn requirement of broilers. 

 

Study code 12550 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates of 8 chicks per treatment) 

Diet Background Analysed 16.13 mg Mn/kg 

Units’ basis of diets and/or results Results. Fresh matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments [Control (C)] without Mn supplementation.1) + 100 (optimal) mg Mn/kg diet from inorganic Mn sulphate (I)2) + 200 (high) mg Mn/kg diet from inorganic Mn sulphate (I) 3) + 

complexes of Mn and amino acids with weak (W) chelation 4) + complexes of Mn and amino acids with moderate (M) chelation 5) + complexes of Mn and amino acids with 
strong (S) chelation. Duration: 21 days 

Response criteria MnSOD expression 
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Results Results suggest that dietary Mn could modulate the expression of the MnSOD gene in broilers by altering Sp1 and AP-2 DNA-binding activities at the transcriptional level and 

enhancing MnSOD-BP RNA-binding activity at the translational level. Additionally, an organic Mn source with moderate chelation strength could be more effective than other 

Mn sources in activating MnSOD gene expression at both the transcriptional and translational levels. 

 

Study code 12577 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening 

Nº treatments (replicates/ treatment) 12 treatments (40 animals per treatment) 

Diet Background Analysed 16.20 mg Mn/kg 

Units’ basis of diets and/or results Results -Dry matter  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) 0, 10, 20 and 40 mg/kg inorganic (Mn sulphate), 2) 0, 10, 20 and 40 mg/kg organic (peptide chelates), 3)0, 10 and 20 mg/kg of either Mn sources were supplemented or not 

with 300 U phytase/kg die two negative controls (0 Mn x 2 levels of phytase) and two positive controls (40 Mn x 2 Mn sources). Duration: 46 weeks 

Response criteria Egg content, egg quality, plasma content of Mn, semen quality 

Results Manganese supplementation at 10 mg/kg over dietary sources improved hatchability, at 20 mg/kg decreased death embryos and abnormality as those of hens supplemented with 
40 mg/kg Mn. Inorganic Mn at 10 mg/kg significantly increased egg mass compared to the organic form. Inorganic Mn was more efficient in decreasing abnormal chicks than 

organic Mn. Phytase supplementation significantly increased hatchability of fertile eggs and decreased the number of abnormal chicks of groups fed on diets un-supplemented 

with Mn and those supplemented with 10 mg/kg Mn. Mn supplementation at 10 mg/kg over dietary sources significantly improved sperm mass motility and decreased 
abnormal sperm. Phytase significantly decreased lymphocyte cells and plasma AST. Mn supplementation of the control diet (containing only 16 mg/kg from raw materials) 

with 20 mg/kg of Mn from either organic or inorganic source is adequate to support egg production traits, egg quality, reproductive traits and economic efficiency of dual 

purpose cross-bred hens; however, phytase supplementation may reduce the required Mn supplementation to 10 mg/kg. 
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Table V.D.3. Bovines 

Study code 8051 

Year 2012 

Animal Category  3.1. Bovines. Calves for rearing3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 2 treatments (10 animals per treatment) 

Diet Background Not specified38 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Mn disodium EDTA 

Composition Diets/treatments 2 species x 2 treatments factorial design. Treatment 1. Multimin 90(MM); 10 mg Mn/mL (as Mn disodium EDTA).Treatment2. Sterilized saline (CON) at a dose of 1 mL/45 kg 

+ inorganic supplement containing, per kilogram of diet, 10 mg Cu, 30 mg Zn, 20 mg Mn, and 0.1 mg Se. Duration: 15 days 

Response criteria Liver and plasma content of Mn, erythrocyte glutathione peroxidase activity.  

Results Plasma concentrations of Zn, Mn, and Se were greater (p=0.01) and Cu tended to be greater (p=0.12) post-injection in MM steers compared with the CON steers. Simmental 

cattle had lower plasma concentrations of Cu, Zn, and Se (p≤ 0.05) when compared with Angus cattle. Erythrocyte GSH-Px activity was greater (p=0.01) in MM steers 

compared with CON steers. Liver concentrations of Cu, Zn, and Se were greater (p=0.05) in MM steers compared with CONsteers post-injection. Liver Mn concentrations 
tended to be greater (p=0.06) in MM steers compared with CON steers in the days post-injection. Simmental cattle exhibited greater (p=0.01) liver Mn concentrations in the 

days after injection compared with Angus cattle (7.0 and 6.0 mg Mn/kg for Simmental and Angus cattle, respectively), regardless of treatment. 

 
Study code 8075 

Year 2012 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 3 treatments (30 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Organic- inorganic 

Composition Diets/treatments Trace mineral supplements were fed in three treatments including: 1) control (100% inorganic salts), 2) 25% organic and 75% inorganic, and 3) 50% organic and 50% 

inorganic. Inorganic mineral salts consisted of ZnSO4, CuSO4, MnO, and Na2SeO3 which were mixed with the diet according. Organic supplements were chelates as mineral-

peptide compounds named Bioplex® products, except for Se supplement that was named Selplex® which was a selenomethionine. Duration: 90 days 

Response criteria Liver and plasma content of Mn, Erythrocyte glutathione peroxidase activity. 

Results It can be concluded that in dairy cows it makes no difference whether Zn, Cu, and Mn are provided to the feed in organic or inorganic forms as long as they are well absorbed 

and given in adequate amounts. No difference between colostrum yield and composition was observed. Sources of trace mineral supplements did not affect hoof status and thus 

lameness score index did not significantly differ among the animals 
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Study code 8144 

Year 2011 

Animal Category  3.1. Bovines. Calves for rearing.3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Not specified. Mixed fodder 46.57 ppm Mn. Control 65.27 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation 

Composition Diets/treatments 1) (control):60 g (maize 50%, mustard cake 50% without mineral supplementation), 2) 100 g (maize 30%, mustard cake 27.46%, dicalcium phosphate 42.3% and copper 

sulphate -0.24%), 3) 60 g (maize 50%, mustard cake 49.10%, copper sulphate 0.39% and manganese sulphate 0.51%) 4) 100 g (maize 30%, mustard cake 27.15%, dicalcium 
phosphate 42.3%, copper sulphate 0.24%and manganese sulphate 0.31%). Duration: 100 days 

Response criteria Serum content 

Results Manganese in blood serum were significantly improved in groups supplemented with minerals but the values were within normal range 

 
Study code 8150 

Year 2011 

Animal Category  3.5. Bovines. Dairy cows for reproduction : pregnant Holstein cows, including 111 heifers 

Nº treatments (replicates/ treatment) 2 groups (10 replicates per specie) 

Diet Background Analysed. Control. Dry cows785 mg Mn/kg DM. Lactating cows1483 mg Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation 

Composition Diets/treatments Two experimental groups with 147 and 149 in the control and organic trace minerals (OTM) as proteinates. During the dry period, cows were fed a diet where Cu, Mn and Zn 
were supplied as sulphates (control) or a diet in which 500 g/kg of Cu, Mn and Zn was supplied as sulphates and 500 g/kg as OTM. Duration: 240 days 

Response criteria Milk and colostrum Mn content. 

Results Partial substitution of Zn, Cu and Mn sulphates with OTM during the dry period and lactation resulted in higher colostrum immunoglobulin levels and lower calf mortality at 

calving. However, productive and reproductive performance, as well as incidences of pathologic events and claw disorders, was not influenced by feeding organic trace 
minerals in partial replacement for the minerals in a sulphate form. 

 
Study code 8450 

Year 2006 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 7 treatments (10 replicates per treatment) 

Diet Background Not specified. Concentrate248.3 mg Mn/kg Paddy Straw263.3 mg Mn/kg 
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Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Cr-Mn 

Composition Diets/treatments 1)0 (Control), 2)1.2 mg CrCl3.6H2O, 3)2.4 mg CrCl3.6H2O, 4)4.8mg CrCl3.6H2O, 5) 0.6 g of Cr-yeast, 6) 1.2 g of Cr-yeast, 7) 2.4 g of Cr-yeast. Duration: 30 days 

Response criteria True absorption, animal performance, plasma content of Mn, apparent digestibility 

Results Chromium chloride and chromium-yeast supplementation resulted in similar changes in the plasma concentrations of copper, zinc, iron and manganese (p>0.05). 

 
Study code 8475 

Year 2005 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 6 treatments (4 replicates of 5 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments Six treatments (four replicate pens per treatment) providing 0 (control), 10, 20, 30, 120, or 240 mg of supplemental Mn/kg of DM from MnSO4. Duration: 56 days 

Response criteria Animal performance, liver, serum, plasma content of Mn.  

Results The performance by growing and finishing steers was not affected by dietary manganese concentrations far in excess of recommended requirements. Although supplementing 

manganese at pharmacological concentrations seemed to affect lipid metabolism, this effect did not result in improved carcass quality. Plasma Mn concentrations on d 56 of 
each of the growing and finishing phases were not affected by dietary Mn concentration. Liver Mn concentration increased (p=0.02; R2 = 0.515) linearly with increasing dietary 

Mn, ranging from 12.1 in controls to 15.1 mg/kg (DM basis) in steers supplemented with 240 mg of Mn/kg of DM. Likewise, LM Mn concentrations increased (p=0.002; R2 = 

0.690) linearly with increasing dietary Mn. Despite the increase in LM Mn concentration with increasing dietary Mn, muscle Mn concentration remained low (<0.50 mg/kg) in 
all treatment groups. Liver and LM Mn concentrations were greater (p=0.03 and 0.006, respectively) in steers receiving the pharmacological concentrations (120 and 240 

mg/kg) of Mn than those in the control treatment. 

 

Study code 8480 

Year 2005 

Animal Category  3.5. Bovines. Dairy cows for reproduction 

Nº treatments (replicates/ treatment) Experiment 1: 2 treatments (6 animals per treatment) Experiment 2:(39 dietary treatments and 160 observations 

Diet Background Estimated505 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments Experiment 1, Holstein cows at dry-off ( 60 d pre-partum) were fed a basal diet with no supplemental Mn ( 43 mg of Mn/kg of dry matter) and received a daily bolus of 0 or 

200 mg/d supplemental Mn from MnSO4 or from Mn-Met until parturition.  

Experiment 2, apparent Mn digestibility data from 8 experiments conducted with lactating dairy cows) were combined with data from experiment 1. Duration: 4 months 

Response criteria Apparent absorption 
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Results No differences were observed between Mn sources, but absorption of Mn (6.4 vs. 2.3%) tended to be greater, and apparent retention of Mn (44 vs. 12 mg/d) was greater, for 

cows given supplemental Mn compared with control cows. Exp2. The regression equation of intake of digestible Mn on Mn intake (i.e., Lucas test) was as follows: intake of 

digestible Mn (mg/d) = - 151 + 0.26 x Mn intake (mg/d). Based on that equation, Mn intake had to equal 580 mg/ d to meet the metabolic faecal Mn requirement. The 
corresponding dietary concentration, assuming dry matter intakes of 21 and 12 kg/d for lactating and dry cows, respectively, were 28 and 49 mg/ kg dry matter. These 

concentrations are approximately 1.6 and 2.7 times higher than those needed to meet the Mn requirements for lactating and dry cows, respectively, as calculated using the 2001 

 

Study code 8570 

Year 2003 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) Review 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Review 

Composition Diets/treatments Review 

Response criteria Review 

Results Manganese is poorly absorbed (1% or less) from ruminants diets. Dietary factors that may influence manganese bioavailability have received little attention, probably because 

manganese deficiency is not considered to be a major problem in ruminants. Limited evidence suggests that high dietary calcium and phosphorus may reduce manganese 
bioavailability. Manganese from two feed-grade manganese oxide sources tested in lambs was 70 and 53% as bioavailable as manganese from reagent-grade manganese 

sulphate (62). Relative bioavailability of manganese from manganese methionine was 120% of that present in the sulphate form (62). 

 

Study code 8638 

Year 2001 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 2 treatments(147-149 animals per treatment) 

Diet Background Analysed. Corn silage 20 mg Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments Control Treatment (Availa 4) 360 MG Zn AA, 200 mg Mn AA, 125 mg Cu AA, 12 mg Co glucoheptonate. Duration: 80 days 

Response criteria Productive and reproductive performance  

Results Cows fed the Availa4 TMR tended to have fewer days to first service (P = 0.071), fewer services per conception (P = 0.069), and fewer days to conception (P = 0.012) as 

compared to cows fed the control TMR. Feeding a combination of zinc AA, manganese AA and copper AA complexes, and cobalt glucoheptonate to early lactation Holstein 
cows improved conception rate with fewer days in milk to pregnancy but had no effect on milk production, milk fat and protein content, linear somatic cell count, animal body 

condition score, or lameness score. 
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Study code 8817 

Year 1997 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) Total=45animals 

Diet Background Not specifiedHay71.8 mg Mn/kgGrain31.4 mg Mn/kgSilage61.9 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Conceived vs failed 

Composition Diets/treatments Blood samples were taken from yearling nulliparous heifers, and suckled 2-yr-old primiparous heifers and multiparous cows at first service which occurred within 12 h of 

observed standing heat and 21 d after. Duration: 21 days 

Response criteria Serum content 

Results Dietary concentrations of Fe, Zn and Mn were within ranges recommended for cattle (NRC 1984) and not expected to limit growth or reproductive function.  

 

Study code 9001 

Year 1991 

Animal Category  3.1. Bovines. Calves for rearing ,3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) Total=35animals 

Diet Background Analysed 40 mg Mn /kg DM 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 40, 200, 500, 1000, or 5000 ppm Mn 40, 200, 500, 700, or 1000 ppm Zn in DM. Duration: 8 weeks 

Response criteria Animal performance, liver and faecal content of Mn 

Results Starting at 1000 ppm Mn, weight gains and feed efficiencies were decreased slightly; none of the calves fed5000 ppm Mn survived the 5-wk experiment. Liver and bile showed 
the largest increases in Mn concentration. In the Zn experiment, only at 700 and 1000 ppm Zn were weight gains, DM intake, and feed efficiency reduced. Largest Zn increases 

were in liver, kidney, and plasma.Thus, performance of the prenuninant calves was not affected adversely by 500 ppm Mn or 500 ppm Zn in milk replacer, concentrations that 

are markedly higher than the NRC recommendations of 40 ppm Mn and 40 ppm Zn. However, Mn and Zn concentrations increased in some tissues, and toxicities might have 
arisen if the trial had been continued. Evidence was not obtained indicating that the calf benefits from Mn or Zn intakes above the NRC recommendations. 

 

Study code 9086 

Year 1999 

Animal Category  3.5. Bovines. Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 3 treatments (78-80 animals per treatment) 

Diet Background Not specified1994- 38 ppm Mn1995 - 183 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

609 

Factors affecting// combinations Organic- inorganic 

Composition Diets/treatments 1) No supplemental minerals (CTL), 2) organic minerals (ORG) Mn methionine, 3) inorganic minerals (ING) Mn sulphateCu (125 mg), Co (25 mg), Mn (200 mg), and Zn (360 

mg). Duration: 2 years 

Response criteria Liver, serum and faecal content of Mn. 

Results A treatment year interaction was found for day of conception. Cows in the ORG group conceived later (p<0.01) than cows in the ING or CTL groups in 1994. In 1995, there 

was no difference (p>0.10) in day of conception among groups.Liver Zn and Mn concentrations were not different (p>0.10) and Cu concentrations increased (p<0.01) for the 

ORG and ING groups. Cows in the ORG and ING groups had higher (p<0.01) concentrations of Cu, Mn, and Zn in the faeces than the CTL cows. Trace elements in the faeces 
did not differ for ORG and ING groups. Results indicate that combinations of Cu, Co, Mn, and Zn fed at higher levels than are required reduced reproductive performance. 

 

Study code 9461 

Year 1994 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 2 treatments (3 replicates of 12 animals per treatment) 

Diet Background Analysed Control14.10 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Organic- inorganic 

Composition Diets/treatments Exp. 1, before weaning, all steers and their dams received the following free-choice mineral supplements: 1) control (no supplemental Zn or Mn), 2) ZnO+MnO (ZnMnO), and 

3) Zn methionine+Mn methionine (ZnMnMet).  

Exp. 2, 18 d before weaning and shipping, steers were allotted into two groups (22 steers/group) and fed 225 mg of Zn.steer-1 x d-1 in .9 kg of ground corn as ZnO or ZnMet. 

Half of the steers from each group were injected (s.c.) with 120 mg of Cu from Cu glycinate. Bovine rhinotracheitis virus. Duration: 34 days 

Response criteria Animal performance, liver egg and bone content of Mn 

Results The manganese concentration in the liver was increased significantly (p<0.01), from 58.2 to 114.6 mg/kg and in the tibia from 45.8 to 98.4 mg/kg. When the Mn concentration 
in these tissues was regressed on the level of Mn in the diet, a linear response was obtained ( Y= 57.78 +0.7256X; r=0.85; Y= 41.86 + 0.7075X, r= 0.92, for liver and tibia 

respectively, where X is the supplement of Mn (mg/kg) in the diet).Positive balance of Mn with all levels of supplements. The retention of Mn was increased from 20.25 to 

62.8% for the Hy-line strain and from 15.2 to 63.2% for the Lehman strain by increasing the supplements of Mn from 0 to 80 nmg/kg. 

 

Study code 9465 

Year 1994 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) First trimester (n=7)Second trimester (n= 71)Third trimester (n=25) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter 

Factors affecting// combinations Correlations between maternal and foetal hepatic Cu, Fe, Mn, and Zn concentrations through gestation 

Composition Diets/treatments Maternal and foetal. First, second and third trimester. Duration: 1.5 years 
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Response criteria Liver content of Mn 

Results Compared with the dam, foetal liver Fe and Zn concentrations were higher (p<0.05), foetal Cu concentrations were similar (p>0.05), and foetal liver Mn concentrations were 

lower (p<0.05). As foetal size increased, foetal liver Cu and Zn concentrations increased (p<0.05), foetal liver Fe concentration decreased (p<0.05), and foetal liver Mn did not 
change (p>0.05). Aborted foetuses had lower liver Cu, Mn, and Zn concentrations than did no aborted foetuses (p<0.05). Liver Fe concentration was lower in aborted foetuses 

than in no aborted foetuses in the second trimester only (p<0.05). Consistently lower liver Cu, Fe, Mn, and Zn concentrations in aborted foetuses suggest a nonspecific change 

in trace element status, which implies an effect of abortion, not a cause of abortion. 

 

Study code 9784 

Year 1988 

Animal Category  3.1. Bovines. Calves for rearing 3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 4 treatments (4 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet-as-fed basis. 

Factors affecting// combinations Interactions Ca-Mn 

Composition Diets/treatments The four treatment diets contained .17, .67, 1.31, and 2.35% Ca. Duration: 4 weeks 

Response criteria Liver and serum content of Mn 

Results It appears that excessive dietary Ca may affect concentrations of Zn, Fe, Cu, and Mn in some body tissues, but the magnitude of the effect is relatively small. 

 

Study code 9823 

Year 1987 

Animal Category  3.1. Bovines. Calves for rearing3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) Total = 15 animals 

Diet Background Not specified23 ppm Mn 

Units’ basis of diets and/or results Results - fresh tissue / dry matter 

Factors affecting// combinations Distribution of radiolabeled Mn 

Composition Diets/treatments Practical grain diet containing 23 ppm Mn with 0, 100, or 1000 ppm supplemental Mn (MnSO4H2O). Duration: 7 days 

Response criteria Liver, kidney, pancreas , spleen, hair, bone, bile, muscle, lung, gallbladder, skin content of Mn 

Results In most tissue, including organs, bones, intestinal tract tissues, and blood, added Mn did not have a significant effect on 54Mn concentrations. Concentrations of 54Mn in tissues, 

except in small intestine, were far higher following intravenous dosing than with duodenal dosing. This further confirms that absorption of Mn is very low. Dosing method had 
a sizable effect on the relative amounts of 54Mn in different tissues. This suggests that intravenously administered Mn, at least initially, is not metabolized in the same way as 

that absorbed. In most tissues, unlabelled Mn was not affected greatly by supplemental Mn. This is in contrast to earlier results with very young calves and indicates that Mn 

metabolism changes sharply before 3 to 4 month of calf age. 
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Study code 9852 

Year 1986 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) 6 treatments(4 replicates of 5 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter Results * Dry matter 

Factors affecting// combinations Mn-Ni Protein 

Composition Diets/treatments 3x2 factorial. Protein levels evaluated were 10.0, 12.25 and 14.5%, and nickel was supplemented at a level of 0 or 5 mg/kg of diet. Duration: 140 days 

Response criteria Liver, kidney, spleen, lung, spleen and muscle content of Mn 

Results Nickel supplementation reduced iron concentrations in lung, liver and muscle and manganese concentrations in muscle. Increased dietary protein decreased iron in liver and 
spleen but increased manganese concentrations in heart. These findings indicate that 1) dietary protein influences responses of ruminants to nickel supplementation and 2) 

relatively small increases in dietary nickel and protein can influence metabolism of other trace elements. 

 

Study code 9986 

Year 1984 

Animal Category  3.2. Bovines. Calves for fattening,3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 2 treatments (8 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results: Dry matter 

Factors affecting// combinations Interactions Fe-Mn 

Composition Diets/treatments Control and 1000 ppm supplemental manganese and 0 and 1000 ppm added iron as manganese carbonate and ferrous carbonate. Duration: 6 weeks 

Response criteria Liver, kidney, pancreas, spleen, serum, muscle and faecal content of Mn. 

Results Small intestinal iron was less in calves fed a high manganese diet, a possible interaction of these two elements at the absorption site. Feeding a high manganese diet tended to 

decrease iron (total) concentrations in liver and pancreas. When the high manganese diet was supplemented with additional iron, antagonistic effects of manganese on iron were 

eliminated. Neither iron nor manganese concentrations in tissues were affected by an increase of dietary iron. Manganese-54 content of tissue was reduced by the high 
manganese diet but was not affected by dietary iron. Total manganese and iron in faeces fairly closely reflected dietary intake of each element with no evidence of interaction. 

Calves fed the high iron diet excreted less manganese-54 in their faeces over 2 days. Total iron in blood serum was not affected significantly by the dietary treatments. 

 

Study code 10758 

Year 2012 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 6 treatments(8-12 replicates per treatment) 

Diet Background Estimated87.61-96.36 ppm Mn 
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Units’ basis of diets and/or results Diet - Dry matter Results: Dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments 1) Lactating pregnant cows/buffaloes (n=11)*2) Lactating non-pregnant cows/buffaloes (n=12)3) Heifers (n=9)*4) Calves (n=8)*5) Anoestrus cows/buffaloes (n=11)*6) 

Repeat breeding cows/buffaloes (n=9)*Duration: 45 days 

Response criteria Reproductive performance, milk and serum content of Mn. SGPT, SGOT, ALP activity 

Results The overall average blood serum zinc, manganese and copper concentration in all categories of animals was above the critical level (<0.60 ppm, <0.20 ppm and <0.65 ppm, 

respectively). After the supplementation of area specific minerals all categories of animals further showed improvement in the serum Zn, Mn and Cu concentration and values 

were above the critical level. From the present study, it was concluded that dietary calcium, phosphorus, zinc, manganese and copper supplementation as area specific mineral 
mixture is essential in cattle and buffaloes under existing feeding practices/ system in hill region of Nainital district of Uttarakhand for improving milk production, reproductive 

performance and blood mineral status 

 

Study code 10989 

Year 2011 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 4 treatments (10 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation 

Composition Diets/treatments 1) (S) all Mn (14 ppm) supplied by sulphate (S), 2) (SM) Mn sulphate 7 ppm (MnSO4) and methionine hydroxyl manganese 7ppm(Mn-(HMTBA)2) contributed half of the 

dietary Mn (SM), 3) (M) all Mn supplied by 14 ppm (Mn-(HMTBA) 2) (M)14 ppm. Duration: 120 days 

Response criteria Animal and reproductive performance, milk and serum content. 

Results Serum Mn-SOD was lowest for group S. The present study suggested that replacing a portion of dietary Mn sulphate with Mn-(HMTBA) 2 during the peak-and mid-lactation 
periods will improve the lipid metabolism and milk fat secretion; however, the follicular development may be hampered. 

 

Study code 11063 

Year 2011 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 2 treatments (20 replicates per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments Supplemented (15 mg Cu sulphate kg/DM) Non-supplemented male beef cattle receiving a typical commercial Spanish feed lot diet during the whole productive cycle. 
Duration: 9 months 
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Response criteria Muscular content of Mn 

Results The most active and less fat containing muscles showed in general the highest essential and the lowest non-essential trace element accumulation. When analysing in detail trace 

metal concentrations in the different muscles in cattle during this study it was observed that for most of the essential elements (Co, Cu, Fe, Mn, Ni and Se) the higher 
concentrations (up to two and four times) were found in the CA, followed by the DI, whereas in the SE and PE muscles metal concentrations were significantly lower and in 

general, the PE muscle showing the lowest metal concentrations. Mn and Ni concentrations in all muscle types were below the normal ranges (0.5-0.9 mg Mn/kg wet 

weight).Strong relationships (Rs > 0.7 in all cases) between the main essential elements that have shown a common intermuscular distribution pattern (especially Co, Cu, Fe, 
Mn and Se) could reinforce the hypothesis that, in situations of an adequate mineral status as in this study, trace element concentrations in the muscle are dependent of its own 

internal metabolism 

 

Study code 11186 

Year 2010 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 4 treatments (5 animals per treatment) 

Diet Background Not specified Control75.80±5.80 ppm Mn 

Units’ basis of diets and/or results Not specified  

Factors affecting// combinations Organic - inorganic 

Composition Diets/treatments (Control) Requirements were fulfilled through addition of inorganic salts of Cu, Zn and Mn (76 ppm Mn)1) Inorganic trace minerals (Cu, Zn and Mn) were fed at 150% of the 
NRC requirements (106.6 ppm Mn)2) Methionine-based organic trace minerals (MBOTMs) were supplemented at 100% of the NRC req (74.7 ppm Mn)3) Methionine-based 

organic trace minerals (MBOTMs) were supplemented at 500% of the NRC req (56.8 ppm Mn)4) Methionine-based organic trace minerals (MBOTMs) were supplemented at 

25% of the NRC req (49.8 ppm Mn)Duration: 75 days 

Response criteria Animal performance, serum content of Mn 

Results Result revealed that supplementation of MBOTMs at NRC dose level to male calves improved body weight gain and average daily gain as compared to the calves 

supplemented inorganic minerals at NRC (1989) dose level. Supplementation of MBOTMs at NRC dose level to male calves did not alter the serum macro-minerals (Ca, P, and 

Mg) profile, but increased serum Cu, Zn and n after 75 days of feeding trial. It may be concluded that supplementation of MBOTMs at NRC requirement in male calves can 
improve the body weight gain than that of inorganic trace minerals. 

 

Study code 11380 

Year 2009 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 2 treatments (8-12 replicates per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Not specified  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Experimental - E (n=12) organic forms of microelements (Se, Zn, Cu, Mn) Control - C (n=8) not receive any mineral lick. Duration: 20 days 

Response criteria Milk, colostrum, serum and plasma content of Mn 
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Results The use of mineral lick by cows was very uneven, its total consumption oscillated between 0 to 250 g of lick per animal per day. Lick feeding did not result in evidential 

increase of concentrations of monitored microelements in the cows' blood, colostrum and milk. Only a tendency to increased concentrations of Se and Cu in the blood of group 

E of cows was observed; the average Se concentration increased by 60 μg/L (Cu by 9 μmol/L), whereas in group C, Se increased only by 30 μg/L (Cu by 6 μmol/L). The 
concentration of microelements in colostrum after parturition dropped quickly. Significant drops were determined for Se, Cu and Zn on the first (for Mn on the second) day 

after parturition. Selenium concentration in the first colostrum was 5 times higher than in milk, Cu concentration 3 times higher, Zn concentration 4 times higher and Mn 

concentration 1.3 times higher. 

 

Study code 11478 

Year 2008 

Animal Category  3.1. Bovines. Calves for rearing 

Nº treatments (replicates/ treatment) 6 treatments (6 animals per treatment) 

Diet Background Analysed Roughage290 mg Mn/kgConcentrate291 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Organic - inorganic 

Composition Diets/treatments 0) (C 0) diet without any trace mineral supplementation. (0.66 g Mn/day)1) (T 1) diet with inorganic trace mineral @ NRC (2000). (0.74 g Mn/day MnSO4H2O)2)(T 2) diet 

with inorganic trace mineral twice the NRC (2000) requirement. (0.88 g Mn/day)3) (T 3) diet with proteinate trace mineral or Bioplex trace minerals @ NRC (2000) 
requirement. (0.89 g Mn/day)4) (T 4) diet with proteinate trace mineral @ 1/2 of NRC (2000) requirement. (0.80 g Mn/day)5) (T 5) diet with proteinate trace mineral @ 1/4 of 

NRC (2000) requirement. (0.73 g Mn/day)Duration: 10 days 

Response criteria True absorption, animal performance, plasma content of Mn 

Results Body weight gain (BWG) and average daily gain (ADG) were found better (p<0.05) in the entire mineral supplemented group compared to C 0 and T 5 after 30 days of 

supplementation. Mineral supplementation improved (p<0.05) digestibility of different nutrient compared to C 0 and T5.Mineral intake was found significantly higher (p<0.05) 

in T2 followed by T3 and4. Absorption of trace minerals were found significantly (p<0.05) higher in organic minerals supplemented group (T3, T4). Serum mineral 

concentration of zinc, copper, manganese and iron increased linearly (p<0.05) with the increase of days due to mineral supplementation particularly in organic mineral (T3 and 
T4) supplemented group. So organic mineral supplementation had an important role in growth performance, nutrient utilization, trace mineral balance, serum mineral 

concentration. Lower dose of organic mineral showed the similar result as inorganic mineral with required amount therefore it reduced excretion as inorganic element and 

therefore reduced soil toxicity. 

 

Study code 11507 

Year 2008 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) 103 Holstein dairy cows 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Review 

Composition Diets/treatments Review 
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Response criteria Review 

Results Mutual antagonism between metal ions, such as Fe, Mn and cobalt (Co), can also occur at the absorption level, due to competition for common uptake mechanisms (National 

Research Council, 2001. The control group received Zn, Cu and Mn as sulphates, while in the treatment groups, 50% or 100% of the cow‘s added trace element daily supply 
was delivered as organic Zn, Cu and Mn. Cows receiving 100% Zn and Mn (600 and 400 mg/ day, respectively) and Cu (120 mg/day) in organic form had significantly higher 

milk production during the first 3 months of lactation compared to the control group (p<0.05), and also showed a 34% decrease in SCC (319,000, 255,000 and 212,000 

cells/mL for the control group, 50% organic and 100% organic treatments, respectively). In the same experiment, the use of organic forms of trace elements positively 
influenced the total immunoglobulin levels in both colostrum and blood serum of newly born calves. A significant (p<0.05) increase in Zn and Cu concentrations in blood 

samples from cows receiving organically-bound Zn, Mn and Cu was also reported. 

 

Study code 11731 

Year 2006 

Animal Category  3.2. Bovines. Calves for fattening 

Nº treatments (replicates/ treatment) Total=195 animals 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Correlation Cu-Mn 

Composition Diets/treatments No treatment groups, correlation Cu-Mn. Duration: 6-12 months 

Response criteria Liver and kidney content of Mn 

Results Other associations that have not been studied in such detail include those between copper and manganese and between copper and cobalt, possibly due to the fact that 

manganese and cobalt have not been widely studied in cattle. In the present study, copper and manganese concentrations were significantly associated in the kidney. 

 

Study code 11797 

Year 2006 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 5 replicates 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Wet weight 

Factors affecting// combinations Accumulation 

Composition Diets/treatments No treatment groups. Duration: 9-12 months 

Response criteria Liver, kidney, serum, plasma and muscle content of Mn 

Results The main organ involved in manganese accumulation was the liver, which accumulated statistically significant higher levels than the kidney (p<0.001).Manganese 

concentrations in the liver were significantly higher in females than in males (p < 0.01, F1,310 = 9.55), whereas in the kidney, levels were similar in both groups. This 
difference in the liver was probably the result of the liver being the main tissue for manganese accumulation. As for iron, there is sparse information on the influence of sex on 

manganese accumulation. All of the animals examined had liver manganese concentrations below those accepted as high toxic (23 mg/kg wet weight) and above those 
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described as deficient (<1 mg/kg wet weight). 
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Table V.D.4. Sheep 

Study code 8334 

Year 2008 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 3 treatments (6 animals per treatment) 

Diet Background Not specifiedMixture207 mg Mn/kg. Wheat straw42.5 mg Mn/kg. Total mixed ration141 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Mn-inorg.Zn 

Composition Diets/treatments Control group was fed a standard total mixed ration (TMR) containing 60 kg/100 kg of concentrate mixture (CM) and 40 kg/100 kg of wheat straw (WS).Animals in the 

experimental groups were additionally supplemented with 20 mg Zn/kg of diet either through ZnSO4 or Zn-methionine. Duration: 150 days 

Response criteria Animal performance. Serum content of Mn 

Results Results revealed that daily intake of N, P, Cu, Mn and Fe, their excretion through faeces and urine and retention were comparable (p>0.05) among the three groups. The data 

pertaining to serum mineral profile in different groups showed that the concentration of Mn in the serum was comparable. The apparent absorption and retention of Mn were 

positive and comparable (p>0.05) among the three groups. 

 
Study code 8337 

Year 2008 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 3 treatments (6 animal per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Mn-org.Zn 

Composition Diets/treatments 0) Control diet (C), control diet plus 2 g cyc-methionine/lamb/day 1) company recommendation level) control diet plus 2 g cyc-methionine/lamb/day 2) company 

recommendation level) control diet plus 4 g cyc-methionine/lamb/day .Duration: 12 h 

Response criteria Animal performance, liver, kidney, bone, serum and meat content of Mn 

Results Yeast culture didn't affect the total feed intake for lambs from T1 compared with the control. A significant improvement in total body gains and average daily gain for lambs 

from T1 and T2 are compared with the control. A significantly greater (p<0.05) concentration of copper and manganese in rib bones of lambs from T1 and T2 were detected 

when compared with the control. Feeding growing Awassi lambs yeast culture and methionine in the form of cyc-methionine with a level of 2 g/lamb/day improve the 

availability of some trace elements (copper, zinc, and cobalt), growth, dressing percentage and consequently profit. This improvement in general performance probably due to 

the improvement in feed nutrients digestion and utilization. However, further research is necessary to evaluate the mode of action and the effect of yeast culture 

supplementations with different levels under proper circumstances 
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Study code 8387 

Year 2007 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) (36 animals per treatment) 

Diet Background Estimated. Concentrated54.77 mg Mn/kg. Hay70.60 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Yeast-Mn 

Composition Diets/treatments Diets‗low feeding intensity‘‗medium feeding intensity‘‗high feeding intensity‘Sex ‗male‘ ‗female‘BW range‗18-30 kg‘‗18-45 kg‘‗18-55 kg‘" 

Response criteria Liver, kidney , bone and muscle content of Mn 

Results There were significant main effects for the treatments growth rate and final weight on the daily rate of accretion of the trace elements examined. Feeding intensity had a marked 
influence on the accretion rate for Fe (p<0.001), Zn (p<0.001), Cu (p<0.001) and Mn (p=0.003). With increasing feeding intensity (low, medium, high) the daily deposition of 

these trace elements increased (4.4, 5.2, 6.6 mg/day for Fe; 4.9, 5.5, 6.9 mg/day for Zn; 0.20, 0.36,0.44 mg/day for Cu; 0.14, 0.16, 0.21 mg/day for Mn). Heavier final BW led 

to increased daily retention of Zn (p<0.001) and Mn (p=0.002).Related to 1000 g empty body gain, the following concentrations were found for the trace elements examined: 
Fe 26.1 mg, Zn 30.0 mg, Cu 1.41 mg and Mn 1.04 mg.(‗empty body‘s slaughtered animal minus content of gastrointestinal tract and bladder). 

 
Study code 8403 

Year 2006 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 3 treatments (36 animals per treatment) 

Diet Background Not specified. Premix (0.75 %)1160 mg Mn/kg premix 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Feeding intensity 

Composition Diets/treatments The diet was given at the feeding levels ‗low feeding intensity‘, ‗medium feeding intensity‘ ‗high feeding intensity‘(by varying the portions of concentrate and hay in the daily 

ration).Duration=92-209 days 

Response criteria Bone and sinews content of Mn, muscle fat 

Results The concentration of Mn in the bone tissue was not significantly influenced by any of the tested effects. The Mn concentration in the bone tissue ranging from 1 to 2 mg/kg DM 

was at a low level. With the exception of the body weight level, 55 kg ram lambs showed higher Mn contents in the bones than females 

 
Study code 8405 

Year 2007 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 2 treatments(65 animals per treatment, 10 samples of muscle per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Diet 

Composition Diets/treatments Ewe‘s milk (n=65) Milk replacer (n=65)Duration: 5 months 

Response criteria Liver and muscle content of Mn 

Results Significant differences in mineral composition of muscle and liver were observed between the two groups belonging to each type of weaning. In muscle, these differences were 
mostly detected for Na, Zn and particularly Mn contents. As for the liver‘s mineral content, significant higher concentrations of K, P and Cu and lower amounts of Zn and Mn 

were observed in samples from ewe‘s milk reared lambs, when compared to those from hand reared ones. Determination of the mineral content of either lambs‘ muscle or liver 

does not seem to provide an accurate and sensible method for discriminating between carcasses from either type of rearing. 

 

Study code 8534 

Year 2004 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 3 treatments(10 samples of liver per treatment) 

Diet Background Not specifiedT125.36 mg Mn/dT227.58 mg Mn/dT331.3 mg Mn/d 

Units’ basis of diets and/or results Diet - Dry matter-  

Factors affecting// combinations Supplementation form 

Composition Diets/treatments 1) 100% (T-1) of minerals (Ca, P, S, Zn and Mn), 2) 110% (T-2) of minerals (Ca, P, S, Zn and Mn), 3) 120% (T-3) of minerals (Ca, P, S, Zn and Mn)(di-calcium phosphate-

26.5% Ca, 20.5% P, sodium sulphate -Na2SO4, zinc sulphate ZnSO4, 7H2O, manganese sulphate MnSO4. Duration: 120 days 

Response criteria Liver, kidney, spleen, serum, plasma and kidney content of Mn 

Results The additional mineral supplementation had no significant effect on dry matter intake. The average daily weight gain was higher (p<0.01) in T2 and T3 than the control 
(T1).The mean balances for different elements were Mn, 8.24, 14.40 and 16.07 mg/lamb/day.The retention of supplemental minerals increased (p<0.01) while that of Cu 

decreased (p<0.01) due to supplementation of minerals (Ca, P, S, Zn, and Mn).It can be concluded that supplementation of minerals (Ca, P, S, Zn, and Mn) higher than the 

recommended level improved body weight gain and feed to gain ratio. 

 

Study code 8837 

Year 1996 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates of ewe's milk per treatment) 

Diet Background Not specified. Pellets42 mg Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) (Pre-experiment) lambs were slaughtered just before the start of the study to provide baseline data on the liver concentrations of Se, vitamin B12, Cu, Cd, Fe, Mn, and Zn; 2) 

(Control), animals were fed lucerne pellets only;3) (Soil A) 4) (Soil B) lambs were fed lucerne pellets as well as 100 g soil/day. Duration: 76 days 

Response criteria Liver content of Mn 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

620 

Results The soils did not affect the concentrations of Cu, Mn, Fe, and Zn in the liver. Soil ingestion increased in the 30000 xg supernatant fractions Fe concentrations in all digesta, Mn 

and Se concentrations in the abomasal digesta, Se and Zn concentrations in the reticulorumen, and decreased Cu concentrations in the abomasal digesta. 

 

Study code 9009 

Year 1990 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates per treatment) 

Diet Background Not specifiedPasture123 mg Mn/day 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation diet 

Composition Diets/treatments Year 11) control (distilled water)2) 0.24 mg Co (CoCl2~6H20)3) 8 mg Cu (CuSO4.5H2O)4) 0.08 mg Se (Na2SeO4.10H2O)5) 2 mg Mo (Na2Mo4.2H2O) 6) 30 mg Zn 

(ZnS04.7H2O)Year 21) control group; 2) 580 mg Fe (FeSO4.7H2O)3) 350 mg Mn (MnSO4.4H2O).Duration: 2 years 

Response criteria Liver, kidney, pancreas, spleen, bone and brain content of Mn 

Results Mn intakes increased the Mn contents of the liver, kidney, spleen, brain, and pancreas by over 25% and the gut by 260% 

 

Study code 9012 

Year 1985 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) (3 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - dry tissue basis/ ash weight basis 

Factors affecting// combinations Diet 

Composition Diets/treatments During the pre-trial phase, 32 wethers,56 kg initially, were group-fed the basal corn-soybean meal diet (36 mg/kg Mn) for 8 days at which time eight sheep were slaughtered 

and tissues were taken to represent controls. For the remaining sheep, the experiment was divided into two phases of 6 wk and 12 wk; during the first phase(accumulation),the 

diet contained 8000 mg/kg supplemental Mn and during the second phase(depletion) the diet was the unsupplemented basal. Duration: 18 weeks 

Response criteria Content of Mn in liver and kidney  

Results In the present study, dietary Mn increased Zn deposition in liver and kidney. The depressing effect of Mn on liver Fe that was observed in the present study. This study 

suggested that supplemental Mn as MnO was relatively safe for sheep and, in the event of over supplementation, Mn would be removed rapidly from tissues and eliminated 
from the body if animals were placed on normal Mn intakes. 

 

Study code 9312 

Year 1995 

Animal Category  4.1. Sheep. Lambs for rearing 
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Nº treatments (replicates/ treatment) (6 replicates per treatment) 

Diet Background Estimated1% premix(0.28 % Mn) 

Units’ basis of diets and/or results Diet -As fed basis. Results - Dry matter 

Factors affecting// combinations Dried wash-water solids 

Composition Diets/treatments 0, 10, or 20% dried wash-water solids. Duration: 3 years 

Response criteria Content of Mn in liver, kidney, pancreas, spleen, bone and muscle 

Results Lamb tissue element concentrations were affected (p<0.05) by year. For the most part, elemental concentrations were lower (p<0.05) in yr 3 than in yr 1 and 2. These included 

Mg and Zn in kidney; Mg and Mn in liver; Mg in muscle; Mg, Mn, and Zn in pancreas; and Ca, Mg, and Zn in spleen. Although Mn was marginally high, there were few 

effects of diet on Mn content of tissues of ewes or lambs. 

 

Study code 9314 

Year 1995 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 2 treatments (14 animals per treatment) 

Diet Background Analysed 38 ppm Mn 

Units’ basis of diets and/or results Diet - as-fed basis 

Factors affecting// combinations Zeranol-Mn 

Composition Diets/treatments Treatment - (12 mg of zeranol) Control - not implanted and group-fed an 86% concentrate diet. Duration: 21 days 

Response criteria Apparent absorption, content of Mn in urine and faeces 

Results Although not significantly different, Mn and Cu faecal excretion tended to be reduced (p>0.10) in implanted lambs. Implanted lambs seemed (p>0.10) to absorb more Mn (1.4 
vs .4) and Cu (1.1 vs 0.7) than non-implanted lambs. There were no detectable amounts of Mn or Cu in the urine of either treatment group. 

 

Study code 9700 

Year 1990 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 3 treatments (3 replicates of 4 animals per treatment) 

Diet Background Analysed. Mineral mixture 1204 mg Mn/kg DM 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Diet composition 

Composition Diets/treatments "Cellulose","Native Starch","Steam-flaked starch". Duration: 18 days 

Response criteria Content of Mn in urine and faeces 

Results The effects of defaunation on faecal excretion of the trace elements were small with the following daily mean values for faunated and defaunated wethers, respectively: 194 and 

229 mg Fe; 2.95 and 2.95 mg Cu; 215 and 221 mg Zn; 31.9 and 32.0 mg Mn. Urinary excretion only accounted for 0.2% of Mn, 1.0% of Fe as well as Zn, and 4.4% of Cu 
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expressed as percentages of the total quantities excreted. No difference was observed in the urinary excretion of Cu and Mn between faunated and defaunated animals, whereas 

urinary excretion of Fe was lower in defaunated wethers, and faecal loss was higher. Effects of differences in dietary carbohydrate composition on trace element excretion were 

small. In contrast with recently published results by Canadian researchers, no signs of a pronounced body copper retention in defaunated animals could be detected 

 

Study code 9701 

Year 1990 

Animal Category  4.2. Sheep. Lambs for fattening 

Nº treatments (replicates/ treatment) 2 treatments (14 replicates per treatment) 

Diet Background Estimated21 mg Mn /kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Pituitary extraction 

Composition Diets/treatments 1) Control: injections of sterile saline (SAL; n=5 ), 2) Treatment: with bovine pituitary-extracted ST (.l mg/kg BW/day; n=5). Duration: 13 weeks 

Response criteria Content of Mn in liver, kidney, spleen, lungs, heart and brain 

Results The concentration of several other minerals were lower in tissues of ST lambs: Cu in kidneys (P less than .10) and liver (p=0.12); Zn (P less than .05) in liver, kidneys and 
lungs; and Mn in liver (p less than 0.05). By causing a reduction in the concentration of minerals in tissues, ST may increase the possibility of a metabolic insufficiency of a 

mineral. Exogenous treatment of animals with ST may modify the metabolic requirements for minerals and thereby increase dietary requirements. 

 

Study code 9727 

Year 1989 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) (6 replicates per treatment) 

Diet Background Analysed 37.6 ppm Mn DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Somatotropin 

Composition Diets/treatments Lambs were fed a basal corn-soybean meal-cottonseed hull diet (37.6 ppm Mn, DM basis) or this basal diet supplemented with 0, 1,500, 3,000 or 4,500 ppm Mn from reagent 
grade (RG) MnSO4.H20 or3,000 ppm Mn from RG MnO, MnO2 and MnCO3. Duration: 21 days 

Response criteria Content of Mn in liver, kidney, and bone. 

Results Liver, kidney and bone Mn concentrations increased (p less than 0.05) with MnSO4 supplementation. Liver was most responsive to dietary Mn, followed by kidney and bone. 
Based on multiple linear regression slopes for liver, kidney and bone Mn concentrations, relative bioavailability of Mn from MnO, MnO2 and MnCO3 averaged 57.7, 32.9 and 

27.8%, compared with 100% for MnSO4. 

 

Study code 9782 

Year 1988 
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Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 4 treatments (5 replicates per treatment) 

Diet Background Not specified41 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Fe-Mn 

Composition Diets/treatments Supplemental Fe at 0, 300, 600 or 1,200 mg/kg diet as ferrous carbonate. Duration: 84 days 

Response criteria Animal performance, content of Mn in spleen, muscle, plasma, liver and kidney. Ceruloplasmin, APH 

Results Tissue concentrations of Mn were not affected by treatment. 

 

Study code 9935 

Year 1985 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 7 treatments (7 replicates per treatment) 

Diet Background Not specified31 ppm Mn DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation form and concentrations 

Composition Diets/treatments 0, 500, 1,000, 2,000 or 4,000 ppm Mn from feed grade MnO 2,000, 4,000 or 8,000 ppm Mn from reagent grade MnCO3Duration = 84 days 

Response criteria Content of Mn in liver, kidney, serum, heart, muscle, spleen, bone. Biochemical response haematocrit, Hb. 

Results Dietary Mn at the highest levels from either source reduced (P less than 0.05) average daily feed intake and average daily gain. Haemoglobin and haematocrit were not affected 

by dietary Mn. Manganese concentration in kidney, spleen, heart, skeletal muscle, bone, serum (P less than 0.01) and liver (P less than 0.05) increased as dietary Mn increased. 

Kidney P was reduced (P less than 0.05) as dietary Mn increased; however, no other tissue minerals were affected. At comparable levels of supplementation, sheep fed feed-
grade MnO exhibited numerically greater tissue Mn concentration than did those fed reagent-grade MnCO3 and regression analysis indicated higher rates of tissue uptake in 

MnO-supplemented sheep. Reduced feed intake and gain and apparent Mn homeostatic failure in liver were the only observed effects that may have been related to Mn 

toxicosis. 

 

Study code 9993 

Year 1984 

Animal Category  4.1. Sheep. Lambs for rearing 

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment) 

Diet Background  Analysed. Pastures. Property A190 mg Mn/kg DM. Property B780 mg Mn/kg DM  

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments Property A (normal pasture copper and manganese content)Property B (high pasture copper and manganese concentrations)Age groups: day old (0), week old (1), 4 weeks old 
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(4) and 16 weeks old (16) 

Response criteria Content of Mn in liver, kidney, heart, lung and muscle. Biochemical response : CuSOD and MnSOD 

Results In liver, lung, heart, kidney and skeletal muscle, activities of CuSOD and MnSOD in day-old and week-old lambs were only half those measured in 16-week-old and adult 

sheep. Activities in 4-week-old lambs were intermediate between these two groups except for heart tissue, in which activities were not increased until lambs were 16 weeks old. 
For all age groups, heart and skeletal muscle had low activities of CuSOD. Minimal age-related changes were observed for CuSOD activities in erythrocyte and brain tissues. 

The low enzyme activities evident in most tissues of day-old lambs, occurred in the presence of apparently adequate tissue copper and manganese concentrations. 

Concentrations of these minerals in lamb tissues were equal to or greater than those observed in older sheep and although these concentrations increased considerably with 
increased pasture mineral concentrations, enzyme activities were unchanged. Age-related increases in tissue CuSOD and MnSOD activities, occurring as normal developmental 

processes, may be important factors in diseases attributed to uncontrolled tissue peroxidation in sheep. 

 

Study code 10048 

Year 1983 

Animal Category  4.1. Sheep. Lambs for rearing  

Nº treatments (replicates/ treatment) 3 treatments(5 animals per treatment) 

Diet Background Not specified. Edible domestic waste 39.7 mg Mn/kgControl53.4 mg Mn/kgStraw11.7 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments Edible domestic waste. Control. Straw. Duration: 28 days 

Response criteria True absorption 

Results Mean net absorptions (% of intake) of calcium, phosphorus, and magnesium from edible domestic waste and control diets were 15.3, -0.9; 54.4, 37.0; and 46.4, 58.8. The small 

intestine was the major site for calcium and phosphorus absorption and the rumen for absorption of magnesium. Net absorption of zinc, manganese, and copper was low in both 
diets, probably as a result of excessive supply and low physiological demands. There was a net gain of manganese and copper and a net loss of zinc in the stomachs. 
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Table V.D.5. Goats 

Study code 8234 

Year 2010 

Animal Category  5.1. Goat. Kids for rearing 

Nº treatments (replicates/ treatment) 50animals per treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Fenbendazol 

Composition Diets/treatments All the goats were treated with fenbendazol (10 mg/Kg) 

Duration: 30 days  

Response criteria Thyroid hormones and serum levels of Mn. 

Results This study aimed to assess the relationship between thyroid hormones status, erythrocyte antioxidant enzymes and serum profiles of trace elements with goats. There were no 

significant differences in serum thyroid hormones, serum levels of zinc (Zn), copper (Cu), manganese (Mn), iron (Fe), selenium (Se) and antioxidant enzymes on different days 

(p>0.05). There were significant correlations between triiodothyronine (T3) and GPx (p<0.05; r=0.203) and thyroxine (T4) and GPx (p<0.05; r=0.312). There was no 
significant correlation between other parameters. 
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Table V.D.6. Fish 

Study code 8501 

Year 2003 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 3 treatments (30 animals per treatment) 

Diet Background Analysed SF 36.3 ppm MnAM 36.5 ppm MnAM-Hf 26 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Organic - inorganic 

Composition Diets/treatments 1) (SF) TE from the inorganic salt MnSO4-5H2O2) (AM) TE from amino acid-chelate3) (AM-Hf) TE + Aa chelated Diet 1-2: 40 mg Zn/kg, 20 mg Mn/kg, 4 mg Cu/kg.20 mg 

Zn/kg, 10 mg Mn/kg, 2 mg Cu/kg. Duration: 15 weeks 

Response criteria True absorption, content of Mn in bone and whole body. Biochemical response: alkaline phosphatase (ALP). 

Results Mn Whole body (mg/g)(SF) 1.58±0.12(AM) 1.22±0.10(AM-Hf) 1.41±0.09Absorption of Mn (p<0.01) and Zn (p<0.05) from the AM diet was superior while Cu was highly 

absorbed (p<0.01) from the SF source. Retention of Mn from the AMHf diet was higher (p<0.01) than the two diets. 

 
Study code 8561 

Year 1999 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 3 treatments(30 animals per treatment) 

Diet Background Analysed Tr-Sf30.8 ppm MnCu-Am30.3 ppm MnTr-Am 32.5 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Organic - inorganic 

Composition Diets/treatments 1)(Tr-Sf) sulphate form MnSO4.5H2O2) (Cu-Am) [Zn, Mn, Cu-AA chelate mix] + [Cu-free mineral mix]3) (Tr-Am) [Zn, Mn, Cu-AA chelate mix] + [Zn-, Mn- and Cu-free 
mineral mix] 40 mg Zn, 20 mg Mn and 4 mg Cu/gtest diet. Duration: 15 weeks 

Response criteria True absorption, Animal performance, content of Mn in bone and plasma  

Results Plasma content (mg/g)Tr-Sf = 0.06±0.02Cu-Am = 0.06±0.02Tr-Am = 0.06±0.01Mn Absorption (%)Tr-Sf = 74.4±1.8Cu-Am = 73.5±1.5Tr-Am = 77.7±2.1Mn Retention (%)Tr-
Sf = 4.7±0.1Cu-Am =4.1±0.1Tr-Am = 3.7±0.1The accumulation of Mn in the present study was found to be highest in bone. Similarly in chicks, liver and bone Mn 

accumulation appeared to be an excellent indicator of Mn availability 

 

Study code 8589 

Year 2002 

Animal Category  6.Rainbow trout 
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Nº treatments (replicates/ treatment) 3 treatments (5 replicates of 18 animals per treatment) 

Diet Background  Analysed. Barley21.5 ppm Mn. Canola73.5 ppm Mn. Wheat43.5 ppm Mn. Wheat middling120 ppm Mn 

Units’ basis of diets and/or results Diet - as is basis 

Factors affecting// combinations microbial phytase-Mn 

Composition Diets/treatments Four feed ingredients (barley, canola meal, wheat and wheat middling) were supplemented with and without phytase (500 FTU/kg)Duration: 2 weeks 

Response criteria Faecal content. Apparent digestibility coefficient (ADC) 

Results (Mn ADC) 31 % (with phytase) -4.2%(no phytase)A two-tailed t-test indicated that phytase supplementation significantly (p<0.05) improved the digestibility of Ca, Mg, Mn, 

total-P, phytate-P, and GE. The efficacy of phytase on nutrient digestibility also depended on the type of ingredient as measured in rainbow trout. 

 
Study code 8643 

Year 2001 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 10 treatments(3 replicates of 13 animals) 

Diet Background Analysed. High Ash28 ppm Mn. Low Ash33 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Microbial Phytase (MP) - TE 

Composition Diets/treatments 1) Untr* Untreated. 2) MW* Microwaved. 3) DR* Dry roasted. 4) Stm* Steam heated. 5) Ck* Cooked. 6) Pase* Phytase 1) Untr. 2) Pase. 3) Cit (citric acid) . 4) P+C. 
Duration: 7 days 

Response criteria Apparent Absorption (%) 

Results  Exp 1, high-ash - Exp 2 low ash34/ 026/ -434/ -1521 / 022 / 2728 / 2834 / 020 / -437/ -1932 / 33 

 
Study code 8696 

Year 2000 

Animal Category  6.Atlantic salmon 

Nº treatments (replicates/ treatment) 6 treatments (3 replicates) 

Diet Background  Analysed. 1.1 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter 

Factors affecting// combinations P in body and Mn dietary 

Composition Diets/treatments 0,3,6,9,12,24 mg Mn/kg. Duration: 12 weeks 

Response criteria SOD activity. Whole body Mn Mortality 

Results 3mg/kg Mg saturate hepatic SOD7.5-10.5 mg/kg dry diet to maintain Mn status. There was a significant negative (p<0.05) correlation between whole body P and dietary Mn 

levels. Superoxid dismutase activity and resistance to bacterial infection were less sensitive to dietary Mn than whole body Mn. 

 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

628 

Study code 8712 

Year 1996 

Animal Category  6.Atlantic salmon 

Nº treatments (replicates/ treatment) 3 treatments (300 animals per treatment) 

Diet Background  Analysed. Basal 5 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation 

Composition Diets/treatments 1) Diet 1 - not supplemented(67 mg Zn/kg106 mg Fe/kg4.7 mg Mn/kg, 3.7 mg Cu/kg) 

2) Diet 2 supplemented(68 mg Zn/kg34 mg Fe/kg13 mg Mn/kg3.5 mg Cu/kg) 

3) Diet 3 (No Fe)Duration: 12 weeks 

Response criteria Mn content in whole body, liver, plasma, heart, vertebrae 

Results  Diet 1   Diet 2   Diet 3 

Liver 0.79±0.06, 0.98±0.14, 1.12±0.01 

Plasma nd     nd    nd 

Heart  0.35±0.01, 0.49±0.02, 0.44±0.01 

Vertebrae 4.8±0.7, 9.3±1.7 n.m(mg/ kg wet weight or mg/Lfor plasma) 

Whole-body Mn content was significantly influenced by the dietary Mn concentration at all sampling points. Whole-body, vertebrae and heart Mn concentrations were found to 

reject the differences in dietary Mn concentration 

 

Study code 8787 

Year 1998 

Animal Category  6.Coho salmon (CS), rainbow trout (RT) 

Nº treatments (replicates/ treatment) 12 treatments (3-5 replicates per treatment) 

Diet Background Not specified1. 3.1 ppm 2. 7.8 ppm 3. 70.4 ppm 4. 10.8 ppm5. tr6.74.8 ppm7. 50.4 ppm8. 25.8 ppm9. tr10. 168 ppm11. 21.6 ppm12. 34.9 ppm 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Ca and P with Mn 

Composition Diets/treatments 1) Herring meal. 2) Anchovy meal. 3) Menhaden meal. 4) Deboned meal. 5) Poultry-BP meal. 6) Feather meal. 7) Soybean meal. 8) Wheat gluten. 9) Corn gluten. 10) Wheat 

middling. 11) Wheat flour. 12) Casein basal diet. Duration: 10 weeks 

Response criteria [net absorption]AD (%) in test diets 

Results [ 1.9] 7.7 (CS) - [0.8]4.2 (RT)[2.7]9.9 (CS) - [4.5]16.5 (RT)[2.4]5.3 (CS) - [2.6]5.9 (RT)[1.9]6.6 (CS) - [2.8]10.2 (RT)[3.3]13.4 (CS) - [1.6]8.5 (RT)[9.4]20.2 (CS) - [8.7]21.1 
(RT)[8.8]22.2 (CS) - [6.4]16.5 (RT)[17.0]52.6 (CS) - [21.7]67.7 (RT)[2.5]9.9 (CS) - [2.6]10.4 (RT)[3.6]5.1 (CS) - [8.1]11.4 (RT)[7.8]25.0 (CS) - [11.4]37.7 (RT)[13.9]39.9 

(CS) - [18.3]53.7 (RT)Feed ingredients could lower absorption of Mn by inhibiting absorption of available inorganic. Mn and/or by inducing its endogenous loss 
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Study code 8810 

Year 1997 

Animal Category  6. Trout /carp 

Nº treatments (replicates/ treatment) Review 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Review 

Composition Diets/treatments Review 

Response criteria Review 

Results Review 

 

Study code 9093 

Year 1999 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 4 treatments (3 replicates per treatment) 

Diet Background Analysed 20 mg Mn/kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Cholecalciferol (CC) and phosphorus (P)- TE 

Composition Diets/treatments 1) CC3.2-P100, 2) CC5.6-P100, 3) CC3.2-P2600, 4) CC5.6-P2600 3.2 or 5.6 g/kg100 or 2600 IU/kg cholecalciferol. Duration: 20 weeks 

Response criteria Animal performance, content of Mn in liver, bone, plasma. 

Results Dietary P increased body ash and reduced Mn levels significantly 

 

Study code 9165 

Year 1998 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 11 treatments(3 replicates per treatment) 

Diet Background Not specified4.23 mg Mn/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Citric acid, Na citrate EDTA, KCl, Histamine, ascorbic acid, vit D3, inositol+choline 

Composition Diets/treatments 1) Control5 g/100g dry diet2) Citric acid5 g/100g dry diet3) Na-Citrate3 g/100g dry diet4) KCl5 g/100g dry diet5) Histamine0.3 g/100g dry diet6) EDTA1 g/100g dry diet7) 

NaHCO35 g/100g dry diet8) Aa mixture5 g/100g dry diet9) Ascorbic acid crystal1 g/100g dry diet10) Inositol+choline.5+1 g/100g dry diet11) Vit D3 .05 g/100g dry diet. 

Duration: 3-5 weeks 
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Response criteria Mn Apparent availability Mn faecal content 

Results -83.8 (-96.4)7.2 (2.7)32.1 (29.0)-51.5 (-57.1)-58.6 (-65.4)-135.1 (-154.7)38.7 (34.2)-59.2 (-70.6)-69.9 (-75.3)-49.7 (-55.1)-76.2 (-84.1)-58.6 (-62.1). Apparent availability of 

calcium, phosphorus, magnesium, iron, manganese and strontium was increased by citric acid supplementation. Apparent availability of manganese also was increased by 
EDTA and sodium citrate. 

 

Study code 9178 

Year 1997 

Animal Category  6.Atlantic salmon 

Nº treatments (replicates/ treatment) 6 treatments (3 replicates per treatment) 

Diet Background Analysed. 23 mg Mn/kg 

Units’ basis of diets and/or results Results - Wet weight 

Factors affecting// combinations Elemental iron, iron sulphate or haem-bound iron - TE 

Composition Diets/treatments Fe-Mn0, 25, 50, 100, 500 and 1500 mg iron/kg. Duration: 8 weeks 

Response criteria Content of Mn in serum and plasma. Bioavailability 

Results There was no significant effect of dietary iron on whole-body manganese concentration and only a weak effect on whole-body zinc concentration. 

 

Study code 10148 

Year 1981 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 2 treatments (30 animals per treatment) 

Diet Background Analysed Basal diet1.3 ppm Mn Control diet 3 3.0 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Wet tissue, ash 

Factors affecting// combinations Concentration 

Composition Diets/treatments 1) Low manganese (1.3 mg Mn/ kg ) 

2) Control (33 mg Mn/ kg)Duration: 24 weeks 

Response criteria Liver content Mn SOD 

Results Mn superoxide dismutase in cardiac muscle and liver was reduced in the group of trout given the low-Mn diet. The fall in Cu-ZnSOD and MnSOD activities coincided with 

reduced tissue levels of their respective metal components.  Control    Deficient. Liver  0.021±0.001   0.016±0.001Heart  0.0015±0.0007 0.0014±0.0005Vertebrae 1.35±0.07   

0.24±0.021  

 

Study code 11945 

Year 2004 
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Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 5-6 treatments (30 animals per treatment) 

Diet Background Analysed  

Exp1(ppm Mn)1-5 ppm 2-9 ppm 3-9 ppm 4-9 ppm 5-9 ppmE 

xp2(ppm Mn)1- 55.53 ppm 2- 49.87 ppm 3- 51.92 ppm 4- 40.30 ppm 5- 36.20 ppm 6- 31.35 ppm 

Units’ basis of diets and/or results Diet - As fed. Results - dry matter 

Factors affecting// combinations TE-microbial phytase (MP) 

Composition Diets/treatments Experiment 11)MP 0 FTU/kg2)MP 300 FTU/kg3)MP 600 FTU/kg4)MP 900 FTU/kg5)MP 1200 FTU/kg  

Experiment 2Mineral premix1) 0.1+ MP 500 2) 0.08+ MP 500 3) 0.06+ MP 5004) 0.04+ MP 5005) 0.02+ MP 500 6) 0% + MP 500 FTU/kg.  

Duration: 10 weeks 

Response criteria True absorption. Other : body content of Mn, apparent digestibility coefficient (ADC) 

Results Experiment 1 (ADCs)-7.3±21.8%60.7±6.870.8±17.254.9±4.297.2±51.5Experiment 2 (Mn Whole body mg/kg) (App. retention %)1.09±0.0 ** 1.7±0.00.79±0.1 ** 
1.2±0.11.00±0.4 ** 1.6±1.21.05±0.0 ** 2.3±0.11.29±0.1 ** 3.1±0.21.49±0.1 ** 4.5±0.0There were no significant differences in apparent nutrient retention among fish fed 

different diets except that fish fed diet 6 had significantly higher manganese retention than fish fed all other diets. Results indicated that trace mineral premix supplemental 

levels in rainbow trout diets could be reduced with phytase supplementation at 500 FTU/kg diet without affecting body composition and apparent nutrient retention for rainbow 
trout. 

 

Study code 12127 

Year 2003 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 6 treatments (50 animals per treatment) 

Diet Background  Analysed. Raw soybeans28.50 ppm MnExtruded30.00 ppm MnExpelled34.50 ppm Mn 

Units’ basis of diets and/or results Diet - as is basis 

Factors affecting// combinations Microbial Phytase (MP) - TE. Extruded soybeans (ES) 

Composition Diets/treatments (RS)Raw soybeans0)ES-Control0 FTU / kg diet1)ES -MP 200 FTU/kg diet2)ES -MP400 FTU/kg diet3)ES -MP600 FTU/kg diet4)ES -MP800 FTU/kg diet5)ES -MP1000 
FTU/kg diet6)Expelled soybeans - MP 200 FTU/kg diet. Duration: 2 weeks 

Response criteria Apparent digestibility coefficient (ADC)Faecal content 

Results 20.3 ± 0.413.5 ± 1.246.2 ± 2.9 76.3 ± 6.178.1 ± 0.481.2 ±0.881.4 ± 1.216.8 ± 0.9Phytase supplementation in extruded soybeans increased ADCs of manganese significantly 

 

Study code 12179 

Year 2002 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 5 treatments(2-3 replicates of 30 animals per treatment) 
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Diet Background  Analysed. Ppm MnCSM-1=23CSM-2=17.50CSM-3=23CSM-4=20.50 

Units’ basis of diets and/or results Diet- as is basis 

Factors affecting// combinations Diet composition 

Composition Diets/treatments Exp 11) Basal diet2) CSM-13) CSM-24) CSM-35) CSM-4Different locations CSM=cottonseed meal. Duration: 6 weeks 

Response criteria Apparent digestibility coefficient (ADC) 

Results Apparent digestibility criteria (%) Mn26.424.231.615.1The ADC of the four CSM groups were: manganese, 15.1-31.6% 

 

Study code 12262 

Year 2001 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 6 treatments (30 animals per treatment) 

Diet Background Not specified (ppm Mn ). Mn sulphate7 ~ 15.6 ppm14 ~23.3 ppm 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation form 

Composition Diets/treatments Two levels of Mn (7 and 14 mg kg-1 diet) were supplemented to diets using either manganese sulphate (Mn-S), glass-embedded Mn (Mn-Gl), or amino acid-chelated Mn (Mn-

Am); more than one acid was used to chelate the metal. Duration: 12 weeks 

Response criteria Absorption, content of Mn in bone and whole-body  

Results Mn-AA provided more bioavailable Mn than Mn-Gl and Mn-S. Moreover, bioavailabilities of Mn-Gl and Mn-S are similar. Mn sources significantly influenced growth, whole-

body and bone Mn contents, as well as Mn retention, but did not affect Mn absorption. Differences in Mn retention, whole body and bone Mn contents between dietary levels 

were highly significant, whereas growth and absorption were not affected. The interaction of dietary Mn sources and levels significantly influenced whole-body and bone Mn 
contents, as well as retention. However, it had no effect on growth and absorption. 

 

Study code 12401 

Year 2000 

Animal Category  6.Rainbow trout 

Nº treatments (replicates/ treatment) 9 treatments (12 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments 1) Menhaden fish. 2) Peruvian fish. 3) Whitefish (deboned) . 4) Whitefish (whole) . 5) Whitefish (skin/bone) . 6) Meat and bone. 7) Feather. 8) Blood (ring-dried). 9) Casein 
basal diet. Duration: 12 days 

Response criteria Content of Mn in bone, faeces and plasma content. Digestibility coefficient (ADC), availability coefficient (AAC). 

Results Mn conc AAC61.8  -5515.6  -21414.2  -24327.2  -18668.0 -5615.5 -2238.9 -345Trace33.3 58.4Availability of manganese in the diet was reduced by the inclusion of high-ash 
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animal by-products in the diet. Dietary concentrations of bone minerals (calcium, phosphorus) and ash were inversely correlated with availabilities (% of intake) of most 

minerals except copper in the diet. Also, dietary concentrations of bone minerals correlated inversely with the net absorption (mg/g diet) of zinc, manganese and magnesium in 

the diet. When rainbow trout were fed diets containing incremental concentrations of fish bones, the apparent availabilities of phosphorus, calcium, magnesium and iron 
decreased as fish bone content in the diet increased. Reducing the bone fraction of high-ash (high-phosphorus) by product meals is therefore an essential approach to using such 

ingredients in low-pollution fish feeds 
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Table V.D.7. Rabbits 

Study code 8491 

Year 2005 

Animal Category  7.1. Rabbits. Rabbits suckling and weaned 7.2. Rabbits. Rabbits for fattening  

Nº treatments (replicates/ treatment) 2 treatments(5 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Cu-Mn 

Composition Diets/treatments 1) Control group (n=5), which received natural Cu2) Contrast group (n=5), which was given excessive Cu40 mg/d Cu. Duration: 50 days 

Response criteria Content of Mn in liver, kidney, spleen, brain, heart, intestines and lung. 

Results Observably, the increased concentrations of Cr were observed in the heart; that of Cu, Zn, Cr, Mn in the liver; that of Cu, Cr, Mn in the intestines; that of Cu in the spleen; that 
of Cu in the blood serum; and that of Cu in the whole blood. But remarkably, the decreased concentrations of Mn were observed in heart; that of Zn and Se in the encephalon; 

that of Cr, Mn and Se in the spleen and that of Zn in the blood serum. In the gallbladder, the concentrations of Zn, Cr, Mn, and Se were also reduced. Excessive Cu was 

accumulated mainly in liver, intestines, and blood serum. In contrast group, only a few changes were detected in excretion of Mn, Zn, and Cr, but increased concentrations of 
Cu and Se compared with the control group. 
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Table V.D.8. Horses 

Study code 10860 

Year 2012 

Animal Category  8. Horses : Bohemian warm-blooded horses 

Nº treatments (replicates/ treatment) 2 treatments (8 animals per treatment) 

Diet Background Analysed. Meadow hay 63.02 ppm Mn. Oat 35.38 ppm Mn. Meal 36.02 ppm Mn 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments The control group (n = 8) received 340 mg Zn/day/horse and 64 mg Cu/day/horse from the basic feeding ration. On top of that, horses in the experimental group (n = 8) were 

fed the feed additive at 10 g/day. Duration: 9 months 

Response criteria Hair and horn content of Mn 

Results A significant difference (p<0.05) was detected also in the contents of copper and manganese, the amounts of which in the final sampling increased by 69.9% and 58.1%, 

respectively. Differences in the contents of individual elements in the dry matter of hoof horn and mane hair of the control group were insignificant between the first and final 

samplings. We found a significant decrease (p<0.05) of manganese, iron and calcium content deposited in the dry matter of horse hair. The experiment shows that the hair is 
not a reliable indicator of nutritional status of horses. 

 

Study code 13164 

Year 1986 

Animal Category  8. Horses 

Nº treatments (replicates/ treatment) Experiment1 n=90 3 treatments (30 animals per treatment) 

Diet Background Analysed (ppm Mn) Cube= 31.4Oats=33.6Barley=22.5Forage=52.7Grain=51.2  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments Experiment 1. 1) 70% alfalfa cubes, 30% oat-based concentrate, 2) 70% oat-based concentrate, 30% alfalfa cubes, 3) 70% barley based concentrate, 30% alfalfa cubes. 
Duration: 8 months 

Response criteria Liver, kidney and plasma content of Mn 

Results There was no difference in hepatic manganese content among horses. No differences were observed among the three groups of horses in renal Zn or Mn concentration but renal 

Cu concentration differed with diet. Dietary concentrations of Cu, Zn and Mn in the present study were 56 to 168% of current minimum levels specified for equine diets. 
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Table V.D.9. Pets 

Study code 10023 

Year 1983 

Animal Category  9. 2. Pets and other non-food-producing animals. Cats 

Nº treatments (replicates/ treatment) Experiment 1 n=16. Experiment 2 n=19 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Diet 

Composition Diets/treatments Diets based on soy containing from 1.98 to 9.64 μg Cu/g diet. Diets based on egg white protein containing from 0.58 to 9.8 μg Cu/g diet. Nursed from queens fed diets 

containing either 0.58 or 12 μg Cu/g of diet. Duration: 10 weeks 

Response criteria Liver , spleen, brain, lung, muscle and heart content of Mn 

Results Manganese in liver, lung, spleen, brain, muscle and kidney were not consistently changed in response to low copper intakes 

 

Study code 10080 

Year 1982 

Animal Category  9. 2. Pets and other non-food-producing animals. Cats 

Nº treatments (replicates/ treatment) 26 cats (106 milk samples) 

Diet Background Analysed. Cat‘s milk(Mn ppm) 

Units’ basis of diets and/or results Diet - fresh matter 

Factors affecting// combinations Diet 

Composition Diets/treatments About half of the cats were milked only once. The other cats were milked several times with at least 5 days separating each milking period. Days of lactation: (0-2)(3-7)(8-
14)(15-21)(22-28)(29-35)(36-42)(+43) 

Response criteria Milk content 

Results Concentration of manganese increased during lactation, from 0.14 μg/ml to 0.39 μg/ml. Concentration of manganese in milk significantly increased during the course of 

lactation (Mn in Mg/ml = 0.20 + 0.002Xdays; r2 = 0.08; p<0.002) from about 0.10 Mg/ml on the first day of lactation to more than 0.25 Mg/ml after the first week. Most of the 
increase occurred during the first and second weeks of lactation 
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Table V.D.10. Rats 

Study code 8356 

Year 2008 

Animal Category  10. Other categories : Rat 

Nº treatments (replicates/ treatment) 2 treatments (5 replicates of 8 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Bentonite-Mn 

Composition Diets/treatments 1) (LSM), fed a standard pellet LSM diet for rodents. 2) (LSM-B) fed the same diet fortified with 2% (w/w) of finely powdered bentonite. Duration: 8 weeks 

Response criteria Mn content in liver, kidney, spleen, serum, plasma, carcass, duodenum, muscles, brain and gonads 

Results The results indicated that bentonite produced a moderate but persistent decrease in radio manganese uptake in the carcass, liver, kidneys, duodenum, and blood. In contrast, no 
influences of dietary bentonite on the uptake of radio manganese in the gonads, brain, muscles, and spleen were found. Moreover, bentonite also failed to affect feed and water 

intake, organs to body ratios, and body weight gains. 

 
Study code 8590 

Year 2002 

Animal Category  10. Other categories : male Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 4 treatments(12 animals per treatment) 

Diet Background Analysed - 23.7 ppm Mn 

Units’ basis of diets and/or results Diets- Dried basis. Results - Bone ashes 

Factors affecting// combinations Silicon 

Composition Diets/treatments 1) Silicon (as sodium metasilicate) at 0 (-Si) arginine at 0, 2) Silicon (as sodium metasilicate) at 0 (-Si) arginine at 5 g/kg, 3) Silicon (as sodium metasilicate) at 35 μg/g (+Si) 
arginine at 0 4) Silicon (as sodium metasilicate) at 35 μg/g (+Si) arginine at 5 g/kg. Basal diet contained 2.3 μg Si/g. Duration: 8 weeks 

Response criteria Content of Mn in bone (femur, vertebrae) 

Results Silicon deprivation increased the femoral manganese concentration. Arginine supplementation increased the femoral manganese concentration. Vertebral concentrations of 
manganese were decreased by silicon deprivation. Arginine supplementation increased vertebral concentrations of manganese. 

 
Study code 8625 

Year 2002 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 4 treatments (9 animals per treatment) 
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Diet Background Analysed - 23.7 ppm Mn 

Units’ basis of diets and/or results Results - Dry bone 

Factors affecting// combinations Silicon, arginine, cysteine 

Composition Diets/treatments 1) 0 g(−Si)/kg 12 g/kg Arginine 0 g/kg Cysteine2) 0 g(−Si)/kg 0 g/kg Arginine 12 g/kg Cysteine3) 35 g (+Si)/kg 12 g/kg Arginine 0 g/kg Cysteine4) 35 g (+Si)/kg 0 g/kg 
Arginine 12 g/kg Cysteine. Basal diet contained 2.0 g Si/g. Duration: 9 weeks 

Response criteria Content of Mn in bone (femur, vertebrae) 

Results In animals deprived of Si, Cys supplementation compared to Arg supplementation depressed haematocrit, increased tibia and vertebral manganese concentration. In animals fed 

adequate Si, supplemental Cys compared to supplemental Arg, decreased tibia and vertebral manganese concentrations. Tibia manganese concentrations were affected by an 
interaction between silicon and supplemental amino acids. 

 
Study code 8776 

Year 1997 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 5 treatments (12 animals per treatment) 

Diet Background  Analysed. 1-71.2 ppm. 2-95.7 ppm. 3-96.6 ppm. 4-91.8 ppm. 5-57.3 ppm 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Cd-Mn 

Composition Diets/treatments 1) Control diet. 2) 10 % of low Cd yeast. 3) 10 % of high Cd yeast. 4) 10 % of low Cd yeast + CdCl2. 5) Standard diet + CdCl2. Duration: 8 weeks 

Response criteria Content of Mn in liver, kidney and duodenum 

Results The differences in composition of experimental diets did not affect the concentrations of manganese in the duodenum (p>0.75) and kidney (p>0.81), but did affect the 
manganese concentration in the liver (p<0.03). The highest average manganese concentration was found in the livers of group 1 (control, 5.62 mg/kg) and the lowest in the liver 

of group 4 (10% of low cadmium yeast + CdCI, 4.98 mg/kg). 

 
Study code 8858 

Year 1996 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 (10-14 animals per treatment) 

Diet Background  Analysed. Low Mn(0.49 ppm Mn). High Mn(72 ppm Mn) 

Units’ basis of diets and/or results Results - Fresh matter 

Factors affecting// combinations Concentration. Dietary fat 

Composition Diets/treatments 0, 0.2, 1 or 10 mg Mn as MnCl2. 1) HF (high fat, manganese-deficient). 2) HFMn (high fat, manganese-replete). 3) LF (low fat, manganese-deficient). 4) LFMn (low fat, 
manganese-replete). Duration: 8 weeks 

Response criteria Bile content 
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Results Manganese-deficient animals excreted only 0.7% as much manganese in bile as manganese-replete animals, but this reduction was not sufficient to prevent 50-80% reduction 

of tissue manganese concentrations. Moreover, biliary manganese excretion (calculated for 24 h) by both manganese-deficient and manganese-replete rats (deprived of food for 

previous 12 h) accounted for only 1% of their manganese intake on the previous day. Dietary fat and manganese concentrations had few effects on excretion of total or 
individual bile acids.  

 
Study code 8968 

Year 1992 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 6 treatments (6 animals per treatment) 

Diet Background  Analysed. Low Mn0.9 ppm MnAdequate48 ppm Mn. High Mn188 ppm Mn 

Units’ basis of diets and/or results Results - Fresh matter 

Factors affecting// combinations Fe-Mn 

Composition Diets/treatments (0.9, 48 or 188 mg Mn/g diet) x (19 or 276 mg Fe/g diet)Duration: 7 weeks 

Response criteria True absorption, MnSOD activity 

Results Manganese-deficient animals retained more of the isotope, had both higher apparent and higher true absorption of manganese, had a greater proportion of Mn-54 in their livers 
and had a lower proportion of Mn-54 in their muscles compared with animals fed adequate or high levels of manganese. High iron intake inhibited manganese true absorption, 

reduced tissue manganese concentrations and inhibited heart manganese-dependent superoxide dismutase activity. However, the greatest effect of dietary iron was on mucosal 

cell manganese concentrations.  

 

Study code 9048 

Year 1999 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 7 animals per period 

Diet Background Estimated50 ppm Mn 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Magnesium-manganese interactions 

Composition Diets/treatments Wistar rats were fed a Mg-deficient diet (56 mg/kg) for 70 day. Determination at 21, 35 and 70 days. 

Response criteria True absorption, content of Mn in urine, serum, plasma and faeces. Other : biological indices absorbed Mn 

Results The Mg-deficient diet significantly increased Mn apparent absorption and Mn balance from week five until the end of the experimental period. This effect was accompanied by 
a significant increase in the concentration of Mn in heart at all three time points. Whole blood, skeletal muscle and kidney Mn were significantly increased from day 35, and 

femur Mn content was increased only at the end of the study (day 70).However, Mn concentration in the sternum decreased significantly from day 35. No changes were found 

in liver Mn content. Mg deficiency increased Mn absorbed, and this favoured the deposition of Mn in all tissues studied except the liver and trabecular bone. The lack of 
response by the liver to increased Mn absorption may have led to the redistribution of this ion to other tissues. 
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Study code 9127 

Year 1998 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (10 animals per treatment) 

Diet Background  Analysed. Diet 1-2 (11.5 ppm Mn) . Diet 3 (11.6 ppm Mn) . Diet 4 (12 ppm Mn) 

Units’ basis of diets and/or results Diet- Dry matter. Results - Dry matter 

Factors affecting// combinations FOS fructooligosaccharides 

Composition Diets/treatments 1) Control - purified diet 2) Purified diet + 1% FOS3) Purified diet + 3% FOS4) Purified diet + 5% FOSDuration: 27 days 

Response criteria Animal performance. Content of Mn in urine content. 

Results Intake of Mn was affected quadratically (p=0.02) by FOS concentration. However, apparent absorption and balance did not differ (p>0.10) among groups.  

 

Study code 9131 

Year 1998 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (10 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Iron 

Composition Diets/treatments 1) (Group A) Control rats Altromin diet. 2) (Group B) Altromin diet supplemented with 3% (w/w) carbonyl iron. 3) (Group C) Polymaltose iron (300 mg per rat). 4) (Group D) 

i.v. injection of an increasing amount of polymaltose iron (350 mg/rat). Duration: 4 weeks 

Response criteria Content of Mn in liver, spleen and brain 

Results Iron overload in rats, regardless of the route of its application, resulted in an increase not only of iron but also of zinc and manganese in the liver and the spleen, whereas the 
content of these metals in the brain did not change. 

 

Study code 9200 

Year 1997 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 5 treatments(7 animals per treatment) 

Diet Background Analysed 60 mg Mn/kg 

Units’ basis of diets and/or results Results - Fresh matter 

Factors affecting// combinations Phytic acid 

Composition Diets/treatments Group I (control) was fed the basal diet free of phytic acid (PA). In groups II, III, IV, and V, corn starch was replaced by 3.5, 7.0, 10.5, and 14.0 g sodium phytate/kg diet, 
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respectively. Duration: 4 weeks 

Response criteria Content of Mn in liver , kidney, bone, plasma Other : apparent absorption 

Results Apparent absorption and retention of Zn, Fe, Mn, and Cu was not altered by the different dietary treatments. 

 

Study code 9284 

Year 1996 

Animal Category  10. Other categories : mice 

Nº treatments (replicates/ treatment) 2 treatments(5-10 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Aluminium 

Composition Diets/treatments Fed diets containing 7 pg Al/g (control) or 1000 pg Al/g (AL1000) during gestation and lactation (the control diet was fed to all animals for l-2 weeks before mating).Duration: 

24 h 

Response criteria Liver, brain and milk content of Mn.  

Results High dietary Al can result in lowered tissue Mn and Fe concentrations in weanling mice. Milk from darns fed high Al diets (1000 μg Al/g, n = 11, Al1000) had similar Fe and 
Mn concentrations as milk from dams fed a control diet (7 μg Al/g, n = 11), although Al concentrations were higher. Absorption and tissue distribution of 54Mn and 59Fe, as 

determined at the 6 h time point, were unaffected by maternal diet group (control n = 16, AL1000 n = 10).However, total retention of both 54Mn and 59Fe was 8-10% lower in 

the AL1000 pups 24 h after gavage (P = 0.030 for Mn and 0.017 for Fe). These data suggest that high dietary Al during development alters the ability of nursing mouse pups to 
retain absorbed Fe and Mn. 

 

Study code 9464 

Year 1994 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 2 treatments (9 animals per treatment) 

Diet Background  Analysed. Control>LOQMn-deficient48 ppm Mn 

Units’ basis of diets and/or results Results - Dry matter) 

Factors affecting// combinations Mn concentration 

Composition Diets/treatments Control 0 μg Mn/g diet Treatment 48 μg Mn/g diet Duration: 21 days. 

Response criteria Content of Mn in liver Biochemical response : arginase activity 

Results The absence of Mn from the diet resulted in lower hepatic Mn concentration and arginase activity. This resulted in an increased plasma ammonia concentration and a decreased 

plasma urea concentration. 

 

Study code 9616 
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Year 1991 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (20 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Wet matter 

Factors affecting// combinations Deoxynivalenol-Mn 

Composition Diets/treatments (DON; 0, 0.1, 1 and 10 ppm)Duration: 6 weeks 

Response criteria Content of Mn in liver, , kidney, plasma, jejune 

Results Manganese and molybdenum content in liver tissue was reduced with a DON concentration of 10 ppm in the diet. The findings indicate that sub-chronic ingestion of DON, in 

concentrations occurring in contaminated food and feed, results in an impairment of intestinal transfer and uptake of nutrients such as glucose and 5-methyltetrahydrofolic acid. 

 

Study code 9691 

Year 1990 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 8 treatments(6 animals per treatment) 

Diet Background Analysed 0.4 ppm Mn and 56 ppm Mn 

Units’ basis of diets and/or results Results. Wet weight 

Factors affecting// combinations Manganese, iron and lipid 

Composition Diets/treatments Two levels of manganese (0.4 or 56 μg Mn/g diet)two levels of iron (29 or 109 μg Fe/g diet) 12% high-linoleic acid safflower oil or 12% high-oleic acid safflower oil Duration: 

8 weeks 

Response criteria Content of Mn in kidney, bone. Biochemical response : MnSOD 

Results Rats fed the manganese-deficient diets had decreased heart MnSOD activity; depressed tibia and kidney manganese concentrations; lowered plasma and high density 

lipoprotein (HDL) cholesterol, HDL protein and HDL apo E concentrations; and elevated HDL protein/cholesterol ratios. Ingestion of supplemental iron slightly decreased 

heart MnSOD activity and tibia and kidney manganese concentrations but had no effect on haematocrits or on plasma and HDL cholesterol levels.  

 

Study code 9709 

Year 1989 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 2 treatments (4 and 2 sacrifices ) 2 animals per sacrifice 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Route of admin 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

643 

Composition Diets/treatments Oral administration- 25uCi of 54Mn pups killed at 0.5, 1, 2 and 4hIntravenous administration- 10uCi pups killed at 5 min and 1 h post-injection. Duration: 12 hours 

Response criteria Plasma content of transferrin 

Results Using these methods, independent of the route of 54Mn administration, transferrin was identified as the major Mn-binding protein in plasma. These results conclusively show 

that 54Mn in plasma is carried by transferrin, regardless of route of administration and time post-dosing. 

 

Study code 9744 

Year 1989 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments(6 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Mn concentration 

Composition Diets/treatments 1) N - normal rats2) MO (manganese-deficient rats) - injected with physiological saline (NaCl 9.0 g/L) / day 1 week.3) Ml - manganese-deficient rats were injected with 

manganese at 66 pg/kg body weight,4) M1O - manganese-deficient rats were injected with manganese at 660 pg/kg body weight,( MnCl2 - 4H20 in physiological) 

Response criteria Content of Mn in serum and plasma  

Results The manganese concentration in lymphocytes was significantly decreased in the group MO, increased in the group Mb, but not significantly changed in the group Ml, as 

compared with that in group N. In whole blood, the manganese concentration tended to decrease in group MO, was significantly increased in group Mb, but not significantly 

different in group Ml, as compared with group N. In striatum, testis, and tibia tissues, manganese concentrations were significantly less in group MO than in group N. These 
low values were increased, in a dose dependent manner, in groups Ml and Mb. 

 

Study code 9770 

Year 1988 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 2 treatments(5 animals per treatment) 

Diet Background Estimated. Basal <1 ppm Mn 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Distribution of radiolabeled Mn  

Composition Diets/treatments Rats were fed diets containing between 1.3 and 82.4 mg Mn/kg for 7 or 14 d and administered 54Mn by gavage or a test meal containing 5 or 20 μg Mn. Duration: 14 days 

Response criteria Apparent absorption. Content of Mn in liver, kidney, serum, plasma, heart and gut. 

Results Amount of Mn in the oral dose did not affect 54Mn absorption, but increasing dietary Mn reduced Mn absorption and enhanced 54Mn excretion. Absorption of 54Mn by fasted, 

gavage rats was four times higher than in un-fasted gavage rats or in fasted rats fed test meals. Orally administered 54Mn had a shorter biological half-life than injected 54Mn 

and tissue distribution of 54Mn differed in rats given 54Mn by different routes. Rats fed between 1.4 and 2.8 mg Mn/kg diet grew as well as or better than those fed amounts 
similar to the recommended level (50 mg/kg).Sucrose-fed rats absorbed more than 54Mn than starch-fed rats. Rats fed sucrose excreted injected 54Mn faster than rats fed starch. 

Concentrations of liver Mn in sucrose-fed rats were higher than in starch-fed rats. Our results indicate that both absorption and excretion are important in maintaining Mn 
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homeostasis in rats. 

 

Study code 9809 

Year 1987 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3-5 animals per treatment 

Diet Background Analysed Control102 ppm Mn 

Units’ basis of diets and/or results Results - Wet matter 

Factors affecting// combinations Cd, Fe, As 

Composition Diets/treatments Basic diet with increasing concentrations of one of the toxic metals (up to 90 ppm As, 180 ppm Cd, 365 ppm Ni, and 394 ppm Pb).Control group n=3Base group n=5 basal 
level of As, Cd, Ni and Pb(I)(II)(III)(IV)Duration: 14 days 

Response criteria Content of Mn in liver, kidney, hair, bone, serum, plasma, intestine, brain, skin 

Results While Cd-Fe interactions were common to most of the tissues, other interactions were detected only in specific tissues, e.g., As-Cu in the kidney, Cd-Zn in the liver, and As-

Mn, Cd-Mn, or Ni-Cu in the intestine. 

 

Study code 10015 

Year 1984 

Animal Category  10. Other categories : Wistar Rats 

Nº treatments (replicates/ treatment) 2 treatments(24 animals per treatment) 

Diet Background Estimated ingestion. Week 1,2,3 and 4 =0.83, 0.97, 1.00 and 0.93 mg Mn/100 g bw/day respectively 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Perfusion Mn 

Composition Diets/treatments A low protein-low energy diet (M) for 4 weeks against controls fed a complete diet (C) during the same period and then perfusion with solutions containing 0.0125mM of 

MnSO4·7H2ODuration: 4 weeks 

Response criteria Absorption 

Results These data indicate that the jejunal mucosa of rats absorbs Mn more effectively than Control animals, independently from water fluxes and the presence of small molecular 

weight chelators. These substances do not alter the uptake of Mn in growth-retarded rats, while they enhance the absorption of the trace metal in well-fed animals. 

 

Study code 10181 

Year 1980 

Animal Category  10. Other categories: rats 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph V - Manganese 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

645 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Mn-Hg-Cd 

Composition Diets/treatments 1-Cd2-Hg3-Mn(A)rat‘s diet(B)cow‘s milk(C)cow‘s milk with iron additive ( 100 ppm Fe administered as FeSO)0, 20, 100, or 500 mg of Mn/kg. Duration: 11 weeks 

Response criteria Content of Mn in whole body and gut 

Results The high absorption of metals in suckling is not likely to be due to the low iron content of milk and also that iron does not interact with cadmium, mercury, and manganese in 

the absorption process at this age. 

 

Study code 10184 

Year 1980 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 treatments (6 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Fe-Mn 

Composition Diets/treatments Iron in milk µg/ml1) Control-0.5µg Fe/ml2) T1-52.0µg Fe/ml3) T2-103.0 µg Fe/ml. Duration: 7 hours fed 

Response criteria Content of Mn in liver , spleen, GI tract, whole body and carcass 

Results (Iron in milk mg/L) CONTROL   T1  T2Whole body84.71+1.6381.22+2.65 80.18+2.43(%)Carcass74.67+1.1476.65+1.8569.43+2.37 (%)GI tract9.81+0.518.40+0.338.92+0.24 

(%)Liver    6.49+0.25.90+0.288.19+0.28 (%)Spleen0.19+0.010.21+0.010.19+0.01 (%)The five and tenfold increase of iron content in cow‘s milk as compared to rat‘s milk did 

not alter the relative absorption 59Fe or 54Mn in the intestinal tract. 

 

Study code 10210 

Year 1980 

Animal Category  10. Other categories : Sprague-Dawley strain, weanling male rats 

Nº treatments (replicates/ treatment) 6 treatments(6 animals per treatment) 

Diet Background Estimated. 0.2 mg Mn/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Diet 

Composition Diets/treatments Weanling male rats were fed diets containing 0.2 (basal), 0.7, 1.7, 4.7, 9.7 or 29.7 mg Mn/kg, for 10 weeks. Duration: 10 weeks 

Response criteria MnSOD activity 

Results Significant correlations of dietary manganese concentration were observed with heart and kidney MnSOD activities, liver arginase, plasma alkaline phosphatase activities, and 
heart, kidney, liver and plasma manganese concentrations. 
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Study code 10211 

Year 1980 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (6 animals per treatment) 

Diet Background  Analysed. Purified<0.97 ppm Mn 

Units’ basis of diets and/or results Diet -as fed basisResults - Dry matter 

Factors affecting// combinations Iron, lactose and copper -Mn 

Composition Diets/treatments Purified manganese-free dextrose-casein diet1) Manganese-free mineral mixture(5 ppm supplemental Cu )2) Manganese-free mineral mixture (same mineral mixture with Fe 

removed)Purified diet with 17% lactose added at the expense of dextrose3) Manganese-free mineral mixture (5 ppm supplemental Cu )4) Manganese-free mineral mixture 
(same mineral mixture with Fe removed)Duration: 7 days 

Response criteria Content of Mn in liver, kidney, spleen, bone (tibia) and muscle 

Results Lactose added to the purified diet depressed 54Mn retention in all tissues studied. Lactose addition also decreased specific activities of the livers and kidneys but tended to 

increase stable manganese values. Copper apparently had little direct effect on 54Mn retention but tended to reduce the effect of lactose on 54Mn retention. Omission of Fe 
greatly increased 54Mn retention values in all tissues studied with or without added lactose. Fe omission also significantly increased the specific activities and stable Mn values 

of livers and the specific activity of kidneys 

 

Study code 11935 

Year 2004 

Animal Category  10. Other categories : Wistar rats 

Nº treatments (replicates/ treatment) 7 treatments(10-9 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations TE-steroid hormones 

Composition Diets/treatments 1) (group B) n=9 Control, 2)(group C) n=9 placebo, 3)(group E) n=10 percutaneous oestrogens (17-β estradiol, 6 μg/d)4)(group P) n=10 with oral micronized progesterone (0.5 

mg/d)5)(group EP) n=10 combination of oestrogens and progesterone (0.5 mg/d)6)(group T) n=10 fed oral tibolone (0.5 mg/d)7)(group R) n=14 fed oral raloxifene (2 mg/d). 

Duration: 1 month 

Response criteria Content of Mn in uterus 

Results Major alterations were observed in uteri of ovariectomized rats without treatment for the Mn and Se concentrations. The contents of these two elements were found to be close 

to the limit of detection of this technique. For only four animals did the uterus Mn and Se content value surpass the confidence limit of quantification (0.2 mg/kg). 

 

Study code 11981 

Year 2004 
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Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Generation 1Total: 8 4 rats per treatment(2 of 2 animals)Generation 2Total:17+14 (6-10 animals per treatment) 

Diet Background Not specified. Basal AIN-76A0.06 ppm Mn 

Units’ basis of diets and/or results Diet - Dry weight. Results - Dry matter 

Factors affecting// combinations Phytate 

Composition Diets/treatments Generation 1 & 21) (Control) Phytate free diet2) (T1) - Control + 1 % phytate as sodium salt. Duration: 11 weeks 

Response criteria Content of Mn in liver, urine, heart and testicles 

Results The heart Mn levels of the phytate diet female group were statistically significantly lower than those found in non phytate treated rats, however the Mn urine Levels were 

statistically significantly higher in phytate fed female rats. 

 

Study code 12308 

Year 2001 

Animal Category  10. Other categories : knockout mice 

Nº treatments (replicates/ treatment) Total=18 

Diet Background Not specified. Basal AIN93-G11 ppm Mn  

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Fe-Mn Mice strain 

Composition Diets/treatments Diet 35 µg/g Fe (Ferric citrate) 3 h6 h48 h9 d. Duration: 9 days 

Response criteria Content of Mn in liver and brain 

Results Initial uptake of 54Mn by the intestinal mucosa, the liver, and the brain was not different between the two strains. The mutant mice had much higher concentrations of non heme 

and total iron in the liver, but hepatic manganese, copper, magnesium, and zinc concentrations were similar between the two strains. In summary, the mucosal uptake and 
whole-body retention of manganese and tissue manganese concentrations were not altered in β2m(-/-) mice; this suggests that normal homeostasis of manganese is not affected 

by the altered HFE protein-β2m complex in these mice. 

 

Study code 12676 

Year 2008 

Animal Category  10. Other categories : Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 2 treatments (20 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Bone health 

Composition Diets/treatments 1) Adequate (Ca 0.5%, Mn 0.001%), 2) High manganese (Ca 0.5%, Mn 0.01%). Duration: 12 weeks 
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Response criteria Breaking strength and bone content 

Results Mn supplementation resulted in increased BMD and bone formation.  

 

Study code 12679 

Year 2008 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments(9-10 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Sulphite 

Composition Diets/treatments SOX status/Diet/Supplement. 1) Control (C)/Normal/Standard rat chow. 2) None Sulphite (S)/Normal/Standard rat chow. 3)Sulphite (70 mg/kg)Deficient (D)/Deficient/Low 
Mo diet. 4) W (200 ppm)Deficient + sulphite (DS)/Deficient/Low Mo diet /W (200 ppm) + sulphite (70 mg/kg).  

Duration: 6 weeks 

Response criteria Content of Mn in plasma.SOX, ceruloplasmin FeOX 

Results While plasma level of Mn was decreasing, plasma Cu level increased in SOX-deficient rats. Treating SOX-deficient groups with sulphite did not alter plasma level of Mn but 
made plasma level of Cu back to its normal level.  

 

Study code 12810 

Year 2004 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (10-15 animals per treatment) 

Diet Background  Analysed. Basal diet61.5 ppm Mn 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Cd-Mn 

Composition Diets/treatments Cd-supplemented diet (0, 10, 50, or 200 CdCl2 mg/kg diet). Duration: 13 weeks 

Response criteria Mn content in liver 

Results Mineral content of the livers was modified according to Cd level: iron, magnesium and selenium decreased while copper, zinc and manganese increased with increasing Cd 

levels 

 

Study code 12819 

Year 2004 

Animal Category  10. Other categories : rats 
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Nº treatments (replicates/ treatment) Experiment 1 (Total = 35, 7 animals per treatment). Experiment 1 (Total = 30, 6 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Tannic acid (TA)-TE 

Composition Diets/treatments Experiment 1 - Levels of Fe (5, 10, 20 30 or 35 mg/kg diet) 

Experiment 21) Control diet (30 mg Fe/kg). 2) tannic acid (TA), 5 g TA/kg. 3) tannic acid (TA), 10 g TA/kg. 4) tannic acid (TA), 15 g TA/kg. 5) tannic acid (TA), 20 g TA/kg.  

Duration: 3 weeks 

Response criteria Animal performance, content of Mn in liver, plasma and faeces 

Results Mn absorption was not affected by TA feeding. It is also demonstrated that liver Fe, but not the Zn, Cu and Mn contents, were lower in the TA groups than in the TA-free 
control group. 

 

Study code 12824 

Year 2004 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 8 animals per treatment 

Diet Background Not specified. 10-50 ppm Mn 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Copper (Cu), iron (Fe), manganese (Mn) and sulphur amino acids (SAA) 

Composition Diets/treatments AIN-93G-based diet containing dietary Cu (<1 and 5 mg/kg)Fe (10 and 35 mg/kg) Mn (10 and 50 mg/kg) L-cysteine (LCys) DL-methionine (DLMet).  

Duration: 6 weeks 

Response criteria Content of Mn in liver and duodenum. 

Results Duodenal Mn was more than twice as high (P 0.001) in rats fed 50 mg Mn/kg diet compared with those fed 10 mg/kg. There was a Cu/Fe interaction (p<0.001) showing that 

duodenal Mn was reduced by Cu deficiency when rats were Fe deficient, but there was no effect when rats were Fe adequate. An interaction (p<0.02) between Fe and Mn 
showed that duodenal Mn was increased more by feeding 50 mg Mn/kg diet to Fe-deficient rats than to Fe-adequate rats. 

 

Study code 12895 

Year 2001 

Animal Category  10. Other categories : knockout mice 

Nº treatments (replicates/ treatment) 6 animals per group 

Diet Background Not specified11 ppm Mn 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Mutant strain 
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Composition Diets/treatments Control group β2m(−/−)  

Experimental 3h, 6h, 48h, 9d 

Response criteria Content of Mn in liver  

Results The mutant mice had much higher concentrations of nonheme and total iron in the liver, but hepatic manganese, copper, magnesium, and zinc concentrations were similar 
between the two strains. In summary, the mucosal uptake and whole-body retention of manganese and tissue manganese concentrations were not altered in β2m(−/−) mice; this 

suggests that normal homeostasis of manganese is not affected by the altered HFE protein-β2m complex in these mice 

 

Study code 12903 

Year 2000 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (7 animals per treatment) 

Diet Background Not specified. 13.5 ppm Mn 

Units’ basis of diets and/or results Results - Dry matter 

Factors affecting// combinations Ethanol-Mn protein 

Composition Diets/treatments 1) Control rats. 2) Isocaloric, 36% ethanol-containing diet. 3)Iisocaloric, 2% protein-containing diet. 4) Isocaloric diet containing 2% protein and 36% ethanol Manganese (13.5 

mg/L).  

Duration: 8 weeks 

Response criteria Content of Mn in liver and muscle 

Results Ethanol and protein deficiency led to a decreased liver zinc, the lowest values being observed in the low-protein, ethanol-fed animals; the same occurred with muscle zinc and 

liver manganese. There was a trend to higher values of all the elements in the low-protein-fed group, but significant differences were present only regarding copper and 

manganese. Inverse correlation was observed between hair manganese and hair copper, and also between liver manganese and hair zinc. Although liver and muscle zinc are 
clearly lower in the ethanol, protein deficient animals (in accordance with other reports), there was a trend to higher hair zinc and significantly higher hair manganese in the 

protein malnourished animals. 

 

Study code 12908 

Year 2000 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 2 treatments (7 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Mn concentration 

Composition Diets/treatments Mg-deficient diet (129 mg Mg/kg food)Control (480 mg Mg/kg food).Duration: 70 days 

Response criteria Content of Mn in plasma. Other : enterocyte content 
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Results The magnesium deficiency significantly increased plasma levels of Ca (p<0.001), Fe (p<0.01), Cu (p<0.05), Mn (p<0.001) and Se (p<0.05), and had no significant effect on 

plasma Zn concentration.  

The Mg-deficient diet significantly increased enterocyte content of Ca, Fe, Zn, Cu and Mn 

 

Study code 13114 

Year 1988 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (6 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Boric acid. Aluminium 

Composition Diets/treatments (Microgram/g fresh diet)  

Experiment 1 magnesium acetate, 100 and 400  

Experiment 2 magnesium acetate, 100, 200 and 400  

Experiment 3 magnesium acetate, 100, 200 and 400 

Experiment 4 magnesium acetate, 100 and 400 (microgram/g fresh diet). Duration: 7 weeks 

Response criteria Content of Mn in liver, kidney, bone, spleen, plasma. Biochemical. response : Hb, haematocrit 

Results Plasma magnesium was significantly depressed by high dietary aluminium when the manganese supplement was 50 micrograms/g diet but not when it was 20 micrograms/g 

diet. On the other hand, growth was more markedly depressed by high dietary aluminium in boron-supplemented rats when the manganese supplement was 20 rather than 50 

micrograms/g diet.  

The findings indicate that the response of rats to high dietary aluminium is influenced by magnesium, boron, and manganese nutriture. 
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8251   ~ ~ ~  ~ ~   

8257  ~  ~ ~ ~  ~  ~ 

8404    ~  ~  ~ ~ ~ 

8507 ~   ~  ~  ~  ~ 

8631    ~  ~  ~ ~ ~ 

9175 ~        ~ ~ 

9321    ~ ~ ~    ~ 

9381    ~ ~ ~   ~ ~ 

9507 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

9519 ~   ~ ~ ~ ~ ~  ~ 

10045 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

11198  ~ ~ ~ ~ ~   ~ ~ 

11561  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

11730 ~   ~  ~  ~ ~ ~ 

11964    ~ ~ ~  ~ ~  
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12044 ~    ~ ~ ~ ~ ~ ~ 

12116   ~ ~ ~ ~ ~ ~ ~ ~ 

12391   ~ ~ ~ ~  ~ ~ ~ 
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(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 

st
u

d
y

 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
e
r
e
 

st
a

ti
st

ic
a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
re

 i
n

co
m

p
le

te
 o

r
 m

is
si

n
g
 

d
a

ta
?
 

W
a

s 
a

n
y

 
b

a
c
k

g
r
o

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

11605 
   ~ ~ ~ ~ ~ ~ ~ 

11662 ~   ~ ~ ~   ~ ~ 

11712 
   ~ ~ ~  ~ ~ ~ 

11961 
     ~   ~  

11987 
   ~ ~ ~  ~  ~ 

12111 
   ~ ~ ~  ~ ~ ~ 

12112 ~   ~ ~ ~ ~ ~ ~ ~ 

12462 ~   ~ ~ ~   ~ ~ 

12483 
   ~ ~ ~    ~ 

12496 
 ~    ~     

12543 ~   ~ ~ ~  ~  ~ 

12550 ~   ~ ~ ~  ~ ~ ~ 

12577 
   ~ ~ ~    ~ 

12584 
   ~ ~ ~   ~ ~ 

12945 ~   ~ ~ ~  ~  ~ 
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659 

Bovines 

Study code 

D
o

 
th

e
 

o
b

je
c
ti

v
e
s 

a
d

d
r
e
ss

 
th

e 

E
L

S
 q

u
e
st

io
n

s?
 

W
a

s 
th

e
 
m

e
th

o
d

o
lo

g
y

 
fi

tt
e
d

 
to

 

th
e
 p

u
r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

e
x

p
e
ri

m
e
n

ta
l 

p
ro

c
e
d

u
r
e 

p
r
o
v

id
e 

p
re

c
is

e 
d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 
st

u
d

y
 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
er

e 
st

a
ti

st
ic

a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

er
e
 

in
co

m
p

le
te

 
o

r 

m
is

si
n

g
 d

a
ta

?
 

W
a

s 
a

n
y

 
b

a
c
k

g
ro

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

8051 ~   ~  ~ ~ ~ ~ ~ 

8075 ~ ~    ~   ~  

8144 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

8150 ~ ~   ~ ~  ~   

8450 ~    ~ ~  ~ ~ ~ 

8475 ~    ~ ~     

8480    ~  ~   ~ ~ 

8570  ~  ~ ~ ~ ~ ~ ~ ~ 

8638 ~   ~ ~ ~  ~  ~ 

8817 ~   ~ ~ ~ ~ ~ ~ ~ 

9001 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

9086    ~ ~ ~ ~ ~ ~ ~ 

9461    ~ ~ ~ ~ ~ ~ ~ 

9465 ~   ~ ~ ~   ~ ~ 

9784 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

9823  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

9852  ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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660 

Study code 

D
o

 
th

e
 

o
b

je
c
ti

v
e
s 

a
d

d
r
e
ss

 
th

e 

E
L

S
 q

u
e
st

io
n

s?
 

W
a

s 
th

e
 
m

e
th

o
d

o
lo

g
y

 
fi

tt
e
d

 
to

 

th
e
 p

u
r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

e
x

p
e
ri

m
e
n

ta
l 

p
ro

c
e
d

u
r
e 

p
r
o
v

id
e 

p
re

c
is

e 
d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 
st

u
d

y
 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
er

e 
st

a
ti

st
ic

a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

er
e
 

in
co

m
p

le
te

 
o

r 

m
is

si
n

g
 d

a
ta

?
 

W
a

s 
a

n
y

 
b

a
c
k

g
ro

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

9986    ~ ~ ~ ~ ~ ~ ~ 

10758 ~   ~ ~ ~   ~ ~ 

10989   ~ ~ ~ ~ ~ ~ ~ ~ 

11063 ~   ~ ~ ~  ~ ~ ~ 

11186  ~  ~ ~ ~ ~ ~  ~ 

11380  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

11478    ~ ~ ~  ~  ~ 

11507  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

11731 ~   ~ ~ ~  ~ ~ ~ 

11797 ~   ~ ~ ~ ~ ~ ~ ~ 
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Sheep and goats 

Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 E

L
S

 

q
u

e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o

 t
h

e
 

p
u

r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

ex
p

er
im

e
n

ta
l 

p
r
o
c
e
d

u
r
e 

p
r
o
v

id
e
 

p
re

ci
se

 
d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 

st
u

d
y

 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
e
r
e
 

st
a

ti
st

ic
a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
re

 i
n

co
m

p
le

te
 o

r
 m

is
si

n
g
 

d
a

ta
?
 

W
a

s 
a

n
y

 
b

a
c
k

g
r
o

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

8234 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

8334     ~ ~   ~  

8337      ~   ~  

8387      ~   ~ ~ 

8403   ~ ~ ~ ~ ~ ~ ~  

8405     ~ ~  ~ ~ ~ 

8534   ~ ~ ~ ~ ~ ~ ~  

8837 ~     ~  ~ ~ ~ 

9009   ~ ~ ~ ~ ~ ~ ~ ~ 

9012   ~   ~ ~ ~ ~ ~ 

9312     ~ ~   ~ ~ 

9314      ~     

9700      ~    ~ 

9701   ~ ~ ~ ~ ~ ~ ~ ~ 

9727     ~ ~  ~  ~ 

9782   ~ ~ ~ ~ ~ ~ ~  

9935 ~     ~   ~  
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Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 E

L
S

 

q
u

e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o

 t
h

e
 

p
u

r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

ex
p

er
im

e
n

ta
l 

p
r
o
c
e
d

u
r
e 

p
r
o
v

id
e
 

p
re

ci
se

 
d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 

st
u

d
y

 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
e
r
e
 

st
a

ti
st

ic
a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
re

 i
n

co
m

p
le

te
 o

r
 m

is
si

n
g
 

d
a

ta
?
 

W
a

s 
a

n
y

 
b

a
c
k

g
r
o

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

9993  ~ ~ ~ ~ ~ ~ ~  ~ 

10048  ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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Fish 

Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 E

L
S

 

q
u

e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o

 t
h

e
 

p
u

r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

ex
p

er
im

e
n

ta
l 

p
r
o
c
e
d

u
r
e 

p
r
o
v

id
e
 

p
re

ci
se

 
d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 

st
u

d
y

 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
e
r
e
 

st
a

ti
st

ic
a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
re

 i
n

co
m

p
le

te
 o

r
 m

is
si

n
g
 

d
a

ta
?
 

W
a

s 
a

n
y

 
b

a
c
k

g
r
o

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

8501 
   ~ ~ ~  ~  ~ 

8561 ~    ~ ~ ~ ~   

8589 
  ~ ~ ~ ~  ~  ~ 

8643 ~ ~  ~ ~ ~ ~ ~  ~ 

8696 ~    ~ ~ ~ ~   

8712 
     ~     

8787 ~   ~ ~ ~ ~  ~  

8810 
 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

9093 
   ~ ~ ~  ~  ~ 

9165 
   ~ ~ ~   ~ ~ 

9178 
   ~ ~ ~ ~ ~  ~ 

10148 
     ~  ~   

11945 
   ~ ~ ~  ~  ~ 

12127 
   ~ ~ ~  ~   

12179 
   ~ ~ ~  ~  ~ 

12262 
 ~ ~ ~  ~     

12401 ~    ~ ~  ~  ~ 

Rabbit, horses and pets 
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664 

Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 E

L
S

 

q
u

e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o

 t
h

e
 

p
u

r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

ex
p

er
im

e
n

ta
l 

p
r
o
c
e
d

u
r
e 

p
r
o
v

id
e
 

p
re

ci
se

 
d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 

st
u

d
y

 
d

e
si

g
n

 
fi

tt
e
d

 
to

 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 
tr

ea
tm

e
n

ts
 

ra
n

d
o
m

ly
 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 

w
e
r
e
 

st
a

ti
st

ic
a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
re

 i
n

co
m

p
le

te
 o

r
 m

is
si

n
g
 

d
a

ta
?
 

W
a

s 
a

n
y

 
b

a
c
k

g
r
o

u
n

d
 

o
f 

th
e 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 
d

o
se

s 
a

n
a

ly
ti

c
a
ll

y
 

c
o

n
fi

r
m

e
d

?
 

Rabbit 

8941 ~   ~ ~ ~ ~ ~ ~ ~ 

Horses 

10860 
  ~ ~ ~ ~  ~   

13164 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

Pets 

10023 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

10080 ~  ~ ~ ~ ~ ~ ~  ~ 
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Other. Rats/Mice 

Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 E

L
S

 

q
u

e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o

 t
h

e
 

p
u

r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

ex
p

er
im

e
n

ta
l 

p
r
o
c
e
d
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EXECUTIVE SUMMARY 

The main objective was to identify the bioavailability of molybdenum (Mo) additives and their 

incompatibilities and interactions, in particular when combined with other feed additives or 

components of the animal diet. Different search chains were performed for each one of the elements in 

the most important scientific databases (PubMed, Scopus and ISI Web of Knowledge), and the 

resulting references were managed by using the open-source reference tool DistillerSR
©
 systematic 

review software. In the first level of selection, based on title and abstracts, a total of 850 articles were 

excluded to be completely unrelated with the search objectives (not about molybdenum, not about the 

animal species, not about bioavailability issues). In the first level of selection, based on title and 

abstracts, a total of 850 articles were excluded to be completely unrelated with the search objectives 

(not about molybdenum, not about the animal species, not about bioavailability issues). Finally, 514 

articles were retained to be potentially related with the search questions. In case of doubt or few/not 

information exposed in the abstract, the articles were automatically retained to the next level. Sixty-

one full-text articles up to 514 were obtained from on-line sources, and 99 references remained 

pending to be found. After the assessment of the full-text references, a total of 374 articles were 

excluded to be finally unrelated with the subject. Forty-one references were retained to answer the 

extraction data form. 

Most of the studies retained in the selection assessed bioavailability issues of molybdenum on sheep 

(n=14) and bovines (n=13), as well as in rats and guinea pig (n=7). Less studies were found in goats 

(n=3), horses (n=2), poultry (n=1) and rabbits (n=1). No studies (n=0) in pigs, fish, and pets were 

retained in the selection. Studies assessing incompatibilities of Mo using in vitro  models were not 

found, either through the searching protocol strategy or other additional sources. The main sources of 

supplementation in all studies were ammonium molybdate and sodium molybdate, both of them 

currently authorised in the EU as additives (Council Directive 70/524/EEC). However, 

thiomolybdates, trioxide, elemental and the radioactive Mo form were also eventually used. Studies 

assessing the bioavailability of Mo nanoparticles were not found. The main bioavailability indicators 

were animal performance, as well as liver, bone, plasma, urine, faeces, serum, and kidney Mo 

contents. In bovines, plasma Mo was a more useful indicator than tissue Cu levels, being suggested 

that urine Mo content could be also a good indicator. In sheep, serum was the best indicator, but Mo 

content in muscle and kidney were also sensitive parameters for estimating bioavailability. Relative 

bioavailability has been reported only in one study with lambs. In turn, the most common interaction 

found in all animal species was between Cu and Mo. Supplementation with Mo, resulted in a reduction 

in Cu status in bovines, Cu stores in sheep, Cu plasma concentration in goats, as well as Cu absorption 

and retention in horses
 
and

 
rats. The antagonism between Mo and Cu in rats was explained due to the 

formation of Mo-S complexes, to which Cu was bound, and hence Cu absorption is reduced. The 

formation of this ternary complex was also observed in sheep. Other interactions were observed in 

rats: rats fed Mg-deficient diets resulted in a reduction of Mo in liver, Mo content in liver was also 

reduced in rats feeding 10 ppm DON, and femoral Mo was reduced in diets supplemented with 

arginine. Adverse effects of TM upon the developing foetus were observed in guinea pigs, which 

could be probably explained by a Cu deficiency. Toxic effects of Mo were also observed in heifers, 

suggesting that the dose of Mo supplemented should be carefully selected. However, in horses it was 

suggested that high Mo concentrations did not increase its absorption. A study in rabbits suggested 

that 15 % of Mo is retained in all tissues except for adipose tissue. Excretion percentages through 

urine and faeces are 57% and 28%, respectively.  
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1. INTRODUCTION 

Mo toxicity is related to its interference with the copper metabolism in ruminants (Underwood, 1977). 

However, Mo is well recognised as being an essential element for animals (De Renzo et al., 1953; 

Richert and Westerfield, 1953), as a component of the enzymes xanthine oxidase, aldehyde oxidase 

and sulphite oxidase (McDowell, 1992). Xanthine oxidase and aldehyde oxidase are involved in the 

electron transport chain in the cells, aldehyde oxidase in niacin metabolism, and sulphite oxidase in 

sulphite to sulphate conversion for excretion in urine (McDowell, 1992). There is no evidence of 

characteristic symptoms of molybdenum deficiency in ruminants, since animal performance seems not 

to be affected by very low levels of molybdenum in the diet (McDowell, 1992). Nevertheless, Ellis et 

al. (1958) showed improvement in cellulose digestibility and performance in lambs when dietary 

molybdenum increased from 0.36 to 2.37 mg/kg in the diet. Although supplementation of ruminant 

diets is not usual for molybdenum, in certain cases it is added to ruminant diets to counteract toxicity 

risk due to high levels of copper supply (Underwood and Suttle, 1999). The biochemical activity of 

molybdenum hinges upon its ability to change between the quadri- and hexavalent states giving 

reduction-oxidation potential, which is linked to electron acceptors (cytochrome c, molecular oxygen, 

nicotinamide adenine dinucleotide (NAD
+
)). Toxic effects of molybdenum depend on the chemical 

form and the animal species. Effects in cattle comprise scouring, weight loss, difficulty with 

conceiving, lacking libido, testicular damage and little spermatogenesis (in bulls). In sheep, diarrhoea, 

joint abnormalities, lameness, osteoporosis and spontaneous bone fractures have been observed 

following an acute exposure to Mo (Suttle, 2010). 

Animal feed sources are mostly low in molybdenum, with the exception of marine products and milk 

from animals grazing molybdenum-rich pastures. Molybdenum compounds presently authorized in the 

EU as additives (EEC, 1970) are sodium molybdate and ammonium molybdate. 
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix VI.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (16/07/2013). A total number 

of 1989 raw articles was retrieved from the sum of SCOPUS (n=811), PUBMED (n=617) and ISI 

(n=561). These references were imported and merged in an EndNote
®
 library. A first duplicated 

deletion was performed by means of the EndNote
®
 application, the merged references were imported 

to DistillerSR
©
 on-line server to perform a second duplicated deletion by means of the DistillerSR

©
 

tool (in total 625 references were deleted). A final pool of 1364 articles was ready to perform the 

selection process. 

 

Figure 7. Flow chart of the ELS process for articles related to Mo, and number of articles retrieved. 

In the first level of selection, based on title and abstracts, a total of 850 articles were excluded to be 

completely unrelated with the search objectives (not about molybdenum, not about the animal species, 

not about bioavailability issues). Finally, 514 articles were retained to be potentially related with the 
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search questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. 

Sixty-one full-text articles up to 514 were obtained from on-line sources, and 99 references remained 

pending to be found. 

After the assessment of the full-text references, a total of 374 articles were excluded to be finally 

unrelated with the subject. Forty-one references were retained to answer the extraction data form (See 

Appendix VI.C). 

 

2.2. Data synthesis
(References of this section can be found in Appendix VI.C)

 

Most of the studies retained in the selection assessed bioavailability issues of molybdenum on sheep 

(n=14) and bovines (n=13), as well as in rats and guinea pig (n=7). Less studies were found in goats 

(n=3), horses (n=2), poultry (n=1) and rabbits (n=1). No studies (n=0) in pigs, fish, and pets were 

retained in the selection. Studies assessing incompatibilities of Mo using in vitro  models were not 

found, either through the searching protocol strategy or other additional sources. 

In case of all animal categories, one main set of articles have been identified: the interactions between 

molybdenum and other minerals or dietary factors, mainly Cu and S.  

The summary of the animal categories, molecular forms, factors affecting the bioavailability and the 

indicators of bioavailability used in the studies can be found in Table 18. More extensive tables can be 

found in Appendix VI.D for each animal category, while complete raw data are available in the raw 

database file (Excel file). 

Table 18. Summary table concerning the animal categories, molecular forms, factors affecting the 

bioavailability and the indicators used in the processed studies. 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs Not data     

2.Poultry 2.1. Poultry. 

Chickens for 

fattening  

 

Sodium 

molybdate 

Supplementation  

dose 

Interactions: Mo-

cysteine 

 

 

Liver content  

Bone content 

Tibia content  

Plasma content  

3.Bovines 3.1. Bovines. 

Calves for 

rearing 

3.2. Bovines. 

Calves for 

fattening 

3.3. Bovines. 

Cattle for 

fattening 

3.4. Bovines. 

Dairy cows for 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

Ammonium 

molybdate  

Sodium 

molybdate 

Inorganic 

molybdenum 

Pasture source 

Supplementation dose 

Interactions Mo-S, 

Cu-Mo 

Accumulation 

Dietary factors 

Animal performance 

Immune response   

Cu status 

Liver content 

Carcass characteristics 

Urine content 

Plasma content 

Milk content 

Serum content 

Pituitary content  

Median eminence 

hypothalamic tissues 

content 

Rumen content 

True absorption 

Digestive tract  
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

Neutral detergent fibre  

4.Sheep 4.1. Sheep. 

Lambs for 

rearing  

4.2. Sheep. 

Lambs for 

fattening 

4.3. Sheep. Dairy 

sheep 

Ammonium 

molybdate 

Ammonium 

tetrathiomolybdate 

Thiomolybdates 

Dithiomolybdates 

Sodium 

molybdate 

Molybdenum 

trioxide 

Molybdenum 

metal 
99

Mo 

Supplementation 

source  

Supplementation  

dose 

Interactions Mo-Cu, 

Mo-S, Cu-Mo-S, Mo-

Cu-Zn  

Accumulation 

 

Animal performance 

Liver content 

Kidney content 

Urine content 

Bile content 

Serum content 

Muscle  content 

Faecal content 

Plasma content 

Rumen content 

Duodenal content 

Digesta content 

Heart content 

Skeletal content 

Pituitary content 

Adrenals content 

Ovaries content 

Testes content  

Brain content 

Apparent absorption 

Scapula content 

Humerus content 

Ulna/radius content 

Rib content 

Cortex content 

Medulla content 

Spleen content 

Lungs content 

Wool content 

Biochemical response 

5. Goat 5.2. Goat. Kids 

for fattening 

Ammonium 

molybdate 

Supplementation dose 

Interactions Mo-Cu, 

Mo-S-Cu 

Dietary factors 

Plasma content 

Animal performance 

6. Fish Not data    

7. Rabbit 7.2. Rabbits. 

Rabbits for 

fattening 

Ammonium 

molybdate 

Supplementation dose 

 

Animal performance 

Liver content 

Kidney content 

Spleen content 

Hair content 

Bone content 

Urine content 

Serum content 

Faeces content 

Muscle content  

Adipose tissue content 

Ovary content 

Testes content  

8. Horses 8. Horses Sodium 

molybdate 

Ammonium 

Supplementation dose 

Interaction Mo-Cu 

Urine content 

Faecal content 

Bile content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

molybdate 

9. Pets Not data    

10. Other: 

Rats/Guinea 

pigs 

10. Other: 

Rats/Guinea pigs 

Ammonium 

molybdate 

Thiomolybdate 

Ammonium 

tetrathiomolybdate 

Supplementation 

source 

Supplementation dose 

Interactions Mg-Mo, 

Cu-Mo, DON-Mo, 

Arg-Si-Mo 

Accumulation 

 

Animal performance 

Reproductive animal 

performance  

Liver content 

Kidney content 

Bone content 

Femur content 

Brain content 

Blood content  

Plasma content 

Tibia content 

Vertebra content 

 

2.2.1. Factors affecting the bioavailability of Mo in pigs 

(Studies about bioavailability, interactions and incompatibilities were not found)  

 

2.2.2. Factors affecting the bioavailability of Mo in poultry 

o Assessment of bioavailability 

(Studies about bioavailability of molybdenum were not found)  

o Interactions 

A study in chickens composed by several experiments evaluated the interactions between Mo and Cu; 

and Mo and cysteine (Cys). Three different experiments were carried out (experiment one and two 

with nine treatments and 18 replicates, and experiment three with four treatments and seven replicates) 

to evaluate interactions between different levels of Mo (0, 10 100 mg/kg as sodium molybdate), Cys 

(0, 10, 100 mg/kg) and Cu (0, 150, 300 mg/kg) for three weeks. Results indicated that, supplemental 

Mo increased Mo concentrations in plasma and liver. Cysteine prevented these increases; however, 

cysteine, in the absence of supplemental Mo, did not affect concentrations of Mo in these tissues. 

Dietary Cys and/or Mo did not affect tissue levels of Cu. Furthermore, Mo prevents Cys-induced tibia 

dyschondroplasia and the induction of tibia dyschondroplasia by Cys is not related to the Mo and Cu 

deficiency
 (53477)

. 

o Incompatibilities 

(Studies about incompatibilities of molybdenum were not found)  

 

2.2.3. Factors affecting the bioavailability of Mo in bovines 

o Assessment of bioavailability 

Two experiments (two or three treatments of six replicates each treatment) supplementing Holstein 

steers diets with Mo as ammonium molybdate (5mg/kg or 10 ppm) or Cu for 16 or eight month did not 

show differences in Cu or Mo concentrations in pituitary, median eminence, or hypothalamic tissues 
(53493)

. 
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o Interactions 

Molybdenum-Copper 

Most of the studies presented a negative interaction among dietary Mo and Cu status. Supplementing 

calves with 5 ppm Mo as sodium molybdate with different levels and sources of Cu (six treatments of 

four replicates each) during 98 days showed that molybdenum and S supplementation increased 

growth rate during the first 21 days. However, the addition of molybdenum and sulphur to ruminant 

diets can decrease copper status and decrease in vivo cell-mediated immune function in cattle 
(53805)

. 

However, in a 2x2 factorial design (0 vs. 5 mg/kg of Mo as sodium molybdate) performed in calves 

(9-11 replicates per treatment) for 196 days was observed that the immune system of cattle seemed to 

be resistant to the adverse effects of moderately high dietary molybdenum even when coupled with 

copper deficiency 
(53750)

. Supplemental Mo depressed plasma Cu, ceruloplasmin, and SOD during the 

growing and finishing phases in non-Cu-supplemented but not in Cu-supplemented steers. Addition of 

5 mg of molybdenum/kg of diet as sodium molybdenum for 245 days decreased copper status without 

altering performance or carcass measurements in Angus bulls (four treatments of 10 of 11 replicates 

per treatment) 
(53765)

. One of the possible explanations, is the evidence of the sequestration of MoS4
2-

 

and MoOS3
2-

 by particulate or microbial fractions of rumen contents which is considered in relation to 

the inhibitory action of Mo upon Cu absorption by ruminants as was observed in a study performed in 

dairy cows fed a diet supplemented with 5 or <0.1 Mo as ammonium molybdate (two treatments of 

four replicates per treatment) for 42 days 
(54003)

. A trial performed with Angus x Hereford heifers 

supplemented with different doses of different Cu sources (five treatments of six replicates per 

treatment) for 112 days suggested that a combination of 25 % CuSO4, 50 % Cu-amino acid complex, 

and 25 % CuO limited liver accumulation of Mo compared to supplements without CuO which could 

provide a strategic supplementation tool in limiting the systemic effects of Cu antagonism in beef 

cattle 
(53708)

. Supplementing dairy cows for 16 weeks with Cu (organic or inorganic sources), Mo (1.21 

or 1.23 mg/kg, as ammonium molybdate) and S (four treatments of 14 replicates per treatment) was 

observed that the form of Cu and the addition of S and Mo had only minor effects on the milk fatty 

acids profile. In absence of high levels of antagonists, a dietary concentration of 17 mg of Cu/kg of 

DM was more than sufficient to meet Cu requirements, as indicated by the positive liver Cu balance 
(53548)

. A part from the supplementation, Mo intake may be provided from the pasture- Angus x 

Hereford heifers distributed in five treatments of five replicates per treatment during 176 days were 

fed different pastures (Baltimor or Tampa) treated with two different doses of biosolids. Body burdens 

were not sufficient to mean any toxicity in liver (Mo concentrations <2.18 mg/kg) 
(53729)

. In a 

consecutive study 
(53707)

, another pasture (Largo) was included in the trial (six treatments of ten 

replicates) and all treatments were evaluated for a period of 180 days in two different years. The 

results confirmed that application of high Mo-containing biosolids for well-drained acid soils of 

Florida did not increase forage Mo sufficiently to affect Cu metabolism 
(53707)

. 

Molybdenum-sulphur 

Molybdenum effects are also related with sulphate level in the diet or water. Calves were fed three 

treatments (32 replicates per treatment) differing in its content of sulphate and Mo (6.2 vs. 375 mg/kg) 

for 56 days. The results indicated that the added dietary Mo did not adequately bind excess S in the 

rumen, causing aggravated toxic effects from potentially both the high dietary S and Mo 
(53556)

. This 

toxic effect of Mo including scouring, achromotrichia, anaemia and weight loss was also observed in 

heifers arranged in a 2x2x2 factorial design (eight treatments of four replicates per treatment) with 

different levels of inorganic Mo (0 vs. 100 ppm), inorganic sulphate (0 vs. 5 %) and alfalfa (0 vs. 2.72 

kg/day). Added inorganic SO4
2-

 did not prevent Mo toxicity symptoms. Furthermore, molybdenum 

was accumulated in all tissues sampled during the first eight months, and decreased thereafter. In this 

experiment, it was concluded that plasma Mo is a good indicator of Mo intake, and it is more useful 

than tissue Cu levels. Besides, urinary Mo may be also useful to evaluate Mo intake under field 

conditions 
(53961)

. 
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Apart from the toxic effects of Mo, a 4x4 Latin square design study in dairy cows with two levels of 

Mo (0 vs. 10 mg/kg as ammonium molybdate) and two levels of sulphate (four replicates per 

treatment) for 21 days each square showed that dietary Mo had negative effects on ash as an indicator 

of mineral balance in the stomach of steers, on the output of crude protein (CP) as bacterial CP and on 

dry matter of bacterial origin from the stomach of steers 
(53840)

. 

Results from dairy cows firstly fed a control diet or a molasses based diet (six pastures and three 

replicates per pasture) and the addition of a third diet (control + S) in a second experiment (four 

pastures and two replicates per pasture) suggested that components in molasses-based supplements 

decreased the accumulation of Cu in the liver of beef heifers. Moreover, the S and Mo components of 

molasses may be responsible, at least in part, for this antagonism 
(53697)

. 

o Incompatibilities 

(Studies about incompatibilities of molybdenum were not found) 

 

2.2.4. Factors affecting the bioavailability of Mo in sheep 

o Assessment of bioavailability 

The bioavailability of Mo was evaluated in a study performed in fattening lambs fed seven 

experimental treatments differing in Mo source (sodium molybdate, ammonium molybdate, trioxide 

and molybdenum metal) and dose (15, 30 and 45 mg/kg Mo). Bioavailability of Mo from sodium 

molybdate and ammonium molybdate and molybdenum trioxide was similar based on serum and 

muscle Mo concentrations in lambs after 28 days of supplementation at 15±45 mg/kg added Mo. 

Serum may be the best indicator of Mo bioavailability 
(52539)

.  

Table 19. Relative bioavailability of Mo sources based on multiple linear regression of Mo content in 

liver, kidney, muscle, serum, urine and bile. 

Mo source Mo indices Relative bioavailability 

(%) 

Reference 

Sodium molybdate Liver Mo 100 
52539 

Ammonium molybdate Liver Mo 117 
52539

 

Molybdenum trioxide Liver Mo 138 
52539

 

Molybdenum metal Liver Mo 48 
52539

 

Sodium molybdate Kidney Mo 100 
52539

 

Ammonium molybdate Kidney Mo 98 
52539

 

Molybdenum trioxide Kidney Mo 113 
52539

 

Molybdenum metal Kidney Mo 18 
52539

 

Sodium molybdate Muscle Mo 100 
52539

 

Ammonium molybdate Muscle Mo 101 
52539

 

Molybdenum trioxide Muscle Mo 105 
52539

 

Molybdenum metal Muscle Mo 9 
52539

 

Sodium molybdate Serum Mo 100 
52539

 

Ammonium molybdate Serum Mo 124 
52539

 

Molybdenum trioxide Serum Mo 118 
52539

 

Molybdenum metal Serum Mo 12 
52539

 

Sodium molybdate  Urine Mo 100 
52539

 

Ammonium molybdate Urine Mo 65 
52539

 

Molybdenum trioxide Urine Mo 79 
52539

 

Molybdenum metal Urine Mo 8 
52539
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Mo source Mo indices Relative bioavailability 

(%) 

Reference 

Sodium molybdate Bile Mo  100 
52539

 

Ammonium molybdate Bile Mo 118 
52539

 

Molybdenum trioxide Bile Mo 107 
52539

 

Molybdenum metal Bile Mo 16 
52539

 

 

In agreement, another study feeding lambs with different doses of sodium molybdate (0, 15, 30, 45 

mg/kg; four treatments of ten replicates per treatment) for 14 or 18 days, showed that the accumulation 

of Mo in serum, muscle, and kidney from lambs fed 28 days would be the most sensitive criteria to use 

for estimating the bioavailability of Mo in dietary supplements. In addition, it was concluded that a 

dietary concentration of <45 mg/kg Mo in conjunction with a concentration of dietary S in excess of 

2.2 g/kg may decrease body Cu stores while also maintaining lower muscle Mo concentrations 
(52540)

. 

In a study performed with fattening wether (six treatments of six replicates each) fed a diet 

supplemented with sodium molybdate (2 mg/kg) for 12 weeks was observed that the Mo contents of 

the scapula, humerus, ulna/radius, and rib were increased by over 220 and 35 % respectively with 

increased Mo intakes 
(53536)

. Over 90-100 hours of Mo injection (20, 57.3 or 62.5 mg 
99

Mo) in sheep 

more than 90 % of the radioactivity was excreted in urine, compared to less than 5 % in the faeces 
(53995)

. 

o Interactions 

Molybdenum-copper 

An experiment performed with lambs injected with 
99

Mo which assessed Mo concentration at different 

levels (rumen, n=4; duodenum, n=2 and ileum, n=1) indicated that, while the effects of 

thiomolybdates in inhibiting copper absorption are likely to be due to tri- and tetrathiomolybdates 

(TTM), post-absorptive effects on Cu metabolism are probably due to di- or trithiomolybdate 
(53921)

. 

Another study performed in adult sheep (three experiments of two or three treatments and six 

replicates per treatment) showed that when 3.4 mg/kg of TTM is subcutaneously injected, Mo is 

selectively distributed and retained by many organs, including the brain and pituitary, which may be 

target organs. Secondly, the findings confirmed that TTM did not deplete Cu from essential sites in 

sheep, but supported the contention that TTM may redistribute some excess liver Cu (Cu-TTM) to the 

brain, in which site it is retained 
(53759)

. It seems that thiomolybdates bound to albumin were relatively 

stable, but those displaced or unbound were rapidly hydrolysed to molybdate and sulphate. No 

evidence of an irreversible interaction of either 
35

S or 
99

Mo with copper was found in plasma, and 

increased dietary Cu did not increase the retention of 
35

S in plasma or affected the exchangeability of 
36

S-labelled thiomolybdates bound to albumin, as demonstrated in an experiment in lambs infused via 

jugular vein 1-2 mg Mo or 30 mg thiomolybdates (two treatments of four replicates per treatment) for 

125 hours 
(52790)

. A Cu-Mo-S interaction proportionally decreased both Cu and Mo solubility in rumen 

and hence, affecting tissue Cu distribution. Supplementation with Mo increased Mo concentration in 

both liver and kidney, but concentration of Cu was decreased in liver and increased in kidney of the 

Mo-supplemented sheep. Furthermore, growth rate of sheep receiving only the Mo supplement as 

ammonium molybdate for 221 days (diet HM, 8.4 µg/g DM, n=6) was significantly lower than the 

growth rate in other sheep. Although CuSO4 supplementation of high Mo diet (HM plus CuSO4, 7.5 

µg/g DM, n=6) improved growth rate and feed conversion ratio, it did not restore the performance up 

to that of low Mo diets (LM; LM plus CuSO4 both 0.4 µg/g DM, n=6). This study concluded that 

CuSO4 could be used as a supplement to control Mo toxicity in sheep, but it probably would be less 

effective as a supplement in Cu-deficient diets 
(53960)

. Feeding lambs with a diet supplemented with 

ammonium molybdate tetrahydrate (0, 21.4, 39.6, 60.3 mg/kg; n=8 per treatment) showed that, in the 

presence of an abundance of Mo, Cu, and S compounds containing these minerals, metabolically 
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unavailable forms accumulate in the body, first in the kidneys, but eventually also in the other tissues 

of the sheep 
(54053)

. Different nutritional strategies have been applied in order to reduce Cu in the liver 

of lambs. The results obtained feeding lambs with diets (eight replicates per treatment) differing in the 

content of Cu (15 vs. 30 ppm), Zn (0, 150, or 350 ppm) and Mo (0 vs. 16 ppm as ammonium 

molybdate) for 98 days suggested that zinc may be a useful alternative to the somewhat toxic 

molybdenum as an additive to concentrates for sheep in preventing Cu intoxication 
(54064)

. Feeding 

sheep with four different diets (control, Cu deficient, Zn deficient, and Cu and Zn deficient; n=5) 

increased concentrations for Al, Ca, Co, Fe, Mo, Pb, and Se in the liver; for Al, Cd, Co, Cr, and Mo in 

the kidneys; and for Mn and Mo in the ribs in all animals regarding with control diet animals 
(53730)

. 

Molybdenum-Sulphate 

Supplementing diets for Malin lambs with S (0 vs. 1g) and Mo (0, 4, 8, 16, and 32 mg as sodium 

molybdate) in nine treatments of eight replicates for six month for six month suggested that any 

amount of palm kernel cake (PKC) treated with appropriate S, Mo, and Ca (to balance for excessive P 

concentrations in PKC) supplements can be incorporated in the diets of ruminants. This is under 

condition that the other dietary ingredients do not contain an excessive Cu concentration 
(53579)

. A 2x2 

factorial design experiment (four treatments of three replicates per treatment) evaluated the 

supplementation of Cu (0 vs. 5 mg/kg CuSO4) and Mo (0 vs. 3 mg/kg MoS4) for 25 weeks and a 3x2 

factorial design experiment (six treatments of five replicates per treatment) evaluated the 

supplementation of 3 mg/kg Mo provided from different sources (MoO4, MoO2S2, MoS4) with or 

without the supplementation of 4.1 g/kg S for 21 days. These experiments demonstrated that: first, at 

high dietary S concentrations the conversion of MoO4 to MoS4, in the rumen leads directly or 

indirectly to the formation of Cu-Mo complexes and a reduction in Cu absorption. Secondly, MoS4 can 

form poorly absorbed complexes which do not contain Cu and it will only have systemic effects on Cu 

metabolism in ruminants when an excess of the forms with an affinity for Cu is present in an 

absorbable form 
(54002)

. An experiment with sheep fed three different treatments (control, control + S, 

control + S + 13 mg/kg Mo; n=10) for 12 weeks found that total plasma copper increased in the S + 

Mo group 
(54069)

. In a study, evaluating the interaction between Mo and sulphate in ewe, 
99

Mo and 
35

S 

were injected for 48 hours and reported a sulphate/molybdate competition in the renal tubule, another 

factor in the complex interactions of S and Mo compounds and their effects upon Cu metabolism in 

ruminants 
(53928)

. 

o Incompatibilities 

(Studies about incompatibilities of molybdenum were not found) 

 

2.2.5. Factors affecting the bioavailability of Mo in goats 

o Assessment of bioavailability 

One study assessed the effectiveness of using soluble glass bolus (SGB) in different pasture sources. 

Twenty-five kids for fattening were arranged to feed a control diet or SGB diet for one year period. 

Results indicated Mo in plasma was more affected by supplementation with SGB than P, K, and Zn. 

Mo level in goats plasma was significantly reduced by mineral supplementation during the study 

period; counteracting the possible contribution of high Mo content of the available pastures 
(53348)

. 

o Interactions 

Eight one year Merghoze goats were used for studying the effects of a control or experimental diet 

(10, 10, 20, and 30 mg Mo/kg DM and 1.5, 2, and 2.5 g S/kg for week 1, 6, 12 and 18, respectively; 

four replicates per treatment). The results showed a significant decrease in plasma Cu along with a 

significant increase in thiomolybdate (MoS) production after four months. This survey found a 

possible relation between the sub clinical signs of copper deficiency and mohair quality with high 
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molybdenum intake and MoS formation in the body. 
(53620). 

Another study aimed to know possible 

lesions caused by a deficiency or depressed activity of Cu-containing enzymes. For this purpose, four 

dietary treatments (six goats per treatment) were established during a period of 20 months into 

different groups: 1) Cu and Cr sufficient group; 2) Cu-deficient group; 3) Cr-deficient group; and 4) 

Cu and Cr deficient group. In the last ten weeks of the experimental feeding period, the group four was 

supplemented with tetrathiomolybdate (TTM) at the following concentrations: 10 mg TTM kg DM for 

16 days, then 20 mg for five weeks and 40 mg for 2.5 weeks. Results presented changes in trace 

element concentrations comparing groups two, three and four with the control group. Increased 

concentrations were observed for Al, Ca, Co, Fe, Mo, Pb and Se in the liver; for Al, Cd, Co, Cr and 

Mo in the kidneys; and for Mn and Mo in the ribs 
(53730)

. 

o Incompatibilities 

(Studies about interactions of molybdenum were not found) 

 

2.2.6. Factors affecting the bioavailability of Mo in fish (Salmonids) 

(Studies about bioavailability, interactions and incompatibilities of molybdenum were not found) 

 

2.2.7. Factors affecting the bioavailability of Mo in rabbits 

o Assessment of bioavailability 

In the current ELS was found only one paper talking about bioavailability in rabbits. In a first 

experiment New Zealand White Rabbits (NZW, five animals per treatment) were fed Mo-

contaminated carrots (270 mg/kg soil of ammonium molybdate) or the non-contaminated carrots and 

diets. A second experiment was similar to the previous but using commercial diet for rabbits, one 

containing a Mo supplement (40 mg Mo/kg) instead of contaminated carrots for 14 days. Results 

showed that rabbit fed a 40 mg/kg Mo supplement significantly decreased their daily food intake. 

Furthermore, considerable Mo concentrations were detected in all rabbit organs and tissues examined, 

except in the adipose tissue. Molybdenum retention observed in rabbits was about 15 % of the total 

Mo intake and it was mainly excreted via the urine (57 %) and about via the faeces (28 %)
 (52321)

. 

o Interactions 

(Studies about interactions of molybdenum were not found) 

o Incompatibilities 

(Studies about incompatibilities of molybdenum were not found) 

 

2.2.8. Factors affecting the bioavailability of Mo in horses 

o Assessment of bioavailability 

The effects of supplementary Mo on Cu metabolism in mature horses have been studied. Four 

treatments (one animal per treatment) were used in a 4x4 Latin square design for 16 weeks. The 

different treatments consisted in a control group and three groups containing 5, 10, or 20 ppm of 

sodium molybdate. Results showed that urinary excretion of Mo was higher in horses fed high Mo diet 

compared to control, low and medium Mo diets. Furthermore, Mo faecal excretion increased with 

higher concentration of Mo fed. This increase in faecal excretion suggested that intestinal absorption 

of Mo did not increase with higher concentrations of Mo in the diet. Molybdenum balance was higher 

on the 20 ppm diet compared to the other treatments 
(53340). 
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o Interactions 

Copper absorption and excretion were characterized in ponies fed diets with Mo. Three treatments 

with Mo supplementation (ammonium molybdate) were studied in three ponies. The dietary Mo 

concentrations were 1.01, 27.4, and 107.3 ppm, respectively. This survey concluded that copper 

absorption and retention by ponies were reduced during Mo ingestion, and plasma copper 

concentrations could not be used to assess the extent of this decrease 
(54054).

 

o Incompatibilities 

(Studies about incompatibilities of molybdenum were not found) 

 

2.2.9. Factors affecting the bioavailability of Mo in pets 

(Studies about bioavailability, interactions and incompatibilities of molybdenum were not 

found) 

 

2.2.10. Factors affecting the bioavailability of Mo in guinea pigs/rats 

o Assessment of bioavailability 

(Studies about assessment of bioavailability of molybdenum were not found) 

o Interactions 

Molybdenum-Copper 

A study investigated the effects of thiomolybdate (TM) and ammonium molybdate (AM) 

administration on the trace element status, reproductive capacity and pancreas of guinea pigs and their 

offspring. Distilled water was provided as drinking water and molybdenum was added in six 

treatments (eight replicates per treatment) differing in Mo concentration (130.29 or 260.58 µmol 

Mo/L), Mo sources (AM or TM) and time of supplementation (pregnancy to six weeks after deliver or 

nil until mating). The authors clearly demonstrated that the administration of TM had an adverse effect 

upon the developing foetus. This was probably explained to copper deficiency, although lesions in the 

central nervous system were not found 
(53486)

. Other studies performed in rats investigated the 

interaction between Mo and Cu. Two experiments were designed to evaluate the Mo distribution in 

Male WAG/Cpb rats as a function of time and on the influence of additional Cu, given orally or 

intraperitoneally. Experiment one consisted in two treatments (six replicates per treatment), one 

deficient Cu and the second one with 6.0 mg Cu/kg plus Mo supplemented (500 mg/kg) for six weeks. 

In the second experiment rats were maintained in a control diet (500 mg/kg of Mo), a diet 

supplemented with 6 mg/kg Cu (for two or four weeks) or an intraperitoneal injection of Cu (75µg) at 

two or four weeks. Results suggested that Cu binds to the Mo-S and when this compound is formed in 

the gastro-intestinal tract it cannot be absorbed, changing the Cu distribution
 (54024)

. As it was suggested 

in the previous study, one of the possibles explanations of this antagonism is that the absorption of 

MoS4
2-

 (or its derivatives) from the gastrointestinal tract is inhibited by Cu. It is evident that the site of 

its action as an antagonist influencing either the absorption or the subsequent metabolic fate of Cu 

depends upon the ratio Cu/MoS4
2-

 in the diet as was showed in Black-hooded Lister rats fed diets (four 

experiments with two to five treatments and five to eight replicates per treatment) varying its content 

(0, 6 or 12 mg Mo/kg) and source of Mo (MoS4
-2

, Na2MoO4, and ammonium molybdate) 
(54050)

. 

However, in rats fed one of 12 dietary treatments differing in its concentrations Cu (1-5, 6, and 25 

mg/kg) and Mo (0, 50, 150, and 500 mg/kg as ammonium molybdate) for six weeks showed that when 

compared to Cu-adequate rats the effect of Mo on the Cu distribution was reduced both by Cu 
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deficiency and Cu excess. This decreased effect of Mo was explained by reduced uptake or retention 

of Mo in the body as observed in the liver and kidney 
(54066)

. 

Molybdenum-Magnesium 

Rats fed one of two dietary treatments (49.6 or 4.2 mg Mg/100 g; n=6) for four weeks, both semi-

quantitative and quantitative analysis showed that Mg deficiency significantly increased Mo 

concentrations in rat liver 
(53580).

 

Molybdenum-DON 

In a study with rats fed diets with different levels of DON (control, 0.1, 1, 10 ppm DON; n=6) was 

shown that Mn and Mo content in liver tissue were reduced with a DON concentration of 10 ppm in 

the diet. Those findings indicated that sub-chronic ingestion of DON, in concentrations occurring in 

contaminated food and feed, resulted in an impairment of intestinal transfer and uptake of nutrients 
(53511)

. 

Molybdenum-Silicon-Arginine 

In a 2x2 factorial arrangement (12 replicates per treatment) evaluating sodium metasilicate (0 and 25 

µg) and arginine (0 and 5 mg) in rats showed that arginine supplementation decreased femoral 

molybdenum concentration 
(53696)

. 
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2.3. Data quality assessment  

The results from quality assessment are summarized in Table 20 and extensively given in Appendix 

VI.E. Most of the manuscripts included in the search answered at well or medium level of quality from 

the quality data questions. Only few of them responded with bad quality or without enough 

information about. 

Table 20. Summary of percentage of studies in each answering category 

Quality data questions % of studies 

 ~ 

1. Do the objectives address the ELS 

questions? 
42.9 57.1 0.0 

2. Was the methodology fitted to the purpose of 

the study? 
47.6 52.4 0.0 

3. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
52.4 47.6 0.0 

4. Was the study design fitted to some 

harmonized protocol? 
9.5 88.1 2.4 

5. Were doses analytically confirmed? 11.9 64.3 23.8 

6. Was background of the samples analysed? 11.9 88.1 0.0 

7. Were the treatments randomly allocated? 23.8 76.2 0.0 

8. Was the sample size justified? 0.0 100.0 0.0 

9. How were statistical methods details and 

analysis units? 
16.7 83.3 0.0 

10. Was there incomplete or missing data? 40.5 59.5 0.0 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  In the first level of selection, based on title and abstracts, a total of 850 

articles were excluded to be completely unrelated with the search objectives (not about molybdenum, 

not about the animal species, not about bioavailability issues). Finally, 514 articles were retained to be 

potentially related with the search questions. In case of doubt or few/not information exposed in the 

abstract, the articles were automatically retained to the next level. Sixty-one full-text articles up to 514 

were obtained from on-line sources, and 99 references remained pending to be found. After the 

assessment of the full-text references, a total of 374 articles were excluded to be finally unrelated with 

the subject. Forty-one references were retained to answer the extraction data form.  

Most of the studies retained in the selection assessed bioavailability issues of molybdenum on sheep 

(n=14) and bovines (n=13), as well as in rats and guinea pig (n=7). Less studies were found in goats 

(n=3), horses (n=2), poultry (n=1) and rabbits (n=1). No studies (n=0) in pigs, fish, and pets were 

retained in the selection. Studies assessing incompatibilities of Mo using in vitro models were not 

found, either through the searching protocol strategy or other additional sources. 

The main sources of supplementation in all studies were ammonium molybdate and sodium 

molybdate, both of them currently authorised in the EU as additives. However, thiomolybdates, 

trioxide, elemental and the radioactive Mo form were also eventually used. Studies assessing the 

bioavailability of Mo nanoparticles were not found. 

The main bioavailability indicators were animal performance, as well as liver, bone, plasma, urine, 

faeces, serum, and kidney Mo contents. In bovines, plasma Mo was a more useful indicator than tissue 

Cu levels, being suggested that urine Mo content could be also a good indicator. In sheep, serum was 

the best indicator, but Mo content in muscle and kidney were also sensitive parameters for estimating 

bioavailability. Relative bioavailability has been reported only in one study with lambs. 

In turn, the most common interaction found in all animal species was between Cu and Mo. 

Supplementation with Mo, resulted in a reduction in Cu status in bovines, Cu stores in sheep, Cu 

plasma concentration in goats, as well as Cu absorption and retention in horses
 
and

 
rats. The 

antagonism between Mo and Cu in rats was explained due to the formation of Mo-S complexes, to 

which Cu was bound, and hence Cu absorption is reduced. The formation of this ternary complex was 

also observed in sheep. Other interactions were observed in rats: rats fed Mg-deficient diets resulted in 

a reduction of Mo in liver, Mo content in liver was also reduced in rats feeding 10 ppm DON, and 

femoral Mo was reduced in diets supplemented with arginine. Adverse effects of TM upon the 

developing foetus were observed in guinea pigs, which could be probably explained by a Cu 

deficiency. Toxic effects of Mo were also observed in heifers, suggesting that the dose of Mo 

supplemented should be carefully selected. However, in horses it was suggested that high Mo 

concentrations did not increase its absorption. A study in rabbits suggested that 15 % of Mo is retained 

in all tissues except for adipose tissue. Excretion percentages through urine and faeces are 57% and 

28%, respectively.  
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PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND 

(Molybdenum OR Molybdate) AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND 

(*availab* OR Absor* OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR 

Transport OR *accumul* OR Deposition OR Storage OR Release OR Homeostasis OR Speciation OR 

Digest* OR *access* OR Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR 

StatusOR interact* OR incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* OR 

Organ$ OR Tissue$ OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur OR 

Toe OR Gut OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte 

OR Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR 

Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine 

deiodinase‖ OR Glutathione) 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY (Molybdenum OR Molybdate) 

AND TITLE-ABS-KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND TITLE-ABS-

KEY(*availab* OR absor* OR uptake OR metabol* OR *activity OR *efficacy OR distribut* OR 

transport OR *accumul* OR deposition OR storage OR release OR homeostasis OR speciation OR 

digest* OR *access* OR excretion OR secretion OR "Biological value" OR "Nutritive value" OR 

statusOR interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance OR 

*monitor* OR *mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking strength" 

OR tibia OR femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR pancrea* OR 

blood OR leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma OR 

"Superoxide dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" OR 

"5-iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "NEUR") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "NURS") OR EXCLUDE(SUBJAREA, "PHYS") OR 

EXCLUDE(SUBJAREA, "MATE") OR EXCLUDE(SUBJAREA, "CENG") OR 

EXCLUDE(SUBJAREA, "ENGI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENER") OR 

EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "PSYC") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 
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EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "COMP") OR 

EXCLUDE(SUBJAREA, "DENT") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Molybdenum OR Molybdate) AND Topic=(Nutr* OR Feed 

OR Addit* OR Supplement* OR Diet*) AND Topic=(*availab* OR Absor* OR Uptake OR Metabol* 

OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR Deposition OR Storage 

OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR Excretion OR Secretion 

OR "Biological value" OR "Nutritive value" OR StatusOR interact* OR incompatib*) AND 

Topic=(*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ OR Hair OR 

Nail$ OR Bone$ OR "Breaking strength" OR Tibia OR Femur OR Toe OR Gut OR Intestine OR 

Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte OR Serum OR 

Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin OR ―Cytochrome 

oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR Glutathione) 

Refined by: [excluding] Web of Science Categories=( ONCOLOGY OR CHEMISTRY ORGANIC 

OR WATER RESOURCES OR ENGINEERING BIOMEDICAL OR ENTOMOLOGY OR 

ENGINEERING ENVIRONMENTAL OR GEOGRAPHY PHYSICAL OR PEDIATRICS OR 

NEUROIMAGING OR SPECTROSCOPY OR OCEANOGRAPHY OR ECOLOGY OR 

PARASITOLOGY OR ENGINEERING CHEMICAL OR PATHOLOGY OR INFECTIOUS 

DISEASES OR UROLOGY NEPHROLOGY OR MEDICINE GENERAL INTERNAL OR 

CRITICAL CARE MEDICINE OR PLANT SCIENCES OR ENERGY FUELS OR LIMNOLOGY 

OR GENETICS HEREDITY OR ORTHOPEDICS OR CHEMISTRY MEDICINAL OR PHYSICS 

APPLIED OR HEMATOLOGY OR PHYSICS CONDENSED MATTER OR CHEMISTRY 

ANALYTICAL OR CLINICAL NEUROLOGY OR REPRODUCTIVE BIOLOGY OR MEDICAL 

LABORATORY TECHNOLOGY OR ANTHROPOLOGY OR SOIL SCIENCE OR 

MULTIDISCIPLINARY SCIENCES OR BIODIVERSITY CONSERVATION OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR SPORT SCIENCES OR ENGINEERING 

CIVIL OR SURGERY OR ENGINEERING PETROLEUM OR HORTICULTURE OR 

ENVIRONMENTAL STUDIES OR GERIATRICS GERONTOLOGY OR GEOLOGY OR 

BIOPHYSICS OR OPHTHALMOLOGY OR GERONTOLOGY OR RESPIRATORY SYSTEM OR 

METALLURGY METALLURGICAL ENGINEERING OR DEVELOPMENTAL BIOLOGY OR 

MINING MINERAL PROCESSING OR ELECTROCHEMISTRY OR NANOSCIENCE 

NANOTECHNOLOGY OR GASTROENTEROLOGY HEPATOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR GEOCHEMISTRY GEOPHYSICS OR POLYMER SCIENCE OR 

MATERIALS SCIENCE MULTIDISCIPLINARY OR PSYCHIATRY OR METEOROLOGY 

ATMOSPHERIC SCIENCES OR THERMODYNAMICS OR PALEONTOLOGY OR 

TRANSPLANTATION OR SUBSTANCE ABUSE OR VIROLOGY OR AGRICULTURAL 

ENGINEERING OR DENTISTRY ORAL SURGERY MEDICINE OR CHEMISTRY PHYSICAL 

OR BIOCHEMICAL RESEARCH METHODS OR ENGINEERING GEOLOGICAL OR 

GEOSCIENCES MULTIDISCIPLINARY ) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of the 

study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Experimental procedure provides precise details (i.e. 

how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 
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  Only informal guesses 

  No details in the text 

(QA) How were statistical methods details and analysis 

units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) There was incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 

  ACETATE 

  LACTATE 

  FUMARATE 

  OTHERS 
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This(ese) form(s) is(are) legislated by EC? YES 

  NO 

  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration units)   

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ Fresh 

matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 

  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 

  Physiological factors 

  Others 
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Study Type TRO (In vitro ) 

  INV (In vivo) 

  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have benefit 

in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 

  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 

  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 

  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 
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  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 

reproduction) 

  7.4. Rabbits. Breeding does (in order to 

have benefits to young rabbits) 

  8. Horses 

  9. 1. Pets and other non food-producing 

animals. Dogs 

  9. 2. Pets and other non food-producing 

animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 

  Egg content 

  Breaking Strength 

  Bone content 

  Biochemical response 

  Urine content 

  Milk content 

  Bile content 

  Serum content 

  Plasma content 

  Erythrocyte content 

  Thyroid response 

  Other 

In the study are assessed... Interactions 

  Incompatibilities 
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  Other 

Enter the name of the combinations assessed, e.g. 

"selenium methionine-phytates" 
  

Interaction Outcome (Enter the parameter by means of 

which the interactions and/or incompatibilities were assessed) 
  

The method to assess the interaction/incompatibility is... Qualitative 

  Quantitative 

  Other 

The effect of the interaction/incompatibility is ... Synergistic 

  Additive 

  Less than additive 

  Antagonistic 

  Other 

The overall document is.... Conclusive 

  Inconclusive 

Enter comments   
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Appendix VI.D includes the tables of the most relevant results concerning bioavailability issues 

of each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. No. treatments (replicates/treatment). The number of animals per treatment, 

number of replicates by treatment or the number of animals by replicate is detailed in this 

section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table VI.D.1. Poultry 

Study code 53477 

Year 1994 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1 and 2:  9 treatments (18 replicates for BW and 3 for bone properties)Experiment 3: 4 treatments (7 replicates for BW and bone properties and  4-7 for Mo 
content)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results  - Fresh matter  

Factors affecting// combinations Supplementation dose. Interaction Mo-Cys 

Composition Diets/treatments Experiment 1:3x3 factorial arrangement:Cu (0, 150, 300 mg/kg) Mo (0, 10, 100 mg/kg). Duration: 3 weeks 

Experiment 2: 3x3 factorial arrangement:Cys (0, 5, 10 mg/kg) Mo (0, 10, 100 mg/kg). Duration: 3 weeks  

Experiment 3. 2x2 factorial arrangement:Cys (0, 10 mg/kg) Mo (0, 100 mg/kg). Duration: 3 weeks 

Response criteria Liver, bone, tibia, plasma content of Mo 

Results Supplemental Mo increased Mo concentrations in the plasma and liver. Cysteine prevented these increases; however, cysteine, in the absence of supplemental Mo, did not 

affect concentrations of Mo in these tissues. Dietary cysteine and/or Mo did not affect tissue levels of Cu. Furthermore, Mo prevents cysteine-induced tibial dyschondroplasia 

and that the induction of tibia dyschondroplasia by cysteine is not related to the Mo and Cu deficiency. 
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Table VI.D.2. Bovines 

Study code 53805 

Year 1993 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 6 treatments (4 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose.  

Interaction Mo-Cu 

Composition Diets/treatments 1) Control 2) 5 ppm of Mo and 2 % S (MoS) 3) 5 ppm of Cu as CuSO4 (CuSO4) 4) CuSO4 + 5 ppm of Mo and .2 % S (CuSO4+MoS),5) 5 ppm of Cu as CuLys (CuLys)6) 
CuLys + 5 ppm of Mo and .2 % S (CuLys + MoS). Duration: 98 days 

Response criteria Animal performance, immune response  content of Mo and Cu status 

Results Molybdenum and S supplementation increased growth rate during the first 21 days. Addition of molybdenum and sulphur to ruminant diets could decrease copper status. The 
results also suggested that prolonged exposure to molybdenum and sulphur may decrease in vivo cell-mediated immune function in cattle. 

 
Study code 53729 

Year 2000 

Animal Category  3.2. Bovines. Calves for fattening: Angus × Hereford heifers 

Nº treatments (replicates/ treatment) 5 treatments (5 replicates per treatment) 

Diet Background Not specified Baltimore: 12 mg/kg MoTampa: 33  mg/kg Mo 

Units’ basis of diets and/or results Diet - Dry matter  Results- Dry matter  

Factors affecting// combinations Accumulation. Interaction Mo-Cu 

Composition Diets/treatments 1) Baltimore biosolids (B1X; 1X = 179 kg N/ha),2) Baltimore biosolids (B2X; 2X = 358 kg N/ha),3) Tampa biosolids (T1X; 1X = 179 kg N/ha),4) Tampa biosolids (T2X; 2X 

= 358 kg N/ha), and 5) the control. Duration: 176 days 

Response criteria Animal performance and liver content of Mo 

Results Liver Mo concentrations were (<2.18 mg/kg) did not approach levels indicative of toxicity. There was little evidence that biosolids-borne Mo applied at rates up to 1.11 kg/ha 

interfered with Cu utilization in these animals. In this study, Mo concentrations in forage were low and were not likely to have affected the animal‘s Cu status. 

 

Study code 53556 

Year 2012 

Animal Category  3.2. Bovines. Calves for fattening: yearling steers 

Nº treatments (replicates/ treatment) 3 treatment (32  replicates per treatment) 
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Diet Background Analysed. Hay: 2.5 mg/kg Mo. No Mo pellet: 6.2 mg/kg Mo. Mo pellet: 375 mg/kg Mo 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Supplementation dose. Accumulation. Interaction S-Mo 

Composition Diets/treatments 1) low-S water (LS; 375 mg SO4/L),2) high-S water (HS; 2,218 mg SO4/L),3) HS plus Mo (HSMO; 2,218 mg SO4/L). Duration: 56 days 

Response criteria Animal performance and liver content of Mo 

Results Daily DMI was less in HSMO steers compared with LS and HS steers, but no differences were observed between LS and HS steers. Given that there was no difference in DMI 
between LS and HS steers in the current experiment, it is possible that the reduced intake in HSMO steers was due to the excessive Mo intake. In comparison with the LS 

treatment, the HSMO treatment caused an additional 23 % decline in DMI beyond that caused by the HS treatment (9 %), indicating that that the negative impact of the added 

dietary Mo was 2.5 greater than that of the high S alone. Change in hepatic concentrations of Cu, Fe, and Mo over the course of the trial were all affected by treatment. Hepatic 

Cu increased from d 1 to 57 in LS and HS steers but was depleted in HSMO steers. Hepatic Fe and Mo increased in HSMO steers only. Signs of Mo toxicity such as severe 
diarrhoea, loss of body condition, anorexia, changes in hair colour, and stiffness in joints were observed in the Mo supplemented steers. These results indicate that added 

dietary Mo does not adequately bind excess S in the rumen, causing aggravated toxic effects from potentially both the high dietary S and Mo. 

 
Study code 53765 

Year 1997 

Animal Category  3.3. Bovines. Cattle for fattening: Angus 

Nº treatments (replicates/ treatment) 4 treatments (10-11 replicates per treatment) 

Diet Background Not specified Phase I:1.16 mg of Mo Phase II: 0.86 mg of Mo  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter 

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 2×2 factorial arrangement: Cu as CuSO (0, 5 mg)Mo as Na2MoO4 (0, 5 mg)Duration: 245 days 

Response criteria Animal performance and carcass characteristics  

Results Supplemental Mo depressed plasma Cu, ceruloplasmin, and SOD during the growing and finishing phases in non-Cu-supplemented but not in Cu-supplemented steers. 

Addition of 5 mg of molybdenum/kg of diet decreased copper status without altering performance or carcass measurements. 

 
Study code 53961 

Year 1985 

Animal Category  3.3. Bovines. Cattle for fattening: heifers 

Nº treatments (replicates/ treatment) 8 treatments (4 replicates per treatment) 

Diet Background Analysed. Grass hay: 2.7 ppm. Alfalfa pellet:1.5 ppm. Millo pellet: 5.7 ppm 

Units’ basis of diets and/or results Diet - Dry matter Results - Fresh matter  

Factors affecting// combinations Supplementation dose. Interaction Mo-S 

Composition Diets/treatments 2x2x2 factorial arrangement: Inorganic Mo (0, 100 ppm)Inorganic SO4 (0, 5 %)Daily alfalfa (0, 2.72 kg)Duration: 11 months 

Response criteria Animal performance, liver, bone, urine and plasma content of Mo 
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Results Added dietary Mo created severe symptoms of Mo toxicity that included scouring, achromotrichia, anaemia and weight loss. Five of the 16 animals that received Mo died 
within 2 weeks after the study was terminated. Molybdenum accumulated in all tissues sampled during the first 8 months and decreased thereafter. Molybdenum also elevated 

plasma Cu. Balance data indicated that 100 ppm of added dietary Mo led to daily retention of 105 mg Mo and reduced the rate of liver Cu depreciation. Added Mo did not 

influence feed intake, digestibility or metabolizable energy (ME) when calculated per unit of metabolic size. Added inorganic SO4 did not prevent Mo toxicity symptoms. 
Plasma Mo was a good indicator of Mo intake and was more useful than tissue Cu levels. Urinary Mo may also be useful to evaluate Mo intake under field conditions. 

 
Study code 53548 

Year 2013 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (14 replicates per treatment) 

Diet Background Estimated 1. 1.21 mg/kg3. 1.23 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 1) 10 mg/kg of DM of supplementary Cu as CuSO4 (inorganic, INORG), no added S or Mo (INORG −); 2) 10 mg/kg of DM of supplementary Cu as CuSO4, with added S and 

Mo (INORG +);3) 10 mg/kg of DM of supplementary organic (ORG) Cu, no added S or Mo (ORG −); and 4) 10 mg/kg of DM of supplementary ORG Cu, with added S and 
Mo (ORG +)Duration: 16 weeks 

Response criteria Animal performance, liver, milk  and plasma content 

Results Additional dietary S and Mo reduced DMI in cows fed the INORG but not ORG Cu, and reduced liver Cu levels by approximately 0.9 mg/kg of DM per day. Little effect was 

observed of dietary Cu supply on plasma mineral concentration or liver mRNA abundance, except ATP7B, which tended to be increased in cows when fed the ORG but not 
INORG Cu when the diet was supplemented with S and Mo. The form of Cu and the addition of S and Mo had only minor effects on the milk fatty acids profile. In the absence 

of high levels of antagonists. 

 

Study code 53493 

Year 1993 

Animal Category  3.4. Bovines. Dairy cows for milk production: Holstein steers 

Nº treatments (replicates/ treatment) Experiment 1: 3 treatments (6 replicates per treatment)Experiment 2: 2 treatments (6 replicates per treatment) 

Diet Background Not specified1.5 ppm Mo 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Experiment 1: 1) Basal diet 2) Basal diet + 5 mg Mo/kg3) Basal diet + 20 mg Cu/kg. Duration: 16 weeks 

Experiment 2:1) Basal diet 2) Basal diet + 10 ppm Mo. Duration: 8 month 

Response criteria Liver, serum,  pituitary, median eminence or hypothalamic tissues content of Mo 

Results Serum and pituitary glands LH concentration at 16 weeks were lower in the group receiving Mo than in either the control or the group receiving Cu. No differences in Cu or 
Mo concentrations were observed in pituitary, median eminence, or hypothalamic tissues. 
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Study code 54003 

Year 1983 

Animal Category  3.5. Bovines. Dairy cows for reproduction : Friesian steers 

Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment) 

Diet Background Not specified <0.1 mg/kg 

Units’ basis of diets and/or results Diet and Results - Not specified 

Factors affecting// combinations Supplementation dose. Accumulation. Interaction Mo-Cu 

Composition Diets/treatments 1) Basal diet (5 mg/kg Mo first period and the other periods 100  mg/kg)2)  Basal diet + 12 mg Cu. <0.1 mg Mo, and 1.2 g S/kg Rumen contents from cattle receiving no 

dietary Mo but 12 mg Cu/kg were incubated with, 1,5, or 10 mg Mo (as ammonium molybdate)/liter To strained rumen contents from cattle receiving no added dietary MO was 

added 0.3,3,4, or 12 mg Mo as MoS4
2-/liter. Duration 42 days 

Response criteria Plasma and rumen content of Mo 

Results MoS4
2- rather than MoOS3

2- was the predominant thiomolybdate species present in the aqueous phase. Addition of Cu2+ either to rumen cultures before incubation or as a 

supplement to diets high in MoO4
2- content inhibited the appearance of MoS4

2- in the aqueous phase. Evidence of the sequestration of MoS4
2- and MoOS3

2- by particulate or 

microbial fractions of rumen contents is considered in relation to the inhibitory action of Mo upon Cu absorption by ruminants. 

 

Study code 53697 

Year 2002 

Animal Category  3.5. Bovines. Dairy cows for reproduction : Simbrah-sired heifers/Braford-sired heifers 

Nº treatments (replicates/ treatment) Experiment 1: 2 treatments per 6 pastures (3 replicates per pasture)Experiment 2: 3 treatments per 4 pastures (2 replicates per pasture) 

Diet Background Not specified 

Units’ basis of diets and/or results Diets - Not specified. Results- Dry matter  

Factors affecting// combinations Accumulation. Dietary factors: molasses. Interaction Mo-S 

Composition Diets/treatments Experiment 1:  animals with adequate liver Cu concentrations: 1) Corn and cottonseed meal 2) Molasses and cottonseed meal Duration: 84 days. Experiment 2: animals with 

adequate liver Cu concentrations:1) corn and cottonseed meal2) molasses and cottonseed meal3) corn, cottonseed meal, and added S to equal the amount provided by the 
molasses-based treatment. Duration: 90 days 

Response criteria Animal performance, liver and plasma content of Mo 

Results In both experiments molybdenum tended to accumulate in the liver of heifers fed molasses-based supplements. The results of these studies suggest that components in 

molasses-based supplements decrease the accumulation of Cu in the liver of beef heifers. The S and Mo components of molasses may be responsible, at least in part, for this 
antagonism. 

 

Study code 53707 

Year 2002 

Animal Category  3.2. Bovines. Calves for fattening Angus 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VI - Molybdenum 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

706 

Nº treatments (replicates/ treatment) Experiment 1 and 2: 6 treatments (10 replicates per treatment) 

Diet Background Not specified33/12/56 mg/kg Mo 

Units’ basis of diets and/or results Diet - Dry matter  Results- Dry matter  

Factors affecting// combinations Accumulation. Dietary factors: grass. Interaction Mo-Cu 

Composition Diets/treatments Experiment 1:1) Baltimore-1X residual (B1RS) applied at 22.4 t/ha, 2) Baltimore-2X residual (B2RS) applied at 44.8 t/ha, 3) Tampa-1X residual (T1RS) applied at 16.8 t/ha,  

4) Tampa-2X residual (T2RS) applied at 33.6 t/ha, 5) Largo,  Largo-1(L1) applied at 56 t/ha, and6) Largo-2 (L2) applied at112 t/ha. Duration: 180 days. 

Experiment 2: the effects of an exposition of two years (period of 180 days per year) is measured 

Response criteria Animal performance, liver  and plasma content of Mo 

Results Application of high Mo-containing biosolids for well-drained acid soils of Florida did not increase forage Mo sufficiently to affect Cu metabolism. 

 

Study code 53840 

Year 1991 

Animal Category  3.4. Bovines. Dairy cows for milk production: Holstein steers 

Nº treatments (replicates/ treatment) 4 treatments (4 replicates per treatment) 

Diet Background Not specified1.7/1.9 mg/kg Mo 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 4x4 Latin square design with a 2x2 factorial arrangement: Mo (0, 10 mg/kg)S as Na2SO4·5H2O (0, 3 mg/kg)The concentration of Mo was 13.3 and 1.8 mg/kg DM for high Mo 

and low Mo diets. Duration: 21 days period 

Response criteria True absorption 

Results With HM diets, the balance between absorption and endogenous input in the stomach was such that there was a lower net (intake minus duodenal flow) output of mineral from 
the stomach. Lower net output of CP from the stomach, coupled with no effect of Mo on CP in the small intestine, indicated that less CP was absorbed from the small intestine. 

Supplemental Mo in association with S appeared to prevent an apparent higher net output of methionine from the stomach when supplemental S alone was in the diet. 

Furthermore, dietary Mo had negative effects on ash as an indicator of mineral balance in the stomach of steers and on the output of CP as bacterial CP and of DM of bacterial 
origin from the stomach of steers. 

 

Study code 53750 

Year 1999 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 4 treatments (9/10/11 replicates per treatment) 

Diet Background Not specified1.78/1.16 mg/kg Mo 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified   

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 
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Composition Diets/treatments 2×2 factorial arrangement Cu as CuSO4 (0, 5 mg/kg)Mo as Na2MoO4 (5, 5 mg/kg). Duration: 196 days 

Response criteria Animal performance and immune response 

Results The immune system of cattle seems to be resistant to the adverse effects of moderately high dietary molybdenum even when coupled with copper deficiency. 

 

Study code 53708 

Year 2001 

Animal Category  3.3. Bovines. Cattle for fattening: Angus x Hereford heifers 

Nº treatments (replicates/ treatment) 5 treatments (6 replicates per treatment and 12 for performance) 

Diet Background Estimated. 12.2 mg/kg Mo 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter   

Factors affecting// combinations Interaction Mo-Cu deficiency 

Composition Diets/treatments 1) No supplemental Cu (Control)2) 49 mg Cu/kg DM  from CuSO43) 22 mg Cu/kg DM from CuSO4 4) 22 mg Cu/kg DM from a combination of 50 % CuSO4 and 50 % Cu-
amino acid complex and 5) 22 mg Cu/kg DM from a combination of 25 % CuSO4, 50 % Cu-amino acid complex and 25 % Cu oxide (CuO) All heifers were supplemented with 

10 mg Mo/kg DM, as Na2MoO4·2H2O source. Duration: 112 days 

Response criteria Performance animal and liver content of Mo 

Results Data suggest supplements containing combinations of inorganic and complexed Cu interacted differently in the presence of Mo, S, and Fe. A combination of 25 % CuSO4, 50 
% Cu-amino acid complex, and 25 % CuO limited liver accumulation of Mo compared to supplements without CuO. Hence it could provide a strategic supplementation tool in 

limiting the systemic effects of Cu antagonism in beef cattle. 
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Table VI.D.3. Sheep 

Study code 52539 

Year 1999 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 7 treatments (6 replicates per treatment) 

Diet Background Analysed1.1 mg/kg Mo 

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations Supplementation source 

Composition Diets/treatments 1) Basal diet: 1.1 mg/kg Mo (Control) 2) Basal diet + 15 mg/kg Mo as sodium molybdate 3) Basal diet + 30 mg/kg Mo sodium molybdate 4) Basal diet + 45 mg/kg Mo sodium 

molybdate 5) Basal diet + 30 mg/kg Mo as ammonium molybdate 6) Basal diet + 30 mg/kg Mo as molybdenum trioxide 7) Basal diet + 30 mg/kg Mo as molybdenum metal. 
Duration: 28 days 

Response criteria Liver, kidney, urine, bile, serum and muscle content of Mo. Relative bioavailability 

Results The average relative bioavailability values were 1.00, 1.04, 1.10 and 0.18 for sodium molybdate, ammonium molybdate, molybdenum trioxide, and molybdenum metal. 
Relative values based on biliary excretion of Mo were 1.00, 1.18, 1.07, and 0.16 for sodium molybdate, ammonium molybdate, molybdenum trioxide, and molybdenum metal, 

respectively. Tissue Mo accumulation was greatest in lambs fed molybdenum trioxide and was lowest in lambs fed molybdenum metal compared with similar amounts from 

other sources. Serum Mo increased in response to dietary treatment and had the best fit to a linear model. Hence, serum may be the best indicator of Mo bioavailability. 
Concentrations of Mo in bile and urine increased with dietary Mo supplementation. Finally, bioavailability of Mo from sodium molybdate and ammonium molybdate and 

molybdenum trioxide was similar based on serum and muscle Mo concentrations in lambs after 28 days of supplementation at 15±45 mg/kg added Mo. 

 

Study code 52540 

Year 1999 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Estimated1.2 mg/kg 

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations Supplementation dose Interaction Mo-Cu-S 

Composition Diets/treatments 1) 0 mg/kg  added dietary Mo 2) 15 mg/kg added dietary Mo 3) 30 mg/ added dietary Mo 4) 45 mg/kg added dietary Duration: 14 or 28 days 

Response criteria Liver, kidney, urine, serum, faecal and muscle content of Mo  

Results There was no effect due to duration of Mo feeding or an interaction between dietary Mo and time on faecal or urinary Mo excretion. Increasing dietary Mo concentration 

increased daily faecal and urinary Mo excretion linearly. Liver, kidney, and muscle Mo concentrations increased with increasing dietary Mo concentration, but only kidney Mo 

was influenced by time. Final serum Mo concentrations increased linearly (p<0.001) with increasing dietary Mo regardless of duration of feeding. Based on results, it appeared 
that accumulation of Mo in serum, muscle, and kidney from lambs fed 28 days would be the most sensitive criteria to use for estimating the bioavailability of Mo in dietary 

supplements. Moreover, under practical conditions, a dietary concentration of <45 mg/kg Mo in conjunction with a concentration of dietary S in excess of 2.2 g/kg as used in 

the present experiment may decrease body Cu stores while also maintaining lower muscle Mo concentrations. 
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Study code 53921 

Year 1987 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 1 treatment (4 replicates in rumen, 2 in duodenum  and 1 in ileum) 

Diet Background Analysed1.2mg/ kg DM 

Units’ basis of diets and/or results Diet - Dry matter Results - radioactivity 

Factors affecting// combinations Accumulation. Interaction Mo-Cu 

Composition Diets/treatments Injection of 99Mo-labelled compounds into the rumen of sheep maintained on dried grass (6.2 mg Mo/kg DM), 4.3 g S/kg DM). Duration: 16 hours 

Response criteria Plasma, rumen, duodenal and digesta content of Mo 

Results The present study provides direct evidence for thiomolybdate synthesis within the rumen and indicates that while the effects of thiomolybdates in inhibiting copper absorption 

are likely to be due to tri- and tetrathiomolybdates, post-absorptive effects on Cu metabolism are probably due to di- or trithiomolybdate. 

 
Study code 53759 

Year 1998 

Animal Category  4.2. Sheep. Lambs for fattening : adult sheep 

Nº treatments (replicates/ treatment) Experiment 1: 2 treatments (6 replicates per treatment)Experiment 2: 3 treatments (4 replicates per treatment)Experiment 3: 2 treatments (6 replicates per treatment) 

Diet Background  Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations AccumulationInteraction Mo-Cu 

Composition Diets/treatments Experiment 1: Low liver-Cu:1) Control diet2) Control diet + ammonium    tetrathiomolybdate (TTM) subcutaneously (3.4 mg/kg). Duration 7 months.  

Experiment 2: High liver-Cu:  1) Control - immediately killed 2) Given TTM (3.4 mg/kg. Killed immediately 3) Given TTM (3.4 mg/kg (discontinuation treatment). Killed 

after 4 months. Duration: 4 month 

Experiment 3:  High liver-Cu 1) Control -  immediately killed 2) TTM treatment 

Duration: 7 months 

Response criteria Liver, kidney, heart, skeletal muscle, pituitary, adrenals, ovaries, testes, brain content of Mo 

Results Immediately after TTM treatment Mo concentrations increased in all tissue. After discontinuation of TTM treatment Mo elevations were maintained in the pituitary, brain, 
adrenals, heart and gonads but Mo had declined relatively in both liver and kidney and had fallen to control values in skeletal muscle. The present study showed that TTM is 

selectively distributed and retained by many organs, including the brain and pituitary which may be target organs. Secondly, the findings confirmed that TTM does not deplete 

Cu from essential sites in sheep but support the contention that TTM may redistribute some excess liver Cu (Cu-TTM) to the brain, in which site it is retained. 

 
Study code 52790 

Year 1984 

Animal Category  4.2. Sheep. Lambs for fattening : castrated males 
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Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment) 

Diet Background Not specified 0.35 mg/kg  

Units’ basis of diets and/or results Diet - Not specified. Results - Radioactivity  

Factors affecting// combinations Accumulation. Interaction Mo-S 

Composition Diets/treatments 1) Labelled (approximately 0.2 mCi per isotope and 1 or 2 mg Mo) 2) Unlabelled thiomolybdates (generally 30 mg Mo) in 20 ml saline (9 g NaCl/l) Infused via jugular vein. 

Duration: 125 hours 

Response criteria Plasma content of Mo 

Results It was concluded that compounds bound to albumin were relatively stable, but displaced or unbound thiomolybdates were rapidly hydrolysed to molybdate and sulphate. There 

was no evidence of an irreversible interaction of either 35S or 99Mo with copper in plasma. Increased dietary Cu did not increase the retention of 35S in plasma or affect the 

exchangeability of 36S-labelled thiomolybdates bound to albumin. 

 
Study code 53995 

Year 1983 

Animal Category  4.2. Sheep. Lambs for fattening : castrated Texel sheep 

Nº treatments (replicates/ treatment) Experiment 1: 2 treatments (not specified)Experiment 2: 4 treatment (1 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Accumulation. Interaction Mo-Cu 

Composition Diets/treatments Intravenous Injection of [99MO] 

Experiment 1 (blood): 1) 5.4 mg of 99Mo2) 10.8 mg of 99Mo.Duration: 100 hours.  

Experiment 2 (excretion):1) 20 mg 99Mo2) 20 mg 99Mo3) 57.3 mg 99Mo4) 62.5 mg 99MoDuration: 5 days 

Response criteria Urine, plasma and faeces content of Mo 

Results Over 90-100 hours  more than 90 % of the radioactivity was excreted in urine, compared to less than 5 % in the faeces. The trichloroacetic acid (TCA) solubility of plasma 

copper and the diamine oxidase activity of ceruloplasmin were depressed, particularly over the first 15 min post-injection and a more persistent TCA-insoluble Cu fraction was 

apparent. 

 

Study code 53928 

Year 1986 

Animal Category  4.2. Sheep. Lambs for fattening : ewe 

Nº treatments (replicates/ treatment) Not specified 

Diet Background Not specified 

Units’ basis of diets and/or results Diet and results - Not specified  

Factors affecting// combinations Accumulation. Interaction Mo-S 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VI - Molybdenum 

 

EFSA supporting publication 2014:EN-565   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

711 

Composition Diets/treatments 0.1 mCi 99Mo and 0.08 mCi 35S were administered by injection over a few minutes into a jugular vein. Duration: 48 hours 

Response criteria Plasma content 

Results The experiments reported here indicated that sulphate/molybdate competition in the renal tubule is yet another factor in the complex interactions of S and Mo compounds and 

their effects upon Cu metabolism in ruminants. 

 

Study code 54064 

Year 1980 

Animal Category  4.2. Sheep. Lambs for fattening : male weanling Texel x Friesian milk sheep lambs 

Nº treatments (replicates/ treatment) 8 treatments (8 replicates per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter  

Factors affecting// combinations Supplementation dose Interaction Mo-Cu-Zn 

Composition Diets/treatments 1) Basal diet + 16 ppm Cu + 67 ppm Zn + 0.4 ppm Mo  2) Basal diet +15 ppm Cu + 223 ppm Zn + 0.4 ppm Mo 3) Basal diet + 18 ppm Cu + 409 ppm Zn + 0.4 ppm Mo  4) 

Basal diet 13 ppm Cu + 81 ppm Zn + 16 ppm Mo  5) Basal diet + 28 ppm Cu + 67 ppm Zn + 0.4 ppm Mo 6) Basal diet + 29 ppm Cu + 224 ppm Zn + 0.4 ppm Mo  7) Basal 

diet + 29 ppm Cu + 409 ppm Zn + 0.4 ppm Mo 8) Basal diet + 29 ppm Cu + 75 ppm Zn + 16 ppm Mo  Duration: 98 days 

Response criteria Liver and kidney content 

Results The addition of Mo resulted in higher levels of Mo in liver and kidney. At either copper level the addition of 16 ppm Mo was more effective in reducing the Cu accumulation in 

the liver than the addition of 150 or 340 ppm Zn. The additions of Zn and Mo had no visible influence on the health of the lambs.The lactate dehydrogenase (LDH) activity 

tends to be increased by Cu supplementation and to be diminished by Zn and Mo supplementation. Mo seems to decrease the activity of the alkaline phosphatase (AP).Results 
suggest that zinc may be a useful alternative to the somewhat toxic molybdenum as an additive to concentrates for sheep in preventing Cu intoxication. 

 

Study code 53579 

Year 2011 

Animal Category  4.2. Sheep. Lambs for fattening : Malin 

Nº treatments (replicates/ treatment) 9 treatments (8 replicates per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose Interaction Mo-S 

Composition Diets/treatments 1) S0Mo12) S0Mo2 3) S0Mo3 4) S0Mo4 5) S1Mo0 6) S1Mo17) S1Mo2 8) S1Mo3 9) S1Mo4S (level 0 or level 1= 1 g) as sodium sulphate and/or Mo (level 0; level 1= 4 mg; 
level 2= 8 mg; level 3= 16 mg; level 4= 32 mg) as ammonium molybdate. Duration 6 months 

Response criteria Animal performance, liver content of Mo 

Results The present results suggested that any amount of palm kernel cake (PKC) treated with appropriate S, Mo and Ca (to balance for excessive P concentrations in PKC) 

supplements can be incorporated in the diets of ruminants. This is under condition that the other dietary ingredients do not contain an excessive Cu concentration. 
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Study code 54002 

Year 1983 

Animal Category  4.2. Sheep. Lambs for fattening : rams and ewes 

Nº treatments (replicates/ treatment) Experiment 1: 4 treatments (3 replicates per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation source and dose Interaction Mo-CuMo-S 

Composition Diets/treatments Experiment 1: milk substitute supplemented with (factorial 2x2 arrangement):CuSO4·5H2O (0, 3 mg/kg)MoS4 (0, 3 mg/kg) . After 3 wk the surviving lambs (n=11) were fed:- 

Basal diet- Basal diet + 3 mg MoS4/kg DM + 3.2 mg Cu/kg DM. Duration: 25 weeks 

Response criteria Apparent absorption. Plasma, faecal content of Mo 

Results First, at high dietary S concentrations the conversion of MoO4, to MoS4, in the rumen led directly or indirectly to the formation of Cu-Mo complexes and a reduction in Cu 
absorption. Second, MoS4 could form poorly absorbed complexes which do not contain Cu and it will only have systemic effects on Cu metabolism in ruminants when an 

excess of the forms with an affinity for Cu were present in an absorbable form. 

 

Study code 53960 

Year 1985 

Animal Category  4.2. Sheep. Lambs for fattening : Suffolk-Shropshire crossbred wethers 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background  Not specified 

Units’ basis of diets and/or results Diet - Dry matter) Results - Dry matter  

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 1) Low Mo (LM), 2) High Mo (HM), 3) LM plus CuSO4, and4) HM plus CuSO4. HM diets: ammonium molybdate. Duration: 221 days 

Response criteria Animal performance. Liver and kidney content of Mo. 

Results Growth rate of sheep receiving only the Mo supplement (diet HM) was significantly lower than the growth rate in other sheep. Although CuSO4 supplementation of high Mo 

diet (HM plus CuSO4) improved growth rate and feed conversion ratio, it did not restore the performance up to that of low Mo diets (LM; LM plus CuSO4).Supplementation 
with Mo increased Mo concentration in both liver and kidney, but concentration of Cu was decreased in liver and increased in kidney of the Mo-supplemented sheep. This 

experiment offered additional evidence in that the Cu- Mo-S interaction proportionally decreases both Cu and Mo solubilities in the rumen and, hence, may affect tissue Cu 

distribution. Finally, although CuSO4 could be used as a supplement for control of Mo toxicity in sheep, it probably would be less effective as a supplement in Cu-deficient 
diets. 

 

Study code 53536 

Year 1990 

Animal Category  4.2. Sheep. Lambs for fattening : wether 

Nº treatments (replicates/ treatment) 6 treatments (6 replicates per treatment) 
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Diet Background Not specified 

Units’ basis of diets and/or results Diet and Results - Not specified 

Factors affecting// combinations Supplementation dose Interaction Mo-Cu-Zn 

Composition Diets/treatments 1) control (distilled water)2) 0.24 mg Co (CoCl2·5H2O)3) 8 mg Cu (CuSO4·5H2O);4) 0.08 mg Se (Na2SeO4·10H2O); 5) 2 mg Mo(Na2Mo4·2H2O) 6) 30 mg Zn 

(ZnSO4·7H2O)Duration: 12 weeks 

Response criteria Scapula, humerus, ulna/radius, rib content of Mo. 

Results The Mo and Se contents of the scapula, humerus, ulna/radius, and rib were increased by over 220 and 35 % respectively with increased Mo and Se intakes. 

 

Study code 54053 

Year 1981 

Animal Category  4.2. Sheep. Lambs for fattening : wethers and ewes 

Nº treatments (replicates/ treatment) 5 experimental treatments (8 replicates per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - Not specified. Results  - Dry matter  

Factors affecting// combinations Supplementation dose Interaction Mo-Cu-S 

Composition Diets/treatments pre-experimental diet (42d): high in Cu and S but low in Mo.1) Pr-X - Slaughtered after pre-experimental period2)  no-Mo (0.6 mg/kg),3) low-Mo (21.4 mg/kg),4) medium-Mo 

(39.6 mg/kg), 5) high-Mo (60.3 mg/kg)Duration: 193 days 

Response criteria Liver, kidney, cortex, medulla, spleen, serum, plasma, lungs, muscle (L.dorsi and hearth) and wool content of Mo 

Results It was suggested that in the presence of an abundance of Mo, Cu and S, compounds containing these minerals in metabolically unavailable forms accumulate in the body, first 

in the kidneys, but eventually also in the other tissues of the sheep. 

 

Study code 54069 

Year 1980 

Animal Category  4.3. Sheep. Dairy sheep  

Nº treatments (replicates/ treatment) 3 treatments (10 replicates per treatment) 

Diet Background 0.56 mg/kg DM  

Units’ basis of diets and/or results Diet - Dry matter Results - Not specified 

Factors affecting// combinations Supplementation dose. Interaction Mo-S  

Composition Diets/treatments 1) Control2) Sulphur: control + 3 g S/kg DM 3) S + Mo: control+ 3 g S/kg DM + 13 mg Mo/kg. Duration: 12 weeks 

Response criteria Biochemical response 

Results The total plasma copper increased in the S + Mo group.  
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Table VI.D.4. Goats 

Study code 53348 

Year 2000 

Animal Category  5.2. Goat. Kids for fattening 

Nº treatments (replicates/ treatment) 2 treatments (25 replicates per treatment) 

Diet Background Not specified. Pennisetum purpuseum (dry: 11.38/wet: 14.40)Cynodon plectostachyus (dry: 11.68/wet: 13.56) Calopagonium muconoides (dry: 19.00/wet: 24.70) Leucaena 

leucocephala (dry: 29.30/wet: 28.90) mg/kg Mo 

Units’ basis of diets and/or results Diet and results - Not specified 

Factors affecting// combinations Dietary factor: pasture Interaction Mo-Cu 

Composition Diets/treatments 1) Untreated animals. 2) Treated animals received two boluses; the first bolus on the first month (October) of the study and the second bolus six months later (April). Duration: 
1 year 

Response criteria Plasma content of Mo 

Results Mo level in goats plasma were reduced significantly by mineral supplementation during the study period; counteracting the possible contribution of high Mo content of the 
available pastures. 

 

Study code 53620 

Year 2008 

Animal Category  5.2. Goat. Kids for fattening 

Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results -  Not specified 

Factors affecting// combinations Supplementation dose. Interaction Mo-S-Cu 

Composition Diets/treatments 1) Mo: Mo (mg/kg DM): 10, 10, 20, 30 and S (g/kg DM): 1.5, 2, 2, 2.5 for week 1, 6, 12, 18, respectively.2) Control. Duration: 20 weeks 

Response criteria Animal performance, Cu content in faeces and its quality parameters 

Results The results showed that there was a significant decrease in Plasma Cu (p<0.05) along with a significant increase in thiomolybdate (MoS) production after 4 months. The sub- 
clinical signs of copper deficiency and mohair quality were likely to be from high molybdenum intake and thiomolybdate formation in the body. 

 

Study code 53730 

Year 2000 

Animal Category  5.1. Goat. Kids for rearing 

Nº treatments (replicates/ treatment) 4 treatments (5 replicates per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter 

Factors affecting// combinations Dietary factors: Cu dose. Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 1) Control: sufficient Cu and Cr; 2) Cu-deficient3) Cr-deficient;4) Cu- and Cr-deficient. Duration: 20 months 

Response criteria Animal performance. Liver, kidney, bone, ribs, plasma content of Mo 

Results Changes in trace element concentrations were determined by comparing groups 2, 3 and 4 with the control group. Increased concentrations were observed for Al, Ca, Co, Fe, 

Mo, Pb, Se in the liver; for Al, Cd, Co, Cr, Mo in the kidneys; and for Mn and Mo in the ribs. 
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Table VI.D.5. Rabbits 

Study code 52321 

Year 2008 

Animal Category  7.2. Rabbits. Rabbits for fattening: New Zealand White rabbits (NZW) 

Nº treatments (replicates/ treatment) Experiment 1: 2 treatments (5 replicates per treatment)Experiment 2: 2 treatments (5 replicates per treatment) 

Diet Background  Not specified 

Units’ basis of diets and/or results Diet - Dry matter  Results-Dry matter 

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments Experiment 1: 1) Contaminated carrots (extremely high dose 270 mg/kg soil of Mo as (NH4)6Mo7O24·4H2O) 2) Control  receiving uncontaminated carrots and diets. Duration: 

14 days. Experiment 2: 1) Commercial pelleted diet supplemented with 40 mg/kg DM of Mo in the same chemical form as in Experiment 1.2) Controls receiving 
uncontaminated carrots and diets. Duration: 14 days 

Response criteria Animal performance, liver, kidney, spleen, hair, bone, urine, serum content, faeces, muscle, adipose tissue, ovary and testes content of Mo 

Results The daily feed intake of rabbits was significantly decreased by supplemental 40 mg/kg Mo as compared to the control (140.9 ± 6.4 vs. 153.1 ± 11.6, respectively). The high 
dietary Mo contents failed to reduce the growth performance of rabbits. Molybdenum ingested with feeds was mainly excreted (5 7%) via the urine and about 28 % via the 

faeces. The total retention observed in rabbits was about 15 % of the ingested Mo. Considerable Mo concentrations were detected in all organs and tissues examined, except in 

the adipose tissue.  Its content was approximately 5-fold in the kidneys compared to controls. Due to the high dietary Mo intake free radicals could be generated, resulting in a 
marked increase of creatine kinase (CK) activity. 
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Table VI.D.6. Horses  

Study code 53340 

Year 2000 

Animal Category  8. Horses : Geldings of primarily Quarter Horse 

Nº treatments (replicates/ treatment) 4 treatments (1 replicate per treatment) 

Diet Background Not specified 0.50 ppm Mo 

Units’ basis of diets and/or results Diet-Dry matter Results - Dry matter  

Factors affecting// combinations Supplementation dose 

Composition Diets/treatments 4x4 Latin square design:1) Control diet 2) Control with 5 ppm (Low, L) of sodium molybdate3) Control with 10 ppm (Medium, M) sodium molybdate4) with 20 ppm (High, 

H) sodium molybdate. Four periods each with a 21-dayDuration: 24 days period 

Response criteria Urine and faecal excretion 

Results Urinary excretion of Mo was higher in horses fed the high Mo diet versus the control, low and medium Mo diets. Molybdenum faecal excretion increased with increasing 

amounts of Mo fed. This increase in faecal excretion suggests that intestinal absorption of Mo does not increase with increased concentrations of Mo in the diet. Finally, Mo 
balance was higher on the 20 ppm diet compared to the other treatments. 

 

Study code 54054 

Year 1981 

Animal Category  8. Horses : Ponies 

Nº treatments (replicates/ treatment) 3 treatment (1 replicate per treatment) 

Diet Background Analysed0.92 pellets/ 1.50 hay ppm 

Units’ basis of diets and/or results Diet - Dry matter. Results - Not specified 

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 1) Basal diet (1.01 ppm Mo)2) Low Mo (27.4 ppm Mo)3) High Mo (107.3 ppm Mo)Duration: 5 days 

Response criteria Urine, bile and faeces content of Mo 

Results Copper absorption and retention by ponies were reduced during molybdenum ingestion and plasma copper concentrations could not be used to assess the extent of this 
decrease. 
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Table VI.D.7. Rats/ Mice 

Study code 53486 

Year 1993 

Animal Category  10. Other categories: Guinea pigs 

Nº treatments (replicates/ treatment) 6 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Dry matter   

Factors affecting// combinations Supplementation source and doseInteraction Mo-Cu 

Composition Diets/treatments 1) nil; 2) 260.58 µmol Mo / litre as ammonium molybdate (AM) 3)  260.58 µmol Mo / litre as  thiomolybdate (TM) 4) 130.29 µmol Mo / litre as TM5)  nil until mating and 

thereafter 260.58 µmol Mo / litre  as TM. 6)  nil until mating and thereafter 130.29 µmol Mo / litre  as TM. Duration: not specified 

Response criteria Reproductive animal performance. Liver, kidney, bone, femur and  brain content of Mo 

Results Results clearly demonstrate that the administration of TM has an adverse effect upon the developing foetus. This is probably related to copper deficiency. However, lesions in 

the central nervous system were not found. 

 

Study code 53580 

Year 2011 

Animal Category  10. Other categories: Sprague-Dawley rats 

Nº treatments (replicates/ treatment) 2 treatments (6 replicates per treatment)  

Diet Background  Not specified 

Units’ basis of diets and/or results Diet and Results - Not specified 

Factors affecting// combinations Accumulation. Interaction Mo-Mg 

Composition Diets/treatments 1) Basal diet + mineral mixture with a Mg (49.6 mg/100g)2)Basal diet  + mineral mixture with a Mg (4.2 mg/100g)Duration: 4 weeks 

Response criteria Liver and  blood content of Mo 

Results The semiquantitative and quantitative analysis showed that Mg deficiency significantly increased Mo concentrations in rat liver. The present study was the first research 

indicating the changes of hepatic Ga, Y, Zr, Mo, Rh, Ag, Ba, Sc, and Nb concentrations in Mg-deficient rats. 

 

Study code 54050 

Year 1981 

Animal Category  10. Other categories : Black-hooded Lister rats 

Nº treatments (replicates/ treatment) Experiment 1: 5 treatments (5 replicates per treatment)Experiment 2: 2 treatments (8 replicates per treatment) 

Diet Background  Not specified 
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Units’ basis of diets and/or results Diet - Not specified. Results-Radioactivity 

Factors affecting// combinations Supplementation source and dose. Interaction Mo-Cu 

Composition Diets/treatments Experiment 1:1) Basal diet 2) Basal diet + MOS4
2-3) Basal diet  +  Na2MoO4 4) Basal diet  + MoO4

2- + S2- + Na2MoO4 + CaS ; 5) Basal diet + S2- + CaS Mo-containing 

supplements provided 12 mg Mo/kg diet Duration: 12 days.  

Response criteria Liver, kidney, plasma and  blood content of Mo  

Results Since the absorption of MoS4
2- (or its derivatives) from the gastrointestinal tract is inhibited by Cu, it is evident that the site of its action as an antagonist influencing either the 

absorption or the subsequent metabolic fate of Cu depends upon the ratio Cu/MoS4
2- in the diet. 

 

Study code 53511 

Year 1991 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results - Fresh matter  

Factors affecting// combinations Accumulation. Interaction Mo-DON 

Composition Diets/treatments 1) Control2) 0.1 ppm DON3) 1 ppm DON4) 10 ppm DON. Duration: 6 weeks 

Response criteria Animal performance and liver content of Mo 

Results Manganese and molybdenum content in liver tissue was reduced with a DON concentration of 10 ppm in the diet. The findings indicated that sub-chronic ingestion of DON, in 

concentrations occurring in contaminated food and feed, resulted in an impairment of intestinal transfer and uptake of nutrients. 

 

Study code 53696 

Year 2002 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (12  replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Not specified 

Factors affecting// combinations Accumulation. Interaction Mo-Arg-Si 

Composition Diets/treatments 2×2 factorial arrangement: Sodium metasilicate (0, 25 μg)Arginine (0, 5 mg)Duration: 8 weeks 

Response criteria Bone, tibia, femur and vertebra content of Mo 

Results Arginine supplementation decreased femoral molybdenum concentration 

 

Study code 54024 
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Year 1982 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) Experiment 1: 2 treatments (6  replicates per treatment)Experiment 2: 5 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Supplementation dose. Accumulation. Interaction Mo-Cu 

Composition Diets/treatments Experiment 1:1) 1.5 mg Cu/kg (deficient) 2) 6.0 mg Cu/kg. Supplemented with molybdenum (500 mg/kg diet).  Duration: 6 weeks. Experiment 2:1) Control Mo (500 mg/kg)2) 
Supplementation of Cu (2 weeks) 6.0 mg/kg3) Supplementation of Cu (4 weeks) 6.0 mg/kg4) Intraperitoneal injections of Cu (2 weeks) 75 µg Cu5) Intraperitoneal injections of 

Cu (4 weeks) 75 µg Cu. Duration: 6 weeks 

Response criteria Liver, kidney content of Mo 

Results After Mo administration to Cu-deficient rats plasma and kidney Cu and liver and kidney Mo increased. In Cu-adequate rats plasma, liver and kidney Cu and liver and kidney 
Mo increased to much higher levels than in Cu-deficient rats. Fluctuations in plasma Cu and kidney Mo were correlated closely.  No qualitative difference between the effects 

of oral or intraperitoneal Cu administered to Mo-treated Cu-deficient or Cu-adequate rats was found. In Cu-deficient Mo-supplemented rats additional Cu increased plasma Cu, 

and liver and kidney Cu and Mo. In Cu-adequate Mo-supplemented rats additional Cu decreased plasma Cu and liver and kidney Mo and increased kidney Cu and, to a minor 
extent, liver Cu.  

 

Study code 54066 

Year 1980 

Animal Category  10. Other categories: rats 

Nº treatments (replicates/ treatment) 12 treatments (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Not specified. Results- Dry matter  

Factors affecting// combinations Supplementation dose. Interaction Mo-Cu 

Composition Diets/treatments 1) Deficient 1-5 mg/kg Cu and 0 mg/kg Mo.2) Adequate 6.0 mg/kg Cu and 0 mg/kg Mo.3) Excess 25.0 mg/kg Cu and 0 mg/kg Mo.4) 1-5 mg/kg Cu and 50 mg/kg Mo.5) 6.0 
mg/kg Cu and 50 mg/kg Mo. 6) 25.0 mg/kg Cu and 50 mg/kg Mo.7) 1-5 mg/kg Cu and 150 mg/kg Mo.8) 6.0 mg/kg Cu and 150 mg/kg Mo. 9) 25.0 mg/kg Cu and 150 mg/kg 

Mo.10) 1-5 mg/kg Cu and 500 mg/kg Mo.11) 6.0 mg/kg Cu and 500 mg/kg Mo.12) 25.0 mg/kg Cu and 500 mg/kg Mo. Duration: 6 weeks 

Response criteria Liver, kidney content of Mo 

Results Mo increased the Cu concentration of blood, plasma, liver and kidney and the Mo concentration of liver and kidney. When compared to Cu-adequate rats the effect of Mo on 
the Cu distribution was reduced both by Cu deficiency and Cu excess. This effect of Mo was explained by a reduced uptake or retention of Mo in the body as observed in the 

liver and kidney. 
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53750   ~ ~ ~ ~ ~  ~ 

53805     ~ ~   ~ ~ 
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53765    ~ ~ ~ ~  ~ ~ 

53961    ~ ~ ~ ~   
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53921     ~ ~ ~   
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EXECUTIVE SUMMARY 

The main objective was to identify the bioavailability of selenium (Se) additives and their 

incompatibilities and interactions, in particular when combined with other feed additives or 

components of the animal diet. Different search chains were performed for each one of the elements in 

the most important scientific databases (PubMed, Scopus and ISI Web of Knowledge), and the 

resulting references were managed by using the open-source reference tool DistillerSR
©
 systematic 

review software. In the first level of selection, based on title and abstracts, a total of 4625 articles were 

excluded to be completely unrelated with the search objectives (not about selenium, not about the 

animal species, not about bioavailability issues). Finally, 1309 articles were retained to be potentially 

related with the search questions. In case of doubt or few/not information exposed in the abstract, the 

articles were automatically retained to the next level. The full-text of 240 studies was used for data 

extraction to be highly fitted with the objectives, while 782 were excluded and 287 are pending to be 

found. Studies assessing incompatibilities of Se were not found in the search. 

The studies included in the ELS used mainly the selenium supplementation as sodium selenite, 

selenium methionine, selenium cysteine and selenium yeast, as well as, selenium nano forms. The 

content of selenium in target organs (liver, kidney, muscles, testis or thymus), biological fluids (blood, 

urine or milk), gene expression, animal performance, apparent digestibility and relative bioavailability, 

were the most reported indicators of selenium bioavailability. In pigs, the maternal selenomethionine 

intake improved Se concentration and antioxidant status of sows, thus maintaining the maternal health 

and increasing the productive performance. For poultry, most bioavailability studies refer to the 

immune system. The only single interaction in poultry was that found between Se and Hg. Studies on 

lambs and sheep described too primarily the relationship between Se intake and the immune system. In 

bovines, most studies were focused on detailing lipid metabolism when comparing diets at different Se 

dosages, as well as provided by organic and inorganic forms of Se. Although there was almost a 

complete lack of studies in fish, the few existing ones were aimed at studying the effects of Se on the 

genetic expression and the immune system homeostasis. 
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1. INTRODUCTION 

Selenium is a key constituent of glutathione peroxidase (GSH), which is associated to vitamin E and 

plays a role of ―cellular scavenger‖ protecting cellular membranes from oxidative effects (peroxides 

and free radicals). Several immunologically distinct peroxidases use glutathione as a reducing 

substrate and their multiplicity and ubiquity reflect the importance of controlling peroxidation. The 

most abundant peroxidase is GPX1, which accounts for most of the selenium in erythrocytes and liver. 

GPX3, a tetrameric plasma or extracellular peroxidase, is mainly synthesized in kidneys and lungs 

where it protects delicate structures such as the proximal renal tubule and alveolar capillaries. GPX4, a 

phospholipid hydroperoxidase monomer associated with intracellular membranes, is spared during 

selenium deprivation, suggesting a rate-limiting importance. The membrane-bound iodothyronine 5¢-

deiodinase type I (ID1) transforms thyroxine (T4) to triiodothyronine (T3), the physiologically active 

form of the hormone. Another enzyme, selenophosphate synthetase (SPS)-2, has the pivotal role of 

catalysing the incorporation of selenide into an selenoprotein (selenoprotein P), the principal 

constituent of plasma selenium (Jongbloed et al., 2002; McDowell, 1992; Suttle, 2010). Acute 

selenium toxicity is characterized by abnormal posture, unsteady walk, diarrhoea, abdominal pain, 

increased pulse and respiration rates, hypotension due to vasodilatation, foamy nasal discharge, 

prostration and typical garlic smelt of breath due to presence of volatile dimethylselenide (DMSe) in 

expirated air. The primary targets of acute selenium toxicity in animals seem to be the cardiovascular, 

gastrointestinal, central nervous and hematopoietic systems (EFSA, 2006). Selenium requirements in 

animals range within 0.15-0.30 mg Se/kg in pigs, 0.08-0.2 mg Se/kg in poultry, 0.1-0.3 mg Se/kg in 

bovines, 0.09-1.36 mg Se/day in sheep, 0.59-0.85 mg Se/day in goats, 0.17-2.25 mg Se/day in horses, 

0.3 mg Se/kg in rainbow trout, 0.21 mg Se/kg in dogs, and 0.12 mg Se/kg in cats (NRC, 1993, 1994, 

1998, 2000, 2001, 2006, 2007). 

Scientific Opinions were delivered by EFSA to assess the safety and efficacy of S. cerevisiae CNCM 

I-3060, NCYC R397 and CNCM I-3399 as sources of selenium (EFSA 2006a, 2006b, 2009). An 

Opinion on the safety and efficacy of selenium in the form of organic compounds produced by the 

selenium-enriched yeast Saccharomyces cerevisiae NCYC R645 for all animal species was delivered 

by the FEEDAP Panel (EFSA, 2011). Another Opinion re-evaluated the safety and efficacy of Sel-

Plex (organic form of selenium produced by Saccharomyces cerevisiae CNCM I-3060) when used as 

zootechnical feed additive (EFSA, 2011), in the line of a subsequent Opinion on the selenium-enriched 

Saccharomyces cerevisiae NCYC R646 (Selemex 1000/2000) (EFSA, 2012). Recently, a Scientific 

Opinion on the safety and efficacy of the hydroxyl-analogue of selenomethionine (HMSeBA) has been 

delivered by FEEDAP Panel under request of European Commission (EFSA, 2013). 

Two forms of inorganic selenium, sodium selenite and sodium selenate, are authorised in the European 

Union (EU) as sources of the essential trace element selenium (EC, 2004; 2006; 2007, 2009). Organic 

forms of selenium produced by Saccharomyces cerevisiae CNCM I-3060, S. cerevisiae NCYC R397 

and S. cerevisiae CNCM I-3399 are authorised in the EU as trace element under Regulation (EC) No 

1831/2003 (EC, 2003). 
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3. RESULTS 

3.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix VII.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (21/07/2013). A total of 8550 

raw articles were retrieved from the sum of SCOPUS (n=2848), PUBMED (n=4297) and ISI 

(n=1405). These references were imported and merged in an ENDNOTE library. A first duplicated 

deletion was performed by means of the ENDNOTE application, the merged references were imported 

to DISTILLER SR on-line server to perform a second duplicated deletion by means DISTILLER‘s 

tool (in total 2616 references were deleted). A final pool of 5934 articles was ready to perform the 

selection process. 

 

Figure 8. Flow chart of the ELS process for articles related to Se, and number of articles retrieved. 

In the first level of selection, based on title and abstracts, a total of 4625 articles were excluded to be 

completely unrelated with the search objectives (not about selenium, not about the animal species, not 

PUBMED (n=4297) Date: 21/07/2013 

SCOPUS (n=2848) Date: 21/07/2013 

ISI (n=1405) Date: 21/07/2013 

Total records 

(n=8550) 

Records (full texts) potentially eligible (n=1309) 

EXCLUDED obviously 

irrelevant records 

(n=4625) 

Duplicates (n=2616) 

Studies included in the review 

(n=240) 

EXCLUDED (n=782) 

 

Pilot full text 

selection 

process 

 

Screen 

titles/abstracts  
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NOT FOUND (n=287) 
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about bioavailability issues). Finally, 1309 articles were retained to be potentially related with the 

search questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. The full-text of 240studies was used for data extraction to be 

highly fitted with the objectives, while 782 were excluded and 287 are pending to be found. 

 

3.2. Data synthesis 
(References of this section can be found in Appendix VII.C)

  

Most of the studies retained in the selection, assessed bioavailability issues of Se on poultry (n=55), 

bovines (n=49), sheep (n=44) and pigs (n=38). Less studies were found concerning rats and mice 

(n=15), goats (n=10), fish (n=9), horses (n=9), pets (n=7) and rabbits (n=4). 

The summary of the animal categories, molecular forms, factors affecting the bioavailability and the 

indicators of bioavailability used in the studies, can be found in Table 21. More extensive information, 

relative to each animal category, can be found in Appendix VII.D, while complete raw data are 

available in the raw database file (Excel file). 

Considering the studies included in the ELS, the most commonly used indicators of Se bioavailability 

in pigs were the content of the mineral in target organs (e.g. liver, kidney, pancreas or muscle) and 

biological fluids (e.g. serum, milk or colostrum). In case of poultry also included apparent 

digestibility. The relative bioavailability was used in several studies with bovines.  

Table 21. Summary table concerning the animal categories, molecular forms, factors affecting the 

bioavailability and the indicators used in the processed studies 

Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

1.Pigs 1.1. Pigs. Piglets 

(suckling) 

1.5. Pigs. Sows 

for reproduction 

1.6. Pigs. Sows, 

in order to have 

benefit in piglet 

Selenomethionine, 

Sodium selenite 

Supplementation 

source and dose 

Diet 

Organic Se 

Inorganic Se 

Basal gestation 

Lactation diet 

Pregnancy 

Liver content 

Kidney content 

Pancreas content 

Milk content 

Serum content 

Muscle, thymus, thyroid 

content 

Sex glands 

Loin content 

Testis content 

Colostrum content 

2.Poultry 2.1. Poultry. 

Chickens for 

fattening   

Sodium selenite 

Se yeast (SY) 

Se protein 

Supplementation 

source and dose 

Vitamin C 

Interaction: Hg 

Liver content 

Biochemical response 

Animal performance 

Apparent digestibility 

Muscle content 

3.Bovines 3.1. Bovines. 

Calves for 

rearing 

3.2. Bovines. 

Calves for 

fattening 

3.3. Bovines. 

Cattle for 

fattening 

Sodium selenite 

Se yeast (SY) 

Se protein 

Inorganic and 

organic Se 

SeMet 

SeCys 

Supplementation 

source and dose 

Dietary factors 

Biochem response 

Milk content 

Liver content 

Kidney content 

Plasma content 

Muscle content 

Animal performance 

Average daily 

Blond content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

3.4. Bovines. 

Dairy cows for 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

10. Other: bulls 

Carcasses content 

Muscle Longissimus 

content 

Thoracis content 

Blood content 

Serum content 

Gene expression 

Heart content 

Relative bioavailability 

4.Sheep 4.1. Sheep. 

Lambs for 

rearing 

4.2. Sheep. 

Lambs for 

fattening 

4.3. Sheep. Dairy 

sheep 

4.4. Sheep. Ewes 

for reproduction 

Inorganic Na-

selenite 

Inorganic Na-

selenate 

Organic Se-yeast 

Supplementation 

source and dose 

Administration 

Pregnant-newborn 

Digestibility 

Immunity 

 

Animal performance 

Biochem. Response 

Serum content 

Plasma content 

Urine content 

Whole blood content 

Milk content 

Colostrum 

Skeletal muscle 

5. Fish 6.Rainbow trout 

6.Atlantic 

salmon 

SeMet 

SeCys 

Sodium selenite 

Supplementation 

source and dose 

Cloned genes 

Water bone trace 

elements 

Gene expression 

Liver content 

Kidney content 

Brain content 

Muscle content 

Blood content 

Skin content 

Gill content 

Spleen content 

Plasma content 

Pyloric content 

Caudal fin content 

5. Horses 8. Horses Inorganic Se 

Organic Se-yeast 

Supplementation 

source and dose 

Immune profiles 

Whole blood content 

Plasma content 

7. Pets 9. 1. Pets and 

other non food-

producing 

animals. Dogs 

. 2. Pets and 

other non food-

producing 

animals. Cats 

Inorganic Se 

Organic Se-yeast 

Supplementation 

source and dose 

Dietary factors 

 

Toenail content 

Prostate content 

Brain content 

Heart content 

Skeletal content 

Muscle content 

Liver content 

Serum content 

Plasma content 

Urine content 

Clearance 

Faecal content 

8. Other: 

Rats/Mice 

10. Other: 

Rats/Mice 

Sodium selenite 

SeMet 

Supplementation 

source and dose  

Dietary factors 

Microbiota 

Deficiency 

Liver content 

Kidney content 

Spleen content 

Brain content 

Testes content 
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Animal categories Molecular forms Factors affecting 
Indicators of 

bioavailability 

Biochem response 

Plasma content 

Muscle content 

Blood content 

Skeletal content 

 

2.2.1. Factors affecting the bioavailability of selenium in pigs 

o Assessment of bioavailability 

The results of one study performed with six dietary treatments (15 replicates per treatment) for 35 

days, indicated that calcium selenite was as effective as sodium selenite using the measurement 

criteria of growth, serum, and tissue Se concentrations and glutathione peroxidase activities of 

growing swine when fed at approved, marginally toxic, and toxic dietary Se levels 
(81232)

. Other study 

suggested that both Se sources resulted in similar sow reproductive performances at 0.15 ppm Se, but 

sows fed the organic Se source (3 replicates of 7 animals) had a greater transfer of Se to the neonate, 

colostrum, milk, weaned pig, and sow tissues than sows fed inorganic Se 
(79719)

. The concentration of 

selenium in the liver of the pigs supplemented with organic selenium was significantly higher than in 

the pigs supplemented with selenite after supplementation with 0.3 mg Se/kg as sodium selenite for 

103 days 
(80411)

.Se from sodium selenite resulted in higher muscle, heart and brain Se concentrations 

than feeding the higher level of Se as sodium selenite 
(81962)

. It was concluded that Se from Se-enriched 

alga, Chlorella spp. had a lower accumulation in muscle tissue than Se from Se-enriched yeast, and it 

did not affect meat quality administered to pigs for fattening (11-12 replicates per treatment) for 3 

months 
(82866)

. Other investigations showed that pigs fed sodium selenite, maternal selenomethionine 

intake significantly increased the daily weight gain of piglet from birth to weaning, in the 

selenomethionine-treated group (6 replicates per treatment) after 60 days of study. It also helped the 

antioxidant status in pig offspring and her sows, malondialdehyde levels in the serum of sows 

significantly decreased 
(78569, 78575)

. Long- term dietary supplementation (0.3%) of organic Se in pigs 

diets (6 replicates of 6 animals) during 110 days, improved the expression of genes that are related to 

enhanced immunity of pigs 
(78034)

. Regional differences in tissue Se were influenced more by the 

indigenous Se content of the diet (grain) fed to the pigs than from sodium selenite (2-5 replicates) 
(79586)

. 

Slope ratio analysis indicated that the relative bioavailability of organic Se (6 replicates per treatment) 

for percent drip loss and loin and hair Se response was 306, 192, and 197% of that for inorganic Se, 

respectively) 
(79267)

. The correlation coefficient between dietary Se level and hair Se concentration 

averaged 0.9. Higher hair Se concentrations occurred from the lower than from the upper body areas 

(2 replicates of 2 animals) 
(80115)

. 

According to recent publication selenium supplementation (three treatments with 13 replicates of three 

animals) did not affect testis or accessory sex gland sizes. Moreover, Se concentrations found in loin, 

liver, kidney, testis, cauda epididymis and accessory sex glands were greatest in boars receiving 

organic Se, intermediate in boars receiving sodium selenite, and least in control boars 
(78324)

. Colostral 

and milk Se concentrations increased when sows were fed Se from yeast (0.3mg Se/kg diet) but not 

from sodium selenite at same Se concentration during 14 days of lactation (17-18 replicates per 

treatment) 
(79359)

. Similarly, colostral and milk Se concentrations increased as dietary Se levels 

increased particularly when organic Se was fed by sows (2 replicates of 5-6 animals) for 14 weeks of 

study 
(80114)

. From milk and serum Se data, an organic Se source seems to have a higher bioavailability 
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of Se in the milk of adult sows, but inorganic Se has a higher biological activity for glutathione 

peroxidase activity 
(80278)

. 

Plasma GSH-Px activity increased when high dietary Se levels of either Se source was fed. Plasma 

and blood cell Se increased at each period as dietary Se level increased and has been greater when 

organic Se was provided (10 replicate per treatment) 
(80116)

.No differences in GSH-Px activities in the 

whole blood were found between two groups of sows (8 replicates per treatment) fed with 0.3 mg/kg 

of Se from inorganic and organic source 
(83029)

. Supplemental Se at 0.2 mg Se/kg of diet was required 

to support the full expression of three Se-dependent glutathione peroxidases in young pigs (6 

replicates per treatment) 
(80503)

. 

 

o Interactions 

Crossbred weanling pigs were used in a 6-wk trial using a 2 x 2 x 3 factorial arrangement of 

treatments to determine the effects of floor space allowance (.28 and .14 m2/pig), dietary Se (40 and 

200 ppb), and dietary Zn (30, 80, and 250 ppm) on growth performance, clinical pathology 

measurements, serum minerals, and enzymes, liver enzymes, and adrenal weights. Most two-way 

interactions of Se and Zn with floor space allowance were non significant, which suggests that the 

main effects of Se, Zn, and floor space were independent 
(80990)

. 

Riboflavin supplementation and Se source did not alter apparent Se absorption, but B2 

supplementation decreased urinary Se and thus increased Se retention. Also, there has been less 

urinary Se excretion when selenomethionine was the dietary Se source and consequently more Se has 

been retained than when sodium selenite has been the dietary Se source 
(81920)

. 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.2. Factors affecting the bioavailability of selenium in poultry 

o Assessment of bioavailability 

Se concentrations in thigh, shank and cardiac muscles were higher than those of breast and flight 

muscles in chickens fed the basal diet (0.145 mg of Se/kg for 90 days). Compared to the control group 

(10 animals per treatment), thigh and shank muscles Se concentration significantly increased in 

chickens fed 2.0-3.0 mg Se/kg diet, but it was no further significant increase between 3.0 and 5.0 mg 

Se/kg diet 
(78295)

. The Se concentration in the eggshell and the brain and liver of 1-d-old chicks (4 

replicates of 22 animals per treatment) was higher in the high-Se treatments (about 0.5 mg Se/kg 

added) compared with the concentration in the low-Se treatments (<0.1 mg/kg) for 21 weeks of 

treatment 
(79321, 82411, 82484)

. Se concentrations in liver, kidney, pancreas, and breast muscle were greater 

in breeders fed Se-enriched yeast (SY) or selenomethionine (SM), 3 replicates of 30 animals per 

treatment, compared with breeders fed sodium selenite (SS) for 8 weeks, and kidney from breeders fed 

SM were greater Se concentration than that from breeders fed SY 
(78383)

.L-Se-Met and D-Se-Met were 

more effective than sodium selenite for depositing Se in serum and tissues, enhancing the antioxidant 

status and reducing drip loss in chickens for fattening (5 replicates of 40 animals per treatment) 

supplemented at 0.15 mg Se/kg for 42 days 
(78558)

. Other study compared the supplementation source in 

chickens for fattening (6 replicates of 6 animals per treatment) for 20 days. The results indicated that 

Se-yeast supplementation at 0.30 mg/kg of Se in broiler diets resulted in greater tissue Se 

concentrations than sodium selenite and that pGPX3 and tissue Se concentrations remained greater in 

birds previously fed a diet with SY than in those fed SS after being fed a low-Se diet 
(79495)

. A similar 
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experiment conducted with chickens for fattening (4 replicates of 50 animals per treatment) indicated 

that an organic source of Se (at 0.3 ppm Se), such as Se-yeast, increased tissue Se concentration while 

maintaining pGPX3 activity compared with an inorganic source, such as sodium selenite 
(79537)

. 

Sodium selenite at 0.51 mg Se/kg for 24 days increased liver Se content (20 laying hens per treatment) 

more than Se-malt (SM), while the Se content both in blood and kidney not differed significantly 

between the sodium selenite and SM treatments. Se from SM and SS mainly was deposited in the egg 

yolk 
(79655)

. Distribution of selenoprotein W (SelW) and effects of dietary Se levels on the SelWmRNA 

expression in the immune organs of birds, was assessed in 1-day-old male chickens fed either a 

commercial diet or an Se-supplemented diet containing 0.601, 1.058, 1.514, or 2.427 mg Se per 

kilogram, and 1.0, 2.0, 3.0 or 5.0 mg sodium selenite per kilogram for 90 days. The results 

demonstrated that SelW was widely expressed in immune organs of birds and that Se-supplementation 

of the feed increased SelW expression in the thymus and the bursa of Fabricius
(78423)

. 

The effect of supplementing nano Se (0.3- 2.0 mg/kg for 42 days trial) on performance, meat quality, 

immune function, oxidation resistance, and selenium retention was assessed in broilers (6 replicates of 

18 chicks). There were no significant differences in performance, meat colour, or immune organ index 

(thymus, bursa, and spleen) due to supplementation with nano Se. Liver and muscle selenium content 

increased linearly and quadratically as the dietary nano Se level increased, and reached the highest 

value when 2.0 mg/kg of nano Se was fed. Based on a consideration of all experiment indexes, 0.3 to 

0.5 mg/kg is suggested to be the optimum level of supplementation of nano Se, and the maximum 

supplementation of nano Se could not be more than 1.0 mg/kg in broilers 
(78118)

. Another study was 

conducted to assess the effects of dietary Se source (sodium selenite (Na2SeO3), Se yeast, and AMMS 

Se (Se protein)) and level (0.15-0.30 mg Se/kg diet for 21 days) on growth performance, tissue 

selenium concentrations, anti-oxidation and immune functions of broiler chicks (six replicates of five 

birds each) under heat stressed condition. Heat-stressed chicks fed Se-supplemented diets had higher 

average daily feed intake, Se concentrations in liver and breast muscle, liver glutathione peroxidase 

(GSH-Px) activity, serum antibody titers against H5N1(Re-4 strain), H5N1(Re-5 strain) and lower 

mortality compared with the control 
(78107)

. The use of Se-enriched Scenedesmus (0.3 ppm Se) in a 

chicken diet led to an increase of selenium content in breast muscle, the enhancement of GPX activity 

and the reduction of lipid oxidation in meat without any toxic effect on the experimental chickens (10 

animals per treatment) 
(82713)

.The breast muscle Se concentration was increased by Se-Chlorella (0.70 

mg/kg DM; 0.36 mg/kg DM in control) supplementation for 42 days, but not by sodium selenite (0.49 

mg/kg DM) supplementation. The concentration of Se in excreta was highest in the sodium selenite 

group (100 animals per treatment) 
(83095)

. 

Relative bioavailability of the different Se sources (organic and inorganic at 0.1, 0.2 and 0.3 mg Se/kg 

feed) were assessed through muscle transfer efficiency and apparent digestibility in broiler chickens 

(102 per treatment). The different Se sources and levels improved muscle Se concentration compared 

with the control. Results confirmed the higher bioavailability of organic Se sources compared with the 

mineral source and demonstrated a significantly better efficiency of 2-hydroxy-4-

methylselenobutanoic acid (HMSeBA) compared with seleno-yeast (SY) for muscle Se enrichment 
(78066)

. 

The levels of Se and GSH and activity of GSH-Px were seriously reduced by 33.8-96 %, 24.51-27.84 

%, and 20.70-64.24 %, respectively comparing a diet with 0.15mg/kg of Se or a deficient diet with 

only 0.03 mg/kg of Se (60 animals per treatment for 75 days) 
(78091)

.Se concentrations in the low-Se 

group (0.032 mg/kg Se) were significantly lower than in the control group (0.282 mg/kg Se) in a 75 

days trial. Low-Se diet (0.032 mg/kg Se) caused a decrease in the activities of T-AOC, SOD, GSH-Px, 

and an increase in XOD activity and MDA content (80 animals per treatment) 
(78181)

.Group 

supplemented with selenised yeast (10 animals per treatment) at 0.05mg/kg had significantly higher 

GPx activity in comparison to the group supplemented with sodium selenite at the same dose during 4 
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weeks 
(78310)

.The inclusion of 0.3 mg Se/kg into the cock diet (15 chicks per treatment) had a 

significant stimulating effect on GSH-Px activity in seminal plasma, spermatozoa, testes, and 

liver
(80418)

. Other study confirmed that the activities of glutathione peroxidase (GPx) in blood and 

tissues of liver, kidney and duodenal mucosa were significantly increased by Se supplementation, but 

no differences due to form or dose of Se were observed in laying hens (15-50 animals per treatment) 
(83368, 83712)

. The supplement of 0.4 ppm Se increased the activity of SeGSH-Px almost 20 times in 

plasma but only 1.6 times in whole blood of turkeys 
(82118)

.Feed supplementation with sodium selenite 

(0.3 ppm Se for 120 days) did not affect glutathione peroxidase and superoxide dismutase activity, but 

the use of Se-enriched yeast significantly increased the activity of those enzymes in the blood of 

turkeys 
(82856)

. Excess dietary selenium in the range of 5-15 mg/kg of feed (for 55 days) caused 

oxidative stress, which may be mainly responsible for the increased apoptosis of splenocytes in 

chickens for fattening (50 animals per treatment) 
(78735)

.  

The results of other study with Se nanoparticles showed that the range between optimal and toxic 

dietary levels of nano Se was wider than that of sodium selenite, and nano Se was more efficiently 

retained in the body than sodium selenite in laying hens (six replicates of 15 animals per treatment) 
(82409)

. 

o Interactions 

Hg-Se interactions were assessed in 72 chickens (8-12 per treatment) fed under different controlled 

conditions for 42 days. Chickens were exposed to Hg(II) and MeHg (0.2 mg Se/kg feed) added to feed 

with or without selenium supplementation (0.2 mg Se/kg feed). Se distribution changes when MeHg 

and Se were added to the feed were similar to the one found for MeHg, since the formation of high 

and low molecular weight species was observed, which corroborates the mercury-selenium interaction 

in the liver at subcellular level suggested previously. This study provides new information about the 

distribution of Hg and Se in chicken liver after different treatments, emphasizing the relationship 

between mercury and selenium 
(77268)

. Dietary Hg significantly reduced the transfer of [
75

Se]selenite to 

body by enhancing the accumulation of the isotope in the intestinal tissue. Dietary Hg did not affect 

the absorption of [
75

Se]Met, but altered the whole-body distribution of this Se compound
(81667)

. 

Inclusion of T-2 toxin in the chickens' diet (8.1 mg/kg for 21 days) was associated with significant 

decreases in the concentrations of selenium (Se) (by 32.2%)and reduced glutathione (by 56.3%) in the 

liver, as well as a decrease in the hepatic activity of Se-dependent glutathione peroxidase (Se-GSH-

Px) (by 36.8%) in a study with 5 replicates of 4 chicks per treatment 
(77115)

. 

The effect of dietary fat on the availability of selenium was investigated in chicks fed either 4 or 20% 

butter, olive oil, rape oil, corn oil or sunflower oil in the diet for 3 weeks after hatching. The type of 

dietary fat could affect the plasma GSH-Px levels in chicks without altering the intestinal absorption 

of selenite. However, the results on the absorption of the intra-duodenally injected sodium selenite 

suggest that dietary fat plays some role in the intestinal transport of selenium
(81990)

. 

One study was designed to determine the effects of dietary supplementation of different doses and 

forms of Cu, Zn, Fe, Mn and Se on the growth performance and concentration of these elements in the 

breast and thigh muscle of Ross 308 broiler chickens (50 chicks per treatment) at the age of 21, 35 and 

42 days. Unlike sodium selenite, the proteinated form of Se (selenised yeast) was able to build a 

significant deposit of this element in the muscle of broilers at the age of 21, 35 and 42 days
(82786)

. 

Male broiler chickens (3 replicate pens of 30 chickens per treatment) were fed a maize-wheat-soya 

diet supplemented with vitamin C at 280 and 560 mg/kg of diet, and Se (sodium selenite or selenised 

yeast) at 0.3 mg/kg for 5 weeks. Selenised yeast was more effective in the enrichment of meat with Se 

than was selenite. Both Se sources increased the activity of glutathione peroxidase and the oxidative 

stability of the meat 
(76696)

. 
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o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.3. Factors affecting the bioavailability of selenium in bovines 

o Assessment of bioavailability 

One study assessed how a basal diet supplemented with five mg Se daily as Se-enriched yeast (SY) or 

sodium selenite (SS) at 5.0 mg/Se day, affects the fatty acid composition and Se concentration of milk 

from cows (eight cows per treatment). Cows supplemented with SY for 90 days had higher Se levels 

in blood and milk and percentage of PUFA in milk when compared with those supplemented with SS 

(eight cows per treatment). Milk yield, milk component and serum GPx3 activity were not 

significantly affected by Se form 
(76837)

. Selenium-enriched yeast was much more effective than 

sodium selenite in increasing the concentration of Se in blood, colostrum and milk, as well as the 

GSH-Px activity of dairy cows (40 cows per treatment). Cows fed selenium-enriched yeast also 

showed a slower decrease in colostral Se levels 
(78920, 83220)

. Cow Se source (ISe, OSe and MIX) did not 

affect mineral intake, but cows consuming 100 % organic forms of supplemental Se (35 mg/kg as 

OSe) had greater concentrations of blood Se than cows consuming 100 % sodium selenite (35 mg/kg 

as ISe) or a 50:50 blend of ISe and OSe (MIX) 
(77987)

.More Se was found in whole blood, red blood 

cells, serum, and liver of heifers (two replicates of five animals per treatment) provided with three mg 

Se per day of Mix and OSe than ISe heifers, and all were greater than control (0.08 mg Se per day). A 

1:1 mix (1.5 mg Se:1.5 mg Se) of supplemental ISe and OSe is equal to three mg/day OSe 

supplementation and greater than three mg/day ISe supplementation 
(78411)

.  

Table 22. Relative bioavailability of Se sources based on multiple linear regression of Se content in 

liver, kidney and serum. 

Se source Se indices Relative bioavailability 

(%) 

Reference 

Na2SeO3 Liver Se 100 
81556 

CaSeO3 Liver Se 154 
81556

 

Na2SeO3 + carrier Liver Se 109 
81556

 

Na2SeO4 Liver Se 151 
81556

 

Na2SeO3 Kidney Se 100 
81556

 

CaSeO3 Kidney Se 201 
81556

 

Na2SeO3 + carrier Kidney Se 183 
81556

 

Na2SeO4 Kidney Se 285 
81556

 

Na2SeO3 Serum Se 100 
81556

 

CaSeO3 Serum Se 100 
81556

 

Na2SeO3 + carrier Serum Se 100 
81556

 

Na2SeO4 Serum Se 177 
81556

 

 

In dairy cows the inorganic form of this element (20 animals per treatment) was as effective as its 

organic (90 days) form since there were no significant differences between the cows fed organic form 

of Se and those fed inorganic Se with regard to the reproductive and immunological parameters 
(78136)

. 

The CaSeO3 and Na2SeO4 sources resulted in greater Se concentrations in liver and kidney than did 

Na2SeO3. Selenium in liver increased from 1.30 mg/kg (DM) in unsupplemented controls to 10.46 

when 9 mg/kg Se as Na2 SeO3 were fed. Based on linear and multiple linear regression slopes and 
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average increases in serum, liver and kidney Se concentrations, estimated relative bioavailability 

values, corrected for analysed dietary concentration, were 100, 101, 90 and 133 for Na2SeO3, CaSeO3, 

Na2SeO3 + carrier and Na2SeO3, respectively, (see in Table 22) 
(81556)

. 

The incorporation into the diet of ascending concentrations of Se as SY (until 0.50 mg Se/kg) 

increased whole blood total Se and the proportion of total Se comprised as SeMet, as well as GSH-Px 

activity in calves for rearing (eight replicates per treatment). There was also a dose-dependent 

response to the graded addition of SY on total Se and proportion of total Se as SeMet in all tissues and 

GSH-Px activity in skeletal muscle tissue. Furthermore, total Se concentration of whole blood and 

tissues was greater in those animals offered SY when compared with those receiving a comparable 

dose of SS, indicating an improvement in Se availability and tissue Se retention. Likewise, GSH-Px 

activity in whole blood and LM was greater in those animals offered SY when compared with those 

receiving a comparable dose of SS. However, these increases in tissue total Se and GSH-Px activity 

appeared to have little or no effect in meat oxidative stability 
(78995)

. Similarly was reported in other 

study, where the concentration of Se in whole blood and the activity of glutathione peroxidase (GSH-

Px) in the erythrocytes of the cows and calves in the yeast group (30 mg Se/kg as organic Se yeast) 

were higher than in the samples from the animals in the selenite group (70 and 33 replicates per group) 
(80295)

. The Se supplementation non-significantly increased Se concentration in the hepatic and renal 

tissue by 12-17% and 24-26%, respectively, in calves (6 animals per treatment). The activity of GSH-

Px in muscle and liver tissue of Se-supplemented animals at 0.095-0.128 mg/kg was increased by 56% 

and 67%, respectively, compared to the control. Se supplementation at 0.095-0.128 mg/kg increased 

the concentration of Se and the GSH-Px activity in meat, but had limited potential for improving meat 

oxidative stability 
(79186)

. 

To examine factors affecting Se accumulation in beef, 16 steers (four per treatment) were taken from 

seleniferous or nonseleniferous areas and fed in a two x two factorial design with diets high or 

moderate in Se (11.9 or 0.62 mg Se/kg diet). The Se concentrations of all organs except liver were 

significantly affected by Se background and dietary Se intake. Kidney and liver Se concentrations of 

nonseleniferous background steers fed a high Se diet were higher than kidney and liver Se 

concentrations of seleniferous background steers fed a high Se diet 
(77408)

. 

Three Se supplement-dependent gene groups were identified: Inorganic Se-dependent, OrganicSe-

dependent, and Se form-independent. More specifically, both forms of supplementation appeared to 

upregulate mitochondrial gene expression capacity, whereas gene expression of a protein involved in 

antiviral capacity was downregulated in Inorganic Se-supplemented animals, and Organic Se-

supplemented animals had reduced levels of mRNA encoding proteins known to be upregulated 

during oxidative stress and cancerous states 
(78646)

. Se nutritional markers were higher in dams (12 per 

treatment) in the HISe group (I (5.45 ppm) and Se (0.45 ppm) diet), compared to the LISe group (I 

(0.45 ppm) and Se (0.15 ppm)), except for plasma Se
(78428)

. One study did not found that dietary Se 

supplementation (0.3 mg/kg)significantly affects muscle Se levels, glutathione peroxidase activity, or 

susceptibility to lipid and oxymyoglobin oxidation in the presence or absence of vitamin E in cattle for 

fattening (7 animals per treatment) after 55 days trial with -tocopheryl acetate
(80035)

. In a 

radiolabelling study with dairy cows (n=4), when 5000 µg Se were given, the rate of urinary excretion 

and plasma clearance of 
75

Se was similar for both selenite or selenate. Approximately 23% was 

excreted in urine; the amount of 
75

Se excreted in bile was small. At low dosage rates (5 µg) Se was 

more readily incorporated into tissues from SeO3
(2-)

 than from SeO4
(2-)(82174)

. 

Supplementation of 60-120 mg Se/kg in calves‘ diets for 90 days, affected the concentration of T3 and 

the ratio of T3:T4 in plasma of cows. The concentration of T3 in plasma of cows with access to salt with 

20 mg Se/kg was 14% lower than that in cows supplemented with 60 mg Se/kg as selenite or SeY. 
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Plasma IgG in cows and calves, colostrum, and Se concentrations in colostrum, casein, and whey have 

been lowest for cows given salt with only 20 mg Se/kg
(80482)

. 

Heifers (3 replicates of 4 animals per treatment) fed the diets containing WBG (for 112 days) had 

higher Se concentrations at each sampling date throughout the trial than heifers fed corn silage with no 

protein supplement (CSNS). Serum Se concentrations at the end of the study were 0.050, 0.085 and 

0.105 mg/kg, respectively, for heifers fed CSNS, corn silage from WBG (CSWBG) and WBG, corn 

and fescue hay (WBGCH) 
(82158)

. Whole blood Se concentration averaged 11% greater in cows (13-12 

per treatment) fed Se yeast compared with selenite (291 vs. 262±4.5 ng/mL) and serum Se 

concentration averaged 13% greater in cows fed Se yeast (128 vs. 113±5.3 ng/mL) 
(82988)

. These results 

suggested that Se in the selenium-enriched mushroom (Se-SMC) was highly bioavailable to blood and 

tissues of ruminants (5 steers per treatment), especially compared with Se in the sodium selenite at 

0.1-0.9 mg Se/kg for 12 weeks 
(83652)

. 

After the withdrawal of Se supplementation, milk Se concentrations responded quickly to the change 

in the quantity of Se consumed, and again, duration of supplementation had no effect on the response, 

but any effect that Se intake had on milk Se had completely dissipated by four weeks. In contrast to 

milk, blood Se concentrations continued to be affected by both amount and duration of Se 

supplementation for at least four months after the withdrawal of supplementation, although by five 

months the effects of the previous supplementation treatments had virtually disappeared 
(78420)

.Concentration of selenium in milk was increased by treatment and carry over has decreased from 

26 (CTR:0.08 mg Se/kg DM) to 12 (T1: 2.2 mg Se/kg DM) and 9% (T2:4.3 mg Se/kg 

DM)
(78699)

.Increasing dietary Se-Yeast from 0 to 0.5 μg/g elevated milk Se content from 20 to 39 μg/L. 

Se-enriched cow‘s milk at different levels can be produced by varying dietary Se supplementation in 

the form of selenised yeast
(79445)

.Organic Se yeast (3 ppm Se) was much more effective than inorganic 

compounds and increased the concentration of Se in milk within 1 week after the beginning of 

supplementation of dairy cows diets (10 replicates per treatment) 
(80296)

. The results of other study 

demonstrated greater levels of Se in the blood and plasma of cows (12-16 cows per treatment) 

provided Se yeast compared with cows provided selenite (0.31-0.50 mg Se/kg for 140 days), and a 

greater efficiency of transfer of Se from blood into milk resulting in a greater increase in milk Se 

concentration. Selenium source affected the proportion of total Se comprised as SeMet and SeCys in 

blood and milk, indicating further that different Se sources are metabolized by distinctly different 

mechanisms 
(82821)

. 

Selenium speciation showed that while the concentration of SeCys was higher than SeMet in blood of 

dairy cows (10 replicates per treatment), the reverse was true for milk, and that when the dietary 

inclusion rate was increased from 0.3 to 0.45 mg Se/kg DM by the use of SY, the concentration of 

SeMet was markedly increased, 111 v. 157 ng Se/g. Other Se species constituted between 16% and 

36% of the total Se, but little is known of their structure and functionality
(78923)

. 

o Interactions 

One study suggested that dietary S, derived from sugarcane molasses, may antagonize liver tissue 

accumulation of Se in cattle(6 pens/treatment). The Se status of cattle consuming sugar-cane molasses 

was similar when provided 2.5 mg of supplemental Se/d from Na selenite or Se-yeast sources after the 

90 days trial 
(79054)

. 

Treatment of dairy cows (6 animals per treatment) with Se (3 mg/day) and α-tocopherol (3600 mg) 

increased pre-partum serum concentrations of Se and α-tocopherol to 74 ng/ml and 5 μg/ml, 

respectively. However, treatment with Se, α-tocopherol, or both, failed to enhance uterine involution, 

hasten resumption of postpartum ovarian activity or reduce the incidence of clinical postpartum 

abnormalities
(80666)

. 
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In the liver, Cu was positively associated with Se and Cr with Fe. There were significant associations 

between hepatic and renal concentrations of Cd, Co and Se. All the mixed correlations between toxic 

and essential metals were also found in the liver versus kidney
(83652)

. 

Feeding of rapeseed meal did not influence the concentration of Se in blood, GSH-Px activity in blood 

and plasma concentrations of T3 and T4.The presence of rapeseed meal in feed mixtures resulted in a 

reduced content of Se in milk: in groups receiving selenised yeast there was a trend to lower Se 

concentration by 4.19 μg/l while in groups without Se supplement the Se concentration was 

significantly lower by 5.62 μg/l
(83719)

. 

o Incompatibilities 

An in vitro method was used to assess the bioavailability of selenium in cows' milk after different cow 

feed. The bioavailability was statistically greater for cows' milk obtained after supplementation of 

forage with organic selenium at levels of 0.4 and 0.5 µg Se/g than for that obtained after 

supplementation with inorganic and organic selenium at levels of 0.2 and 0.3 µg Se/g 
(77182)

. 

 

2.2.4. Factors affecting the bioavailability of selenium in sheep 

o Assessment of bioavailability 

Selenium supplementation (3-70 ppb) and the duration or timing of nutrient restriction appeared to 

influence the endocrine and metabolic status of the ewe (8 animals per treatment), which could 

influence nutrient transport and placental function 
(78715)

. Heat processing applied to the organic Se 

source affected the bioavailability of the Se, but the heat treatments could not be sufficiently different 

to manifest distinct differences in the metabolism of Se in the body of lambs (10 per treatment)
(83416)

. 

Organic selenium could improve the weight of ewes after weaning, however lamb weight tended to be 

higher with inorganic selenium, however this effect may be related to more lambs per ewe in organic 

selenium group
 (83026)

. The availability of Se from inorganic and organic sources in sheep seemed to be 

influenced by diet composition. Inorganic Se was more readily reduced within the rumen than organic 

Se to forms that were less available 
(80601)

. There was an effect of maternal Se supplementation on lamb 

mortality with increased mortality observed in lambs from HSe ewes. Results from the studies showed 

a restricted maternal plane of nutrition can increase lamb serum IgG concentration 
(78369)

. Weekly 

drenching of ewes with Na-selenite (14.7 and 24.5 mg of Se/wk) was demonstrated as an ineffective 

method to improve Se status of newborn lambs (30 animals per treatment), because of its low 

bioavailability and limited half-life in a one year study
(78315)

. Se supplementation neither at 9.5μg/kg of 

BW nor 81.8 μg/kg of BW had any effect on mammary gland weight, colostrum quantity, or IgG 

concentration in pregnant ewe lambs (80 per treatment) 
(79014)

. One study demonstrated that in sheep 

the feed supplementation with Se (0.3 ppm Se for 14 weeks) from Se-yeast resulted in higher 

absorption of Se from the digestive tract and greater body Se retention than from sodium selenite (SS) 

in lambs (five per treatment). However, the inorganic source of Se was as effective as the organic one 

in supplying this essential trace element for the activity of specific selenoprotein GPx in blood 
(82344)

. 

Furthermore, organic Se sources (selenised yeast and Se-enriched probiotics) were more effective than 

the inorganic Se source (sodium selenite), both at 0.1 ppm Se for eight weeks, in increasing tissue and 

blood Se concentrations and blood GSH-Px activities of lambs (eight per treatment) 
(79180)

. Sheep 

treated with HDP-P expressed an initial surge in blood Se and GSHPx values, which after 36 months 

declined to levels comparable with the control group. In contrast, sheep treated with the HDP-R 

exhibited a more consistent elevation in the blood parameters which persisted for the length of the trial 
(82672)

.  
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Other research indicated that supranutritional dietary Se increases cell numbers in maternal jejunal 

mucosa through increased crypt cell proliferation. No indications of toxicity have been observed in 

any of the Se treatments 
(79070)

. 

The supplementation of organic as well as inorganic Se (0.15 ppm Se) for 90 days was found to 

improve the growth rate, humoral immune response and antioxidant status of the lambs; and between 

two sources, organic Se was more effective than inorganic Se 
(82932)

. However, oxidative stability 

improved marginally with ascending tissue Se content, providing an indication of a linear dose 

response whereby TBARS improved with ascending selenised enriched yeast (SY) inclusion up to 0.3 

ppm Se 
(82986)

. Another study found that on day 30, the TBARS activities in both treated groups (nano 

red selenium and sodium selenite at 1 ppm) were significantly higher than those of the lamb controls 

(5 animals per treatment). These findings may explain the seemingly paradoxical effects of 

supplemental selenium on the indicators of oxidative stress, as the levels of TBARS were generally 

expected to decrease in the presence of selenium 
(78281)

.  

Another investigation concluded that the results of this current study suggest that, at the levels of Se 

used in this experiment, dietary Se has limited potential for improving meat quality, particularly where 

oxidative stability is concerned. Se supplementation can however increase significantly Se levels in 

muscle tissue and allow, particularly when Se-yeast is fed, a source of Se enriched meat as Se-

methionine that may provide a most available form of dietary Se that could be used to improve human 

Se status 
(82982)

. 

Considering the higher storage of selenium in meat and liver of the fattening lambs (16 per treatment) 

receiving organic Se, it was concluded that the Se supply in organic form (0.03 %) has a better 

bioavailability with respect to the inorganic form (sodium selenite)
(82908)

. Other studies showed the 

beneficial effects of organic selenium supplementation (Sel-plex) with moderate dose (200 ppm) on 

growth and fat metabolism probably linked to the improvement of antioxidant systems 
(82940)

. Organic 

Se-yeast had greater bioavailability over a wider dosage range than inorganic Na selenite; similar 

blood-Se concentrations were achieved with 14.7 and 24.5 mg of Se/wk as Na-selenite and 4.9 mg of 

Se/wk as Se-yeast. 
(78314)

. Respect Se-Cys, the results showed an increased in both whole blood and 

tissue total Se concentrations of lambs (10 per treatment) as a result of dietary supplementation with 

high dose of selenised enriched yeast (0.3 ppm Se). Furthermore, distribution of total Se and Se 

species differed between both treatment designation and tissue type. 
(82986)

. 

Bioavailability indicators 

Several authors reported the best biomarker of Se deprivation and nutritional Se up grade in lambs (16 

per treatment) was Se in serum. Moreover, hepatic Se concentrations reliably have reflected the 

upgrade of Se supply within days. It was observed that vital organs were affected by Se deficiency due 

to a decrease of cytosolic GPx activity attenuating the antioxidative system 
(78021)

. It was demonstrated 

that enzyme activity was homeostatically controlled, and selenium was incorporated in that order to 

ensure the maintenance of thyroid hormone homeostasis. Plasma T3 and T4 levels remained similar in 

both groups (treatment at 0.2 ppm Se as sodium selenite for 20 weeks) of lambs (six per 

treatment)
(79422)

.Serum Se increased linearly as dietary Se level increased and responded cubically over 

time. In general, serum, whole blood, and tissue Se concentrations of ewes (seven per treatment) 

receiving 12, 16, or 20 mg of dietary Se/kg were greater than those of controls and ewes receiving less 

dietary Se for 72 weeks 
(79414)

. One study compared the relationship between whole Se and plasma Se 

and to observe how time after commencement of Se supplementation affected this relationship. It was 

concluded that after commencement of Se intake, plasma Se concentration remained relatively 

constant from within 4 days of onset, while whole blood Se concentration apparently reached steady-

state only after approximately 50 days. In a situation where Se intake was stable and Se requirements 
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did not fluctuate, a blood plasma ratio of between 2:1 and 3:1 would be a guideline to indicate that 

whole blood Se and plasma Se concentrations could both be used to assess the Se status of sheep 
(82328). 

Pre-partum sodium selenite supplementation (0.1 ppm Se for 90 days or pregnancy) was important to 

maintain the maternal plasma Se level during gestation and postpartum, milk and lamb plasma Se 

concentrations and improving the body weight gain of the newborn lambs 
(83056)

. Se supplementation 

throughout pregnancy appeared to increase the adiposity of female lambs (12 per treatment) 

throughout early life. Maternal dietary intake, as well as Se supplementation (9.5 ppb - 81 ppm Se), 

could influence insulin sensitivity on postnatal days 
(78544)

. Another publication reported that after the 

short-term exposure of sheep (15 ewes per treatment) to Se-fertilized forage, whole-blood Se 

concentrations were sufficient to maintain adequate levels throughout grazing periods when there is 

limited access to Se supplements 
(82989)

. After dietary treatments with supplemental levels of Se at one-

two ppb for 112 days, selenium in liver, kidney and serum of lambs (four-seven replicates per 

treatment) also increased as time advanced. Serum, liver and kidney were more sensitive to dietary Se 

than were muscle, heart and spleen 
(81557)

.  

No signs of Se toxicosis were observed in lambs regardless of dietary Se concentration of the ewes' 

diet. These results suggest that ewes consuming up to 20 mg/kg inorganic Se may give birth to normal 

lambs, and that the lambs may not suffer from Se toxicosis before weaning. Selenium as sodium 

selenite may be fed to ewes at concentrations greater than the current maximum tolerable levels (2 

mg/kg) without adversely affecting their offspring 
(83372)

. Se concentrations in serum, blood, wool, and 

major organs of lambs (3-4 replicates per treatment) at most times exceeded concentrations previously 

reported in livestock suffering from Se toxicosis (40 ppm Se FM), a pattern of clinical signs of Se 

toxicosis was not observed in this 60 weeks experiment 
(83166)

. 

A diet supplemented with 0.10 mg Se/kg for finishing lambs were able to increase the concentrations 

of Se in tissue and blood, activities of GSH-Px in blood, and levels of interleukins in plasma of ewes 

(14 per treatment).Positive relationships were also detected between maternal plasma and milk Se 

concentration in Se supplemented groups, while negative relationship occurred in the control group. 

Gestational nutrition affects colostrum and milk yield and nutrient content, even when lactational 

nutrient requirements are met
(78421)

. Dietary Se supplementation (0.2-0.4 ppm Se for 14 days) 

significantly improved glutathione peroxidase activity in blood. It was concluded that supplementation 

of Se in lambs had no significant effect on performance and blood haematology, but increased blood 

glutathione peroxidase activity and serum T3 amount and decreased serum T4 amount as compared to 

non-supplemented control lambs (6 per treatment)
(78013)

. 

Excluding skeletal muscle, heart, and wool, Se in other organs and tissues reached apparent steady-

state concentrations 14 to 28 d after commencement of supra-nutritional Se diets.  

Selenium concentrations in skeletal muscle have been accumulated in a linear manner throughout the 

56-d feeding period 
(79568)

. After a dietary treatment with three ppm of Se for ten weeks, the selenium 

concentration in the whole tissues was highest in the liver and lowest in skeletal muscles of lambs 

(three per treatment) in decreasing order 
(80600)

. 

Ruminal fermentation was improved by feeding Nano Selenium (NS) at concentrations of 4 ppm of 

DM for 25 days, and feed conversion efficiency was also increased compared with YS. We concluded 

that nano Se could be used as a preferentially available selenium source in ruminant nutrition 
(78165)

. 

Dairy sheep (two replicates of one animal per treatment) fed diets supplemented with nano particles of 

Se at 0.3, 3 and 6 ppm for 80 days of trial, were tested to assess the urinary excretions. The authors 

concluded the optimum dose of Se (3 mg/kg dietary DM) in the study was higher than NRC 

recommended, and if supplement with other Se sources at this dose could improve feed utilization and 

rumen fermentation is unknown 
(82663)

. 
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o Interactions 

The results of one study indicated large animal and seasonal variability in salt-mineral mixtures intake 

and no significant treatment effects of Ca x P on salt-mineral mixtures intake or on Zn and Se status. 

Zinc addition to salt-mineral mixtures had no effect on Se status of ewes (6 animals with 3 replicates 

per treatment) 
(81945)

. More selenium was incorporated into wool and plasma protein when dietary 

sulphur was limiting (0.5 g S/kg) than when it was not (2 g S/kg) in ewes (2 animals per treatment) for 

35 days dietary treatment 
(82231)

. The decrease of Cu concentration was more marked in animals fed 

organic selenium, in which negative correlation between blood Se and Cu concentrations was seen. 

This indicates possible negative interaction between copper and selenium. On the contrary, addition of 

low doses of selenium in the feeding ration led to significant decrease of zinc levels in the blood of 

experimental sheep 
(82375)

. A strong interaction was found between synchronization and Se 

supplementation, causing a deleterious effect on the reproductive performance of ewes. This negative 

effect, presumably related to high embrionary mortality caused by Se toxicity, should be taken into 

account for oestrus synchronizing in Se-deficient areas 
(79063)

. 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.5. Factors affecting the bioavailability of selenium in goats 

o Assessment of bioavailability 

It was confirmed that both forms of selenium administered in experimental groups (i.e., sodium 

selenite and selenium lactate-protein complex) at 0.43 ppm for four months, had similar biological 

effect in goats. However, results obtained in kids indicated a better effect of supplementation with 

sodium selenite 
(82943)

. Total Se content in whole blood and serum were greater in nano selenium than 

sodium selenite and Se-yeast (0.3 ppm Se for 90 days). Heart, spleen and lung Se concentration were 

not affected by dietary Se sources. Muscle and testis Se content in SY and NS were higher than SS, 

and liver Se in NS was higher than that of SS. Kidney Se level was also affected by dietary Se sources 

in groups of treated goats (ten animals per treatment) 
(82657)

. A different study suggested that even if 

goats were well supplemented with selenium derived from sodium selenite (0.26 mg/day for 112 

days), the Se concentration of milk and cheese could be increased by substituting sodium selenite with 

organic selenium in the form of selenium yeast. Selenium source did not affect neither GPX-1 activity 

nor the Se content of whole blood and plasma. These results seemed to indicate that the efficiency of 

transfer of Se from plasma pool into milk was greater in Se-yeast supplemented goats when compared 

to selenite supplemented goats 
(82980)

. A similar Korean investigation supported that dietary organic Se 

(0.25 ppm Se)could exert a favourable effect on antioxidant ability through enhancing GSH-PX and 

GST activities, which could be associated with increased Se contents in muscle tissues of Korean 

native goats (three replicates of three animals per treatment)
(83324)

.Another study concluded that 

administration of Se (0.9 ppm Se for 28 days) led to an increase in the Se concentration in blood, 

increased the activity of GSH-Px in whole blood and the Se content in hair of goats (five per 

treatment) 
(82654)

.GSH-Px, SOD and CAT activities notably increased in nano selenium supplemented 

group (0.3 ppm Se for 90 days) compared with the other two Se supplementation groups (sodium 

selenite, Se-yeast and control) of goats (ten per treatment) 
(82657)

. 

GSH-Px activity and Se concentration in testis of offspring progressively increased with the increasing 

Se level in diet of dams. However, there has not been significant difference in GSH-Px activity 

between groups (2 mg Se/kg DM) and 4 (4 mg Se/kg DM).It is possible that Se supplementation of the 
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dam‘s diet during gestation and lactation could be a way to supply the Se necessary for normal 

development of reproductive function of their offspring 
(78674)

. A similar study investigated the GSH-

Px activities in goats supplemented with Se at 0.9 ppm Se for 90 days of trial. This supplement 

increased significantly over the course of the experiment (at the end of the experiment it was 1178.0 ± 

127.3 in the AN group and 1030.1 ± 152.3 μkat/L in the ORG group), and the difference between the 

groups was significant. Regarding the dynamics of GSH-Px activity changes during the monitored 

period, a markedly quicker increase in GSH-Px activity was recorded in the AN group - one month 

after the beginning of Se supplementation, compared to three months after the beginning of Se 

supplementation in the ORG group 
(82655)

. GSH-Px activity and Se concentration in testis of offspring 

were progressively increased with the increasing Se level in diet of dams (30 per treatment). However, 

there was significant difference in GSH-Px activity between Groups 3 (2mg Se/kg DM) and 4 (4 mg 

Se/kg DM) during the 174 days of trial 
(78674)

. A recent investigation evaluated the supplementation 

with organic and inorganic Se forms (0.9 ppm Se) on goats for reproduction (nine per treatment).The 

highest concentration was found in the group supplemented with Se-yeast with a high content of 

selenomethionine. The other two organic forms of selenium (proteinate and lactate-protein complex) 

increased the concentration of Se in blood and the activity of GPx to the same extent as the inorganic 

form of selenium. The study concluded that supplementation of mothers with Se, both in organic and 

inorganic forms were sufficient to prevent Se deficiency in kids at the time of weaning
(82437)

. 

Another line of study indicated that maternal and dietary selenium (0.5-4 mg/kg Se DM) had an effect 

on the expression of Sel P and apoER2 in testis of their offspring. In addition, both groups (30 animals 

per treatment) had been similar suggesting that the relationship between Sel P and apoER2, and 

apoER2 had been a receptor of Sel P in the seminiferous epithelium to uptake the selenium 
(78102)

.  

o Interactions 

The serum concentration of Se increased in supplemented does compared with the control ones (ten 

goats per treatment). It seemed that there was a positive correlation between serum Se concentration 

with Cu and Fe levels and also a negative correlation between Se and Zn in treated dose 
(82370)

. 

o Incompatibilities 

(Studies about incompatibilities of iron were not found) 

 

2.2.6. Factors affecting the bioavailability of selenium in fish (Salmonids) 

o Assessment of bioavailability 

A recent study about the bioavailability of Se in fish species concluded that the organs primarily 

involved in selenium handling in fish accumulated a higher percentage of selenocystine. It was also 

found that dietary selenomethionine exposure resulted into a marked increase in selenium burden of all 

major tissues in fish including the brain. Collectively, findings provide new insights into the tissue-

specific distribution and speciation of selenium in fish exposed to selenomethionine via diet 
(76675)

.  

The TR activity/tissue Se ratio was greater for Se-yeast than selenite (25 fish per treatment), but not 

significantly. In all factors assessed, Se bioavailability was greater for organic Se-yeast than selenite. 

Organic Se yeast proved to be highly efficacious, increasing digestibility of overall dietary Se, 

efficiently raising whole body and tissue Se status, as well as increasing TR activity. 
(78835)

.  

About glutathione peroxidase activity was significantly reduced in liver and plasma of Se-deficient 

(0.025 mg Se/kg) fish (60 fish per treatment) but there was no indication, from differential assay, of 
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any non-Se-dependent glutathione peroxidase activity. Glutathione transferase activity was 

significantly increased in Se-deficient trout (0.025 mg Se/kg) 
(81799)

. 

Another similar study showed that crowding conditions caused significant detrimental effects in 

rainbow trout indicated by increased oxidative stress, reduced feed intake and body weight gain. Also 

indicated that dietary Se supplementation (0.15-0.30 ppm Se) offers a feasible way of reducing the 

losses in performance of rainbow trout reared under crowding conditions. Selenomethionine seems to 

be more effective than sodium selenite 
(82857)

. 

A study about stress status in trout (2 tanks of 30 fish per treatment) indicated that during stress Se 

status was more effectively maintained by Se-yeast than selenite. Increased hepatic lipid peroxidation 

in stressed fish fed 8 mg/kg selenite indicates a possible pro-oxidant effect of selenite. A positive 

interaction was observed between dietary selenite and whole body copper, but this interaction was not 

observed with Se-yeast. This study concludes that physical stressors can result in an elevated Se 

utilization and consequently supplementation of commercial diets may be necessary such that Se 

reserves are available as a contingency for stress 
(82909)

. 

With regard to Se, kidney and liver showed a significantly higher concentration compared to the other 

tissues. Se levels in kidney and in muscle did not change significantly with age, whereas a decrease in 

adult specimens was observed in gills, liver, and skin 
(77030)

. 

o Interactions 

 

Se - Hg  

A survey evaluated the relation about Se and Hg levels in trout (ten fish per treatment). Trout fed a 

selenite-supplemented (approximately ten g Se/g for eight weeks) diet augmented the elimination of 

organic mercury from muscles, liver, kidney, bile and erythrocytes, but not from blood plasma, 

compared with trout fed a non-supplemented diet (approximately 1.5 µg Se/g). A total of eight weeks 

exposure to food containing ten µg Se/g increased the selenium concentration in the liver from one to 

26 µg Se/g. Growth rate of the trout was not affected by the selenium exposure 
(77582)

.  

Se - Cu  

A study about interactions of Se and Cu concluded that trout (30 fish per treatment) reared on high 

dietary selenium diets (10 micrograms/g) for 16 weeks had an increased incidence of renal calcinosis. 

In addition, liver copper levels were significantly affected by both dietary selenium and liver glycogen 

content indicating a significant copper-selenium and copper-glycogen interaction in trout. The 

development of renal calcinosis and the copper interactions suggest a variety of toxic effects of 

selenium on trout that may all be responsible for the observed changes in growth and feed efficiency 
(82064)

. 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.7. Factors affecting the bioavailability of selenium in rabbits 

o Assessment of bioavailability 

The Se concentration in the loin and hind leg meat increased by 23.0% and 19.2%, respectively in 

rabbits (six rabbits per treatment) receiving the selenite supplement (0.5 ppm Se). In all supplemented 

groups (Na-Selenite 0.5 ppm Se, Se-methionine 0.001 ppm Se, selenised algae Chlorella 0.00025 ppm 
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Se), the activity of glutathione peroxidase in the loin meat was higher than in control rabbits by 51.9-

72.8% 
(82912)

. Intake of a basal diet containing different levels of Ph2Se2 (0, 0.3, 3 or 30 mg/kg) did not 

change the body weight gain or the final body weight of rabbits (six per treatment). The oral 

administration of Ph2Se2 produced minor toxicological effects in rabbits exposed for a long time. 

Indeed, only the highest Ph2Se2 dose (30 ppm) was able to induce minor changes in biochemical 

markers of oxidative damage, pointing to a relative safety of such compound when administered 

during 8 months in rabbits 
(77099)

. 

o Interactions 

The combined ingestion of Se (0.4 ppm Se as Na-selenite) and vitamin E (150 mg α-tocopheryl 

acetate/kg diet) was assessed in rabbits for fattening for ten weeks. Selenium depletion of the Se 

deficient rabbits (<0.03 mg Se/kg diet) was indicated by a significantly lower plasma Se content (38.3 

± 6.23 μg Se/mL plasma; 42.6 ± 9.77 μg Se/mL; 149 ± 33.4 μg Se/mL; 126 ± 6.45 μg Se/mL) and a 

significantly lower liver Se content (group I: 89.4 ± 18.2 μg/kg fresh matter, group II: 111 + 26.2) as 

compared to the Se supplemented groups III with 0.40 mg Se/kg (983 ± 204) and 0.40 mg Se/kg and 

150 mg α-tocopheryl acetate/kg diet  (926 ± 73.9) 
(80016)

. Se levels in plasma and erythrocyte 

gluthatione peroxidase activity significantly increased in the rich group of rabbits (ten rabbits per 

treatment) reaching levels of 100.4 ng/mL and 14.5 U/g Hb, respectively, in comparison with the 

control 
(80520)

. 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.8. Factors affecting the bioavailability of selenium in horses 

o Assessment of bioavailability 

Plasma and red blood cell Se were highest in horses (five horses per treatment) in the organic Se 

supplemented group, compared with that of inorganic Se supplemented or control groups. Organic Se 

supplementation increased the relative lymphocyte expression of IL-5, compared with inorganic Se or 

no Se. Selenium supplementation increased relative neutrophil expression of IL-1 and IL-8. Other 

measures of immune function were unaffected. Dietary Se content and source appear to influence 

immune function in horses, including alterations in lymphocyte expression of IL-5, and neutrophil 

expression of IL-1 and IL-8 
(78026)

. The results from one study supported the view that SeMet is a non-

specific form of Se that is metabolized as a constituent of the methionine pool, and can be considered 

as a storage form of Se in higher animals. Selenite and Se yeast supplementation increased total Se and 

SeCys in blood and plasma with increases proportional to the level of dietary Se supplementation, but 

only Se yeast increased SeMet in blood and plasma 
(82867)

. 

Mares (five-eight per treatment) fed the grain mix had greater plasma Se than mares on pasture alone. 

Mare and foal plasma GSH-Px concentrations were not affected by treatment of Se (0.3 ppm Se for 

110 days). Foal plasma and muscle Se concentrations were greater when dams were fed the 

supplemental grain mix and supplemental Se (at 0.3 mg/kg DMI) 
(78731)

. In one study with horses (two 

replicates of three animals per treatment), plasma Se results suggested that zinc-L-selenomethionine 

(0.45 ppm Se DM) was more effective at increasing short-term (i.e., d 0 to 28) Se status than sodium 

selenite, however, by day 56 the plasma Se concentrations were similar in horses fed either 

supplemental Se source 
(79358)

. Se yeast was more effective than Na selenite (0.2-0.4 ppm Se) in 

increasing total Se in blood of horses (five per treatment), mainly as consequence of a greater increase 

of the proportion of Se comprised as SeMet, but it did not modify GPX-1 activity. 
(78947)

. In the line, 

plasma SeGSH-Px activity was not significantly affected by dietary treatment (0.05-0.20 ppm Se Na-
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selenite for 12 weeks) on horses (five per treatment). Therefore, this enzyme was not a good indicator 

of dietary Se in the mature horses 
(81868)

. Other study found increased GSH-Px activity with ascending 

concentrations of dietary Se following the supplementary period (0.2-0.4 ppm Se) for 112 days. GSH-

Px activity was better maintained in those horses (16 per treatment) that had received organic Se 

following the withdrawal of Se supplements 
(83246)

. The selenium plasma levels of many horses (71%) 

were lower than the reference for adult horses (100-250 μg/L). The trace element content in hair was 

284±136 μg selenium/kg DM and the content in hooves was 150±107 μg Se/kg DM 
(79982)

. The source 

of dietary Se (Se-yeast or Na-selenite) provided to mares (ten per treatment) could influence the 

immune function of foals at one month of age through changes in relative gene expression of certain 

lymphocyte cytokines 
(82468)

. 

o Interactions 

(Studies about interactions of selenium were not found) 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.9. Factors affecting the bioavailability of selenium in pets 

o Assessment of bioavailability 

The toenail biologic monitor was an accurate surrogate for the assessment of selenium status in pools 

measured in a canine study i.e., prostate, brain, heart, skeletal muscle, and liver (five animals per 

treatment) after treatment with Se supplementation (three-six ppm Se/day) for seven months. 

Moreover, the selenium concentration in muscle biopsy tissue in these subjects was highly correlated 

with their toenail selenium concentration 
(76695)

. Apparent faecal Se absorption was greater in the dogs 

fed both forms of Se, while greater plasma Se concentrations were observed in the cats (three animals 

per treatment) on both the control and supplemented diet (8-9 ppm Se DM). Cats fed the supplemented 

diets had lower hepatic Se concentrations and excreted more Se in urine compared with dogs. 

Furthermore, cats fed the Na2SeO3 supplement had greater Se clearance rates than dogs. There was no 

effect of species on plasma GPx activity. The authors concluded that cats can tolerate greater dietary 

Se concentrations as they were more efficient at excreting excess Se in the urine and storing less Se in 

the liver 
(78238)

. Cats (four per treatment) maintained selenium homeostasis through rapid urinary 

excretion of selenium whilst faecal absorption remained unaffected after three treatment levels (1, 1.5 

and 2 ppm Se DM). Whole blood and plasma selenium concentrations responded only marginally to 

additional selenium supplementation in adult cats fed up to 2 µg/g DM selenium in the form of 

Na2SeO3 and organic bound selenium. GPx in whole blood and plasma also showed a minor response 

to supplementation with both forms of selenium. Urinary excretion may be a highly responsive 

measure for determining selenium status in cats 
(78466)

. When Se from the basal diet was added, the 

breakpoint for serum Se equated to 0.21 mg Se/kg diet. TT3 increased linearly with increasing Se 

intake, whereas TT4 was unchanged. Puppies (six per treatment) fed dietary Se below 0.39 mg Se/kg 

diet had TT4 levels that exceeded normal reference ranges cited for adult dogs 
(79665)

. Plasma total 

thyroxine (T4) increased and total 3,5,3-triiodothyronine (T3) decreased significantly in kittens (six per 

treatment) fed the low-Se diet (0.02 ppm Se) at the end of the study. These results suggested that type 

I deiodinase in cats was a selenoprotein or a selenium-dependent enzyme 
(80005)

. Plasma TT3 increased 

linearly, whereas plasma TT4 and the ratio of TT4: TT3 decreased in a quadratic fashion to dietary Se 

concentration between 0.05 and 0.3 ppm Se for eight weeks. As pet foods for cats (six per treatment) 

contain a high proportion of animal protein with a Se bioavailability of 30%, it was recommended that 

commercial diets for cats contain 0.5 mg Se/kg DM 
(79809)

. 
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o Interactions 

(Studies about interactions of selenium were not found) 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 

 

2.2.10. Factors affecting the bioavailability of selenium in rats/mice 

o Assessment of bioavailability 

In comparison with an inorganic source of Se, the supplementation of the finishing diet with Se yeast 

targeted to achieve 0.3 mg of Se/kg of DM in the complete feed did not affect the growth and 

slaughter performance of bulls (28 per treatment). However, the provision of organic Se throughout 

the finishing period improved the Se status of the young bulls by increasing the Se content and TAS of 

blood 
(78208)

. A recent study evaluated the microbiota diversity and its changes as a result of selenium 

in the diet. These changes in the selenium status were independent of the levels of other trace elements 

in the diet (0.1-2.25 ppm Se). The data shows that dietary selenium affects both composition of the 

intestinal microflora and colonization of the gastrointestinal tract of mice (5-8 per treatment), which, 

in turn, influence the host selenium status and selenoproteome expression 
(76763)

.One study showed that 

plasma Se level was not a good index of Se status in the organism, at least at high levels of selenium 

(2.5 ppm Se). Red blood cell Se seemed to be a more reliable index of Se status and could replace 

plasma Se level in the supplementation trials both in animals (11 rats per treatment group) 
(80704)

. 

Except at the 0.2 mg kg Se level, Se accumulated in all tissues of rats (four per treatment) at higher 

levels when SeMet was fed (1-4 ppm Se) than when selenite was given, and the magnitude of 

difference became more pronounced with increasing levels of dietary Se, particularly true for muscle 

and brain. Although the tissue Se concentrations differed markedly, there were no differences in the 

glutathione peroxidase (GPX) activity in tissues of rats fed SeM rather than selenite. The percentage of 

Se associated with GPX was lower in all tissues from rats fed SeM than in those from rats fed selenite 
(81570)

. A different study with rats (eight per treatment) showed that Se from wheat flour was nearly 

100% available by a number of parameters, including plasma, liver, kidney, and muscle Se 

concentrations and liver and erythrocyte Se-dependent enzyme activities when compared with similar 

measures in rats fed Na Selenite or SeMet (5-150 ppb Se). Se from wheat shorts was only about 85% 

available and that from wheat bran was about 60% available for absorption 
(77136)

. Different studies 

evaluated the selenium bioavailability in rats/mice 
(78517, 78762)

. They determined it on the basis of the 

restoration of Se-dependent enzyme activities and tissue Se concentrations in Se-depleted rats (6-8 rats 

per treatment). Dietary supplementation with the protein isolate or tofu resulted in linear or log-linear, 

dose-dependent increases in glutathione peroxidase activities in blood and liver and in thioredoxin 

reductase activity in liver. Furthermore, supplementation with the protein isolate or tofu resulted in 

linear or log-linear, dose-dependent increases in the Se concentrations of plasma, liver, muscle and 

kidneys. These results indicated an overall bioavailability of approximately 101% for Se from the 

protein isolate and 94% from tofu, relative to SeMet. The conclusion was that Se from naturally 

produced high-Se soybeans was highly bioavailable in that model and the high-Se soybeans could be a 

good dietary source of Se. 

The bioavailability of Se in retentate (75 ppb Se for 42 days), as assessed by slope ratio analysis using 

selenite as a reference Se, were 89 and 112% in the tissue Se content and 106-133% in the GSH-Px 

activities. SeSp and P exhibited a gross bioavailability of <100% in rats (20 per treatment). These 

results indicate that Se in retentate is highly bioavailable and represents an interesting source of Se for 

food supplementation 
(77411)

.Based on slope-ratio analyses, the bioavailability of Se-methionine and 
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Se-yeast was greater than that of selenite in both lactating dams and their nursing pups (eight per 

treatment). A dietary level of 0.25 ppm Se as Se-methionine ensured maximal GSH-Px activity in both 

dam and pup tissues, but 0.5 ppm Se was necessary when selenite or Se-yeast was fed 
(81700)

. 

Supplementation with peas or oats resulted in linear or log-linear, dose-dependent increases in Se 

concentrations of plasma, liver, gastrocnemius muscle, and kidneys. The overall bioavailability was 

approximately 88% for Se from yellow peas and 92% from oats, compared to SeMet. It was concluded 

that Se (20-40 ppb) from naturally produced high-Se yellow peas or oats was highly bioavailable in 

this model (6-12 rats per treatment) and that these high-Se foods could be a good dietary source of Se 
(78412)

. The proportion of selenium in plasma selenoprotein P, a putative selenium-transport protein, 

reflected the long-term selenium status of rats (three per treatment) and varied from approximately 11-

58% depending on the level of selenium supplementation (0.1-1.0 ppm for 21 days). Turnover of 

selenium from this protein was affected by the dietary selenium of the rats 
(82010)

. Excretion of 

trimethyl selenonium ion (TMSe) in urine increased rapidly, representing 35-40% of urinary Se in the 

supplemented rats (four-five per treatment) compared with only 2% for the control group. 

Supplemented rats (4 μg Se/mL as selenite) had only a modest increase in whole body Se (94±4 μg Se 

vs. 66±3 in controls). Calculation of Se balance in the supplemented rats showed that -35% of ingested 

Se could not be accounted for by urine plus faecal losses combined with the portion retained in the 

carcass. The results from this study demonstrated that under the condition of supplementation at four 

μg of Se/mL of drinking water, pathways other than urinary and faecal excretion could account for a 

substantial portion of Se loss 
(81391)

. 

o Interactions 

In a 3 x 3 factorial study, it was observed that the influence of dietary copper concentration on 

selenium metabolism depends on the amount of selenium in the diet. In rats fed either the low (0.03 

mg/kg) or normal (0.05 mg/kg) amounts of selenium for 4 weeks, higher intakes of copper decreased 

the apparent intestinal selenium absorption and increased urinary selenium excretion. The effects of 

copper on selenium absorption, excretion and retention were not seen in rats fed the high-selenium 

(1.0 mg/kg) diets. An increase in dietary copper concentrations elevated selenium concentrations in 

the liver and kidneys, but slightly lowered those in the spleen of rats (six per treatment) that were fed 

the diets with the normal level of selenium 
(80053)

. Supplementation of 0.3 mg Se/kg and/or 10.0 mg 

Cu/kg with 40 mg Zn/kg for 120 days had no effect on blood metabolic profile in buffalo calves (five 

per treatment), except the ratio of T4 and T3 hormone which indicated that selenium plays an important 

role in converting T4 hormone to T3 which was more active form of thyroid hormone 
(78325)

. 

o Incompatibilities 

(Studies about incompatibilities of selenium were not found) 
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2.3. Data quality assessment  

The results from quality assessment are summarized in Table 23 and extensively given in Appendix 

VII.E. Most of the manuscripts included in the search answered at well or medium level of quality 

from the quality data questions. Only few of them responded with bad quality or without enough 

information about. 

Table 23. Summary of percentage of studies in each answering category 

Quality data questions % of studies 

 ~ 

1. Do the objectives address the ELS 

questions? 
72.3 27.7 0.0 

2. Was the methodology fitted to the purpose of 

the study? 
63.0 36.6 0.4 

3. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
45.1 51.5 3.4 

4. Was the study design fitted to some 

harmonized protocol? 
16.2 83.4 0.4 

5. Were doses analytically confirmed? 34.5 57.9 7.7 

6. Was background of the samples analysed? 50.6 49.4 0.0 

7. Were the treatments randomly allocated? 43.4 54.9 1.7 

8. Was the sample size justified? 0.4 99.6 0.0 

9. How were statistical methods details and 

analysis units? 
20.4 79.1 0.4 

10. Was there incomplete or missing data? 30.6 65.5 3.8 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, based on title and abstracts, a total of 4625 articles were excluded to be 

completely unrelated with the search objectives (not about selenium, not about the animal species, not 

about bioavailability issues). Finally, 1309 articles were retained to be potentially related with the 

search questions. In case of doubt or few/not information exposed in the abstract, the articles were 

automatically retained to the next level. The full-text of 240 studies was used for data extraction to be 

highly fitted with the objectives, while 782 were excluded and 287 are pending to be found. Studies 

assessing incompatibilities of Se were not found in the search. 

Most of the studies retained in the selection, assessed bioavailability issues of Se on poultry (n=55), 

bovines (n=49), sheep (n=44) and pigs (n=38). Less studies were found concerning rats and mice 

(n=15), goats (n=10), fish (n=9), horses (n=9), pets (n=7) and rabbits (n=4). 

The studies included in the ELS used mainly the selenium supplementation as sodium selenite, 

selenium methionine, selenium cysteine and selenium yeast, as well as, selenium nano forms. 

The content of selenium in target organs (liver, kidney, muscles, testis or thymus), biological fluids 

(blood, urine or milk), gene expression, animal performance, apparent digestibility and relative 

bioavailability, were the most reported indicators of selenium bioavailability. In pigs, the maternal 

selenomethionine intake improved Se concentration and antioxidant status of sows, thus maintaining 

the maternal health and increasing the productive performance. For poultry, most bioavailability 

studies refer to the immune system. In bovines, most studies were focused on detailing lipid 

metabolism when comparing diets at different Se dosages, as well as provided by organic and 

inorganic forms of Se. Although there was almost a complete lack of studies in fish, the few existing 

ones were aimed at studying the effects of Se on the genetic expression and the immune system 

homeostasis. 

Riboflavin supplementation and Se source did not alter apparent Se absorption, but B2 

supplementation decreased urinary Se and thus increased Se retention in pigs. Dietary Hg did not 

affect the absorption of [
75

Se]Met, but altered the whole-body distribution of this Se compound in 

poultry. Inclusion of T-2 toxin in the chickens' diet was associated with significant decreases in the 

concentrations of selenium in the liver. The results on the absorption of the intra-duodenally injected 

sodium selenite suggest that dietary fat plays some role in the intestinal transport of selenium. 

Significant associations between hepatic and renal concentrations of Cd, Co and Se were found in 

bovines. Zinc addition to salt-mineral mixtures had no effect on Se status of ewes. A strong interaction 

was found between synchronization and Se supplementation, causing a deleterious effect on the 

reproductive performance of ewes. Other study suggested that could be a positive correlation between 

serum Se concentration with Cu and Fe levels and also a negative correlation between Se and Zn in 

treated dose. Interactions of Se with Hg and Cu were assessed with trout. An increase in dietary 

copper concentrations elevated selenium concentrations in the liver and kidneys, but slightly lowered 

those in the spleen of rats. 
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PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (Selenium 

OR Seleno* OR Selenite OR Selenate) AND (Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) 

AND (*availab* OR Absor* OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR 

Transport OR *accumul* OR Deposition OR Storage OR Release OR Homeostasis OR Speciation OR 

Digest* OR *access* OR Excretion OR Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR 

Status OR interact* OR incompatib*) AND (*indicat* OR Performance OR *monitor* OR *mark* 

OR Organ$ OR Tissue$ OR Hair OR Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur 

OR Toe OR Gut OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR 

Leukocyte OR Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide 

dismutase‖ OR Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-

iodothyronine deiodinase‖ OR Glutathione) 

 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY(Selenium OR Seleno* OR 

Selenite OR Selenate) AND TITLE-ABS-KEY(nutr* OR feed OR addit* OR supplement* OR diet*) 

AND TITLE-ABS-KEY(*availab* OR absor* OR uptake OR metabol* OR *activity OR *efficacy 

OR distribut* OR transport OR *accumul* OR deposition OR storage OR release OR homeostasis OR 

speciation OR digest* OR *access* OR excretion OR secretion OR "Biological value" OR "Nutritive 

value" OR status OR interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance 

OR *monitor* OR *mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking 

strength" OR tibia OR femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR 

pancrea* OR blood OR leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma 

OR "Superoxide dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" 

OR "5-iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "MEDI") OR 

EXCLUDE(SUBJAREA, "NEUR") OR EXCLUDE(SUBJAREA, "IMMU") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "DENT") OR 

EXCLUDE(SUBJAREA, "ENVI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "PHYS") OR EXCLUDE(SUBJAREA, "NURS") OR 
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EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENGI") OR 

EXCLUDE(SUBJAREA, "CENG") OR EXCLUDE(SUBJAREA, "MATE") OR 

EXCLUDE(SUBJAREA, "ENER") OR EXCLUDE(SUBJAREA, "SOCI") OR 

EXCLUDE(SUBJAREA, "PSYC") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "COMP") OR EXCLUDE(SUBJAREA, "BUSI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Selenium OR Seleno* OR Selenite OR Selenate) AND 

Topic=(Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND Topic=(*availab* OR Absor* 

OR Uptake OR Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR 

Deposition OR Storage OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR 

Excretion OR Secretion OR "Biological value" OR "Nutritive value" OR Status OR interact* OR 

incompatib*) AND Topic=(*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR 

Tissue$ OR Hair OR Nail$ OR Bone$ OR "Breaking strength" OR Tibia OR Femur OR Toe OR Gut 

OR Intestine OR Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR 

Erythrocyte OR Serum OR Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR 

Ceruloplasmin OR ―Cytochrome oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine 

deiodinase‖ OR Glutathione) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of the 

study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Experimental procedure provides precise details (i.e. 

how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 
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(QA) Was the sample size justified? Yes, using sample size formulas 

  Only informal guesses 

  No details in the text 

(QA) How were statistical methods details and analysis 

units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) There was incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: 
Q.1. Which factors affect the 

bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 

  ACETATE 

  LACTATE 

  FUMARATE 
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  OTHERS 

This(ese) form(s) is(are) legislated by EC? YES 

  NO 

  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration units)   

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ Fresh 

matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 

 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 

  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 
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  Physiological factors 

  Others 

Study Type TRO (In vitro ) 

  INV (In vivo) 

  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have benefit 

in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 

  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 

  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 
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  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 

  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 

reproduction) 

  7.4. Rabbits. Breeding does (in order to 

have benefits to young rabbits) 

  8. Horses 

  9. 1. Pets and other non food-producing 

animals. Dogs 

  9. 2. Pets and other non food-producing 

animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 

  Egg content 

  Breaking Strength 

  Bone content 

  Biochemical response 

  Urine content 

  Milk content 

  Bile content 

  Serum content 

  Plasma content 
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  Erythrocyte content 

  Thyroid response 

  Other 

In the study are assessed... Interactions 

  Incompatibilities 

  Other 

Enter the name of the combinations assessed, e.g. 

"selenium methionine-phytates" 
  

Interaction Results (Enter the parameter by means of which 

the interactions and/or incompatibilities were assessed) 
  

The method to assess the interaction/incompatibility is... Qualitative 

  Quantitative 

  Other 

The effect of the interaction/incompatibility is ... Synergistic 

  Additive 

  Less than additive 

  Antagonistic 

  Other 

The overall document is.... Conclusive 

  Inconclusive 

Enter comments   
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Appendix VII.D includes the tables of the most relevant results concerning bioavailability issues 

of each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. Nº treatments (replicates/treatment). The number of animals per treatment, number 

of replicates by treatment or the number of animals by replicate is detailed in this section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table VII.D.1. Pigs 

Study code 78034 

Year 2013 

Animal Category  1.2. Pigs. Piglets (weaned) 1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 2 treatments (6 replicates of 6 animals per treatment) 

Diet Background Analysed. 0.18 mg/kg  

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) CON (negative control, no added selenium (Se) (contained 0.18 mg/kg indigenous Se). 2) OS (0.36 mg/kg added selenium from selenium enriched yeast) (contained 0.54 

mg/kg Se). Duration: 110 days 

Response criteria Biochemical response: immunity related genes. Other: gene expression related with immunity 

Results Long- term dietary supplementation (0.3%) of organic Se improves the expression of genes that are related to enhanced immunity of pigs in leukocytes from Se-fed pigs and 

those include major histocompatibility class I, arginase I, integrin beta-1-subunit, toll like receptor 2 and double-stranded RNA-dependent protein kinase. Many of gene 
activities found in Se-fed pigs (0.36 mg/kg) have indicated that dietary Se may modulate multiple physiological pathways, for example, immune responses, inflammatory 

response, oxidative stress status and cholesterol metabolism, providing benefits to pigs‘ health and performances. 

 
Study code 78157 

Year 2012 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 3 treatments (8 animals per treatment) 

Diet Background Analysed. 0.02 and 0.01 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Other  

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments 1) Se-deficient (0.02 mg Se/kg), basal diet 2) Basal diet + 0.3 mg Se/kg as Se-enriched yeast3) Basal diet + 3.0 mg Se/kg as Se-enriched yeast Duration: 16 weeks. 

Response criteria Liver and plasma content. Other : selenoprotein genes 

Results The final plasma and liver Se concentrations have been 90 and 86% lower in pigs fed BD and 1.4- and 2.7-fold higher, respectively, in pigs fed 3.0 mg Se/kg than those in pigs 

fed 0.3 mg Se/kg for 3 weeks. Dietary Se affected 2, 3, 3, 5, 6, 7, 7, and 8 selenoprotein genes in muscle, hypothalamus, liver, kidney, heart, spleen, thyroid, and pituitary, 

respectively. Protein abundance of Gpx1, Sepp1, Selh, and Sels in 6 tissues has been regulated by dietary Se concentrations in 3 ways. Compared with those fed 0.3 mg Se/kg, 
pigs fed 3.0 mg Se/kg for 16 weeks have become hyperinsulinemic and have had lower tissue levels of serine/threonine protein kinase. 

 
Study code 78324 
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Year 2012 

Animal Category  1.6. Pigs. Sows, in order to have benefit in piglets : boars 

Nº treatments (replicates/ treatment) 3 treatments (13 replicates of 3 animals per treatment) 

Diet Background Analysed. 0.131-0.331 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation source. 

Composition Diets/treatments 1) Basal diets with no supplemental Se (controls). 2) Basal diets supplemented with 0.3 mg/kg of organic Se. 3) Basal diets supplemented with 0.3 mg/kg of sodium selenite  

Response criteria Liver, kidney, testis, sex glands, loin content 

Results Selenium supplementation did not affect testis or accessory sex gland sizes. Concentrations of Se in loin, liver, kidney, testis, cauda epididymis, and accessory sex glands were 

greatest in boars receiving organic Se, intermediate in boars receiving sodium selenite, and least in control boars. Microarray analysis of testis gene expression did not detect 

differences due to dietary treatment. Testis gene expression of glutathione peroxidase 4, as determined using quantitative PCR, was increased in boars fed organic Se compared 
with those fed sodium selenite. In summary, dietary supplementation of boars with organic Se failed to alter ADG or ADFI but enhanced G:F during grow-finish. More 

research is needed to discern the mechanism by which organic Se improves feed efficiency in boars. 

 
Study code 78569 

Year 2011 

Animal Category  1.6. Pigs. Sows, in order to have benefit in piglets  

Nº treatments (replicates/ treatment) 2 treatment (6 replicates per treatment) 

Diet Background Analysed 0.3 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Two groups received the same basal gestation and lactation diets containing 0.04 mg Se/kg, supplemented with 0.3 mg Se/kg sodium selenite and selenomethionine. Duration: 
60 days. 

Response criteria Liver, kidney, pancreas, milk, serum, muscle, thymus, and thyroid content 

Results Compared with sodium selenite, maternal selenomethionine intake significantly increased the daily weight gain of piglet from birth to weaning. The Se concentration in the 

colostrum and milk and tissue Se content of piglets were significantly higher in the selenomethionine-treated group. The antioxidant status was greatly improved in piglets of 
selenomethionine-treated group and was illuminated by the increased total antioxidant capability, glutathione peroxidase, superoxide dismutase, and glutathione, and decreased 

the malondialdehyde level in the organs of piglets. The increased triiodothyronine (T3) and decreased thyroxine (T4) concentration indicated the improved protein synthesis and 
energy production in the selenomethionine-treated group. The increased pancreatic digestive enzymes of protease, amylase, and lipase activities indicated that maternal 

selenomethionine intake may have a positive effect on the degradation and absorption of nutrients in its piglets.  

 

Study code 78575 

Year 2011 
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Animal Category  1.1. Pigs. Piglets (suckling) ,1.5. Pigs. Sows for reproduction 

Nº treatments (replicates/ treatment) 2 treatment (6 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Two groups received the same basal gestation and lactation diets containing 0.042 mg Se/kg, supplemented with 0.3 mg Se/kg sodium selenite. Duration: 60 days. 

Response criteria Milk, Serum, and colostrum content 

Results Compared with sodium selenite, maternal selenomethionine intake significantly increased the weaning litter weight and average weight of piglet. The Se concentration in the 

serum, colostrum, and milk of sows were significantly higher in the selenomethionine-treated group. The antioxidant status was greatly improved in sows of selenomethionine-

treated group and was illuminated by the increased total antioxidant capability and decreased malondialdehyde level in the serum of sows, increased T-AOC, glutathione (GSH) 
peroxidase, superoxide dismutase and GSH, and MDA level in the colostrum and milk of sows. These results suggested that maternal selenomethionine intake improved Se 

concentration and antioxidant status of sows, thus maintain maternal health and increase productive performance after Se was transferred to its offspring 

 
Study code 79267 

Year 2007 

Animal Category  1.4. Pigs. Pigs for fattening : growing-finishing pigs 

Nº treatments (replicates/ treatment) 5 treatments (6 replicates of 6 animals per treatment) 

Diet Background Analysed. 0.175; 0.180; 0.189; 0.181 ppm 

Units’ basis of diets and/or results Diet - Other : as fed basis Results - Other  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Negative control without added Se (NC) 2) Basal diet + 0.1 mg/kg of added Se from Se-yeast (OS1) 3) Basal diet + 0.2 mg/kg of added Se from Se-yeast (OS2)4) Basal diet 
+ 0.3 mg/kg of added Se from Se-yeast (OS3) 5) Diet + 0.3 mg/kg of added Se as sodium selenite (IS). Duration: were fed until the pigs reached market weight (from 34.4 ± 

0.06 kg of BW to 129.9 ± 1.4 kg of BW). 

Response criteria Animal Performance: growth and carcass characteristics. Liver, loin, hair, blood, and serum content. Relative bioavailability 

Results Growth performance has not been differed among treatments. Percent drip loss of the NC pigs was greater (2.41 vs. 1.75) compared with pigs supplemented with Se. Pigs fed 
diets with added Se had greater Se concentrations in the liver (0.397 vs. 0.323 ppm), loin (0.236 vs. 0.132 ppm), serum (0.087 vs. 0.062 ppm), and hair (0.377 vs. 0.247 ppm) 

compared with the NC pigs. Percentage drip loss has been linearly reduced as dietary organic Se concentration increased. Liver Se concentrations of pigs fed the IS diet (0.3 

mg/kg of added Se as sodium selenite) did not differ (0.400 vs. 0.323 ppm; P = 0.066) from liver Se concentration of pigs fed the NC diet. Pigs supplemented with Se had 
greater serum Se concentrations (0.087 vs. 0.062 ppm) than pigs fed the NC diet. Slope ratio analysis has indicated that the relative bioavailability of organic Se for percent drip 

loss and loin and hair Se response was 306, 192,and 197% of that for inorganic Se, respectively.  

 

Study code 79359 

Year 2006 
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Animal Category  1.1. Pigs. Piglets (suckling) ,1.5. Pigs. Sows for reproduction : and their piglets 

Nº treatments (replicates/ treatment) 3 treatment (18 or 17 replicates per treatment)  

Diet Background Estimated. 0.20 ppm Se 

Units’ basis of diets and/or results Diet - Other : as-fed basis. Results - Other  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Negative control diet containing 0.20 to 0.23 mg/kg Se2) Diets + 0.3 mg/kg Se from sodium selenite3) Diets + 0.3 mg/kg Se from Se yeast. Duration: from 60 d prepartum 
until 14 d of lactation 

Response criteria Animal and reproductive performance of sows. Milk, colostrum and serum Se content.  

Results Serum Se in sows have declined throughout gestation and gradually increased during lactation. Sows fed Se yeast (0.3mg Se/kg diet) have tended to have greater serum Se at 

farrowing than sows fed unsupplemented diets. Colostrum and milk (d 14) Se concentrations increased when sows were fed Se from yeast (0.3mg Se/kg diet) but not from 
sodium selenite at same Se concentration. At birth, serum Se was increased for pigs whose dams were fed Se yeast (0.3mg Se/kg diet) compared with pigs from sows fed the 

basal diet (0.20 to 0.23 ppm Se). At 14 d of age, there was no difference in serum Se concentration of pigs from dams fed any of the treatments. Pig serum immunoglobulin G 

concentrations and glutathione peroxidase-1 activity have been unaffected by dietary Se source. Supplementation of gestating and lactating sow diets with Se (0.3 ppm) from an 
organic or inorganic source have reduced the number of stillbirths per litter. However, only pigs born to sows fed organic Se (Se yeast) had greater serum Se at birth. Organic 

Se increased Se concentration of colostrum and 14-d milk to a greater degree than inorganic Se. 

 

Study code 79586 

Year 2005 

Animal Category  1.4. Pigs. Pigs for fattening : grower-finisher pigs 

Nº treatments (replicates/ treatment) 19 states.(2 to 5 replicates per state) 

Diet Background Analysed from 0.227 to 0.651 mg/kg 

Units’ basis of diets and/or results Diet - Other : as-fed basis. Results - Fresh matter (FM) 

Factors affecting// combinations Geographical regions 

Composition Diets/treatments Dietary Se (as fed basis): from 0.227 mg/kg to 0.651 mg/kg. Selenite added: from 0 to 0.30 mg/kg depending the region 

Response criteria Liver, hair, loin and heart content 

Results The results have demonstrated differences in tissue Se among states, with high correlations of dietary Se to loin, heart, liver, and hair Se concentrations. The correlation of hair 

Se to the Se concentration of loin, heart, and liver tissues has been high. The results indicated that regional differences in tissue Se were influenced more by the indigenous Se 
content of the diet (grain) fed to the pigs than from sodium selenite. 

 

Study code 79719 

Year 2004 

Animal Category  1.1. Pigs. Piglets (suckling) ,1.5. Pigs. Sows for reproduction 
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Nº treatments (replicates/ treatment) 6 treatments (3 replicates of 7 animals per treatment) 

Diet Background Estimated 200mg/kg  

Units’ basis of diets and/or results Diet - Other : as-fed basis. Results - Fresh matter (FM),Outcomes - Other  

Factors affecting// combinations Duration, dose and source supplementation 

Composition Diets/treatments A 2×2+2 factorial arrangement:1) Treatment 1 were fed basal diets containing no supplemental Se. 2) Treatments 2: basal diet + organic Se (Se yeast) at 0.15 ppm Se.3) 

Treatments 3: basal diet + organic Se (Se yeast) at 0.30 ppm Se4) Treatments 4: basal diet + inorganic Se (selenite) at 0.15 ppm Se.5) Treatments 5: basal diet + inorganic Se 
(selenite) at 0.30 ppm Se.6) Basal diet + organic Se (Se yeast) at 0.15 ppm Se + inorganic Se (selenite) at 0.15 ppm Se. Duration: gilts were started on one of the six treatment 

diets at 27.6 kg BW and continued through a four-parity period. 

Response criteria Animal performance : gilt growth and sow reproductive performance. Liver, pancreas, loin, serum content Glutathione peroxidase (GSH-Px) activity 

Results Serum Se and GSH-Px activity increased for both Se sources to 0.30 ppm Se during the grower and reproductive periods. Serum Se and GSH-Px activity decreased from 70 to 
110 d postcoitum in all treatment groups, but increased at weaning in the Se-fortified groups with 0.15 or 0.30 mg Se/kg. The number of pigs born (total, live) has increased 

with the 0.15 ppm Se level for both Se sources (organic or inorganic). Tissue and total body Se content of 0-d-old pigs have increased with Se level and also when the organic 

Se source has been fed to the sow. When sows were fed either Se source, pig serum Se and GSH-Px activity has increased at weaning. Colostrum and milk Se concentrations 
increased with Se level for both Se sources, but have been substantially greater when sows have been fed organic Se. The combination of Se sources had sow milk and tissue Se 

values that were similar to those of sows milk and fed 0.15 ppm organic Se. The fourth-parity sows had greater tissue Se concentrations when organic Se level has been 

increased (from 0.15 to 0.30 mg/kg), more so than when sows were fed inorganic Se. These results suggested that both Se sources resulted in similar sow reproductive 
performances at 0.15 ppm Se, but sows fed the organic Se source had a greater transfer of Se to the neonate, colostrum, milk, weaned pig, and sow tissues than sows fed 

inorganic Se. 

 

Study code 79770 

Year 2004 

Animal Category  1.5. Pigs. Sows for reproduction : foetus and newborn piglets 

Nº treatments (replicates/ treatment) 2 treatment (21 replicates per treatment) 

Diet Background Analysed 0.39 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) Results Fresh matter (FM), Outcomes - Other  

Factors affecting// combinations Supplementation dose and source Others factors : Maternal Intake 

Composition Diets/treatments 1) Adequate Se(0.39 mg Se/kg) 2) Low Se (0.05 mg Se/kg) Duration: 114 days 

Response criteria Liver maternal whole blood whole-foetus content 

Results Concentrations of Se in maternal whole blood and liver have decreased during gestation in sows fed the low-Se diet (0.05mg Se/kg) compared to sows fed the Se-supplemented 

diet. Maternal intake of Se had not affected the concentration of Se in the whole foetus; however, the concentration of Se in foetal liver has decreased in foetuses of sows fed 
the low-Se diet (0.05mg Se/kg). Although foetal liver Se has decreased in both treatments as gestation progressed, the decrease has been greater in liver of foetuses from sows 

fed the low-Se diet (0.05mg Se/kg). Dietary Se did not affect concentrations of Zn in maternal whole blood or liver or in the whole foetus and foetal liver. The concentration of 

Se in foetal liver has been lower but the concentration of Zn has been greater than in maternal liver when sows have been fed the adequate Se diet.  
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Study code 79771 

Year 2004 

Animal Category  1.5. Pigs. Sows for reproduction : and neonates 

Nº treatments (replicates/ treatment) 2 treatments (21 replicates per treatment) 

Diet Background Analysed 0.39 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Se-adequate (0.39 mg Se/kg) 2) Se-deficient (0.05 mg Se/kg) gestation diets. Duration: 6 weeks prior to breeding. 

Response criteria Liver content: maternal and Foetal liver, Biochemical response: protein content of liver, GPx activity, hydrogen peroxide, MDA, Hydrogen Peroxide and Total Lipid Peroxides 

Results Concentrations of Se in maternal liver decreased during gestation in gilts fed the low-Se diet (0.05mg Se/kg 6 weeks prior to breeding). The activity of cellular glutathione 

peroxidase (GPx) decreased at d 30 and 45 of gestation in liver of gilts fed the low-Se diet (0.05mg Se/kg 6 weeks prior to breeding). Concentrations of malondialdehyde 
(MDA) and hydrogen peroxide (H2O2) have been greater in liver homogenates from gilts fed the low-Se diet. Within the foetuses, liver Se decreased in those foetuses of gilts 

fed the low-Se diet (0.05mg Se/kg 6 weeks prior to breeding). Although the activity of GPx in foetal liver has not been affected by the maternal diet, concentrations of H2O2 

and MDA in foetal liver have been greater in foetuses from gilts fed the low-Se diet. Maternal liver GPx activity has been approximately 12-fold greater than foetal liver GPx 
activity regardless of dietary treatment.  

 

Study code 80114 

Year 2001 

Animal Category  1.5. Pigs. Sows for reproduction 

Nº treatments (replicates/ treatment) 8 treatments (2 replicates of 5 or 6 animals per  treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed. Results - Fresh matter (FM) 

Factors affecting// combinations Dose and source supplementation 

Composition Diets/treatments 2 × 4 factorial arrangement in a randomized complete block design. Inorganic Se (sodium selenite) or organic (Se-yeast) Se were added to diets at 0.3, 3, 7, or 10 ppm 

Se.Duration: grower phase (6 weeks) and finishing phase (8 weeks) 

Response criteria Animal performance, liver, kidney, pancreas, spleen, hair, milk, bile, lung, loin, hoof, and serum content 

Results Gilt gains and feed intakes declined during the grower period as dietary Se level increased for both Se sources. Serum and liver Se concentrations increased as dietary Se level 

increased and was higher when organic Se was fed. Sows fed dietary Se levels at > 7 ppm had lower gestation weights and lower lactation feed intakes. As Se level increased, 
sows fed organic Se had a lower number of live pigs born and weaned fewer pigs with lower litter gains than did sows fed inorganic Se. Colostrum and milk Se concentrations 

increased as dietary Se levels increased particularly when organic Se was fed. Neonatal and weanling pig tissue Se and serum Se concentrations increased as dietary Se level 

increased and when organic Se was fed, resulting in interaction responses. Pigs nursing sows fed > 7 ppm inorganic Se had hoof separation and alopecia, with the severity being 

greater when sows were fed the inorganic Se source. These results suggest that both the organic and inorganic Se sources were toxic when fed at 7 to 10 ppm for a prolonged 

period, but organic Se seemed to express the selenotic effects more on reproductive performance, whereas inorganic Se was more detrimental during lactation. 
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Study code 80115 

Year 2001 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 24 treatment (2 replicates of 2 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : Not specified. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Experiment 1: A 2×6×2 factorial arrangement.six dietary Se levels (0.3, 1.0, 3.0, 5.0, 7.0, or 10.0 ppm Se), two Se sources (sodium selenite or organic Se-enriched yeast) and 

served colour of hair (white or dark). Duration 12 weeks.Experiment 2: A 3×6 factorial arrangement. Six dietary Se levels (0.3, 1.0, 3.0, 5.0, 7.0, or 10.0 ppm Se) and three 

breeds(Yorkshire, Duroc, and Hampshire) 

Response criteria Animal performance. Liver, kidney, hair, plasma hoof and loin content 

Results Plasma Se increased as dietary level increased, when organic Se was provided, and was higher when pigs were white-haired. A time × hair colour × dietary Se level interaction 

occurred, in which hair Se concentration was higher in dark- than in white-colored pigs and increased as dietary Se level increased as the experiment progressed. The 

correlation coefficient between dietary Se level and hair Se concentration averaged 0.9. Higher hair Se concentrations occurred from the lower than from the upper body areas. 
The results suggested that selenosis occurs at dietary levels > 5 ppm and that white-haired pigs exhibit alopecia sooner than dark-haired pigs. No difference in hair Se 

concentration occurred when diets were < 1 ppm Se, but as dietary Se level increased dark haired pigs retained more Se in their hair than white haired pigs. Hair retained Se as 

the dietary level increases, and hair of different colours retains different concentrations of Se.  

 

Study code 80116 

Year 2001 

Animal Category  1.4. Pigs. Pigs for fattening : growing-finishing pigs 

Nº treatments (replicates/ treatment) 9 treatments (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as-fed basis. Results- Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A 2 × 4 factorial arrangement:Sodium selenite or Se-enriched yeast. At 5, 10, 15, or 20 mg Se/kgA basal diet without added Se was a ninth treatment group. Duration: 12 weeks 

Response criteria Animal performance. Liver, loin, lung, gall Bladder, heart, kidney, pancreas, and spleen content, plasma content (Se, GSH-Px activity, PGOT, haemoglobin, packed cell 
volume, and blood cell Se) concentration, 

Results In a 4 weeks trial, pig body weights, daily gains, and feed intakes were similar for both Se sources (Sodium selenite or Se-enriched yeast) when provided at ≤ 5 mg Se/kg, but 

each measurement declined in a different manner for each Se source as the dietary Se level increased. The decline was more rapid when the inorganic rather than organic Se 

source was fed, resulting in interaction responses. Plasma GSH-Px activity increased when high dietary Se levels of either Se source was fed. Plasma and blood cell Se 
increased at each period as dietary Se level increased and has been greater when organic Se was provided. Blood cell Se concentration reached a plateau when inorganic Se, but 
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not when organic Se, was fed and increased as the experiment progressed. Plasma GOT activity at the 12-wk period was elevated when inorganic Se was provided at ≥ 15 ppm 
Se but not when organic Se was fed, resulting in an interaction. Tissue Se concentrations increased as dietary Se level increased and when organic Se was provided, resulting in 

interaction responses. Bile was a yellow colour when the basal diet was fed but was dark brown at > 10 ppm inorganic Se and at 20 ppm when organic Se was provided. Bile Se 

increased as dietary Se level increased.  

 

Study code 80278 

Year 2000 

Animal Category  1.5. Pigs. Sows for reproduction,1.6. Pigs. Sows, in order to have benefit in piglets  

Nº treatments (replicates/ treatment) 6 treatment (7 or 8 replicates per treatment) 

Diet Background Analysed 0.07 ppm 

Units’ basis of diets and/or results Diet - Other: as fed basis. Results - Other  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) A non-Se-fortified corn-soybean meal basal diet served as a negative control2) Sodium selenite was added to the diet at 0.15 ppm Se.3) Sodium selenite was added to the 

diet at 0.30 ppm Se.4) Se enriched yeast was added to the diet at 0.15 ppm Se.5) Se enriched yeast was added to the diet at 0.30 ppm Se.6) 15 ppm Se from both Sodium 
selenite and Se enriched yeast. Duration from 6 days prepartum to 14 days postpartum 

Response criteria Animal performance. Milk, serum and colostrum content 

Results The feeding of either Se source from late gestation through a 14-d lactation increased milk Se content and the serum Se concentration in nursing pigs. Milk Se was 2.5 to 3 

times higher when the organic source was fed than when the inorganic Se was fed at similar supplemental levels. A combination of the inorganic and organic Se sources, each 
at a dietary level of .15 ppm Se, resulted in milk Se and pig serum Se values that were similar to those of the sow group fed organic Se at .15 ppm Se. From milk and serum Se 

data, an organic Se source seems to have a higher bioavailability of Se in the milk of adult sows, but inorganic Se has a higher biological activity for glutathione peroxidase 

activity. 

 

Study code 80337 

Year 1999 

Animal Category  1.2. Pigs. Piglets (weaned) : growing-finishing pigs 

Nº treatments (replicates/ treatment) 9 treatment (6 replicates of 6 or 7 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Dose and source supplementation 

Composition Diets/treatments A 2 x 4 factorial experiment Diets containing: Se-enriched yeast (organic) or sodium selenite (inorganic), Doses: each at 0.05; 0.10; 0.20; or 0.30 mg Se/kg diet. A non-Se-

fortified basal diet was a ninth treatment group. Duration: 30-d intervals until 90 days after the experiment started 

Response criteria Animal performance: carcass characteristics, and loin quality. Biochemical response : serum glutathione peroxidase activity. Serum content : Se and glutathione peroxidase 
(GSH-Px) activity 
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Results Pigs had a lower serum Se concentration and GSH-Px activity when the basal diet was fed, but both increased as dietary Se level increased. Serum GSH-Px activities have been 
increased by pig age and reached a plateau when the diet contained approximately 0.10 mg Se/kg at d 30, and 60 of the trial, and at 0.05 mg Se/kg diet at d 90 of the trial. The 

organic Se group fed 0.05 and 0.10 mg Se/kg had serum GSH-Px activities that tended to be lower than those of pigs fed the inorganic Se source, but GSH-Px activities in both 

groups were similar at higher Se levels. Tissue Se contents increased linearly as the dietary Se level increased, but the increase was markedly higher when organic Se was fed, 
resulting in an interaction response. Loin drip loss, pH, and lightness were unaffected by organic Se source or level, but there was a trend for a higher drip loss and a linear 

increase in loin paleness when the inorganic Se level increased.  

 

Study code 80411 

Year 1998 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (8 replicates per treatment) 

Diet Background Analysed 0.1 mg/hg 

Units’ basis of diets and/or results Diet - Fresh matter (FM) Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Basic diet containing 0.1 mg selenium/kg: 1) supplemented with 0.3 mg selenium/kg from selenium yeast, 2) supplemented with 0.1 mg selenium/kg from selenium yeast, 3) 

Supplemented with 0.3 mg/kg from sodium selenite. Duration: 103 days. 

Response criteria Animal performance. Liver and plasma content 

Results There was no significant difference between the mean whole blood selenium concentration of the pigs supplemented with selenium yeast neither after five nor after nine weeks 
of supplementation, but the group supplemented with selenite had significantly lower concentrations both after five and nine weeks. There were no significant differences 

between the mean activity of glutathione peroxidase. The concentration of selenium in the liver of the pigs supplemented with organic selenium was significantly higher than in 

the pigs supplemented with selenite. No deposits of lipofuscin or ceroid pigments were observed in the histological preparations of liver and heart from any of the pigs.  

 

Study code 80503 

Year 1998 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) Experiment 1: 3 treatment (6 replicates per treatment)Experiment 2: 4 treatments (6 replicates per treatment) 

Diet Background Analysed0.03 and 0.04 mg/kg  

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Experiment 11) A corn-soybean meal basal diet (BD, 0.03 mg Se/kg) 2) A corn-soybean meal basal diet  + 0.1 mg Se/kg (Na2SeO3).3) A corn-soybean meal basal diet  + 0.3 

mg Se/kg (Na2SeO3). Experiment 21) Basal diet2) Basal diet + 0.2 mg Se/kg. 3) Basal diet + 0.3 mg Se/kg. 4) Basal diet + 0.5 mg Se/kg. Duration of both experiments: 5 weeks 

Response criteria Animal performance. Plasma content: (Se and a-tocopherol. Other : expression of cellular (GPX1), plasma (GPX3) and phospholipid hydroperoxide (GPX4) glutathione 
peroxidases). 
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Results Pigs fed the BD had lower tissue GPX1 and GPX4 activities, plasma GPX activity, and(or) plasma Se concentrations than those fed the Se-supplemented diets. In Experiment 
1, GPX1 and GPX4 activities in liver, heart and lung have been lower in pigs fed 0.1 mg Se/kg than in those fed 0.3 mg Se/kg, although no such differences existed in thyroid 

or pituitary. Pigs fed 0.1 mg Se/kg also had lower plasma GPX3 activity at wk 5 and higher hepatic glutathione S-transferase activity than pigs fed 0.3 mg Se/kg. In Experiment 

2, GPX1 and GPX4 activities in liver and heart, GPX1 and GPX4 mRNA levels in liver and GPX3 activity in plasma exhibited plateaus at 0.2 mg Se/kg. Pigs fed the BD had 
greater concentrations of F2-isoprostanes (a marker of in vivo lipid peroxidation) than those fed 0.2 mg Se/kg in plasma and liver. It was concluded that supplemental Se at 0.2 

mg Se/kg of diet was required to support the full expression of three Se-dependent glutathione peroxidases in young pigs. 

 

Study code 80524 

Year 1997 

Animal Category  1.4. Pigs. Pigs for fattening : boars 

Nº treatments (replicates/ treatment) Exp 1. 4 treatment (3-5 replicates per treatment) Exp 2. (3 replicates  per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Se-vit E Interaction 

Composition Diets/treatments 2 x 2 factorial arrangement Se (0 or .5 ppm) and vitamin E (0 or 220 IU/kg). Duration: 16 weeks 

Response criteria Liver, Serum and Testis content, Biochemical response : GSH-Px,  

Results No performance benefit from either nutrient was demonstrated. Tissue (serum, liver, and testis) GSH-Px activity and Se and alpha-tocopherol concentrations were higher at 

each period when that respective nutrient fortified the diet. Testis GSH-Px activity increased from weaning to 145 kg BW even when Se was not added to the diet. Boars fed 
either the non-fortified Se or vitamin E diets had sperm with lower motilities (P < 0.01) and a higher percentage of sperm cells with bent and shoe hook tails (P < 0.01). Diets 

low in added Se seemed to have a greater detrimental effect on the percentage of motile and abnormal sperm than diets inadequate in vitamin E. Sperm cells had a high 

concentration of Se and alpha-tocopherol, and a high GSH-Px activity. 

 

Study code 80643 

Year 1996 

Animal Category  1.4. Pigs. Pigs for fattening : grower and finisher swine 

Nº treatments (replicates/ treatment) Experiment 1: 6 treatment (6 replicates per treatment)Experiment 2: 7 treatments (5 replicates of 6 animals per treatment)Experiment 3: 7 treatments (6 replicates of 5 or 6 
animals per treatment) 

Diet Background Analysed 0.3 ppm  

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Not specified  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Experiment 1 A 2 x 3 factorial arrangement:Se source: selenium-enriched yeast and sodium selenite. Dose: 0.1; 0.3 or 0.5 mg Se/kg. Duration: 7 days. 

Experiment 2 A 2 x 3 factorial arrangement:Se source: selenium-enriched yeast and sodium selenite. Dose: 0.1; 0.3 or 0.5 mg Se/kg. Non-Se fortified basal diet as a negative 

control. 
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Experiment 3 A 2 x 3 factorial arrangement:Se source: selenium-enriched yeast and sodium selenite. Dose: 0.1; 0.3 or 0.5 mg Se/kg. Non-Se fortified basal diet as a negative 
control. 

Response criteria True absorption: retention, animal performance, liver, loin, kidney, pancreas, urine, faeces and serum content Biochemical response : Serum Glutathione Peroxidase Activity 

Results Selenium retention increased as dietary Se levels increased (from 0.1 to 0.5 ppm Se), particularly when the Se-enriched yeast was provided, resulting in a Se source x Se level 

interaction. As dietary Se levels increased, urinary Se increased more when pigs have been fed sodium selenite, whereas faecal Se increased more when the Se-enriched yeast 
was fed; both excretion routes resulting in Se level x Se source interaction responses.Grower pigs fed sodium selenite had serum GSH-Px activity that reached a plateau at 0.1 

ppm Se and 0.3 ppm when the Se-enriched yeast source was fed, but the interaction response has not been significant.During the finisher period, serum GSH-Px activity 

reached a plateau at 0.1 ppm Se for both Se sources. Serum Se concentrations were lower at 0.1 ppm Se when the Se-enriched yeast source was fed, resulting in a source x level 
interaction response for both grower and finisher periods. Loin Se contents were higher in grower and finisher pigs as dietary Se levels increased when the Se-enriched yeast 

has been fed, resulting in a Se source x Se level interaction.  

 

Study code 80648 

Year 1996 

Animal Category  1.5. Pigs. Sows for reproduction: first-parity gilts and their progeny. 

Nº treatments (replicates/ treatment) 4 treatments (2 replicates of 5 or 6 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Other  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A 2 x 2 factorial arrangement: Sources of Se: sodium selenite or Se-enriched yeast. Doses: 0.1 or 0.3 mg Se/kg Duration: from 60 d before breeding to weaning at 21 days 

Response criteria Animal performance, liver, kidney, loin, and milk content. Other: reproductive performance and gilt and progeny tissue Se contents. 

Results Gilt serum GSH-Px activity was generally similar at the 0.1 and 0.3 ppm Se level for either Se source, whereas serum Se was consistently higher when the dietary Se level was 

0.3 ppm. Colostrum Se content was unaffected by Se source and Se level, but milk Se increased as the dietary Se level increased and when the Se-enriched yeast source has 
been fed, resulting in an interaction response. Loin tissue had similar Se contents between stillborn and neonatal pigs. Loin Se content was higher when dietary Se level 

increased and when the Se-enriched yeast source was fed to gestating gilts. Weanling pig loin Se content increased as dietary Se level increased and when the Se enriched yeast 

source has been fed. A higher liver Se content in weaned pigs also resulted when the dietary Se level has been 0.3 ppm and when the Se-yeast has been provided. Weanling pig 
serum GSH-Px activity has been similar regardless of the Se level or Se source fed to the dam, but serum Se increased when the 0.3 ppm Se level and the Se-yeast has been fed 

to the gilt. If GSH-Px activity is used as the criterion to evaluate Se adequacy, then 0.1 ppm Se from either Se source was adequate, but if higher milk Se or pig tissue content is 

desired, then a 0.3 ppm Se level from the Se-enriched yeast source has been superior to inorganic Se. Either inorganic Se (selenite) or an organic Se (enriched Se-yeast) source 
added at a 0.1 ppm level to gestating and lactating diets would result in maximum glutathione peroxidase activity in both gilts and nursing progeny. Milk and tissue Se content 

of the reproducing female were increased when a 0.3 ppm Se level has been provided from a Se-enriched yeast compared with sodium selenite. The tissue Se content of the pig 

could be increased when a Se-enriched yeast source was fed to gestating and lactating dams at 0.3 ppm. 

 

Study code 80990 

Year 1993 

Animal Category  1.2. Pigs. Piglets (weaned)  
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Nº treatments (replicates/ treatment) 12 treatments (8 replicates per treatment) 

Diet Background Analysed 40,29, and 23 ppb of Se  

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Trace elements : Se, Zn. Others : environment: floor space allowance; Interactions: Se-ZN-floor space 

Composition Diets/treatments A 2 x 2 x 3 factorial arrangement: Floor space allowance (0.28 and 0.14 m2/pig) Dietary Se (40 and 200 ppb) as sodium selenite. Dietary Zn (30, 80, and 250 ppm)Duration: 6 

weeks 

Response criteria Animal performance. Biochemical response : glucose, urea-nitrogen, protein, albumin, globulin, AST, GTH, AST, GOT. Serum content, Other : clinical pathology 

measurements and liver enzymes, and adrenal w; haematological parameters 

Results Growth performance was not influenced by dietary Se (40 or 200 ppb)and Zn treatments. Corticosteroid activity and adrenal weights were similar for all treatments. 

Concentrations of blood Se and glutathione peroxidase have been positively related to dietary Se levels. Other effects of dietary Se and Zn on clinical pathology measurements 
have been minimal and usually unexplained. Most two-way interactions of Se and Zn with floor space allowance were non significant, which suggests that the main effects of 

Se, Zn, and floor space were independent. Some hematologic values, serum metabolites, serum minerals, and serum and liver enzymes have been decreased or increased, which 

is suggestive of stress of pigs housed with restricted floor space. However, most values have been unchanged, and a few changed in the direction to suggest benefits of 
restricting space; all values were within an expected normal range. 

 

Study code 81011 

Year 1993 

Animal Category  1.5. Pigs. Sows for reproduction 

Nº treatments (replicates/ treatment) 4 treatments (6 replicates per treatment) 

Diet Background Analysed 0.089 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Others : Interaction: Se-Vit E 

Composition Diets/treatments 1) Basal diet without supplementation (-E-Se)2) Basal diet + 0.3 mg Se/kg (as sodium selenite(-E+Se)3) Basal diet + 60 UI of E/kg (+E-Se)4) Basal diet + 0.3 mg Se/kg + 60 
UI of E/kg (+E+Se). Duration: during gestation and to day 4 of lactation 

Response criteria Animal performance. Biochemical response : immunity parameters, Serum content : Se,  GSHpx, lymphocyte blastogenesis, polymorphonuclear cell (PMN) phagocytic 

activity, and PMN microbicidal activity, Other : cell counts of sow colostrum and milk 

Results Compared with the control diet, the diet without Se or Vit E supplementation has reduced the serum tocopherol and Se concentrations, the mitogenic responses of lymphocytes 
of peripheral blood (PBL) and colostrum (CL), the phagocytic activity of blood and colostral PMN, and the microbicidal activity of blood, colostral, and milk PMN. The (-

E+Se: Basal diet + 0.3 mg Se/kg) diet has reduced the serum tocopherol concentrations, the mitogenic responses of PBL and CL, and the phagocytic activity of PBL. THe +E-

Se (Basal diet + 60 UI of E/kg) diet has reduced serum Se concentrations and the phagocytic activity of PMN. The data has indicated that E restriction depressed PBL and PMN 
immune functions, whereas Se restriction depressed mainly PMN function. 

 

Study code 81232 

Year 1991 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

801 

Animal Category  1.4. Pigs. Pigs for fattening :  

Nº treatments (replicates/ treatment) 6 treatments (15 replicates per treatment) 

Diet Background Analysed0.06 to 0.09 ppm  

Units’ basis of diets and/or results Diet - Other : as fed basis, Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A 2 x 3 factorial experiment:Se source: calcium selenite and sodium seleniteLevels of Se: 0.3; 5 or 15 ppm. Duration: 35 days 

Response criteria Animal performance. Liver, kidney, Longissimus muscle, and serum content 

Results Growth and feed intake have been similar in pigs fed 0.3 and 5 ppm of Se but were lower in those fed 15 ppm from either Se source. Serum Se increased as dietary Se level 

increased with no difference between Se sources at each dietary Se level. Liver, kidney, and longissimus muscle Se concentrations increased as the dietary level of Se increased 

and were similar when either Se sources was provided. The results indicated that calcium selenite was as effective as sodium selenite using the measurement criteria of growth, 
serum, and tissue Se concentrations and glutathione peroxidase activities of growing swine when fed at approved, marginally toxic, and toxic dietary Se levels. 

 

Study code 81638 

Year 1987 

Animal Category  1.4. Pigs. Pigs for fattening 3.3. Bovines. Cattle for fattening, 4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) Review 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Dietary factors, Physiological factors : specie 

Composition Diets/treatments Review 

Response criteria Liver, kidney , pancreas heart, muscle, brain, lungs, and spleen content 

Results In cattle, sheep and swine, Se concentrations rank in kidney > liver > heart > skeletal muscle > adipose tissue. Selenium concentrations (wet basis) in skeletal muscle of swine 
(0.03 to 0.52 ppm) reflect natural dietary Se concentrations ranging from 0.03 to 0.49 ppm. Inorganic Se additions to diets low in natural Se (0.05 ppm) increase skeletal muscle 

Se concentrations until dietary Se levels are adequate. Plasma or serum Se concentrations of 0.08 to 0.12 ppm are consistent with dietary adequacy. Selenium-dependent 

glutathione peroxidase (GSH-Px) activity of plasma or whole blood may also be used to assess Se status in some animals since plasma or whole blood Se concentrations are 
positively correlated with GSH-Px activity in animals that are low to adequate in dietary inorganic Se. However, inter-laboratory variation in GSH-Px values is large, and it is 

doubtful that limits of normalcy developed in one laboratory are applicable in others. Inorganic Se additions to low Se diets for chicks and poults increased Se deposition in 
blood, muscle, liver, kidneys and skin up to dietary Se levels of 0.2 to 0.3 ppm. Further increases of inorganic Se to dietary concentrations of 0.8 ppm resulted in higher Se 

levels in liver and kidneys but no appreciable increases in blood or muscle. When dietary Se was increased to 0.67 ppm with organic Se in soybean meal, fish meal and wheat, 

higher blood and muscle Se levels were induced than with equivalent amounts of selenite-Se. It should be noted that there is an interaction between dietary concentrations of 
inorganic Se and the period of time that diets were fed relative to serum or plasma Se levels. 

 

Study code 81886 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

802 

Year 1985 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 4 treatment (2 replicates of 8 animals) 

Diet Background Analysed0.07 ppm 

Units’ basis of diets and/or results Diet - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Supplementation 0, .3, .5 or 1.0 ppm Se from sodium selenite while vitamin E was supplemented at 22 IU/kg diet as a-tocopheryl acetate in all diets. Duration 5 week 

Response criteria Animal performance. Urine, plasma and faecal content 

Results Faecal Se excretion increased each week and with increasing dietary Se level. Apparent digestibility of Se was relatively constant for each period when inorganic Se was fed, 

averaging approximately 70%, whereas it ranged between 30 to 40% for pigs fed the basal diet during wk 2 through 5. Urinary Se decreased during the post-weaning periods 

for pigs fed the basal diet, but increased linearly as dietary Se increased during the initial 2-wk post-weaning period and then quadratically during wk 3 through 5. There was a 
net loss of Se from the body when the Se-unsupplemented basal diet was fed during the initial 2 wk post-weaning, whereupon, it became positive. Selenium retention in pigs 

supplemented with inorganic Se increased each week of the trial. When Se retention was expressed in relation to Se intake, the resulting regression was linear, suggesting that 

Se retention in the postweaning pig increased in direct proportion to the amount consumed when diets contained up to 1.0 ppm Se. 

 

Study code 81920 

Year 1985 

Animal Category  1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 2 treatments (4 replicates per treatment) 

Diet Background Analysed 0.1 mg Se/kg 

Units’ basis of diets and/or results Diet - Other : as fed bases 

Factors affecting// combinations Interactions: Riboflavin-Se 

Composition Diets/treatments 1) B2-deficient diet (contained 0.17 mg Se/kg)2) B2-supplemented diet (10 mg/kg) (contained 0.20 mg Se/kg)Se source in experiment 1 has been sodium selenite, and in 

experiment 2 has been DL-selenomethionine. Duration: 18 days 

Response criteria Animal performance. Liver, kidney heart, muscle, brain plasma and erythrocyte content Biochemical response : GSH-Px and GR activity, 

Results The Se concentration of liver and heart increased and plasma Se levels decreased with dietary B2 supplementation. Riboflavin supplementation and Se source did not alter 

apparent Se absorption, but B2 supplementation decreased urinary Se and thus increased Se retention. Also, there has been less urinary Se excretion when selenomethionine was 

the dietary Se source and consequently more Se has been retained than when sodium selenite has been the dietary Se source. In a final trial, B2 supplementation increased 
kidney, muscle, heart and brain GSH-Px activity when sodium selenite has been the dietary Se source, but not when selenomethionine has been the dietary Se source. A higher 

percentage of the Se consumed as selenomethionine has been retained and a larger proportion of the absorbed Se has been incorporated into tissues than Se from sodium 

selenite. Feeding selenomethionine as the supplemental Se source at 67% of the level of Se from sodium selenite resulted in higher muscle, heart and brain Se concentrations 

than feeding the higher level of Se as sodium selenite. 
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Study code 81962 

Year 1984 

Animal Category  1.4. Pigs. Pigs for fattening 10. Other categories : rats 

Nº treatments (replicates/ treatment) Pigs: 4 treatments (6 replicates per treatment)Rats: 4 treatments (7 replicates per treatment) 

Diet Background Analysed0.47 -0.54 µg/g 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A. Pig study. 

Exp 1. Diets with 0, 3, 6 or 9/ g/g of naturally occurring Se 

Exp 2. Diets with 0, 3, 6 or 9/ g/g sodium selenite. Duration: 17 weeks  

B. Rat study.  

Exp 1. Diets with 0, 3, 6 or 9/ug/g of naturally occurring Se.  

Exp 2. Diets with 0, 3, 6 or 9/ g/g sodium selenite. Duration: 4 weeks 

Response criteria Animal performance, Liver, kidney, spleen, heart, and muscle content. Biochemical response : GSH-Px  

Results Dietary Se level had no effect on pig performance during the 6-wk experiment as measured by daily gain, daily feed intake or feed/gain. Blood composition and enzyme 

activity were not affected by dietary treatment. Selenium concentrations of blood, hair, liver, kidney, heart, spleen and diaphragm muscle were increased linearly as dietary Se 

increased. In addition, liver weight as a percentage of body weight was increased linearly as dietary Se level increased. No signs of chronic Se poisoning were observed. 
Dietary treatments in Exp. 2 were similar to Exp. 1 with the exception that sodium selenite was utilized as the Se source and the diets were fed for 17 wk. Inorganic Se levels of 

.54, 2.63, 5.69 or 8.33 micrograms/g had no effect on pig performance as measured by daily gain, daily feed intake or feed/gain. Selenium concentrations of blood, hair, liver, 

kidney, spleen and diaphragm muscle were significantly increased as dietary Se level increased. Liver weight as a percentage of body weight was increased at the two highest 
dietary Se levels. Blood glutathione peroxidase activity was significantly increased by dietary treatment, while other blood variables were not affected. No signs of chronic Se 

poisoning were observed. 

 

Study code 82008 

Year 1984 

Animal Category  1.1. Pigs. Piglets (suckling) ,1.2. Pigs. Piglets (weaned)  

Nº treatments (replicates/ treatment) 5 treatments (11-16 pigs per treatment) 

Diet Background Analysed <0.02 ppm Se 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Se of 0, 0.025, 0.050, 0.075 or 0.100 ppm (selenious acid) and 0 o 100 IU dl-a-tocopherol acetate. Duration: 74 weeks 

Response criteria Biochemical response, Plasma content 
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Results The level of serum Se at weaning was indicative of Se deficiency. Supplementation of Se to the diet produced a linear increase in serum concentration. Serum Se concentration 
also increased linearly with time on experiment. A significant interaction between supplemental Se level and time was observed. During the experiment, serum Se level of 

unsupplemented pigs decreased while serum Se level of pigs receiving supplemental Se increased. 

 

Study code 82308 

Year 2013 

Animal Category  1.5. Pigs. Sows for reproduction 

Nº treatments (replicates/ treatment) 3 treatments (8 replicates per treatment) 

Diet Background Estimated 0.05 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Animals were fed with the basic feed ration containing selenium in the dose of 0.05 mg/kg feed mixture (FM).1) The first group of sows (n = 8) were fed without the addition 

of selenium into the diet and served as a control group. The second one (n = 8) received 0.30 mg Se/kg FM in the diet. The third group of sown were fed by selenium in the 

dose of 0.55 mg Se/kg FM. 

Response criteria Biochemical response 

Results The study was focused on the effect of different doses of organically bound selenium on antioxidant status in postpartum sows. Selenium in a dose of 0.30 mg/kg FM increased 

activities of antioxidant enzymes glutathione peroxidase by 12.4 % and glutathione-S-transferase by 17.6 %. Higher antioxidant activity measured by FRAP (increase by 12.4 

%), FR (by 12.9 %) and ABTS (by 10.2 %) methods was found. Reduced form of glutathione was increased for 27.0 %. Concentration of selenium was increased by 51.7 %. 
Selenium in a dose of 0.55 mg/kg FM increased activities of antioxidant enzymes glutathione peroxidase by 17.8 %, superoxide dismutase by 11.8 % and glutathione-S-

transferase by 25.3 %. The increased antioxidant activity measured by different methods was found - FRAP method showed an increase by 17.8 %, FR by 20.3 %, and ABTS 

by 12.4 %. Reduced form of glutathione was increased by 33.1 %. Concentration of selenium was increased by 55.2 %. The obtained results show that the addition of selenium 
in a dose of 0.30 and 0.55 mg/kg FM increased antioxidant status in postpartum sows.  

 

Study code 82714 

Year 2010 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 3 treatment (12 replicates per treatment) 

Diet Background Estimated 0.30 mg/kg  

Units’ basis of diets and/or results Diet - Not specified. Outcomes - : Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Groups of pigs fed 0.3 mg/kg Se-enriched E. faecium (n = 12),2) Groups of pigs fed 0.3 mg/kg sodium selenite (n = 12) 3) Groups of pigs fed 0.3 mg/kg Se-enriched yeast (n 

= 12)Duration 3 months 

Response criteria Liver, serum, heart and muscle content 
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Results The selenium concentrations in muscle tissue achieved by the use of Se-enriched E. faecium were comparable to those achieved in sodium selenite diets and lower compared to 
Se-enriched yeast. Concentration of Se in serum and glutathione peroxidase (GSH-Px) activities did not differ in animals fed different Se forms. No differences in indices of 

meat quality were found among the groups. Se-enriched E. faecium bacteria can be recommended as an alternative selenium source for finisher pigs with the similar efficacy as 

sodium selenite. 

 

Study code 82773 

Year 2010 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (3 replicates of 4 animals per treatment) 

Diet Background Analysed 0.110 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Control: a basal diet without Se supplementation 2) A: a basal diet + Se-enriched yeast A (0.3 mg Se/kg) 3) B: a basal diet + Se-enriched yeast B (0.3 mg Se/kg) 4) C: a basal 

diet + Se-proteinate (0.3 mg Se/kg) . Duration: 8 weeks 

Response criteria Animal performance. Liver, kidney, spleen, serum, plasma and loin content 

Results The object of this study was to evaluate and compare the bioavailability of different organic Se products in finishing pigs based upon the growth performance, serum and tissue 

Se contents. The body weight, and average daily feed intake (ADFI) were similar among treatments, but the average daily gain (ADG) was increased on Se-proteinate treatment 

and gain-to-feed ratio (G/F ratio) was improved on Se yeast B or Se-proteinate treatment (p0.01). The tissue Se content was also increased when pigs were fed organic Se 
sources, and Se was retained efficiently in loin and kidney when Se yeast B was provided. The serum Se concentration was increased when organic Se was provided and was 

higher when pigs were fed Se-proteinate; subsequently liver Se was also higher on Se-proteinate treatment than other treatments. The Se yeast A treatment did not show any 

increment of Se concentration both in serum and tissues.  

 

Study code 82866 

Year 2009 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (11 or 12 replicates per treatment) 

Diet Background Estimated0.07-0.08 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) , Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Group I feed + inorganic sodium selenite, 2) Group II feed + organic Se (Se-enriched yeast), 3) Group III feed + organic Se from Se-enriched alga Chlorella spp., 4) Group 

IV basal diet. Duration: 3 months 

Response criteria Liver, serum, heart, muscle, and ovary content. Biochemical response : GSH-Px, 

Results The aim of this study was to evaluate the effect of organic Se from Se-enriched alga (Chlorella spp.) and Se from Se-enriched yeast on concentrations of Se in serum and 
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tissues, and serum GSH-Px activities and carcass characteristics in finishing pigs. The organic Se sources did not differ in serum Se and serum GSH-Px activities. Significantly 
higher Se concentrations in muscle and in the heart were found when Se from Se-enriched yeast was given, compared to the group of pigs that received Se from Se-enriched 

alga Chlorella spp. The Se content in livers and ovaries did not differ between the two organic Se sources. The use of both organic Se forms resulted in a higher accumulation 

in muscle tissue compared to the inorganic Se form. No differences in meat quality characteristics were found among the experimental groups 

 

Study code 83029 

Year 2008 

Animal Category  1.5. Pigs. Sows for reproduction 

Nº treatments (replicates/ treatment) 2 treatments (8 replicates per treatment) 

Diet Background Estimated0.085 mg/kg  

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Feed mixture + inorganic Se (as sodium selenite, 0.3 mg/kg of Se for the gestation and 0.38 mg of Se for the lactation diet).2) lactation diets + with organic selenium (Se 

enriched yeast (0.3 mg/kg of Se for the gestation and 0.38 mg of Se for the lactation diet)) 

Response criteria Biochemical response : GSH-Px, Milk content 

Results Se concentrations in the whole blood, colostrum and milk were higher in the group of sows fed with the organic Se form. No differences in GSH-Px activities in the whole 

blood were found between the two groups of sows. The concentrations of Se in piglet tissues were also higher when the organic form was provided. It is concluded that the use 

of the organic Se from Se-enriched yeast in sows resulted in greater transfer of Se to their progeny, however it did not have a positive effect on the antioxidant system of the 
organism. 

 

Study code 83321 

Year 2007 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (3 replicates of 12 animals per treatment) 

Diet Background Analysed 0.045 g/kg  

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Control group, basal diet 0.045 mg Se/kg, 2) Basal diet + Sodium selenite. 0.3 mg Se/kg, 3) Basal diet + Selenomethionine. 0.3 mg Se/kg. Duration: 40 days 

Response criteria Liver, kidney, serum, muscle and pancreas content. Biochemical response : GSH-Px, 

Results Both selenomethionine and sodium selenite-treatment increased the Se content in serum, muscle, liver, pancreas and kidney tissue, the level was substantially higher in muscle, 

liver and pancreas in the selenomethionine treated group. In addition, both selenomethionine and sodium selenite-treatment increased glutathione peroxidase (GSH-Px) activity  

and decreased the malondialdehyde (MDA) content in the liver and muscle  when compared with control group, but the level of magnitude was higher when selenomethionine 
was fed. The study suggested that compared with sodium selenite, selenomethionine is more effective in depositing Se in tissues, enhances the antioxidant status, thus 
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decreasing the volume of drip loss and stabilizing the meat colour. 

 

Study code 83461 

Year 2006 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 7 treatments (2 replicates of 4 animals per treatment) 

Diet Background Analysed 0.06 ppm  

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 2 x 3 factorial arrangement. Se source (inorganic or organic (Se-yeast) form) x Se levels(0.1, 0.3, 0.5 mg/kg). Duration: 14 days 

Response criteria Liver, kidney, pancreas, urine, loin, and faecal content 

Results The Se concentration of serum in Se supplemented groups was increased compared with the control group. During the growing and finishing phase, Se in serum was clearly 
increased when organic Se was provided. Interaction of Se source - Se level was observed in Se concentration of loin, liver and pancreas of the pigs at the end of experiment. 

Selenium retention in the liver, kidney, pancreas and loin of pigs was increased as dietary Se level increased and was higher when pigs were fed organic Se resulting in an 

interaction response. Nutrient digestibility was  not affected by dietary Se sources or levels. No dietary Se source - Se level interaction was observed in nutrient digestibility.  

 

Study code 83463 

Year 2006 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 7 treatments (2 replicates of 4 animals per treatment) 

Diet Background Estimated 0.06 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 3x2 factorial arrangement. Selenium (Se) products (inorganic, organic A Se-enriched yeast-organic Se, organic B) x two supplemental dietary Se levels (0.1 and 0.3 mg/kg) . 

Duration: 12 weeks 

Response criteria Animal performance. Liver, kidney, pancreas, urine, loin, and faecal content. 

Results Both dietary Se source and Se level influenced the Se concentration of various pig tissues at end of this experiment and Se content was the highest in the kidney. For the 

determination of nutrient digestibility, a metabolic trial was conducted in 3 replicates in randomized complete block (RCB) design. A total of 21 barrows (50.21±0.62 kg of 

average BW) were used in the metabolic study. Selenium supplementation had no effect on nutrient digestibility except for crude protein. Crude protein digestibility increased 
with dietary supplementation of organic Se (A) compared with other forms of Se products or control diet. Consequently, this experiment indicated that dietary Se products and 

levels had no effect on growth performance of pigs. Se concentration in tissues and serum was increased in proportion to dietary Se level, especially when organic Se was 

provided. Although pigs were fed organic forms of Se, bioavailability of organic forms varied among products, consequently bioactivity of organic products to the animals 
should be evaluated before practical application in animal feed. 
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Study code 83984 

Year 2001 

Animal Category  1.4. Pigs. Pigs for fattening  

Nº treatments (replicates/ treatment) 12 treatments (3 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed. Results - Other 

Factors affecting// combinations Dose and source supplementation 

Composition Diets/treatments 2 × 6 RCB design conducted in three replicates. Two dietary Se sources (Se-enriched yeast and sodium selenite) and a range of Se levels encompassing 0.3, 1.0, 3.0, 5.0, 7.0, 

and 10.0 mg/kg Se. Duration 14 weeks 

Response criteria Animal performance. Liver, urine, serum and faecal content 

Results The results demonstrated that urinary Se was approximately 25% higher when pigs were fed sodium selenite, whereas faecal Se was lower by 25%. Se retention tended to be 
higher when organic Se was provided. Urinary Se increased as dietary Se level increased for both Se sources but increased more and at a high rate when sodium selenite was 

fed resulting in an interaction response. Faecal Se increased linearly as the dietary level of both Se sources increased, but the faecal Se from organic Se increased at a faster rate 

resulting in an interaction response. Se retention increased linearly as dietary Se increased for both Se sources. The apparent digestibility of Se increased by Se level when pigs 
were fed sodium selenite, but not when the organic Se source was provided resulting in an interaction response. Retention of consumed Ca, Zn increased when pigs were fed 

organic Se whereas P and Na retention were higher when the inorganic Se was provided. Mineral retention was not affected by dietary Se level except P.  
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Table VII.D.2. Poultry 

Study code 76696 

Year   

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 9 treatments (3 replicates of 30 animals per treatment) 

Diet Background Estimated 0.08 mg Se/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. Interaction Se-Vitamin C 

Composition Diets/treatments Basal diet with sodium selenite added at 0.3 mg Se/kg and basal diet with Se-enriched yeast added at 0.3 mg Se/kg. Vitamin C was added to these diets at 0, 280 and 560 

mg/kg. Duration=35 days 

Response criteria Biochem response 

Results Selenised yeast was more effective in the enrichment of meat with Se than was selenite. Both Se sources increased the activity of glutathione peroxidase and the oxidative 

stability of the meat. 

 
Study code 77115 

Year 2007 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 4 treatments (5 replicates of 4 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other, Results - Other : ng/g 

Factors affecting// combinations Dietary factors : toxin presence, Others : Interactions modified glucomannas-organic Se 

Composition Diets/treatments 1) Basal diet2) Basal diet + T-2 toxin added (8.1 mg/kg feed);3) Basal diet + T-2 toxin (8.1 mg/kg) + Mycosorb™ (1 g/kg)4) Basal diet + T-2 toxin (8.1 mg/kg) + Mycosorb™ 

(1 g/kg) + Sel-Plex™ (0.3 mg Se/kg diet).Duration: 21 days 

Response criteria Liver content : of Se and alpha-tocopherol, carotenoids, GSH 

Results Inclusion of T-2 toxin in the chickens' diet (8.1 mg/kg for 21 days) was associated with significant decreases in the concentrations of selenium (Se) (by 32.2%), α-tocopherol 
(by 41.4%), total carotenoids (by 56.5%), ascorbic acid (by 43.5%) and reduced glutathione (by 56.3%) in the liver, as well as a decrease in the hepatic activity of Se-dependent 

glutathione peroxidase (Se-GSH-Px) (by 36.8%). A combination of modified glucomannas with organic Se has been shown to provide further protection against toxin-induced 

antioxidant depletion and lipid peroxidation in the chicken liver. Thus, the data clearly indicate a major protective effect of the mycotoxin-binder in combination with organic 
Se against the detrimental consequences of T-2 toxin-contaminated feed consumption by growing chickens. 

 
Study code 77268 
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Year 2005 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (8-16 replicates per treatment) 

Diet Background Analysed 450 g/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interaction Se-Hg 

Composition Diets/treatments 1)(Hg)Basal diet + Hg(II) [0.2 mg/kg in feed]2)(Hg+Se(IV))Basal diet + Hg(II) [0.2 mg/kg in feed] + selenium [0.2 mg/kg in feed]3)(MeHg)Basal diet + MeHg(II) [0.2 mg/kg 
in feed]4)(MeHg+Se(IV))Basal diet + MeHg(II) [0.2 mg/kg in feed]  + selenium [0.2 mg/kg in feed]Duration: 42 days 

Response criteria Liver content 

Results The presence of MeHg favoured the formation of high molecular weight selenium species. In addition, when Se was added to the MeHg treatment not only was high molecular 

weight selenium species formation favoured, but a new peak (accounting for almost 30% of selenium recovered) appeared at a retention time of 10.9 min (E2 kDa). The Se 
distribution changes observed when MeHg and Se were added to the feed were similar to the one found for MeHg, since the formation of high and low molecular weight 

species was observed, which corroborated the mercury-selenium interaction in the liver at subcellular level suggested previously.  

 
Study code 77984 

Year 2013 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 4 treatments (4 replicates of 2 animals per treatment) 

Diet Background Estimated 0.15 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source. Others : interactions Se- Vitamin E 

Composition Diets/treatments 1) diets with 5% of Soybean oil + Se (0.15 mg/kg) and vitamin E (30 mg/kg)2) diets with 5% of Soybean oil + Se (0.15 mg/kg) and vitamin E (60 mg/kg)3) diets with 5% of 
Soybean oil + Se (0.30 mg/kg) and vitamin E (30 mg/kg)4) diets with 5% of Soybean oil + Se (0.30 mg/kg) and vitamin E (60 mg/kg)Duration: 10 weeks (for egg production 

monitoring) and 12 weeks (for biochemical parameters) 

Response criteria Animal performance: egg production, Biochemical response: ascorbic acid  retinol and α-tocopherol , catalase and SOD 

Results Supplementation with 0.30 mg Se/kg diet compared with 0.15 mg Se/kg, increased the concentrations of ascorbic acid (0.309 vs. 0.073 μg/L), retinol (1.48 vs. 1.15 μg/mL) and 
α-tocopherol (2.86 vs. 1.90 μg/mL), the activity levels of catalase (3.40 vs. 2.98 U/L) and SOD (43.4 vs. 30.8 U/mL) as well as the total antioxidant status (TAS) of serum (0.38 

vs. 0.28 mmol/L). Higher dietary levels of vitamin E and Se increased the serum concentrations of retinol (1.66 vs. 2.20 μg/mL) and α-tocopherol (3.33 vs. 1.71), but they had 
no effect on the other physiological parameters. 

 
Study code 78066 

Year 2013 

Animal Category  2.1. Poultry. Chickens for fattening  
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Nº treatments (replicates/ treatment) 8 treatments (102 per treatment) 3 treatments (12 per treatments) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Exp 1 negative control (NC) (not supplemented with Se); SS-0·1 and SS-0·3 supplemented with sodium selenite at 0·1 and 0·3mg Se/kg feed, respectively; SY-0·1 and SY-0·3 

supplemented with Se-yeast at 0·1 and 0·3mg Se/kg feed, respectively; SO-0·1, SO-0·2 and SO-0·3 supplemented with SO at 0·1, 0·2 and 0·3mg Se/kg feed 

Response criteria Animal performance. Muscle content. 

Results No significant effects were observed on growth performance during the experimental period. However, the different Se sources and levels improved muscle Se concentration 

compared with the NC, with a significant source effect in the following order: SS < SY < SO. Seleno-amino acids speciation results for NC, SY and SO at 0.3 mg Se/kg feed 

indicated that muscle Se was only present as SeMet or SeCys, showing a full conversion of Se by the bird. The second experiment (d0-d24) compared SS, SY or SO at 0.3 mg 
Se/kg feed. The ADSe measurements carried out between d20 and d23 were 24, 46 and 49 % for SS, SY and SO, respectively, with significant differences between the organic 

and mineral Se source. These results confirmed the higher bioavailability of organic Se sources compared with the mineral source and demonstrated a significantly better 

efficiency of HMSeBA compared with SY for muscle Se enrichment. 

 
Study code 78091 

Year 2013 

Animal Category  2.2. Poultry. Chickens reared for laying : layer chickens 

Nº treatments (replicates/ treatment) 2 treatments (60 animals per treatment) 

Diet Background Estimated0.15 mg/kg Se 

Units’ basis of diets and/or results Diet - Other : as fed basis, Results - Other : mg/kg 

Factors affecting// combinations Supplementation dose and source. Trace elements: Ca 

Composition Diets/treatments 1) Control group: with 0.15 mg/kg Se 2) A Se-deficient diet with 0.033 mg/kg Se as sodium selenite. Duration: 75 days. 

Response criteria Biochemical response : brain injury biomarkers; (GSH-Px), GSH, Ca homeostasis. Other : Se in brain 

Results The levels of Se and GSH and activity of GSH-Px were seriously reduced by 33.8-96 %, 24.51-27.84 %, and 20.70-64.24 %, respectively comparing a diet with 0.15mg/kg of 

Se or a deficient diet with only 0.03 mg/kg of Se. It was observed that Se deficiency caused disorganized histological structure, damage to the mitochondria, fusion of nuclear 
membrane and nucleus shrinkage, higher apoptosis rate, and increase of Ca homeostasis in the brain of chicken. Levels of 0.03 mg/kg of Se induced oxidative damage and 

disbalance of Ca homeostasis in the brain of chicken. 

 

Study code 78107 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (6 replicates of 5 animals per treatment) 

Diet Background Estimated 0.027 mg of Se/kg 
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Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dose and sources supplementation 

Composition Diets/treatments Three supplemental Se sources were sodium selenite (Na2SeO3), Se yeast, and AMMS Se (Se protein), and two supplemental Se levels were 0.15 or 0.30 mg Se/kg diet. 

Duration: 21 days 

Response criteria Liver and muscle content, Biochemical response, 

Results The results showed that heat-stressed chicks fed Se-supplemented diets had higher average daily feed intake, Se concentrations in liver and breast muscle, liver glutathione 
peroxidase (GSH-Px) activity, serum antibody titers against H5N1 (Re-4 strain), H5N1 (Re-5 strain) and lower mortality compared with the control. Chicks fed the diets 

supplemented with 0.30 mg/kg of Se had higher Se concentrations in liver and breast muscle, liver GSH-Px activity, and serum antibody titer against H5N1 (Re-4 strain) than 

those fed the diets supplemented with 0.15 mg/kg of Se. Broilers fed the diets supplemented with Se yeast had higher Se concentrations in liver and breast muscle than those 

fed the diets supplemented with Na2SeO3 or AMMS Se. However, broilers fed the diets supplemented with AMMS Se had higher serum antibody titers against H5N1 (Re-4 

strain) and H5N1 (Re-5 strain) than those fed the diets supplemented with Na2SeO3. These results indicated that Se yeast was more effective than Na2SeO3 or AMMS Se in 

increasing tissue Se retention; however, AMMS Se was more effective than Na2SeO3 or Se yeast in improving immune functions of heat-stressed broilers 

 

Study code 78118 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 5 treatments  (6 replicates of 18 animals per treatment) 

Diet Background Estimated 0.08-0.09 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. (nanoparticles) 

Composition Diets/treatments The 5 treatments consisted of corn-soybean meal-based diets supplemented with 0.0, 0.3, 0.5, 1.0, or 2.0 mg/kg of nano NANO Se. The selenium content of the 

unsupplemented control diet was 0.09 mg/kg for the starter phase (0 to 21 d) and 0.08 mg/kg for the grower phase (22 to 42 d). Duration: 42  days 

Response criteria Liver and muscle content  

Results There were no significant differences in performance, meat colour, or immune organ index (thymus, bursa, and spleen) due to supplementation with nano Se. On d 42, a 

significant quadratic effect of nano Se was observed on glutathione peroxidase activity, free radical inhibition, contents of IgM, glutathione, and malondialdehyde in serum, on 

glutathione peroxidase activity, free radical inhibition in liver, and on glutathione peroxidase activity in muscle, with birds fed 0.30 mg/kg of nano Se exhibiting the best effect 
and birds fed 2.0 mg/kg of nano Se showing the worst effect on these parameters. Liver and muscle selenium content increased linearly and quadratically as the dietary nano Se 

level increased, and reached the highest value when 2.0 mg/kg of nano Se was fed. Based on a consideration of all experiment indexes, 0.3 to 0.5 mg/kg is suggested to be the 

optimum level of supplementation of nano Se, and the maximum supplementation of nano Se could not be more than 1.0 mg/kg in broilers. 

 

Study code 78181 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 2 treatment (80 animals per treatment) 
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Diet Background Analysed 0.282 mg/kg Se 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Low-Se diet (0.032 mg/kg Se) 2) Control diet (0.282 mg/kg Se, sodium selenite)Duration: 75 days 

Response criteria Spleen and blood content : thymus and bursa of Fabricius, Biochemical response : Antioxidative function: T-AOC, SOD, GSH-Px, XOD. 

Results Se concentrations in the low-Se group (0.032 mg/kg Se) were significantly lower than in the control group (0.282 mg/kg Se) in a 75 days trial. Low-Se diet (0.032 mg/kg Se) 
caused a decrease in the activities of T-AOC, SOD, GSH-Px, and an increase in XOD activity and MDA content. Pathological lesions and DNA damage of immune tissues 

have observed in low-Se group, while the serum IL-1β and IL-2 contents decreased, and TNF content increased. The present study has demonstrated that chickens fed deficient 

in Se diets exhibited lesions in immune organs, decreased serum IL-1β, IL-2 content, and serum TNF content, indicating that oxidative stress inhibited the development of 

immune organs and finally impaired the immune function of chickens. 

 

Study code 78211 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (4 replicates of 10 animals per treatment) 

Diet Background Analysed 0.25-0.24 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Others : Interactions: Se-Vitamin E, environment 

Composition Diets/treatments 1) 0 mg/kg Se2) 0.5 mg/kg Se3) 1 mg/kg Se 4) 125 mg/kg vitamin E5) 250 mg/kg vitamin E6) 0.5 mg/kg Se + 125 mg/kg vitamin E. Duration: from 1 to 49 days of age. 

Response criteria Animal performance. Biochemical response: Albumin, Glucose, and Uric Acid.Other : serum metabolites and oxidative stability of skeletal muscle, MDA concentration and 
GPx and SOD. 

Results The heat stressed chicks that have received the combined supplementary level of vitamin E (125 mg/kg) and Se (0.5 mg/kg) had the lowest concentration of MDA and the 

highest activity of SOD in the skeletal muscle. Dietary Se also caused a significant increase in enzyme activity of GPx in the skeletal muscle. These results indicated that the 

derangement of blood parameters and oxidative stability in broilers under heat stress have improved by supplemental vitamin E and Se. The combination of supplementary 
level of vitamin E (125 mg/kg) and Se (0.5 mg/kg) reduced MDA values in the skeletal muscle and increased the enzyme activity of Cu/Zn-SOD on exposure to heat stress, 

whereas dietary Se alone had no effect in improving Cu/Zn-SOD. A combination of dietary vitamin E (125 mg/kg) and Se (0.5 mg/kg) offers a good management practice to 
reduce heat stress-related disturbances in oxidative stability of skeletal muscle of broiler chicks. 

 

Study code 78295 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 5 treatments (10 animals per treatment) 

Diet Background Analysed 0.145 mg of Se/kg. 
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Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Commercial diet 2) Se-supplemented diet containing 1.0 mg/kg sodium selenite 3) Se-supplemented diet containing 2.0 mg/kg sodium selenite 4) Se-supplemented diet 

containing 3.0 mg/kg sodium selenite 5) Se-supplemented diet containing 5.0 mg/kg sodium selenite Duration: 90 days. 

Response criteria Biochemical response : Selenophosphate synthetase-1 (SPS-1) and selenocysteine-synthase (SecS) mRNA levels. Other : Se content and mRNA levels of SelN and SelW in 
breast, flight, thigh, shank and cardiac muscles 

Results Se concentrations in thigh, shank and cardiac muscles were higher than those of breast and flight muscles in chickens fed the basal diet (0.145 mg of Se/kg). Compared to the 

control group, thigh and shank muscles Se concentration significantly increased in chickens fed 2.0-3.0 mg Se/kg diet, but it was no further significant increase between 3.0 and 

5.0 mg Se/kg diet. Compared to the control group, Se concentration in breast muscle significantly has increased in chickens fed 3.0 and 5.0 mg Se/kg diet. When chickens were 

fed the diets containing 1.0-3.0 mg Se/kg, flight and cardiac muscles Se concentration dose dependently increased with dietary Se content. In contrast, tissue Se content in flight 

and cardiac muscles of chickens fed diets containing 3.0-5.0 mg Se/kg have reached a plateau. Significant increases in SelN mRNA levels were obtained in breast, thigh and 

shank muscles treated with Se, with maximal effects at 3.0 mg Se/kg diet for 90 days, but 2.0 mg Se/kg diet has resulted in peak levels of Sel N mRNA in flight muscles.  

 

Study code 78310 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 5 treatments (10 animals per treatment) 

Diet Background Analysed 0.088 mg/kg feed. 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Basal diet (0.088 mg Se/kg feed.)2) Sodium selenite (SS) at 0.05 mg Se/kg feed3) Sodium selenite (SS) at 0.30 mg Se/kg feed4) Selenised yeast (SY) at 0.05 mg Se/kg 

feed5) Selenised yeast (SY) at 0.30 mg Se/kg feedDuration: the first 4 weeks of growth 

Response criteria Thyroid response : T3 and T4 concentrations. Other : plasma glutathione peroxidase (Gpx) activity, extent of oxidative lipid injury, and thyroid hormone activation 

Results All Se supplemented groups (sodium selenite at 0.30 mg Se/kg and selenised yeast at 0.05 and 0.30 mg Se/kg feed) except SS 0.05 had significantly higher plasma Gpx 

activities compared to Control. Group supplemented with selenised yeast at 0.05mg/kg had significantly higher Gpx activity in comparison to the group supplemented with 

sodium selenite at the same dose. It can be concluded that in the first 4 weeks of broiler life selenite has a more efficient antioxidative effect which is reflected in lower plasma 
and liver TBARS values. However, broiler feed supplementation with selenised yeast has resulted in a more proficient conversion of T4 to T3. 

 

Study code 78322 

Year 2011 

Animal Category  2.5. Poultry. Turkeys for breeding purposes : and young 

Nº treatments (replicates/ treatment) 2 treatments (10 animals per treatment) 

Diet Background Not specified 
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Units’ basis of diets and/or results Diet - Other : as fed bases. Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source.  

Composition Diets/treatments 1) Diets containing 0.3 mg/kg inorganic selenium (control group SeM, sodium selenite) 2) Diets containing 0.3 mg/kg organic selenium (experimental group SeO, Sel-

Plex).Duration: 28 days 

Response criteria Egg content : Egg yolk selenium content. Biochemical response : ALT,AST, LDH 

Results Egg yolk selenium content from turkeys fed with diets supplemented with 0.3 mg/kg inorganic or organic selenium was comparable in both flocks (0.72 and 0.70 mg/kg d.m., 
respectively). Eggs from the Se Organic (0.3 mg/kg organic Se) flock had a significantly lower content of thiobarbituric acid reactive substances - TBARS (31.13 vs. 53.10 

nmol/g). Se organic group poults have been characterized by higher activity of glutathione peroxidase (7.54 vs. 5.92 U/mL) and superoxide dismutase (89.30 vs. 79.23 U/mL). 

The thigh muscles of SeO group birds have had significantly higher selenium concentrations (0.74 vs. 0.57) and a significantly lower TBARS content (38.42 vs. 65.01).  

 

Study code 78346 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 3 treatments (50 animals per treatment) 

Diet Background Analysed 0.033 mg Se/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Se deficient granulated diet containing 0.033 mg Se/kg2) Same feed + 0.15 mg Se/kg (M group) as sodium selenite 3) Same feed + 1.50 mg Se/kg (H group) as sodium 

selenite. Duration: 55 days. 

Response criteria Other : SelW mRNA expression, Se in glandular stomach, gizzard, duodenum, small intestine, and rectum 

Results Se contents and the SelW mRNA expression were significantly higher in the high-Se group (1.50 mg/kg), and the Se contents and SelW mRNA expression in the low-Se group 

(0.15 mg/kg) were significantly lower than in the controls. The Se contents were the highest in the duodenum and the lowest in the rectum, while the SelW mRNA expression 

were the highest in the gizzard and the lowest in the rectum. 

 

Study code 78351 

Year 2012 

Animal Category  2.2. Poultry. Chickens reared for laying : layer chickens 

Nº treatments (replicates/ treatment) 3 treatments (60 animals per treatment) 

Diet Background Analysed 0.033 mg/kg Se 

Units’ basis of diets and/or results Diet - Other : as fed bases 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Se deficient granulated diet (containing 0.033 mg/kg Se), 2) Basal diet + 0.15 mg Se/kg as sodium selenite, 3) Basal diet + 1.50 mg Se/kg as sodium selenite. Duration: 35 
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days 

Response criteria Other : levels of SelW mRNA in skeletal muscles (wing muscle, pectoral muscle, thigh muscle) 

Results The thigh muscle was more responsive to Se intake than the other two skeletal muscle tissues. Se played important roles in the development of chicken skeletal muscles. To 

effect optimal SelW gene expression, Se must be provided in the diet and the media in adequate amounts and neither at excessive nor deficient levels. 

 

Study code 78356 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 5 treatments (4 replicates of 15 animals per treatment) 

Diet Background Estimated 0.2 mg/kg selenium 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Other : ppb 

Factors affecting// combinations Supplementation dose  

Composition Diets/treatments 1) Basic diet (0.2 mg/kg selenium), 2) Basic diet + 1 mg/kg Se as sodium selenite, 3) Basic diet + 5 mg/kg Se as sodium selenite, 4) Basic diet + 10 mg/kg Se as sodium 

selenite, 5) Basic diet + 15 mg/kg Se as sodium selenite. Duration: 42 days 

Response criteria Spleen content and oxidative stress biomarkers 

Results Apoptotic cells with brown-stained nuclei distributed within the red pulp and white pulp of the spleens with increased frequency of occurrence in 10 and 15 mg/kg selenium 
groups in comparison with that of 0.2 mg/kg Se group.Sodium selenite-induced oxidative stress in spleens of chickens was evidenced by decrease in glutathione peroxidase, 

superoxide dismutase, and catalase activities and increase in malondialdehyde contents. The results indicated that excess dietary selenium in the range of 5-15 mg/kg of feed 

causes oxidative stress, which may be mainly responsible for the increased apoptosis of splenocytes in chickens.  

 

Study code 78375 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 3 treatments (50 animals per treatment) 

Diet Background Analysed 0.033 mg/kg Se 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Other : (μg/mg) 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) L group: basal diet deficient in Se (containing 0.033 mg/kg Se), 2) M group: Se-supplemented diets with 0.15 mg/kg Se as sodium selenite, 3) H group: Se-supplemented 

diets with 1.5 mg/kg Se as sodium selenite. Duration: 55 days. 

Response criteria Pancreas content: Se content and mRNA levels of SelW, Biochemical response: selenocysteine-tRNA[Ser]Sec synthase (SecS) and selenophosphate synthetase 1 (SPS1) 

Results Chickens suplemented with 1.5 mg Se/kg for 55 days have shown a significant increase in mRNA levels of SelW. Chickens fed a Se-deficient basal diet (containing 0.033 

mg/kg Se)for 55 days, the abundance of SelW mRNA has significantly decreased. The mRNA levels of two factors (selenocysteine and selenophosphate syntases) were slightly 
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enhanced in the Se-supplemented groups, and a Se-deficient diet down regulated the mRNA expression of SecS. These data have indicated that SelW is expressed in the 
pancreatic tissue of birds and that the transcription of the SelW gene has been very sensitive to dietary Se. Se also has an effect on the mRNA levels of SecS, but has a little 

effect on SPS1 in this study. 

 

Study code 78383 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (3 replicates of 30 animals per treatment) 

Diet Background Analysed 0.04 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed bases. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Basal diet + 0.15 mg/kg of Se from sodium selenite (SS) 2) Basal diet + 0.30 mg/kg of Se from sodium selenite (SS) 3) Basal diet + 0.15 mg/kg of Se from Se-enriched yeast 

(SY) 4) Basal diet + 0.30 mg/kg of Se from Se-enriched yeast (SY) 5) Basal diet + 0.15 mg/kg of Se from selenomethionine (SM)6) Basal diet + 0.30 mg/kg of Se from 

selenomethionine (SM) . Duration: 8 weeks 

Response criteria Animal performance : Reproductive Performance, liver, kidney, pancreas, breast muscle, and egg content :  

Results With the increase of dietary Se level (0.15 or 0.30 mg/kg), hatchability have decreased, but the Se concentrations have been elevated in liver, kidney, pancreas, and breast 

muscle of breeders, yolk and albumen, liver and breast muscle of developing embryos, and tissues (liver, kidney, pancreas, and breast muscle) of 1-day-old chicks. Hatchability 

of fertile eggs has been increased by using 0.15 mg/kg of Se (vs. 0.30 mg/kg of Se) in the feed but has not been differ by the source of Se. Irrespective of the Se level, the Se 
concentrations in liver, kidney, pancreas, and breast muscle were greater in breeders fed Se-enriched yeast (SY) or selenomethionine (SM) compared with breeders fed sodium 

selenite (SS), and kidney from breeders fed SM were greater Se concentration than that from breeders fed SY. Yolk and albumen from SM treatments also had the greatest Se 

concentrations. The embryonic liver and breast muscle from SM treatments had higher Se concentrations than those of SS treatments. The Se concentrations in liver, kidney, 
and breast muscle of 1-day-old chicks were greater in SY or SM treatments compared with SS treatments, and there were more significant increase in Se concentrations in 

kidney and breast muscle of 1-day-old chicks from SM treatments than those from SY treatments.  

 

Study code 78417 

Year 2012 

Animal Category  2.1. Poultry. Chickens for fattening :  

Nº treatments (replicates/ treatment) 4 treatments (4 replicates of 8 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : mg Se/kg diet. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) T1 (basal diet with no added Se)2) T2 (basal diet +  0.15 mg Se/kg diet as yeast source) 3) T3 (basal diet +  0.3 mg Se/kg diet) 4) T4 (basal diet + 3.0 mg Se/kg diet). 

Response criteria Biochemical response : fatty acid composition. Breast muscle content 
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Results 100 g of breast meat from chickens fed diets supplemented with 0.15, 0.3 and 3 mg Se per kg of diet can provide 26, 41 and 220 lg of Se. 

 

Study code 78423 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 5 treatments (10 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Commercial diet, 2) Se-supplemented diet containing 1.0 mg/kg sodium selenite (0.601 mg Se /kg), 3) Se-supplemented diet containing 2.0 mg/kg sodium selenite (1.058 

mg Se /kg), 4) Se-supplemented diet containing 3.0 mg/kg sodium selenite (1.514 mg Se /kg), 5) Se-supplemented diet containing 5.0 mg/kg sodium selenite (2.427 mg Se /kg) 
. Duration: 90 days. 

Response criteria Spleen content : thymus, and bursa of Fabricius Se content and SelW mRNA levels 

Results The mRNA expression of SelW was detected in all the tissues. Although Se content has been the highest in the spleen, the remarkable stability of the SelW mRNA level has 

been observed in this organ during different times of dietary Se supplementation. When chickens have been fed diets containing 1-3 mg/kg sodium selenite, the Se content in 
the immune organs has dependently increased with increasing dietary Se concentrations. However, the Se content in the immune organs of chickens fed diets containing 3-5 

mg/kg sodium selenite increased with increasing dietary Se concentrations and reached a plateau in the spleen and bursa of Fabricius. Se-supplemented diet can make the SelW 

expression levels higher within a certain range in thymus and bursa of Fabricius. This study demonstrated that SelW was widely expressed in immune organs of birds and that 
Se-supplementation of the feed increased SelW expression in the thymus and the bursa of Fabricius. 

 

Study code 78558 

Year 2011 

Animal Category  2.1. Poultry. Chickens for fattening : Ross 308 

Nº treatments (replicates/ treatment) 3 treatments (5 replicates of 40 animals per treatment) 

Diet Background Analysed 0.046 mg Se/kg 

Units’ basis of diets and/or results Diet - Other : Not specified, Results - Other : Not specified 

Factors affecting// combinations Supplementation source. 

Composition Diets/treatments three groups received the same basal diet containing 0.04 mg Se/kg, supplemented with 0.15 mg Se/kg from sodium selenite (SS) or from L-selenomethionine (L-Se-
methionine (Met)) or from D-selenomethionine (D-Se-Met).Duration: 42 days 

Response criteria Animal performance. Liver, kidney, pancreas, serum and breast muscle content. Breast enzimatic activity, antioxidant activity.  

Results L-Se-Met and D-Se-Met were more effective than SS for depositing Se in serum and tissues, enhancing the antioxidant status and reducing drip loss. Besides, L-Se-Met was 

superior to D-Se-Met for improving antioxidant property in broilers. The results indicated that D-Se-Met may act as an organic source of Se supplementation of feed mixtures 
for broilers. 
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Study code 78941 

Year 2008 

Animal Category  2.4. Poultry. Turkeys for fattening : growing male turkeys 

Nº treatments (replicates/ treatment) 8 treatments (18 animals per treatment) 

Diet Background Estimated. less than 0.01mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Selenium deficient basal soybean maize diets (selenium <0.010 mg/kg diet). 2) Basal diets + 0.10 mg Se/kg diet as sodium selenate. 3) Basal diets + 0.15 mg Se/kg diet as 

sodium selenate.4) Basal diets + 0.20 mg Se/kg diet as sodium selenate.5) Basal diets + 0.25 mg Se/kg diet as sodium selenate.6) Basal diets + 0.30 mg Se/kg diet as sodium 

selenate.7) Basal diets + 0.35 mg Se/kg diet as sodium selenate.8) Basal diets + 0.40 mg Se/kg diet as sodium selenate. Duration: 5 weeks 

Response criteria Animal performance, Liver, heart, plasma, gizzart and thigh and breast muscle content. Biochemical response: glutathione peroxidase in liver and plasma. 

Results After 5 weeks the weight in all groups (mean 2568 g) exceeded the expectations for the genotype investigated. Feed consumption and weight gain were however significantly 

reduced in the group receiving the selenium-deficient diet (<0.010mg/kg). After 2 and 5 weeks selenium concentration and activity of glutathione peroxidase in the plasma and 

the organs examined of turkeys were greatly influenced by selenium supplementation. Plateaus of selenium concentration have been reached at different levels of selenium 
supplementation depending on the organs investigated (thigh muscle: 0.15mg Se/kg diet; liver, plasma, gizzard, breast muscle: 0.30 mg Se/kg diet). In the selenium deficient 

group (<0.010mg/kg) the analysed concentrations were located near or even below the detection limit of 10 mg/kg diet. In the liver a GPx1-activity plateau could be observed 

at a selenium supplementation of 0.25 mg/kg diet after 14 d and 0.20 mg/kg diet after 35 d. The GPx3-activity in the plasma has showed a plateau at a selenium 
supplementation of 0.20 mg Se/kg diet after 14 d and at a supplementation of 0.30 mg Se/kg diet after 35 d.  

 

Study code 78964 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening : broiler cockerels,2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) Exp14 treatments (6 replicates of 3 animals per treatment)Exp2:3 treatments (270 animals per treatment) 

Diet Background Analysed0.07 and 0.13 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Experiment 1.All laying hens were fed on a diet without Se supplementation till 24 weeks of age.From 24 weeks:1) Group 1 — control without Se-supplementation; 2) Group 2 
— sodium selenite added at 0.3mg Se/kg; 3) Group 3 — Se-yeast (Selplex by Alltech) at 0.3mg Se/kg; 4) Group 4 — Se-Chlorella at 0.3mg Se/kg.Duration: 12 

weeksExperiment 2.1) Group 1 — control without Se-supplementation;2) Group 2 — Se-yeast (Selplex by Alltech) was added at 0.3mg Se/kg; 3) Group 3 — Se-Chlorella at 

0.3mg Se/kg. 

Response criteria Liver, Thigh and Breast muscles, Egg content : egg yolk 

Results Dietary Se supplementation (0.3mg/kg) increased the -tocopherol content of egg yolks from 297 mg/kg dry matter in treatment without supplementation to 311 mg/kg when 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

820 

selenium was supplemented as selenite (0.3 mg Se/kg), and to 370—375 mg/kg when organic supplements were used (0.3 mg Se/kg). The Se and -tocopherol contents of breast 
and thigh meat in broilers have been significantly increased by organic dietary Se supplementation (0.3 mg Se/kg). 

 

Study code 79320 

Year 2006 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 4 treatments (4 replicates of 22 animals per treatment) 

Diet Background Analysed 0.037, 0.084, and 0.024 mg/kg,(wheat, soybean meal, and oat hulls) 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. Dietary factors : polyunsaturated fatty acids (PUFA). 

Composition Diets/treatments 1) A commercial broiler breeder diet with soybean oil (SO) but no added Se (less than 0.1 mg of Se/kg)2) A commercial broiler breeder diet with FO (salmon oil) but no added 
Se (less than 0.1 mg of Se/kg),3) SO + about 0.5 mg Se/kg as Sel-Plex (SO+Se)4) FO + about 0.5 mg Se/kg as Sel-Plex (FO+Se).Duration: eggs laid by 27-wk-old breeders 

Response criteria Animal performance : Progeny Performance. Liver content : and brain of progeny 

Results Body mass at 7 and 14 d post-hatch has been lower in chicks fed the low quality diet compared with chicks fed the high quality diet. The DHA content of the tissues of chicks 

from breeders fed diets supplemented with Se has been higher than that in chicks from breeders fed unsupplemented diets. The Se content of the brain in chicks hatched from 
hens fed diets high in Se (0.5mg/kg) increased by a factor of 1.4 (168 ± 4 ng/g) compared with that of chicks hatched from hens fed a diet low in Se (123 ± 1 ng/g). Similarly, 

the Se content of the liver in these chicks increased by a factor of 2.2 (462 ± 22 vs. 209 ± 5 ng/g). 

 

Study code 79321 

Year 2006 

Animal Category  2.1. Poultry. Chickens for fattening : Broiler Breeder 

Nº treatments (replicates/ treatment) 4 treatments (4 replicates of 22 animals per treatment) 

Diet Background Analysed0.037, 0.084, and 0.024 mg/k (wheat, soybean meal, and oat hulls) 

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Other : ng/g (eggshell) 

Factors affecting// combinations Dietary factors : Organoselenium Compounds and Polyunsaturated Fatty Acids 

Composition Diets/treatments 1) Wheat-based commercial breeder diet + 55 g/kg of soybean oil (SO)no added Se (only that originating from feed ingredients) <0.1 mg/kg of Se2) Wheat-based commercial 

breeder diet with 55 g/kg of fish oil (FO),and no added Se (only that originating from feed ingredients) <0.1 mg/kg of Se3) SO + added Se as Sel-Plex (SO + Se)about 0.5 

mg/kg of Se4) FO + added Se as Sel-Plex (FO + Se)about 0.5 mg/kg of Se. Duration: The birds were fed (restricted feeding) a grower diet to wk 20 of life, and from wk 21 they 
were fed a breeder diet. 

Response criteria Animal performance : fertility, hatchability, and the weight of 1-d-old chicksLiver content : and brain of the 1-d-old chickEgg content : eggshell. Biochemical response : 

docosahexaenoic fatty acid 

Results The Se concentration in the eggshell and the brain and liver of 1-d-old chicks was higher in the high-Se treatments (about 0.5 mg Se/kg added) compared with the concentration 
in the low-Se treatments (<0.1 mg/kg). The addition of Se to the fish oil (FO) diets has decreased embryonic mortality in wk 3 of incubation and have improved both 
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hatchability, because chicks hatched from eggs laid by 23-wk-old breeders of the FO + Se treatment were heavier than those receiving the FO treatment. The concentration of 
docosahexaenoic fatty acid has been higher in the liver of chicks from the SO + Se (0.5mg/kg) treatment compared with that of chicks from the soybean oil treatment, 

indicating possible protective effects of Se. 

 

Study code 79464 

Year 2005 

Animal Category  2.2. Poultry. Chickens reared for laying  

Nº treatments (replicates/ treatment) Hens:2 treatments (4 replicates of 20 animals per treatment)Chicks: 4 progeny groups (6 replicates of 8 animals per treatment) 

Diet Background Analysed 0.027 μg Se/g 

Units’ basis of diets and/or results Diet - Fresh matter (FM), Results - Other : ng/ml 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments Hens:1)control diet containing 0.027 μg Se/g 2)Se-supplemented diets containing 0.419 μg Se/g of feed Se from a yeast source. Duration: 39 weeks 

Chicks:4 groups of progeny designated as follows: 1)LL (parents and chicks fed low-Se diets), 2)LH (parents fed low-Se, offspring fed high-Se diets),3)HL (parents fed high-

Se, offspring fed low-Se diets), 4)HH (parents and chicks fed high-Se diets). 

Response criteria Egg content : Se contents of the yolk, albumen, shell and shell membrane. Biochemical response : Se-GSH-Px activity. Other : whole blood content; 

Results The high-Se diet (0.419μg Se/kg) elevated the Se content of the hens‘ eggs by 7.1-fold. At hatch, the concentrations of Se in the liver, breast muscle and whole blood of the 

chicks originating from the high-Se parents (0.419μg Se/kg) have been, respectively, 5.4-, 4.3- and 7.7-fold higher than the values in the chicks of the low-Se parents (0.027μg 

Se/kg). When the offspring from the two parental groups have been both maintained on the low-Se progeny diet, the tissue Se concentrations in chicks originating from the 
high-Se hens (0.419μg Se/kg) remained significantly higher for 3-4 weeks after hatching, compared with the values in chicks from the low-Se hens (0.027μg Se/kg). Similarly, 

tissue glutathione peroxidase activity remained significantly higher in chicks from the high-Se hens (0.419μg Se/kg) for 2-4 weeks post-hatch. 

 

Study code 79495 

Year 2005 

Animal Category  2.1. Poultry. Chickens for fattening : Broilers 

Nº treatments (replicates/ treatment) Experiment 1: 8 treatments (6 replicates of 6 animals per treatment) Experiment 2: 8 treatments (8 replicates of 6 animals per treatment) Experiment 3: 3 treatments (8 

replicates of 15 animals per treatment) 

Diet Background Analysed0.008mg/kg 

Units’ basis of diets and/or results Diet - Other : as-fed basis, Results - Dry matter (DM) , Results - Other : ppm 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Experiment 1.1) A corn-soybean meal (C-SBM) diet, 2) A corn-torula yeast (C-TY) diet, 3) A cornstarch (CS)-dextrose (D)-TY diet (CS-D-TY), 4)A a CS-D-SBM + 20% TY 

diet 5) A corn-soybean meal (C-SBM) diet + 0.30 mg Se/kg from Sodium selenite6) A corn-torula yeast (C-TY) diet + 0.30 mg Se/kg from Sodium selenite 7) A cornstarch 
(CS)-dextrose (D)-TY diet (CS-D-TY)+ 0.30 mg Se/kg from Sodium selenite 8) A a CS-D-SBM + 20% TY diet + 0.30 mg Se/kg from Sodium seleniteExperiment 2.1) C-SBM 

2) C-SBM + 0.30 ppm SS 3) CS-D-SBM + 10% TY 4) CS-D-SBM + 10% TY + 0.30 ppm SS 5) CS-D-SBM + 15% TY 6) CS-D-SBM + 15% TY + 0.30 ppm SS Duration: 
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Experiments 1 and 2 lasted 21 and 20 d, respectively. 

Experiment 31) Corn-soybean meal (C-SBM) diet 2) Corn-soybean meal (C-SBM) diet  + 0.30 mg Se/kg from sodium selenite (SS)3) Corn-soybean meal (C-SBM) diet  + 0.30 

mg Se/kg from Se-enriched yeast (SY). Duration: from 0 to 10 d posthatching. 

Response criteria Animal performance. Liver, plasma and breast muscle content. Biochemical response : plasma glutathione peroxidase (pGPX3). 

Results A cornstarch-dextrose diet containing 10% torula yeast and 31% soybean meal (SBM) has resulted in similar gain as a corn-SBM (C-SBM) diet, but the cornstarch-dextrose-
torula yeast-SBM diet with no added Se reduced pGPX3 activity 6-fold. Daily gain, daily feed intake, and gain:feed were not affected by diet during the 0-to-10-d or 0-to-22-d 

periods. Plasma GPX3 activity and plasma, liver, and breast Se concentrations have been greater in broilers previously fed the diets with added Se (0.30mg/kg), regardless of 

source, than in those fed the CSBM-diet, except for liver Se concentration on d 19 of broilers previously fed the SS diet (0.30 mg Se/kg from sodium selenite). The pGPX3 
concentrations were not different in broilers previously fed either Se diet on d 10 and 13 but were greater in broilers previously fed the SY diet (0.30 mg Se/kg from sodium 

yeast) on d 16, 19, and 22. Plasma Se concentrations were not different in broilers previously fed diets with SS or SY on d 10 and 22 but were greater in broilers previously fed 

the SY diet on d 13, 16, and 19.Breast Se concentrations were greater in broilers previously fed the SY diet than in those fed the SS diet on each day. Liver Se concentrations 
were not different in broilers previously fed SS or SY diets on d 19 and 22 but were greater in those previously fed the SY diet on d 10, 13, and 16. 

 

Study code 79537 

Year 2005 

Animal Category  2.1. Poultry. Chickens for fattening : (Ross × Ross) 

Nº treatments (replicates/ treatment) 3 treatment (4 replicates of 50 animals per treatment) 

Diet Background Analysed 0.18 ppm 

Units’ basis of diets and/or results Diet - Other : as fed, Results - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Corn-soybean meal (SBM) basal diet with no supplemental Se 2) Corn-soybean meal (SBM) basal diet + 0.30 ppm Se from sodium selenite, 3) Corn-soybean meal (SBM) 
basal diet + 0.30 ppm Se from Se-enriched yeast. 

Response criteria Animal performance. Plasma and breast content 

Results The results from this experiment indicated that an organic source of Se, such as Se-yeast, increased tissue Se concentration while maintaining pGPX3 activity compared with an 

inorganic source, such as sodium selenite. 

 

Study code 79546 

Year 2005 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 6 treatments (5 replicates of 30 animals per treatment) 

Diet Background Estimated 0.17 mg of Se/kg 

Units’ basis of diets and/or results Diet - Other : as fed bases 

Factors affecting// combinations Supplementation dose and source. Others : Interaction: Se-α-tocopherol 
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Composition Diets/treatments 1) Control 1 (CON1):basal diet that contained 20 IU of α-tocopherol/kg of feed and 0.17 mg Se/kg. 2) Control 2 (CON2):basal diet + 100 IU of all-rac-α-tocopheryl acetate/kg 
of feed. 3) Treatments 1(SE1): CON2 + 1 mg/kg Na2SeO3.4) Treatments 2 (SE2):CON2 + 2 mg/kg Na2SeO3.5) Treatments 3 (SE4):CON2 + 4 mg/kg Na2SeO3.6) Treatments 4 

(SE8): CON2 + 8 mg/kg Na2SeO3. Duration: from 3 to 6 wk of age 

Response criteria Animal performance. Other : performance, lipid oxidation, and colour stability, meat quality 

Results Body weight and feed efficiency were not affected by dietary selenium levels, and no adverse effect on growth has been observed during the experimental period. The dietary 
selenium and α-tocopherol levels have not affected surface meat colour or level of metmyoglobin accumulation. Dietary selenium supplementation at 8 mg/kg in combination 

with 100 IU of α-tocopherol, however, was more effective in reducing lipid oxidation compared with 100 IU of α-tocopherol/kg feed only. Selenium supplementation did not 

have an additional effect on the reduction of cholesterol oxidation products. Therefore, an increase in the dietary selenium from 1 to 8 ppm have revealed only minor 
improvements in the oxidative stability of chicken meat during refrigerated storage. 

 

Study code 79589 

Year 2005 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 9 treatments (4 replicates of 8 animals per treatment) 

Diet Background Analysed 0.04 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Other : ppm 

Factors affecting// combinations Supplementation dose. Others : eggs store 

Composition Diets/treatments 1) A corn-soybean meal basal diet (0 mg/kg of supplemented Se).2) Basal diet +  0.15 mg Se/kg as sodium selenite3) Basal diet +  0.30 mg Se/kg as sodium selenite4) Basal 
diet +  0.60 mg Se/kg as sodium selenite5) Basal diet +  3.00 mg Se/kg as sodium selenite6) Basal diet +  0.15 mg Se/kg as Se-enriched yeast7) Basal diet +  0.30 mg Se/kg as 

Se-enriched yeast8) Basal diet +  0.60 mg Se/kg as Se-enriched yeast9) Basal diet +  3.00 mg Se/kg as Se-enriched yeast. Duration: 28 days experiment 

Response criteria Animal performance: Hen production, egg content : whole-egg Se analysis, Other : Albumen quality 

Results The percentage of dirty and cracked eggs has been greater in hens fed SY than in those fed SS. Percentage hen-day production was not affected by diet. Albumen quality of 
eggs stored at 22.2°C was improved in eggs from hens fed SS, but there has not been difference in albumen quality of eggs stored at 7.2°C. Egg weight was linearly increased 

by SY. Whole-egg Se levels were linearly increased as dietary Se level increased (from 0 to 3 mg Se/kg) for both sources of Se, but eggs from hens fed SY had higher Se 

concentrations than those fed SS. Egg Se levels from 0.249 mg/kg in basal diets to 0.641 mg/kg and 2.207 mg/kg in SS and Sy supplemented diets respectively. The results 
from this experiment indicated that percentage hen-day production was not affected by Se source, and that Se-enriched yeast increases egg Se concentrations more than Sodium 

Selenite. The results indicated that up to 3 ppm of SS or SY can be used to supplement the diets for laying hens without detrimental effects on percentage hen-day production. 

 

Study code 79631 

Year 2004 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 3 treatments (20 animals per experimental groups and 25 animals in the control group) 

Diet Background Analysed 0.12 mg Se/kg  

Units’ basis of diets and/or results Diet - Dry matter (DM). Diet - Other : mg Se/animal/day. 
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Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Control group (0.12 mg Se/kg dry matter)2) Group that received sodium selenite supplementation in the drinking water in a concentration of 1 mg Se/animal/day. 3) Group 

that received sodium selenate supplementation in the drinking water in a concentration of 1 mg Se/animal/day.* The average daily selenium intake in the treated groups was 

2.30 mg Se/kg body weight. Duration: 24th, 48th, 72nd and 96th hours. 

Response criteria Biochemical response : lipid peroxidation.Other : Malondialdehyde (MDA), Total protein  and Ascorbic acid concentration in the liver 

Results Comparing the effects of two inorganic selenium sources (Na2SeO3, Na2SeO4) on lipid peroxidation and on the content and activity of some components of the antioxidant 

defence mechanism, the amount of glutathione and, consequently, glutathione peroxidase activity declined in the blood plasma and in the red blood cell haemolysate, while in 

the liver malondialdehyde concentration increased only at the end of the experimental period as a result of the boosted enzyme activity.  

 

Study code 79655 

Year 2004 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 60 laying hens (20 animals per treatment) 

Diet Background Analysed0.23 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM). Results - Other : Blood Se (μmol/l) 

Factors affecting// combinations Source supplementation. Others : metabolic routes of different Se sources 

Composition Diets/treatments 1) Basic diet containing 0.23 mg Se/kg DM 2) Basic diet + 0.51 mg Se/kg DM as sodium selenite (SS) 3) Basic diet + 0.51 mg Se/kg DM as Se-malt (SM).Duration: 24 days 

Response criteria Animal performance : productivity, liver, blood, kidney and egg content 

Results The result showed that with the increase of dietary Se level (from 0.23 to 0.51 mg Se/kg)for 24 days, the Se content in egg, blood, liver and kidney was elevated, but the hens‘ 

productivity was not affected. Sodium selenite at 0.51 mg Se/kg increased liver Se content more than Se-malt, while the Se content both in blood and kidney not differed 
significantly between the SS and SM treatments. Se from SM and SS mainly has been deposited in the egg yolk. This suggests that the metabolic route of Se from SM is similar 

to that of Se from SS in laying hens. 

 

Study code 80083 

Year 2001 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 3 treatments (4 replicates of 5 animals per treatment) 

Diet Background Estimated 0.03 mg Se/kg ration 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Others : Interactions: Se-Cu; Se-Vit E deficiency 

Composition Diets/treatments 1) Control group: basal diet + once daily with 100g of various Cu-, Se- and Se+E-deficient diets2) Cu deficient group: low dietary Cu levels (0.2 mg Cu/kg diet)3) Se deficient 

group4) Cu + Se- deficient groupDuration: 6 weeeks 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

825 

Response criteria Biochemical response : CuZnSOD, GSH-Px, CAT and LPO levels 

Results In a 6 weeks trial, CuZnSOD activity and the plasma Cu level of the Cu-deficient group which fed a diet containing 0.2 mg Cu/kg were reduced to 62 and 71% respectively. 

GSH-Px activity of the Se-deficient group has been decreased by 46% but by 21% in the Cu-deficient group- CAT activity values of Se-and Cu-deficient groups have been 

increased by 28 and 10% respectively. The maximum increase of LPO levels in erythrocyte membranes has been observed as 32% for the Se+ E- deficient group. The LPO 
level of the Cu-deficient group which had decreased CuZnSOD and GSH-Px activity has been also observed to be significantly indreased when compared with the controls. 

 

Study code 80160 

Year 2000 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1 and 24 treatments (7 animals per treatment)Experiment 35 treatments (7 animals per treatment) 

Diet Background Analysed 0.05 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis, Results - Other : not specified 

Factors affecting// combinations Dietary factors. Physiological factors 

Composition Diets/treatments Broiler chickens were raised on a Se-deficient diet until 12 d of age and then used for the experiments:Experiment 11) Purified diets 1) Purified diets + 0.1 mg Se/kg diet as 

Sodium selenite1) Purified diets + 0.3 mg Se/kg diet as Sodium selenite1) Purified diets + 0.5 mg Se/kg diet as Sodium seleniteDuration: 9 days Experiment 2 1) Se deficient 
diet without iopanoic acid.1) Se deficient diet + iopanoic acid (5 mg/kg diet).2) Se-supplemented diet (0.3 mg Se/kg diet)as Sodium selenite without iopanoic acid3) Se-

supplemented diet (0.3 mg Se/kg diet)as Sodium selenite + iopanoic acid (5 mg/kg diet).Duration: 9 days Experiment 31) Se-deficient diet2) Se-supplemented diets (0.1 mg/kg) 

as Sodium selenite3) Se-supplemented diets (0.3 mg/kg) as Sodium selenite4) T3 supplemented diets (0.1 mg/kg diet)5) T3 supplemented diets (0.3 mg/kg diet)Duration: 9 
days 

Response criteria Animal performance,. Liver, plasma content. Thyroid response : thyroid hormone metabolism,Other : growth, skeletal muscle protein turnover and thyroid hormone status 

Results Dietary Se supplementation from 0 to 0.5 mg/kg significantly increased plasma 3,5,3-triiodothyronine (T3) concentration and improved growth, while plasma thyroxine (T4) 

concentration has been decreased. The growth has been promoted and feed efficiency has been improved by dietary Se supplementation. However, this effect of Se has been 
halted by iopanoic acid supplementation. Hepatic 50-deiodinase activity has been elevated by Se and inhibited by iopanoic acid. Se influences growth of birds via thyroid 

hormone metabolism. Lower dietary T3 supplementation (0.1 mg/kg diet) resulted in growth promotion similar to Se supplementation, while higher level of T3 caused growth 

depression. Furthermore, it has been observed that the rate of skeletal muscle protein breakdown tended to be increased by Se similarly to the effect of T3.  

 

Study code 80268 

Year 2000 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 12 treatment (2 replicates of 12 animals per treatment) 

Diet Background Estimated 0.15 mg Se /kg 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Others : Interactions: Se-Zn 
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Composition Diets/treatments A 3 x 4 factorial design. Diets: 1) Se- and Zn-fortified diet (basal diet + 1 and 60 mg/kg of Se and Zn, respectively),2) Se-fortified diet (basal diet + 1 mg/kg of Se3)3) Zn-
fortified diet (basal diet + 60 mg/kg of Zn4)4) Basal diet (control)(0.15 mg/kg Se, and 40 mg/kg Zn)Treatments:  Salmonella and aflatoxin inoculation (T1) Salmonella 

inoculation (T2) Uninoculated (T3) Duration: 15 days 

Response criteria Animal performance. Other : Immunity response: weight of the bursa and thymus 

Results It has found a significant improvement in growth performance represented by relative body gain (RBG) and feed efficiency (FE), for the Zn- (basal diet + 60 mg/kg of Zn4) and 
Se + Zn-enriched diets (basal diet + 1 and 60 mg/kg of Se and Zn, respectively) fed to the T1 and T2 groups. The antibody immune response was significantly improved for the 

Se enrichment diet in the T1 and T2 groups. The weight of the bursa and thymus, which relate to the level of the immune response, showed significant decreases, whereas the 

spleen had a significantly increased relative weight (RW) in the T1 group. The variable dietary trace elements supplement have increased the thymic RW in the T2 group. Se 
was useful for the improvement of immune responses during salmonellosis, with or without aflatoxicosis. 

 

Study code 80418 

Year 1998 

Animal Category  2.1. Poultry. Chickens for fattening : Cockerel 

Nº treatments (replicates/ treatment) 5 treatments (15 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : mg/kg feed 

Factors affecting// combinations Others : Interactions: Se-Vit E 

Composition Diets/treatments 1) 0 mg/kg Vitamin E2) 20 mg/kg Vitamin E3) 200 mg/kg Vitamin E 4) 20 mg/kg Vitamin E + 0.3 mg Se/kg.5) 200 mg/kg Vitamin E + 0.3 mg Se/kg. 

Response criteria Biochemical response : Glutathione Peroxidase Activity and Lipid Peroxidation Susceptibility in sperm, testis, and liver.Other : Vitamin E in the semen, testis, and liver 

Results The inclusion of 0.3 mg Se/kg into the cock diet had a significant stimulating effect on GSH-Px activity in seminal plasma, spermatozoa, testes, and liver. 

 

Study code 81667 

Year 1987 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 2-3 replicates per experiment 

Diet Background Analysed 0.1 mg Se/kg. 

Units’ basis of diets and/or results Diet - Other : depending 

Factors affecting// combinations Others : Interaction: Se-Hg 

Composition Diets/treatments Experiment 1A solution containing radio-labelled Se with or without Hg was injected into the ligated duodenal loops. The intraduodenal dose (0.5 mL/animal) contained 0.05 
μCi 75Se, 0.01 mMSe (seleno-DL-methionine; Na2SeO3; Na2SeO4), 150 mM NaCl and 0, 0.01, 0.1 or 1 mM Hg. The injected Se compounds were L-[75Se] selenomethionine, 

[75Se]sodium selenate and [75Se]sodium selenite. Duration: The absorption period was 10 min for [75Se] methionine, and 30 min for both [75Se]selenate and [75Se]selenite. 

Experiment 2Chicks were fed basal diets supplemented with 0, 0.4 or 4.0 mg Se as sodium selenite per kilogram diet and 0, 10 or 500 mg Hg as HgCl2 per kilogram diet. At 3 
wk of age the absorption of [75Se]selenite was determined by the in vivo ligated loop procedure. The dose contained 0.05 n-Ci [75Se]selenite, 0.01 mM sodium selenite and 150 
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mM NaCl, pH 6.5. Duration: the absorption period was 30 min. 

Response criteria True absorption : , intestinal retention, transfer to body and solubility in lumen 

Results In the presence of 1 mM inorganic Hg in the intraduodenal dose, the absorption of the inorganic 75Se compounds was only about 65% of that in the control group, whereas only 

a slight inhibitory effect on [75Se]Met absorption has been observed. Methylmercury had no effect on [75Se]selenite absorption. Precipitation of the 75Se-selenite in the intestinal 

lumen partly explained the direct interaction between inorganic Hg and Se compounds. Absorption of [75Se]Met and [75Se]selenite was also determined in chicks fed after 
hatching a purified diet  supplemented with varying amounts of Hg (0-500 mg/kg) and Se (0-4 mg/kg). Dietary Hg significantly reduced the transfer of [75Se]selenite to body by 

enhancing the accumulation of the isotope in the intestinal tissue. Dietary Hg did not affect the absorption of [75Se]Met, but altered the whole-body distribution of this Se 

compound. Because interaction between Se and Hg was observed mainly between the inorganic compounds and with use of a manyfold excess of Hg over Se, the data suggest 
that intestinal interaction between these metals is not of great nutritional importance. 

 

Study code 81956 

Year 1984 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 4 treatments (8 animals per treatment) 

Diet Background Estimated 0.01 μg/g diet 

Units’ basis of diets and/or results Diet - Other : as fed basis, Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose. Others : Interaction: Se-vitamin E 

Composition Diets/treatments 1) Amino acid mixture-based diet (basal diet) 2) Basal diet + selenium (Se, 0.2 μg/g as Na2Se03) 3) Basal diet + vitamin E (100 μg/g as α-tocopherol).4) Basal diet + selenium 
(Se, 0.2 μg/g as Na2Se03) + vitamin E (100 μg/g as α-tocopherol). Duration: 4 weeks 

Response criteria Animal performance: body weight, liver content, Biochemical response : glutathione peroxidase in liver 

Results The group receiving the basal diet devoid of Se (0.2μg/g) and vitamin E (100 μg/g) showed a tendency to grow slowly, but not significantly so, compared to the non-deficient 

control and manifested a symptom of exudative diathesis after the feeding period of 4 weeks. Supplementation of the basal diet with Se or vitamin E has prevented the 
deficiency symptoms in the chicks. The hepatic GSH level and GSH synthesis activity have been about three times as much in the Se and vitamin E-deficient group as in the 

control. This was also the case for in vivo sulphur incorporation into hepatic GSH for 10 h post-injection with [35S]methionine. The increased level of GSH could partly 

compensate the hepatocytes for peroxidative damage. 

 

Study code 81990 

Year 1984 

Animal Category  2.3. Poultry. Laying hens : cockerels 

Nº treatments (replicates/ treatment) 10 treatments (5-7 chicks per treatment) 

Diet Background Estimated 0.5 mg/kg 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose. Dietary fat, Trace elements 
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Composition Diets/treatments Semisynthetic basal diet (0.5 mg Se/kg).Butter 4-20 % fat. Olive oil 4-20 % fat. Rape oil 4-20 % fat. Corn oil 4-20 % fat. Sunflower oil 4-20 % fat. Duration: 3 weeks 

Response criteria True absorption. Plasma content : GSH-Px 

Results The effect of dietary fat on the availability of selenium was investigated in chicks fed either 4 or 20% butter, olive oil, rape oil, corn oil or sunflower oil in the diet for 3 weeks 

after hatching. The plasma GSH-Px levels increased with increasing proportion of the polyunsaturated fatty acids in the diet. Increasing the amount of fat from 4 to 20% 

significantly enhanced the GSH-Px activity in the groups receiving butter or olive oil, but had no effect in animals fed the unsaturated fats. The absorption of [75Se]selenite 
from the ligated duodenal loops tended to be reduced in chicks fed corn oil or sunflower oil as compared to the animals receiving butter in their diet. On the other hand, the type 

of dietary fat did not appear to affect the absorption of the orally administered selenite. The present study demonstrates that the type of dietary fat can affect the plasma GSH-Px 

levels in chicks without altering the intestinal absorption of selenite. However, the results on the absorption of the intraduodenally injected sodium selenite suggest that dietary 
fat plays some role in the intestinal transport of selenium. 

 

Study code 82118 

Year 1982 

Animal Category  2.4. Poultry. Turkeys for fattening  

Nº treatments (replicates/ treatment) Exp1. 8 pens of 8 animalsExp2. 4 replicate of 6/7 animals per treatmentExp3. 8-12 animals per treatmentExp4. 3 pens of 10 animals per treatment 

Diet Background Analysed 0.047 ppm Se 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments Exp 11) diet A fed alone 2) diet A supplemented with 0.1 ppm Se as Na2SeO3. 

Exp 2I) low Se basal diet 2) basal diet supplemented + 0.1 ppm Se as sodium selenite 3) diet containing menhaden fish meal to supply 0.1 ppm Se. 

Exp 3 0, 0.1, 0.2 or 0.4 ppm Se added as Na2SeO3 

Exp 4The treatments consisted of feeding the basal diet (diet D) alone or supplemented with 0.20 ppm Se provided by five different Se compounds.  

The Se sources were sodium selenite, sodium selenate, seleno-DLcystine, seleno-DL-ethionine, and seleno-DLmethionine. 

Response criteria Biochemical response : SeGSH-Px activity 

Results The supplement of 0.4 ppm Se increased the activity of SeGSH-PX almost 20 times in plasma but only 1.6 times in whole blood. The effectiveness of several compounds 

providing 0.2 ppm Se for increasing plasma SeGSH-Px activity was: Na2SeO4 greater than SE-DL-cystine greater than Se-DL-methionine and Se-DL-ethionine. The effect of 
Na2SeO3 was not significantly different from that of Se-DL-cystine, Se-DL-methionine or Se-DL-ethionine. The ratio of SeGSH-Px activity: Se concentration, indicating the 

amount of Se associated with enzyme activity, was highest in plasma of poults fed Na2SeO4 and Se-DL-cystine. The data demonstrate differences in the availability of various 

Se sources for SeGSH-Px activity of poults. 

 

Study code 82252 

Year 1980 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 5 animals per treatment 
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Diet Background Estimated 0.04 ppm Se 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dose supplementation 

Composition Diets/treatments Exp 1. 1) Basal diet + 0.20 ppm Se for 26 days 2) Basal diet + 0.20 ppm Se for 14 days 2.1) Basal diet 2.2) Basal diet + 0.02 ppm Se for 12 days 2.3) Basal diet + 0.04 ppm Se 

for 12 days 2.4) Basal diet + 0.06 ppm Se for 12 days 2.8) Basal diet + 0.08 ppm Se for 12 days 2.10) Basal diet + 0.10 ppm Se for 12 days. Duration: 26 days 

Response criteria Biochemical response : GSH-Px 

Results Selenium-depleted chicks fed graded levels of selenium (0.02--0.10 ppm in steps of 0.02 ppm) for 9 days had glutathione peroxidase activity in blood plasma which was 

linearly, highly correlated with dietary selenium content.  

 

Study code 82253 

Year 1980 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) Eight samples 

Diet Background Analysed 0.42-0.54 ppm 

Units’ basis of diets and/or results Diet - Dry matter (DM), Results - Dry matter (DM)  

Factors affecting// combinations Dietary factors: Depletion 

Composition Diets/treatments Depletion period (7 days) 0.04 ppm Se. Test period (9 days) NaHSeO3 

Response criteria Plasma content: GSH-Px, Se. Other : relative availability 

Results The content of total selenium was considerably lower in the fish meals made from capelin compared with those made from mackerel (on an average 1.38 versus 6.17 ppm, 

respectively). The availabilities of the selenium in the fish meals from capelin and mackerel for restoring GSH-Px activity were on an average 48 and 34%, respectively, of that 

of selenium in selenite. The selenium in the fish meals was more available than the selenium in the vegetable feeds, which for soybean and corn gluten meal had avail abilities 
of 17.5 and 25.7%, respectively. The highest availability, 78%, was found for the selenium in selenomethionine. Inorganic selenium in selenite was used more efficiently or had 

higher potency for restoring plasma GSH-Px activity in the selenium-depleted chicks than organically bond selenium in selenomethionine and natural feeds. 

 

Study code 82372 

Year 2013 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 5 treatments (8replicates of 6 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Diet I (basal diet without organic Se)2) Diet II (diet I+organic Se at 100 mg/kg diet)3) Diet III (diet I+organic Se at 200 mg/kg diet)4) Diet IV (diet I+organic Se at 300 
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mg/kg diet)5) Diet V (diet I+organic Se at 400 mg/kg diet)Duration: 42 days 

Response criteria Animal performance. Biochemical response. Other : stress parameters, immuno parameters 

Results Lipid peroxidation in plasma decreased, while activities of glutathione peroxidase and glutathione reductase in plasma increased linearly with Se concentration in diet. The 

ratios between heterophyls and lymphocytes and relative weight of lymphoid organs (bursa, spleen, and thymus), and antibody production to Newcastle disease vaccination 

were not affected by Se supplementation to broiler diets. However, the cell-mediated immunity (lymphocyte proliferation ratio) increased linearly with dietary Se 
concentration.  

 

Study code 82409 

Year 2012 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 8 treatments (6 replicates of 15 animals per treatment) 

Diet Background Estimated 0.03 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source. Nanoparticles 

Composition Diets/treatments 2×4 factorial arrangement 0.15, 0.30, 0.60 and 1.20 mg/kg dietary Se from Nano Se or sodium selenite 

Response criteria Animal performance. Liver, kidney, serum and muscle content. Biochemical response : GSH-Px, 

Results Selenite, average daily gain (ADG), gain/feed and survival ratio reached a plateau at the Se concentration of 0.15-0.30mg/kg and then declined as supplemental selenite 

increased. As for Nano Se, ADG, gain/feed and survival ratio reached a plateau at the Se concentration of 0.15-1.20mg/kg. Survival ratio, ADG and gain/feed increased 

quadratically as dietary selenite increased, and increased linearly and quadratically as dietary Nano Se increased. Selenium concentrations in serum, liver and breast muscle 
increased linearly and quadratically as the dietary Se level increased for either Se source, but the magnitude of increase was substantially greater when Nano Se was fed. 

Retention of the orally or intravenously administered 75Se showed that the percentages of Nano Se in the whole body and liver tissue were much higher than those of selenite. 

Intestinal transport of 75Se from ligated loop to body showed that the transfer of Nano Se from the intestinal lumen to the body was higher than that of selenite, while the 
intestinal retention of Nano Se was lower than that of selenite.  

 

Study code 82411 

Year 2013 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 3 treatment (8 replicates of 2 animals per treatment) 

Diet Background Analysed0.11 mg Se/kg 

Units’ basis of diets and/or results Diet - Other : as fed, Results - Dry matter (DM), Results - Other : serum, blood 

Factors affecting// combinations Supplementation dose. 

Composition Diets/treatments 1) Group C, fed a basal diet containing 0.11 mg Se/kg of feed. 2) Group S, fed a basal diet plus 0.4 mg/kg of feed of Se from sodium selenite;3) Group SY, fed a basal diet plus 
0.4 mg/kg of feed of Se from selenium yeast. Duration 8 weeks 
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Response criteria Animal performance. Liver, kidney, egg breast muscle and skin content. Biochemical response: Blood metabolites and enzyme activity. Serum content. Egg parameters.  

Results Results of the study indicated that supplementation with 0.4 ppm of Se from SS or SY does not affect hen performance or blood metabolites except for the increased weight of 

the egg obtained from hens supplemented with both sources of Se. On the other hand, organic Se, particularly in its organic form, improves eggshell quality. Specific selenium 

sources influence selenium distribution in hen tissues. Indeed, egg and breast muscle Se concentrations were higher when hens were fed selenium yeast because of the greater 
bioavailability of organic Se sources when compared with inorganic sources. Eggs and edible tissues enriched with selenium from organic Se sources in poultry diet could 

improve antioxidant status in humans and reduce possible Se deficiency related diseases. 

 

Study code 82484 

Year 2012 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 12 treatments (5 replicates of 10 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 4x3 factorial arrangement0, 25, 50, and 100 g/kg linseed,0.3 mg/kg of OrSe (Sel-Plex 50) and InSe (sodium selenite)Duration: 100 days 

Response criteria Animal performance. Egg content 

Results The inclusion of InSe and OrSe increased the Se content of eggs. Egg selenium content was higher in the OrSe added group than in the control and InSe added groups on d 60 

and 90. 

 

Study code 82580 

Year 2011 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 3 treatments (3 replicates of 30 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Exp 1. 1) Treatment 1. Basal diet (0.11 mg/kg Se)2) Treatment 2. Basal diet + 0.3 mg/kg Se (Sodium Selenite)3) Treatment 3. Basal diet + 0.3 mg/kg Se + 1 g/kg dl-methionine 

Exp 2. 1) Treatment 1. Basal diet (0.11 mg/kg Se)2) Treatment 2. Basal diet + 0.3 mg/kg Se (Se-Yeast)3) Treatment 3. Basal diet + 0.3 mg/kg Se + 1 g/kg dl-methionine. 

Exp 3. 1) Treatment 1. Basal diet (0.11 mg/kg Se)2) Treatment 2. Basal diet + 0.3 mg/kg Se (Se-Yeast)3) Treatment 3. Basal diet + 0.3 mg/kg Se + 2.5 g/kg dl-methionine 

Response criteria Animal performance, Liver and Breast content. Biochemical response : GSH-Px, MDA0, MDA3. 

Results The results indicated that the addition of Se or Se and Met into the diet of broilers did not significantly affect the final live weight of chickens and the feed consumption. 

Moreover, the concentration of Met, Cys and tyrosine in breast muscle increased with an increase in dietary Met content, and the isoleucine concentration decrease. Moreover, 
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the addition of inorganic and organic sources of Se increased the Se content of breast meat. On the other hand, the addition of Met decreased the concentration of Se in breast 
meat and reduced glutathione peroxidase activity and oxidative stability of raw breast muscle and breast meat stored for 3 days in EXP 2 and 3. 

 

Study code 82708 

Year 2010 

Animal Category  2.1. Poultry. Chickens for fattening  

Nº treatments (replicates/ treatment) 7 treatments (3 replicates of 35animals per treatment) 

Diet Background Analysed 0.079 g/kg 

Units’ basis of diets and/or results Diet - Fresh matter (FM), Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments diet supplemented with 0 (control), 0.15 or 0.30 mg of selenium/kg in the form of sodium selenite (SS), Sel-Plex® (SP) and selenium-enriched alga Chlorella (SCH).Duration 
35 days 

Response criteria Animal performance. Other : glutathione peroxidase activity 

Results Selenium addition influenced body weight at 21 and 35 days of age. Significantly higher body weight at 35 days of age was determined in chickens receiving 0.15 mg of 

selenium from SP (2 122 g) and 0.3 mg of selenium from SCH (2 116 g) contrary to dietary treatment with a lower level of selenium from SCH (2 010 g) per kg of feed. The 
selenium content in breast muscle was increased by both the lower and higher selenium concentration in the form of SP (0.6 and 0.85 mg/kg dry matter) and SCH (0.6 and 0.82 

mg/kg dry matter) in comparison with the control (0.31 mg/kg dry matter). A significant increase was ascertained even in SS treatments, but no significant differences were 

found between both levels. The selenium source and level, including SS, significantly influenced the GSH-Px activity in breast and thigh meat. The results confirmed the 
identical effect of SP and SCH in broiler chickens. The new benefit is the finding that addition of sodium selenite at both levels of 0.15 and 0.30 mg Se/kg in diets may have the 

same effect. Furthermore, the organic selenium supplement (SP, SCH) was effectively absorbed into muscles of chickens contrary to SS.  

 

Study code 82713 

Year 2010 

Animal Category  2.2. Poultry. Chickens reared for laying  

Nº treatments (replicates/ treatment) 9 treatments (10 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM), Results - Dry matter (DM)  

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Termination of the experiment was at 35 days of age. The 3 dietary treatments with 3 replicates were as follows: basal diet with no supplemental Se, basal diet supplemented 

with 0.3 mg/kg of Se from sodium selenite (Na2SeO3), and basal diet supplemented with 0.3 mg/kg of Se from selenium enriched alga Scenedesmus. 

Response criteria Other : breast, TBA, MDA 

Results SeIV strain of Scenedesmus quadricauda is suitable for large-scale cultivation of Se-enriched biomass. The use of Se-enriched Scenedesmus in a chicken diet led to an increase 
of selenium content in breast muscle, the enhancement of GPX activity and the reduction of lipid oxidation in meat without any toxic effect on the experimental animals. This 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

833 

suggests that Se-Scenedesmus may be a promising alternative source of organic selenium. 

 

Study code 82786 

Year 2010 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 4 treatments (50 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors: trace elements 

Composition Diets/treatments 1) Cu 5 mg·kg-1 DM (Cu sulphate), Fe, Zn, Mn 50 mg·kg-1 DM (Fe sulphate, Zn oxide, Mn oxide) and Se 0.3 mg·kg-1 DM in the form of sodium selenite 2) Cu 5 mg·kg-1 DM 

(Cu sulphate), Fe, Zn, Mn 50 mg·kg-1 DM (Fe sulphate, Zn oxide, Mn oxide) and Se 0.3 mg·kg-1 DM in the form of selenised yeast3) Feed supplemented with a highly reduced 
dose of trace elements (except for Se) in the proteinated forms: Cu 2.5 mg·kg-1 DM (Bioplex Cu), Fe, Zn, Mn 10 mg·kg-1 DM (Bioplex Fe, Bioplex Zn, Bioplex Mn) and Se 0.3 

mg·kg-1 DM in the form of sodium selenite 4) Feed supplemented with a highly reduced dose of trace elements (except for Se) in the proteinated forms: Cu 2.5 mg·kg-1 DM 

(Bioplex Cu), Fe, Zn, Mn 10 mg·kg-1 DM  and Se 0.3 mg·kg-1 DM in the form of selenised yeast Duration: 42 days 

Response criteria Animal performance. Breast muscle content 

Results This study was designed to determine the effects of dietary supplementation of different doses and forms of Cu, Zn, Fe, Mn and Se on the growth performance and 

concentration of these elements in the breast and thigh muscle of Ross 308 broiler chickens at the age of 21, 35 and 42 days. The diet supplemented with the restricted doses of 

trace elements in proteinated forms (50% Cu, 20% Fe, Zn, Mn and a regular level of Se) had the same effect on the indexes of growth performance (such as the body weight on 
days 1, 7, 14, 21, 28, 35 and 42 of life, total feed intake, feed conversion ratio, carcass yield and abdominal fat of chickens) as well as on the concentration of Cu, Fe, Zn and 

Mn (except for Se) in the breast and thigh muscle of broilers at the age of 21, 35 and 42 days as did the diet with the recommended doses of minerals in the form of inorganic 

salts. Unlike sodium selenite, the proteinated form of Se (selenised yeast) was able to build a significant deposit of this element in the muscle of broilers at the age of 21, 35 and 
42 days. 

 

Study code 82856 

Year 2009 

Animal Category  2.4. Poultry. Turkeys for fattening  

Nº treatments (replicates/ treatment) 3 treatments (8 replicates of 10animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM), Results - Dry matter (DM)  

Factors affecting// combinations Dietary factors, Physiological factors 

Composition Diets/treatments In each growth phase, the basal diet was supplemented with 0 (Se-0) or 0.3 mg/kg of Se from sodium selenite (SeS) or 0.3 mg/kg of Se from Se-enriched yeast (SeY; Sel-

Plex®- organic selenium produced by Saccharomyces cerevisiae CNCM I-3060 Alltech, Nicholasville, KY). The birds were randomly assigned to three feeding groups of 240 

female turkeys each (8 replications of 30 birds each).Duration: 120 days 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

834 

Response criteria Serum and plasma content. Other : abdominal fat, muscles 

Results Dietary supplementation with 0.3 mg/kg inorganic and organic selenium (Se) had no significant effect on growth performance, carcass, and muscle yields of turkeys. Feed 

supplementation with sodium selenite did not affect glutathione peroxidase and superoxide dismutase activity, but the use of Se-enriched yeast significantly increased the 

activity of those enzymes in the blood of turkeys. Both Se sources had the same positive effect on the oxidative stability of meat during refrigerated storage, however, the Se-
yeast were more effective in Se- enrichment of breast muscles. A significant increase in selenium concentrations, an increase in crude fat content, a tendency towards a lower 

abdominal fat content (by 10.6%), lower drip loss from raw meat (by 11.1-12.7%) and lower cooking loss (by 5.5%) were observed in the meat from turkeys fed diets 

supplemented with 0.3 mg/kg SeY instead of sodium selenite. 

 

Study code 83094 

Year 2008 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 3 treatments (3 replicates of 10 animals per treatment) 

Diet Background Analysed 0.08 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source.  

Composition Diets/treatments 1) Basal diet + sodium selenite  (0.2 mg Se/kg dry feed weight)2) Basal diet + selenium yeast (0.2 mg Se/kg dry feed weight)3) Control. Duration: 21 days 

Response criteria Animal performance. Liver, kidney, pancreas and muscle content. Biochemical response : glutathione peroxidase. 

Results A feeding experiment was carried out to compare the effects of supplementing a poultry meal-based diet with selenium as sodium selenite or selenium yeast on broiler 

chickens. Chickens fed the basal diet showed lower selenium content in muscle, kidney, liver and pancreas compared to that fed selenium supplements. However, there was no 
significant difference in muscle selenium content of chickens between trials 1 and 2. Glutathione peroxidase (GSH-Px) activities in broiler chickens plasma and liver of all 

selenium treatment groups (trials 1 and 2) were significantly different from that of the control. The GSH-Px activity in plasma was higher in trial 2 compared with trial 1 and 

the control. However, there was no difference in hepatic glutathione peroxidase between trials 1 and 2 although the average value of GSH-Px activity in trial 2 presented the 
trend of increase. 

 

Study code 83095 

Year 2008 

Animal Category  2.1. Poultry. Chickens for fattening : Ross 308 

Nº treatments (replicates/ treatment) 3 treatment (100 animals per treatment) 

Diet Background Analysed 0.15 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments The basal diet was supplemented with 0 (control) or 0.3 mg/kg Se from sodium selenite (SS) or Se-Chlorella (SCH).Duration 42 days. 

Response criteria Animal performance. Other : breast, meat and excreta content 
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Results The breast muscle Se concentration was increased by Se-Chlorella (0.70 mg/kg DM; 0.36 mg/kg DM in control) supplementation, but not by sodium selenite (0.49 mg/kg DM) 
supplementation. The concentration of Se in excreta was highest in the sodium selenite group. 

 

Study code 83368 

Year 2006 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 4 treatments (15 animals per treatment) 

Diet Background Analysed 0.1 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Basal diet (BD)Se content 0.1 mg/kg DM.2) BD diets + Se dose 0.4 mg/kg DM Sodium selenite 3) BD diets + Se dose 0.4 mg/kg DM Se-yeast4) BD diets + Se-yeast at Se 
dose 0.9 mg/kg DM.Duration: 9 months 

Response criteria Liver, kidney, spleen, plasma, serum, heart and duodene content. Biochemical response : GPx, MDA, SOD 

Results The activities of glutathione peroxidase (GPx) in blood and tissues of liver, kidney and duodenal mucosa were significantly increased by Se supplementation, but no differences 

due to form or dose of Se were observed. Both Se sources resulted in significant reduction of superoxide dismutase (SOD) activity in erythrocytes. Malondialdehyde (MDA) 
content in kidney tissue was reduced by both Se sources, but its production in liver tissue was inhibited by Se-yeast only. Selenium supplementation did not influence the levels 

of MDA and -SH groups in plasma. Although both Se significantly raised Se concentrations in blood and tissues of liver, kidney, spleen, heart and duodenal mucosa, significant 

Se deposition into muscles appeared in hens given Se-yeast only. The presented results suggest that Se-yeast is more effective in maintenance of antioxidant and selenium 
status of laying hens than selenite. 

 

Study code 83712 

Year 2003 

Animal Category  2.3. Poultry. Laying hens  

Nº treatments (replicates/ treatment) 4 treatments (50 animals per treatment) 

Diet Background Analysed 0.12 ppm Se 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Group 1 basic diet (BD) 0.12 mg/kg of dry matter (DM) 2) Group 2 BD + 0.2 mg/kg of DM Na2SeO3 final level 0.32 mg/kg of DM. 3) Group 3 BD + 0.2 mg of Se 
selenium yeast extract final Se level 0.32 mg/kg of DM a4) Group 4 BD enriched +(0.7 mg/kg of DM) in the form of the same Se-yeast extract providing a total concentration 

of 0.82 mg/kg DM. 

Response criteria Biochemical response : GSH-Px, Serum, Plasma and Breast muscle content  

Results The activity of blood GSH-Px was found to be dose-dependent throughout the experiment with no differences due to the form of Se administered. The selenium analysis in 
blood and liver samples revealed also the Se dose dependent responses but with significantly higher values recorded in chickens aged 5 weeks and older chickens and supplied 
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with the equivalent amounts of organic Se source. Other tissue Se levels were also highest in the group with its largest intake. The values of Se content in the breast muscle 
were higher in chicks of Group 3 during entire experiment and they reached the doubled values than in the birds given selenite (11.54 ± 0.4 vs. 5.47 ± 0.2 μmolfflkg-1 of DM, in 

7-week-old birds). On the other hand, no differences in this parameter were determined between the chicks fed just BD or BD supplemented with Na2SeO3.  
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Table VII.D.3. Bovines 

Study code 76837 

Year 2010 

Animal Category  3.4. Bovines. Dairy cows for milk production and reproduction 

Nº treatments (replicates/ treatment) 3 treatment (8 cows per treatment) 

Diet Background Estimated0.21 mg Se/kg  DM 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Control (basal diet without Se supplementation), 2) SS (basal diet + 5.0 mg Se/ d as inorganic Se) 3) SY (basal diet + 5.0 mg Se/ d as organic Se). Duration = 90 days 

Response criteria Biochemical response. Milk, serum and plasma content 

Results Both Se forms, when compared to control group, increased Se concentrations of blood and milk erythrocyte GPx1 activity and milk percentages of polyunsaturated fatty acids 
(PUFA) and cis-9,cis-12 linoleic acid. Cows supplemented with 0.5 mg Se/d as SY had higher Se levels in blood and milk and percentage of PUFA in milk when compared 

with those supplemented with SS. Milk yield, milk component and serum GPx3 activity were not significantly affected by Se form. 

 
Study code 77182 

Year 2006 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) Not specified 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments The target levels for selenium supplementation have been approximately 1) 0 μg Se/day 2) 1.800 μg Se/day 3) 2.700 μg Se/day 4) 3.600 μg Se/day 5) 4.500 μg Se/day. 

Response criteria Milk content 

Results The bioavailability of Se has been statistically greater for cows' milk obtained after supplementation of forage with organic selenium at levels of 0.4 and 0.5 µg Se/g than for 

that obtained after supplementation with inorganic and organic selenium at levels of 0.2 and 0.3 µg Se/g. 

 
Study code 77408 

Year   

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 4 animals per treatment 
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Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Diets high in Se (11.9 mg Se/kg diet). 2) Diets moderate in Se (0.62 mg Se/kg diet).  

Response criteria Liver, kidney, plasma, and muscle content 

Results Initial muscle Se concentrations averaged 2.1 ± 0.1 and 0.4 ± 0.1 mg Se/kg for animals from seleniferous and nonseleniferous backgrounds, respectively. The final Se 
concentration in all retail cuts of beef was significantly affected by diet and Se background, and Se concentrations were similar for all cuts. The Se concentrations of all organs 

except liver were significantly affected by Se background and dietary Se intake. The rank order of Se concentrations in edible beef was seleniferous background/high Se diet 

(2.10 ± 0.39 µg Se/g > seleniferous background/ moderate Se diet nonseleniferous background/high Se diet > nonseleniferous background/moderate Se diet (0.43 ± 0.09 µg 

Se/g. Selenium concentrations in the liver and kidney did not follow this pattern. Kidney and liver Se concentrations of nonseleniferous background steers fed a high Se diet 

were higher than kidney and liver Se concentrations of seleniferous background steers fed a high Se diet. 

 
Study code 77987 

Year 2013 

Animal Category  3.1. Bovines. Calves for rearing and suckling calves 

Nº treatments (replicates/ treatment) 3 treatments (8 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other: as fed basis 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Mineral supplement treatment (TRT) containing 35 mg Se/kg mix as inorganic (ISe;sodium selenite), organic (OSe; Sel-Plex®), or a 1:1 combination of ISe/OSe (MIX).2) 

Mineral supplement treatment (TRT) containing 35 mg Se/kg mix as organic (OSe; Se-enrichedyeast)3) Mineral supplement treatment (TRT) containing 35 mg Se/kg mix as a 

1:1 combination of ISe/OSe (MIX).Duration: 1 year  

Response criteria Animal performance. Whole blood content 

Results Cow Se source (ISe, OSe,and MIX) did not affect mineral intake, but cows consuming 100 % organic forms of supplemental Se (35 mg/kg as OSe) had greater concentrations 
of blood Se than cows consuming 100 % sodium selenite (35 mg/kg as ISe) or a 50:50 blend of ISe and OSe (MIX). Cow blood Se (0.109 to 0.229±0.01 μg/mL) was affected 

by period, Se form, and their interaction, with ISe<MIX for periods 8 and 11, ISe<OSe for all periods except period 1, and MIX<OSe for periods 2 to 4, 7, 8, 10, and 12. Calf 

blood Se was correlated with cow blood Se and affected by cow Se TRT, with ISe<MIX=OSe. 

 
Study code 78054 

Year 2013 

Animal Category  3.1. Bovines. Calves for rearing, beef cows, calves for fattening and nursing calves 

Nº treatments (replicates/ treatment) 3 treatments (2 replicate pastures per treatment with 20 animals per pasture) 

Diet Background Not specified  
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Units’ basis of diets and/or results Diet - Other: as fed bases. Results - Other : ng/mL 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) No supplemental selenium (Se), 2) 26 mg of supplemental Se from sodium selenite/kg3) 26 mg of supplemental Se from seleno-yeast/kg (designed mineral intake=113 

g/cow daily).Duration: 2 years 

Response criteria Biochemical response (GSH-Px, IGF-1), thyroid response and hole blood Se 

Results At the beginning of the calving and breeding seasons, cows supplemented with 26 mg Se/kg has been greater whole blood Se concentration (WBSe) and glutathione peroxidase 
activities (GSH-Px) than cows receiving no supplemental Se; cows fed seleno-yeast had greater WBSe than cows fed sodium selenite, but GSH-Px did not differ between the 

two sources. At birth and near peak lactation, calves from cows supplemented with Se have been greater WBSe than calves from cows fed no Se and calves from cows fed 

seleno-yeast had greater WBSe and GSH-Px than calves from cows fed sodium selenite. Thyroxine (T4), triiodothyronine (T3), and the T4:T3 ratio in calves did not differ 

among treatments.  

 
Study code 78208 

Year 2011 

Animal Category  10. Other categories : Bulls 

Nº treatments (replicates/ treatment) 84 (assigned to one of three Se treatments) 

Diet Background NaSe0.3 mg/kg 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM)  

Factors affecting// combinations Supplementation. Enrichment of the trace mineral content in meat 

Composition Diets/treatments 1) Control2) Se-enriched yeast strain (Saccharomyces cerevisiae NCYC R397) throughout the finishing (Se-Y)3) Sodium selenite Duration: 140 days  

Response criteria Animal performance: Average daily gain. Other : Blond, carcasses, muscle Longissimus thoracis 

Results In comparison with an inorganic source of Se, the supplementation of the finishing diet with Se yeast targeted to achieve 0.3 mg of Se/kg of DM in the complete feed did not 
affect the growth and slaughter performance of bulls. However, the provision of organic Se throughout the finishing period improved the Se status of the young bulls by 

increasing the Se content and TAS of blood. In addition, Se-Y treatment was a way to increase the Se content in muscle tissue and to reduce meat drip loss and shear force. The 

replacement of sodium selenite with organic selenium in the last part of the finishing process led to similar advantages, except for the enrichment of the trace mineral content in 
meat. 

 

Study code 78316 

Year 2012 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 treatments (20 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : % 

Factors affecting// combinations Supplementation dose and source. 
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Composition Diets/treatments 1) Inorganic forms of Se (Na2SeO3) 2) 25% organic (selenomethionine)-75% inorganic forms of Se 3) 50% organic-50% inorganic forms of Se Duration: approximately 3 
weeks prior to calving up to 90 days postpartum. 

Response criteria Reproductive parameters, colostrum production, composition, and immunoglobulin G1 and lameness 

Results In dairy cows the inorganic form of this element was as effective as its organic form since there were no significant differences between the cows fed organic form of Se and 

those fed inorganic Se with regard to the assessed parameters. 

 

Study code 78411 

Year 2011 

Animal Category  3.3. Bovines. Cattle for fattening and Beef Heifers 

Nº treatments (replicates/ treatment) 4 treatments (2 replicates of 5 animals per treatment) 

Diet Background Analysed: 0.08 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Other : μg/g 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Basal diet (0.08 mg Se/ day) and a mineral-vitamin mix that provided 0.16 (control) = 1.09 mg Se/kg 2) 3.0 mg Se/day in ISe (sodium selenite)= 36.1 mg Se/kg3) 3.0 mg 

Se/day in OSe (Sel-Plex®)=34.74 mg Se/kg4) 3.0 mg Se per day Mix (1:1 ISe:OSe)= 34.56 mg Se/kg. Duration: 224 days 

Response criteria Animal performance, liver, serum and whole blood and red blood cells content 

Results More Se was found in whole blood, red blood cells, serum, and liver of heifers provided with 3.0 mg Se per day of Mix and OSe than ISe heifers, and all were greater than 

control (0.08 mg Se per day). A 1:1 mix (1.5 mg Se:1.5 mg Se) of supplemental ISe and OSe is equal to 3 mg/day OSe supplementation and greater than 3 mg/day ISe 

supplementation. Se levels stabilized in liver and plasma by 56 to 112 days whereas whole blood and red blood cell concentrations were still increasing through 224 days of 
supplementation, regardless of the form of supplemental Se. 

 

Study code 78420 

Year 2011 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 7 treatments (5 cows per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Not specified 

Composition Diets/treatments 1) 20 were supplemented with 2 kg/d of Se-enriched pellets for 6 wk while grazing an irrigated perennial ryegrass. The pellets provided about 20, 30, 40, or 60 mg of Se from 
Se yeast produced from Saccharomyces cerevisiae.2) Supplementation treatments were imposed on the remaining 15 cows for the final 2 wk of the 6-wk supplementation 

period, and 2 kg/d of pellets providing 30, 40, or 60 mg of supplemental Se were fed to these cows. Duration: 21 weeks 

Response criteria Milk, serum and plasma content 
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Results After the withdrawal of Se supplementation, milk Se concentrations responded quickly to the change in the quantity of Se consumed, and again, duration of supplementation 
had no effect on the response, but any effect that Se intake had on milk Se had completely dissipated by 4 wk. In contrast to milk, blood Se concentrations continued to be 

affected by both amount and duration of Se supplementation for at least 4 mo after the withdrawal of supplementation, although by 5 mo the effects of the previous 

supplementation treatments had virtually disappeared. The slow decline in blood Se concentrations after the withdrawal of supplementation would most likely be due to the 
protracted clearance of Se from the various tissues that had accumulated Se during supplementation and the rate of erythrocyte turnover. 

 

Study code 78428 

Year 2011 

Animal Category  3.5. Bovines. Dairy cows for reproduction and their calves 

Nº treatments (replicates/ treatment) 2 treatments (12 animals per dietary treatment: 6 pregnant and 6 non-pregnant cows in each group ) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet - Dry matter Results - Other: µg/l 

Factors affecting// combinations Physiological factors (animal age and gestational status) and interactions Se-I 

Composition Diets/treatments 1) A low I (0.45 mg/kg) and Se (0.15 mg/kg) diet (LISe), 2) A high I (5.45 mg/kg) and Se (0.45 mg/kg) diet (HISe), Duration: 120 days 

Response criteria Plasma content and thyroid response (TSH, T4, T3 assays) 

Results Se nutritional markers were higher in dams in the HISe group (I (5.45 ppm) and Se (0.45 ppm) diet), compared to the LISe group (I (0.45 ppm) and Se (0.15 ppm)), except for 

plasma Se. Reactivity of the pituitary-thyroid-axis has not been influenced by I and Se supplementation. I and Se supplementation was efficient in improving newborn status. 

The results also showed an impact of I on Se metabolism when cows were supplemented simultaneously with I and Se. 

 

Study code 78646 

Year 2011 

Animal Category  3.1. Bovines. Calves for rearing and for fattening  

Nº treatments (replicates/ treatment) 3 treatments (10 animals per treatment) 

Diet Background Not specified  

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) None Se supplementation (control) 2) 3 mg Se/day in ISe (sodium selenite) 3) 3 mg Se/day in OSe (Sel-Plex(R)) and enough of a common cracked corn/cottonseed hull-

based diet (0.48 mg Se/day) to support 0.5 kg/day growth. Duration: 105 or 106 days. 

Response criteria Animal performance, liver, serum and plasma content, gene expression 

Results More Se was found in jugular whole blood and red blood cells and biopsied liver tissue of ISe and OSe treatment animals than control animals, and OSe animals contained 

more Se in these tissues than did ISe. The content of at least 80 mRNA were affected by ISe or OSe treatments, including mRNA associated with nutrient metabolism; cellular 

growth, proliferation, and immune response; cell communication or signaling; and tissue/ organ development and function. Overall, three Se supplement-dependent gene 
groups were identified: ISe-dependent, OSe-dependent, and Se form-independent. More specifically, both forms of supplementation appeared to upregulate mitochondrial gene 
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expression capacity, whereas gene expression of a protein involved in antiviral capacity was downregulated in ISe-supplemented animals, and OSe-supplemented animals had 
reduced levels of mRNA encoding proteins known to be upregulated during oxidative stress and cancerous states 

 

Study code 78699 

Year 2010 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) Experiment 1.3 treatments (4 animals per treatment)Experiment 2.6 treatments (5 animals per treatment) 

Diet Background Analysed: 0.08 mg Se/kg and 0.15 mg Se/ kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Other : μg/l 

Factors affecting// combinations Dietary factors (Se amount) and trace elements (I and Se) 

Composition Diets/treatments Experiment 1.1) Control (CTR):total mixed ration (TMR) containing 1.71 mg I/kg DM + 0.08 mg Se/kg DM;2) (T1) - TMR + 23.2 mg I/kg dry matter (DM) and 2.2 mg Se/kg 
DM; 3) (T2) - TMR + 45.3 mg I/kg DM + 4.3 mg Se/kg DM. Duration: 5 weeks.  

Experiment 2.A 3x2 factorial arrangement: Milk yield: high (H), average (A) and low (L). Levels of iodine and selenium: 1) Level 1: TMR containing 1.55 mg I/kg DM + 0.15 

mg Se/kg DM; 2) Level 2: TMR + 47.2 mg I/kg DM + 8.0 mg Se/kg DM. Duration: 16 days 

Response criteria Milk and plasma content; Se in cheese and DM intake 

Results Concentration of selenium in milk was increased by treatment and carry over has decreased from 26 (CTR:0.08 mg Se/kg DM) to 12 (T1: 2.2 mg Se/kg DM) and 9% (T2:4.3 

mg Se/kg DM). Selenium enriched five- to sevenfold factor in the curdle. The selenium milk concentration and excretion have been affected by the milk yield, whereas the CO 

has been affected by the milk yield and selenium supplementation. Results highlighted the possibility of fortification with iodine in milk and selenium in cheese through animal 
feeding. 

 

Study code 78876 

Year 2009 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 2 treatments (7 animals per treatment) 

Diet Background Analysed:  0.3 mg Se/kg*The analysed Se concentrations of the SeD diets for phases 1, 2, and 3 were 0.06, 0.03, and 0.04 mg/kg, respectively. The analysed Se concentrations 

of the SeA diets for phases 1, 2, and 3 were 0.14, 0.33, and 0.45mg/kg, respectively.  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter and µg/ml (plasma) 

Factors affecting// combinations Dietary factors: Se amount 

Composition Diets/treatments 1) Se-adequate (SeA) 0.3 mg Se/kg DM 2) Se-deficient diet (SeD) to contain 0.1 to 0.45 mg/kg of Se as sodium selenite. Duration: 28 d after birth until 180 d of age 

Response criteria Plasma and liver content. Biochemical response in liver: glutathione peroxidase 1 (GPx-1) messenger RNA (mRNA); erythrocyte GPx-1 and plasma GPx-3 activities 

Results Liver Se concentration was greater in calves receiving 0.3 mg Se/kg (from 0.14 to 0.45 mg Se/kg) than calves receiving between 0.1 and 0.45 mg/kg of Se (from 0.03 to 0.06 

mg Se/kg), but no difference was observed between BSL calves and SeA calves in a 152 days trial. Plasma Se was greater for SeA calves (from 0.14 to 0.45 mg Se/kg) than for 
SeD calves (from 0.03 to 0.06 mg Se/kg) by d 56 of age. The GPx-1 activity was greater in SeA calves (from 0.14 to 0.45 mg Se/kg) by d 84 of age, whereas GPx-3 activity 
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was greater in SeA (from 0.14 to 0.45 mg Se/kg) calves, but not until d 180 of age. There was a 50% decrease in GPx-1 mRNA for the SeD calves (from 0.03 to 0.06 mg Se/kg) 
compared with SeA calves (from 0.14 to 0.45 mg Se/kg). Relative GPx-1 mRNA transcript level was reflective of Se status in the bovine. 

 

Study code 78920 

Year 2008 

Animal Category  3.5. Bovines. Dairy cows for reproduction (pregnant) 

Nº treatments (replicates/ treatment) 3 experimental groups of 40 cows each  

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Cows in late pregnancy received a mineral premix 1) With inorganic Se (SS 50 mg Se/kg premix) 2) With organic Se (SY 50 mg Se/kg premix) 3) Without Se (control - C). 
Duration: Supplementation was initiated 6 weeks before expected calving until 12 weeks 

Response criteria Milk, colostrum and whole blood content  

Results Selenium-enriched yeast was much more effective than sodium selenite in increasing the concentration of Se in blood, colostrum and milk, as well as the GSH-Px activity. 

Cows fed selenium-enriched yeast also showed a slower decrease in colostral Se levels. The findings indicated a higher bioavailability of organic Se that was possibly more 
pronounced when treating Se deficient animals. As milk was the only nutritional source of neonatal calves and later a supplementary source of nutrition, the use of organic Se 

may be of clinical significance. 

 

Study code 78923 

Year 2008 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatment (10 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) T1 (no supplement): 0.16 mg Se/kg DM, 2) T2 (SS): 0.30 mg Se/kg DM3) T3 (SY): 0.30 mg Se/kg DM 4) T4 (SY): 0.45 mg Se/kg DM. Duration: 16 weeks 

Response criteria Milk and blood content 

Results While the Se source did not significantly affect milk production, increasing the inclusion rate of Se in the form of SY produced a significant positive linear effect on milk yield. 

Blood chemistry and haematology showed few significant treatment effects. When compared with SS, at a comparable Se inclusion rate, the use of SY significantly increased 
the total Se concentration in blood, milk and cheese and indicated improved bioavailability of the Se derived from SY. Selenium speciation showed that while the concentration 

of SeCys was higher than SeMet in blood, the reverse was true for milk, and that when the dietary inclusion rate was increased from 0.3 to 0.45 mg Se/kg DM by the use of SY, 

the concentration of SeMet was markedly increased, 111 v. 157 ng Se/g. Other Se species constituted between 16% and 36% of the total Se, but little is known of their structure 
and functionality.  
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Study code 78995 

Year 2008 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 4 treatments (8 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Fresh matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) An unsupplemented control (T1), 2) Basal diet + SS to achieve a total mixed ration (TMR) total Se concentration of 0.30 mg Se/kg of DM (T2), 3) Basal diet + ascending 

concentrations of SY at rates sufficient to achieve TMR total Se concentrations of 0.30 (T3) 4) Basal diet + ascending concentrations of SY at rates sufficient to achieve TMR 

total Se concentrations of 0.50 mg of Se/kg of DM (T4). 

Response criteria Liver, heart, blood and skeletal content 

Results The incorporation into the diet of ascending concentrations of Se as SY increased whole blood total Se and the proportion of total Se comprised as SeMet, as well as GSH-Px 

activity. There was also a dose-dependent response to the graded addition of SY on total Se and proportion of total Se as SeMet in all tissues and GSH-Px activity in skeletal 

muscle tissue. Furthermore, total Se concentration of whole blood and tissues was greater in those animals offered SY when compared with those receiving a comparable dose 
of SS, indicating an improvement in Se availability and tissue Se retention. Likewise, GSH-Px activity in whole blood and LM was greater in those animals offered SY when 

compared with those receiving a comparable dose of SS. However, these increases in tissue total Se and GSH-Px activity appeared to have little or no effect in meat oxidative 

stability. 

 

Study code 79039 

Year 2008 

Animal Category  3.4. Bovines. Dairy cows for milk production and for reproduction 

Nº treatments (replicates/ treatment) Review 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Review 

Composition Diets/treatments Review 

Response criteria Review 

Results Selenium (Se) is involved in the antioxidant system via its role in the enzyme glutathione peroxidase. Inadequate dietary vitamin E or Se decreases neutrophil function during 
the perpariturient period in transition dairy cows. Supplementation of vitamin E and/or Se has reduced the incidence of mastitis and retained placenta, and reduced duration of 

clinical symptoms of mastitis in some experiments. Some interesting findings: The Se requirement of dairy cattle is approximately 0.3 mg/kg diet. Selenium functions in the 

antioxidant system as an essential component of a family of glutathione peroxidase enzymes. These enzymes destroy hydrogen peroxide and also lipid hydroperoxides. Whole 
blood Se concentration and glutathione peroxidase activity were negatively related to prevalence of intramammary infection in a study involving 32 dairy herds in 
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Pennsylvania. Selenium administration in combination with oral supplementation of vitamin E (740 IU/day) was most effective, reducing incidence of mastitis and duration of 
clinical symptoms by 37% and 62%, respectively. Experimental mastitis, induced by intramammary challenge with Escherichia coli was more severe and of longer duration in 

cows receiving 0.04 mg Se/kg diet compared with those receiving 0.14 mg Se/kg diet. Numerous studies have indicated that pre-partum Se supplementation can reduce the 

incidence of retained placenta in dairy cows fed diets low in Se. 

 

Study code 79054 

Year 2008 

Animal Category  3.1. Bovines. Calves for rearing  

Nº treatments (replicates/ treatment) 12 pens; 2 steers/pen for each study 

Diet Background Analysed  2.5 mg/d 

Units’ basis of diets and/or results Diet - Dry matter Results - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Experiment 1Steers were assigned supplemental Se was provided (3.0 mg of Se/d; Na selenite) to both Experiment 2Sources of supplemental Se (2.5 mg/ d), fed within 

molasses supplements, were compared: 1) Na selenite, 2) Se-yeast (Sel-Plex, Alltech, Nicholasville, KY), 3) No Se (control).Duration: 90 days 

Response criteria Liver, plasma and feed content 

Results Cattle provided supplemental Se, irrespective of source, had greater (P supplemented with Na selenite and Se-yeast). These data suggested that dietary S, derived from 

sugarcane molasses, may antagonize liver tissue accumulation of Se in cattle. The Se status of cattle consuming sugar-cane molasses was similar when provided 2.5 mg of 

supplemental Se/d from Na selenite or Se-yeast sources. 

 

Study code 79186 

Year 2007 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 3 treatments (6 animals per treatment) 

Diet Background Analysed: 0.034-0.15 mg Se/kg 

Units’ basis of diets and/or results Diet - Other: mg Se/kg total solids. Results - Fresh matter  

Factors affecting// combinations Dietary factors: Se supplementation and Vit E 

Composition Diets/treatments 1) Basal diet containing 0.095-0.128 mg Se/kg total solids and vitamin E at 30-33 mg/kg total solids2) Basal diet + 0.50 mg Se/kg of Se-enriched yeast 3) Basal diet + 0.50 mg 

Se/kg of Se-enriched yeast + 100 mg/kg of vitamin E. Duration: 15 weeks 

Response criteria Animal performance. Liver, kidney, hair and faeces content: activity of glutathione peroxidase (GSH-Px) in muscle and liver 

Results There was not effect of diet on growth rate, digestibility of dry matter and Se, chemical composition of meat (M. Longissimus thoracis et lumborum), meat colour and fatty acid 

profile of meat lipids. The Se supplementation at 0.095-0.128 mg/kg significantly increased Se concentration in muscle from 0.21 to 0.43 mg/kg; in hair from 0.97 to 1.65 

mg/kg, and doubled Se content in faeces. The Se supplementation non-significantly increased Se concentration in the hepatic and renal tissue by 12-17% and 24-26%, 
respectively. The activity of GSH-Px in muscle and liver tissue of Se-supplemented animals at 0.095-0.128 mg/kg was increased by 56% and 67%, respectively, compared to 
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the control. Se supplementation at 0.095-0.128 mg/kg increased the concentration of Se and the GSH-Px activity in meat, but had limited potential for improving meat 
oxidative stability. 

 

Study code 79445 

Year 2005 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) cows from 3 different dairy farms: 60 animals control farm; 40 animals in farm B; 40 animals in farm C 

Diet Background Analysed: 65-49.8 mg Se/kg; 20.2 to 30.6 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Other: μg Se/l 

Factors affecting// combinations Dietary factors: dietary selenium sources 

Composition Diets/treatments Experiment 1.1) Control: 65 μg Se/kg DM (grass silage) + 20.2μg Se/kg DM (maize silage) + 166.7μg Se/kg DM (concentrate mixture)2) Farm B: 49.8 μg Se/kg DM (grass) +  
23.5μg of Se/kg DM (maize) + 58.8 μg of Se/kg DM(alfalfa) + 383.3 μg Se/kg DM (concentrate)3) Farm C: 53.6 μg Se/kg DM (grass) + 30.6μg Se/kg DM (maize) + 32.3μg 

Se/kg DM (alfalfa) + 383.3 μg Se/kg DM (concentrate)Experiment 2.1) 0.0 μg of Se/day2) 1800 μg of Se/day3) 2700 μg of Se/day4) 3600 μg of Se/day 5) 4500 μg of 

Se/dayDuration: 6 weeks 

Response criteria Milk content  

Results The maximal increase in milk Se was attained with Se-Yeast supplemented at 0.3 μg/g. The effect was immediate, with an increase of 9 μg/L being observed after only 5 days, 

and remained steady until the last sample at day 40 of Se supplementation. Se distribution in milk components was constant, 53.6, 42.6, and 9.3% in whey, casein, and fat, 

respectively, and was unaffected by the form of supplementation. Increasing dietary Se-Yeast from 0 to 0.5 μg/g elevated milk Se content from 20 to 39 μg/L. Se-enriched 
cow‘s milk at different levels can be produced by varying dietary Se supplementation in the form of selenised yeast. 

 

Study code 79656 

Year 2004 

Animal Category  3.2. Bovines. Calves for fattening and Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 2 treatments (14 and 13 animals per treatment) 

Diet Background Analysed: 0.18 (forage), 0.19 (hay), 0.05-0.08 (corn), 0.43 (salt) mg Se/kg 

Units’ basis of diets and/or results Diet - Other: mg Se/wk. Results - Other: ng Se/mL 

Factors affecting// combinations Dietary factors (maternal Se supplementation) and cattle breed and age 

Composition Diets/treatments 1) Cows were drenched weekly with a placebo containing 10 mL of double-deionized H2O 2) Cows were drenched weekly with 20 mg of Se as sodium. (20mg Se/wk)(4.38 g 
of sodium selenite in 1 L of double-deionized water.)Duration: drenching began ing when cows were from 0 to 3 mo of gestation and continued on their respective treatments 

to within 1 wk of parturition. 

Response criteria Plasma content; P GPX- 3 activity, and RBC GPX-1 activity; neonatal thyroid hormone production and selenoprotein activity 

Results After 2 months of treatment with 20 mg Se as sodium selenite/week, Se drenched cows had greater plasma concentrations than control cows (84.92 vs. 67.08 ng/mL), and at 
parturition, they had plasma Se concentrations twofold greater than control cows (95.51 vs. 47.14 ng Se/mL). After 4 mo, cows receiving Se had greater RBC GPX-1 activity 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

847 

than controls. Colostrum Se concentration was two fold greater in Se-drenched cows with 20 mg Se as sodium selenite/week than control cows (169.97 vs. 87.00 ng/mL). 
Calves born to cows drenched with Se had greater plasma Se concentration, RBC GPX-1, and plasma glutathione peroxidase activity on d 0 compared with calves born to 

control cows. By d 7, no differences in plasma glutathione peroxidase activity in calves have been observed.  

 

Study code 79701 

Year 2004 

Animal Category  3.3. Bovines. Cattle for fattening (finishing beef steers) 

Nº treatments (replicates/ treatment) 2 treatments (6 animals per treatment) 

Diet Background Analysed: high-Se wheat (10 mg Se/kg  DM);low-Se wheat (0.35 mg Se/kg DM) 

Units’ basis of diets and/or results Diet - Dry matter and μg/kg BW/d 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Adequate Se concentration (7 to 12 μg/kg BW/d) (0.39 mg Se/kg DM), 2) High-Se concentration (60 to 70 μg/kg BW/d) (2.81 mg Se/kg DM). Duration: 126 days 

Response criteria Visceral tissue mass, intestinal cell growth and intestinal cellularity and vascularity 

Results High-Se wheat feedlot finishing diets fed to healthy steers to provide 60 to 70 μg/kg BW/d decreased vascularity of jejunal tissue. Jejunal mass increased with high-Se wheat 

containing (10 ppm Se, DM basis), and, as a result, total microvascular volume has not been affected by treatment. Although cell proliferation as a percentage of total cells was 
unaffected by treatment, the increased jejunal mass resulted in more cells proliferating and an associated large increase in jejunal DNA content and mass. In contrast to effects 

on jejunal tissue, high-Se wheat feedlot finishing diets did not show effects on other tissues measured in this study. Data imply that the jejunal tissue of healthy feedlot steers 

responded metabolically to diets that provided 60 to 70 μg/kg BW/d of Se; however, absorption capacity (as reflected by total microvascular volume) of the tissue has been 
likely unaltered.  

 

Study code 79718 

Year 2004 

Animal Category  3.2. Bovines. Calves for fattening: (finishing beef steers) 

Nº treatments (replicates/ treatment) 4 treatments (CON; n = 12), (WHT; n = 9), (HAY; n = 11), (SEO; n = 11). 

Diet Background Analysed: 0.38 mg Se/kg 

Units’ basis of diets and/or results Diet - Other: as fed basis. Results - Dry matter  

Factors affecting// combinations Dietary factors: supranutritional and organically bound selenium 

Composition Diets/treatments 1) CON: Se adequate (0.38 mg Se/kg) 2) WHT: High Se provided as high-Se wheat (2.86 mg Se/kg), 3) HAY: High-Se hay (2.80 mg Se/kg), 4) SEO: Sodium selenate 
supplement (2.84 mg Se/kg).Duration: 126 days 

Response criteria Animal performance and carcass characteristics; liver, kidney, spleen, semitendinosus and hair content   

Results No differences were noted for hot carcass weight, organ weights, longissimus muscle area, backfat thickness, marbling scores, or quality and yield grade. Kidney, pelvic, and 

heart fat tended to be higher in CON (0.38 mg Se/kg ) and WHT (2.86 mg Se/kg of high-Se wheat) compared with SEO (2.84 mg Se/kg of sodium selenate) and HAY steers 
(2.80 mg Se/kg of hay selenium) (2.9, 2.4, 2.5, 2.9 ± 0.2% for CON, SEO,HAY, and WHT, respectively) in a 126 days trial. Selenium concentrations in all tissues collected 
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differed due to treatment. Distribution of Se to the kidney, spleen, and hair were similar with CON < SEO < HAY < WHT (8.40, 10.05, 10.86, 12.89 ± 0.26 ppm for kidney; 
2.00, 2.60, 3.82, 5.16 ± 0.09 ppm for spleen; 1.80, 4.00, 5.93, 10.54 ± 0.56 ppm for hair). The distribution of Se in liver differed from that in other tissues, with CON < HAY < 

SEO = WHT (2.33, 6.56, 9.91, 10.79 ± 0.80 ppm) and CON = SEO < HAY < WHT (1.33, 1.55, 3.32, 4.41 ± 0.18 ppm), respectively. When providing dietary Se at 

supranutritional levels, source of Se did not affect production or carcass characteristics, but it altered the distribution and concentration of Se throughout the tissues of finishing 
beef steers. 

 

Study code 79870 

Year 2003 

Animal Category  3.5. Bovines. Dairy cows for reproduction and their calves 

Nº treatments (replicates/ treatment) 3 treatments (2 replicates of 20 animals per treatment) 

Diet Background Analysed: 0.09 to 0.11 mg Se/kg DM (hay and pasture) 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) No supplemental Se, 2) 26 mg of supplemental Se from sodium selenite/kg, 3) 26 mg of supplemental Se from seleno-yeast/kg (designed intake = 113 g/cow daily). 

Response criteria Animal performance, Biochemical response ( GSH-Px) and whole blood Se and GSH-Px 

Results Selenium supplementation (26 mg/kg) (sodium selenite or seleno-yeast) had not effect on cow BW, BCS, conception rate, postpartum interval, or hay DMI. Birth date, birth 

weight, BW, total BW gain, mortality, and ADG of calves were not affected by Se or its source. Whole blood Se concentrations and glutathione peroxidase (GSH-Px) activity 

at the beginning of the trial did not differ between cows receiving no Se and cows supplemented with Se or between Se sources. At the beginning of the calving and breeding 
seasons, cows supplemented with Se (26 mg/kg) had greater whole blood Se concentrations and GSH-Px activities than cows receiving no supplemental Se; cows fed seleno-

yeast had greater whole blood Se concentrations than cows fed sodium selenite, but GSH-Px did not differ between the two sources. At birth (near peak lactation), calves from 

cows supplemented with 26 mg Se/kg had greater whole blood Se concentrations than calves from cows fed no Se. At birth, calves from cows fed seleno-yeast had greater 
whole blood Se concentrations and GSH-Px activities than calves from cows fed sodium selenite. Although no differences were noted in cow and calf performance, significant 

increases were noted in whole blood Se concentrations and GSH-Px activities in calves at birth as a result of feeding of seleno-yeast compared to no Se or sodium selenite. 

 

Study code 79873 

Year 2003 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 40 dairy farms (10 cows in each farm) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter and fresh matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments The Se content of the different farms was:1) Of concentrate feeds: 0.104 ± 0.086 mg Se/kg dry matter (DM), 2) Of silage: 0.025 ± 0.018 mg Se/kg dry matter (DM). 

Response criteria Hair and blood content 
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Results A significantly positive correlation was found between the Se concentration in black hair and the Se concentration in blood, white hair, blood and black hair. The Se 
concentration in white hair was significantly smaller than that in black hair. 

 

Study code 79996 

Year 2002 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 treatments per each experiment with 10 animals per treatment 

Diet Background Analysed: 38 ± 54 μg Se/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Other: μg/l 

Factors affecting// combinations Dietary factors: grass, grass silage or maize silage 

Composition Diets/treatments Experiment 1. Grass (TS1). Experiment 2. Grass silage (TS2). Experiment 3. Maize silage (TS3)All trials presented comprised:1) Basal diet (TS1 or TS2 or TS3)= control very 
low Se supply of 38±54 μg Se/kg DM.2) Basal diet + 102 ± 165 μg Se/kg DM.3) Basal diet + 294 ± 373 μg Se/kg DM. Duration: 6-weeks 

Response criteria True absorption; animal performance (milk yield); Biochemical response (plasma glutathione peroxidase (GSH-Px)); Milk and plasma content 

Results After completion of the 6-week trials the average plasma Se concentration of the control cows (without Se supplementation) across all trials has been 21.5 μg/l; this increased 

significantly following Se supplementation, to 37.7 μg/l at Se dietary supplementation between 102-165 μg Se/kg DM and 61.5 μg/l at level 2 (dietary Se supplementation 
between 294-373 μg/kg DM). The plasma glutathione peroxidase (GSH-Px) activity of the control cows averaged 67 U/l, rising considerably after supplementation at level 1 to 

a value of 101 U/l, but showed little further increase at level 2 (dietary Se supplementation between 294-373 μg/kg DM) with a mean value of 120 U/l. The average Se content 

of the milk was unchanged in the control and level 1 groups (supplementation between 102-165 μg Se/kg DM) at 10.5 μg/kg and 10.9 μg/kg, respectively, and only increased 
markedly after supplementation at level 2 (dietary Se supplementation between 294-373 μg/kg DM) to a mean value of 15.1 μg/kg.  

 

Study code 80035 

Year 2001 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 4 treatments (7 animals per treatment) 

Diet Background Estimated: 0.1 mg/kg of inorganic Se 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Dry matter 

Factors affecting// combinations Dietary factors and Interactions Se-VitE 

Composition Diets/treatments 1) Control: basal diet containing 20 I.U. of DL-α-tocopheryl acetate/kg + 0.1 mg/kg inorganic Se 2) Group (+E): basal diet + 300 I.U. of added DL-α-tocopheryl acetate/kg diet. 
3) Group (+Se): basal diet + 0.3 mg of added organic Se/kg diet. 4) Group (+E+Se): basal diet + 300 I.U. of added DL-α-tocopheryl acetate/kg diet + 0.3 mg of added organic 

Se/kg diet. Duration: 55 days 

Response criteria Biochemical response (Glutathione Peroxidase Activity); muscle Se and lipid oxidation 

Results Dietary Se supplementation (0.3 mg/kg) did not significantly affect muscle Se levels, glutathione peroxidase activity, or susceptibility to lipid and oxymyoglobin oxidation in 
the presence or absence of vitamin E. 
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Study code 80295 

Year 1999 

Animal Category  3.1. Bovines. Calves for rearing  and Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 2 treatments (70 and 33 replicates per group) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Other: Se in milk and blood 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Selenite group of 70 cows was moved to the larger field and still had free access to the mineral feed containing sodium selenite. 2) The yeast group of 33 cows was moved to 

the smaller field, where they had free access to a mineral feed that also contained 30 mg Se/kg but as organic Se in the form of a Se yeast product. 

Response criteria Milk, plasma and whole blood content 

Results The concentration of Se in whole blood and the activity of glutathione peroxidase (GSH-Px) in the erythrocytes of the cows and calves in the yeast group (30 mg Se/kg as 
organic Se yeast) were higher than in the samples from the animals in the selenite group. The same pattern was seen for plasma, except for the cows at the first sampling. The 

mean concentrations of Se in whole blood from calves in the yeast and selenite groups were 130 and 84 μg/L, respectively, and  plasma concentrations were 48 and 34 μg/L, 

respectively. Mean Se concentration in the milk from the yeast group (17.3 μg/L) was higher than that in milk from the selenite group (12.7 μg/L). There were significant 
correlations between the concentrations of Se in the cow‘s milk or cow‘s whole blood compared with Se concentrations in the calf‘s whole blood and plasma or with the 

erythrocyte GSH-Px activity of the calves.  

 

Study code 80296 

Year 1999 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatment (10 or 11 replicates per treatment) 

Diet Background Analysed: 0.10-0.12 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Other : Se in milk and blood 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Unsupplemented2) Supplemented 3 mg Se/d from sodium selenite3) Supplemented 3 mg Se/d from sodium selenate4) Supplemented 3 mg Se/d from sodium Se-yeast. 

Duration 84 days 

Response criteria Milk and plasma content and GSH-Px activity in erythrocytes 

Results The mean whole blood Se concentrations in the selenite, selenate, yeast, and control groups were 138, 141, 165, and 104 μg/L,  respectively. The Se concentration in plasma 
apparently reached a plateau level within 4 wk, at approximately 75 μg/L in the selenite group, 80 μg/L in the selenate group, and 90 μg/L in the yeast group. In the control 

group the mean concentration in plasma remained at approximately 50 μg/L. The mean concentrations of Se in milk in the selenite, selenate, and yeast groups were 16.4, 16.4, 

and 31.2 μg/L, respectively, whereas the concentration remained at approximately 14 μg/L in the control group. The milk Se concentration reached a plateau within 1 wk after 
the start of Se supplementation. Organic Se yeast was much more effective than inorganic compounds and increased the concentration of Se in milk within 1 wk after the 
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beginning of supplementation. 

 

Study code 80393 

Year 1999 

Animal Category  3.2. Bovines. Calves for fattening (beef cows and their calves) 

Nº treatments (replicates/ treatment) Experiment 1 and 2: 3 treatments (12 animals per treatment) 

Diet Background Analysed: 0.024;  0 .10; 2.48 mg Se/kg DM for hay, barley, and mineral-vitamin mix 

Units’ basis of diets and/or results Diet - Dry matter 

Factors affecting// combinations Physiological factors: pre- or postpartum 

Composition Diets/treatments Experiment 1 1) 13.0 mg of Se/day as sodium selenite2) 32.5 mg of Se/day as sodium selenite3) 45.5 mg of Se/day as sodium selenite. Duration: 15 days in late pregnancy. 

Experiment 2Cows have been supplemented orally with:1) 0 mg of Se/d 2) 13.0 mg of Se/d 3) 32.5 mg of Se/d. Duration: 15 days postpartumAnd calves have been injected 
with 1.38 mg of Se when 2 d old and at an average age of 49 days. 

Response criteria Biochemical response (GSH-Px activities in red blood cells or plasma) and red blood cells (RBC) and plasma glutathione peroxidase activity 

Results The increase in RBC GSH-Px activity was faster with 45.5 mg of Se/d, and GSH-Px activities remained high for up to 98 d after the end of supplementation. The improvement 

in Se status in calves as a result of maternal supplementation was greater in Exp. 1 than in Exp. 2, suggesting that the placental transfer of Se is more efficient than milk 
transfer. Prepartum oral Se supplementation of deficient beef cows with 13.0 mg of Se/d for 15 d allowed adequate Se status of dams and calves, and 45.5 mg of Se/d resulted 

in a faster improvement of Se status. Adding 13.0 to 45.5 mg of dietary Se daily to beef cows for 15 d in late pregnancy produced satisfactory Se status in cows and their 

calves, even 3 mo after the end of supplementation. Because 45.5 mg of Se daily produced faster effects, this higher amount could be proposed when calving was to occur soon 
after the period of supplementation. 

 

Study code 80482 

Year 1998 

Animal Category  3.2. Bovines. Calves for fattening (beef cows and calves) 

Nº treatments (replicates/ treatment) 4 treatments (15 animals per treatment) 

Diet Background Analysed:0.15; 0.12; 0.07; 0.3; 0.08; 1 mg Se/kg (haylage, ryegrass, pasture, concentrate, hay, cereal) 

Units’ basis of diets and/or results Diet - Other: as fed basis. Results - Not specified 

Factors affecting// combinations Dietary factors: level and source of dietary selenium 

Composition Diets/treatments 1) 20 mg Se/kg as sodium selenite offered free-choice.2) 60 mg Se/kg as sodium selenite offered free-choice.3) 120 mg Se/kg as sodium selenite offered free-choice.4) 60 mg 
Se/kg as selenomethionine from selenised yeast (SeY) offered free-choice. Duration: from 90 d prepartum to the second parturition 

Response criteria Animal performance; liver, whole blood, milk and colostrum content. Biochemical response (Selenium-dependent GPX activity). Thyroid response (T3, T4 in plasma) and 

immunoglobulins (IgG and IgM) in plasma and colostrum of cows. 

Results At parturition, cows given salt with 20 mg Se/kg as selenite had lower concentrations of Se in blood than cows with access to higher-Se salts. Treatments affected the 
concentration of T3 and the ratio of T3:T4 in plasma of cows. The concentration of T3 in plasma of cows with access to salt with 20 mg Se/kg was 14% lower than that in cows 
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supplemented with 60 mg Se/kg as selenite or SeY. Plasma IgG in cows and calves, colostrum, and Se concentrations in colostrum, casein, and whey have been lowest for cows 
given salt with only 20 mg Se/kg. Thus, salts with concentrations of 60 and 120 mg Se/kg improved measures of Se status in cows and calves. 

 

Study code 80549 

Year 1997 

Animal Category  3.5. Bovines. Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 3 treatment (8 or 9 replicates per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter 

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Received 3.0 mg Se as sodium selenite daily 1) Received 3.0 mg Se as the selenium yeast product 3) Received 0.75 mg Se as the selenium yeast product. Duration: 9 months 

Response criteria Liver, kidney, milk whole blood, heart and skeletal muscle content and GSH-Px activity in red blood cells 

Results When a daily supplement of 3 mg of Se as sodium selenite was compared with the same quantity of selenium in the form of a yeast product the concentration of selenium in the 

milk of dairy cows increased by ~ 100%, and its concentration in their blood increased by ~ 40%. A daily supplement of 0.75 mg Se as the yeast product had a similar effect on 

the concentration of selenium in blood and milk as 3 mg Se as selenite. However, the Se yeast product was no more effective than selenite in increasing the activity of GSH-Px 
in erythrocytes.  

 

Study code 80666 

Year 1996 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) 4 treatments (6 animals per treatment) 

Diet Background Estimated: <10 mg Se/kg (hay) and 20 mg Se/kg (pasture) 

Units’ basis of diets and/or results Diet - Other: Not specified. Results - Other : ng/ml 

Factors affecting// combinations Dietary factors (α-tocopherol), trace elements (Se) and physiological factors (gestation) 

Composition Diets/treatments Prepartum treatments consisted of supplementation with:1) Se supplementation: 2 intraruminal Se pellets 4 times/wk: The 30-g intraruminal pellets contained 10% elemental Se 
in a finely divided matrix of Fe and provided about 3 mg Se/day for at least a year 2) α-tocopherol supplementation: 3600 mg of α-tocopherol 4 times per wk3) Se + α-

tocopherol4) Control animals without supplementation. Duration: since 8 weeks before calving 

Response criteria Animal performance, uterine involution and ovarian function; Biochemical response (blood GSH-Px activity) and serum content 

Results Supplementation with Se (3 mg Se/day) increased serum Se concentration and blood GSH-Px activity but did not improve postpartum reproductive performance. 
Concentrations of Se and α-tocopherol in serum for the prepartum heifers of the control group have been 10 ng/ml and 1.3 μg/ml, respectively, indicating deficiencies of these 

nutrients. Treatment with Se and α-tocopherol increased prepartum serum concentrations of Se and α-tocopherol to 74 ng/ml and 5 μg/ml, respectively. However, treatment 

with Se, α-tocopherol, or both, failed to enhance uterine involution, hasten resumption of postpartum ovarian activity or reduce the incidence of clinical postpartum 
abnormalities. 
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Study code 81112 

Year 1992 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) Not specified (review) 

Diet Background Not specified (review) 

Units’ basis of diets and/or results Not specified (review) 

Factors affecting// combinations Dietary concentration of interfering elements such as calcium, sulphur, or trace minerals; Dietary and management effects on the reducing environment of the rumen such as 

amount of concentrate or feeding pattern of the diet; Se concentration of the basal feedstuffs, affected by variations in soil characteristics and Se content and soil and plant 

management between farms 

Composition Diets/treatments Not specified (review) 

Response criteria Serum content 

Results Serum Se concentrations of 70 to 100 ng/mL are a fairly reliable indicator of Se adequacy and are probably necessary to be confident of avoiding subclinical Se deficiency. 

This range can be attained most often by providing > 6 mg of supplemental Se/animal/day. The major benefits, observed experimentally, of maintaining optimal Se intakes 

include minimizing the incidence of mastitis and preventing calf losses associated with myopathy and (or respiratory disease).In Se-deficient areas, increasing the allowable Se 
supplementation level of the diet form 0.1 to 0.3 mg/kg of DM has essentially eliminated the occurrence of clinical Se-dependent muscular dystrophy (―white muscle disease‖). 

Dietary intakes of 0.3 mg of supplemental Se/kg of DM, or 6 mg of Se per cow per day seem to be necessary to achieve the desired serum Se concentration in most cases. Even 

these intakes are inadequate to result in serum Se concentrations in the recommended range in many herds. 

 

Study code 81160 

Year 1992 

Animal Category  3.4. Bovines. Dairy cows for milk production 

Nº treatments (replicates/ treatment) Experiment 1 (cows)2 treatments (9 animals per treatment) 

Diet Background Analysed: 0.076 mg Se/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter and µg/ml (serum) 

Factors affecting// combinations Not specified (review) 

Composition Diets/treatments 1) Basal diet + 0.3 mg Se/kg of total dietary DM as sodium selenite2) Basal diet + 0.3 mg Se/kg of total dietary DM as sodium selenite. Supplementation at 0.3 mg/kg of 

dietary DM. Duration: A 2-wk period of no Se supplementation was followed by 49 or 56 d of Se supplementation 

Response criteria Serum, liver and skeletal muscle content and Biochemical response (GSHPx)  

Results Serum Se concentrations and glutathione peroxidase (GSHPx) activities measured initially and periodically thereafter revealed a small advantage for selenate in supporting 

serum Se concentration in dairy cattle. Serum Se, but not GSHPx, increased with time, and 0.3 mg of supplemental Se per kilogram of dietary DM from either sodium selenate 

or sodium selenite supported normal serum Se concentrations in dairy cattle. 
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Study code 81262 

Year 1991 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 4 treatments (8 animals per treatment) 

Diet Background Analysed: 0.03 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Fed 0.03 mg Se/kg (basic level in local feeds), 2) Basal diet + 0.25 mg inorganic Se supplemented as sodium selenite, 3) Basal diet + 0.25 mg plant Se/kg DM, 4) Basal diet 

+ 0.4 mg plant Se/kg DM. Duration: from birth to slaughter at the age of 13-14 months. 

Response criteria Liver, kidney, heart, brain, testicles, pancreas, spleen, hair, bone (marrow), tendon, and muscle tissues content 

Results Se supplementation significantly increased the Se concentration of all tissue samples. The maximum response was caused by the diet containing 0.40 mg/kg plant Se. In 
muscles, this diet raised the Se concentration by a factor of 10-12. In other samples, the increment has been 15-75 fold, depending on the type of tissue. In general, plant Se 

raised the Se level more effectively than inorganic Se. Se supplementation did not affect the vitamin E status of muscle tissue. 

 

Study code 81556 

Year 1988 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 7 treatments (4 animals per treatment individually allocated) 

Diet Background Analysed: 0.18 mg Se /kg  

Units’ basis of diets and/or results Diet - Dry matter. Results - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Basal diet (0.18 mg Se /kg), 2) Basal diet +  3 mg Se/kg as reagent grade sodium selenite (Na2 SeO3), 3) Basal diet +  6 mg Se/kg as reagent grade sodium selenite (Na2 
SeO3), 4) Basal diet +  9 mg Se/kg as reagent grade sodium selenite (Na2 SeO3), 5) Basal diet +  6 mg Se/kg as calcium selenite (CaSeO3), 6) Basal diet +  6 mg Se/kg as 

Na2SeO3 + fumed amorphous carrier 7) Basal diet +  6 mg Se/kg as sodium selenate (Na2 SeO4). Duration: 10 days 

Response criteria Liver, kidney and serum content 

Results There was a linear uptake of Se in liver, kidney and serum. The CaSeO3 and Na2SeO4 sources resulted in greater Se concentrations in liver and kidney than did Na2SeO3. 

Selenium in liver increased from 1.30 mg/kg (DM) in unsupplemented controls to 10.46 when 9 mg/kg Se as Na2 SeO3 were fed. Kidney Se increased from 3.03 to 12.34 mg/kg 

as supplemental Se increased. Sheep fed CaSeO3, Na2SeO3 + carrier and Na2SeO4 had kidney Se concentrations that were greater than those of sheep fed Na2SeO3 at a 
comparable dietary level. Based on linear and multiple linear regression slopes and average increases in serum, liver and kidney Se concentrations, estimated relative 

bioavailability values, corrected for analysed dietary concentration, were 100, 101, 90 and 133 for Na2SeO3, CaSeO3, Na2SeO3 + carrier and Na2 SeO3, respectively. 

 

Study code 81583 
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Year 1988 

Animal Category  3.2. Bovines. Calves for fattening  

Nº treatments (replicates/ treatment) 2 dietary treatments per experiment (4 or 6 animals per each treatment) 

Diet Background Estimated: <0.01 mg Se/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter  

Factors affecting// combinations Dietary factors (Vit E ) and  trace elements (Se) 

Composition Diets/treatments In each experiment:1) Selenium and vitamin E-deficient diet (<0.01 mg Se/kg, <2 mg total vitamin E/kg)(Control)2) Selenium supplemented calves: basal diet + Na2SeO3 to 
give 0.11 mg Se/kg DM. Experiment 1Duration: 45 weeks. Experiment 2. At wk 26 all animals were turned out from indoor housing to pasture (grass contained 0.016 ±0.001 

mg Se/kg DM, 17.01 ±3.54 mg total vitamin E/kg DM) for a further 28 d before slaughter. Experiment 3At wk 23, three selenium-supplemented calves and three selenium-

depleted calves were turned out from indoor housing to pasture (grass con-tained 0.017 ±0.002 mg Se/kg DM, 18.98 ±3.27 mg total vitamin E/kg DM) for a further 20 d.  

Response criteria Animal performance. Liver, kidney, muscle and heart content and Biochemical response (GSH-Px) 

Results In housed calves, combined selenium and vitamin E deficiency was insufficient to provoke the large increases in plasma creatine kinase activity typical of muscle damage. 

Such increases were only obtained when selenium- and vitamin E-deficient calves were turned out from indoor housing in small pens to open pasture. The rises in plasma 

creatine kinase activity on turnout were prevented when the calves consumed diets supplemented with 0.1 mg Se/kg (as Na2SeO3). The percentage of the polyunsaturated fatty 
acid, linolenic acid (18:3ω3), in plasma total fatty acids was up to 10-fold higher in calves consuming fresh grass at pasture or indoors than in those housed indoors and fed 

purified diet. However, in the housed calves there were no rises in plasma creatine kinase activity, whereas large increases occurred in those turned out to pasture. Thus, 

because increased dietary polyunsaturated fatty acid at turnout is not the sole trigger for the development of myopathy in selenium- and vitamin E deficient calves, additional 
unidentified dietary or environmental factors must also be involved. 

 

Study code 82158 

Year 1982 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 treatments ( 3 replicates of  4 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Corn silage with no protein supplement (CSNS), 2) Corn silage + 33.8% of the diet dry matter (DM) from WBG (CSWBG), 3) WBG, corn and fescue hay at 62.2, 10.8 and 
26.1% of diet DM, respectively (WBGCII). Duration: 112 days 

Response criteria Animal performance and serum content 

Results Heifers fed the diets containing WBG had higher Se concentrations at each sampling date throughout the trial than heifers fed CSNS. Serum Se concentrations at the end of the 

study were .050, .085 and .105 mg/kg, respectively, for heifers fed CSNS, CSWBG and WBGCH. Serum Se at d 68 and 101 were similar for the heifers fed WBG, but both of 

these groups had higher concentrations than CSNS heifers. The serum Se data indicate that more Se was present in the peripheral blood when heifers were fed WBG. 
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Study code 82174 

Year 1981 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 cows per treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Fresh matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Intravenous injections of 75Se as either selenite or selenate containing either 5 or 5000 µg carrier SeBlood sampling at 2, 4, 6, 10, 12, 15, 20, 25, 30, 40, 50, 60, 75, 90, 105 and 

120 min then at 30 min intervals to 360 min. Duration: 7 days 

Response criteria Urine, bile and plasma content 

Results When 5000 µg Se were given, the rate of urinary excretion and plasma clearance of 75Se was similar for both selenite or selenate. Approximately 23% was excreted in urine and 
plasma clearance was triexponential, the mean half-life (t1/2) of the successive components, alpha, beta, and gamma, being 2.3, 15-2 and 465 min respectively. The amount of 
75Se excreted in bile was small; 1.94% of the 75SeO3

(2-) and 0.86% of the 75SeO4
(2-) dose. When 5 µg Se were given the plasma clearance of 75Se was initially biexponential but 

the entry of 75Se-labelled protein from the liver caused an increase in plasma radioactivity after 30-40 min. The effect was most marked after 5 µg 75SeO3(
2-) when plasma 75Se 

radioactivity returned to 69% of the activity present at 2 min. Values for t1/2 of the two components of clearance for 75SeO4
(2-) were respectively alpha 2.6 and 2.5 min, and beta 

15.9 and 36.6 min. Similar amounts of 75Se appeared in bile (0.2% of the dose) after injection of either salt but much less 75Se was excreted in urine after 75SeO3
(2-) (6%) than 

after 75SeO4
(2-) (17%).At low dosage rates (5 µg) Se was more readily incorporated into tissues from SeO3

(2-) than from SeO4
(2-). 

 

Study code 82243 

Year 1980 

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 2 treatments (12 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Fresh matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Se group: initial 50 mg of Se as sodium selenite (IM injection) + 30 mg of Se injection (21-d interval for 150 days), 2) Control group. Duration: 5 months 

Response criteria Liver and kidney content and reproductive parameters (semen, seminal vesicle, testis) 

Results Se treatment of yearling Angus bulls increased the Se concentration of various tissues but had no apparent influence on sperm cell viability, number or Se concentration. Se in 
kidney, liver, seminal vesicle, testis, caput, corpus and cauda epididymis of control and Se-treated bulls was, respectively: .84 and 1.27; 0.1 and 0.37; 0.1 and 0.21; 0.35 and 

0.42; 0.39 and 0.44; 0.31 and 0.34, and 0.71 and 0.78. Se (mg Se/kg) in extended whole semen, the supernatant fraction and sperm pellet fraction from control and Se-treated 

bulls was, respectively: 0.07 and 0.16; 0.04 and 0.13, and 0.03 and 0.03.  

 

Study code 82718 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

857 

Year 2010 

Animal Category  3.4. Bovines. Dairy cows for milk production and reproduction 

Nº treatments (replicates/ treatment) Total 40 herds 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Fresh matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Observational field study of 791 commercial beef cows from 40 cow-calf herds from five community pastures. 

Response criteria Serum content  

Results Trace mineral supplementation given before calving was associated with higher spring concentrations of Cu. Season of sample collection and the physiological status of the 

animals should be considered when interpreting the serum micronutrient status of beef cows and developing supplementation p 

 

Study code 82821 

Year 2010 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 5 treatments (12-16 cows per treatment) 

Diet Background Estimated: 0.10 mg Se/kg DM 

Units’ basis of diets and/or results Diet - Dry matter. Results - Fresh matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Negative control (CTRL; 0.098 mg Se/kg DM), 2) Se yeast supplementation (SY03 and SY05, 0.31 mg Se/kg DM), 3) Se yeast supplementation (SY05, 0.50 mg Se/kg 

DM)4) Sodium selenite supplementation (SS03 0.31 mg Se/kg DM)5) Sodium selenite supplementation (SS05 0.50 mg Se/kg DM). Duration: 140 days 

Response criteria Milk, serum and plasma content 

Results Glutathione peroxidase activity was greater in Se supplemented cows than CTRL but no effect of source was observed. Total Se in whole blood, plasma and milk was in Se 
yeast than selenite, with higher asymptotic values in Se yeast, and also a greater ratio between Se in milk and Se in blood or plasma. The time to asymptotic value of total Se in 

blood and milk was not affected by Se source, although time to asymptotic total Se in plasma was greater in Se yeast than selenite. The 16.3% of supplemental Se was 

transferred into milk of SY05 animals whereas only 3.2% in SS05 supplemented animals. In blood SeCys was the main form of Se, and SeMet the main Se form in milk. In 
blood and in milk SeMet increased only in those animals supplemented with Se yeast, and at the end of the supplementation period values were greater in Se yeast animals than 

selenite.  

 

Study code 82988 

Year 2009 

Animal Category  3.1. Bovines. Calves for rearing, Calves for fattening and Dairy cows for reproduction 

Nº treatments (replicates/ treatment) 2 treatments (13-12 heifers and 7-8 multiparous cows) 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

858 

Diet Background Analysed: 0.38-0.40 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Selenised yeast (Se yeast) 0.62-0.75 mg/kg sodium selenite 0.66-0.81 mg/kg. Duration: 90 days pre-experimental period and 60 days experimental diets 

Response criteria Animal performance; serum and plasma content 

Results Whole blood Se concentration averaged 11% greater in cows fed Se yeast compared with selenite (291 vs. 262±4.5 ng/mL) and serum Se concentration averaged 13% greater 
in cows fed Se yeast (128 vs. 113±5.3 ng/mL). Maternal supplementation of Se yeast increased the Se status of calves by increasing whole blood (252 vs. 211±16 ng/mL), 

serum (94 vs. 75±4.7 ng/mL), and colostrum (245 vs. 174±5.8 ng/mL) Se concentration by 19, 25 and 41%, respectively. There was no beneficial effect of Se source on thyroid 

hormone concentrations or the passive transfer of immunoglobulins to the calf. Supplemental organic Se yeast increased the Se status of dairy cows and the transfer of Se to 

their calves even though the Se concentration of the basal diet was adequate (≥ 0.3 mg/kg). 

 

Study code 83220 

Year 2007 

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 3 treatment (20 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter Results - Other: Se in serum and milk 

Factors affecting// combinations Trace elements: dose and source supplementation 

Composition Diets/treatments 1) Y-Se0.5: receiving selenised-yeast at 0.5 mg Se/kg on total ration 2) Na-Se0.5: Na-selenite at 0.5 mg Se/kg on total ration  3) Na-Se0.1: Na-selenite at 0.1 mg Se/kg on total 

ration Duration: from 2 months before calving until 2 months after calving  

Response criteria Animal performance; milk, colostrum and plasma content  

Results Se status of cows given 0.5 mg Se/kg in either forms resulted in increased plasmatic Se and GSH-pxe activity, with highest values in cows given selenised-yeast. Cows given 

0.5 ppm Se-yeast could better supply Se to their calves, as indicated by higher Se content in colostrum and milk, higher Se status of the calf at birth and 2.5 months later and a 

trend to improve growth. For calves, disease incidence was reduced during the first two weeks of life when cows were given 0.5 ppm Se in the form of Se-yeast when 
compared to Na-Se 0.1 group. 

 

Study code 83245 

Year 2007 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 2 treatments (12 cows per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 
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Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) S1-Se as Na-selenite (3 mg/d of Se + corn silage). Dry period. 2) S2-Se as Na-selenite (3 mg/d of Se + TMR). Duration: 60 days 

Response criteria Animal performance, serum and plasma content 

Results Average Se intake was higher in Na selenite supplemented groups, in both dry (4.08 vs 2.76 mg/d) and lactating (5.80 vs 2.11 mg/d) period. Besides the supplementation, 

differences depended on high Se intake in S1 with the concentrate (increased after calving to 11.5 kg/DM on d 30 and containing 0.24 mg/kg DM of Se). According to the 
intake, plasma Se content resulted higher in S1 in dry (1.20 vs 0.74 μmol/L) and lactating (1.47 vs 0.62 μmol/L) cows. In close-up plasma Se decreased in both groups, in first 

days of lactation increased in S1, while decreased in S2 to level indicating a deficient intake (0.50 μmol/L). These results confirm the link between Se intake and its plasma 

level.  

 

Study code 83397 

Year 2006 

Animal Category  3.3. Bovines. Cattle for fattening 

Nº treatments (replicates/ treatment) 5 treatments (5 steers per treatment) 

Diet Background Analysed: 0.083 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Not specified 

Composition Diets/treatments 1) SMC alone (CON; 0.1 mg Se/kg), 2) 0.3 mg Se/kg (0.3 Se-SMC), 3) 0.6 mg Se/kg (0.6 Se-SMC), 4) 0.9 mg Se/kg (0.9 Se-SMC) Se, 5) 0.9 mg Se/kg (sodium selenite; 

SENI). Duration: 12 weeks Se-SMC: selenium-enriched mushroom 

Response criteria Liver, plasma and muscle content. Biochemical response (GSH-Px activity)  

Results Selenium concentration in the whole blood and GSH-Px activity in plasma were linearly increased with increasing levels of Se-SMC. The whole blood Se concentration of 
sodium selenite treatment (0.9 mg Se/kg) was significantly higher than that of CON treatment from 4 weeks, whereas there was no significant difference in GSH-Px activities 

between both treatments at 8 and 12 weeks. Selenium content in the hind leg and liver increased linearly with increasing levels of Se-SMC, but those of SENI treatments were 

not significantly different from CON treatments.  

 

Study code 83652 

Year 2004 

Animal Category  3.3. Bovines. Cattle for fattening  

Nº treatments (replicates/ treatment) 120 cattle from NW Spain 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Contaminants: As, Cd, Hg and Pb 

Composition Diets/treatments Correlation study 
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Response criteria Liver, kidney and muscle content 

Results Se showed concentrations below the limit of quantification in all the muscles analysed. In the liver, Cu was positively associated with Se and Cr with Fe. There were significant 

associations between hepatic and renal concentrations of Cd, Co and Se. All the mixed correlations between toxic and essential metals were also found in the liver versus 

kidney. Mixed correlations between essential metals were found in the liver versus kidney but also in the liver versus muscle; most of these associations (7 out of 9) being 
negative. 

 

Study code 83719 

Year 2003 

Animal Category  3.4. Bovines. Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatments (2 cows per treatment) 

Diet Background Estimated:0.08 mg Se/kg 

Units’ basis of diets and/or results Diet - Dry matter  

Factors affecting// combinations Not specified 

Composition Diets/treatments A 4x4 Latin Square. Diets, mixture containing rapeseed meal (RM)and soybean meal (SM), supplementation with selenised yeast (RMSe, SMSe; 0.5 mg Se/kg of dry matter). 

Response criteria Biochemical response (GSH-PX); milk and plasma content and thyroid response (T3, T4) 

Results Feeding of RM did not influence the concentration of Se in blood, GSH-Px activity in blood and plasma concentrations of T3 and T4. The supplement of 0.5 mg Se/kg 
significantly increased its content in milk of dairy cows fed diets containing either rapeseed meal (+29.5 μg/l; RMSe vs. RM0) or soybean meal (+28.0 μg/l; SMSe vs. SM). 

The concentration of Se in blood was not significantly influenced by the supplement of selenised yeast; there was only a tendency to increased Se concentration in cows 

receiving the Se supplement. GSH-Px activity, T3 and T4 concentrations and concentrations of iodine in milk were not influenced by dietary Se supplements. The presence of 
rapeseed meal in feed mixtures resulted in a reduced content of Se in milk: in groups receiving selenised yeast there was a trend to lower Se concentration by 4.19 μg/l while in 

groups without Se supplement the Se concentration was significantly lower by 5.62 μg/l.  



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

861 

Table VII.D.4. Sheep 

Study code 78369 

Year 2011 

Animal Category  4.1. Sheep. Lambs for rearing: neonatal lambs 

Nº treatments (replicates/ treatment) 2 treatments:1) 160 ewe lambs, equally divided into 2) breeding groups, each breeding group, ewes were divided among 8 pens (n = 9 to 11/pen) 

Diet Background Analysed. Se-enriched yeast 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. Interactions 

Composition Diets/treatments 2 experiments with 2 × 3 factorial treatment arrangements. Exp. 1A) Se: adequate Se (ASe, 9.5 μg/kg of BW) or high Se (HSe, 81.8 μg/kg of BW)  B) nutritional planes: 60% 

(RES), 100% (control, CON),or 140% (HI) of NRC requirements. Exp. 2A) ASe (11.5 µg/kg of BW) or HSe (77.0 µg/kg of BW) B) nutritional planes: 60% (RES), 100% 
(control, CON), or 140% (HI) of NRC requirements. Duration: 21-57 days 

Response criteria Animal performance : of young lambs, other : immunity response 

Results Lambs from ASe-RES and HSe-HI ewes were treated more frequently for respiratory and gastrointestinal disease, and lambs from HSe-HI ewes had thesmallest24-h serum IgG 
concentration. In Exp. 1, lambs from HI ewes also had the greatest mortality rates from birth to weaning compared with lambs from CON and RES ewes. In Exp. 2, there was 

an effect of maternal plane of nutrition with lambs from RES ewes having increased 24-h IgG compared with lambs from CON and HI ewes. There was no effect of maternal 

Se supplementation on lamb24-h IgG in Exp. 2; however, there was a Se × plane of nutrition interaction for morbidity. From birth to 21 d of age, lambs from ASe-CON ewes 
had fewer treatment days compared with lambs from any of the other treatment groups. There also tended to be an effect of maternal Se supplementation on lamb mortality 

with increased mortality observed in lambs from HSe ewes 

 
Study code 81945 

Year 1984 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 12 groups of 6 ewes with 3 replicates per treatment 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Fresh matter (FM) 

Factors affecting// combinations Treatment group + supplementation SeZn addition 

Composition Diets/treatments Exp. 1. 2 x 2 factorial arrangement1) +Ca'P/+Zn /Se 30 ppm2) +Ca.P/-Zn /Se 30 ppm3) -Ca'P/+Zn /Se 30 ppm4) -Ca'P/-Zn /Se 30 ppm. Duration: 6 months.  

Exp. 2.  1) +Ca'P/+Zn2) +Ca'P/-Zn3) -Ca'P/+Zn4) -Ca'P/--Zn). Duration: 6 month 

Response criteria Biochemical response : GSH-Px, alkaline phosphatase. Urine, serum and plasma content. 

Results Erythrocyte glutathione peroxidase (GSH-Px) activity was significantly lower in all treatment groups compared with a Se-supplemented control group but only rare occurrences 

of subclinical muscular dystrophy were found. There was no significant treatment effect on GSH-Px activity, whole blood Se in ewes and lambs or plasma creatine 
phosphokinase activity in lambs. The results indicated large animal and seasonal variability in SMM intake and no significant treatment effects of Ca X P on SMM intake or on 
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Zn and Se status. Zinc addition to SMM had no effect on Se status. 

 
Study code 82344 

Year 2013 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (5 lambs per treatment) 

Diet Background Analysed 0.3 mg/kg Se 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Fed unsupplemented basal diet (BD, analysed Se 0.07 mg/kg DM)2) BD + 0.3 mg Se/kg DM from sodium selenite (SS) 3) BD + 0.3 mg Se/kg DM from selenised yeast (Se-

yeast). Duration: 14 weeks 

Response criteria True absorption: Apparent, Faecal, muscle, heart, lung, testes, liver, kidney, pancreas, urine and spleen content. Biochemical response,:  

Results The results demonstrated that in sheep the feed supplementation with Se from Se-yeast results in higher absorption of Se from the digestive tract and greater body Se retention 
than from SS. However, the inorganic source of Se was as effective as the organic one in supplying this essential trace element for the activity of specific selenoprotein GPx in 

blood 

 
Study code 82672 

Year 2011 

Animal Category  4.1. Sheep. Lambs for rearing 4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (15 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Well-formulated Se HDP (HDP-P, HDP-R)Se-GSHPx activity 

Composition Diets/treatments 1) No supplement (control)2) Dosed with 1 ‗RumetraceTMEzymin Sheep Selenium Pill‘ (HDP-R) and 1 steel grinder3) Dosed with 1 ‗Permatrace® 3 Year Selenium Pellet For 
Sheep‘ (HDP-P) and 1 steel grinder. Duration: 42 month 

Response criteria Biochemical response :GSHPx, Serum and plasma content. 

Results The aim of this study was to investigate the duration for which a well-formulated Se HDP could be expected to raise and sustain the blood Se and glutathione peroxidase 
(GSHPx) concentrations in sheep once a diagnosis had been made. At the commencement of the study, whole blood Se and GSHPx activity levels were consistent with Se 

deficiency. The control animals remained in that state for the duration of the study. Sheep treated with HDP-P expressed an initial surge in blood Se and GSHPx values, which 

after 36 months declined to levels comparable with the control group. In contrast, sheep treated with the HDP-R exhibited a more consistent elevation in the blood parameters 
which persisted for the length of the trial. This study shows that the HDP technology can be formulated and manufactured to last for at least 5 years. 

 
Study code 82908 
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Year 2009 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (16 lambs per treatment) 

Diet Background Estimated  0.03% sodium selenite 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) (control, C)2) With a supply of 0.03% sodium selenite (IS) 3) 0.03% of organic selenium (OS; SelPlex TM) 

Response criteria Animal performance, liver, kidney, serum and muscle content. Biochemical response : GSH-Px, AST, ALT, CK, LDH. 

Results Se contents in the blood and in the liver and the blood GSH-Px activity were significantly higher in IO and OS, with respect to C. In addition, higher concentrations of Se in the 

blood and in the liver were found for OS with respect to IS. On the contrary, treatment did not affect the activity of other blood enzymes. The Se content in the muscle of OS 

lambs was significantly higher than that found for the C lambs. Considering the higher storage of selenium in meat and liver of the fattening lambs receiving organic Se, it was 
concluded that the Se supply in organic form has a better bioavailability with respect to the inorganic form. 

 
Study code 82932 

Year 2009 

Animal Category  4.1. Sheep. Lambs for rearing 4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (6 animals per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Control group (Gr I) were fed a standard TMR (without Se), 2) Gr II supplemented with 0.15 mg Se/kg DM of diet through sodium selenite (inorganic Se), 3) Gr III 

supplemented with 0.15 mg Se/kg DM of diet through Jevsel-101 (organic Se). Duration: 90 days 

Response criteria Biochemical response. Serum and plasma content 

Results Supplementation of Se had no effect on serum total cholesterol, total protein, albumin, globulin, albumin: globulin ratio, T3, T4, T4:T3 ratio; serum Ca and P levels and SGOT 

and SGPT activity. However, there was a significant increase in the serum Se level, RBC GSH-Px activity and humoral immune response in both the Se supplemented groups 

as compared to control group. Thus, supplementation of organic as well as inorganic Se was found to improve the growth rate, humoral immune response and antioxidant status 
of the lambs; and between two sources, organic Se was more effective than inorganic Se 

 

Study code 82940 

Year 2009 

Animal Category  4.1. Sheep. Lambs for rearing 4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (8 lambs per treatment) 
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Diet Background Analysed1.21-1.31 ppm Se 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Control group. 2) Basal diet + 200 mg/kg organic selenium (Sel-Plex) (1.21 ppm Se)3) Basal diet + 300 mg/kg organic selenium (Sel-Plex) (1.31 ppm Se). Duration: 84 days 

Response criteria Animal performance. Biochemical response : GSH-Px 

Results Although body weights did not significantly differ among the 3 groups, significant increases of the cumulated weight gains compared to the controls were recorded in lambs 
supplemented with 200 ppm of Sel-plex since the 28th day until the 86* day and the food conversion ratios (total, for concentrate or for roughage) were also improved in this 

group. Blood glutathione Peroxidase mean activity was also greatly enhanced in both Sel-plex treated groups. The results showed the beneficial effects of organic selenium 

supplementation (Sel-plex) with moderate dose (200 ppm) on growth and fat metabolism probably linked to the improvement of antioxidant systems. 

 

Study code 82974 

Year 2009 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 2 treatments (16 lambs per treatment) 

Diet Background Analysed 0.18 mg/kg  

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) High dose SY (HSY) (6.30±0.18mgSe/kgDM), 2) Unsupplemented control (control)Duration: 91 days 

Response criteria Liver, kidney, serum, plasma and heart content 

Results Tissue total Se concentrations were significantly higher in SY supplemented animals than in controls irrespective of tissue type; values were 26, 16, 8 and 3 times higher in 

skeletal muscle, liver, heart and kidney tissue of HSY lambs when compared to controls. However, the distribution of total Se and the proportions of total Se comprised as 
either SeMet or SeCys differed between tissue types. Selenocysteine was the predominant selenised amino acid in glandular tissues, such the liver and kidney, irrespective of 

treatment, although absolute values were markedly higher in HSY lambs. Conversely selenomethionine was the predominant selenised amino acid in cardiac and skeletal 

muscle (longissimusdorsi, and psoas major) tissues in HSY animals, although the same trend was not apparent for control lambs in which SeCys was the predominant selenised 
amino acid.  

 

Study code 82986 

Year 2009 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 5 treatments (10 lambs per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  
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Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) T1. 0 mg/kg DM Selenised enriched yeast (SY) (0.19 mg Se/kg DM), 2) T2. 0.11 mg/kg DM Selenised enriched yeast (SY) (0.3 mg Se/kg DM)3) T3. 0.21 mg/kg DM 

Selenised enriched yeast (SY) (0.4 mg Se/kg DM)4) T4. 0.31 mg/kg DM Selenised enriched yeast (SY) (0.5 mg Se/kg DM)5) T5. 0.11 mg/kg DM Sodium Selenite (SS) (0.3 

mg Se/kg DM). Duration: 112 days 

Response criteria Liver, kidney, serum, whole blood, heart and muscle content. Biochemical response. 

Results The incorporation into the diet of ascending concentrations of Se as SY increased whole blood total Se and the proportion of total Se comprised as SeMet, and erythrocyte 

GSH-Px activity. Comparable doses of SS supplementation did not result in significant differences between these parameters. With the exception of kidney tissue, all other 

tissues showed a dose dependant response to increasing concentrations of dietary SY, such that total Se and SeMet increased. Selenium content of Psoas Major was higher in 
animals fed SY when compared to a similar dose of SS, indicating improvements in Se availability and retention. There were no significant treatment effects on meat quality 

assessments GHS-Px and TBARS, reflecting the lack of difference in the proportion of total Se that was comprised as SeCys. However, oxidative stability improved marginally 

with ascending tissue Se content, providing an indication of a linear dose response whereby TBARS improved with ascending SY inclusion. 

 

Study code 83056 

Year 2008 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (10-11 ewes per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Results - Fresh matter (FM) 

Factors affecting// combinations Subcutaneous Supplementation pre- and postpartum 

Composition Diets/treatments 1) Subcutaneous (SC) Se supplementation with 0.1mg of sodium selenite/Kg BW at 7th, 4th week prepartum and 1st week postpartum, 2) Oral Se supplementation 3 mg of 

sodium selenite/head/week, for 7 weeks prepartum, 3) Control, without Se supplementation. Duration: 90 days of pregnancy 

Response criteria Milk and plasma content. Other : allantoic fluid 

Results Positive relationships were observed between gestational age and Se concentration of the allantoic fluid and between milk and lamb plasma Se concentration. Positive 
relationships were also detected between maternal plasma and milk Se concentration in Se supplemented groups, while negative relationship occurred in the control group. 

Milk and lamb plasma Se concentrations were higher in the SC group than that of the oral group, for the first 2 weeks postpartum. Prepartum sodium selenite supplementation 
was important to maintain the maternal plasma Se level during gestation and postpartum Se supplementation was important for maintaining milk and lamb plasma Se 

concentrations and improving the body weight gain of the newborn lambs. Allantoic fluid changes were confirmed as a good indicator of foetal Se status and may act as storage 

of Se and play a role in Se metabolism between the dam and foetus. 

 

Study code 83372 

Year 2006 

Animal Category  4.1. Sheep. Lambs for rearing4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 5 treatments (4-9 animals per treatment) 

Diet Background Estimated   



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

866 

Units’ basis of diets and/or results Diet - Other : as-fed basis 

Factors affecting// combinations Supplementation dose and source. Se sodium selenite. Placental transfer of Se. 

Composition Diets/treatments 1) Control 0.2 ppm Se Sodium selenite2) 4 ppm Se Sodium selenite3) 8 ppm Se Sodium selenite4) 12 ppm Se Sodium selenite5) 16 ppm Se Sodium selenite6) 20 ppm Se 

Sodium selenite. Duration: 504 days 

Response criteria Milk content, Plasma content, Other : colostrum, testis 

Results At birth, lamb plasma Se ranged from 74 to 775 μg/L and was affected by the Se concentration of the ewe diets, which indicates placental transfer of Se. Lambs from ewes 
receiving dietary Se at 20 mg/kg had higher plasma Se than controls at birth and 3, 28, and 56 days of age in both years. Selenium concentration in lamb testes collected at 70 

days of age was also affected by Se content of ewe diets. In year 1, lambs whose dams received 16 or 20 mg/kg Se had higher testicular Se than controls, and no differences in 

testicular Se were observed in year 2. No signs of Se toxicosis were observed in lambs regardless of dietary Se concentration of the ewes' diet.  

 

Study code 83416 

Year 2006 

Animal Category  4.1. Sheep. Lambs for rearing ,4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (10 lambs per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments 1) Basal diet soybean treated 32 g/kg ADIN, 2) Basal diet soybean treated 32 g/kg ADIN, 3) Basal diet soybean treated 32 g/kg ADIN. Duration: 85 days ADIN. Acid detergent 

insoluble nitrogen. Duration: 85 days 

Response criteria Liver, serum and plasma content 

Results The liver, cardiac muscle, wool and whole blood from the ideal treatment contained consistently significantly higher concentrations of Se than either or both of the other two 

treatments, e.g. the liver contained 1535, 1327 and 1555 μg Se/kg DM in the ideal, control and over-processed treatments, respectively, the cardiac muscle 1616, 1527 and 1480 

μg Se/kg DM, respectively, and in whole blood at the end of the trial 336, 278 and 265 μg Se/kg, respectively. It was concluded that the heat processing applied to the organic 
Se source in this trial affected the bioavailability of the Se, but the heat treatments might not have been sufficiently different to manifest distinct differences in the metabolism 

of Se in the body. 

 

Study code 78013 

Year 2013 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 5 treatments (6 animals per treatment) 

Diet Background Estimated   

Units’ basis of diets and/or results Diet - Dry matter (DM)  
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Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments First trial: 2 × 2 + 1 factorial arrangement:1) basal diet (containing 0.06 mg Se/kg DM; control) without supplementary Se, 2) basal diet + 0.20 mg/kg Se as sodium selenite 

(SeS 0.20)3) basal diet + 0.40 mg/kg Se as sodium selenite (SeS 0.40)4) basal diet + 0.20 mg/kg Se as selenium yeast (SeY 0.20)5) basal diet + 0.40 mg/kg Se as selenium 

yeast (SeY 0.40). Duration: 14 days. 

Response criteria Animal performance. Average daily gain, average daily feed intake, feed/gain ratio. Biochemical response. 

Results The results revealed that there were no significant differences for average daily gain, average daily feed intake, feed/gain ratio, haematological parameters (packed cell volume, 

red blood cell, white blood cell, and haemoglobin values),serum total protein, albumin, globulin, aspartate amino transferase, alkaline phosphatase, and creatinephosphokinase 

dueto supplementation of different amounts and sources of Se in lambs (0.06 mg Se/kg DM; 0.20 mg/kg Se as sodium selenite; 0.40 mg/kg Se as sodium selenite; 0.20 mg/kg 
Se as selenium yeast or 0.40 mg/kg Se as selenium yeast). Dietary Se supplementation significantly improved glutathione peroxidase activity in blood. It was concluded that 

supplementation of Se in lambs had no significant effect on performance and blood haematology, but increased blood glutathione peroxidase activity and serum T3 amount and 

decreased serum T4 amount as compared to non-supplemented control lambs.  

 

Study code 78021 

Year 2013 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 2 treatments (16 sheep per treatment) 

Diet Background Estimated.  

Units’ basis of diets and/or results Diet - Dry matter (DM) ,Results - Fresh matter (FM),Results - Other : microg/l 

Factors affecting// combinations Se supply-antioxidant activity 

Composition Diets/treatments 1) Marginal (< 0.05 mg Se/kg diet as sodium selenite, ‗Se−‘) 2) Sufficient (0.2 mg Se/kg diet as sodium selenite, ‗Se+‘). Duration: 2 years Se concentration, glutathione 

peroxidase (Gpx) activity and routine biochemistry in blood/serum over 2years. Duration: 3 month 

Response criteria Liver content: of Se, Cu, Zn, cytosolic Gpx and thioredoxinreductase (TrxR), Kidney content: of Se, Gpx, TrxR, glutathione-S-transferase-alpha (aGST) and 
iodothyroninedeiodinase (Dio1),  

Results Improvement of Se supply strongly increased serum and liver Se concentration within 10 and 20 days, respectively followed by a plateau. Whereas the achievement of a 

maximum whole blood Gpx activity was reached after 3 months, serum Gpx3 activity increased with high variations. Hepatic Gpx activity reached a maximum during days 
100-200, decreasing thereafter. The Se- sheep (< 0.05 mg Se/kg diet) showed an ongoing decrease in serum Se concentration within 2 years, whereas liver Se remained almost 

unaffected. The best biomarker of Se deprivation and nutritional Se up grade, respectively has been Se in serum. Moreover, hepatic Se concentrations reliably were reflected 

the upgrade of Se supply within days. It was observed that vital organs are affected by Se deficiency due to a decrease of cytosolic Gpx activity attenuating the antioxidative 
system. 

 

Study code 78165 

Year 2012 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments and 2 animals per group.6 animals in total 
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Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments The treatments were control (without NS and YS), NS with 4 g nano Se (provide 4 mg Se), and YS with 4 g Se-yeast (provide 4 mg Se) per kilogram of diet dry matter (DM), 

respectively. Duration: 25 days with 15 days of adaptation and 10 days of sampling. 

Response criteria Other : digestibility 

Results Ruminal pH, ammonia N concentration, molar proportion of propionate, and ratio of acetate to propionate were decreased, and total ruminal VFA concentration was increased 

with NS and YS supplementation. In situ ruminal neutral detergent fibre (aNDF) degradation of Leymuschinensis and crude protein (CP) of soybean meal were significantly 

improved by Se supplementation. Digestibility of DM, organic matter, crude protein, ether extract, aNDF, and ADF in the total tract and urinary excretion of purine derivatives 

were also affected by feeding Se supplementation diets. Ruminal fermentation was improved by feeding NS, and feed conversion efficiency was also increased compared with 

YS. The authors concluded that nano Se could be used as a preferentially available selenium source in ruminant nutrition. 

 

Study code 78281 

Year 2012 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 3 treatments (5 animals per treatment) 

Diet Background Analysed1 mg/kg BW Se 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source Nano red selenium and sodium selenite 

Composition Diets/treatments 1) nano red selenium(group I, 1mg/kg BW), 2) sodium selenite (group II, 1 mg Se/kg BW)3) control group was given distilled water (group III). Duration: 30 days 

Response criteria Animal performance. Biochemical response: Serum content, plasma content 

Results It was found that TBARS levels in groups 1 and 2 were significantly higher on days 20 and 30 compared to the basal level on day 0. It was also found that on day 30, the 

TBARS activities in both treated groups were significantly higher than those of the controls. These findings may explain the seemingly paradoxical effects of supplemental 

selenium on the indicators of oxidative stress, as the levels of TBARS were generally expected to decrease in the presence of selenium. There were no significant differences 
between the PCV and RBC values in the three groups. The white blood cell count (WBC) in group 1 showed a significant increase on days 20 and 30 in comparison with the 

control group.  

 

Study code 79568 

Year 2005 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 9 treatments (4 animals per treatment)36 animals 

Diet Background Analysed. High-Se wheat grain 
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Units’ basis of diets and/or results Diet - Dry matter (DM) , Results - Fresh matter (FM) 

Factors affecting// combinations Control + Supranutritional Se 

Composition Diets/treatments A 2x4 factorial arrangement: Se: adequate (0.2 μg of Se/g of DM) or supranutritional Se (2.9 μg of Se/g of DM; in the form of high-Se wheat grain) Duration: for 14, 28, 42, or 

56 days before slaughter 

Response criteria Animal performance. Kidney, muscle, duodenum, heart, lung, spleen, hair, wool and plasma content. 

Results Daily Se intake by wethers fed the adequate and supranutritional Se diets ranged from 5.3 to 5.9, and 79.0 to 95.0 μg of Se/kg of BW, respectively, and have not differed 
between slaughter day groups within Se treatment. Neither Se treatment nor Se treatment × slaughter day interactions were significant for BW, G :F, or liver, kidneys, and 

spleen weights. Within the supranutritional Se treatment, Se contents of most organs and tissues from wethers slaughtered on d 14, 28, 42, and 56 were nearly twice the 

concentrations of wethers slaughtered on d 0. When regressed against the number of days the wethers were fed supranutritional Se, Se concentrations increased  cubically in 

kidneys and plasma, quadratically in duodenum, lung, liver, and spleen, and linearly in heart, muscle, and wool. For total Se in kidneys, liver, and spleen, the response has been 

quadratic. Excluding skeletal muscle, heart, and wool, Se in other organs and tissues reached apparent steady-state concentrations 14 to 28 d after commencement of 

supranutritional Se diets. Selenium concentrations in skeletal muscle have been accumulated in a linear manner throughout the 56-d feeding period. 

 

Study code 80361 

Year 1999 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 16 (4 animals per treatment) 

Diet Background Analysed. Na2SeO3 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source Na Na2SeO3-Vit E 

Composition Diets/treatments 1) Control2) Group fed with vitamin E (DL, alpha tocopheryl acetate, 250 mg/kg feed)3) Group fed with Se (0.3 mg/kg Na2SeO3) 4) Group fed with Vitamin E and Se (250 

mg/kg vitamin E + 0.3 mg/kg Na2SeO3). Duration: 10 weeks 

Response criteria Other : levels of fatty acid composition of the brain and liver tissues 

Results In brain tissue, the amounts of most fatty acids have increased in vitamin E, combination and selenium groups compared with control group values. While the proportions of 

myristic, pentadecanoic, palmitic, linoleic, and total saturated fatty acids were decreased in vitamin E, Se and combination groups, eicosapentaenoic, total unsaturated and 

MUFA have been increased in the same groups. In addition, the proportions arachidonic, eicosapentaenoic, total unsaturated, o6 and MUFA in the combination group have 
been higher than in the control group. In liver tissue, the amounts of myristic, pentadecanoic, palmitic, eicosedienoic, eicosapentaenoic, docosahexaenoic, o3 and PUFA have 

been higher in the combination group than in the control group. Also the proportions of eicosapentaenoic, docosahexaenoic acids in supplemented groups have been higher than 

those in the control group. In conclusion, dietary vitamin E and selenium have an influence on the levels of fatty acids in the brain and liver. 

 

Study code 80601 

Year 1997 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) Six sheep with ruminal and duodenal cannulas 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

870 

Diet Background Analysed.  

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Other: μg/d 

Factors affecting// combinations Supplementation dose and source. Bacteria-isotopes 

Composition Diets/treatments Selenium stable isotopes (enriched [77Se] yeast, enriched [82Se] selenite) and fluid (Co-EDTA) and particulate (Cr-mordanted fibre) markers were administered simultaneously 

into the rumen four times daily for 7 d, and total collections of faeces and urine were made every 24 h for these and the following 7 d. Duration: 208 days. 

Response criteria True absorption: intestinal flow, absorption, and retention of Se. Urine, faecal and plasma content 

Results The availability of Se from inorganic and organic sources in sheep seems to be influenced by diet composition. Inorganic Se has been more readily reduced within the rumen 

than organic Se to forms that are less available. This, however, requires further qualification as to the chemical form of the element. Absorption and retention of Se from 

selenite, has been greater than from Se yeast, an organic form with the majority of Se incorporated into protein. Selenium availability has been also influenced by the 

composition of the diet. 

 

Study code 80602 

Year 1997 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (4 lambs per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Other : as fed-basis 

Factors affecting// combinations Supplementation dose and source Na2SeO3-Vit E- Lipid oxidation 

Composition Diets/treatments 1) Control 2) Vitamin E (DL-a tocopheryl acetate, 250 mg/kg feed)3) Se 0.3 mg/kg feed of Na2SeO3) 4) Vitamin E and Se (250 mg/kg feed of vitamin E + 0.3 mg/kg feed of 

Na2SeO3).Duration: 15 and 30 days. 

Response criteria Fatty Acid Content of Erythrocyte Lipids Bone marrow Lipids, of spleen tissue lipids 

Results After supplementation for 15 days, the amount of all fatty acids has been slightly higher in the vitamin E as compared to the control group, whereas the amount of longer fatty 

acids has been significantly higher in the selenium and combination groups. In the bone marrow lipids, the amount of longer fatty acids has been decreased in the vitamin E and 

combination groups as compared to the control. Although the amount of some fatty acids has been high in the selenium group compared to the control, linoleic, linolenic and 
the polyunsaturated fatty acids (PUFA) have been lower. Thus dietary supplementation with selenium has been more effective than dietary vitamin E supplementation in 

altering the fatty acid content of the erythrocyte, bone marrow and spleen lipids. 

 

Study code 82982 

Year 2009 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 4 treatments (3 replicates  of 4animals per treatment) 

Diet Background Analysed.  
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Units’ basis of diets and/or results Diet - Dry matter (DM) , Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Se unsupplemented (Control group - background only- 0.13 mg/kg Se) 2) Supplemented with Na selenite (0.30 mg/kg Se as sodium selenite) 3) Supplemented with selenium 

enriched yeast (0.30 mg/kg Se as Se-yeast (S. cerevisiae))4) Supplemented with selenium enriched yeast (0.45 mg/kg Se as Se-yeast (S. cerevisiae))Duration 63 days. 

Response criteria Animal performance. Other: Meat quality. Muscle content 

Results In conclusion, the results of this current study suggest that, at the levels of Se used in this experiment, dietary Se has limited potential for improving meat quality, particularly 
where oxidative stability is concerned. Se supplementation can however increase significantly Se levels in muscle tissue and allow, particularly when Se-yeast is fed, a source 

of Se enriched meat as Se-methionine that may provide a most available form of dietary Se that could be used to improve human Se status. 

 

Study code 83166 

Year 2008 

Animal Category  4.2. Sheep. Lambs for fattening  

Nº treatments (replicates/ treatment) 8 treatments (3 or 4 replicates per treatment) 

Diet Background Analysed. Sodium selenite or Se yeast40 mg/kg Se 

Units’ basis of diets and/or results Diet - Fresh matter (FM),Diet - Other : as Analysed 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 2 × 4 factorial arrangement with 0.2, 20, 30, and 40 mg/kg dietary Se (as-fed) from sodium selenite or Se yeast added to a corn-soybean meal basal diet. Duration: 60 weeks. 

Response criteria Animal performance. Kidney, hair, wool, serum, whole blood, brain, diaphragm, heart, muscle, hoof content. Enzyme activity 

Results Though Se concentrations in serum, blood, wool, and major organs at most times exceeded concentrations previously reported in livestock suffering from Se toxicosis, a pattern 

of clinical signs of Se toxicosis was not observed in this experiment. Histopathological, microscopic evaluation of liver, kidney, diaphragm, heart, and psoas major did not 
reveal definitive evidence of Se toxicosis in wethers on any dietary Se treatment.  

 

Study code 79180 

Year 2007 

Animal Category  4.2. Sheep. Lambs for fattening : Finishing Lambs 

Nº treatments (replicates/ treatment) 4 treatments (8 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Other : mg/kg 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Basal diet deficient in Se (0.06 mg/kg) 2) Basal diet + 0.10 mg/kg Se from sodium selenite3) Basal diet + 0.10 mg/kg Se from selenised yeast4) Basal diet + 0.10 mg/kg Se 
from selenium enriched probiotics. Duration: 8 weeks 

Response criteria Liver, muscle, kidney content. Biochemical response: glutathioneperoxidase (GSH-Px)  
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Results The results showed that the concentrations of Se in the kidney, liver, and muscle increased in all of the supplemented groups at 0.10 mg Se/kg compared with the control group 
(0.06 mg Se/kg). In conclusion, a diet supplemented with 0.10 mg Se/kg for finishing lambs was able to increase the concentrations of Se in tissue and blood, activities of GSH-

Px in blood, and levels of interleukins in plasma. Organic Se sources (selenised yeast and Se-enriched probiotics) were more effective than the inorganic Se source (sodium 

selenite) in increasing tissue and blood Se concentrations and blood GSH-Px activities of lambs. However, there were not significant differences in plasma interleukin levels of 
lambs between organic and inorganic Se sources. 

 

Study code 79422 

Year 2006 

Animal Category  4.2. Sheep. Lambs for fattening : Growing Lambs 

Nº treatments (replicates/ treatment) 2 treatments (6 animals per treatment) 

Diet Background Analysed.  

Units’ basis of diets and/or results Diet - Other : as fed bases, Results - Other : ng/mL 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Diet A:(0.11 mg Se/kg) 2) Diet B (Diet A + 0.2 mg Se/kg as sodium selenite) (total: 0.31 ppm). Duration: 20 weeks 

Response criteria Biochemical response: Selenoenzyme activities. Plasma content. Thyroid response : T3, T4, TRH response, and selenium levels in blood 

Results Plasma selenium concentration was significantly higher in supplemented lambs with 0.2 mg Se/kg. Plasma T3 and T4 levels remained similar in both groups. Type I deiodinase 

activity (ID-I) decreased in the liver and increased in the pituitary of supplemented animals with 0.2 mg Se/kg. The response to TRH challenge did not differ between the two 

groups for both challenges, but in group B (supplemented lambs with 0.2 mg Se/kg), the second TRH challenge (20th wk) resulted in a significantly higher T3 response 
compared to the first one (11th wk). 

 

Study code 8220 

Year 2000 

Animal Category  4.2. Sheep. Lambs for fattening : ram lambs 

Nº treatments (replicates/ treatment) 33 ram lambs (17 and 16 animals in each treatment)2 treatments 

Diet Background No specified 

Units’ basis of diets and/or results Diet - Other : w/w 

Factors affecting// combinations Zinc-Cobalt-Selenium soluble glass bolus  

Composition Diets/treatments 1) A zinc, cobalt and selenium soluble glass bolus Zincoselw, Telsol. 33-g Zincosel 15.2% w/w zinc, 0.5% w/w cobalt and 0.15% w/w selenium).2) Control Group: not 
receiving a bolus. Duration: 86 days trial 

Response criteria Animal performance: reproductive parameters of semen, Plasma content : and erythrocyte glutathione peroxidase activity.  

Results The bolused lambs had a significantly increased erythrocyte glutathione peroxidase activity on all samplings after bolusing and had significant increases in motility, proportion 

of live sperm and proportion of intact membranes indicated by the osmotic swelling test (HOS). The bolused ram lambs had an increased selenium status and apparent 
improvement in semen membrane quality. 
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Study code 80600 

Year 1997 

Animal Category  4.2. Sheep. Lambs for fattening : wether sheep 

Nº treatments (replicates/ treatment) 2 treatments (3 animals per treatment) 

Diet Background Analysed. Selenite: 0.02 mg/kg 

Units’ basis of diets and/or results Diet - Other : as fed basis Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. Muscle selenoprotein 

Composition Diets/treatments 1) Low selenium diet (0.02 mg/kg) 2) The same diet + 3 mg Se as selenite /kg diet. Duration: 10.5 weeks 

Response criteria Liver, muscle, heart, tongue, brain, kidney and spleen content. Biochemical response : muscle GPx 

Results In supplemented sheep with 3 mg Se as selenite /kg diet, muscle selenoprotein W has been significantly increased over initial levels at 7 wk and afterwards, whereas in sheep 

consuming the low selenium diet (0.02mg/kg), muscle selenoprotein W levels declined significantly after 10.5 wk. The selenium concentration in the whole tissues has been 
highest in the liver and lowest in skeletal muscles (combined biceps femoris and semitendinosus) in decreasing order. The selenium concentration has been significantly higher 

in all tissues from the supplemented sheep with 3 mg Se/kg than those from sheep fed the deficient diet. 

 

Study code 81557 

Year 1988 

Animal Category  4.2. Sheep. Lambs for fattening: wethers 

Nº treatments (replicates/ treatment) 3 treatments (10 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. 

Composition Diets/treatments Basal diet (0.20 mg/kg Se, DM basis) 1) Basal diet + 3 mg/kg Se (as-fed basis) from reagent grade Na2SeO3 and fed for 10, 20 or 30 d.2) Basal diet + 6 mg/kg Se (as-fed basis) 

from reagent grade Na2SeO33) Basal diet + 9 mg/kg Se (as-fed basis) from reagent grade Na2SeO3Duration: fed for 10, 20 or 30 days. 

Response criteria Liver, heart, kidney, muscle, spleen and serum content 

Results Selenium in liver, kidney and serum increased as time advanced. Serum, liver and kidney were more sensitive to dietary Se than were muscle, heart and spleen. Liver Se 
increased from 0.85 to an average of 8.30 mg/kg Se as supplemental Se increased, and liver Se from sheep fed control diets has been lower than that from sheep fed added Se. 

Sheep fed for 30 d accumulated more Se in liver than those fed for 10 or 20 d. There was an interaction between dietary Se level and time, in which the incremental increase in 

liver Se concentration from feeding 3 or 6 mg/kg added Se increased with time. Kidney Se concentration increased from an average of 1.7 to 14.8 mg/kg as supplemental Se 
increased and also increased with length of feeding period. Muscle Se increased from 0.27 mg/kg in the control to an average of 0.68 mg/kg for sheep fed diets with 9 mg/kg 

added Se, and also was lower for control vs supplemented sheep. Time had no effect on muscle Se, nor was there an interaction between factors. 
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Study code 83026 

Year 2008 

Animal Category  4.2. Sheep. Lambs for fattening 4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 4 treatment (4/ 7replicates per treatment) 

Diet Background No specified. Inorganic and organic 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. Treatment in lactation days 

Composition Diets/treatments 1) Uniparous Basal diet plus Inorganic Selenium 2 ppb (UIS)2) Multiparous Basal diet plus Inorganic Selenium 2 ppb (MIS)  3) Uniparous Basal diet plus Organic Selenium, 

Sel-Plex 50® 1 mg/g (UOS)4) Multiparous Basal diet plus Organic Selenium, Sel-Plex 50® 1 mg/g (MOS)Duration from 6 or 12 weeks pre-lambing until 112 days postpartum 

Response criteria Animal performance 

Results Results showed no difference of the main effects. The maturity x time interaction was different with weights of 57.6 kg for M and 56.4 kg for U, respectively at 22 days post-
weaning. The lamb weight was similar, although weights at weaning numerically values favoured inorganic selenium. In conclusion, organic selenium could improve the 

weight of ewes after weaning, however lamb weight tended to be higher with inorganic selenium, however this effect may be related to more lambs per ewe in organic selenium 

group. 

 

Study code 82375 

Year 2013 

Animal Category  4.3. Sheep. Dairy sheep  

Nº treatments (replicates/ treatment) 2treatments (8/7 replicates per treatment) 

Diet Background Analysed. MET Chel. Others : sodium selenite 

Units’ basis of diets and/or results Diet - Dry matter (DM) , Results - Dry matter (DM)  

Factors affecting// combinations SE-GSG-Px activity.Se-Cu 

Composition Diets/treatments 1) (n=8) received a feeding mixture with selenomethionine2 )(n=7) received a feeding mixture with sodium selenite. During the first 14 days, animals from both groups were 

fed a mixture with optimum dose of selenium (1 mg Se/kg dry matter). Total duration: 63 days 

Response criteria Biochemical response: enzyme activity. Plasma content. Biomass content 

Results After administration of high Se doses, animals of both experimental groups showed decreased concentration of copper in blood. Decrease of Cu concentration was more 

marked in animals fed organic selenium, in which negative correlation between blood Se and Cu concentrations was seen. This indicates possible negative interaction between 

copper and selenium. On the contrary, addition of low doses of selenium in the feeding ration led to significant decrease of zinc levels in the blood of experimental sheep. 

 

Study code 82663 

Year 2011 

Animal Category  4.3. Sheep. Dairy sheep  
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Nº treatments (replicates/ treatment) 16 treatments (2 replicates of 1 animal per treatment) 

Diet Background Analysed. Others : Se nanoparticles (60 to 80 nm) 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source Nano Se 

Composition Diets/treatments 4 × 4 Latin square experiment in four 20 day periods. Sheep were fed the basal diet supplemented with 0 (control), 0.3, 3 and 6 g of nano Se/kg dry matter (DM).Total duration 

80 days 

Response criteria Urinary excretion 

Results In situ ruminal neutral detergent fibre degradation of Leymuschinensis and crude protein of soybean meal was improved by nano Se. Urinary excretions of purine derivatives 

(PD) and nutrients digestibility were also quadratically increased with increasing nano Se supplementation. The optimum dose of nano Se was about 3.0 g/kg dietary DM in 

sheep under the present experimental conditions.  

 

Study code 78315 

Year 2012 

Animal Category  4.3. Sheep. Dairy sheep4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 8treatment (30 animals per treatment) 

Diet Background Estimated(4.9 mg of Se/wk) 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments No-Se (controls) (4.9 mg of Se/wk) + inorganic Na-selenite, inorganic Na-selenate, or organic Se-yeast; or at supranutritional amounts (14.7 and 24.5 mg of Se/wk) with Na-

selenite or Se-yeast for 1 yr. Duration: 1 year 

Response criteria Milk, colostrum, serum, plasma content. Other : Whole blood, skeletal muscle 

Results Weekly drenching of ewes with Na-selenite, although relatively cheap, was an ineffective method to improve Se status of newborn lambs. This was likely because of its low 

bioavailability and limited half-life. Se-yeast weekly drenching of pregnant ewes, although more expensive, provided an effective method to improve Se status of newborn 

lambs. The benefits for lambs born with adequate concentrations of Se are enhanced absorption of maternal antibodies in colostrum and modulation of immune function, 
including improved immune responses to vaccination. In addition, organic Se stored as SeMet in skeletal muscle provided a slow-release reserve pool from normal protein 

turnover such that Se-yeast drenching before the lambing period may eliminate the need for costly injections or mineral Se premixes for lambs marketed within 210 d of birth.  

 

Study code 82231 

Year 1980 

Animal Category  4.3. Sheep. Dairy sheep4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 8 treatments (2 sheep per treatment) 

Diet Background Analysed 
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Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Interactions: Sulphur-Se 

Composition Diets/treatments 4 by 2 split-plot design. High-sulphur (2 g S/kg) or low-sulphur (0.5 g S/kg) diets for two periods of 35 days each Se at dietary concentrations of 0.02, 0.06, 0.09 and 0.67 mg 

Se/kg (selenomethionine).Duration: 35 + 60 +35 days 

Response criteria Urine and plasma content 

Results The effect of the 0.5 g S/kg diet on feed intake was in contrast with the results from the previous experiment using 0.7 g S/kg. It was this difference in fed intake which was 
responsible for many of the effects on selenium metabolism observed in this experiment. Once the feed intake effects were accounted for the implications for sulphur-selenium 

interactions remained as before, i.e. more selenium was incorporated into wool and plasma protein when dietary sulphur was limiting than when it was not. 

 

Study code 82328 

Year 2012 

Animal Category  4.3. Sheep. Dairy sheep4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 2 treatments (11 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments The diets in the studies consisted of a variety of ingredients, from the individual feeding of feedlot diets to grazing trials on Se-deficient pastures. Means from 51 treatments, 

derived from 179 collections at various stages after commencement of Se supplementation, were used to calculate the ratios. Duration: 50 days 

Response criteria Serum and plasma content 

Results It was concluded that after commencement of Se intake, plasma Se concentration remained relatively constant from within 4 days of onset, while whole blood Se concentration 
apparently reached steady-state only after approximately 50 days. Before 50 days, whole blood Se seemed not to be reliable to predict the Se status of an animal. In a situation 

where Se intake was stable and Se requirements did not fluctuate, a blood plasma ratio of between 2:1 and 3:1 would be a guideline to indicate that whole blood Se and plasma 

Se concentrations could both be used to assess the Se status of sheep 

 

Study code 78005 

Year 2013 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 4 treatments (30 ewes per treatment group) 

Diet Background Analysed 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 60 ewes with and 60 ewes without Foot rot were drenched once weekly:1) 0 mg organic Se-yeast2) 4.9 mg organic Se-yeast/week3) 14.7 mg organic Se-yeast/week4) 24.5 mg 
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organic Se-yeast/week. Duration: 62.5 weeks 

Response criteria Biochemical response: WB-neutrophil 

Results It was concluded that supra-nutritional Se-yeast supplementation (14.4 mg Se/week and 24.5 mg Se/week)did not prevent FR, but does alter WB-neutrophil gene expression 

profiles associated with innate immunity, including reversing those impacted by FR. 

 

Study code 78688 

Year 2010 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 84 ewe lambs allocated to a 2 × 3 × 2 factorial arrangement 

Diet Background Analysed Se-enriched wheat mill 

Units’ basis of diets and/or results Diet - Other : µg/kg of BW) 

Factors affecting// combinations Se mid gestation /late gestation 

Composition Diets/treatments A 2 × 3 × 2 factorial arrangement:1)Se: [adequate Se (ASe, 11.5 µg/kg of BW) or high Se (HSe, 77.0 µg/kg of BW)] initiated at breeding, 2)Nutritional plane [60% (restricted, 

RES), 100% (control, CON), or 140% (high, HIH) of NRC requirements] initiated at d 40 of gestation, 3) Physiological stage at necropsy [3 to 24 h postpartum or d 20 of 

lactation]. Duration: 20 days 

Response criteria Animal performance: ewe performance 

Results Results indicated that BW differences in pregnant ewes attributable to nutritional plane were accompanied by changes in body composition and offspring BW, both of which 

may be affected by Se supply. Gestational Se supply affected ewe ADG, BCS change, and adiposity, although its effects receded during lactation. Nutrient restriction during 

gestation has reduced foetal and postnatal growth of offspring, but supra-nutritional Se reversed some of these changes prenatally. 

 

Study code 78715 

Year 2010 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 8treatments (8 animals per treatment) 

Diet Background No specified. Others : Se enriched yeast 

Units’ basis of diets and/or results Diet - Other : μg/kg of BW Results - Other : μg/mL 

Factors affecting// combinations Se-mid and late gestation 

Composition Diets/treatments A 2 × 2 × 2 factorial arrangement: Se level: [initiated at breeding; adequate (3.05 μg/kg of BW) or high (70.4 μg/kg of BW)] Nutritional level [100% (control) or 60% 

(restricted) of NRC recommendations]Fed at different times of gestation [d 50 to 90 (midgestation) or d 91 to 130 (late gestation)].Duration: 130 days 

Response criteria Animal performance: foetal mass, placental mass, caruncular mass, cotyledonary mass. Biochemical response. 

Results Selenium supplementation and the duration or timing of nutrient restriction appeared to influence the endocrine and metabolic status of the ewe, which may influence nutrient 

transport and placental function. 
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Study code 79063 

Year 2008 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 4 groups (50 animals per group) 

Diet Background No specified MET Chel : selenomethionin 

Units’ basis of diets and/or results Diet - Other : as fed bases 

Factors affecting// combinations Supplementation dose and source. Gestational 

Composition Diets/treatments A 2 x 2 factorial arrangement: Se: (no Se supplementation vs Se supplementation 0.5 mg/kg of Se in the form of selenomethionin) Reproductive factor: (ewes mated at natural 

oestrus vs synchronized oestrus) 1) ewes ovulated naturally and were not supplemented with Se 2) ewes ovulated naturally and were supplemented with Se3) ewes had their 

oestrus synchronized and were not supplemented with Se 4) ewes had their oestrus synchronized and were supplemented with Se. Duration: for the 3 months prior to the mating 
and during gestation. 

Response criteria Animal performance: Reproductive performance. Biochemical response: GSHpx activity 

Results Se supplementation at 0.5 mg/kg alone did not improve significantly ewe fertility or lamb birth weight, but there was a positive effect of synchronizing ewes mated out of the 

breeding season as more of these ewes lambed and produced more lambs than those not synchronized. A strong interaction was found between synchronization and Se 
supplementation, causing a deleterious effect on the reproductive performance of ewes. This negative effect, presumably related to high embrionary mortality caused by Se 

toxicity, should be taken into account for oestrus synchronizing in Se-deficient areas. The supplementation with Se, for the prevention of nutritional myodystrophy 

degeneration in lambs, should be conducted in a fashion which does not generate high levels of Se in the ewes around the mating period. 

 

Study code 82989 

Year 2009 

Animal Category  4.4. Sheep. Ewes for reproduction  

Nº treatments (replicates/ treatment) 2 treatments (15 ewes per treatment) 

Diet Background Estimated   

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Se-fertilized pasture (no mineral supplementation) 52.4µg organic Se /(kg BW day)2) Non-Se-fertilized pasture + mineral supplement containing 200 mg/kg Se (sodium 

selenite)Estimated: 19.5µg inorganic Se/(kg BW day).Duration: 9 months (March 2007-January 2008) 

Response criteria Serum and plasma content 

Results The purpose of this study was to evaluate Se status in sheep after short-term exposure to high-Se-fertilized forage vs. a commonly used mineral supplement containing 

inorganic sodium selenite. Whole-blood Se concentrations were higher immediately post-treatment in sheep grazing Se-fertilized forage (573 ± 20 ng/mL) compared to sheep 

receiving mineral supplement containing Se (286 ± 20 ng/mL), and were still higher at the end of 9 months (97 ± 7 ng/mL vs. 61 ± 7 ng/mL, respectively). Whole-blood Se 
concentrations were within the normal reference interval (150-500 ng/mL) for a longer period of time in sheep grazing Se-fertilized forage (7 months) compared to sheep 
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receiving mineral supplement containing inorganic Se (4 months). No sheep showed clinical signs of ill-effects from Se supplementation. In conclusion, short-term exposure of 
sheep to Se-fertilized forage results in whole-blood Se concentrations sufficient to maintain adequate concentrations throughout grazing periods when there is limited access to 

Se supplements. 

 

Study code 78544 

Year 2010 

Animal Category  4.4. Sheep. Ewes for reproduction  : and their offspring 

Nº treatments (replicates/ treatment) 6treatments (12 per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation Se gestation. Insulin. Toxicity 

Composition Diets/treatments A 2 x 3 factorial arrangement: Dietary Se: [adequate (9.5 µg Se/kg BW/d; ASe) or high (81.8 g Se/kg BW/d; HSe] (Se-enriched yeast) Maternal nutritional intake: (100% of 

metabolically energy [ME] requirement [MOD], 60% of MOD [LOW], and 140% of MOD [HIGH]).Duration: from d 50 of gestation (ewes) to 180 d of age (lambs). 

Response criteria Animal performance: of offspring, Biochemical response : Maternal insulin concentrations, ADG 

Results Se supplementation throughout pregnancy appears to increase the adiposity of female lambs throughout early life. Maternal dietary intake, as well as Se supplementation, can 
influence insulin sensitivity on postnatal days 107 and 148 in female offspring despite similar postnatal management. 

 

Study code 79014 

Year 2008 

Animal Category  4.4. Sheep. Ewes for reproduction  : and their offspring 

Nº treatments (replicates/ treatment) 2 breeding groups (80 per group). Within each breeding group, ewes were divided among 8 pens (n = 10 or 11/pen), 

Diet Background Estimated   

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation pregnant 

Composition Diets/treatments A 2 × 3 factorial arrangement: Dietary Se level:[adequate Se (9.5 μg/kg of BW) vs. high Se (81.8 μg/kg of BW)], Plane of nutrition, which began at d 50 of gestation: [60% 
(RES), 100% (CON), and 140% (HIGH) of requirements]. 

Response criteria Animal performance. Biochemical response: (IgG) analysis in colostrum, Milk content : colostrum content. 

Results Selenium supplementation neither at 9.5μg/kg of BW nor 81.8 μg/kg of BW had any effect on mammary gland weight, colostrum quantity, or IgG concentration in pregnant 

ewe lambs. 

 

Study code 78314 

Year 2012 
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Animal Category  4.4. Sheep. Ewes for reproduction  : Mature ewes 

Nº treatments (replicates/ treatment) 8 treatment (30 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors: corn and soybean diets 

Composition Diets/treatments 0 (no-Se), 4.9 mg/wk (1× the FDA allowed supplementation rate14.7 mg/wk (3× the FDA allowed supplementation rate)24.5 mg/wk (5× the FDA-allowed rate) Se source: 
organic Se (Se-yeast), inorganic Na-selenite, or inorganic Na-selenate (4.9 mg/wk only). Duration: 1 year 

Response criteria Urine, serum, plasma and whole blood 

Results In conclusion, weekly drenching of ewes with Se was an effective method to improve Se status of ewes in Se deficient regions. Organic Se-yeast had greater bioavailability 

over a wider dosage range than inorganic Na selenite; similar blood-Se concentrations were achieved with 14.7 and 24.5 mg of Se/wk as Na-selenite and 4.9 mg of Se/wk as 
Se-yeast. Thus, choosing an organic-Se source to increase blood-Se concentrations could be a more predictable means to achieve Se concentrations that support optimum 

immune function. 

 

Study code 79414 

Year 2006 

Animal Category  4.4. Sheep. Ewes for reproduction  : mature ewes 

Nº treatments (replicates/ treatment) 6 dietary treatments (7 animals per treatment) 

Diet Background Analysed. Others : Sodium selenite 

Units’ basis of diets and/or results Diet - Other : as fed bases Results - Dry matter (DM), Results - Other : μg/l(blood) 

Factors affecting// combinations Supplementation dose and source. Supplementation dose and source. Dietary factors: corn and soybean 

Composition Diets/treatments 1) Corn and soybean meal-based diet + Sodium selenite to provide 0.2 mg Se/kg (control)2) Corn and soybean meal-based diet + Sodium selenite to provide 4 mg Se/kg3) Corn 
and soybean meal-based diet + Sodium selenite to provide 8 mg Se/kg4) Corn and soybean meal-based diet + Sodium selenite to provide 12 mg Se/kg5) Corn and soybean 

meal-based diet + Sodium selenite to provide 16 mg Se/kg6) Corn and soybean meal-based diet + Sodium selenite to provide 20 mg Se/kgDuration: 72 weeks 

Response criteria Animal performance : ewe BW, Hair, wool, serum, whole, blood, brain, diaphragm, heart, hoof, kidney, liver, and psoas major Se content 

Results Dietary Se did not affect ewe BW during the study, and there has not been treatment × time interaction.  Serum Se increased linearly as dietary Se level increased and 
responded cubically over time. In general, serum, whole blood, and tissue Se concentrations of ewes receiving 12, 16, or 20 mg of dietary Se/kg were greater than those of 

controls and ewes receiving less dietary Se. Although they have been elevated in ewes receiving increased dietary Se, at no time did serum, whole blood, or wool Se 
concentrations reach levels previously reported as toxic, nor were clinical signs of Se toxicosis observed. Histopathological evaluation of liver, kidney, diaphragm, heart, and 

psoas major did have not revealed evidence of Se toxicosis in ewes at any dietary Se level. Ewes under experimental conditions and during the stresses of production have been 

able to tolerate up to 20 mg of dietary Se/kg as sodium selenite for 72 weeks. These findings suggested that the maximum tolerable level of inorganic Se for sheep is much 
greater than 2 mg/kg as was suggested previously. 

 

Study code 79070 
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Year 2008 

Animal Category  4.4. Sheep. Ewes for reproduction: pregnant ewe lambs 

Nº treatments (replicates/ treatment) 4treatments (8 animals per treatment) 

Diet Background Estimated. Others : high-Se wheat, sodium selenate 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) No added Se (control) 0.1 mg Se/kg2) Supra-nutritional Se from high-Se wheat at 3.0 mg Se/kg (SW) 3) Supra-nutritional Se from sodium selenate at 3 mg Se/kg (S3) 4) 
Supra-nutritional Se from sodium selenate at 15 mg Se/kg (S15)Duration: Treatments were initiated at 50 ± 5 d of gestation to day 134 ± 10 

Response criteria Animal performance: maternal and foetal body weight, visceral organ mass.  

Results Full viscera and liver mass (g/kg of empty BW and g/kg of maternal BW) and maternal liver protein concentration (mg/g) and content (g) were greater in Se-treated compared 

with control ewes. Maternal liver protein concentration was greater in SW (3mg Se/kg from high-Se wheat) vs. S3 ewes (3 mg Se/kg from sodium selenate), and content was 
greater in S15 (15 mg Se/kg from sodium selenate) compared with S3 ewes. Maternal jejunal mucosal DNA concentration (mg/g) was greater in SW (3mg Se/kg from high-Se 

wheat) compared with S3 (3 mg Se/kg from sodium selenate) ewes. These results indicated that supra-nutritional dietary Se increased cell numbers in maternal jejunal mucosa 

through increased crypt cell proliferation. No indications of toxicity were observed in any of the Se treatments. 

 

Study code 78421 

Year 2011 

Animal Category  4.4. Sheep. Ewes for reproduction  : primiparous ewes 

Nº treatments (replicates/ treatment) 6 treatments (14 animals per treatment) 

Diet Background No specified. Others : Se-enriched wheat 

Units’ basis of diets and/or results Diet - Other:µg/kg of BW. Results - Other: µg/g 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A 2 × 3 factorial array: Se as Se-enriched wheat [adequate Se (ASe, 11.5 µg/kg of BW) or high Se (HSe, 77.0 µg/kg of BW)] Nutritional plane: [60 (RES), 100 (CON), or 

140% (HIH) of requirements]Duration: from d 37 of gestation to d 20 of lactation 

Response criteria Milk and colostrum, content 

Results Colostrum yield was greater for HSe ewes than ASe, whereas CON had greater colostrum yield than RES and HIH.Colostrum Se (%) was greater for HSe than ASe. Colostrum 

from ewes fed HSe had less butterfat (%), but greater total butterfat, solids-not fat, lactose, protein, milk urea N, and Se than ASe. Colostrum from ewes fed the CON diet had 

greater total butterfat than HIH. Ewes fed HSe had greater milk yield (g/d and mL/d) than ASe. Ewes fed HSe had greater milk Se (µg/g and mg/d) than ASe on each sampling 
day. Results indicate that gestational nutrition affects colostrum and milk yield and nutrient content, even when lactational nutrient requirements are met. 
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Table VII.D.5. Goats 

Study code 82943 

Year 2009 

Animal Category  5.1. Goat. Kids for rearing5.2. Goat. Kids for fattening5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 3 treatments (9 goats per treatment) 

Diet Background Estimated  0.43 ppm Se 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Sodium selenite- Selenium lactate- glutathione peroxidase 

Composition Diets/treatments 1) Control group (C) 2) Sodium selenite group (E1) 0.43 ppm Se3) Selenium lactate-protein complex group (E2) 0.43 ppm SeDuration:4 months 

Response criteria Biochemical response: GSH-Px, Serum content, Plasma content. Other : colostral content 

Results Average glutathione peroxidase (GSH-Px) activity in blood of control goats (C) was 581.9 ± 99.2 μkat/L, in group E1 1 154.6 ± 156.2 μkat/L and in group E2 1 011.6 ± 153.6 
μkat/L. GSHPx activity in experimental groups was significantly higher (P < 0.05) as compared with the control group. Average selenium concentrations in colostrum was in 

the control group 40.1 ± 12.8 μg/L, in E1 99.0 ± 29.9 μg/L and in group E2 79.0 ± 17.7 μg/L. Colostral selenium concentrations in experimental groups were significantly 
higher as compared with the control group. No significant difference in the monitored parameters was found between experimental groups. The results of this study confirm 

that both forms of selenium administered in experimental groups (i.e., sodium selenite and selenium lactate-protein complex) had similar biological effect in goats. However, 

results obtained in kids indicate a better effect of supplementation with sodium selenite. 

 
Study code 78102 

Year 2012 

Animal Category  5.2. Goat. Kids for fattening  

Nº treatments (replicates/ treatment) 4 treatments (30 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source Sel P-mRNA 

Composition Diets/treatments 1) Basal diet2) Basal diet + 0.5 mg/kg DM Se.3) Basal diet + 2 mg/kg DM Se.4) Basal diet + 4 mg/kg DM Se.Duration: 174 days 

Response criteria Other : mRNA expression of Sel P and apoER2 in the testis 

Results A significant decrease was observed in mRNA expression of Sel P and apoER2 in the testis of the Se deficient (0 mg/kg Se) and the Se-excess (4 mg/kg Se) compared with that 

in Groups 2 (0.5 mg/kg Se) and 3 (2 mg/kg Se) 30 days post weaning. A similar trend of the protein expression of Sel P and apoER2 was also found. These data indicated that 
maternal and dietary selenium had an effect on the expression of Sel P and apoER2 in testis of their offspring. In addition, both groups were similar suggesting that the 

relationship between Sel P and apoER2, and apoER2 was a receptor of Sel P in the seminiferous epithelium to uptake the selenium. 
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Study code 82370 

Year 2013 

Animal Category  5.2. Goat. Kids for fattening5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 3 treatments (10 goats per treatment) 

Diet Background Analysed 0.3 mg/day Se 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source. Interactions: Se-Cu-Zn 

Composition Diets/treatments 1) Basal diet + 0 (control) 2) Basal diet + 0.3 mg Se head/day as selenomethionin (Se-Met) 2) Basal diet + 0.3 mg Se head/day as sodium selenite (SS). Duration: 4 weeks. 

Response criteria Serum content 

Results The results indicated that the serum concentration of Se increased in supplemented does compared with the control ones. The selenium concentration was also significantly 

increased in colostrum of treated does. There was no significant difference between Se sources on the Se status although there was higher efficiency of Se-Met than sodium 
selenite supplement. The serum concentration of copper increased in supplemented doses, which was concomitant with a reduction in Zn concentration in serum and 

colostrums. It seems that an increase in serum concentration of Cu at the end of pregnancy in goats given Se supplement could disturb the Zn: Cu ratios which in turn lead to Zn 

reduction. Serum Se, Cu and Fe concentrations of kids of treated doses increased at birth and first week of age, while the serum concentration of Zn decreased in newborn kids.  

 
Study code 82654 

Year 2011 

Animal Category  5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) 5 treatments (5 goats per treatment) 

Diet Background No specified 0.9 mg/kg DM 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Group E. Control group. 2) Group F. Basal + selenium lactate-protein complex (0.9 mg/kg DM)3) Group G. Basal + sodium selenite (0.9 mg/kg DM)4) Group H. Basal + 

selenium yeast (0.9 mg/kg DM). Duration: 28 days 

Response criteria Hair, serum and plasma content 

Results The administration of Se led to an increase in the Se concentration in blood, increased the activity of GSH-Px in whole blood and the Se content in hair. Based on the proven 
correlation and regression relation between the Se concentration in blood and its content in hair, hair can be considered as a suitable material for the diagnosis of long-term Se 

status in goats. Goats with sufficient Se status are those that have more than 160 μg/kg of Se in hair dry weight. 

 
Study code 82980 

Year 2009 

Animal Category  5.3. Goat. Dairy goats  
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Nº treatments (replicates/ treatment) 3 treatments (30replicates of 1 animal per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Negative control (CTRL), containing background Se only (dietary concentration of 0.13 mg/kg DM)2) selenium yeast (SY) as the Se supplement (0.26 mg/d of Se-yeast 

individually offered)3) sodium selenite (SS) as the Se supplement (0.26 mg/d of sodium selenite individually offered)Duration 112 days. 

Response criteria Milk, plasma and blood content 

Results The results of the current study indicate that even if goats were well supplemented with selenium derived from sodium selenite, the Se concentration of milk and cheese could 

be increased by substituting sodium selenite with organic selenium in the form of selenium yeast. Selenium source did not affect neither GPX-1 activity nor the Se content of 

whole blood and plasma. These results seemed to indicate that the efficiency of transfer of Se from plasma pool into milk was greater in Se-yeast supplemented goats when 
compared to selenite supplemented goats. Milk yield and the main milk characteristics were unaffected by selenium source.  

 
Study code 83324 

Year 2007 

Animal Category  5.3. Goat. Dairy goats  

Nº treatments (replicates/ treatment) 3 treatments (3replicates of 3animalsper treatment) 

Diet Background Analysed. Sodium selenite: 0.25 ppm 

Units’ basis of diets and/or results Diet - Other: Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Basal diet (CON), 2) basal diet plus 0.25 ppm sodium selenite (IOSEL), 3) basal diet plus 0.25 ppm Se-yeast (ORSEL). Duration:  5 weeks 

Response criteria Animal performance. Biochemical response 

Results Growth performance, including body weight and total gain, and blood biochemical profiles, including GSH-Px, were not significantly different between the three dietary 
groups. Also, the specific activities of SOD, GSH-Px, and GST, and the level of MDA in the intestinal mucosa and liver from goats were not substantially affected by either 

inorganic Se or organic Se. However, goats fed the diet containing organic Se showed a significant increase in GSH-Px and GST activities in the gastrocnemius muscle 

compared with those fed the basal diet. In conclusion, increased muscle GSH-Px and GST activities suggest that dietary organic Se may affect, at least in part, the antioxidant 
defense system in muscle of Korean native goats under the conditions of our feeding regimen. In conclusion dietary organic Se may exert a favourable effect on antioxidant 

ability through enhancing GSH-PX and GST activities, which may be associated with increased Se contents in muscle tissues of Korean native goats. 

 

Study code 82657 

Year 2011 

Animal Category  5.3. Goat. Dairy goats5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 4 treatments (10 animals per treatment) 

Diet Background Analysed. Others : nano Se, yeast, sodium selenite 
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Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) CTRL. Unsupplemented (received 0.03. mg/kg Se background), 2) SS. Supplemented with 0.3. mg/kg Se as sodium selenite, 3) SY. Supplemented with 0.3. mg/kg Se as Se-

yeast, 4) NS. Supplemented with 0.3. mg/kg Se as elemental nano selenium (NS). Duration: 90 days experiment (from weaning to maturity). 

Response criteria Animal performance. Liver, kidney and spleen content. Biochemical response: SOD, CAT, GSH-Px, MDA Serum, plasma, heart, muscle, testis, lung content. 

Results There were differences in final weight and average daily gain (ADG) of dietary Se supplementation bucks compared with CTRL. During the experimental period, ADG of SY 
and NS bucks were also higher than that of SS (SS: 77.13 g/d, SY: 86.01 g/d and NS: 84.93 g/d, respectively). The bucks which received Se supplemented diets (SS, SY and 

NS) had greater blood and tissue Se values than control animals after a 90-day experiment. Total Se content in whole blood and serum were greater in NS than SS and SY. 

Heart, spleen and lung Se concentration were not affected by dietary Se sources. Muscle and testis Se content in SY and NS were higher than SS, and liver Se in NS was higher 

than that of SS. Kidney Se level was also affected by dietary Se sources. Serum GSH-Px, SOD and CAT activities were higher and MDA was lower in Se supplemented group 

(SS, SY and NS) than control. GSH-Px, SOD and CAT activities notably increased in NS compared with the other two Se supplementation groups. 

 

Study code 78674 

Year 2010 

Animal Category  5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 4 treatment (30 animals per treatment) 

Diet Background Analysed. Others: Se-enriched yeast 

Units’ basis of diets and/or results Diet - Dry matter (DM) Results - Other : microg/L 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Group 1 (control), basal diet without Se supplementation2) Group 2, basal diet + 0.5mg Se/kg DM, 3) Group 3, basal diet + 2mg Se/kg DM 4) Group 4, basal diet + 4mg 

Se/kg DM. Duration: 174 days (from 60d prior to lactation to weaning of kids). 

Response criteria Milk, colostrum, plasma, testis content 

Results mRNA expression of apoptosis genes (Bcl-2, Bax and Caspase 8) were significantly higher in Groups 1 (0 mg Se/kg) and 4 (4 mg Se/kg DM) than that in Groups 2 (0.5mg 
Se/kg DM,)and 3 (2mg Se/kg DM).GSH-Px activity and Se concentration in testis of offspring were progressively increased with the increasing Se level in diet of dams. 

However, there was been significant difference in GSH-Px activity between Groups 3 (2mg Se/kg DM) and 4 (4 mg Se/kg DM). 

 

Study code 82437 

Year 2012 

Animal Category  5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 5 treatments (9 goats per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results Not specified 
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Factors affecting// combinations Supplementation source. Sodium selenite,Se-L Lactate-protein complex,Se-P selenium proteinate and Se-Y yeast.Se-Zn-Cu-thyroxine 

Composition Diets/treatments 1) C (Control) 0.07 mg Se/kg 2) Se-I (Sodium selenite) - 0.9 mg/kg Se3) Se-L Lactate-protein complex (0.17% Se, Selenium chelate)  - 0.9 mg/kg Se4) Se-P selenium 

proteinate (B-Traxim Se) - 0.9 mg/kg Se5) Se-Y yeast enriched with selenium 0.5% Se (Sel-Plex)- 0.9 mg/kg Se. Duration : 6 weeks 

Response criteria Biochemical response : GPx, Serum content 

Results The highest concentration was found in the group supplemented with Se-yeast with a high content of selenomethionine. The other two organic forms of selenium (proteinate 
and lactate-protein complex) increased the concentration of Se in blood and the activity of GPx to the same extent as the inorganic form of selenium. Se supplementation did 

not have a negative effect on the concentration of copper and zinc in the blood serum of kids, but we found decreased concentrations of thyroxine in the experimental groups. 

Significant differences were found between the group C and groups Se-I and Se-P. The supplementation of mothers with Se both in organic and inorganic forms was sufficient 
to prevent Se deficiency in kids at the time of weaning. 

 

Study code 82655 

Year 2011 

Animal Category  5.4. Goat reproduction  

Nº treatments (replicates/ treatment) 3 treatments (10-11 goats per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation Sodium selenite-Se lactate-protein-antioxidant  

Composition Diets/treatments 1) C-Control.2) AN. Sodium selenite 0.9 mg Se/kg3) ORG. Se lactate-protein complex 0.9 mg Se/kg. Duration: 90 days. 

Response criteria Biochemical response : GSH-Px, Serum and plasma content 

Results At the end of the experiment Se concentrations in the blood of AN and ORG groups amounted to 168.5 ± 12.2 and 168.8 ± 26.8 μg/L. The GSH-Px activities in goats 
supplemented with Se also increased significantly over the course of the experiment (at the end of the experiment it was 1178.0 ± 127.3 in the AN group and 1030.1 ± 152.3 

μkat/L in the ORG group), and the difference between the groups was significant. Regarding the dynamics of GSH-Px activity changes during the monitored period, a markedly 

quicker increase in GSH-Px activity was recorded in the AN group - one month after the beginning of Se supplementation, compared to three months after the beginning of Se 
supplementation in the ORG group. 
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Table VII.D.6. Fish 

Study code 78835 

Year 2010 

Animal Category  6. Fish. Salmon/trout  

Nº treatments (replicates/ treatment) 3 treatment (25 fish per treatment) 

Diet Background Estimated0.18 % of diet (Se/Zn free premix) 

Units’ basis of diets and/or results Diet -Not specified Results - Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A 10-week feeding trial was undertaken with rainbow trout (Oncorhynchus mykiss). The three diets tested included :1) Control (un-supplemented) diet containing only residual 

Zn and Se; 2) Diet containing supplemental organic Se and Zn,3) Diet containing supplemental inorganic Se and Zn. Duration: 10 weeks 

Response criteria Liver, kidney, spleen and plasma content. 

Results In all measured enzymes, only selenium-dependent TR activity in the organic Se supplemented fish responded to supplemented Se. There was no significant effect by either 

source of supplemented Se on GSH-Px activity or GSH-Px/tissue Se ratios. TR activity significantly increased as a result of Se-yeast supplementation, but was not affected by 
selenite. The TR activity/tissue Se ratio was greater for Se-yeast than selenite, but not significantly. In all factors assessed, Se bioavailability was greater for organic Se-yeast 

than selenite. Organic Se yeast proved to be highly efficacious, increasing digestibility of overall dietary Se, efficiently raising whole body and tissue Se status, as well as 

increasing TR activity.  

 
Study code 76675 

Year 2012 

Animal Category  6. Fish. Salmon/trout : Rainbow trout 

Nº treatments (replicates/ treatment) Not specified 

Diet Background No specified. MET Chel : selenomethionine 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Rainbow trout (Oncorhynchus mykiss) were treated with dietary selenomethionine (40 g/g) dry mass) Duration: 2 weeks. 

Response criteria Liver and kidney content 

Results Selenomethionine, selenocysteine and selenocystine were found to be the predominant form of selenium in all of the tissues; however their relative proportion varied across 

different tissues. In general, the organs primarily involved in selenium handling in fish (e.g., liver, kidney) accumulated a higher percentage of selenocystine. The authors also 
found that dietary selenomethionine exposure resulted into a marked increase in selenium burden of all major tissues in fish including the brain. Collectively, their findings 

provide new insights into the tissue-specific distribution and speciation of selenium in fish exposed to selenomethionine via diet. 
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Study code 77582 

Year 1999 

Animal Category  6. Fish. Salmon/trout : rainbow trout 

Nº treatments (replicates/ treatment) 2 treatments (10 fish per treatment) 

Diet Background Estimated   

Units’ basis of diets and/or results Diet - Other : µg Se/g 

Factors affecting// combinations Supplementation dose and source. Interactions: mercury 

Composition Diets/treatments 1) Fish were fed 1% of their body weight each day on commercial trout pellets containing 1.5 +- 0.3 µg Se/g 2) Thereafter, half of the fish were fed trout pellets enriched with 

SeO2 to 9.8 +- 1.7 µg Se/g. Duration: 8 weeks. 

Response criteria Liver content  of SeOther : Hg content in muscle, liver, kidney, plasma and erythrocytes 

Results Trout fed a selenite-supplemented (approximately 10 g Se/g) diet augmented the elimination of organic mercury from muscles, liver, kidney, bile and erythrocytes, but not 
from blood plasma, compared with trout fed a non-supplemented diet (approximately 1.5 µg Se/g).A total of 8 weeks exposure to food containing 10 µg Se/g increased the 

selenium concentration in the liver from 1 to 26 µg Se/g. Growth rate of the trout was not affected by the selenium exposure. 

 
Study code 82064 

Year 1983 

Animal Category  6. Fish. Salmon/trout: Rainbow trout 

Nº treatments (replicates/ treatment) 6 treatments (30 fish per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter (DM)  

Factors affecting// combinations Carbohydrate diet. Selenosis-calcinosis 

Composition Diets/treatments High available carbohydrate (HC) or low available carbohydrate (LC) diet supplemented with from 0 to 10 micrograms selenium per gram of diet for 16 weeks. 

Response criteria Animal performance. Liver and kidney content. Biochemical response 

Results Trout reared on the HC diet with 10 micrograms selenium per gram diet first demonstrated signs of selenosis and had significantly higher liver selenium levels than trout reared 

on the LC diet with 10 micrograms selenium per gram diet after 16 weeks, indicating that excess dietary carbohydrate enhances dietary selenium toxicity in trout. The 

mechanism of the interaction is unclear since neither selenium elimination rates nor carcass and kidney selenium levels were affected by the dietary carbohydrate level. Trout 
reared on high dietary selenium diets (10 micrograms/g) had an increased incidence of renal calcinosis. In addition, liver copper levels were significantly affected by both 

dietary selenium and liver glycogen content indicating a significant copper-selenium and copper-glycogen interaction in trout. The development of renal calcinosis and the 

copper interactions suggest a variety of toxic effects of selenium on trout that may all be responsible for the observed changes in growth and feed efficiency. 

 
Study code 82857 

Year 2009 

Animal Category  6. Fish. Salmon/trout : Rainbow trout 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

889 

Nº treatments (replicates/ treatment) 12 treatments (30 fish per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 2 x 2 x 3 factorial arrangement Low (25 kg m-3) or high (100 kg m-3) stocking densities Selenite (0, 0.15 and 0.30 mg/kg)Se-Met (0, 0.15 and 0.30 mg/kg). Duration: 12 weeks. 

Response criteria Animal performance, Biochemical response : GSH-PxSerum content : MDAOther : muscle MDA 

Results Supplementation with Se improved growth and antioxidant status of fish and the effects of selenomethionine were relatively greater than sodium selenite in the crowded 
groups. Results suggested that crowding conditions caused significant detrimental effects in rainbow trout indicated by increased oxidative stress, reduced feed intake and body 

weight gain. It also indicated that dietary Se supplementation offered a feasible way of reducing the losses in performance of rainbow trout reared under crowding conditions. 

Selenomethionine seemed to be more effective than sodium selenite and the higher dose in the present study also seemed to be more effective than the lower dose. 

 
Study code 82909 

Year 2009 

Animal Category  6. Fish. Salmon/trout : rainbow trout 

Nº treatments (replicates/ treatment) 7 treatments (2 tanks of 30 fish per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. Interactions: Selenium-Copper 

Composition Diets/treatments Basal un-supplemented diet (0.73 mg/kg Se) Supplemented diets with Se-yeast or sodium selenite to provide 2, 4, or 8 mg/kg. Duration: 10 weeks. 

Response criteria Biochemical response 

Results The trend towards a higher GSH-Px post-stress in Se supplemented diets over the basal diet, particularly in Se-yeast fed fish, indicates that Se requirements may not be met by 

the un-supplemented practical diet in stressed fish. Seven days of chronic physical stress decreased whole body Se and increased GSH-Px activity signifying an increased Se 
utilization. During stress Se status was more effectively maintained by Se-yeast than selenite. Increased hepatic lipid peroxidation in stressed fish fed 8 mg/kg selenite indicates 

a possible pro-oxidant effect of selenite. A positive interaction was observed between dietary selenite and whole body copper, but no such interaction was observed with Se-

yeast. This study concludes that physical stressors can result in an elevated Se utilization and consequently supplementation of commercial diets may be necessary such that Se 
reserves are available as a contingency for stress. 

 

Study code 81799 

Year 1986 

Animal Category  6. Fish. Salmon/trout : rainbow trout (Salmo gairdnerz) 

Nº treatments (replicates/ treatment) 2 treatments (60 animals per treatment) 

Diet Background Estimated. Others: as sodium selenite 
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Units’ basis of diets and/or results Diet - Other: as fed basis. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Deficient diet: 0,025 mg Se/kg. 2) Supplemented diet: 1.022 mg Se/kg as sodium selenite (sodium selenite to 1 mg/kg). Duration: 30 weeks. 

Response criteria Biochemical response : NADPH, glutathione (GSH) peroxidase, glutathione (GSH) transferase from plasma and liver and pyruvate kinase from plasma. Plasma and liver 

content. 

Results There were no significant differences between treatments in weight gain but packed cell volume, liver vitamin E and liver and plasma Se concentrations were all significantly 
lower in the Se-deficient trout (0,025 mg Se/kg). Ataxia occurred in about 10% of the Se-deficient trout (0,025 mg Se/kg) and histopathology was evident in nerve cord 

(damage to axon sheath) and liver (loss of integrity in endoplasmic reticulum and mitochondria with appearance of increased vesiculation).Glutathione peroxidase activity has 

been significantly reduced in liver and plasma of Se-deficient (0,025 mg Se/kg) fish but there was no indication, from differential assay, of any non-Se-dependent glutathione 

peroxidase activity. Glutathione transferase activity has been significantly increased in Se-deficient trout (0,025 mg Se/kg). 

 

Study code 77030 

Year 2008 

Animal Category  6. Fish. Salmon/trout : rainbow trouts 

Nº treatments (replicates/ treatment) 5 trouts per group4 treatments 

Diet Background Analysed 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Waterborne trace elements 

Composition Diets/treatments The four groups were aged 10, 14, 16,and 40 months, respectively 

Response criteria Liver, kidney skin, gill, muscle content 

Results With regard to Se, kidney and liver showed a significantly higher concentration compared to the other tissues. Se levels in kidney and in muscle did not change significantly 

with age, whereas a decrease in adult specimens was observed in gills, liver, and skin. For As, Se, Pb, and Cd the concentrations in muscle tissue were 26, 15, 3, and 1% of that 

in food. 

 

Study code 76617 

Year 2013 

Animal Category  6. Fish. Salmon/trout : Sturgeon 

Nº treatments (replicates/ treatment) 4 treatments (10 replicates per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. Interactions: Se-Hg 

Composition Diets/treatments 1) 0 (control)2) SeMet (500 micro g Se/kg body weight; BW)3) MeHg (850 mu g Hg/kg BW)4) Se/Hg; 500 µg Se/kg and 850 mu g Hg/kg BW. Duration: 48 hours 
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Response criteria Liver, kidney, brain, muscle and blood content. 

Results The interaction had a more quantitative effect on Se metabolism because the reduction in the overall tissue Se was a consequence of reduced Se absorption at the gut and not 

from the metabolic effects after absorption. In contrast, given the pulse increase in blood Hg concentration, tissue redistribution, and increased urinary elimination, the 

interactive effect on tissue Hg concentration was likely to be post-absorption. Even in the absence of exogenous SeMet, Se and Hg co-accumulated in tissue at a Se:Hg molar 
ratio greater than 1. SeMet did not divert Hg from the brain. Allocation of Se from the kidneys could have occurred in order to maintain the high Se:Hg molar ratios in the brain 

of white sturgeon.  
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Table VII.D.7. Rabbits 

Study code 77099 

Year 2007 

Animal Category  7.2. Rabbits. Rabbits for fattening  

Nº treatments (replicates/ treatment) 4 treatments (6 rabbits per treatment individually allocated) 

Diet Background No specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Others : long time supplementation 

Composition Diets/treatments 1) Control (standard chow diet), 2) Control + 0.3 mg/kg of Ph2Se2, 3) Control + 3.0 mg/kg of Ph2Se2,4) Control + 30 mg/kg of Ph2Se2. Duration: 8 months 

Response criteria Biochemical response : (δ -ALA-D), catalase (CAT), GSHPx activities, non-protein thiol (-SH), lipid peroxidation and ascorbic acid. Other : toxicological parameters in liver, 
kidney, cerebral cortex and hippocampus 

Results Long-term intake of 30 mg/kg Ph2Se2 significantly increased δ-ALA-D activity in liver and in cerebral cortex. However, Ph2Se2 ingestion did not change renal and hippocampal 

δ-ALA-D activity. Intake of a basal diet containing different levels of Ph2Se2 (0, 0.3, 3 or 30 mg/kg) did not change the body weight gain or the final body weight of the rabbits. 
In conclusion, the results revealed that Ph2Se2, administered orally, produced minor toxicological effects in rabbits exposed for a long time. Indeed, only the highest Ph2Se2 

dose (30 ppm) was able to induce minor changes in biochemical markers of oxidative damage, pointing to a relative safety of such compound when administered during 8 

months in rabbits. The toxic potential of Ph2Se2 (30 ppm) has been evidenced by a decrease in the ascorbic acid levels. 

 
Study code 80016 

Year 2002 

Animal Category  7.2. Rabbits. Rabbits for fattening : growing rabbits 

Nº treatments (replicates/ treatment) 4 treatments (5 animals per treatment) 

Diet Background Estimated <0.03 mg/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Fresh matter (FM) 

Factors affecting// combinations Dietary factors. Interaction: Se-Vit E 

Composition Diets/treatments 1) Group I: ToruLa yeast based semi-synthetic diet low in selenium (<0.03 mg/kg diet) and containing <2 mg α-tocopherol/kg.2) Group II: basal diet + Vitamin E 

supplementation of 150 mg α-tocopheryl acetate/kg diet,3) Group III: basal diet + 0.40 mg Se/kg as Na-selenite 4) Group IV: basal diet + Vitamin E supplementation of 150 mg 

α-tocopheryl acetate/kg diet + 0.40 mg Se/kg as Na-selenite  Duration: 10 weeks 

Response criteria Liver and plasma content. Biochemical response : glutamine synthetase. Other : selenium dependent glutathione peroxidase activity in liver, kidney, heart and musculus  

Results Selenium depletion of the Se deficient rabbits (<0.03 mg Se/kg diet) was indicated by a significantly lower plasma Se content (38.3 ± 6.23 μg Se/mL plasma; 42.6 ± 9.77 μg 

Se/mL; 149 ± 33.4 μg Se/mL; 126 ± 6.45 μg Se/mL) and a significantly lower liver Se content (group I: 89.4 ± 18.2 μg/kg fresh matter, group II: 111 + 26.2) as compared to 

the Se supplemented groups III with 0.40 mg Se/kg (983 ± 204) and 0.40 mg Se/kg and 150 mg α-tocopheryl acetate/kg diet  (926 ± 73.9). After 5 weeks on the experimental 
diets differences in the development of plasma glutathione peroxidase have been observed. As compared to the initial status group (45.2 ± 4.50) pGPx activity in mU/mg 
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protein was decreased in group I (19.1 ± 7.08), remained almost stable in the vitamin E supplemented group II (46.3 ± 11.2) whereas an elevated enzyme activity was measured 
in the Se supplemented groups III (62.4 ± 23.9) and IV (106 ± 19.9). In the rabbit organs investigated 10 weeks of Se deficiency (<0.03 mg/kg diet) caused a significant loss of 

Se dependent cellular glutathione peroxidase activity (GPxl) of 94% (liver), 80% (kidney), 50% (heart muscle) and 60% (musculus longissimus dorsi) in comparison to Se 

supplemented control animals. 

 
Study code 80520 

Year 1997 

Animal Category  7.2. Rabbits. Rabbits for fattening  

Nº treatments (replicates/ treatment) 3 treatments (10 animals per treatment) 

Diet Background Estimated 9.8 μg/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Physiological factors Interactions: Se-Vit E 

Composition Diets/treatments 1) Deficient Se and VitE (9.8 μg/kg diet).2) Adequate Se and Vit E (225 μg/kg diet) (0.5 mg Na2SeO3 and 150 mg vitamin E/kg.)3) Excess Se as sodium selenite (4.2 mg/kg 

diet) (10 mg Na2SeO3 and 150 mg vitamin E/kg,). Duration: 12-15 weeks 

Response criteria Biochemical response : Cu:Zn-dependent superoxide dismutase (SOD) and catalase (CAT) in erythrocytes. Plasma content 

Results As the plasma Se levels and the erythrocyte glutathione (GSH) peroxidase activity decreased (79.8 ng/mL and 2.0 U/g Hb, respectively) in the deficient group (9.8 μg/kg diet), 
these values increased (100.4 ng/mL and 14.5 U/g Hb) in the rich group significantly with respect to the control group (225 μg/kg diet). The other antioxidant enzyme activities 

and the related element levels did not change significantly in either one of the experimental groups.  

 
Study code 82912 

Year 2009 

Animal Category  7.2. Rabbits. Rabbits for fattening  

Nº treatments (replicates/ treatment) 4 treatments (6 rabbits per treatment individually allocated) 

Diet Background Analysed 0.08 ppm Se 

Units’ basis of diets and/or results Diet - Other : not specified 

Factors affecting// combinations Dietary factors: Trace elements 

Composition Diets/treatments 1) Basal diet, 2) Sodium selenite (0.447 ppm Se), 3) Selenised yeast (Se-methionine) (0.001 ppm Se), 4) Selenised algae Chlorella (dimethyl selenium propionate) (0.00025 
ppm Se) 

Response criteria Liver and hair content. Biochemical response : GSH-Px. Other : muscle 

Results The Se concentration in the loin and hind leg meat increased by 23.0% and 19.2%, respectively in rabbits receiving the selenite supplement. In rabbits fed Se-yeast and Se-
algae, the Se content in meat doubled from 0.11-0.15 mg/kg to 0.24-0.29 mg/kg. High Se concentrations (=1 mg/kg) were observed in hair and liver of rabbits which had 

received the Se-supplements. In all supplemented groups, the activity of glutathione peroxidase in the loin meat was higher than in control rabbits by 51.9-72.8%. The oxidative 

stability of rabbit meat, however, was not influenced. 
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Table VII.D.8. Horses 

Study code 76695 

Year 2012 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs : retired breeder dogs 

Nº treatments (replicates/ treatment) 5 treatments (5 animals per treatment) 

Diet Background Selenomethionine, high-selenium yeast0.3 ppm Se Based on body weight: 3 or 6 microg Se/kg/day 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments The chemical forms, a high-selenium yeast (Se-Y and yeast-free selenomethionine (Se-M). The dosages were individually adjusted, to provide either 3 or 6 g Se/kg/day for 

both chemical forms. After 7 months on trial, all dogs were euthanized. 

Response criteria Toenail, prostate, brain, heart, skeletal muscle and liver content 

Results The toenail biologic monitor was an accurate surrogate for the assessment of selenium status in pools measured in the canine study (i.e., prostate, brain, heart, skeletal muscle, 
and liver). Moreover, the selenium concentration in muscle biopsy tissue in these subjects was highly correlated with their toenail selenium concentration.  

 
Study code 78238 

Year 2012 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs ,9. 2. Pets and other non food-producing animals. Cats 

Nº treatments (replicates/ treatment) 3 groups (3 animals per group) 

Diet Background Na2SeO30.6 μg Se/g DM 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments The trial diets included the control diet (0.6 μg Se/g DM), and the 2 treatment diets supplemented with the respective form of Se to obtain a total Se concentration of 8 to 9 μg/g 

DM. Duration: 3 wk. 

Response criteria Liver, urine, serum and plasma content, Other: Clearance (%) 

Results The Se balance was assessed during the final week and a liver biopsy was obtained on the final day of the study. Measurements included plasma Se concentrations, plasma 

glutathione peroxidise (GPx) activities, plasma Se clearance, Se intake, and urinary Se excretion. No clinical signs of selenosis were observed in the cats or dogs, and apart 

from Se clearance, form of Se had no effect on any of the measurements. Apparent faecal Se absorption was greater in the dogs fed both forms of Se, while greater plasma Se 
concentrations were observed in the cats on both the control and supplemented diet. Cats fed the supplemented diets had lower hepatic Se concentrations and excreted more Se 

in urine compared with dogs. Furthermore, cats fed the Na2SeO3 supplement had greater Se clearance rates than dogs. There was no effect of species on plasma GPx activity.. 

 
Study code 78466 
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Year 2012 

Animal Category  9. 2. Pets and other non food-producing animals. Cats 

Nº treatments (replicates/ treatment) 4 dietary treatments (2 males and 2 females per treatment) 

Diet Background Na2SeO3 or an organic Se source to total selenium concentrations of 1.0, 1.5 and 2.0 µg Se/g DM. Basal diet: (0.45 µg/g DM Se)Na2SeO3Diet: 1.0, 1.5 and 2.0 µg Se/g DM 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Inorganic selenium ranged from 13 to 16 months of age and Organic selenium diets ranged from 17 to 20 month. Three levels of selenium supplementation (targets 1.0, 1.5 and 
2.0 µg/g DM) for each Se source. 

Response criteria Urine, plasma, faeces and blood content,  

Results Cats maintained selenium homeostasis through rapid urinary excretion of selenium whilst faecal absorption remained unaffected. Whole blood and plasma selenium 

concentrations responded only marginally to additional selenium supplementation in adult cats fed up to 2 µg/g DM selenium in the form of Na2SeO3 and organic bound 
selenium. GPx in whole blood and plasma also showed a minor response to supplementation with both forms of selenium. Urinary excretion may be a highly responsive 

measure for determining selenium status in cats 

 
Study code 79665 

Year 2004 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs 

Nº treatments (replicates/ treatment) 5 treatments (6 animals per treatment housed in pairs) 

Diet Background Analysed 0.02 and 0.027 mg Se/kg diet 

Units’ basis of diets and/or results Diet - Other: as fed basis. Results - Other : μmol/l 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Low Se (0.04 mg Se/kg diet) torula yeast-based diet for 14 days (pre-test period) 2) Basal diet + 0.13 mg Se/kg diet as Na2SeO33) Basal diet + 0.26 mg Se/kg diet as 
Na2SeO34) Basal diet + 0.39 mg Se/kg diet as Na2SeO35) Basal diet + 0.52 mg Se/kg diet as Na2SeO3Duration: 21 days 

Response criteria Biochemical response : Se-dependent GSHpx, total triiodothyronine (TT3), serum total thyroxine (TT4) and serum free T4 (FT4).,Serum content 

Results No significant changes in food intake and body weight gain have occurred, and no clinical signs of Se deficiency were observed. A breakpoint was determined for serum Se at 

0.17 mg Se/kg diet. When Se from the basal diet was added to this estimate, the breakpoint for serum Se equated to 0.21 mg Se/kg diet. TT3 increased linearly with increasing 
Se intake, whereas TT4 was unchanged. Puppies fed dietary Se below 0.39 mg Se/kg diet had TT4 levels that exceeded normal reference ranges cited for adult dogs. However, 

the ratio of TT4 : TT3 decreased linearly in response to supplemental Se.  

 

Study code 79809 

Year 2003 

Animal Category  9. 2. Pets and other non food-producing animals. Cats : kittens 
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Nº treatments (replicates/ treatment) 6 treatments (6 animals per treatment) 

Diet Background Estimated 0.02 mg Se/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Dry matter 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Basal diet (0.027 mg Se/kg diet)2) Basal diet + 0.05 mg Se/kg diet) as Na2SeO33) Basal diet + 0.075 mg Se/kg diet) as Na2SeO34) Basal diet + 0.10 mg Se/kg diet) as 

Na2SeO35) Basal diet + 0.20  mg Se/kg diet) as Na2SeO36) Basal diet + 0.30 mg Se/kg diet) as Na2SeO3Duration: 8 weeks 

Response criteria Plasma content: Se concentrations and Se-dependent glutathione peroxidase activities (GSHpx) in plasma and red blood cells (RBC), Thyroid response : plasma total T3 (TT3) 

and total T4 (TT4). 

Results Estimates of the kitten‘s Se requirement (i.e. breakpoints) were determined for RBC and plasma GSHpx (0.12 and 0.15 mg Se/kg diet, respectively), but no definitive 

breakpoint was determined for plasma Se. Plasma TT3 increased linearly, whereas plasma TT4 and the ratio of TT4: TT3 decreased in a quadratic fashion to dietary Se 
concentration. As pet foods for cats contain a high proportion of animal protein with a Se bioavailability of 30%, it was recommended that commercial diets for cats contain 0.5 

mg Se/kg DM. 

 
Study code 80005 

Year 2002 

Animal Category  9. 2. Pets and other non food-producing animals. Cats : growing kittens 

Nº treatments (replicates/ treatment) 2 treatments (6 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as fed-basis 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Yeast-based low-selenium diet (0.02 mg Se/kg diet) 2) Same diet + Na2SeO3 at 0.4 mg Se/kg diet 

Response criteria Animal performance: body weight. Plasma content. Glutathione peroxidase activity. Thyroid response: Total thyroxine (T4) and 3,5,3¢triiodothyronine (T3) in plasma. 

Results Plasma total thyroxine (T4) increased and total 3,5,3-triiodothyronine (T3) decreased significantly in kittens fed the low-Se diet at the end of the study. These results suggested 

that type I deiodinase in cats was a selenoprotein- or a selenium-dependent enzyme. 

 
Study code 82333 

Year 2013 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs 

Nº treatments (replicates/ treatment) 18 dogs 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 
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Composition Diets/treatments Eighteen dry dog foods obtained commercially in the United States were digested using microwave assisted nitric acid digestion and a simulated gastric digestion. 

Response criteria Gastric digestion data 

Results Given that the vast majority of data obtained were entirely consistent with animal nutrition, the critical issues with respect to pet food quality are beyond the scope of the 

present work. These issues relate to the limited animal studies from which MTLs are established and the extrapolation of these data to dogs, and to the entire lifetime of these 

companion animals. The absence of uncertainty factors and statistical correction of finite data, as applied to human exposure, have the potential to reduce public confidence, 
which is itself based on a poor understanding of risk. 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

898 

Table VII.D.9. Pets 

Study code 76695 

Year 2012 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs : retired breeder dogs 

Nº treatments (replicates/ treatment) 5 treatments (5 animals per treatment) 

Diet Background Selenomethionine, high-selenium yeast0.3 ppm Se Based on body weight: 3 or 6 microg Se/kg/day 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments The chemical forms, a high-selenium yeast (Se-Y and yeast-free selenomethionine (Se-M). The dosages were individually adjusted, to provide either 3 or 6 g Se/kg/day for 

both chemical forms. After 7 months on trial, all dogs were euthanized. 

Response criteria Toenail, prostate, brain, heart, skeletal muscle and liver content 

Results The toenail biologic monitor was an accurate surrogate for the assessment of selenium status in pools measured in the canine study (i.e., prostate, brain, heart, skeletal muscle, 

and liver). Moreover, the selenium concentration in muscle biopsy tissue in these subjects was highly correlated with their toenail selenium concentration.  

 
Study code 78238 

Year 2012 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs ,9. 2. Pets and other non food-producing animals. Cats 

Nº treatments (replicates/ treatment) 3 groups (3 animals per group) 

Diet Background Na2SeO3 0.6 μg Se/g DM 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments The trial diets included the control diet (0.6 μg Se/g DM), and the 2 treatment diets supplemented with the respective form of Se to obtain a total Se concentration of 8 to 9 μg/g 

DM. Duration: 3 wk. 

Response criteria Liver, urine, serum and plasma content, Other: Clearance (%) 

Results The Se balance was assessed during the final week and a liver biopsy was obtained on the final day of the study. Measurements included plasma Se concentrations, plasma 
glutathione peroxidise (GPx) activities, plasma Se clearance, Se intake, and urinary Se excretion. No clinical signs of selenosis were observed in the cats or dogs, and apart 

from Se clearance, form of Se had no effect on any of the measurements. Apparent faecal Se absorption was greater in the dogs fed both forms of Se, while greater plasma Se 

concentrations were observed in the cats on both the control and supplemented diet. Cats fed the supplemented diets had lower hepatic Se concentrations and excreted more Se 
in urine compared with dogs. Furthermore, cats fed the Na2SeO3 supplement had greater Se clearance rates than dogs. There was no effect of species on plasma GPx activity.. 

 
Study code 78466 
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Year 2012 

Animal Category  9. 2. Pets and other non food-producing animals. Cats 

Nº treatments (replicates/ treatment) 4 dietary treatments (2 males and 2 females per treatment) 

Diet Background Na2SeO3 or an organic Se source to total selenium concentrations of 1.0, 1.5 and 2.0 µg Se/g DM. Basal diet: (0.45 µg/g DM Se)Na2SeO3Diet: 1.0, 1.5 and 2.0 µg Se/g DM 

Units’ basis of diets and/or results Diet - Dry matter (DM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Inorganic selenium ranged from 13 to 16 months of age and Organic selenium diets ranged from 17 to 20 month. Three levels of selenium supplementation (targets 1.0, 1.5 and 
2.0 µg/g DM) for each Se source. 

Response criteria Urine, plasma, faeces and blood content,  

Results Cats maintained selenium homeostasis through rapid urinary excretion of selenium whilst faecal absorption remained unaffected. Whole blood and plasma selenium 

concentrations responded only marginally to additional selenium supplementation in adult cats fed up to 2 µg/g DM selenium in the form of Na2SeO3 and organic bound 
selenium. GPx in whole blood and plasma also showed a minor response to supplementation with both forms of selenium. Urinary excretion may be a highly responsive 

measure for determining selenium status in cats 

 
Study code 79665 

Year 2004 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs 

Nº treatments (replicates/ treatment) 5 treatments (6 animals per treatment housed in pairs) 

Diet Background Analysed0.02 and 0.027 mg Se/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Other : μmol/l 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Low Se (0.04 mg Se/kg diet) torula yeast-based diet for 14 days (pre-test period) 2) Basal diet + 0.13 mg Se/kg diet as Na2SeO33) Basal diet + 0.26 mg Se/kg diet as 
Na2SeO34) Basal diet + 0.39 mg Se/kg diet as Na2SeO35) Basal diet + 0.52 mg Se/kg diet as Na2SeO3Duration: 21 days 

Response criteria Biochemical response : Se-dependent GSHpx, total triiodothyronine (TT3), serum total thyroxine (TT4) and serum free T4 (FT4).,Serum content 

Results No significant changes in food intake and body weight gain have occurred, and no clinical signs of Se deficiency were observed. A breakpoint was determined for serum Se at 

0.17 mg Se/kg diet. When Se from the basal diet was added to this estimate, the breakpoint for serum Se equated to 0.21 mg Se/kg diet. TT3 increased linearly with increasing 
Se intake, whereas TT4 was unchanged. Puppies fed dietary Se below 0.39 mg Se/kg diet had TT4 levels that exceeded normal reference ranges cited for adult dogs. However, 

the ratio of TT4 : TT3 decreased linearly in response to supplemental Se.  

 

Study code 79809 

Year 2003 

Animal Category  9. 2. Pets and other non food-producing animals. Cats : kittens 
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Nº treatments (replicates/ treatment) 6 treatments (6 animals per treatment) 

Diet Background Estimated 0.02 mg Se/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Dry matter 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Basal diet (0.027 mg Se/kg diet)2) Basal diet + 0.05 mg Se/kg diet) as Na2SeO33) Basal diet + 0.075 mg Se/kg diet) as Na2SeO34) Basal diet + 0.10 mg Se/kg diet) as 

Na2SeO35) Basal diet + 0.20  mg Se/kg diet) as Na2SeO36) Basal diet + 0.30 mg Se/kg diet) as Na2SeO3Duration: 8 weeks 

Response criteria Plasma content : Se concentrations and Se-dependent glutathione peroxidase activities (GSHpx) in plasma and red blood cells (RBC),Thyroid response : plasma total T3 (TT3) 

and total T4 (TT4). 

Results Estimates of the kitten‘s Se requirement (i.e. breakpoints) were determined for RBC and plasma GSHpx (0.12 and 0.15 mg Se/kg diet, respectively), but no definitive 

breakpoint was determined for plasma Se. Plasma TT3 increased linearly, whereas plasma TT4 and the ratio of TT4: TT3 decreased in a quadratic fashion to dietary Se 
concentration. As pet foods for cats contain a high proportion of animal protein with a Se bioavailability of 30%, it was recommended that commercial diets for cats contain 0.5 

mg Se/kg DM. 

 
Study code 80005 

Year 2002 

Animal Category  9. 2. Pets and other non food-producing animals. Cats : growing kittens 

Nº treatments (replicates/ treatment) 2 treatments (6 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as fed-basis 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Yeast-based low-selenium diet (0.02 mg Se/kg diet) 2) Same diet + Na2SeO3 at 0.4 mg Se/kg diet 

Response criteria Animal performance : body weight. Plasma content. Glutathione peroxidase activity. Thyroid response : Total thyroxine (T4) and 3,5,3¢triiodothyronine (T3) in plasma. 

Results Plasma total thyroxine (T4) increased and total 3,5,3-triiodothyronine (T3) decreased significantly in kittens fed the low-Se diet at the end of the study. These results suggested 

that type I deiodinase in cats was a selenoprotein- or a selenium-dependent enzyme. 

 
Study code 82333 

Year 2013 

Animal Category  9. 1. Pets and other non food-producing animals. Dogs 

Nº treatments (replicates/ treatment) 18 dogs 

Diet Background Not specified 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 
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Composition Diets/treatments Eighteen dry dog foods obtained commercially in the United States were digested using microwave assisted nitric acid digestion and a simulated gastric digestion. 

Response criteria Gastric digestion data 

Results Given that the vast majority of data obtained were entirely consistent with animal nutrition, the critical issues with respect to pet food quality are beyond the scope of the 

present work. These issues relate to the limited animal studies from which MTLs are established and the extrapolation of these data to dogs, and to the entire lifetime of these 

companion animals. The absence of uncertainty factors and statistical correction of finite data, as appliedto human exposure, have the potential to reduce public confidence, 
which is itself based on a poor understanding of risk. 
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Table VII.D.10. Others: Rats/mice 

Study code 78325 

Year 2012 

Animal Category  10. Other categories : Male Buffalo Calves 

Nº treatments (replicates/ treatment) Four groups (five animals per group) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Diet + supplementation. Ratio of T4/T3 

Composition Diets/treatments 1) Diets without supplementation (T1) 2) Basal diet + 0.3 mg/kg selenium as sodium selenite (Se) + 40 mg/kg zinc (Zn) (T2)3) Basal diet + 0.3 mg/kg Se + 40 mg/kg Zn + 10 

mg/kg copper (Cu) (T3)4) Basal diet + 40 mg/kg Zn + 10 mg/kg Cu (T4)Duration: 120 days. 

Response criteria Biochemical response : glucose, total protein, albumin, globulin, urea, uric acid, and creatinine. Tyroid response : T3, T4 

Results The ratio of T4/T3 was reduced in the groups T2 and T3 (T2=0.3 mg/kg Se + 40 mg/kg Zn; T3=  0.3 mg/kg Se + 40 mg/kg Zn + 10 mg/kg Cu) where selenium was supplemented 

at 120th day of supplementation. It was deduced that supplementation of 0.3 mg Se/kg and/or 10.0 mg Cu/kg with 40 mg Zn/kg had no effect on blood metabolic profile in 
buffalo calves, except the ratio of T4 and T3 hormone which indicated that selenium plays an important role in converting T4 hormone to T3which was more active form of 

thyroid hormone. 

 
Study code 80704 

Year 1996 

Animal Category  10. Other categories : male Wi star rats, 

Nº treatments (replicates/ treatment) 33 rats divided into three groups of 11 rats each 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Other : μmol/I 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Control group: basic diet containing 0.22 mg of Se/kg2) Placebo group: intra-peritoneal physiological saline (NaCl 0.09%)3) Selenium group: basic diet + Se at 2.5 mg 
Se/kg as Na2Se03 + intra-peritoneal physiological saline (NaCl 0.09%)  

Response criteria Animal performance, Liver, plasma content : and erythrocyte, cardiac Se 

Results The study showed that plasma Se level was not a good index of Se status in the organism, at least at high levels of selenium. Red blood cell Se seemed to be a more reliable 

index of Se status and could replace plasma Se level in the supplementation trials both in animals and humans. Furthermore, heart function was altered and plasma Alanine 
aminotransferase activity was significantly increased in the selenium-supplemented group, which could reflect a slight sub-toxic effect of selenium supplementation at the level 

used here. 
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Study code 76763 

Year 2011 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 1) Exp 1. 4 Se diets (8 mice/ group). 2) Exp 2.  3 diets: 0, 0.1, and 0.4 ppmSe.(5 mice/ group) 

Diet Background Analysed 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Microbiota, supplementation 

Composition Diets/treatments The diets used in the study, including 0-, 0.1-, 0.4-,and 2.25 g/g (ppm) Se diets.1) Exp 1. In the first experiment, 4-wk-old C57BL/6J male mice were subjected to these 4 Se 

diets (8 mice/group). Ten weeks later, faeces were collected and frozen until further analysis.2) Exp 2. 0-wk-old germ-free Swiss Webster male mice were subjected to 3 diets: 

0, 0.1, and 0.4 ppm Se. Duration: 8 weeks 

Response criteria Liver, kidney, spleen, brain and testis content 

Results The microbiota diversity increased as a result of selenium in the diet. Specific phylotypes showed differential effects of selenium, even within a genus, implying that selenium 

had unique effects across microbial taxa. Conventionalized germfree mice subjected to selenium diets gave similar results and showed an increased diversity of the bacterial 

population in animals fed with higher levels of selenium. Germ-free mice fed selenium diets modified their selenoproteome expression similar to control mice but showed 
higher levels and activity of glutathione peroxidase 1 and methionine-R-sulfoxidereductase 1 in the liver, suggesting partial sequestration of selenium by the gut 

microorganisms, limiting its availability for the host. These changes in the selenium status were independent of the levels of other trace elements. The data show that dietary 

selenium affects both composition of the intestinal microflora and colonization of the gastrointestinal tract, which, in turn, influence the host selenium status and 
selenoproteome expression. 

 
Study code 77136 

Year 2007 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 22 groups (8 rats per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Sodium selenite (5, 10, 20, 50, 70, 100, 150 µg Se/kg). Selenomethionine (5, 10, 20, 50, 70, 100, 150 gSe/kg). Flour (20, 30, 40 µg Se/kg). Shorts (20, 30, 40 µg Se/kg). Bran 

(20, 30, 40 µg Se/kg). Duration = 41 days 

Response criteria Liver, kidney, brain, plasma and muscle content. Biochemical response. 

Results The responses generated from wheat Se were compared to a standard response curve generated by feeding graded amounts of Se as sodium selenite (Na2SeO3; Na Selenite) or 

seleno-methionine (SeMet) in an AIN-93G-Torula yeast-based diet. Results showed that Se from wheat flour (similar to 75% extraction) was nearly 100% available by a 

number of measures including plasma, liver, kidney, and muscle Se concentrations and liver and erythrocyte Se-dependent enzyme activities when compared with similar 
measures in rats fed NaSelenite or SeMet. However, on the basis of similar criteria, Se from wheat shorts was only about 85% available and that from wheat bran was about 

60% available for absorption 
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Study code 77411 

Year 2002 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 20 per treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Animals were fed a torula yeast based diet with no Se (deficient) or supplemented with 75 g of Se/kg of diet as sodium selenite (controls) for 42 days 

Response criteria Liver and kidney content 

Results Speciation of Se in subfractions showed that the majority was present in the form of high molecular weight compounds; free selenomethionine was only a minor constituent. 

Gross absorption of Se from sodium selenite, P, and R was not different and was higher than from SeSp. Only retentate allowed full replenishment of Se concentration in liver 
and kidney (as did sodium selenite) and glutathione peroxidase (GSHPx) activity in liver, kidney, plasma, and erythrocytes. The bioavailabilities of Se in retentate, as assessed 

by slope ratio analysis using selenite as a reference Se, were 89 and 112% in the tissue Se content and 106-133% in the GSHPx activities. SeSp and P exhibited a gross 

bioavailability of <100%. These results indicate that Se in retentate is highly bioavailable and represents an interesting source of Se for food supplementation. 

 
Study code 77614 

Year 1998 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 treatments (18 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM). Results - Other : ng/g 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) High-selenium broccoli diet: 0.1 g of Se from broccoli/g of diet 2) Sodium selenite diet: 0.1 microg of Se as sodium-selenite/g of diet 3) Sodium selenate diet: 0.1 microg 

of Se as selenate/g of diet 4)SeMet diet: 0.1 microg of Se as L-SeMet/g of diet. Duration: 6 weeks 

Response criteria Liver, kidney, plasma and muscle content Biochemical response:glutathione peroxidase. 

Results Supplementation of 0.1 mg Se/kg diet either as sodium selenite, sodium selenate, and SeMet for 6 weeks were similarly effective in restoring most measures of Se status; high-
selenium broccoli that contained 28 mg Se/kg (d.w.) has been much less effective. However, Se from high-selenium broccoli was non significantly different from the other 

forms in restoring kidney and plasma Se concentrations. Similarly, Se from high-selenium broccoli was less effective than the other forms of Se in restoring glutathione 

peroxidase enzyme activity.  

 

Study code 78412 

Year 2011 
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Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 13 treatments (6-12 animals per treatment)  

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source. Dietary factors:  

Composition Diets/treatments 13 dietary groups consisting of the basal diet (n= 12) or that diet supplemented with 10, 20, 50, 70, 100, or 150 μg Se/kg from SeMet (n= 8) or 20, 30, or 40 μg Se/kg from 
yellow peas or oats (n= 6). 

Response criteria Liver, kidney, plasma, blood and muscle content 

Results Dietary supplementation with peas or oats resulted in linear or log-linear, dose-dependent increases in glutathione peroxidase activities in blood and liver and in 

thioredoxinreductase activity in liver. Supplementation with peas or oats resulted in linear or log-linear, dose-dependent increases in Se concentrations of plasma, liver, 
gastrocnemius muscle, and kidneys. The overall bioavailability was approximately 88% for Se from yellow peas and 92% from oats, compared to SeMet. It was concluded that 

Se from naturally produced high-Se yellow peas or oats is highly bioavailable in this model and that these high-Se foods may be a good dietary source of Se. 

 

Study code 78517 

Year 2010 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 12 treatments 13 treatments (6-8 rats per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Results - Dry matter (DM)  

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Basal diet (4.1 g Se/kg) to deplete Se, and 12 were fed the Se-adequate diet (150 gSe/kg) as positive controls. After Se-depletion, 12 groups fed the basal diet supplemented 
with 10, 20, 50, 70,100 or 150gSe/kg from SeMet (n=8), 14, 24 or 30 gSe/kg from the protein isolate (n=6) or 13, 23 or 31 gSe/kg from tofu (n=6),respectively. Duration: 50 

days. 

Response criteria Liver, kidney, plasma, blood and muscle content 

Results Selenium bioavailability was determined on the basis of the restoration of Se-dependent enzyme activities and tissue Se concentrations in Se-depleted rats, comparing those 
responses for the protein isolate and tofu to those for SeMet by using a slope-ratio method. Dietary supplementation with the protein isolate or tofu resulted in linear or log-

linear, dose-dependent increases in glutathione peroxidase activities in blood and liver and in thioredoxinreductase activity in liver. Furthermore, supplementation with the 
protein isolate or tofu resulted in linear or log-linear, dose-dependent increases in the Se concentrations of plasma, liver, muscle and kidneys. These results indicated an overall 

bioavailability of approximately 101% for Se from the protein isolate and 94% from tofu, relative to SeMet. We conclude that Se from naturally produced high-Se soybeans is 

highly bioavailable in this model and that high-Se soybeans may be a good dietary source of Se. 

 

Study code 78762 

Year 2009 
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Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 2 groups (42 rats per treatment) 5 treatments (5/6 rats per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 379 days. The study was started with ninety 30-day-old male Wistar rats5 groups:- Control: 30 days old male rats. n=21- N: 0.2 mg Se/kg. n=5- N(-): low Se diet. n=5- H: 1.5 
mg Se/kg. n=5- H (-): low Se diet. n=6Four animals of group N and two of group Hdied during the study 

Response criteria Liver, muscle and skeletal content 

Results Compared with the selenium-adequate group, elevated tissue selenium concentrations were found in the high-selenium group, but the increase by a factor of 3.5 in the muscle 

and by a factor of 2.3 in the liver was smaller than the 7.5-fold increase in the selenium intake. In the selenium-adequate group about 50% of the muscle selenium and 30% of 
the liver selenium and in the high-selenium group about 85% of the muscle selenium and 70% of the liver selenium were estimated to be present in non-selenoprotein forms. 

During selenium depletion the liver glutathione peroxidase activity in the high-selenium group remained unaffected for 4 weeks and then decreased more slowly than that in the 

selenium-adequate group. From these results it can be concluded that selenium incorporated from the selenium yeast diet into non-selenoprotein forms can serve as an 
endogenous selenium source to maintain selenoprotein levels in periods of insufficient selenium supply. 

 

Study code 81391 

Year 1990 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 4 or 5 animals per treatment 

Diet Background Estimated   

Units’ basis of diets and/or results Diet - Other : μg of Se/g 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments Animals were housed in metabolic cages and given either deionized water or water containing 4 μg Se/mL as selenite + basal diet containing approximately 0.25 μg of 

Se/gDuration: 30 days. Experimental design for all experiments:1) Control group: purified casein diet (about 0.25 μg of Se/g) and deionized water.2) Se-supplemented group: 
purified casein diet + deionized water containing 4.2 ±0.2 μg Se/mL as selenite. 

Response criteria True absorption : retention and excretion. Animal performance. Urine content. Other : organ selenium (Se) accumulation, urine excretion of total Se  

Results Absorption of selenite was nearly complete, with only -10% of ingested Se appearing in faeces. There was a rapid rise in urinary Se that reached a plateau within a few days 
and accounted for 54±2% of the intake. Excretion of trimethyl selenium ion (TMSe) in urine increased rapidly, representing 35-40% of urinary Se in the supplemented animals 

compared with only 2% for the control group. Supplemented rats (4 μg Se/mL as selenite) had only a modest increase in whole body Se (94±4 μg Se vs. 66±3 in controls). 

Calculation of Se balance in the supplemented rats showed that -35% of ingested Se could not be accounted for by urine plus faecal losses combined with the portion retained 
in the carcass. The results from this study demonstrated that under the condition of supplementation at 4 μg of Se/mL of drinking water, pathways other than urinary and faecal 

excretion could account for a substantial portion of Se loss. 

 

Study code 81570 
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Year 1988 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 9 treatments (4 rats per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Fresh matter (FM) 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) Basal diet 2) Basal diet + 0.2 mg/kg selenium (Se) as selenite 3) Basal diet + 0.2 mg/kg selenium (Se) as selenomethionine (SeM).4) Basal diet + 1.0 mg/kg selenium (Se) as 
selenite 5) Basal diet + 1.0 mg/kg selenium (Se) as selenomethionine (SeM).6) Basal diet + 2.0 mg/kg selenium (Se) as selenite 7) Basal diet + 2.0 mg/kg selenium (Se) as 

selenomethionine (SeM).8) Basal diet + 4.0 mg/kg selenium (Se) as selenite 9) Basal diet + 4.0 mg/kg selenium (Se) as selenomethionine (SeM).Duration: 9 weeks 

Response criteria Liver, muscle, testes, brain, lung, whole blood and kidney content 

Results Except at the 0.2 mg kg Se level, Se accumulated in all tissues at higher levels when SeM was fed than when selenite was given, and the magnitude of difference became more 
pronounced with increasing levels of dietary Se. This was particularly true for muscle and brain. Se levels in whole blood, testes, kidney and lungs were not significantly 

different between rats fed 0.2 mg/kg Se as selenite or as SeM, but the Se levels in liver, muscle and brain were higher in rats fed SeM. Although the tissue Se concentrations 

differed markedly, there were no differences in the glutathione peroxidase (GPX) activity in tissues of rats fed SeM rather than selenite. The percentage of Se associated with 
GPX was lower in all tissues from rats fed SeM than in those from rats fed selenite. These results indicated that the chemical forms of dietary Se could have a marked influence 

on biological responses, including bioavailability of dietary Se. 

 

Study code 81700 

Year 1987 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 treatments (8 animals per treatment) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as fed basis 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A purified, casein-based diet without added Se was fed to nine groups of rats throughout pregnancy to produce a marginal Se deficiency. During lactation, groups were fed 

experimental diets containing: Se dose: 0.1, 0.25 or 0.5 ppm Se Se source: selenite, Se-methionine, or Se-yeast. Duration: 18 days 

Response criteria Liver, plasma, milk, heart and kidney content Biochemical response : GSH-Px 

Results Based on slope-ratio analyses, the bioavailability of Se-methionine and Se-yeast was greater than that of selenite in both lactating dams and their nursing pups. The greater 
availability of organic Se to pup tissues could be a direct result of the greater concentration of Se in the milk of dams fed organic Se. A dietary level of 0.25 ppm Se as Se-

methionine ensured maximal GSH-Px activity in both dam and pup tissues, but 0.5 ppm Se was necessary when selenite or Se-yeast was fed. 

 

Study code 82010 

Year 1984 
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Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 treatments (3 rats per treatment) 

Diet Background No specified 

Units’ basis of diets and/or results No specified 

Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments 1) 1.0 ppm selenium and 75Se 2) 0.1 ppm selenium and 75Se 3) 0.01 ppm selenium and 75Se Duration: 21 days. 

Response criteria Liver, kidney and plasma content. Biochemical response. 

Results The proportion of selenium in plasma selenoprotein P, a putative selenium-transport protein, reflected the long-term selenium status of rats and varied from approximately 11-

58% depending on the level of selenium supplementation. Turnover of selenium from this protein was affected by the dietary selenium of the rats. The results indicated that 

selenium incorporation into plasma selenoprotein P and selenoprotein P1 was affected by diet in ways that could reflect their importance to the rat. 

 

Study code 83352 

Year 2006 

Animal Category  10. Other categories : rats 

Nº treatments (replicates/ treatment) 3 rats per group 

Diet Background Not specified 

Units’ basis of diets and/or results No specified 

Factors affecting// combinations Supplementation source and dose 

Composition Diets/treatments Methylseleninic (MSAIV) tracer assay. Duration: 72 h 

Response criteria Liver, kidney, pancreas, urine, serum and lung content 

Results The availability with different isotope ratios was in the decreasing order of selenate> selenite = MSAIV > MSAVI. Although selenate and MSAVI were distributed in organs 

and urine partly in their intact forms, MSAIV and selenite were not detected in the intact forms at all. MSAIV and MSAVI but not selenite or selenate produced TMSe in 
organs other than the liver, suggesting the transformation of MSAIV into methylselenol, and then either into selenide for the synthesis of selenoproteins and selenosugar or 

directly into TMSe.  

 

Study code 80053 

Year 2001 

Animal Category  10. Other categories : Weanling, male rats 

Nº treatments (replicates/ treatment) 9 treatments (6 animals per treatment individually allocated) 

Diet Background Analysed 

Units’ basis of diets and/or results Diet - Other : as fed basis. Results - Dry matter (DM) Results - Other : μg/ml (plasma) 
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Factors affecting// combinations Supplementation dose and source 

Composition Diets/treatments A 3 x 3 factorial arrangement1) Cu level: 1 mg Cu/kg diet (low), 4 mg Cu/kg diet (normal) or 42 (high) mg Cu/kg diet as CuSO4 5H2O 2) Se level: 0.03 mg Se/kg diet (low), 

0.05 mg Se/kg diet (normal) or 1.0 mg Se/kg diet (high) mg Se/kg diet as Na2SeO3 5H2ODuration: 4 weeks 

Response criteria Urine, plasma, faeces, liver, kidney, spleen and heart content. Biochemical response : Glutathione peroxidase 

Results In rats fed either the low ( 0.03 mg/kg) or normal (0.05 mg/kg) amounts of selenium for 4 weeks, higher intakes of copper decreased the apparent intestinal selenium absorption 
and increased urinary selenium excretion. The effects of copper on selenium absorption, excretion and retention were not seen in rats fed the high-selenium (1.0 mg/kg) diets. 

An increase in dietary copper concentrations elevated selenium concentrations in the liver and kidneys, but slightly lowered those in the spleen of rats that were fed the diets 

with the normal level of selenium. In rats that were fed the diets with either low (0.03 mg/kg) or high (1.0 mg/kg) selenium concentration, copper intake had no effect on organ 
selenium concentrations.  
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78034  ~  ~ ~ 

78157 ~ ~ ~ ~  ~ ~ ~ 

78324 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

78569 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

78575 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

79267  ~  ~ ~ 

79359  ~ ~ ~ ~ ~ ~ ~ 

79586 ~  ~ ~ ~  ~ ~ ~ 

79719  ~ ~  ~ ~ ~ ~ 

79770  ~  ~ ~ ~ 

79771  ~ ~ ~ ~ 

80114   ~ ~  ~ 

80115   ~ ~  ~ ~ 

80116  ~ ~  ~ ~ ~ ~ 

80278   ~ ~ 

80337  ~ ~  ~ ~ ~ ~ 
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912 

80411   ~ ~ 

80503  ~ ~ ~ ~ ~ 

80524 ~   ~ ~ ~ ~ ~ ~   

80643  ~  ~ ~ 

80648  ~  ~ ~ ~ ~ 

80990  ~ ~  ~ ~ ~ 

81011  ~ ~  ~ ~ 

81232  ~  ~ ~ 

81638  ~ ~ ~ ~ ~ ~ ~ ~ 

81886   ~ ~ 

81920  ~  ~ ~ 

81962  ~ ~ ~ ~ ~ ~ ~ 

82008 ~ ~  ~ ~ ~ ~  ~ 

82308 ~  ~ ~ ~ ~  ~ ~ ~ 

82434  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82714  ~ ~ ~ ~ ~ ~  ~ ~ 

82773  ~ ~ ~ ~ ~ ~ 

82866  ~ ~ ~  ~ ~ 

83029  ~ ~ ~  ~ ~ ~ ~ ~ 

83321  ~ ~ ~ ~ 

83461  ~ ~  ~  ~ ~ ~ 

83463  ~ ~ ~ ~ ~ 
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83984  ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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76837 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

77182 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

77408 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

77987    ~  ~ ~ ~ ~  

78054   ~ ~  ~ ~ ~ ~  

78316  ~  ~  ~ ~  ~  

78411    ~  ~ ~ ~   

78420 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

78428   ~ ~  ~ ~ ~ ~  

78646 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

78699    ~  ~ ~ ~   

78876    ~  ~ ~    

78920 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

78923 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

78995 ~ ~ ~ ~ ~ ~ ~ ~   

79039  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

79054 ~ ~ ~ ~ ~ ~ ~ ~  ~ 

79186    ~  ~ ~    

79445  ~ ~ ~  ~ ~ ~   
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79656  ~  ~ ~ ~ ~ ~   

79701   ~ ~  ~ ~ ~   

79718    ~  ~ ~ ~   

79870    ~ ~ ~ ~ ~  ~ 

79873  ~  ~  ~ ~ ~ ~  

79996   ~ ~  ~ ~ ~   

80035    ~  ~ ~ ~   

80295     ~ ~   ~  

80296     ~ ~     

80393    ~  ~ ~ ~  ~ 

80482  ~ ~ ~  ~ ~ ~   

80549     ~ ~   ~  

80666   ~ ~  ~ ~ ~  ~ 

81112   ~ ~ ~ ~ ~ ~ ~ ~ 

81160   ~ ~  ~ ~ ~   

81262    ~  ~ ~    

81583    ~  ~ ~  ~  

82158  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82174     ~ ~ ~ ~ ~ ~ 

82243  ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82718    ~ ~ ~   ~ ~ 
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82821  ~  ~ ~ ~ ~ ~ ~ ~ 

82988   ~ ~ ~ ~    ~ 

83220  ~ ~  ~ ~   ~ ~ 

83245 ~   ~ ~ ~ ~ ~ ~ ~ 

83397    ~ ~ ~ ~   ~ 

83652   ~  ~ ~ ~  ~ ~ 

83719    ~ ~ ~   ~ ~ 
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76837 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
77182 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
77408 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
77987 

  ~ ~ ~ ~ ~ 

78054 
 ~ ~ ~ ~ ~ ~ 

78208 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78316 ~ ~  ~ ~ ~ ~ 

78369 
  ~ ~ ~ ~ 

78411 
  ~ ~ ~ ~ 

78420 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78428 

 ~ ~ ~ ~ ~ ~ 

78646 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78699 

  ~ ~ ~ ~ 

78876 
  ~ ~ ~ 

78920 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78923 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78995 ~ ~ ~ ~ ~ ~ ~ ~ 
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79039 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
79054 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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  ~ ~ ~ 

79445 
 ~ ~ ~ ~ ~ ~ 

79656 ~ ~  ~ ~ ~ ~ ~ 

79701 
 ~ ~ ~ ~ ~ 

79718 
  ~ ~ ~ ~ 
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  ~ ~ ~ ~ ~ ~ 

79873 ~ ~  ~ ~ ~ ~ ~ 

79996 
 ~ ~ ~ ~ ~ 
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  ~ ~ ~ ~ ~ 

80295 
   ~ ~ ~ 

80296 
   ~ ~ 
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  ~ ~ ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ 
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   ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ 

81112 
 ~ ~ ~ ~ ~ ~ ~ ~ 
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81160 
 ~ ~ ~ ~ ~ 

81262 
  ~ ~ ~ 

81556 
  ~ ~ ~ ~ 

81583 
  ~ ~ ~ ~ 
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 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82158 
 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82174 
   ~ ~ ~ ~ ~ ~ 

82243 
 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82344 
   ~ ~ ~ 

82672 
 ~ ~ ~ ~ ~  ~ ~ ~ 

82718 
  ~ ~ ~ ~ ~ 

82821 
 ~  ~ ~ ~ ~ ~ ~ ~ 

82908 
   ~ ~ ~ ~ ~ ~ 

82932 
 ~ ~  ~ ~ ~ 

82940 
 ~ ~ ~ ~ ~ 

82988 
 ~ ~ ~ ~ ~ 

83220 
 ~ ~  ~ ~  ~ ~ 

83245 ~   ~ ~ ~ ~ ~ ~ ~ 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

920 

Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 E

L
S

 

q
u

e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o
 t

h
e
 

p
u

r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

e
x

p
e
ri

m
e
n

ta
l 

p
ro

c
e
d

u
r
e
 

p
r
o
v

id
e 

p
re

c
is

e
 d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 s

tu
d

y
 d

e
si

g
n

 f
it

te
d

 t
o
 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 t
r
ea

tm
e
n

ts
 r

a
n

d
o

m
ly

 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 w

er
e
 s

ta
ti

st
ic

a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
r
e 

in
co

m
p

le
te

 o
r
 m

is
si

n
g
 

d
a

ta
?
 

W
a

s 
a

n
y

 b
a

c
k

g
ro

u
n

d
 o

f 
th

e
 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 d
o
se

s 
a

n
a

ly
ti

ca
ll

y
 

c
o

n
fi

r
m

e
d

?
 

83397 
  ~ ~ ~ ~ ~ 

83652 
 ~  ~ ~ ~ ~ ~ 

83719 
  ~ ~ ~ ~ ~ 
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78005 
  ~ ~ ~ ~ 

78013 
  ~ ~ ~ ~ ~ 

78021 
  ~ ~ ~ ~ ~ 

78165 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78281 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78314 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78315 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78421 

  ~ ~ ~ ~ ~ 

78544 
  ~ ~ ~ ~ 

78688 
 ~ ~ ~ ~ ~ 

78715 
  ~ ~ ~ ~ ~ ~ 

79014 
 ~ ~ ~ ~ ~ ~ 

79063 
 ~ ~ ~ ~ ~ ~ ~ ~ 

79070 
 ~ ~ ~ ~ ~ ~ 

79180 
  ~ ~ ~ ~ ~ 

79414 
 ~ ~ ~ ~ ~ 

79422 
  ~ ~ ~ ~ 
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79568 ~ ~ ~ ~ ~ ~ ~ 

80220 ~ ~  ~ ~ ~ ~ ~ ~ 
80361 ~  ~ ~ ~ ~ 

80600 
 ~ ~ ~ ~ ~ ~ 

80601 
 ~ ~ ~ ~ ~ ~ 

80602 
 ~ ~ ~ ~ ~ ~ ~ 

81557 
 ~ ~ ~ ~ 

82231 
 ~ ~ ~ ~ ~ 

 

82328 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
82375 

   ~ ~ ~ 
82663 

   ~ ~ ~ 
82974 

   ~ ~ ~ 
82982 

   ~ ~ 

82986 
  ~ ~ ~ ~ 

82989 
  ~ ~ ~ ~ ~ 

83026 
 ~ ~ ~ ~ ~ ~ 

83056 
 ~ ~ ~ ~ ~ ~ ~ ~ 

83166 
   ~ ~ 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VII - Selenium 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

923 

Study code 

D
o

 t
h

e
 o

b
je

c
ti

v
e
s 

a
d

d
re

ss
 t

h
e
 

E
L

S
 q

u
e
st

io
n

s?
 

W
a

s 
th

e
 m

e
th

o
d

o
lo

g
y

 f
it

te
d

 t
o
 

th
e
 p

u
r
p

o
se

 o
f 

th
e
 s

tu
d

y
 

D
o

e
s 

e
x

p
e
ri

m
e
n

ta
l 

p
ro

c
e
d

u
r
e
 

p
r
o
v

id
e 

p
re

c
is

e
 d

e
ta

il
s 

(i
.e

. 
h

o
w

, 

w
h

e
n

, 
w

h
e
re

, 
w

h
y

)?
 

W
a

s 
th

e
 s

tu
d

y
 d

e
si

g
n

 f
it

te
d

 t
o
 

so
m

e
 h

a
r
m

o
n

iz
e
d

 p
r
o

to
co

l?
 

W
e
re

 t
r
ea

tm
e
n

ts
 r

a
n

d
o

m
ly

 

a
ll

o
c
a

te
d

?
 

W
a

s 
th

e
 s

a
m

p
le

 s
iz

e 
ju

st
if

ie
d

?
 

H
o

w
 w

er
e
 s

ta
ti

st
ic

a
l 

m
e
th

o
d

s 

d
e
ta

il
s 

a
n

d
 a

n
a
ly

si
s 

u
n

it
s?

 

W
a

s 
th

e
r
e 

in
co

m
p

le
te

 o
r
 

m
is

si
n

g
 d

a
ta

?
 

W
a

s 
a

n
y

 b
a

c
k

g
ro

u
n

d
 o

f 
th

e
 

sa
m

p
le

s 
a

n
a

ly
se

d
?
 

W
e
re

 d
o
se

s 
a

n
a

ly
ti

ca
ll

y
 

c
o

n
fi

r
m

e
d

?
 

83372 
  ~ ~ ~ ~ ~ ~ ~ 

83416 
 ~ ~ ~ ~ ~ 
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78102 
  ~ ~ ~ ~ ~ 

78674 
 ~ ~ ~ ~ ~ ~ 

82370 
  ~ ~ ~ ~ 

82437 
 ~  ~ ~ ~ ~ ~ 

82654 
   ~ ~ ~ ~ 

82655 
   ~ ~ ~ ~ ~ 

82657 
   ~ ~ ~ 

82943 
   ~ ~ ~ ~ ~ ~ 

82980 
   ~ ~ 

83324 ~  ~  ~ ~ ~ ~ ~ 
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76597 ~    ~ ~ ~ ~ 
76617 

  ~ ~ 
76675 ~ ~  ~ ~ ~ ~ ~ ~ ~ 
77030 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
77582 

 ~ ~ ~ ~ ~ ~ 

78835 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
81799 

 ~  ~ ~ ~ ~ ~ 

82064 
 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

82857 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
82909 

  ~ ~ ~  ~ ~ 
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78026 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
78731 

 ~ ~ ~ ~ ~ 

78947 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
79358 

   ~ ~ 

79982 ~   ~ ~  ~ ~ 
81868 

  ~ ~ ~ 

82468 
  

82867 
   ~ ~ 

83246 
 ~ ~ ~ ~ ~ ~ ~ 
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EXECUTIVE SUMMARY 

The main objective of this Extensive Literature Search (ELS) was to identify the bioavailability of 

zinc (Zn) additives and their incompatibilities and interactions, in particular when combined with other 

feed additives or components of the animal diet. Different search chains were performed for each one 

of the elements in the most important scientific databases (i.e., PubMed, Scopus and ISI Web of 

Knowledge), and the resulting references were managed by using the open-source reference tool 

DistillerSR
©
 systematic review software. The DistillerSR

©
 library contained not only the specific 

literature search for searched keywords but also separate sub-libraries containing literature that was 

included or excluded from the ELS. This is based on several consecutive phases to accurately select 

the articles complying with the inclusion criteria. Identification and removal of duplicates were 

executed in 2 steps: one based on the title and abstract, and the following one according to the full 

text. In order to avoid the loss of key papers, each selection was performed by duplicate. In the first 

level of selection, based on title and abstracts, a total of 6712 articles were excluded to be completely 

unrelated with the search objectives (not about zinc, animal species and/or bioavailability issues). 

Finally, 442 articles were retained to be potentially related with the search questions. In case of doubt 

or few/not information exposed in the abstract, the articles were automatically retained to the next 

level. Up to 349 full-text articles of these 442 manuscripts were obtained from on-line sources, while 

the 93 references remained pending to be found. After the assessment of the full-text references, a total 

of 132 articles were excluded to be finally unrelated with the subject. Therefore, 217 references were 

retained to answer the extraction data form.  

Poultry and pigs, were the two animal species for which a higher number of studies on bioavailability 

of zinc was selected (n=71 and n=64, respectively). Less studies were found for bovines (n=30), sheep 

(n=24) and fish (n=10), while those corresponding to goats (n=9), pets (n=6), horses (n=4) and rabbits 

(n=2) were only testimonial. Studies assessing incompatibilities of zinc, by means of in vitro  trials, 

were not found in the search. The most commonly used zinc supplementation forms were zinc oxide, 

sulphate, chloride, lactate, carbonate, acetate, proteinate, propionate, gluconate, picolinate and 

aminoacid chelate. Studies concerning the bioavailability of zinc nano forms in the selected animal 

categories were not found in the ELS. Considering the studies included in the search, the most 

commonly used indicators of zinc bioavailability were serum or plasma content in all species and liver 

or kidney content in pigs, poultry, bovines, sheep and fish. Bone content was extensively reported in 

most species, highlighting the use of metatarsals bones in pigs or tibia content in poultry. In bovine 

and sheep studies, hoof or claws contents were also frequently used as indicators. In fish, the most 

common indicator was the whole body zinc content. Animal performance has been an extensively 

used indicator of zinc bioavailability, for all the species. Growth performance has been a common 

indicator in pigs, while egg quality and egg content are good indicators in poultry. Finally, milk 

production has been usually applied in bovine, sheep and goat studies. The activity and expression of 

the Cu/Zn-superoxide dismutase has been implemented in several studies with pigs, sheep and horses. 

In addition, the determination of alkaline phosphatase (ALP) has been a common parameter when 

studying bioavailability in pigs, poultry, sheep, and fish. Relative bioavailability was widely reported 

in studies with poultry, and several studies with bovines, sheep, pigs and pets. Potential interactions 

have been majorly studied in poultry, pigs, and bovine, followed by sheep, goats, fish, horses, and 

pets. Most of the studies assessed the combination of Zn with other trace elements, such as Cu, in pigs, 

poultry, bovines, sheep, horses, and pets, with other diet compounds like phytate and phytases, 

especially in monogastric species. 
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1. INTRODUCTION 

Zinc is an essential element involved in the activation of some enzymes, being also the most abundant 

intracellular trace mineral in animals. It is required for the structural and functional integrity of over 

2000 transcription factors and almost every signalling and metabolic pathway is dependent on one or 

more zinc-requiring proteins. Signs of zinc deficiency include growth retardation, skeletal 

deformation, lesions on hair, wool and feathers, dermatitis, and impaired reproduction in both males 

and females -such as delayed sexual development-, foetal abnormalities, or reduction of hatchability of 

eggs (Jongloed et al., 2002; Suttle, 2010). Generally, signs of toxicosis are developed when dietary 

concentrations exceed 1000 mg/kg DM. This usually consists of reduced feed intake, growth rate, and 

other signs of secondary deficiencies of other minerals, such as copper. Oral exposure to high doses of 

zinc generally results in gastrointestinal distress with clinical signs of nausea, vomiting, abdominal 

cramps and diarrhoea. Genotoxicity studies in a variety of test systems have failed to provide evidence 

for the mutagenicity of zinc. Many animal diets require supplementation with zinc because of either 

low dietary levels or the presence of dietary factors, such as phytic acids, which may lead to a 

bioavailability reduction of the mineral (Van Paemel et al., 2010). Zinc requirements are within the 

following ranges in animals: 50-100 mg Zn/kg in pigs, 29-70 mg Se/kg in poultry, 21-55 mg Se/kg in 

bovines, 13-167 mg Se/day in sheep, 2-158 mg/day in goats, 67.4-600 mg/day in horses, 30 mg Se/kg 

in rainbow trout, 40 mg Se/kg in dogs, and 42-50 mg Se/kg in cats (NRC, 1993, 1994, 1998, 2000, 

2006, 2007). 

The Scientific Committee on Animal Nutrition (SCAN) issued a report on the use of zinc in 

feedingstuffs (EC, 2003c). EFSA issued an Opinion on the safety of the chelated forms of zinc with 

synthetic feed grade glycine (EFSA, 2005) and on the safety and efficacy of a zinc chelate of hydroxy 

analogue of zinc (Mintrex
®
Zn) as feed additive (EFSA, 2008; EFSA, 2009), and on the safety and 

efficacy of tetra-basic zinc chloride for all animal species (EFSA 2012c). EFSA has issued several 

Opinions concerning the re-evaluation and a new use of zinc sulphate monohydrate (EFSA, 

2012a,b,c,d,e). Moreover, a last Opinion published by EFSA has been focused to assess the safety and 

efficacy of methionine-zinc, technically pure (Met-Zinc) as a compound of trace element for all 

species, and as amino acid for ruminants (EFSA, 2013). 

Concerning zinc, the additive ―Methionine-zinc, technically pure‖ is authorised as source of the amino 

acid methionine, under the category ―Nutritional additives‖ and the functional group ―Amino acids, 

their salts and analogues‖ (EC, 1988). Other zinc compounds ("zinc lactate, trihydrate", "zinc acetate, 

dihydrate", "zinc carbonate", "zinc chloride, monohydrate", "zinc oxide", "zinc sulphate, 

heptahydrate", "zinc sulphate, monohydrate", zinc chelate of amino acids hydrate", "zinc chelate of 

glycine hydrate", and "zinc chelate of hydroxy analogue of methionine") are authorised to be used as 

nutritional feed additives in the EU by the EC Regulation N
o
 1334/2003, which, in turn, has been 

modified by subsequent Regulations (EC 2005, 2006, 2009, 2010, 2012). 
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2. RESULTS 

2.1. Searches and selection 

The search process was performed introducing the chain search and filters (Appendix VIII.A) in the 

database browsers from SCOPUS, PUBMED and ISI web of knowledge (16/07/2013). A total of 

14047 raw articles were retrieved from the sum of SCOPUS (n=4532), PUBMED (n=6445) and ISI 

(n=3070). These references were imported and merged in an EndNote
®
 library. A first duplicated 

deletion was performed by means of the EndNote
® 

application, the merged references were imported 

to DistillerSR
©
 on-line server to perform a second duplicated deletion. In this step, 6893 references 

were deleted. 

 

Figure 9. Flow chart of the ELS process for articles related to Zn, and number of articles retrieved. 

In the first level of selection, based on title and abstracts, a total of 6712 articles were excluded to be 

completely unrelated with the search objectives (not about zinc, animal species and/or bioavailability 

issues). Finally, 442 articles were retained to be potentially related with the search questions. In case 

PUBMED (n=6445) Date: 16/07/2013 

SCOPUS (n=4532) Date: 16/07/2013 

ISI (n=3070) Date: 16/07/2013 

Total records 

(n=14047) 

Records (full texts) potentially eligible (n=442) 

EXCLUDED obviously 

irrelevant records 

(n=6712) 

Duplicates (n=6893) 

Studies included in the review 

(n=217) 

EXCLUDED (n=132) 

 

Pilot full text 

selection 

process 

 

Screen 

titles/abstracts  

Total records 

(n=7154) 

NOT FOUND (n=93) 
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of doubt or few/not information exposed in the abstract, the articles were automatically retained to the 

next level. 

Up to 349 full-text articles of these 442 manuscripts were obtained from on-line sources, while the 93 

references remained pending to be found. 

After the assessment of the full-text references, a total of 132 articles were excluded to be finally 

unrelated with the subject. Therefore, 217 references were retained to answer the extraction data form 

(See Appendix VIII.C). 

 

2.2. Data synthesis 
(References of this section can be found in Appendix VIII.C)

 

Most of the studies retained in the selection assessed bioavailability issues of zinc on poultry 

(n=71) and pigs (n=64). Investigations on bovines (n=30), sheep (n=24) and fish (n=10) were also 

numerous. Contrastingly, very few studies concerning goats (n=9), pets (n=6), horses (n=4) and 

rabbits (n=2) were retained in the selection. It must be highlighted that, although 217 studies were 

included in the review, data from 220 articles are supplies, as some of them focused on different 

animal species. Finally, only three studies assessing incompatibilities of Zn using in vitro  models 

were found with pigs (n=1), bovines (n=1) and sheep (n=1). 

Two main set of articles have been identified in the most of species: 1) articles intended to assess 

efficacy and differences between inorganic and organic zinc forms, as well as differences between 

different inclusion levels of zinc on bioavailability, and 2) manuscripts to assess other factors affecting 

the bioavailability (interactions with other minerals or dietary factors).  

The summary of the animal species, molecular forms, factors affecting the bioavailability and the 

indicators of bioavailability used in the studies can be found in Table 24. More extensive information 

for each animal category is given in Appendix VIII.D, while complete raw data are available in the 

raw database file (Excel file). 

Considering studies included in the search, the most commonly used indicators of zinc bioavailability 

were serum or plasma content, in all species, and liver or kidney content in pigs, poultry, bovines, 

sheep and fish. Zinc level in bone was extensively reported in many species, highlighting the use of 

metatarsals in pigs or tibia content in poultry. The studies with bovines and sheep included also hoof 

or claws content. On the other hand, smaller species, as fish, purposed zinc analyses in the whole 

body. Animal performance has been an extensively considered as an indicator of zinc bioavailability. 

More individually, growth performance has been a common indicator in pigs, egg quality and egg Zn 

content as a good indicator in poultry, and milk production has been largely used in bovine, sheep and 

goat. The activity and expression of the Cu/Zn-superoxide dismutase has been implemented in several 

studies with pigs, sheep and horses. In addition, the determination of alkaline phosphatase (ALP) has 

been a common parameter analysed in bioavailability studies of pigs, poultry, sheep, and fish. 

 

Table 24. Summary table concerning the animal categories, molecular forms, factors affecting the 

bioavailability and the indicators used in the processed studies 

Animal categories 
Molecular 

forms 
Factors affecting 

Indicators of 

bioavailability 
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Animal categories 
Molecular 

forms 
Factors affecting 

Indicators of 

bioavailability 

1.Pigs 1.2. Pigs. Piglets 

(weaned)

  

1.4. Pigs. Pigs 

for fattening

  

1.5. Pigs. Sows 

for reproduction 

Zn Oxides  

Zn Sulphates 

Zn amino acid 

chelates  

Zn acetates  

Zn glutamete 

chelates, 

Zn chlorides  

Zn-

polysaccharides  

Zn proteinates 

 

Dietary factors: 

formulation, 

presentation, dosage and 

timing, inclusion rates,  

Trace elements: organic, 

inorganic form,  

Physiological factors: 

intestinal integrity, age, 

production phase 

Environment 

Interactions: Zn-phytate 

and microbial phytase, 

Zn-antimicrobials, Zn-

Cu, Zn-etiologic agents 

of diseases, Zn-

phosphorylated mannans,  

Animal performance 

Biochemical Response: 

Digestive Enzymes, Cu/Zn-

SOD,D/L-lactate, short-

chain fatty acids and 

ammonium  

Zn content in: Liver, 

Kidney, Pancreas, Spleen, 

Serum, Plasma, Urine, 

Faeces, Muscle 

(longissimus dorsi), Bone 

(metatarsal bones) and 

Intestine. 

Intestinal health and 

diarrhoea incidence 

True absorption  

Breaking Strength  

Nutrient and oxidative 

stability 

2.Poultry 2.1. Poultry. 

Chickens for 

fattening , 

2.2. Poultry. 

Chickens reared 

for laying 

2.3. Poultry. 

Laying hens

  

2.4. Poultry. 

Turkeys for 

fattening 

2.5. Poultry. 

Turkeys for 

breeding 

purposes  

2.6. Poultry. 

Turkeys reared 

for breeding 

  

2.7. Others. 

Japanese Quails 

Zn Oxides  

Zn Sulphates 

Zn Acetates  

Zn Proteinates 

Zn amino acid 

chelates  

Pure Zn 

Zn Propionate 

Zn Chlorides  

Zn-

Polysaccharides  

Zn Gluconate 

Fodder yeast 

Minvital Zn 

Zn Picolinate 

 

Dietary factors, method 

of administration, , levels 

of supplementation 

Trace elements: sources 

Physiological factors: 

breeder age, sex, 

Environment: heat stress, 

ambient temperature, 

transport stress, 

Interactions: Zn-Mg, Zn-

head stress, Zn-Lysine, 

Zn-phytate, Zn-Cu, Zn-

Cr, Zn-Se, Zn-humic 

acids,Zn-dopamine, Zn-

Vitamin A, Zn-

mannanoligosacharides 

 

Animal performance, Egg 

content and egg quality, 

carcass characteristics and 

organs weight, MT, growth 

hormones, cholesterol, Tri-

glycerides, Short-chain 

fatty acids concentration 

Biochemical response: 

cholesterol, protein ALP 

Ca, P 

Seminal plasma biomarkers  

True absorption  

Zn content in: Liver, 

Kidney, Spleen,  Serum, 

Brain, Pancreas, Thymus, 

Bursa, Heart, Plasma, 

Meat, Bone (tibia),Muscle 

(leg muscle, toe, breast), 

Intestine and Mucosa, Egg 

yolk and egg white, 

manure, MT content in 

Liver, Intestine, Mucosa, 

Skin 

Antioxidant response, lipid 

peroxidation 

Immunological response 

Inflammatory response 

Fertility 

Skin and Meat quality and 

acceptance 

Breaking strength and 

elasticity 
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Animal categories 
Molecular 

forms 
Factors affecting 

Indicators of 

bioavailability 

Zn retention, 

Enteritis incidence 

Egg Breaking strength 

Molt induction 

3.Bovines 3.2. Bovines. 

Calves for 

fattening 

3.3. Bovines. 

Cattle for 

fattening 

3.4. Bovines. 

Dairy cows for 

milk production 

3.5. Bovines. 

Dairy cows for 

reproduction 

10. Other 

categories: Male 

Buffalo 

Zn Sulphates 

Zn amino acid 

chelates  

Zn Oxides  

Zn chlorides  

Zn-

polysaccharides  

Zn propionate 

 

Dietary factors, time of 

feed  

Physiological factors: 

production period, 

reproductive cycle, 

gestational status, 

genotype, age,  

Interactions: Zn-Ca, Zn-

Cu, Zn-growth implants, 

 

Animal performance: milk 

production and meat 

quality, reproductive 

performance,  

True absorption, 

Biochemical response in 

blood: hormonal 

parameters, plasma 

carotenoid,  

Zn content in: Serum, 

Plasma, Rumen fluid, 

Urine, Faeces, Liver, 

Kidney, Pancreas, Heart, 

Lung, Spleen, Testicles, 

Skin, Cornea, Muscle, 

Hair, Bone, Milk,  

Breaking strength 

Rumen fermentation, 

Nutrients intake and 

digestibility,  

Immune response,  

Hypocalcaemia response 

Skin swelling response 

Semen characteristics and 

serum testosterone levels 

 

4.Sheep 4.1. Sheep. 

Lambs for 

rearing 

4.2. Sheep. 

Lambs for 

fattening 

4.3. Sheep. 

Dairy sheep 

Zn Oxides  

Zn amino acid 

chelates  

Zn proteinates 

Zn Sulphates 

Zn carbonates 

 

Dietary factors and 

length of feeding  

Trace elements  

Physiological factors: 

reproduction period, 

gestational status 

Stress 

Interactions: Zn-Mo, Zn-

Sulphur, Zn-Cd, Cu-Zn 

 

Animal performance: 

reproductive parameters, 

milk production, wool fibre 

diameter, 

Zn intake, apparent 

absorption and retention,  

Zn content in: Liver, 

Spleen, Pancreas, Bone, 

Heart, Muscle (leg muscle), 

skin, cornea, Plasma, 

Kidney, Urine, Faeces and 

Wool, Hoof horn,  

MT content in: Liver, 

kidney, pancreas, hoof 

bone, serum, leg muscle, 

skin and cornea  

and retention 

Immunity response 

Biochemical response: 

oxidative enzymes, fatty 

acid metabolism, glucose 
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Animal categories 
Molecular 

forms 
Factors affecting 

Indicators of 

bioavailability 

metabolism, ALP, Cu/Zn-

SOD 

5. Goat 5.1. Goat. Kids 

for rearing 

5.2. Goat. Kids 

for fattening 

5.3. Goat. Dairy 

goats 

10. Other 

categories : 

Angora goats 

and Cashmere 

goats 

 

 

Zn Oxides  

Zn Lactate 

Zn proteinates 

Zn Sulphates 

Zn amino acid 

chelates  

Zn acetates  

 

Dietary factors  

Trace elements 

Physiological factors: 

breed 

Environment 

Interaction: Zn-Cu, Zn-

Se 

 

Zn content in: Serum, 

Urine, Hair , Faeces, 

Plasma, wool and hair 

fibres, and whole blood  

True absorption 

Nutrient digestibility  

Animal performance, milk 

production,  

Enteritis resistance 

6. Fish 6.Rainbow trout 

6.Atlantic 

salmon 

Zn Sulphates 

Zn proteinates 

Zn amino acid 

chelates  

Glass embedded 

zinc 

Zn gluconate 

 

Dietary factors  

Interactions: Zn-Se, 

waterborne Zn-dietary 

Zn; Zn-phytase 

Environment 

True absorption and 

retention, 

Zn content in: Liver, 

Kidney, Bone, Plasma, 

Serum, Gill and Whole 

body  

MT concentrations in 

intestinal soluble fractions 

and hepatic soluble fraction 

Biochemical response: 

ALP, Cu/ZnSOD, 

Animal performance 

Biochemical response 

 

7. Rabbit 7.2. Rabbits. 

Rabbits for 

fattening  

Zn Sulphates 

 

Dietary factors  

Interactions: Zn-pH of 

Zn solution  

Serum content 

Animal performance and 

mortality 

8. Horses 8. Horses Zn Sulphates 

Zn amino acid 

chelates  

Zn Oxides  

 

Dietary factors, trace 

elements, physiological 

factors and exercise 

True absorption, 

Zn content in urine, faeces 

and plasma,  

Biochemical response: 

SOD, 

Apparent absorption 

Animal performance,  

Breaking strength 

Bone mineralization 

Zn intake 

9. Pets 9. 2. Pets and 

other non-food-

producing 

animals. Dogs 

Zn Oxide 

Zn Sulphate 

Zn Acetate 

Zn Amino acid 

chelates 

Zn Propionate 

Dietary and 

Physiological factors,  

Interactions: Zn-Cu 

True absorption, 

Zn content in Plasma, 

Serum, Faeces, Hair 

Biochemical response,  

Apparent absorption and 

Zn retention 
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2.2.1. Factors affecting the bioavailability of zinc in pigs 

Three main sets of articles focused on pigs were identified: 1) those assessing the efficacy and 

potential differences between different Zn sources on bioavailability; 2) those evaluating the efficacy 

and differences between different inclusion levels of Zn in the diets; and 3) manuscripts studying the 

factors affecting the bioavailability such as interactions between zinc and other diet compounds 

(phytates or other trace elements, such as Cu). 

o Assessment of bioavailability 

A feeding trial performed in weaned piglets for about two months comparing organic and inorganic 

sources of zinc supported that organic and inorganic sources of minerals can go through different 

metabolic pathways in the animal organism 
(29558)

. Regarding organic sources of zinc, the addition of 

1,500-3,000 ppm from ZnO has been observed to improve growth performance in suckling and 

weaned piglets 
(29902)

. The highest inclusion level of 3,000 ppm of zinc in diets for 30 days exerted 

some beneficial effects of growth performance in weaned piglets, through increasing serum IGF-I, 

liver MT, and Cu/ZnSOD levels 
(29586)

. Moreover, dietary supplementation with 2,500 ppm ZnO for up 

to two weeks after weaning seemed to be potentially beneficial in the prevention of postweaning 

diarrhoea in pigs 
(31560)

. An experiment with 25 day-old pigs that had been fed diets containing 3,000 

mg/kg of Zn from ZnSO4 and ZnO in a 4-week growth trial presented similar values of average daily 

gain (ADG) and average daily feed intake (ADFI). However, the gain: feed ratio was lower for pigs 

fed ZnSO4 
(31769)

. Among other inorganic zinc sources, zinc chloride at levels of 1,500 mg Zn/kg was 

purposed as the optimal dose for Zn oxide, as it increased both weight gain and feed efficiency in 

weaned piglets 
(31313)

. Pharmacologic levels (300 and 3,000 mg/kg) of Zn as ZnSO4·7H2O in weaned 

piglets fed for 16 days, increased growth performance, organ weight, and tissue Zn concentrations, and 

improved biochemical parameters such as ALP and Cu/ZnSOD activities and MT content and 

endocrine parameters such as insulin and glucagon concentrations 
(29495)

. Regarding zinc content in 

animal tissues, pigs receiving organic trace minerals had a higher concentration of Zn in bone and 

serum than those receiving inorganic elements 
(37357)

. With respect to ZnO, plasma levels did not 

increase until reaching doses higher than 1,000 mg Zn/kg. Above this level, plasma Zn increased 

linearly irrespectively of the Zn source (oxide, sulphate, or zinc lysine) 
(37685)

. 

Concerning organic zinc sources, it was observed that levels of 100 ppm Zn in trace mineral premixes 

provided adequate Zn for optimal growth performance of nursery pigs. However, some additional 100 

ppm of Zn from Zn-amino acid chelate in sow diets for 28 days might increase pigs born and weaned 

per litter 
(30418)

. Zinc methionine added at 1,200 ppm zinc for 4 weeks was effective in improving 

growth performance, enhancing immune function, blood vessel function, and antioxidant enzyme 

activity of weaned piglets 
(29790)

. Tge bioavailability of zinc from Zn-methionine (average: 43.31 mg 

Zn/kg) was significantly better than that of zinc from ZnSO4 (average of 84.32 mg Zn/kg) in the 

period of fast growth and body mass gain 
(30748)

. Supplementation with Zn-glycine chelates (100 mg/kg 

zinc) for 35 days improved growth and serum enzyme activities and decreased zinc excretion in faeces 

in weanling pig 
(33259)

. Metal-amino acid chelates and complexes of Zn which were used to feed 

weanling pigs at low levels (60 ppm Zn) did not significantly differ from inorganic sources in 

maintaining growth performance and serum concentration. Moreover, the faecal excretions for Zn 

were greatly reduced when organic sources were used 
(31146)

. 

Some of the reviewed works were related with zinc retention and faeces excretion. Faecal zinc 

excretion would be reduced if inclusion levels were also reduced. Pigs fed 2,000 ppm of Zn (as zinc 

oxide) excreted approximately 10 times more Zn in faeces than pigs fed the basal diet containing 165 

ppm Zn (as ZnSO4) 
(30777)

. Feeding 1,500 ppm zinc as zinc oxide supported a similar level of 

performance to 2,500 ppm zinc as zinc oxide, while a significant reduction in faecal zinc excretion 

was observed in weaned piglets fed for 28 days 
(29955)

. Another study, conducted with pigs fed diets 
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containing 300 or 450 ppm Zn as Zn-polysaccharide for 5 weeks 
(30530)

, pointed out that overall growth 

performance were not significantly different from those of pigs fed 2,000 ppm Zn as ZnO. However, 

feeding 300 ppm Zn as Zn-polysaccharide decreased Zn excretion by 76% compared with feeding 

2,000 ppm Zn as ZnO
(30530)

. 

o Interactions 

Zinc-phytates 

Phytates are identified as the major dietary factor limiting Zn bioavailability in monogastrics from the 

formation of insoluble phytate-zinc complexes. Phytases, enzyme that catalyses the hydrolysis of 

phytases, can improve the zinc bioavailability of monogastrics diets. Bacteria that inhabit in 

polygastrics gut are well characterized producers of many types of phytases. However, since 

monogastric animals do not have the bacteria that produce phytase, they are characterized to present 

more interaction problems between phytates and zinc sources in the diet. A comparative study 

between zinc availability of diets with different inclusion levels of phytic P, phytases, and zinc as 

sulphate between chicks and piglets 
(30297)

, detected that phytase increased soluble Zn in stomach but 

not in gizzard. This could explain the higher efficacy of phytase for improved Zn availability in piglets 

than in chicks. The authors of another study 
(30494)

 recommended a diet of 100-110 mg/kg of zinc as 

sulphate for weaned piglets weighing <16 kg, while the amount supplied might be reduced by around 

35 mg if the diet was supplemented with 700 U of microbial phytase 
(30494)

. Similarly, it has been 

reported that supplementing corn-soybean meal diets with microbial phytase at 1,350 U/g feed 

improves bioavailability of zinc as well as of phytate phosphorus to weanling pigs 
(35633)

. A study 

carried out in weaned piglets fed different levels of phytase (0 or 500 phytase U/kg) and different 

levels of zinc as zinc oxide (0, 1,000 or 2,000 ppm) for 20 days, showed that dietary phytase addition 

improves animal performance. In contrast, it does not have any affection on plasma or bone zinc 

concentrations 
(30644)

.  

Zinc-Copper 

Contradictory results were found concerning zinc and copper interactions. The additive effect has been 

observed on growth promotion and level of circulating zinc when high dietary copper concentrations 

were included in piglets diets 
(30341)

. Contrastingly, in a trial with pigs weaned at 12 days of age, it was 

observed that feeding 3,000 ppm zinc as zinc oxide improved growth performance, but additive 

response to growth-promotional levels of copper sulphate (250 ppm Cu) were not observed 
(38042)

. 

Again, a non-additive response was observed in another experimental trial containing 250 mg Cu/kg 

as CuSO4 and 1,500 mg Zn/kg as zinc chloride 
(29950)

.  

Zinc-picolinic acid 

An in vitro  perfusion experiment reported that the addition of picolinic acid to weaned piglets diets 

depresses Zn uptake 
(36153)

. 

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 

 

2.2.2. Factors affecting the bioavailability of zinc in poultry 

Three main sets of articles has been identified for poultry: 1) articles assessing the efficacy between 

Zn sources and inclusion levels on bioavailability; 2) those evaluating factors affecting the 

bioavailability as interactions between zinc and other trace elements (Mg, Cr, Cu) or other dietary 

elements (Lysine, Vitamin A, phytates, humic acids); and 3) investigations on the influence of 

environmental factors (e.g., heat stress) on zinc bioavailability and animal performance. 
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o Assessment of bioavailability 

One of the most important functions of Zn in chicks is its role in the antioxidant defence system and, 

therefore, in the immune response 
(29978; 30765; 30766)

. Dietary zinc supplementation can be used as an 

active tool for enhance growth and reproductive performance of poultry 
(29662; 30708; 31369)

. The National 

Research Council recommends levels ranging 40-75 mg/kg of Zn in various poultry diets. The total 

optimal dietary zinc level has been estimated in 84 mg/kg for chicks from hatch to 21 days of age 
(30204)

, and in 150 mg/kg in the diets for reproductive turkey-toms. In a 3-weeks feeding trial with 

chickens and turkeys for fattening, it was reported that total zinc requirements were 18 and 25 mg 

Zn/kg diet to get the greatest live weight in both species, and 24 and 41 mg Zn/kg to achieve the 

maximum Zn concentration in blood serum, respectively 
(36406)

. 

Kidneys, liver, bone (tibia) and blood serum are the most frequently used indicators to determine Zn 

body burdens 
(30034; 31453; 31525; 37917)

. A 21-days trial found that the estimated relative bioavailability for 

poultry based on bone zinc was 78%, 77%, and 46% for reagent grade zinc carbonate, zinc oxide, and 

zinc metal, respectively 
(37917)

. Egg zinc content has been also identified as a good indicator 
(30108; 34495; 

37282)
. Interestingly, in a 60-days trial conducted in laying hens, 99% of zinc (either organic or 

inorganic) was deposited on the egg yolk, while a tiny amount was deposited on the egg white 
(30108)

. 

Metallothionein (MT) concentration in liver and spleen has been also highly used as a common 

indicator 
(30675; 31002)

. An experiment performed with laying hens from three to 58 weeks of age showed 

that supplementation of 60 mg/kg zinc from either Zn AA or ZnSO4 significantly elevated MT 

concentration in liver and spleen. However, MT concentration in liver of birds fed a ZnAA diet was 

higher than in those fed a ZnSO4 diet 
(30675)

. 

Zinc oxide and sulphate represented the predominant sources of Zn used by the animal feed industry 
(35940)

. However, a consensus has not been reached yet. While some authors have reported that feed 

grade ZnO provides less bioavailable Zn than feed-grade ZnSO4·H2O 
(35940)

, others have argued that 

the use of ZnO could be a better Zn source to prevent nitrogen loss to the atmosphere, without any 

detrimental effect on growth performance, in comparison to ZnSO4 
(30839)

. Adding 50-200 mg Zn/kg as 

zinc oxide to the diet of laying hens for 12 days increased plasma total cholesterol level 
(31127)

. The 

same source of zinc supplemented at 25 mg Zn/kg had no effect on growth performance and skin 

quality of broiler chickens on a 24-days trial. However, it increased the Zn content in tight meat 
(32818)

. 

A 14-days experiment performed with chickens reported that the relative bioavailability of Zn in 

tetrabasic zinc chloride (TBZC) (102%) was not different from that of ZnSO4·7H2O (100%).  The 

minimum bioavailable Zn requirement for chicks of 1-3 weeks of age fed a soy concentrate diet was 

estimated in 22.4 mg/kg 
(31260)

.  

Several studies measure the relative bioavailability of different Zn supplementation sources (Table 

25). The relative bioavailability value of Bioplex Zn was 183% that of zinc sulphate based on the 

weight gain data, and 157% that of zinc sulphate based on the total tibia Zn and zinc sulphate in corn 

soybean meal diet required for optimal growth rate of broiler chicks during starting phase (1-21d) 

were 9.8 mg/kg diet and 20.1 mg/kg diet respectively 
(30360)

.Based on bone Zn accumulation and 

assuming a value of 100% for reagent-grade Zn sulphate, relative bioavailability values were 101%, 

107%, and 49% for basic Zn sulphate, basic Zn chloride and Zn oxide, respectively, in an experiment 

conducted for 21 days with chickens 
(31282)

. 

Among organic zinc sources, levels of chelated Zn (from 137 to 655 mg/kg) administered for 24 

weeks reduced bird performance and egg quality parameters. The increase of Zn resulted in decreased 

shell weight, percentage of ash, yolk ash deposition, and total ash deposition 
(29661)

. The concentration 

of zinc as zinc chelate that produced the best results (egg quality and egg production) in a 48-weeks 

experiment performed with laying hens was observed to be 137 ppm. Higher quantities resulted in a 

reduction of both egg weight and percentage of mineral matter in yolk 
(29777)

. 
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Table 25. Relative bioavailability of different Zn sources on multiple linear regression of weight gain, 

tibia Zn content and mucosal metallothionein (MT). 

Zn source Zn indices Relative 

bioavailability (%) 

Reference 

Zn sulphate Weight gain 100 
30360 

Zn proteinate Weight gain 183 
30360

 

Zn sulphate Tibia Zn 100 
30360

 

Zn proteinate Tibia Zn 157 
30360

 

Zn acetate Bone Zn 100 
31002 

Zn proteinate Bone Zn 124-110 
31002 

Zn methionine Bone Zn 91-78 
31002 

Zn acetate Mucosal MT 100 
31002 

Zn proteinate Mucosal MT 130-99 
31002 

Zn methionine Mucosal MT 94-77 
31002 

ZnSO4 7H2O Weight gain 100 
31260 

TBZC Weight gain 110 
31260 

Zn sulphate (reagent 

grade) 

Bone Zn 100 
31282 

Zn sulphate (basic) Bone Zn 101±9 
31282 

Zn chloride (basic) Bone Zn 107±10 
31282 

Zinc oxide (feed-

grade) 

Bone Zn 49±10 
31282 

Zn SBM Weight gain 78±15 
31355 

Zn egg diet Weight gain 40±5 
31355 

ZnSO4 H2O Tibia Zn 100 
37737 

Zn ground beef Tibia Zn 116-111 
37737 

Zn sulphate Bone Zn 100 
37917 

Zn carbonate Bone Zn 78 
37917

 

Zn oxide Bone Zn 77 
37917

 

Zn metal Bone Zn 46 
37917

 

Zn sulphate (feed 

grade) 

Bone Zn 99 
37917

 

Zn oxide (feed grade) Bone Zn 87-54 
37917

 

 

Supplementation with Zn-Gly could improve oxidative stress, zinc tissue storage, intestinal 

morphology, growth performance, and immunological capacity of broilers 
(33071; 33261)

. The addition of 

90 or 120 mg/kg Zn-Glycine led to an improvement of activity of Cu/ZnSOD and glutathione 

peroxidase and a reduction of malondialdehyde content in livers, at 21 and 42 days. With 90 mg/kg 

Zn-Gly, the content of sera zinc was increased by 17.55% in 21-day broilers and 10.77% in 42-day 

broilers compared with that of the respective controls 
(33071)

. Organic zinc sources caused more Zn 

accumulation in tibia of chicks than inorganic Zn sources 
(29975)

. Dietary zinc proteinate at 40 mg 

Zn/kg supplemented for 24 days, increased collagen content and thickness of skin of both male and 

female broiler chicks 
(29625)

.  

Comparing different zinc sources, in a 28-days trial performed in chickens, absorption percentages of 

Zn as Zn-Gly chelate, Zn-Met chelate, Zn-AA Chelate and Zn Protein complex in the duodenum and 

jejunum were from 29% to 129% higher than those of Zn as ZnSO4, the mixture of ZnSO4 and Zn-Gly 
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chelate (Zn+Gly), as well as the mixture of ZnSO4 and Zn Met chelate (Zn+Met) in the following 

order: Zn Protein complex > Zn AA Chelate > Zn Gly chelate or Zn Met chelate > ZnSO4, (Zn+Met) 

and (Zn+Gly) 
(29846)

. The results from another experiment conducted in chickens for 42 days indicated 

that lower doses than NRC or commercial levels, provided by an organic Zn source (12 and 24 mg 

Zn/kg), could be used in broiler diets, supporting better the optimal growth of broiler chicks. These 

inclusion levels presented the same benefits as higher zinc levels, added as inorganic sources 
(29719)

. 

Moreover, dietary supplementation with organic zinc improved both cellular and humoral immune 

responses in a 20 days experiment trial. The same document reported that it is necessary to replace 

75% of supplemental inorganic zinc with organic Zn-Met complex to achieve the optimum 

immunological responses in broiler chicks 
(30045)

. It has been also found that the use of Zn-Met in 

poultry diets improved appetite and growth performance of broiler chicks, therefore improving 

production economics 
(30116)

. Data from another article indicated that broiler chick performance may be 

improved by replacing 40 mg Zn/kg diet by ZnSO4 with 40 mg Zn/kg from zinc-amino acid complex 
(37208)

. 

Heat stress has been identified as an important environmental factor capable to influence zinc 

bioavailability. Heat stress causes significant decreases in performance, productivity, nutrient 

utilization, and immune and antioxidant statuses, resulting in increases in disease incidences and 

economic losses in poultry operations 
(29978)

. Zinc has been one of the most important components of 

the poultry diet during times of heat stress. Dietary addition of 30 mg Zn/kg diet as zinc acetate 

decrease the blood malondialdehyde (oxidative stress biomarker) concentration and improved the 

performance of broilers at 42 days of age under heat stress 
(29461)

. In another experiment trial 

performed in Japanese quails, it was observed that supplementation with 60 mg Zn/kg diet as zinc 

sulphate for three weeks reduced the negative effects of heat stress 
(34250)

. 

o Interactions 

Zinc-lysine 

In a 24-weeks trial with laying hens fed different levels of zinc chelate and lysine, the authors 

observed that there was no interaction between Zn and lysine
(29661)

. The same conclusion was obtained 

in two more experiments, both performed with laying hens and chickens for fattening 
(29777; 29784).

 

Zinc-copper 

In an experimental trial conducted for three weeks, an antagonistic interaction between Zn and Cu 

occurred when the inorganic forms, but not organic forms, of these two minerals were included in a 

chick diet 
(29975)

.  

Zinc-chromium 

Regarding zinc and chromium interaction, a specific study reported that Zn and Cr can be used 

effectively as antistressor supplements in laying hens, either individually or mixed 
(34495)

.  

Zinc-selenium 

In Japanese quails (n=144), the combination of Se (0.3 ppm) and Zn (60 ppm) in the diet improved the 

feed intake 
(29779)

.  

Zinc-phytates 

Regarding other dietary elements, there was a significant interaction between phytate levels and Zn 

sources on the absorption of this element in intestine
 (29846)

. The absorption percentage of Zn as ZnSO4 

in the duodenum with phytate added was 40% lower than that of Zn as ZnSO4 without a phytate added 

group 
(29846)

. However, in the same study, organic Zn source as Zn Protein Complex was more 

effective than inorganic Zn under high levels of phytate in the diet. The addition of phytases in poultry 
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diet could be a good solution to improve zinc bioavailability. In this way, a document reported that the 

supplements of Zn provided as organic Zn in the maize-soybean meal diet required for optimal growth 

rate of broiler chicks during starter phase (one to 21 days) were 12 mg/kg without phytase 

supplementation, and 7.4 mg/kg with phytase supplementation.  

Zinc-Humic Acids and Mannanoligosaccharides (MOS) 

Contrasting with the observations with phytates, no interaction has been found between zinc and 

humic acids in poultry diets 
(30034)

. A synergistic effect on blood mineral level has been observed when 

mannanoligosaccharides (one g/kg) and zinc oxide (80 mg/kg) were supplemented together in a 

chicken‘s diet for 42 days 
(36732)

.  

o Incompatibilities 

(Studies about incompatibilities of iodine were not found) 

 

2.2.3. Factors affecting the bioavailability of zinc in bovines 

In case of bovines, again three main sets of articles were identified: 1) articles that assessed the 

efficacy and differences between different Zn sources and inclusion levels on bioavailability; 2) 

manuscripts evaluating the factors affecting the bioavailability such as, interactions between zinc and 

other trace elements (Cu, Ca); and 3) investigations on the influence of reproductive or production 

period on zinc bioavailability. 

o Assessment of bioavailability 

In bovine diets, zinc was an essential trace element involved in metabolic and reproductive functions 
(29520; 33561)

. An experiment performed with dairy cows in the first phase of lactation demonstrated that 

supplemented cows with 500 mg/kg both as organic or inorganic source (zinc sulphate or zinc 

methionine) increased activities of LDH and SOD 
(29520)

. Supplementing 500 mg Zn/kg DM to dairy 

cattle rations also significantly increased zinc content in milk independent on zinc source 
(33209)

. 

A 180-days experiment indicated that diet containing 32.5 mg Zn/kg DM was adequate to support 

normal growth and digestibility of nutrients in growing bull calves 
(30226)

. Zinc supplementation above 

40 mg Zn/kg DM (neither from sulphate nor lysine nor methionine chelate) was not required as an 

accelerator of growth in Holstein calves from birth to 90 days of age 
(31095)

.  

Comparing organic and inorganic zinc sources, zinc sulphate supplementation was found to be highly 

effective in improving various biochemical (Hb, HTC, WBC, AST, ALT, ASP, T3, T4, progesterone 

and oestrogen, vitamin A, and vitamin E) and production parameters (milk yield, and body weight) in 

cattle 
(30558)

. In comparison to inorganic Zn, feeding organic Zn compounds (both at 10 ppm) to bulls 

resulted in some improvement in claw quality 
(30927)

. However, no differences in bull performance 

were observed when Zn was supplemented at 35 mg/kg DM as Zn sulphate or Zn propionate in a 180-

days trial 
(30226)

, except for a series of parameters, such as the number of sperm per ejaculate, mass 

motility and semen fertility, which were significantly higher in bulls given Zn as Zn propionate 

compared to Zn sulphate 
(33708)

. Zinc from Zn-Glycine (at 20 ppm) was more bioavailable than the 

same dose of ZnSO4 or Zn-Met in a 42-days trial with calves for fattening. However, Zn-Metheonine 

supplementation resulted in the highest ruminal soluble Zn concentrations and altered ruminal volatile 

fatty acids (VFA) proportions to the greatest extent of the Zn sources evaluated. Liver Zn 

concentrations were higher on day 42 in steers supplemented with 20 mg/kg of zinc as Zn-Glycine, 

compared to steers receiving the same dose of Zn-Methionine or ZnSO4, while plasma Zn 

concentrations were higher for the Zn-Glycine and Zn-Metheonine treatments on day 42 
(30699)

. Zn-



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

945 

proteinate (25 ppm) may improve performance (improve steer gain and increase carcass weights) of 

finishing steers, in comparison to ZnO supplementation 
(37354)

. 

Animal production period and age could be two influent factors on zinc absorption and bioavailability. 

Regarding the production phase, a 5-day metabolic trial demonstrated that gestational status altered the 

apparent absorption and retention of zinc during the last trimester of gestation 
(30948)

. Another 

experiment with 
65

Zn, demonstrated that younger calves absorbed a much higher percentage of 
65

Zn 

from diets with adequate zinc than those older 
(37902)

. 

Bone Zn concentration increased as dietary Zn increased in both experiments. Bioavailability of the 

Zn in commercial organic Zn products was most related to negative solubility of Zn in pH 5 buffer in 

chicks (Table 26). 

Table 26. Relative bioavailability of different Zn sources on multiple linear regression of Zn content 

in bone and mucosa. 

Zn source Zn indices Relative bioavailability 

(%) 

Reference 

Zn sulphate Bone Zn 100 
31321 

Zn Aa chelate Bone Zn 104-83 
31321

 

Zn proteinate A Bone Zn 139-116 
31321

 

Zn sulphate Mucosa Zn 100 
31321

 

Zn Aa chelate Mucosa Zn 104-64 
31321

 

Zn proteinate A Mucosa Zn 133-65 
31321

 

 

o Interactions 

Zinc-Copper 

Potential interactions in the sources of Cu and Zn were not detected for any animal performance and 

immunity response, in a 21-days experiment performed with beef heifers 
(30741)

. 

Zinc-calcium 

An antagonistic effect between Zn and Ca has been observed in lactating cows intraruminally dosed 

with zinc oxide at 120 mg/kg of body weight, at weekly intervals for a period of 33 days. Within 12-

24 h of each zinc oxide administration, the serum calcium of the lactating cows dropped dramatically 
(31141)

.  

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 

 

2.2.4. Factors affecting the bioavailability of zinc in sheep 

In case of sheep, again 3 sets of articles has been identified: 1) assessment of efficacy and differences 

between different Zn sources and inclusion levels on bioavailability; 2) evaluation of interactions 

between zinc and other trace elements (Mo, Cd, Cu) that can prevent Cu intoxication; and 3) 

investigation of the influence of reproductive period or stress on zinc bioavailability. 

o Assessment of bioavailability 

Zinc seems to improve the body performance, as the addition of 20 mg Zn/kg DM to the basal diet can 

be sufficient to meet the Zn requirement of the lambs, according to a 70-days experimental trial 
(29603)

. 
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A barley-based diet (70%) containing 22.47 mg Zn/kg DM would not meet the Zn requirements of 

lambs fed. However, Zn requirements can be met with ZnSO4 or Zn-proteinate, being 20 mg/kg DM 

the sufficient dose of Zn-proteinate to meet the requirements 
(29603)

. In another experimental trial 

carried out during 150 days, it was demonstrated that supplementation with 15 ppm Zn as Zn 

proteinate to a basal diet containing 29.28 ppm Zn had higher antioxidant activities and immune 

response, compared to the same doses from ZnSO4
(30054)

. In turn, a 100-days feed trial to test Bioplex
®
 

zinc (an amino acid chelate) efficacy versus zinc sulphate, observed that Bioplex
®
 zinc was more 

readily absorbed than the inorganic sulphate form. Furthermore, Bioplex
®
 was more deposited in 

tissues such as hooves, resulting in an improvement of hoof quality 
(31119)

. In an 8-weeks feeding trial, 

organic sources of zinc (zinc lysine and zinc methionine) presented equal or greater availability than 

the most available inorganic source (zinc sulphate). The Zn lysine treated lambs, had the highest Zn 

accumulation (581, 389, and 340 mg/kg) in kidney, liver, and pancreas, respectively 
(31859)

. This 

observation was in accordance with another work 
(36833)

. One manuscript affirmed that 

supplementation with 50% more of Zn over the basal diet from through organic sources (Zn-

methionine) as compared to inorganic sources (ZnSO4) for 240 days, improved gut absorption, higher 

activity of Cu/Zn-SOD and tissue retention of Zn. Moreover, they suggested that mineral-dependent 

enzymes like Cu/Zn-SOD could be used as a biomarker for assessing the status of Zn. Higher 

bioavailability of zinc through organic sources effectively reduced their dietary requirement and 

hence, was an environment friendly approach in reducing the faecal excretion of minerals 
(33115; 36742)

. 

Regarding zinc content in animal tissues, liver, kidney and spleen Zn increased with increasing dietary 

Zn levels, resulting liver and kidney the most sensitive tissues for Zn bioavailability studies with 

ruminants, see Table 27 
(31679; 37917)

.  

Table 27. Relative bioavailability of different Zn sources on multiple linear regression of Zn content 

in liver. 

Zn source Zn indices Relative bioavailability 

(%) 

Reference 

Zn sulphate Liver Zn 100 
37917 

Zn carbonate Liver Zn 104 
37917

 

Zn oxide Liver Zn 103 
37917

 

Zn metal Liver Zn 68 
37917

 

Zn sulphate (feed grade) Liver Zn 83 
37917

 

Zn oxide (feed grade) Liver Zn 80-74 
37917

 

 

Concerning the influence of gestational status on absorption and retention of zinc, pregnant ewes had a 

higher apparent absorption and retention of Zn compared to non-pregnant ewes, when both groups 

were administered with similar doses. The supplementation of 100 to 150 ppm zinc oxide during the 

summer season to the basal diet of ewes, significantly improved the reproductive performance by 

decreasing the numbers of days to oestrus, increasing the incidence of oestrus, pregnancy, lambing 

rates and enhancing the body weight gain of their lambs 
(29716)

. 

o Interactions 

Zn-Copper 

Zinc supplementation in sheep diets had an important role in order to prevent Cu intoxication in these 

animals. At the higher copper level (30 ppm) included in a 98-days feed trial with dairy sheep and 

lambs, the addition of 150 or 340 ppm Zn resulted in a significant decrease of the Cu accumulation in 

the liver, while at a moderately low copper level (15 ppm) the effect of these additions of Zn on the Cu 
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accumulation was only slight 
(37894).

 A 6-months experiment about dietary metal interactions (S, Cu, 

Mo, and Zn) concluded that plasma concentration of Cu to prevent chronic Cu toxicity was decreased 

by Zn supplementation (546 µg/g DM); however, it was not affected by other supplements in sheep 

fed palm kernel cake (PKC)-based diets 
(29692)

. The addition of the complex form of Zn/Cu increased 

liver Zn and Cu concentrations compared with sulphate forms of Zn. Notwithstanding, feeding high 

concentrations of Zn (100 mg/kg for 56 days) did not negatively impact liver Cu status 
(31255)

.  

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 

 

2.2.5. Factors affecting the bioavailability of zinc in goats 

In case of goats, most of the identified articles focused on the efficacy and differences between 

different Zn sources and inclusion levels on bioavailability. 

o Assessment of bioavailability 

Stable isotopic Zn (
65

Zn) has been a powerful tool for examining Zn metabolism in ruminants. The 

apparent absorption of Zn was 0.009 mg/kg of body weight, while the true absorption of Zn was 0.162 

mg/kg of body weight. In addition, the endogenous faecal loss and the intestinal secretion of Zn were 

0.172 and 0.210 mg/kg of body weight, respectively, in an experiment with goats fed a diet containing 

50 mg Zn/kg twice a day for 17 days 
(29842)

. 

Regarding the zinc distribution in animal body, the average concentration of Zn in hair was 95.2-100.0 

mg/kg in goats receiving supplemented zinc at 60 mg/kg as zinc oxide, zinc lactate and zinc chelate 

for three months 
(29776)

.  

Comparing inorganic and organic zinc sources, an experimental trial conducted in Cashmere goats for 

60 days showed that a supplementation of 20 mg Zn/kg DM as either ZnSO4 or Zn-Met in a basal diet 

containing 22.3 mg Zn/kg DM, improved growth performance, and the effectiveness of both sources 

was similar on performance measurements 
(29944)

. Similar results were obtained after 28 days of Zn 

supplementation of different organic and inorganic forms of zinc, especially in milk content 
(33300)

. 

However, there was a document that supports that organic zinc sources were better used as coccidiosis 

prophylaxis than inorganic zinc sources. Animals supplemented with 60 mg Zn/kg as zinc chelate and 

60 mg Zn/kg as zinc lactate had 13.4% and 11.9% lower number of oocysts compared to the number 

of oocysts by 60 mg Zn/kg as zinc oxide supplemented animals 
(36791)

. 

In Cashmere goats, based on growth performance and plasma Zn status, an addition of 30 mg Zn/kg 

DM to the diet (total of dietary Zn 52.3 mg/kg DM) met Zn requirements 
(30097)

. 

o Interactions 

Zinc-sulphur 

Only one document was found about zinc interaction in goats. A 180-days trial with Angora goats 

demonstrated the apparent absorption and retention of Zn were increased with sulphur intake. 

However, the same article reported that urinary Zn excretion increased when diets containing higher 

amounts of sulphur were fed, maybe due to ZnS precipitation at higher doses of sulphur intake. 

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 
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2.2.6. Factors affecting the bioavailability of zinc in fish (Salmonids) 

Two species of salmonids were found: rainbow trout and Atlantic salmon. Two main sets of articles 

were identified: 1) assessment of efficacy and differences between different Zn sources and inclusion 

levels on bioavailability; and 2) evaluation of factors influencing bioavailability, such as interactions 

between zinc and other trace elements. 

o Assessment of bioavailability 

A study aiming at elucidating the mechanism of intestinal zinc uptake in freshwater rainbow trout, 

using an in vivo cannulation technique, observed that intestine is a low-affinity, high capacity zinc 

absorption pathway. Fish may also have the ability to regulate intestinal Zn assimilation, maybe as a 

consequence of the many roles of Zn in normal physiological processes, as well as its function of 

inhabiting environments where the animal can be exposed to Zn via water consumption and dietary 

intake 
(31023)

. Among others physiological processes, zinc is important for normal lens integrity in 

salmon species 
(36332)

. When zinc bioavailability from different sources (sulphate, methionine chelate, 

amino acid chelated, or glass embedded Zn) was compared at 20 mg/kg for 15 days, the availability of 

Zn from Zn-AA was found to be the highest 
(31133)

, in accordance with previously reported results 
(37301)

. In addition, zinc sulphate and zinc gluconate were equally efficient as zinc supplements in 

salmon fed within the concentrations normally found in salmon feed 
(31150)

. Supplemental zinc 

picolinate (30 and 60 mg Zn/kg) in the diet of rainbow trout decreased serum and tissue lipid 

peroxidation, and no impact on growth and feed consumption of rainbow trout was observed in a 55-

days trial. 

Regarding indicators of zinc bioavailability, it has been suggested that the Zn status of fish should be 

assessed based on changes in total bone Zn or Zn-dependent metabolism, possibly in relation to the 

dietary [phytic acid]:[Zn] molar ratio 
(37951)

. Among tissues, the carcass has been the main depot for Zn 

in rainbow trout containing 84-90% of whole body Zn. In the gill, Zn occurred ubiquitously in all 

subcellular compartments irrespective of the level of Zn exposure with 81-90% of the accumulated Zn 

being metabolically active 
(33368)

. 

o Interactions 

Dietary zinc-Waterborne zinc 

Zinc is both an important aquatic contaminant and a vital micronutrient 
(31023)

. With regard to 

interactions between pathways of metal uptake (dietary or waterborne), two articles reported that 

branchial and gastrointestinal Zn uptake into branchial heat-stable proteins (HSP) was additive. Zinc 

accumulation in gill HSP may therefore be a sensitive biomarker of Zn exposure in fish irrespective of 

the exposure route 
(33280, 33368)

. Regarding zinc distribution, according to one of these articles, dietary 

uptake would dominate intestinal Zn accumulation while both pathways (dietary and waterborne) 

would contribute equally to the accumulation in the liver 
(33280)

. 

Zinc-Phytates 

Among other dietary elements, phytates were again potential inhibitors of zinc bioavailability. 

Calcium (51 g/kg) and/or phosphorus reduced zinc bioavailability when the diet concurrently 

contained 0.05 g zinc and 25.8 g of phytic acid per kilogram 
(36332)

. 

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 

 

2.2.7. Factors affecting the bioavailability of zinc in rabbits 
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In case of rabbits, two articles were included, both of them assessing the influence of dietary factors 

on zinc bioavailability, basically from zinc sulphate sources.  

o Assessment of bioavailability 

An experimental study of the pH influence different zinc sulphate solution on the zinc bioavailability 

showed that the acidity of oral ZnSO4 solution affects the serum Zn level. Thus, while the pH level of 

oral ZnSO4 solutions decreased, serum Zn concentrations increased 
(29803)

. 

o Interactions 

(Studies about interactions of zinc were not found) 

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 

 

2.2.8. Factors affecting the bioavailability of zinc in horses 

In case of horses, again two main sets of articles were identified: the first one related to the efficacy 

and differences between different Zn sources, and the second one on inclusion levels on 

bioavailability, specially focused on the importance of the skeletal system.  

o Assessment of bioavailability 

The comparison of 33.54 mg Zn/kg DM from organic (chelate) or inorganic (sulphate) sources 

allowed establishing that Zn intake and faecal excretion were greater for horses consuming the organic 

chelate-supplemented diet. However, excretion of Zn by the horses during the total collection 

exceeded the mineral intake, due to unknown causes 
(29781)

. 

o Interactions 

Zinc-Copper 

In the only single study about interactions in horses, it was concluded that the ingestion of extremely 

high amounts of zinc (>2,000 ppm) during prolonged periods may ultimately inhibit copper absorption 

and interfere with skeletal development. However, the amount of ingested zinc required to interfere 

with immediate copper absorption seems to be too high in comparison with the amounts commonly 

found in equine diets 
(31844)

. 

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 

 

2.2.9. Factors affecting the bioavailability of zinc in pets 

All the manuscripts dealing with pets were focused on dogs. Two main set of articles were identified: 

1) articles assessing efficacy and differences between different Zn sources and inclusion levels on 

bioavailability; and 2) manuscripts evaluating the interactions between zinc and other trace elements 

(Cu). 

o Assessment of bioavailability 

The organic Zn as Methionylglycinate (Zn-MG) was found to be the form that could enhance the hair 

coat characteristics and suitable for supplementation into the commercial dry dog foods 
(30071)

. The 

apparent absorption of zinc salts ranged from 0.20 to 0.36. The zinc content in plasma varied with the 
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type of zinc source and with the dosage. The mean concentration was 115 ± 2.33 mg/dl in an 

experimental group of dogs supplemented with zinc acetate at 4 mg/kg of body weight for six weeks 
(31196)

. Regarding the different body tissues, hair (reflecting an increase in Zn storage) should be 

considered as a sensitive assay for the determination of the relative bioavailability of Zn from different 

dietary sources under controlled conditions. In contrast, alkaline phosphatase (AP) does not seem to be 

a useful criterion for the evaluation of differences in the relative bioavailability of Zn from different 

dietary sources in dogs 
(34985)

. Zinc from zinc propionate was significantly more bioavailable than zinc 

from zinc oxide 
(34986)

, while zinc from amino acid chelate was found to be approximately twice as 

available as from the zinc oxide-supplemented diet.
 (35469)

 

o Interactions 

Zinc-copper 

A negative association between dietary zinc and hepatic copper was found in a 1-year study with two 

levels of dietary zinc
(29523)

. 

o Incompatibilities 

(Studies about incompatibilities of zinc were not found) 
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2.3. Data quality assessment  

Results from quality assessment are summarized in Table 28, while they are extensively presented in 

Appendix E. Most of the manuscripts included in the search answered at well or medium level of 

quality from the quality data questions. Only few of them responded them with bad quality, or no 

enough information was provided. 

 

Table 28. Summary of percentage of studies in each answering category 

Quality data questions % of studies 

 ~  

11. Do the objectives address the ELS 

questions? 
90.5 9.5 0 

12. Was the methodology fitted to the purpose of 

the study? 
74.5 25.5 0 

13. Does the experimental procedure provide 

precise details (i.e. how. when. where. why)? 
61.8 37.3 0.9 

14. Was the study design fitted to some 

harmonized protocol? 
0 100 0 

15. Were doses analytically confirmed? 45.0 15.0 40.0 

16. Was background of the samples analysed? 48.2 35.0 16.8 

17. Were the treatments randomly allocated? 68.2 11.4 20.5 

18. Was the sample size justified? 0 0 100 

19. How were statistical methods details and 

analysis units? 
13.2 85.5 1.4 

20. Was there incomplete or missing data? 19.5 75.9 4.5 
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3. CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided.  

In the first level of selection, based on title and abstracts, a total of 6712 articles were excluded to be 

completely unrelated with the search objectives (not about zinc, animal species and/or bioavailability 

issues). Finally, 442 articles were retained to be potentially related with the search questions. In case 

of doubt or few/not information exposed in the abstract, the articles were automatically retained to the 

next level. Up to 349 full-text articles of these 442 manuscripts were obtained from on-line sources, 

while the 93 references remained pending to be found. After the assessment of the full-text references, 

a total of 132 articles were excluded to be finally unrelated with the subject. Therefore, 217 references 

were retained to answer the extraction data form. 

Poultry and pigs, were the two animal species for which a higher number of studies on bioavailability 

of zinc was selected (n=71 and n=64, respectively). Less studies were found for bovines (n=30), sheep 

(n=24) and fish (n=10), while those corresponding to goats (n=9), pets (n=6), horses (n=4) and rabbits 

(n=2) were only testimonial. Studies assessing incompatibilities of zinc, by means of in vitro trials, 

were not found in the search. 

The most commonly used zinc supplementation forms were zinc oxide, sulphate, chloride, lactate, 

carbonate, acetate, proteinate, propionate, gluconate, picolinate and aminoacid chelate. Studies 

concerning the bioavailability of zinc nano forms in the selected animal categories were not found in 

the ELS. 

Considering the studies included in the search, the most commonly used indicators of zinc 

bioavailability were serum or plasma content in all species and liver or kidney content in pigs, poultry, 

bovines, sheep and fish. Bone content was extensively reported in most species, highlighting the use of 

metatarsals bones in pigs or tibia content in poultry. In bovine and sheep studies, hoof or claws 

contents were also frequently used as indicators. In fish, the most common indicator was the whole 

body zinc content. Animal performance has been an extensively indicator of zinc bioavailability, for 

all the species. Growth performance has been a common indicator in pigs, while egg quality and egg 

content are good indicators in poultry. Finally, milk production has been usually applied in bovine, 

sheep and goat studies. The activity and expression of the Cu/Zn-superoxide dismutase has been 

implemented in several studies with pigs, sheep and horses. In addition, the determination of alkaline 

phosphatase (ALP) has been a common parameter when studying bioavailability in pigs, poultry, 

sheep, and fish. Relative bioavailability was widely reported in studies with poultry, and several 

studies with bovines, sheep, pigs and pets. 

Potential interactions were majorly studied in poultry, pigs, and bovine, followed by sheep, goats, fish, 

horses, and pets. Most of the studies assessed the combination of Zn with other trace elements, such as 

Cu, in pigs, poultry, bovines, sheep, horses, and pets, with other diet compounds like phytate and 

phytases, especially in monogastric species. 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

953 

4. REFERENCES 

European Commission (EC), 1988. Commission Directive 88/485/EEC of 26 July 1988 amending the 

Annex to Council Directive 82/471/EEC concerning certain products used in animal nutrition . 

Official Journal of the European Union, 239 , 36. 

European Commission (EC), 2002, online.Report of the Scientific Committee on Animal Nutrition on 

the use of manganomanganic oxide in feedingstuffs. Available from: 

http://ec.europa.eu/food/fs/sc/scan/out77_en.pdf 

European Commission (EC), 2003a. Commission Regulation (EC) No 1831/2003 of the European 

Parliament and of the Council of 22 September 2003 on additives for use in animal nutrition. 

Official Journal of the European Union, 268, 29. 

European Commission (EC), 2003b. Commission Regulation (EC) No 1334/2003 of 25 July 2003 

amending the conditions for authorisation of a number of additives in feedingstuffs belonging to 

the group of trace elements. Official Journal of the European Union, 187, 11. 

European Commission (EC), 2003c. Report of the Scientific Committee on Animal Nutrition on the 

use of zinc in feedingstuffs. Available from: http://ec.europa.eu/food/fs/sc/scan/out120_en.pdf 

European Commission (EC), 2005. Commission Regulation (EC) No 1980/2005 of 5 December 2005 

amending the conditions for authorisation of a feed additive belonging to the group of trace 

elements and of a feed additive belonging to the group of binders and anti-caking agents. Official 

Journal of the European Union, 318, 3. 

European Commission (EC), 2006. Commission Regulation (EC) of No 479/2006 23 March 2006 as 

regards the authorisation of certain additives belonging to the group compounds of trace elements. 

Official Journal of the European Union, 86, 4. 

European Commission (EC), 2009. Commission Regulation (EC) No 888/2009 of 25 September 2009 

concerning the authorisation of Zinc chelate of hydroxy analogue of methionine as a feed additive 

for chickens for fattening. Official Journal of the European Union, 254, 71. 

European Commission (EC), 2010. Commission Regulation (EU) No 335/2010 of 22 April 2010 

concerning the authorisation of zinc chelate of hydroxy analogue of methionine as a feed additive 

for all animalspecies. Official Journal of the European Union, 102, 22. 

European Commission (EC), 2012. Commission Regulation (EU) No 991/2012 of 25 October 2012 

concerning the authorisation of zinc chloride hydroxide monohydrate as feed additive for all animal 

species. Official Journal of the European Union, 297, 18. 

EFSA (European Food Safety Authority), 2008. Scientific Opinion on the Safety and efficacy of 

Mintrex
®
Zn (Zinc chelate of hydroxy analogue of methionine) as feed additive for all species. 

EFSA Journal, 694, 3-16. 

EFSA (European Food Safety Authority), 2009a. Safety of Mintrex
®
Zn (Zinc chelate of hydroxy 

analogue of methionine) as feed additive for chickens for fattening. EFSA Journal, 1042, 1-8. 

EFSA (European Food Safety Authority), 2009b. Scientific Opinion on the safety of a zinc chelate of 

hydroxy analogue of methionine (Mintrex
®
Zn) as feed additive for all species. EFSA Journal, 

11,1381. 

EFSA (European Food Safety Authority), 2012a. Scientific Opinion on safety and efficacy of zinc 

compounds (E6) as feed additives for all animal species Zinc sulphate monohydrate, based on a 

dossier submitted by Helm AG. EFSA Journal 10(2), 2572. 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

954 

EFSA (European Food Safety Authority), 2012b. Scientific Opinion on safety and efficacy of zinc 

compounds (E6) as feed additives for all animal species: Zinc chelate of amino acids hydrate, based 

on a dossier submitted by Zinpro Animal Nutrition Inc. EFSA Journal, 10(3), 2621. 

EFSA (European Food Safety Authority), 2012c.Scientific Opinion on the safety and efficacy of tetra-

basic zinc chloride for all animal species. EFSA Journal, 10(5), 2672. 

EFSA (European Food Safety Authority), 2012d. Scientific Opinion on safety and efficacy of zinc 

compounds (E6) as feed additive for all species: zinc sulphate monohydrate, based on a dossier 

submitted by Grillo-Werke AG/EMFEMA. EFSA Journal, 10(6), 2734. 

EFSA (European Food Safety Authority), 2012e. Scientific Opinion on safety and efficacy of zinc 

compounds (E6) as feed additive for all animal species: Zinc oxide, based on a dossier submitted 

by GrilloZinkoxid GmbH/EMFEMA. EFSA Journal, 10(11), 2970. 

EFSA (European Food Safety Authority), 2013. Scientific Opinion on the safety and efficacy of 

methionine-zinc, technically pure as amino acid for ruminants, and as compound of trace element 

for all species. EFSA Journal 11(1), 3038 

Jongbloed AW, Kemme PA, De Groote G, Lippens M, Meschy F, 2002. Bioavailability of major and 

trace minerals. EMFEMA (International Association of the European Manufacturers of 

Major,Trace and Specific Feed Mineral Materials); Brussels,Belgium. 

NRC (National Research Council of the National Academies), 1993. Nutrient Requirements of Fish. 

National Academy Press, Washington, D.C., USA. 

NRC (National Research Council of the National Academies), 1994. Nutrient Requirements of 

Poultry, Nineth Revised Edition. The National Academy Press, Washington, D.C., USA. 

NRC (National Research Counsil of the National Academies), 1998. Nutrient Requirements of Swine, 

Tenth Revised Edition. National Academy Press, Washington, D.C., USA. 

NRC (National Research Council of the National Academies), 2000. Nutrient Requirements of Beef 

Cattle, Seventh Revised Edition. The National Academies Press, Washington, D.C., USA. 

NRC (National Research Council of the National Academies), 2006. Nutrient Requirements of Dogs 

and Cats. The National Academies Press, Washington, D.C.; USA. 

NRC (National Research Council of the National Academies), 2007. Nutrient Requirements of Horses. 

6 th Edition ed. The National Academies Press, Washington, D.C., USA. 

Suttle FN, 2010. Mineral Nutrition of Livestock. CAB International, Cambridge, USA. 



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

955 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix VIII.A. Search Chains  



 

Extensive Literature Search on the bioavailability of trace elements 

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 

by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 

procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 

issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 

 

956 

PUBMED  

(Animal$ OR Livestock OR Beast$ OR Monogastric$ OR Polygastric$ OR Poultry OR Chick* OR 

Fowl OR Banty OR Biddy OR Capon OR Cock* OR Gump OR Heeler OR Quail OR Hen OR Pullet 

OR Rooster OR Goose OR Geese OR Turkey OR ―Guinea fowl‖ OR Ostrich OR Pigeon OR Duck 

OR Porcine OR Pork* OR Pig* OR Boar OR Cob OR Roller OR Hog OR Swine OR Ruminant$ OR 

Cow$ OR Cattle OR Bovine OR Calf OR Calve$ OR Bull$ OR Heifer$ OR Sheep OR Lamb OR Ewe 

OR Ram OR Tup OR Mutton OR *wether OR Goat OR Equine OR Horse$ OR Colt OR Filly OR 

Foal OR Gelding OR Mare OR Mustang OR Nag OR Stallion OR Steed OR Mules OR Hinnies OR 

Rabbit$ OR Buck$ OR Cony OR Cuniculus OR Doe OR Hare OR Lagomorph OR Leporid* OR 

Lepu$ OR Cottontail OR Fish OR Seafood OR Salmo* OR Trout OR Oncorhynchus OR 

Brachymystax OR Lenok OR Hucho OR Salvelinus OR Char OR Dog$ OR Cat$) AND (Zinc) AND 

(Nutr* OR Feed OR Addit* OR Supplement* OR Diet*) AND (*availab* OR Absor* OR Uptake OR 

Metabol* OR *activity OR *efficacy OR Distribut* OR Transport OR *accumul* OR Deposition OR 

Storage OR Release OR Homeostasis OR Speciation OR Digest* OR *access* OR Excretion OR 

Secretion OR ―Biological value‖ OR ―Nutritive value‖ OR Status OR interact* OR incompatib*) 

AND (*indicat* OR Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ OR Hair OR 

Nail$ OR Bone$ OR ―Breaking strength‖ OR Tibia OR Femur OR Toe OR Gut OR Intestine OR 

Liver OR Hepatic OR Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte OR Serum OR 

Urin* OR Bile OR Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin OR ―Cytochrome 

oxidase‖ OR ―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR Glutathione) 

 

SCOPUS  

(TITLE-ABS-KEY(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry 

OR chick* OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen 

OR pullet OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR 

duck OR porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR 

cow$ OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR 

ram OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR 

gelding OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR 

buck$ OR cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail 

OR fish OR seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho 

OR salvelinus OR char OR dog$ OR cat$) AND TITLE-ABS-KEY(zinc) AND TITLE-ABS-

KEY(nutr* OR feed OR addit* OR supplement* OR diet*) AND TITLE-ABS-KEY(*availab* OR 

absor* OR uptake OR metabol* OR *activity OR *efficacy OR distribut* OR transport OR 

*accumul* OR deposition OR storage OR release OR homeostasis OR speciation OR digest* OR 

*access* OR excretion OR secretion OR "Biological value" OR "Nutritive value" OR status OR 

interact* OR incompatib*) AND TITLE-ABS-KEY(*indicat* OR performance OR *monitor* OR 

*mark* OR organ$ OR tissue$ OR hair OR nail$ OR bone$ OR "Breaking strength" OR tibia OR 

femur OR toe OR gut OR intestine OR liver OR hepatic OR kidney OR pancrea* OR blood OR 

leukocyte OR erythrocyte OR serum OR urin* OR bile OR milk OR plasma OR "Superoxide 

dismutase" OR ceruloplasmin OR "Cytochrome oxidase" OR "Alkaline phosphatase" OR "5-

iodothyronine deiodinase" OR glutathione)) AND (EXCLUDE(SUBJAREA, "NEUR") OR 

EXCLUDE(SUBJAREA, "CHEM") OR EXCLUDE(SUBJAREA, "EART") OR 

EXCLUDE(SUBJAREA, "NURS") OR EXCLUDE(SUBJAREA, "PHYS") OR 

EXCLUDE(SUBJAREA, "MATE") OR EXCLUDE(SUBJAREA, "CENG") OR 

EXCLUDE(SUBJAREA, "ENGI") OR EXCLUDE(SUBJAREA, "HEAL") OR 

EXCLUDE(SUBJAREA, "MULT") OR EXCLUDE(SUBJAREA, "ENER") OR 
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EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "PSYC") OR 

EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "DECI") OR 

EXCLUDE(SUBJAREA, "ARTS") OR EXCLUDE(SUBJAREA, "COMP") OR 

EXCLUDE(SUBJAREA, "DENT") OR EXCLUDE(SUBJAREA, "ECON") OR 

EXCLUDE(SUBJAREA, "Undefined")) 

 

ISI  

Topic=(animal$ OR livestock OR beast$ OR monogastric$ OR polygastric$ OR poultry OR chick* 

OR fowl OR banty OR biddy OR capon OR cock* OR gump OR heeler OR quail OR hen OR pullet 

OR rooster OR goose OR geese OR turkey OR "Guinea fowl" OR ostrich OR pigeon OR duck OR 

porcine OR pork* OR pig* OR boar OR cob OR roller OR hog OR swine OR ruminant$ OR cow$ 

OR cattle OR bovine OR calf OR calve$ OR bull$ OR heifer$ OR sheep OR lamb OR ewe OR ram 

OR tup OR mutton OR *wether OR goat OR equine OR horse$ OR colt OR filly OR foal OR gelding 

OR mare OR mustang OR nag OR stallion OR steed OR mules OR hinnies OR rabbit$ OR buck$ OR 

cony OR cuniculus OR doe OR hare OR lagomorph OR leporid* OR lepu$ OR cottontail OR fish OR 

seafood OR salmo* OR trout OR oncorhynchus OR brachymystax OR lenok OR hucho OR salvelinus 

OR char OR dog$ OR cat$) AND Topic=(Zinc) AND Topic=(Nutr* OR Feed OR Addit* OR 

Supplement* OR Diet*) AND Topic=(*availab* OR Absor* OR Uptake OR Metabol* OR *activity 

OR *efficacy OR Distribut* OR Transport OR *accumul* OR Deposition OR Storage OR Release OR 

Homeostasis OR Speciation OR Digest* OR *access* OR Excretion OR Secretion OR "Biological 

value" OR "Nutritive value" OR Status OR interact* OR incompatib*) AND Topic=(*indicat* OR 

Performance OR *monitor* OR *mark* OR Organ$ OR Tissue$ OR Hair OR Nail$ OR Bone$ OR 

"Breaking strength" OR Tibia OR Femur OR Toe OR Gut OR Intestine OR Liver OR Hepatic OR 

Kidney OR Pancrea* OR Blood OR Leukocyte OR Erythrocyte OR Serum OR Urin* OR Bile OR 

Milk OR Plasma OR ―Superoxide dismutase‖ OR Ceruloplasmin OR ―Cytochrome oxidase‖ OR 

―Alkaline phosphatase‖ OR ―5-iodothyronine deiodinase‖ OR Glutathione) 

Refined by: [excluding] Web of Science Categories=( ONCOLOGY OR CHEMISTRY ORGANIC 

OR WATER RESOURCES OR ENGINEERING BIOMEDICAL OR ENTOMOLOGY OR 

ENGINEERING ENVIRONMENTAL OR GEOGRAPHY PHYSICAL OR PEDIATRICS OR 

NEUROIMAGING OR SPECTROSCOPY OR OCEANOGRAPHY OR ECOLOGY OR 

PARASITOLOGY OR ENGINEERING CHEMICAL OR PATHOLOGY OR INFECTIOUS 

DISEASES OR UROLOGY NEPHROLOGY OR MEDICINE GENERAL INTERNAL OR 

CRITICAL CARE MEDICINE OR PLANT SCIENCES OR ENERGY FUELS OR LIMNOLOGY 

OR GENETICS HEREDITY OR ORTHOPEDICS OR CHEMISTRY MEDICINAL OR PHYSICS 

APPLIED OR HEMATOLOGY OR PHYSICS CONDENSED MATTER OR CHEMISTRY 

ANALYTICAL OR CLINICAL NEUROLOGY OR REPRODUCTIVE BIOLOGY OR MEDICAL 

LABORATORY TECHNOLOGY OR ANTHROPOLOGY OR SOIL SCIENCE OR 

MULTIDISCIPLINARY SCIENCES OR BIODIVERSITY CONSERVATION OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR SPORT SCIENCES OR ENGINEERING 

CIVIL OR SURGERY OR ENGINEERING PETROLEUM OR HORTICULTURE OR 

ENVIRONMENTAL STUDIES OR GERIATRICS GERONTOLOGY OR GEOLOGY OR 

BIOPHYSICS OR OPHTHALMOLOGY OR GERONTOLOGY OR RESPIRATORY SYSTEM OR 

METALLURGY METALLURGICAL ENGINEERING OR DEVELOPMENTAL BIOLOGY OR 

MINING MINERAL PROCESSING OR ELECTROCHEMISTRY OR NANOSCIENCE 

NANOTECHNOLOGY OR GASTROENTEROLOGY HEPATOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR GEOCHEMISTRY GEOPHYSICS OR POLYMER SCIENCE OR 

MATERIALS SCIENCE MULTIDISCIPLINARY OR PSYCHIATRY OR METEOROLOGY 
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ATMOSPHERIC SCIENCES OR THERMODYNAMICS OR PALEONTOLOGY OR 

TRANSPLANTATION OR SUBSTANCE ABUSE OR VIROLOGY OR AGRICULTURAL 

ENGINEERING OR DENTISTRY ORAL SURGERY MEDICINE OR CHEMISTRY PHYSICAL 

OR BIOCHEMICAL RESEARCH METHODS OR ENGINEERING GEOLOGICAL OR 

GEOSCIENCES MULTIDISCIPLINARY ) 
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Question Text Answer Text 

After read the full-article, this document is... INCLUDED 

  EXCLUDED 

  DOUBTFUL 

Exclusion Reason Not about the TE 

  Not about bioavailability and/or 

incompatibilities and/or interactions 

  Other species 

  Other reason 

Manuscript type Journal article 

  Short communication 

  Review 

  Conference paper 

  Other 

Year of publication   

(QA) Do the objectives address the ELS questions? Clearly addressed 

  Possibly addressed 

  Clearly not addressed 

(QA) Was the methodology fitted to the purpose of 

the study? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Experimental procedure provides precise 

details (i.e. how, when, where, why)? 
Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the study design fitted to some harmonized 

protocol 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) Were the treatments randomly allocated? Clearly sufficient 

  Possibly sufficient 

  Clearly insufficient 

(QA) Was the sample size justified? Yes, using sample size formulas 

  Only informal guesses 

  No details in the text 

(QA) How were statistical methods details and 

analysis units? 
Clearly adequate 

  Possibly adequate 

  Clearly inadequate 

(QA) There was incomplete or missing data? Clearly complete 

  Possibly complete 

  Clearly incomplete 

Of interest to answer the question: Q.1. Which factors affect the 
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bioavailability? 

  Q.2. Which organ/tissue/(...) is best 

indicator of bioavailability? 

  Q.3. What interactions can be 

found? 

Trace Element Cobalt 

  Copper 

  Iodine 

  Iron 

  Manganese 

  Molybdenum 

  Selenium 

  Zinc 

  Other 

Select or enter the specific trace element form OXIDE 

  SULPHATE 

  CHLORIDE 

  CARBONATE 

  AA Chel 

  GLY Chel 

  MET Chel 

  HMTBa 

  ACETATE 

  LACTATE 

  FUMARATE 

  OTHERS 

This(ese) form(s) is(are) legislated by EC? YES 

  NO 

  Specifications 

Description of Treatments, including the Control   

Dosage range (enter the dosages and concentration 

units) 
  

 (QA) The background of the samples 

was...(analysed/estimated). Enter the background 

concentration of the trace element. 

 

Analysed (Enter concentration) 

  Estimated (Enter concentration)    

  Not specified 

(QA) Were doses analytically confirmed? Yes 

  No 

  Not specified 

Concentrations are expressed in (Dry matter (DM)/ 

Fresh matter (FM)): 
Diet - Dry matter (DM) 

  Diet - Fresh matter (FM) 

  Diet - Other 

 Results - Dry matter (DM) 
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 Results - Fresh matter (FM) 

 Results - Other 

 What process is measured? Digestibility 

  Accessibility 

  Absorption 

  Metabolism 

  Distribution 

  Storage 

  Excretion 

  Solubility 

  Other 

Which factors are affecting these processes? Dietary factors 

  Trace elements 

  Contaminants 

  Physiological factors 

  Others 

Study Type TRO (In vitro ) 

  INV (In vivo) 

  EXV (Ex vivo) 

  Other 

Animal category 1.1. Pigs. Piglets (suckling) 

  1.2. Pigs. Piglets (weaned) 

  1.3. Pigs. Piglets (suckling and 

  1.4. Pigs. Pigs for fattening 

  1.5. Pigs. Sows for reproduction 

  1.6. Pigs. Sows, in order to have 

benefit in piglets 

  2.1. Poultry. Chickens for fattening 

  2.2. Poultry. Chickens reared for 

laying 

  2.3. Poultry. Laying hens 

  2.4. Poultry. Turkeys for fattening 

  2.5. Poultry. Turkeys for breeding 

purposes 

  2.6. Poultry. Turkeys reared for 

breeding 

  3.1. Bovines. Calves for rearing 

  3.2. Bovines. Calves for fattening 

  3.3. Bovines. Cattle for fattening 

  3.4. Bovines. Dairy cows for milk 

production 

  3.5. Bovines. Dairy cows for 

reproduction 

  4.1. Sheep. Lambs for rearing 

  4.2. Sheep. Lambs for fattening 
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  4.3. Sheep. Dairy sheep 

  4.4. Sheep. Ewes for reproduction 

  5.1. Goat. Kids for rearing 

  5.2. Goat. Kids for fattening 

  5.3. Goat. Dairy goats 

  5.4. Goat reproduction 

  6. Fish. Salmon/trout 

  7.1. Rabbits. Rabbits suckling and 

weaned 

  7.2. Rabbits. Rabbits for fattening 

  7.3. Rabbits. Breeding does (for 

reproduction) 

  7.4. Rabbits. Breeding does (in 

order to have benefits to young 

rabbits) 

  8. Horses 

  9. 1. Pets and other non food-

producing animals. Dogs 

  9. 2. Pets and other non food-

producing animals. Cats 

  10. Other categories 

Specify the in vitro  or ex vivo techniques   

Nº Animals in each group treatment and total   

Number of replicates by treatment   

*Enter the relative response of the effect if provided True absorption 

  Animal performance 

  Liver content 

  Kidney content 

  Pancreas content 

  Spleen content 

  Hair content 

  Nails content 

  Egg content 
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Appendix VIII.D includes the tables of the most relevant results concerning bioavailability issues 

of each trace element in the selected animal species: pigs, poultry, bovines, sheep, goats, fish 

(salmonids), rabbits, horses, pets, and others (rats/mice).  

A brief description about the content in each column is detailed below: 

#Column 1. Study code. The internal code of the study is shown in the first column. This code is 

referenced through the main text and in the external raw database. 

#Column 2. Year. This column shows the year of publication of the study. 

#Column 3. Animal category. The third column describes the animal category where the study 

group is classified. 

#Column 4. Nº treatments (replicates/treatment). The number of animals per treatment, number 

of replicates by treatment or the number of animals by replicate is detailed in this section.  

#Column 5. Diet background. The background levels of the selected trace element in the diet are 

shown in this column. Furthermore, there is a specification if the background was analysed or 

estimated, if provided by the authors. 

#Column 6. Units’ basis of diets and/or results. The unit’s basis (Dry matter of fresh matter) was 

specified for “Diet” and “Results” separately when it was provided by the authors. When this 

information was not provided in the text, appears as “Not specified”. 

#Column 7. Factors affecting // Combinations. The most important factors affecting the 

bioavailability of the trace element reported in the study are specified in this column. 

Furthermore, in case of studies about interactions or incompatibilities, the combinations of the 

trace element with the other chemical compounds are here detailed.  

#Column 8. Composition. Diets/treatments. A detailed description of the treatment levels, diet 

groups, and the most relevant information about their composition and duration of treatments is 

specified in the eighth column.  

#Column 9. Response criteria. The response criteria to assess the bioavailability issues are listed 

in this column. 

#Column 10. Results. Finally, the most relevant results concerning the selected trace element are 

detailed in the last column. 
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Table VIII.D.1. Pigs 

Study code 29462 

Year 2013 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 6(3 replicates of 8 animals) 

Diet Background Estimated 10mg Zn (ZnSO4 7H2O)per kg feed  

Units’ basis of diets and/or results Diet: As fed-basis 

Factors affecting// combinations Dietary factors: capsulated or not 

Composition Diets/treatments 1) Basal diet that contains 10mg Zn/kg as ZnSO4 7H2O. 2) basal diet + 281.25 mg/kg Zn as C-ZnO. 3) basal diet + 562.5 mg/kg Zn as C-ZnO. 4) basal diet + 1125 mg/kg Zn as 
C-ZnO. 5) basal diet + 2250 mg/kg Zn as C-ZnO.6) ZnO group (supplementation with 2250 mg/kg Zn as ZnO).*capsulated zinc oxide (C-ZnO). Duration: 21 days 

Response criteria Animal performance, liver , kidney , serum and faecal content 

Results Dietary supplementation of C-ZnO (>562.5 mg/kg zinc) and ZnO (2250 mg/kg zinc) increased the ADG, decreased the feed: gain ratio, serum urea nitrogen concentration. 

Levels of zinc as C-ZnO (281.25-1125 mg/kg zinc) decreased the zinc concentrations in liver, kidney and faeces compared with 2250 mg/kg zinc as ZnO. Lower levels 
(281.25-1125 mg/kg) of zinc as C-ZnO enhanced growth performance, altered blood metabolism and decreased faecal zinc excretion in weaning piglets compared to 

pharmacological concentration of zinc as ZnO. 

 

Study code 29491 

Year 2013 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1 = 13 piglet experiments involving 54 treatments. Experiment 2 = 5 piglet experiments involving 31 treatments 

Diet Background Estimated: 13-45 mg/kg  

Units’ basis of diets and/or results Diet: mg/kg diet As fed-basis. Zn content in bone and liver: DM 

Factors affecting// combinations Dietary factors, Trace elements, Physiological factors. Zn phytate 

Composition Diets/treatments Meta-analysis: Analysis I if: 1) the dietary Zn content was maximum 155 mg Zn/kg diet 2) inorganic and organic Zn sources were not fed in the same dietary treatment, 3) 
inorganic Zn and organic Zn treatments were iso-dosed, 4) the dietary phytase activity was,500 and 0 FTU/kg diet 5) no other feed additive than trace minerals were studied 

within an experiment. Analysis II, studies that dealt with the effect of phytase on Zn availability.  

Response criteria True absorption, Liver , Plasma and Bone content 
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Results Phytates are identified as the major dietary factor limiting Zn bioavailability in monogastrics, from the formation of insoluble phytate-zinc complexes. The bioavailability of 
organic Zn relative to inorganic Zn sources ranged, from 85 to 117 never different from 100. The results from the two meta-analyses suggest that 1) piglets use supplemented 

Zn, independent from Zn source; 2) piglets are limited in the use of native Zn because of the antagonism of non-hydrolyzed dietary phytate. which explains the higher efficacy 

of phytase in improving Zn availability in this specie. 

 

Study code 29495 

Year 2012 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (3 replicates of 10 animals) 

Diet Background Analysed: 21.1 mg/Kg 

Units’ basis of diets and/or results Diet: mg/kg diet As fed-basis 

Factors affecting// combinations Dietary factors (dosage and timing), and environment 

Composition Diets/treatments 1) Basal diet + 60 mg/kg of Zn from ZnSO4·7H2O. (control group), 2) basal diet + 300,mg/kg of Zn from ZnSO4·7H2O 3) basal diet + 1000, mg/kg of Zn from ZnSO4·7H2O.4) 

basal diet + 3000 mg/kg of Zn from ZnSO4·7H2O.Duration:16 days  

Response criteria Animal performance, liver, kidney, spleen, serum and bone content (femur). Biochemical response(enzyme, hormones) and organ weight 

Results The present study indicated that pharmacologic levels (300-3000 mg/kg) of Zn as ZnSO4·7H2O increased growth performance, organ weight, and tissue Zn concentrations, and 
improved biochemical parameters such as ALP and Cu-Zn SOD activities and MT content and endocrine parameters such as NPY, CGRP, CCK, insulin, and glucagon 

concentrations. Furthermore, the greatest effects were observed in the group fed 3000 mg/kg Zn. 

 

Study code 29526 

Year 2012 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (6 replicates of 6 animals) 

Diet Background Analysed: 127.9 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: mg/kg diet as fed-basis 

Factors affecting// combinations Dietary factors. Trace elements 

Composition Diets/treatments 1) Basal diet (100 mg/kg of supplemental Zn as ZnSO4). 2) Basal diet + 2.0 g/kg montmorillonite (MMT). 3) basal diet + 500 mg/kg of Zn as ZnO. 4) Basal diet + 500 mg/kg 

of Zn as MMT-ZnO. 5) Basal diet + 2000 mg/kg of Zn as ZnO. Duration:14 days 

Response criteria Animal performance; intestinal mucosa integrity and diarrhoea. 
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Results Supplementing weaned pigs diets with 500 mg/kg of Zn from MMT-ZnO was as efficacious as 2000 mg/kg of Zn from ZnO in promoting growth performance, alleviating 
diarrhoea, improving intestinal microflora and barrier function at 7 and 14 d postweaning. Pigs fed 500 mg/kg of Zn from MMT-ZnO had higher performance and intestinal 

barrier function than those fed MMT or 500 mg/kg of Zn from ZnO. 

 

Study code 29558 

Year 2012 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 (7 replicates of 3 pigs) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: mg/kg diet as fed-basis 

Factors affecting// combinations Dietary factors and Trace elements: organic vs inorganic form 

Composition Diets/treatments 1) Basal diet (BD) without the inclusion of TM, 2) BD with 25% of inclusion of organic trace minerals premix (0.75 kg/T)= 42.150 mg Zn/kg diet, 3) BD with 50% of 

inclusion of organic trace minerals premix (1.50 kg/T)= 84.3 mg Zn/kg diet, 4) BD with 75% of inclusion of organic trace minerals premix (2.25 kg/T) = 126.45 mg Zn/kg diet,  

5) BD with 100% of inclusion of organic trace minerals premix (3.00 kg/T)= 168.6 mg Zn/kg diet, 6) BD with 100% of inclusion of inorganic trace minerals premix (3.00 
kg/T)= 176.1 mg Zn/kg diet. Duration: from 21 to 63 days of age 

Response criteria Animal performance. Erythrocyte content, haematological parameters and faecal content 

Results Piglets fed diets without trace minerals premix had lower values of DWG, Ht, Hb, MCH, MCV, Pt and the worst FC value of piglets fed diets containing 25% of organic trace 

minerals premix presented lower values of Ht and Hb, in comparison with those fed diets with 100% of inorganic trace minerals premix. Inorganic trace minerals premix can be 

substituted by organic trace minerals premix at a lower level of inclusion in diets for weaned piglets. Organic source of zinc (ZnSO4) determined an increase in some 
haematological parameters, such as erythrocytes, haemoglobin and platelets, while the zinc of organic source (methionine zinc) increased the mean corpuscular volume, which 

suggests that organic and inorganic sources of minerals can go through different metabolic pathways in the organism of the animal. 

 

Study code 29586 

Year 2012 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 2 (3 replicates of 16 animals) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors : Zn diet content 
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Composition Diets/treatments 1) Basal diet + 100 mg/kg ZnO, 2) basal diet + 3000 mg/kg ZnO. No information about Zn content in BD. Duration: 30 days 

Response criteria Animal performance; breaking strength (evaluated with ALP conc.). Biochemical response : MT; ALP, Cu,Zn-SOD 

Results The addition of 3000 mg/kg ZnO improved average daily gain, average feed intake and feed gain ratio, respectively. The supplementation of 3000mg/kg ZnO increased 
concentration of MT and activity of Cu, Zn-SOD in liver. High dietary zinc exerts its beneficial effects of growth performance in piglets through increasing serum IGF-I, liver 

MT and Cu,Zn-SOD levels. 

 

Study code 29723 

Year 2011 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (4 replicates of 4 animals)  

Diet Background Estimated: 10 mg Zn (as ZnO), 

Units’ basis of diets and/or results Diet: mg/kg diet as fed-basis 

Factors affecting// combinations Dietary factors and environment (outdoor rearing) 

Composition Diets/treatments A 2x2 factorial 1) environment (indoors (In) v. outdoors (Out)) 2) two levels of dietary ZnO supplementation (0 and 3100 mg/kg of diet)Basal diet=10 mg Zn (as ZnO) . 
Duration:10 days trial 

Response criteria E.coli disease and enteric parameters 

Results Both ZnO and outdoor rearing reduced ETEC excretion, and these effects were additive: Outdoor rearing increased small intestine and colon tissue weight. ZnO increased 

villus height and goblet cell number in the upper small intestine, LAB-to-coliform ratio (through reduced coliforms) in the lower small intestine and proximal colon, and 
improved growth performance. 

 

Study code 29790 

Year 2011 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (6 replicates of 8 animals) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: mg/kg diet as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control group (basal diet), 2) basal diet + 10 mg antibacterial peptide/kg diet, 3) basal diet + 1200 mg zinc MET/kg diet (equal to 200 mg Zn2+/kg diet), 4) basal diet + 10 mg 
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antibacterial peptide and 1200 mg zinc MET/kg diet. Duration: 4 weeks  

Response criteria Animal performance. Biochemical response and diarrhoea ratios 

Results Antibacterial peptide and zinc methionine were effective in improving growth performance, enhancing immune function, and blood vessel function and antioxidant enzyme 
activity of piglets. 

 

Study code 29863 

Year 2010 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1. 5 (6 replicates of 5 animals).Experiment 2. 5 (9 replicates of 16 animals) 

Diet Background Estimated: 100 mg Zn as ZnSO4/kg 

Units’ basis of diets and/or results Diet: as fed-basis. Results: μg/dL 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: 28 days trial, 1) unsupplemented basal diet: contained 100 ppm zinc as ZnSO4 (35.5% zinc), 2) basal diet + antibiotic (33 ppm tiamulin + 100 ppm 

chlortetracycline), 3) basal diet + ZnO (1,500ppm), 4) basal diet + ZnO (2,500 ppm), 5) basal diet + 0.1% peptide-bound rare earth mineral-yeast.  

Experiment 2 : 14 days trial, 1) unsupplemented basal diet, 2) basal diet + antibiotic(33 ppm tiamulin+ 100 ppm chlortetracycline)+ 1.0% Celite 545, 3) basal diet + ZnO 

(1,500ppm) + 1.0% Celite 545, 4) basal diet + ZnO (2,500 ppm) + 1.0% Celite 545, 5) basal diet + 0.1% peptide-bound rare earth mineral-yeast + 1.0% Celite 545 

Response criteria Animal performance Serum content: parameters (included Zn), and nutrient digestibility 

Results The performance of pigs fed rare earth mineral-yeast was basically equal to that of pigs fed antibiotics or ZnO indicating that rare earth mineral-yeast can be successfully used 
as a growth promoter in diets fed to nursery pigs. The effects of rare earth mineral-yeast appeared to be mediated through improvements in nutrient digestibility. Pigs fed ZnO 

had higher serum zinc concentrations than pigs fed antibiotic or rare earth mineral-yeast supplemented diets. 

 

Study code 29884 

Year 2010 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (12 pigs per treatment individually allotted) 

Diet Background Estimated: 150 mg Zn as ZnSO4/kg diet 

Units’ basis of diets and/or results Diet: mg/kg diet as fed-basis 

Factors affecting// combinations Dietary factors, Physiological factors : intestinal villi 
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Composition Diets/treatments 1) basal diet, control (C): (150 mg Zn /kg diet as ZnSO4), 2) C+Zinc oxide (ZnO) 200 mg Zn/kg dose, 3) C+Zinc oxide (ZnO) 2500 mg Zn/kg dose, 4) C+zinc chelate with 
glutamic acid (Glu-Zn) 200 mg Zn/kg dose5) C+zinc chelate with glutamic acid (Glu-Zn) 2,500 mg Zn/kg dose. Duration: One week  

Response criteria Animal performance, and E. coli faecal excretion (ETEC) and intestinal parameters 

Results The data still confirm that supranutritional doses (2,500ppm) of zinc can effectively reduce the intestinal colonization of enterobacteria and particularly of ETEC, but also that 

more than one week may be necessary to fully exploit the auxinic effect of a 3,000 mg/kg zinc dietary addition. 

 

Study code 29902 

Year 2010 

Animal Category  Piglets (weaned and suckling) 

Nº treatments (replicates/ treatment) 4 (2 replicates of 8 animals) 

Diet Background Estimated: 120 mg elemental Zn from ZnO/kg 

Units’ basis of diets and/or results Diet: ppm Zn, as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments A 2 x 2 factorial arrangement: 1) barley-based diet (120 ppm zinc,ZnO) without supplementation with ZnAA, 2) based diet without supplementation with ZnAA + nutriment-

intubated (5 ml solution with 40 mg Zn from ZnMet = 8mg/ml), 3) basal diet + 240 ppm Zn from ZnAA4) basal diet + 240 ppm Zn from ZnAA + nutriment-intubated (5 ml 

solution with 40 mg Zn from ZnMet). Duration:21 days  

Response criteria Animal performance. Liver and serum content; intestinal morphology, bacterial translocation, and E.coli response 

Results Nutriment intubation of ZnMet increased serum and liver tissue concentrations of Zn and resulted in limited improvement to intestinal morphology of weaned pigs. 
Supplementation with 120 mg ZnAA complex to the lactation diet of sows was less efficient in altering intestinal morphology and Zn status of weaned pigs, although there 

were apparent additive effects of supplementing the lactating sow diet and gastric intubation with organic Zn sources on intestinal development. Supplementation level of 

ZnAA to the lactating sow diet may have been below what was required to achieve efficacious effects in suckling pigs. Immune challenge with E. coli LPS only slightly 
affected intestinal morphology and did not alter Zn status and bacterial translocation in weaned pigs. Feeding pharmacological Zn concentrations of 1500-3000 ppm Zn from 

ZnO has been shown to improve growth performance. 

 

Study code 29912 

Year 2010 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 2 (8 replicates of 7 or 8 piglets) 

Diet Background Estimated: 100 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: mg/kg as fed-basis. 
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Factors affecting// combinations Dietary factors, and time 

Composition Diets/treatments 1) Unsupplemented (U) (basal level of zinc (100 mg/kg), 2) supplemented (Z; ZnO 3100 mg/kg ZnO). Duration:13 days  

Response criteria Animal performance and food preference 

Results This study shows the rejection of ZnO supplemented feed in a choice fed situation by weaner piglets. It is clear that without prior experience the piglet will not select the 
supplemented food with ZnO due to its unpleasant taste. 

 

Study code 29950 

Year 2009 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (5 replicates of 8 piglets). 

Diet Background Analysed: 137.4 -139.1mg Zn/kg 

Units’ basis of diets and/or results Diet: mg Zn/kg as fed-basis 

Factors affecting// combinations Dietary factors, Physiological factors and CuSO4 

Composition Diets/treatments A 2×2 factorial experiment: 1) no supplementation of TBZC and CuSO4 (approximately 138 mg Zn/kg), 2) supplementation of 250 mg/kg Cu from CuSO43) supplementation 

of 1500 mg/kg Zn from TBZC4) supplementation of 1500 mg/kg Zn from TBZC and 250 mg/kg Cu from CuSO4* tetrabasic zinc chloride (TBZC)Duration:28 days  

Response criteria Animal performance; short-chain fatty acids and digestive enzyme activities 

Results Supplemented weanling piglet diet with tetrabasic zinc chloride (TBZC) or CuSO4 increased average daily gain during the first 4 week after weaning. The combination of 
TBZC and CuSO4 did not result in an additive response. It was shown that TBZC stimulated the synthesis and secretion of pancreatic chymotrypsin and may promote intestinal 

health. This finding may partly explain the beneficial effects of TBZC on growth performance of weanling piglets. During week 1-4, piglets fed diets both containing 250 mg 

Cu/kg from CuSO4 and 1500 mg Zn/kg from TBZC had the greatest ADG. 

 

Study code 29955 

Year 2009 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 4 (12 replicates of 3 barrows). Experiment.2: 4 (6 replicates of 2 barrows). Experiment.3: 4 (24 replicates of 4 or 6 pigs) 

Diet Background Estimated: 100 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: ppm zinc as fed-basis 

Factors affecting// combinations Dietary factors : Zn or antibiotic 
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Composition Diets/treatments Exp 1: 28 days trial1) basal diet (negative control): 100 ppm Zinc as ZnSO4, 2) basal diet + antibiotic combination (33 ppm tiamulin and 100 ppm chlorotetracycline), 3) basal 
diet + 1500 ppm zinc (ZnO), 4) basal diet + 2500 ppm zinc (ZnO).  

Exp 2 had the same diets adding Celite as digestibility marker. 

Response criteria Animal performance, liver content, kidney, spleen and faeces content and digestibility of nutrients 

Results Feeding 1500 ppm zinc resulted in similar performance to feeding 2500 ppm zinc. The concentration of zinc in the faeces of pigs fed 1500 ppm zinc was approximately half 
that of pigs fed 2500 ppm zinc. Feeding 1500 ppm zinc as oxide supported a similar level of performance as 2500 ppm zinc, while significantly reducing faecal zinc excretion. 

 

Study code 29977 

Year 2009 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 8 (8 replicates of 3 pigs)  

Diet Background Analysed: 206 mg Zn /kg diet (phase1)and 189 mg Zn /kg diet (phase2) 

Units’ basis of diets and/or results Diet: As fed-basis 

Factors affecting// combinations Dietary factors. Physiological factors: age, time; antimicrobials (biothin, carbadox) 

Composition Diets/treatments 1) basal diet (contained 165 mg/kg of Zn as ZnSO4 and 220 μg/kg of d-biotin). 2) basal + 55 mg/kg of carbadox, 3) basal + 3,000 mg/kg of ZnO, 4) basal + 3,000 mg/kg of 

ZnO + 55 mg/kg of carbadox, 5) basal + 440 μg/kg of d-biotin, 6) basal + 440 μg/kg of d-biotin + 55 mg/kg of carbadox, 7) basal + 3,000 mg/kg of ZnO + 440 μg/kg of d-
biotin,8) basal + 3,000 mg/kg of ZnO + 440 μg/kg of dbiotin + 55 mg/kg of carbadoxDuration:28 days  

Response criteria Animal performance, plasma and faecal Zn concentration 

Results Pigs supplemented with 440 μg/kg of d-biotin, independent of antibiotic and ZnO additions, had greater overall ADG.Overall ADG, ADFI, and G:F were not affected when 

pigs were supplemented with 3,000 mg/kg of Zn as ZnO or 55 mg/kg of carbadox. During wk 2, pigs fed 3,000 mg/kg of Zn as ZnO and 440 μg/kg of d-biotin had greater 

faecal Zn concentrations than pigs fed diets with only 3,000 mg/kg of Zn as ZnO. pigs supplemented with 3,000 mg/kg of Zn as ZnO in combination with carbadox and d-
biotin had greater faecal Zn concentrations compared with pigs fed diets containing no additional Zn during wk 2. Faecal Zn concentrations increased over time, and pigs fed 

supplemental ZnO had greater faecal Zn concentrations. 

 

Study code 30070 

Year 2008 

Animal Category  Pigs for fattening: growing and finishing pigs 

Nº treatments (replicates/ treatment) 4 (8 replicates of 5 pigs) 

Diet Background Not specified 
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Units’ basis of diets and/or results Diet: mg/kg of diet, as fed-basis Results :Dry Matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) low sulphate: 27 mg/kg of total Cu and 65 mg/kg of total Zn (sulphate)2) low proteinate: 27 mg/kg of total Cu and 65 mg/kg of total Zn (proteinate amino acid chelate) 3) 
high sulphate: 156 mg/kg of total Cu and 170 mg/kg of total Zn (sulphate)4) high proteinate: 156 mg/kg of total Cu and 170 mg/kg of total Zn (proteinate amino acid chelate) 

Duration:77 days (approximately) 

Response criteria True absorption, Animal performance, liver, kidney, serum and bone content; Biochemical response; and carcass and meat quality 

Results Total dietary levels of 27 mg/kg Cu and 65 mg/kg Zn, in either the proteinate amino acid chelate or sulphate form, significantly reduced the excretion of Cu and Zn via faeces 

by approximately 6-fold for Cu and 2.5-fold for Zn compared with a diet containing 156 mg/kg Cu and 170 mg/kg Zn in growing/finishing pigs. Levels of 27 mg/kg Cu and 65 

mg/kg Zn also maintained the growth rate and mineral homeostasis in the pigs compared with diets containing 156 mg/kg Cu and 170 mg/kg Zn, under the conditions of this 

experiment.  

 

Study code 30195 

Year 2008 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (8 replicates of 4 pigs) 

Diet Background Estimated: 185 mg of Zn as zinc oxide/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) control diet (CT) : 185 mg of Zn as zinc oxide/kg diet2) basal diet + 0.2% of BM3) basal diet + 80 mg/kg of Zn as BP4) basal diet + 0.2% of BM and 80 mg/kg of Zn as 

BP*mannan-oligosacharides (BM) ;organic zinc (BP)Duration:5 weeks 

Response criteria Animal performance, diarrhoea prevention, immune response and faecal consistency 

Results The use of mannan-oligosacharides or organic zinc can improve the efficiency of gain during the starter period. For the 5-wk trial, pigs fed BM and BMP had improved G:F 

compared with CT pigs.For the entire period, faecal score was improved by BM and BP compared with CT (1.22, 0.89, 0.87, and 1.06 for CT, BM, BP, and BMP respectively). 

 

Study code 30296 

Year 2007 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 (5 replicates of 6 pigs)  

Diet Background Analysed: 208.2 mg Zn/kg diet 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

993 

Units’ basis of diets and/or results Diet: mg/kg diet, as fed-basis 

Factors affecting// combinations Trace elements : source 

Composition Diets/treatments 1) No supplementation of Zn (control) 208.2 mg Zn/kg; 2) supplemental Zn at 2250 mg/kg diet from ZnO; 3) supplemental Zn at 3000 mg/kg diet from ZnO; 4) supplemental 
Zn at 1500 mg/kg diet from TBZC; 5) supplemental Zn at 2250 mg/kg diet from TBZC; 6) supplemental Zn at 3000 mg/kg diet from TBZC.* tetrabasic zinc chloride (TBZC). 

Duration:28 days 

Response criteria Animal performance, liver, kidney, bone (metacarpals)and plasma content, and faecal characteristics 

Results Feeding pharmacological Zn from ZnO or TBZC improved growth performance of weanling piglets for the first 4 weeks after weaning. TBZC could be a desirable Zn source 

compared with ZnO for weanling piglet diets to enhance growth performance at lower dosage. Analysed Zn contents were 756 and 559 g/kg in ZnO and TBZC, respectively. 

ZnO and TBZC were both insoluble in water. TBZC was completely soluble in 0.4% HCl, 2% citric acid, and neutral ammonium citrate. The solubility value of ZnO was 94%, 

70%, and 61% in 0.4% HCl, 2% citric acid, and neutral ammonium citrate, respectively. The data suggested that the two sources did not have different effects from each other 

when Zn inclusion levels were 2250 or 3000 mg/kg, and Zn supplementation at 1500 mg/kg diet from TBZC was as efficacious as at 3000 mg/kg diet for period weeks 1-2 and 
as efficacious as supplementation at 2250 mg/kg diet for period weeks 1-4. 

 

Study code 30297 

Year 2007 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 (6 replicates of 1 pig) 

Diet Background Estimated: 25-38 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: mg Zn/kg diet, as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors, and animal species, and phytase 

Composition Diets/treatments 1) Basal diets containing 2.3g phytic P and 38 mg Zn/kg (P+). Zn‐free vitamin-trace mineral mix ,2) basal diets containing 2.3g phytic P and 38 mg Zn/kg (P+)+ 15 mg zinc as 
sulphate/kg, 3) basal diets containing 1.3g phytic P and 25 mg Zn/kg (P−), 4) basal diets containing 1.3 g phytic P and 25 mg Zn/kg (P−)+ 15 mg zinc as sulphate/kg, 5) P+ 

supplemented with 3‐phytase (500 FTU/kg)(P+/Phytase), 6) P+ supplemented with 3‐phytase (500 FTU/kg)(P+/Phytase)+ 15 mg zinc as sulphate/kgDuration:20 days trial 

Response criteria True absorption, Animal performance, bone, plasma and stomach/gizzard content 

Results Phytase increased Zn status in a lesser extent than 15 ppm supplemental Zn. Phytase increased soluble Zn in stomach but not in gizzard. (Higher availability of Zn in chicks 

than in piglets in the absence of phytase). This may explain the higher efficacy of phytase for improved Zn availability in piglets than in chicks. Dietary Zn addition affects the 
Zn status of both animal species. The low pH in gizzard compared to stomach induces a higher Zn availability in chicks than in piglets in the absence of phytase.  

 

Study code 30304 

Year 2007 
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Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) C: 2 (1 replicate, of 12 pigs);-Zn: 2 (2 replicates of 20 pigs) 

Diet Background Estimated: 33 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis  

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Diet without supplemental zinc (33 ppm, zinc-deficient) (-Zn). 2) Diet with added zinc (113 ppm, control)(C). Duration:18 or 27 days 

Response criteria Animal performance. Biochemical response (ALP, enzymes). Plasma content; mid-jejunum microflora. 

Results Feeding weaned piglets with a diet moderately deficient in zinc for 18-27 d, depleted plasma zinc and ALP activity and reduced colonic weight, tended to increase jejunal 

counts of lactic acid bacteria and coliforms, and had no effect on jejunal morphology and enzyme activities. 

 

Study code 30341 

Year 2007 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 54 piglets (six killed before weaning). The remaining 48 allocated to 4 treatments (12 animals per treatment)Experiment 2: 48 piglets (six litters of eight piglets) 

allocated to four dietary treatments (12 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors, Trace elements (Cu) 

Composition Diets/treatments Experiment 1: 15 days trial1) 100 ppm Zn, 2) 250 ppm Zn, 3) 1000 ppm Zn, 4) 2500 ppm Zn.  

Experiment 2: 7 days trial1) low dietary zinc 100 ppm + low dietary copper 20 ppm, 2) low dietary zinc 100 ppm + high dietary copper 175 ppm, 3) high dietary 2500 ppm + 

low dietary copper 20 ppm, 4) high dietary 2500 ppm + high dietary copper 175 ppm 

Response criteria Animal performance, Plasma and mucosa content of Zn 

Results The zinc status, measured as zinc in plasma and mucosa, was not affected by weaning of the piglets. The dietary zinc treatments increased the zinc concentration in plasma as 

well as the zinc and MT mRNA concentration in mucosa. Lymphocyte MT mRNA concentrations did not reflect the differences in dietary zinc supplementation. There was a 
strong tendency to increased mucosal AP activity, when piglets were fed 2500 ppm zinc compared with 1000 ppm zinc or less. Weaning did not affect the zinc status indicators 

applied in the present study. The level of circulating zinc was amplified with high dietary copper concentrations. Lymphocyte MT mRNA concentrations did not reflect the 

differences in zinc intake in these short-term studies. 

 

Study code 30369 
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Year 2006 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 3 (6 replicates of 6 piglets) 

Diet Background Analysed: 219 mg Zn /kg diet(I phase)158 mg Zn /kg diet (II phase) 

Units’ basis of diets and/or results Diet: diet as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) control diet (150 ppm Zn, 15 ppm Cu), 2) diets containing 3000 ppm additional Zn (as zinc oxide), 3) diets containing 250 ppm additional Cu (as copper sulphate). 

Duration:28 days  

Response criteria Animal performance. Biochem. Resp.(cytokines and cortisol), intestinal morph. 

Results The addition of 3000 ppm Zn as zinc oxide to the diet improved growth performance of piglets during the first 2 wk post-weaning. It appears that growth performance response 
of pigs to high dietary Zn depends on the age of pig. These results suggest that pharmacological levels of dietary Zn improve performance and can alleviate the stress response 

induced with bacterial endotoxin. At pharmacological dietary level, Zn reduces the diversity of microbiota. 

 

Study code 30418 

Year 2006 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Sows: 3 (2 replicates of 5 or 6 sows) Piglets: 3 (7 or 6 pigs per replicate) 

Diet Background Estimated: 100 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: diet as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors. Physiological factors: production phase 

Composition Diets/treatments Treatment for sows and piglets:1) a corn-soybean diet with 100 ppm Zn from ZnSO4 (control); 2) basal diet + 100 ppm additional Zn from ZnSO4;3) basal diet + 100 ppm 

additional Zn from ZnAA.*organic (Zn AA complex) and inorganic Zn (ZnSO4) Sows trial: from d 15 of gestation to the farrow day. Piglets: 28 days trial 

Response criteria Animal performance, Liver, Pancreas and Bone content 

Results These results suggest that 100 ppm Zn in trace mineral premixes provides adequate Zn for optimal growth performance of nursery pigs, but that 100 ppm additional Zn from 

ZnAA in sow diets may increase pigs born and weaned per litter. 

 

Study code 30483 

Year 2006 
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Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (8 replicates of 4 piglets) 

Diet Background Estimated: 100 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors. Physiological factors, and environment(drinking and eating time) 

Composition Diets/treatments A 2 × 2 factorial block design: 1) mixing + BD NO addition of extra ZnO, 2) mixing + BD addition of extra ZnO (ZnO; 2,500 ppm of Zn), 3) no mixing + BD NO addition of 

extra ZnO, 4) no mixing + BD addition of extra ZnO (ZnO; 2,500 ppm of Zn). Duration:28 days trial 

Response criteria Animal performance, eating and drinking rates 

Results Neither mixing nor addition of ZnO affected the daily eating time. However, nonmixed piglets given 2,500 ppm of Zn as ZnO in the feed spent more time drinking per day than 
did nonmixed piglets offered 100 ppm of Zn as ZnO. The drinking behaviour of newly weaned piglets was more affected by the external factors, mixing and addition of ZnO to 

the feed, than the eating behaviour. 

 

Study code 30494 

Year 2006 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 9 (6 animals per treatment individually allocated) 

Diet Background Estimated: 33 mg of Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis  

Factors affecting// combinations Dietary factors, phytase 

Composition Diets/treatments 1) basal diet + 10 mg of zinc as sulphate (ZnSO4, 7H2O)/kg 2) basal diet + 25 mg of zinc as sulphate (ZnSO4, 7H2O)/kg3) basal diet + 40 mg of zinc as sulphate (ZnSO4, 

7H2O)/kg4) basal diet + 60 mg of zinc as sulphate (ZnSO4, 7H2O)/kg5) basal diet + 80 mg of zinc as sulphate (ZnSO4, 7H2O)/kg6) basal diet + 0 mg of zinc as sulphate/kg and 

700 units (U) of microbial phytase (Natuphos)/kg.7) basal diet + 10 mg of zinc as sulphate/kg and 700 units (U) of microbial phytase (Natuphos)/kg.8) basal diet + 25 mg of 
zinc as sulphate/kg and 700 units(U) of microbial phytase (Natuphos)/kg.9) basal diet + 40 mg of zinc as sulphate/kg and 700 units (U) of microbial phytase 

(Natuphos)/kgDuration:26 days trial 

Response criteria True absorption, Animal performance, bone and plasma content. Biochemical response and intake 

Results Without microbial phytase, plasma AP activity and zinc concentration were maximized when dietary zinc reached 86 and 92 mg/kg respectively. With microbial phytase they 

were maximized when dietary zinc concentration reached 54 and 49 mg/kg respectively. The recommended supply of zinc for weaned piglets up to 16 kg fed maize-soybean 
meal diets supplemented with zinc as sulphate is thus of 100-110 mg/kg diet. This supply may be reduced by around 35 mg if the diet is supplemented with 700 U of microbial 

phytase. Therefore, zinc ingested and, in turn, zinc excreted, may be reduced by almost 35% by replacing 35 mg of zinc as sulphate by 700 U of phytase in a piglet diet 

formulated to contain 110 mg of zinc/kg. 
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Study code 30496 

Year 2006 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (8 replicates of 6 or 7 piglets) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, Enterococcus faecium SF68 

Composition Diets/treatments A 2 x 2 factorial experiment: 1) zinc oxide supplementation (0 mg ZnO/kg feed)+ E. faecium SF68 (0 CFU/kg feed) 2) zinc oxide supplementation (0 mg ZnO/kg feed)+ E. 

faecium SF68 (1400000000 CFU/kg feed) 3) zinc oxide supplementation (3100 mg ZnO/kg feed)+ E. faecium SF68 (0 CFU/kg feed) 4) zinc oxide supplementation (3100 mg 

ZnO/kg feed)+ E. faecium SF68 (1400000000 CFU/kg feed) Duration:20 days 

Response criteria Animal performance, Bioch. response. (Ig's); immune status and intestinal bacterial counts 

Results The inclusion of either the bacterium E. faecium SF68 as a probiotic or, mores urprisingly, ZnO into the post-weaning diet did not affect piglet growth rate, feed consumption 

or feed conversion. 

 

Study code 30530 

Year 2005 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (10 replicates of 10 piglets) 

Diet Background Estimated: 125-100 mg Zn as Zn sulphate/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis  

Factors affecting// combinations Dietary factors, Trace elements 

Composition Diets/treatments 1) basal diet (phase I and II)2) basal diet + 150 ppm of Zn as Zn-PS 3) basal diet + 300 ppm of Zn as Zn-PS 4) basal diet + 450 ppm of Zn as Zn-PS 5) basal diet + 2,000 ppm 
Zn as ZnO.*Zn-polysaccharide (Zn-PS)Duration:5 weeks 

Response criteria True absorption, Animal performance Plasma, urine and faecal content; Zn and Cu balance, retention 

Results Overall growth performance by pigs fed diets containing 300 or 450 ppm Zn as Zn-PS for 5 weeks did not differ from that of pigs fed 2,000 ppm Zn as ZnO; however, feeding 

300 ppm Zn as Zn-PS decreased Zn excretion by 76% compared with feeding 2,000 ppm Zn as ZnO. 
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Study code 30535 

Year 2005 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Number of animals variable per station and treatment: Experiment 1: 5 (2, 3 or 4 replicates); Experiment 2: 8 (2 or 3 replicates) 

Diet Background Analysed: averaged 125 and 122 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: ppm of Zn as fed-basis 

Factors affecting// combinations Dietary factors, Trace elements 

Composition Diets/treatments Experiment 1: 28 days trial1) Control (averaged 125 and 122 ppm of Zn)2) 2,500 ppm of Zn from ZnO3) 125 ppm of Zn from Zn methionine4) 250 ppm of Zn from Zn 

methionine5) 500 ppm of Zn from Zn methionine.  

Experiment 2: 28 days trial1) control (140 ppm total Zn). 2) basal diet + organic Zn ZnO (500 ppm of Zn)3) basal diet + organic Zn ZnO (2,000ppm of Zn)4) basal diet + 500 

ppm of Zn Zinc polysaccharide complex.5) Basal diet + 500 ppm of Zn as Zinc proteinate.6) Basal diet + 500 ppm of Zn as Zinc amino acid complex.7) basal diet + 500 ppm 

of Zn as Zinc amino acid chelate8) basal diet + 500 ppm of Zn as Zinc methionine. 

Response criteria Animal performance of nursery pigs 

Results Pigs fed 2,500 ppm of Zn from ZnO gained faster than those fed the control diet during all phases, and faster than those fed supplemental Zn from Zn methionine for the 28-d 
experiment. Pigs fed 2,000 ppm of Zn from ZnO gained faster than pigs fed the control or any of the 500 ppm of Zn treatments (ZnO or organic Zn). Pigs fed the 2,000 ppm of 

Zn from ZnO also consumed more feed than those receiving 500 ppm of Zn from ZnO or from any of the organic Zn sources. Supplemental Zn at 500 ppm from ZnO or several 

organic sources was not as effective in stimulating growth, feed intake, or efficiency as when a pharmacological (2,000 ppm) level of Zn was fed as ZnO. 

 

Study code 30644 

Year 2005 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment.1.= 6 treatments. Experiment.2.= 4 treatments. Experiment 3.= 4 treatments. Treatments in Experiment. 1, 2, and 3 were replicated with 5, 6, or 7 pens, with 7, 6, or 

6 pigs per pen, respectively. 

Diet Background Estimated: 127 mg/kg of Zn (as Zn sulphate) 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors and phytase 

Composition Diets/treatments Experiment 1: 2 × 3 factorial design: 1) two levels of phytase (0 phytase units/kg; or 500 phytase units/kg) 2) three levels of excess Zn as ZnO (0 ppm, 1,000 ppm, or 2,000 
ppm) Experiment 2: 2 × 2 factorial design: 1) two levels of phytase (0 phytase units/kg or 500 phytase units/kg)2) two levels of Zn as ZnO (0 ppm or2,000 ppm) Experiment 3: 

1) with Ca and aP levels decreased by 0.10% 2) with or without 500 phytase units/kg. Duration:19 to 21 days  

Response criteria Animal performance, Bone (Coccygeal vertebrae), and Plasma content 
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Results Dietary phytase decreased ADG in pigs fed 1,000 or 2,000 ppm Zn during Phase 2 , did not affect ADFI during any period, and decreased G:F during Phase 2 and for the 
overall period. Plasma Zn was increased by supplemental Zn but not affected by phytase addition. Gain: feed was greatest for pigs fed 2,000 ppm Zn and phytase. Bone and 

plasma Zn were increased by added Zn but not affected by phytase. Plasma Zn was increased as Zn level increased, but the response was much more pronounced at 2,000 ppm 

Zn than at 1,000 ppm Zn.The addition of 2,000 ppm Zn increased ADG and G:F during Phase 2 and for the overall period, but ADFI was not affected by Zn addition during 
these periods. These results indicate that excess dietary supplemental Zn increases ADG and plasma and bone Zn concentrations. Dietary phytase did not affect plasma or bone 

Zn concentrations. 

 

Study code 30707 

Year 2004 

Animal Category  Piglets (weaned) and pigs for fattening 

Nº treatments (replicates/ treatment) 8 (3 replicates of 3 pigs) 

Diet Background Estimated: 34 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: Zn, as fed-basis 

Factors affecting// combinations Dietary factors, and diseases (PRRSv and Mycoplasma hyopneumoniae) 

Composition Diets/treatments A 2 × 4 factorial arrangement:1) PRRSv and M. hyopneumoniae inoculation or sham inoculation with media when pigs entered the grower facility (d 0) at 9 weeks of age 2) 

supplemental Zn at 10, 50, 150 ppm or 2,000 ppm ZnSO4. Duration:28 days  

Response criteria Animal performance, biochemical response (ALP), serum content and immune response 

Results PRRSv and M. hyopneumoniae act to produce some performance deficits and the influence of Zn supplementation of nursery age pigs does not have clear effect in grower pigs 

affected with disease. Zn supplementation failed to mitigate the performance deficits caused by co-infection with these pathogens. Zn concentrations tended to increase with 
increasing Zn supplementation (Table). However, few differences were noted in the groups receiving a diet with 150 ppm supplemental Zn and groups fed 2,000 ppm 

supplemental Zn for two weeks in the nursery and then 150 ppm for the remainder of the study. 

 

Study code 30728 

Year 2004 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 (6 pigs per treatment individually allocated) 

Diet Background Analysed: 32 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: mg Zn/kg, as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors, trace elements: source, microbial phytase 
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Composition Diets/treatments 1) Basal diet containing 32 mg Zn/kg, 2) basal diet + 20 mg Zn/kg from sulphate(ZnSO4·7H2O), 3) basal diet + 20 mg Zn/kg from the organic source (ZnOrg), 4) basal diet 
containing 32 mg Zn/kg + 1200 units (U) of microbial phytase per kg, 5) basal diet + 20 mg Zn/kg from sulphate (ZnSO4·7H2O)+ 1200(U) of microbial phytase per kg, 6) basal 

diet + 20 mg Zn/kg from the organic source (ZnOrg) + 1200(U) of microbial phytase per kg. Duration: 19 days  

Response criteria Animal performance, Liver, bone and plasma content. Biochemical response (ALP) and Zn retention 

Results The replacement of ZnSO4 by the organic source did not modify Zn retention, the concentration of Zn in bone and plasma or plasma alkaline phosphatase (AP) activity. The 
addition of microbial phytase considerably improved Zn bioavailability. Dietary phytase supplementation largely improves Zn bioavailability in piglets in contrast to the 

substitution of ZnSO4 by the organic Zn-methionine source. The amount of Zn released by the addition of 1200U phytase/kg of diet largely exceeds that provided by 20 ppm 

Zn added as ZnSO4 or the organic source of Zn.  

 

Study code 30748 

Year 2004 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 3 (2 replicates of 7 pigs) 

Diet Background Analysed: 45.5 mg Zn/kg diet; 38 mg Zn/kg diet; 31 mg Zn/kg diet  

Units’ basis of diets and/or results Diet: as fed-basis  

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) Diets with no extra zinc supplement during the whole trial. (average 38.17 mg Zn/kg mix (45.50 in the starter,38.00 in the grower, 31.00 in the finisher), 2) (T2) received an 

average a total of 122.49 mg Zn/kg (128.00 in the starter, 124.26 in the grower and 115.20 in the finisher). Supplemented with an average of 84.32 mg Zn/kg as ZnSO4 (82.50 

in the starter, 86.26 in the grower and 84.20 in the finisher), 3) (T3) received on average a total of 81.48 mg Zn/kg (101.80 in the starter, 80.30 in the grower, 62.33 in the 
finisher). Supplemented with an average of 43.31 mg Zn/kg in the form of Zn-methionate (56.30 in the starter, 42.30 in the grower and 31.33 in the finisher). Duration:107 

days(28 days starter, 28 days grower, 49 days finisher) 

Response criteria Serum content 

Results Bioavailability of zinc from Zn-methionate (average of 43.31 mg Zn/kg) was significantly better than that of zinc from ZnSO4(average of 84.32 mg Zn/kg)in the period of fast 
growth and body mass gain. No marked influence of dietary supplemented zinc from either organic or inorganic source on serum Ca and P concentrations. 

 

Study code 30767 

Year 2004 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 11 (9 pigs in each treatment) 

Diet Background Estimated: 130 mg Zn/kg diet  
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Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors phytase 

Composition Diets/treatments Combined factors of 11 treatments:1) three graded levels of supplemental iP (0, 0.075, 0.150%) from reagent-grade KH2PO42) two levels of phytase (500 and 1,000 FTU/kg) 
from EcoPhos3) 1,500 mg of Zn/kg from either Waelz ZnO or basic Zn chloride (Zn5Cl2(OH)8). Duration:21 days  

Response criteria Animal performance, Bone content (Fibula and Tibia ash), biochemical response and bioavailability 

Results Phytase supplementation improved weight gain, G:F, and fibula ash (% and mg). Bone ash (mg) was highest for pigs fed diets containing 1,000 FTU/kg of phytase: P-release 

values of 0.130 and 0.195% for 500 and 1,000 FTU of phytase/kg, respectively, in the absence of Zn, whereas in the presence of Zn (pooled), P-release values were decreased 

to 0.092 and 0.132%, respectively. Pharmacological levels of zinc significantly decreased the efficacy of phytase for improving bone ash in the young pig. 

 

Study code 30777 

Year 2004 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1:6 (17 replicates of 3) Experiment 2: 7 (7 replicates of 2 pigs) Experiment 3: 4 (5 replicates of 1 pig) 

Diet Background Estimated: 165 mg Zn as ZnSO4/kg diet 

Units’ basis of diets and/or results Diet: ppm as fed-basis  

Factors affecting// combinations Dietary factors, Trace elements: inclusion rates, source 

Composition Diets/treatments Experiment 1:42 days trial Phase 1 (d 1 to 14) basal diet was supplemented with 0, 125, 250, 375, or 500 ppm Zn as Zn polysaccharide (as-fed basis) or 2,000 ppm Zn as ZnO. 

All pigs were then fed the same Phase 2 (d 15 to 28) and Phase 3 (d 29 to 42) diets. Experiment 2: 42 days trial. Both the Phase 1 and 2 basal diets were supplemented with 0, 
50, 100, 200, 400, or 800 ppm Zn as Zn-proteinate or 2,000 ppm Zn as ZnO (as-fed basis).Experiment 3: 42 days trial Phase 2 basal diet was supplemented with 0, 200, or 400 

ppm Zn as Zn-proteinate, or 2,000 ppm Zn as ZnO. 

Response criteria True absorption, Animal performance, Urine, faecal and plasma content and intake retention 

Results Zn supplementation above the 165 ppm Zn (as-fed basis) provided as ZnSO4 in the basal diets using organic Zn sources does not improve growth performance. Feeding 2,000 

ppm Zn (as-fed basis) as ZnO improved the growth performance of pigs weaned at approximately 17 d of age. Pigs fed 2,000 ppm Zn (as-fed basis) as Zn oxide excreted 
approximately 10 times more Zn in the faeces than the pigs fed the basal diet containing 165 ppm Zn (as-fed basis) as ZnSO4. Therefore, feeding lower concentrations of 

organic Zn sources in nursery pig diets as replacements for pharmacological concentrations (2,000 ppm, as-fed basis) of inorganic Zn as Zn oxide would decrease the 

concentration of Zn excretion.  

 

Study code 30826 

Year 2004 

Animal Category  Piglets (weaned) 
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Nº treatments (replicates/ treatment) Experiment 1: 4 (9 replicates of 6 piglets)Experiment 2: 6 (6 replicates of 6 piglets)Experiment 3: 6 (6 replicates of 6 piglets)  

Diet Background Estimated: 200 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors Phosphorylated mannans (MAN) 

Composition Diets/treatments Experiment 1: 38 days trial a 2 × 2 factorial with: 1) two levels of Zn (200 and 2,500 ppm) as ZnO2 two levels of MAN (0 and 0.3% from d 0 to 10, and 0 and 0.2% from d 10 

to 38).  

Experiment 2: 38 days trial a 2 × 3 factorial with: A) two levels of Zn (200 and 2,500 ppm) ZnOB) three levels of MAN (0, 0.2, and 0.3%).  

Experiment.3: 21 days trial a 2 × 3 factorial with: 1) two levels of MAN (0 and 0.3%) 2) three levels of Zn (200, 500, and 2,500 ppm). ZnO* Phosphorylated mannans(MAN) 

Response criteria Animal performance and immune competence 

Results Phosphorylated mannans may have potential to improve growth performance in the presence of pharmacological levels of ZnO and modulate lymphocyte proliferation when 
supplemented in nursery pig diets. The addition of phosphorylated mannans with 500 ppm dietary zinc did not result in a synergistic response above either added singly. 

Although the magnitude of response to phosphorylated mannan supplementation was not equivalent to that of pharmacological concentrations of Zn, phosphorylated mannans 

may result in an improved growth response in situations in which zinc supplementation is restricted. 

 

Study code 30899 

Year 2003 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 6 (4 replicates of 4 pigs) 

Diet Background Analysed: 104 mg Zn/kg diet 

Units’ basis of diets and/or results Diet:  as fed-basis Results: DM 

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) Basal diet with a basal level of 80 ppm of supplemental Zn from ZnSO4 (104 ppm total Zn),  2) control + 80 ppm added Zn from ZnSO4, 3) control + 80 ppm added Zn from 

Zn methionine (ZnMet), 4) control + 80 ppm added Zn from Zn lysine (ZnLys), 5) control + 40 ppm added Zn from ZnMet and 40 ppm added Zn from ZnLys (ZnML); 6) 

control + 160 ppm added Zn from ZnSO4. Duration:5 weeks  

Response criteria Animal performance, Liver, spleen and pancreas content. Biochemical response, immune response and skin thickness. 

Results Gain efficiency was less for pigs fed 80 ppm of Zn from ZnSO4 than for control pigs and pigs fed 160 ppm of Zn from ZnSO4. Supplementation of 80 ppm of Zn from ZnSO4 

or ZnMet and 160 ppm of Zn from ZnSO4decreased the antibody response to ovalbumin on d 7 compared with control pigs, but not on d 14.Phagocytic capability of peritoneal 

exudate cells was increased when 160 ppm of Zn from ZnSO4 was supplemented to the diet. The level of Zn recommended by NRC (1998) is sufficient for optimal growth 

performance and immune responses, although macrophage function may be enhanced at greater levels of Zn, and that Zn from organic sources does not improve these 

measurements when supplemented to diets containing 80 ppm of supplemental Zn from ZnSO4.  
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Study code 30988 

Year 2002 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 7 (one piglet per each treatment) 

Diet Background Analysed: 28 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results:Dry matter,  

Factors affecting// combinations Dietary factors, Physiological factors 

Composition Diets/treatments 1) basal diet containing 28 mg·kg-1 of Zn 2) basal diet supplemented with 10mg·kg-1 ZnSO43) basal diet supplemented with 20mg·kg-1 ZnSO44) basal diet supplemented with 

30 mg·kg-1 ZnSO45) basal diet supplemented with 10 mg·kg-1ZnOrg 6) basal diet supplemented with 20 mg·kg-1ZnOrg 7) basal diet supplemented with 30 mg·kg-1ZnOrg  

Duration:19 days  

Response criteria Animal performance, Liver, bone and plasma content. Biochemical response (plasma AP,),  

Results Growth performance and bone bending moment were not affected by the level nor the source of zinc. Plasma zinc concentration and alkaline phosphatase activity, bone zinc 

concentration, liver and empty body zinc concentrations as well as the amount of Zn retained increased linearly in response to supplemental Zn. The two Zn sources exhibited a 

similar bioavailability.27% of Zn intake was retained when measured by means of the balance technique, regardless of the dietary level or zinc source. Zn retention was 54% 
lower when measured by means of the CST as compared to the BT. Plasma zinc concentration increased linearly with supplemental zinc intake. The addition of 10, 20 and 30 

mg·kg-1 of zinc, in comparison with no supplementation increased plasma zinc concentration by 52, 125 and 164%, respectively. Bone and liver zinc concentration was not 

increased by the addition of 10 mg/kg of Zn to the basal diet, but was increased when 20 and 30 mg/·kg of Zn were added to the basal diet, respectively. The effect of the 

presence of high amounts of phytate and Ca in pig diets on the bioavailability of ZnOrg relative to ZnSO4 is worth being further investigated. 

 

Study code 31007 

Year 2002 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 6 (4 replicates of 4 pigs) 

Diet Background Estimated: 34.3 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, and endotoxemy 

Composition Diets/treatments A 2×3 factorial arrangement: (A) intramuscular injection of 10 μg/kg BW of Escherichia coli lipopolysaccharide (LPS) or control (B) supplemental Zn at 10, 50, or 150 ppm as 

ZnSO4. Duration:16 days  
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Response criteria Animal performance. Biochemical response (ALP; LPS), Serum content; Immune Resp. and skin thickness 

Results Zn supplemented at50 and 150 ppm to a corn-soybean meal based diet containing 30 ppm of Zn enhanced the febrile response in pigs subjected to iatrogenic endotoxemia. 
Gain, feed intake, feed efficiency and cellular immune response measurements were not affected by Zn supplementation; so supplementation above NRC recommendations for 

Zn is not beneficial.  

 

Study code 31047 

Year 2002 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 5 (6 replicates of 3 pigs)Experiment 2: 5 (5 replicates of 4 pigs)Experiment 3: 5 (3 replicates of one pig) 

Diet Background Analysed:100 mg Zn as ZnSO4/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors. Trace elements: source 

Composition Diets/treatments 1) 150 ppm additional Zn as zinc oxide (ZnO), 2) 500 ppm added Zn as ZnO, 3) 500 ppm added Zn as a Zn-amino acid complex (Availa-Zn 100), 4) 500 ppm added Zn as a 

Zn-polysaccharide complex (SQM-Zn), 5) 3,000 ppm added Zn as ZnO. Duration:28 days  

Response criteria Animal performance. Liver, kidney, plasma, urine and faeces content, and zinc balance 

Results Feeding 3,000 ppm added Zn as ZnO improves growth performance of nursery pigs during the first 4 wk after weaning. Under certain weaning conditions, growth promotant 

effects may be observed when supplementing 500 ppm of an organic Zn source as SQM-Zn. The plasma, tissue, urine, and faecal Zn concentrations of pigs fed 500 ppm added 

Zn as either organic (SQM-Zn and Availa-Zn100) or inorganic (ZnO) sources were similar, which indicates that Zn bioavailability is not different. Supplementing nursery pigs‘ 

diets with inorganic ZnO above 3,000 ppm added Zn results in excess faecal Zn excretion. The amount of Zn excreted is reflective of dietary concentration and is independent 

of source. Feeding 2,000 to 3,000 ppm Zn as ZnO appears to be the most efficient in stimulating postweaning growth performance.  

 

Study code 31146 

Year 2001 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (4 replicates of 10 pigs) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, Trace elements 

Composition Diets/treatments 1) 170 ppm Cu from CuSO4 and 120 ppm Zn from ZnSO4, 2 ) 85 ppm Cu from Cu-amino acid chelate (CAC) and 60 ppm Zn from Zn-amino acid chelate (ZAC), 3) 170 ppm 
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Cu from CAC and 120 ppm Zn from ZAC, 4) 85 ppm Cu from Cu-LYS complex (CL) and 60 ppm Zn from Zn-MET (ZM), 5) 170 ppm Cu from CL and 120 ppm Zn from 
ZM. Duration:28 days  

Response criteria Animal performance, Serum content, and faecal excretions 

Results Metal-amino acid chelates and complexes of Zn at low level (Zn 60 ppm for weanling pigs) are not different from that of high levels of inorganic sources in maintaining growth 

performance and serum concentration. The faecal excretions for Zn were greatly reduced when organic sources were used. Organically bound minerals such as chelates and 
complexes could be used at considerably lower concentrations (Zn 60 ppm for weanling pigs) than inorganic sources while maintaining growth performance and serum 

concentration and reducing excretion of Zn in animal waste. 

 

Study code 31222 

Year 2001 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Involving nine research stations used a total of 1,978 pigs. Experiment 1: 24 replicates, 5 treatments. Experiment 2: 20 replicates, 6 treatments. 

Diet Background Analysed: Experiment 1: 291-300 mg Zn/kg diet; Experiment 2: 142-194 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, antibacterial agent 

Composition Diets/treatments Experiment 1: 28 days trial 1) 0mg Zn/kg as ZnO2) 500 mg Zn/kg as ZnO3) 1,000 mg Zn/kg as ZnO4) 2,000 mg Zn/kg as ZnO5) 3,000 mg Zn/kg as ZnO.  

Experiment: 28 days trial a 2×3 factorial:1) Carbadox was added at 0 or 55 mg/kg diet, 2) ZnO was added at 0, 1,500, or 3,000 mg Zn/kg. 

Response criteria Animal performance and plasma content 

Results The results of these studies suggest that supplemental ZnO at 1,500 to 2,000 mg Zn/kg Zn improved postweaning pig performance, and its combination with an antibacterial 

agent resulted in additional performance improvements. Adding ZnO to nursery pig diets resulted in increased pig performance responses that reached a plateau at dietary 

concentrations of 1,500 to 2,000 mg Zn/kg. The performance responses to ZnO and the antibacterial agent carbadox were additive.  

 

Study code 31297 

Year 2000 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1:3 (3 replicates of 12 pigs). Experiment 2: 3 (5 replicates of 12pigs)Experiment 3: 3 (4 replicates of 12 pigs). Experiment 4: 3 (5 replicates of 12 pigs) 

Diet Background Estimated: 100 mg Zn/kg diets ZnO 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 
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Composition Diets/treatments Experiment 1. 21 days trial1) basal diet 2) basal diet + 1,500 mg Zn/kg from HS 3) basal diet + 3,000 mg Zn/kg from HS Experiment 2.: 21 days trial.1) basal diet2) 1,500 mg 
W Zn/kg3) 1,500 mg HS Zn/kg. Experiment 3.: 17 days trial1) basal diet2) 1,500 mg W Zn/kg3) 1,500 mg HS Zn/kg. Experiment 4.: 11 days trial1) basal diet + Antibacterial 

agents2) 1,500 mg W Zn/kg3) 1,500 mg HS Zn/kg*Zn/kg diet as ZnO* HS Zn = ZnO manufactured by the hydrosulfide process W Zn = ZnO manufactured by the Waelz 

process 

Response criteria Animal performance: with and without antimicrobial agents and intestinal morphology 

Results We compared a low-RBV (39%) ZnO manufactured by the Waelz process (W) to a high-RBV (93%) ZnO manufactured by the hydrosulfide process (HS).In conclusion, RBV 

of Zn in ZnO did not substantially affect the growth-promoting efficacy of ZnO in young pigs fed diets with or without antimicrobial agents.Zinc oxide is a potent and reliable 

growth-promoting agent in young pigs. There is a wide range of feed grade zinc oxide products that differ markedly in Zn bioavailability. However, a high or low zinc 
bioavailability did not substantially influence the growth-promoting efficacy of zinc oxide. Moreover, zinc oxide supplementation did not affect intestinal morphology in young 

pigs under practical conditions. It seems that a zinc oxide product having a high zinc bioavailability may have a transient advantage only during the 1st wk of a 21-d feeding 

period. 

 

Study code 31313 

Year 2001 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 5 (5 replicates of 6 pigs)Experiment 2: 3 (8 replicates of 6 pigs) Experiment 3: 6 (5 replicates of6 pigs) 

Diet Background Analysed: 119 mg Zn/ kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1. 21 days trial1) basal diet, mg Zn kg-1, 2) 1500, mg Zn kg-1 from ZnO, 3) 1500, mg Zn kg-1 from TBZC, 4) 3000 mg Zn kg-1 from ZnO, 5) 3000 mg Zn kg-1 

from TBZC.  

Experiment 2. 19 days trial, 1) basal diet + antibacterial agent (carbadox), 2) 1500 mg Zn kg-1 from ZnO + antibacterial agent (carbadox), 3) 1500 mg Zn kg-1 from TBZC + 
antibacterial agent (carbadox). 

Experiment 3. 21 days trial, 1) basal diet + antibacterial agent (carbadox), 2) 3000 mg Zn kg-1 from ZnO + antibacterial agent (carbadox), 3) 750 mg Zn kg-1 of TBZC + 

antibacterial agent (carbadox), 4) 1500 mg Zn kg-1 of TBZC + antibacterial agent (carbadox), 5) 2250 mg Zn kg-1 of TBZC + antibacterial agent (carbadox), 6) 3000 mg Zn 
kg-1 of TBZC + antibacterial agent (carbadox) 

Response criteria Animal performance 

Results Tetrabasic zinc chloride (TBZC), was tested in three experiments as a replacement for Waelz-processed ZnO. The results of these experiments support the view that TBZC is a 

very effective source of Zn for enhancing growth performance of newly weaned pigs fed diets with or without an added antimicrobial agent. Supplemental Zn from ZnO at 
3000 mg Zn/kg increased both weight gain and feed efficiency. Incremental Zn additions from TBZC indicated that both weight gain and gain/feed ratio were increased and 

that 1500 mg Zn/kg from TBZC was the optimal dose for this source of Zn.  
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Study code 31458 

Year 1999 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 6 (one replicate of 13 pigs). Experiment 2: 6 (4 replicates of 3 pigs) 

Diet Background Estimated: 100 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis Results: Fresh matter 

Factors affecting// combinations Dietary factors, Physiological factors: age 

Composition Diets/treatments Experiment 1. 1) adequate Zn (100ppm) fed wk 1 to 4, 2) high Zn (3000ppm) fed wk 1, 3) high Zn (3000ppm) fed wk 2, 4) high Zn (3000ppm) fed wk 1 and 2, 5) high Zn 

(3000ppm) fed wk 2 and 3, 6) high Zn (3000ppm) fed wk 1 to 4. 

Experiment 2.1) adequate Zn (100ppm) fed wk 1 to 4, 2) high Zn (3000ppm) fed wk 1, 3) high Zn (3000ppm) fed wk 2, 4) high Zn (3000ppm) fed wk 1 and 2, 5) high Zn 

(3000ppm) fed wk 2 and 3, 6) high Zn (3000ppm) fed wk 1 to 4. Duration:4 weeks  

Response criteria Animal performance Liver, kidney and plasma content and hepatic MT 

Results Both traditionally weaned (>21 d) and early weaned (<14 d) pigs grew faster when fed pharmacological (3,000 ppm) concentrations of zinc as zinc oxide during at least the 1st 

2 wk after weaning. Pharmacological concentrations of zinc stimulate metallothionein synthesis in mucosal cells, which regulate zinc uptake into the body, perhaps resulting in 
the improved growth observed in weanling pigs. 

 

Study code 31560 

Year 1998 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 2 (2 replicates of 7 pigs in control group and 5 in Zn group) 

Diet Background Analysed: 1.55 mg Zn/kg diet  

Units’ basis of diets and/or results Diet: as fed-basis. Results: Fresh matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) basal diet supplemented with 2500 ppm Zn as dietary zinc oxide 2) basal diet (control) containing 1.55 ppm of zinc. Duration:63 days  

Response criteria Animal performance, Liver and Serum content, neutrophil functions and faecal microflora Zn 

Results Dietary supplementation with 2500 ppm ZnO for up to two weeks after weaning appears to be potentially beneficial in the prevention of postweaning diarrhoea in pigs. 

 

Study code 31759 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1008 

Year 1996 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 5 (6 animals per treatment individually allotted) 

Diet Background Analysed: 42 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Supplemented zinc 42 mg/kg diet as Zinc oxide); 2) supplemented zinc 72mg/kg diet, 3) supplemented zinc 105mg/kg diet,4) supplemented zinc 170mg/kg diet, 5) 

supplemented zinc 255 mg/kg diet. Duration:34 days  

Response criteria Apparent absorption and retention, and plasma content 

Results Supplementation of a soybean barley wheat diet with 30-200 mg Zn/kg did not affect absorption or retention of other minerals or trace elements under study. The intrinsic level 
of zinc in the diet (42 mg/kg appeared marginal when considering plasma zinc level only but not growth or N retention.  

 

Study code 31769 

Year 1996 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 5 (8 replicates of 2 pigs)Experiment 2: 5 (8 replicates of 2 pigs)Experiment 3: 5 (7 replicates of 2 pigs)  

Diet Background Analysed: 105 mg of Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment1: 2 weeks trial, 1) control diet with 105 mg of Zn/kg of diet (75 mg/kg as ZnO), 2) basal diet + 3,000 mg of Zn/kg of diet as feed-grade ZnO, 3) basal diet + 3,000 
mg of Zn/kg of diet as reagent-grade ZnSO4, 4) basal diet + 3,000 mg of Zn/kg of diet as ZnLys, 5) basal diet + 3,000 mg of Zn/kg of diet as ZnMet. 

Experiment.2: 2 weeks trial, 1) control diet with 105 mg of Zn/kg of diet (75 mg/kg as ZnO), 2) basal diet + 2,000 mg of Zn/kg of diet as feed-grade ZnO, 3) basal diet + 2,000 

mg of Zn/kg of diet as reagent-grade ZnSO4, 4) basal diet + 2,000 mg of Zn/kg of diet as ZnLys, 5) basal diet + 2,000 mg of Zn/kg of diet as ZnMet. 

Experiment 3: 2 weeks trial 1) control diet with 105 mg of Zn/kg of diet (75 mg/kg as ZnO), 2) basal diet + 1,000 mg of Zn/kg of diet as feed-grade ZnO, 3) basal diet + 1,000 

mg of Zn/kg of diet as reagent-grade ZnSO4, 4) basal diet + 1,000 mg of Zn/kg of diet as ZnLys5) basal diet + 1,000 mg of Zn/kg of diet as ZnMet 

Experiment4. treatment for 4 wk1) basal diet + 3,000 mg of Zn/kg of diet as Zn from feed-grade ZnO, 2) basal diet + 3,000 mg of Zn/kg of diet as reagent-grade ZnSO4, 3) 
basal diet + 3,000 mg of Zn/kg of diet as feed-grade ZnSO4 

Response criteria Animal performance Liver, kidney, bone (rib bone) and Serum content 

Results Performance was not enhanced by feeding pharmacological levels of zinc after weaning, although serum and tissue Zn concentrations were increased. No performance benefits 

for the inclusion of high concentrations of Zn in weanling pig diets in the absence of scouring. Furthermore, there seems to be only a small difference in the ability of Zn from 
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ZnSO4, Zn-methionine, and Zn-lysine to maintain serum Zn concentrations and tissue Zn accumulations in pigs fed high levels of Zn. When compared with the bioavailability 
of ZnSO4, the relative bioavailability of ZnO seems to be lowest, followed by Zn-methionine and Zn-lysine. Performance of pigs generally was not improved by feeding 3,000 

mg of Zn/kg from any of the Zn sources.25-d-old pigs fed diets containing 3,000 mg/kg of Zn from feed-grade ZnSO4, reagent-grade ZnSO4, or feed grade ZnO in a 4-wk 

growth trial had similar ADG and ADFI, but the gain: feed ratio was lower for pigs fed the reagent-grade ZnSO4 

 

Study code 31839 

Year 1995 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 5 (6 replicates of 5 female pigs) 

Diet Background Analysed: 42 mg Zn /kg diet 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet (was 42 mg per kg DM), 2) basic diet added 30 mg zinc per kg (as zinc oxide), 3) basic diet added 60 mg zinc per kg (as zinc oxide), 4) basic diet added 120 mg 

zinc per kg (as zinc oxide), 5) basic diet added 200 mg zinc per kg (as zinc oxide). Duration: 35 days  

Response criteria Net absorption. Biochemical response (alkaline phosphatase activity). Urine and faeces content 

Results When dietary zinc supplementation increased from 0 to 200 mg per kg, the retention of zinc increased from 8 to 37 mg per day and from 14 to 43 mg per day in balance periods 
1 and 2.Zinc retention did not increase when the zinc supplement exceeded 120 mg per kg. The excretion of zinc in urine was between 0.6 and 1 .O mg/day. This shows that the 

homoeostatic regulation takes place in the gastrointestinal tract and not via the kidneys. The apparent digestibility (bioavailability) of zinc in zinc oxide was about 20%.  

 

Study code 32864 

Year 2012 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (3 pigs per treatment) 

Diet Background Analysed: 50 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors: dose 

Composition Diets/treatments 14 days trial, 1) basal diet (50 mg zinc/kg), 2) basal diet + 150 mg zinc/kg by adding analytical grade ZnO, 3) basal diet + 250 mg zinc/kg by adding analytical grade ZnO, 4) 

basal diet + 1000 mg zinc/kg by adding analytical grade ZnO, 5) basal diet + 2500 mg zinc/kg by adding analytical grade ZnO 

Response criteria Biochemical response; D/L-lactate, short-chain fatty acids and ammonium in the ileum 
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Results Increasing ZnO levels led to an increase in enterobacteria from log 4.0 cfu/g digesta (50 mg/kg) to log 6.7 cfu/g digesta (2500 mg/kg). Concentrations of ileal total VFA, 
acetate and butyrate increased markedly from 50 to 150 mg/kg and decreased with further increasing zinc levels and reached low levels again at 2500 mg/kg. Ammonia 

decreased with increasing dietary ZnO level. Increasing levels of dietary ZnO had strong and dose-dependent effects on ileal bacterial community composition and activity, 

suggesting taxonomic variation in metabolic response to ZnO. 

 

Study code 32960 

Year 2011 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (8 replicates of 2 piglets)  

Diet Background Estimated: 110 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors wheat bran 

Composition Diets/treatments A 2x2 factorial combination: A) two levels of WB (0 v. 40 g/kg) B) ZnO (0 v. 3 g/kg) in the diet. - prestarter diet = 110mg Zn/kg- wheat bran (WB). Duration:12 days 

Response criteria Animal performance, intestinal health and diarrhoea incidence 

Results Incorporation of WB in the diet of early-weaning piglets may improve their gut health (reduced the incidence of diarrhoea) by modulating the activity of the intestinal 

microbiota, enhancing the fermentation and blocking the attachment of E. coli K88 to the intestinal mucosa. A negative interaction observed between WB (rich in phytate) and 

ZnO raises the interest of considering the inclusion of phytase enzymes to reduce the required levels of ZnO in post-weaning diets. 

 

Study code 33259 

Year 2010 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 (3 replicates of 10 pigs) 

Diet Background Analysed: 29.84 mg Zn/kg diet  

Units’ basis of diets and/or results Diet: as-fed basis, 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diets=29.84 ppm Zn as-fed basis, 2) basal diets supplemented with50 mg/kg Zn as zinc glycine chelate, 3) basal diets supplemented with 100 mg/kg Zn as zinc glycine 

chelate, 4) basal diets supplemented with 3,000 mg/kg Zn as zinc oxide (ZnO). Duration:35 days 

Response criteria Animal performance Liver, kidney, pancreas, spleen, serum, faeces and longissimus dorsi content, and Cu/Zn-SOD 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1011 

Results Average daily gain was improved for pigs fed 100 mg/kg Zn from zinc glycine chelate or 3,000 mg/kg Zn from ZnO and Zn concentrations in serum and M. longissimus dorsi 
were significantly enhanced by 100 mg/kg dietary zinc glycine chelate and 3,000 mg/kg ZnO. Supplementation of 100 mg/kg zinc glycine chelate decreased the liver Zn, 

compared to that of the 3,000 mg/kg ZnO group. 3,000 mg/kg Zn from ZnO greatly increased the concentration of faecal Zn compared to that of the control or the 100-mg/kg 

zinc glycine chelate group. Alkaline phosphatase and Cu/Zn superoxide dismutase activities of pigs in 100 mg/kg zinc glycine chelate and ZnO treatments were greatly higher 
than that of the control. Supplementation with zinc glycine chelate(100-mg/kg zinc ) for 35 days could improve growth and serum enzyme activities and could also decrease 

zinc excretion in faeces in weanling pig compared to high dietary ZnO. 

 

Study code 34798 

Year 2000 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 12 experiment stations; 1,356 pigs; 4 treatments, 55 replicates per treatment.(Number of pigs/pen ranged from 3 to 10). 

Diet Background Analysed: 200 mg Zn/kg diet and 162 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) Control, 2) 3,000 ppm Zn (from Zn oxide), 3) 250 Cu ppm (from Cu sulphate), 4) 3,000 ppm Zn and 250 ppm Cu. Duration:28 days  

Response criteria Animal performance, Plasma content, faecal colour and consistency 

Results Pharmacological additions of 3,000 ppm Zn (oxide) stimulate growth beyond that derived from intakes of Zn and Cu that meet nutrient requirements. However, the 
combination of Zn and Cu did not result in an additive growth response. The tradition of adding 250 ppm Cu as copper sulphate to high-Zn diets should be discontinued. 

 

Study code 35633 

Year 1993 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1: 6 treatments (2 replicates of 2 pigs). Experiment 2: 3 (4 pigs/treatment individually allocated) 

Diet Background Analysed: 27 and 30 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors microbial phytase 

Composition Diets/treatments Experiment.1. 4 weeks trial. 2x3 factorial arrangement:1) two levels of phytase activity (0 and 1350 units/g), 2) three levels of zinc (0, 30 and 60 mg/kg as ZnSO4-7H2U) *basal 

diet = 27 mg Zn/kg diet. 

Experiment2. 20 days trial1) basal diet, 2) basal diet + added zinc 30 mg/kg), 3) basal diet + added phytase (1350 units/g). 
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Response criteria Animal performance, mineral balances, urine, faecal and plasma content  

Results Supplementing corn-soybean meal diets with microbial phytase at 1350 units/g feed improves bioavailability of zinc as well as of phytate phosphorus to weanling pigs. 

 

Study code 36153 

Year 1987 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 4 pigs (Experiment.1); 16 barrows (Experiment 2.);  

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors picolinic acid (PA) 

Composition Diets/treatments 120 min incubation the test provide a flow rate of approximately 1.0 ml/min.Continuous-flow in vitro perfusion experiments. The 65Zn level used for all incubations was 0.8 

microM with 10 microCi activity. 

Response criteria True absorption, uptake of 65Zn in pig intestine 

Results The data indicate that 65Zn from ZnCl2 and ZnMet is similar in total absorption and that the addition of picolinic acid depresses Zn uptake. 

 

Study code 36233 

Year 1986 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) Experiment 1: 8 (3 replicates of 4 pigs)Experiment 2: 4 (3 replicates of 20 pigs)  

Diet Background Analysed 36 to 33 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results:, dry, fat-free basis(bone) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1.a 4x2 factorial arrangement:A) Zn source: 1) basal diet, 2) basal diet + (9 or 12 ppm) supplemental Zn from zinc sulphate (ZnSO4), 3) basal diet + (9 or 12 ppm) 
supplemental Zn from zinc methionine (ZnMet), 4) basal diet + (9 or 12 ppm) supplemental Zn from zinc methionine with picolinic acid (ZnMet w/PALB) with or without 5% 

added corn oil.* By analysis, diets with no added corn oil contained 36 ppm Zn; those diets with 5% added corn oil contained 33 ppm Zn. 

Experiment 2. 1) Basal diet, 2) basal diet + (9 or 12 ppm) supplemental Zn from zinc sulphate (ZnSO 4), 3) basal diet + (9 or 12 ppm) supplemental Zn from zinc methionine 
(ZnMet), 4) basal diet + (9 or 12 ppm) supplemental Zn from zinc methionine with picolinic acid (ZnMet w/PAL. Duration:28 days  

Response criteria Animal performance Breaking strength and bone content (metatarsal bones) 
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Results No differences in ADG, ADFI, feed/gain (F/G) or in changes in serum Zn or Cu were observed among treatments during either the 21-d nursery or the 56-d growing 
periods.There were no interactions observed between Zn source and corn oil addition for ADG, ADFI or F/G. 

 

Study code 36686 

Year 2012 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (6 replicates with 6 pigs) 

Diet Background Analysed: 125.8 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet (100 mg/kg of supplemental Zn as ZnSO4), 2) basal diet + 250 mg/kg of Zn as ZnO-MMT, 3) basal diet + 500 mg/kg of Zn as ZnO-MMT, 4) basal diet + 750 
mg/kg of Zn as ZnO-MMT, 5) basal diet + 2,000 mg/kg of Zn as ZnO. Duration:14 days  

Response criteria Animal performance. Biochemical response: digestive enzymes, 

Results Supplementation with 500 or 750 mg/kg of Zn as ZnO-MMT improved growth performance, alleviated postweaning diarrhoea, and enhanced intestinal mucosal integrity and 

the digestive enzyme activities in pancreas and small intestinal contents of pigs. Supplemental 500 or 750 mg/kg of Zn as zinc oxide-montmorillonite hybrid (ZnO-MMT) was 

as efficacious as 2,000 mg/kg of Zn as ZnO in the above indexes. 

 

Study code 36818 

Year 2011 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1= 4 (2 replicates of 7 gilts each and 5 replicates of 6 barrows each). 

Experiment 2.= 4 (12 replicates of 21 pigs)  

Experiment 3.= 6 (5 replicates of 2 gilts and 2 barrows each). 

Experiment 4.= 3 (16 replicates of 21 pigs) 

Diet Background Estimated: 127 mg Zn as sulphate/kg diet and 100 mgZn as ZnO/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors and trace elements (Cu) 

Composition Diets/treatments In Experiment 1 and 2: 2x2 factorial arrangement:(A) Cu-AA (0 vs. 100 mg/kg of Cu) and (B) ZnO (0 vs. 3,000 mg/kg of Zn) 

In Experiment 3: 3×2 factorial arrangement:(A) sources of Cu (none; CuSO4 at 250 mg/kg of Cu; and Cu-AA at 100 mg/kg of Cu) (B) ZnO (0 vs. 3,000 mg/kg of Zn)In 
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Experiment 4, treatments were:(1) no additional Cu, (2) CuSO4 at 315 mg/kg of Cu, (3) Cu-AA at 100 mg/kg of Cu to a diet supplemented with 3,000 mg/kg of Zn from ZnO 
and in-feed antibiotic (55 mg of carbadox per kilogram of feed).Duration:4 weeks trial (Exp. 1) or 2 weeks trial (Exp. 2,3, and 4) 

Response criteria Animal performance, faecal microbiota and health status 

Results Dietary ZnO and Cu supplementation, from either source CuSO4 or Cu-AA, have additive effects on growth promotion after weaning. The additive effects from dietary Cu and 

Zn were observed in the presence and in the absence of in-feed antibiotics, as well as in conditions typical of commercial pig production. 

 

Study code 36862 

Year 2010 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 5 (6 replicates with 6 piglets)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Pre-starter Basal Diet (without supplementation), 2) BD+90% of NRC Zn requirements completed with ZnO (ZnO90), 3) BD+90% of NRC Zn requirements completed with 

ZnO-Sepiolite (ZnOS90); 4) BD+3000 mg ZnO/kg of diet (ZnO3000); 5) BD+150 mg added Zn/kg diet from ZnO-Sepiolite (ZnOS150). Duration: 31 days  

Response criteria Animal performance Serum content and diarrhoea 

Results Animals from ZnOS90 tended to improve Gain to Feed ratio (G:F) compared to animals from ZnO90 (0.830 kg/kg vs. 0.811 kg/kg for G:F). The inclusion of ZnO at 3000 

mg/kg of feed in the pre-starter period numerically decreased P in serum at the end of this period, with no effect on Ca level; normal levels were restored after 2 weeks of 
feeding the same levels of Zn than other animals. Animals fed ZnO Sepiolite diets had numerically higher serum Ca than ZnO90 and ZnO3000 at 12 days and higher than 

ZnO90 at 28 days. Serum Zn levels were significantly higher for ZnO3000 than the other treatments. 

 

Study code 37349 

Year 2002 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 4 (2 replicates of 8 pigs) 

Diet Background Estimated: 100 mg of Zn as ZnO/kg diet  

Units’ basis of diets and/or results Diet: as fed basis. Results: pork mineral content (Fresh matter); faecal (Dry matter) 

Factors affecting// combinations Dietary factors 
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Composition Diets/treatments A 2×2 factorial design :(A) with or without supplement withdrawal,(B) with or without wheat middlings. Duration:28 days trial  

Response criteria Animal performance, faecal concentration, carcass characteristics, and nutrient and oxidative stability 

Results Supplement withdrawal does not affect growth performance or carcass traits, but does decrease nutrient excretion and feed cost, making it an attractive practice to pork 
producers. However, it decreases the nutrient content of pork and may diminish consumer confidence in the nutritional value of pork. 

 

Study code 37357 

Year 2002 

Animal Category  Piglets (weaned) and Sows for reproduction 

Nº treatments (replicates/ treatment) 4 (4 animals per treatment individually allocated)  

Diet Background Estimated: 0.34% ZnO 

Units’ basis of diets and/or results Results : Fresh matter 

Factors affecting// combinations Dietary factors. Physiological factors 

Composition Diets/treatments A 2×2 factorial arrangement: (A) Effect of the source (inorganic vs organic), (B) Effect of the level (low vs high) of trace minerals. low:(50 ppm Fe/87.5 ppm Fe, 17.5 ppm 

Cu/85 ppm Cu,45 ppm Zn/60 ppm Zn, and 20 ppm Mn/17.5 ppm Mn), high:(100 ppm Fe/175 ppm Fe, 35 ppm Cu/170 ppm Cu, 90 ppm Zn/120 ppm Zn, 40 ppm Mn/35 ppm 
Mn), when included at 0.20% in sows'/weaned pigs' diets, respectively. Duration:2 weeks  

Response criteria Animal performance, liver, bone and serum content 

Results Organic trace minerals supplementation improves sows' reproductive performance to some extent and is efficacious in enhancing growth of neonates through 2 wk post 

weaning. Although it is not known whether the growth- promoting effect is due to one element or combination of elements, the organic form of trace minerals at low level as 
specified in this study could provide enough minerals to meet young pigs' needs for growth, even in relatively short-term feeding. Milk Fe and Zn were significantly raised in 

sows supplemented with organic minerals (p<0.05), compared with those supplemented with inorganic minerals, except milk Zn at 7 d postpartum. Milk Fe and Zn at both 7 

and 14 d postpartum were not influenced by the dietary level of trace minerals in the sows' diet. Pigs receiving the organic trace minerals had a higher concentration of Zn in 
bone and in serum (p<0.05) than those receiving the inorganic trace minerals. 

 

Study code 37673 

Year 1993 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) 12 (2 replicates of 4 pigs) 

Diet Background Analysed: 22 mg of Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis  
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Factors affecting// combinations Environment 

Composition Diets/treatments A 2x2x3 factorial trial of:(A) floor space allowance (.28 and .14 m2/pig), (B) dietary Se (40 and 200 ppb), (C) dietary Zn (30, 80, and 250 ppm) as zinc sulphate for Zn. 
Duration:6 weeks  

Response criteria Animal performance, Serum content, Clinical Pathology and Liver Enzymes, and Adrenal Weight; 

Results Serum Zn concentration was related to dietary Zn levels. The main effects of Se, Zn, and floor space were independent. The major effect on weanling pigs of restricting floor 

space allowance was reduced growth rate resulting from decreased feed consumption. Nothing more than borderline stress at the most for pigs housed with restricted space. 

 

Study code 37685 

Year 1993 

Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1= 9 (10 animals/treatment). Experiment 2 and 3= 5 treatments (6 replicates of 5 pigs) 

Diet Background Analysed: 125 mg of Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: 21 days trial, (A) ZnO where supplemental Zn levels were 0, 250, 500, 1,000, 3,000, and 5,000 mgkg; (B) ZnS04 at 1,500 or 2,500 mg of Zn/kg; (C) zinc-lysine 

complex (Zn-Lys) at 1,500 or 2,500 mg of Zn/kg. 

In Experiment 2: 21 days trial, 1) basal, 2) 3,000 mg of Zn/kg from ZnO, 3) 5,000 mg of Zn/kg from ZnO, 4) 3,000 mg of Zn/kg from ZnS O4, 5) 5,000 mg of Zn/kg from 

ZnSO4. 

In Experiment 3: 14 days trial, 1) basal starting diet fortified with 3,000 mg of Zn/kg diet from ZnO, 2) basal starting diet fortified with 3,000 mg of Zn/kg diet from ZnSO4, 3) 

basal starting diet fortified with 3,000 mg of Zn/kg diet from Zn-Met, 4) Basal diet fortified with250 mg of Cu/kg from Gus04  

Response criteria Animal performance and plasma content 

Results For ZnO, plasma Zn did not increase until concentrations >1,000 mg Zn/kg were fed. Above this level, plasma Zn increased linearly for all three sources of Zn (zinc oxide, 
sulphate or Zn-Lys), although slopes of the ZnO and Zn-Lys response curves were56% and 110%, respectively, of the ZnS04 slopes. Daily gain and daily feed intake were 

increased by ZnO addition, regardless of level, whereas ZnS04 addition increased these performance indices only at the 3,000 mg of Zn/kg level of supplementation. Plasma Zn 

responses to ZnSO4 addition were almost double those of ZnO addition.Feeding high levels of supplemental Zn from ZnO stimulated voluntary feed intake and weight gain of 
young pigs that were between 28 and 49 d of age. At pharmacologic Zn intakes, ZnS04, Zn-Lysine, and Zn-Methionine increase plasma Zn concentration far more than does 

ZnO. Plasma Zn concentration of pigs fed between 1,000 and 5,000 mg of Zn/kg may represent a non-invasive method of establishing relative differences in efficacy of various 

Zn sources. 

 

Study code 38042 

Year 1997 
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Animal Category  Piglets (weaned) 

Nº treatments (replicates/ treatment) Experiment 1= 2 (10 replicates of 8 or 9 pigs per replicate ) 

Experiment 2= 2 (3 replicates of 28 pigs)  

Experiment 3= 4 (6 replicates of 9, 10, or 11 pigs) 

Experiment 4= 4 (6 replicates of 10, 11, or 12 pigs) 

Diet Background Estimated: 110 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors. Trace elements: copper, sulphate 

Composition Diets/treatments Experiment 1 and 2: 1) diet containing 250 ppm of added Cu (CuSO4) and 110 ppm of added Zn (ZnO).2) diet containing 250 ppm of added Cu (CuSO4) and 3,110 ppm of 
added Zn (ZnO).* control diet(110 ppm Zn).  

Experiment 3: A 2x2 factorial arrangement: (A) Zn (165 or 3,000 ppm) (B) Cu (16.5 or 250 ppm).  

Experiment.4: were fed:1) a high nutrient dense diet supplemented with 3,000 ppm of Zn (ZnO) from d 0 to 14 after weaning. On d 14, pigs were switched to the diets 
containing experimental mineral levels identical to those of Exp. 3. Duration:28 days  

Response criteria Animal performance 

Results From d 0 to 14, pigs fed 3,000 ppm Zn, with or without 250 ppm Cu, had improved ADG compared with pigs fed the control (16.5 ppm Cu and 165 ppm Zn) or diets with only 

added Cu. From d 14 to 28, pigs fed the diet containing 3,000 ppm added Zn, without 250 ppm Cu, had greater ADG than pigs fed the other diets (Zn x Cu interaction).From d 

14 to 28 after weaning, added Zn improved ADG but not when the diet contained 250 ppm Cu. Feeding 3,000 ppm of Zn from ZnO is a viable means of improving nursery pig 
performance, but additive responses to growth-promotant levels of CuSO4 (250 ppm Cu) were not observed. Feeding 3,000 ppm zinc from zinc oxide improved growth 

performance of pigs weaned at 12 days of age, but additive responses to growth-promotional levels of copper sulphate (250 ppm copper) were not observed. 

 

Study code 38084 

Year 1996 

Animal Category  Pigs for fattening 

Nº treatments (replicates/ treatment) 4 (8 animals per treatment) 

Diet Background Estimated: 17 mg/kg of Zn 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 2 x 2 factorial arrangement, (A) (Zn depleted and no depleted of Zn (24 d) using a soy-isolate (basal) diet (17 mg/kg of Zn), (B) then fed the basal diet (12 d) supplemented 

with:1) basal diet + 45 mg/kg of Zn from ZnSO4 (purified zinc sulphate dry powder, ZnSO4·nH2O) 2) basal diet + 45 mg/kg of Zn from a Zn amino acid chelate (ZnAAC). 

Duration: 36 days  
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Response criteria Animal performance, liver, pancreas, kidney, brain, Serum and small intestine content 

Results Serum and soft tissue Zn concentrations were clearly affected by Zn status; however, an effect of Zn source was not observed: Zinc amino acid chelate and ZnSO4 may be 
equally effective in restoring or maintaining serum and soft tissue Zn concentrations when each was included in a soy-isolate diet fed to Zn depleted or non depleted pigs.Pigs 

that were depleted of Zn for 24 d using a soy-isolate diet containing 17 mg/kg of Zn developed parakeratosis, the classical sign of Zn deficiency. Serum Zn concentrations 

remained constant for the pigs that were continuously fed the diets supplemented with 45 mg/kg of Zn as either ZnSO4 or ZnAAC. 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1019 

Table VIII.D.2. Poultry 

Study code 29461 

Year 2013 

Animal Category  Chickens reared for laying 

Nº treatments (replicates/ treatment) 6 (3 replicates of 10 animals) 

Diet Background Estimated : 85 mg Zn/kg diet as zinc sulphate  

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, heat stress and Interactions between Zn, Mg and Head stress 

Composition Diets/treatments 1) Basal diet + 0 mg Zinc acetate/ kg of diet, 2) basal diet + 30 mg Zinc acetate/kg of diet, 3) basal diet + 60 mg Zinc acetate/ kg of diet, 4) basal diet + 0 mg magnesium 
sulphate/kg of diet, 5) basal diet + 300 mg magnesium sulphate/kg of diet, 6) basal diet + 600 mg magnesium sulphate/kg of diet. Duration: 42 days  

Response criteria Animal performance, Plasma content of antioxidant biomarkers and antioxidant capacity 

Results Dietary addition of 30 mg Zn/kg diet decreases the blood malondialdehyde (MDA) concentration and improves the performance of broilers at 42 d of age under heat stress. 

 

Study code 29602 

Year 2012 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 4 (8 replicates of 30 animals) 

Diet Background Estimated :65 mg Zn/kg diet as inorganic Zn 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis 

Factors affecting// combinations Dietary factors and Trace elements 

Composition Diets/treatments 1) Control diet (standard broiler diet):negative control (C), 2)Inorganic Zn: C + 40 mg Zn/kg diet as ZnSO4( C + IZn), 3) Organic Zn :(C + 40 mg Zn/kg diet as complexed Zn 

(C + OZn), 4) Inorganic+Organic: C + 40 mg Zn/kg diet as ZnSO4 + 40 mg Zn/kg diet as complexed Zn = (C + IZn + OZn). Duration:49 days  

Response criteria True absorption, Animal performance and meat quality 

Results Drip loss was significantly increased in fillets from birds fed organic trace minerals when measured at 24 h post deboning. Fillets from birds with high levels of zinc showed 

increased redness. Response of broiler chickens to complexed Zn supplementation was variable. Furthermore, dietary Zn sources did not influence meat quality parameters 
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Study code 29625 

Year 2012 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 4 (6 replicates of 20 animals) 

Diet Background Analysed: 32.09 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results - Dry matter  

Factors affecting// combinations Dietary factors and Trace elements 

Composition Diets/treatments A 2x2 factorial arrangement: A) sex: males and females, B) Zinc proteinate (ZP) dose: 1) 0 mg/kg ZP (Control diet), 2) 40 mg/kg ZP (ZP 40). Duration:24 days  

Response criteria True absorption, animal performance plasma content, skin and meat quality and Zn content 

Results Dietary ZP supplementation does not affect the growth performance of broiler chicks. Dietary ZP (40 mg/kg) supplementation could increase the collagen content and thickness 

of skin of both male and female broiler chicks, and particularly in female broilers. Male broilers have better growth performance and skin quality than females. 

 

Study code 29661 

Year 2011 

Animal Category  Laying hens 

Nº treatments (replicates/ treatment) 15 (6 replicates of 8 animals) 

Diet Background Not specified Zn not included 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis 

Factors affecting// combinations Dietary factors, Trace elements and Interactions between Zn chelate and Lysine 

Composition Diets/treatments A 3×5 factorial arrangement: A) 3 chelated Zn levels (137, 309, and 655 mg/kg), B) 5 Lys levels (0.560, 0.612, 0.677, 0.749, and 0.851%). Duration:24 weeks 

Response criteria Animal performance, egg content and egg quality 

Results There was no interaction found between Zn and Lys, but higher dietary levels of chelated Zn (from 137 to 655 mg/kg) reduced bird performance and egg quality parameters: 
Increased Zn resulted in decreased shell weight, percentage of ash, yolk ash deposition, and total ash deposition. 

 

Study code 29662 

Year 2011 

Animal Category  Chickens for fattening 
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Nº treatments (replicates/ treatment) 4 (3 replicates of3 animals) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet without any addition of Zn (0mg Zn/kg diet), 2) diet supplemented with 50 mg Zn (pure zinc)/kg of diet, 3) diet supplemented with 75mg Zn (pure zinc)/kg of 

diet, 4) diet supplemented with 100mg Zn (pure zinc)/kg of diet. Duration: 66 weeks  

Response criteria Biochemical response in seminal plasma, and seminal plasma characteristics 

Results Dietary zinc supplementation can be used as active tool for enhance reproductive performance of roosters: Adding zinc to the diet (50, 75 and 100 mg/kg) resulted significant 

decrease in seminal plasma glucose at 54, 62 and 66 weeks of age and protein during 54, 58 and 66 weeks of age. Moreover, feeding diets containing zinc resulted in significant 

increase in seminal plasma (ALP) activity and significant decrease in seminal plasma AST and ALT activity and cholesterol concentration during 58 and 66 weeks of rooster‘s 
age. 

 

Study code 29663 

Year 2011 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 4 (3 replicates of 8 females and 3 males ) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet without any addition of zinc (0 mg/kg diet), 2)diets supplemented with 50 mg/Zn (pure Zn)/kg of diet, 3) diet supplemented with 75mg Zn (pure Zn)/kg of diet, 4) 

diet supplemented with 100 mg Zn (pure zinc)/kg of diet. Duration:66 weeks  

Response criteria Biochemical response in blood plasma, (cholesterol, protein ALP Ca, P) 

Results Dietary zinc supplementation (50, 75 and 100 mg/kg) resulted in significant increase in blood plasma cholesterol, protein, calcium and phosphorus concentration and ALP 
activity in broiler breeders males and females during 58 and 66 weeks of age. Zinc can be used as efficient feed additive for enhance physiological status of birds. 

 

Study code 29719 

Year 2011 

Animal Category  Chickens for fattening  
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Nº treatments (replicates/ treatment) Experiment1: 6 (5 replicates of 22 animals). Experiment2:5 (8 replicates of 20 animals) 

Diet Background Estimated:2.5 g Zn/kg diet 

Units’ basis of diets and/or results Diet - as fed-basis.  

Factors affecting// combinations Dietary factors and Trace elements 

Composition Diets/treatments Experiment 1: 42 days trial, 1) maize-soybean meal diet with no Zn supplement (control), 2) control + 40mg of Zn as sulphate/kg of diet; 3) control + 12mg of Zn as 

sulphate/kg of diet; 4) control + 12mg of organic Zn/kg of diet in starter phase (1—21 d) and + 0mg of Zn/kg of diet in grower phase (22—42 d), 5) control + 12mg of organic 
Zn/kg of diet in 42 d, 6) control + 12mg of organic Zn/kg of diet in starter phase + 24mg of Zn/kg of diet in grower phase.  

Experiment 2: 42 days trial, 1) maize-soybean meal diet with no Zn supplement (control), 2) control + 40mg of Zn as sulphate/kg of diet; 3) control + 80mg of Zn as 

sulphate/kg of diet; 4) control + 12mg of organic Zn/kg of diet; 5) control + 24mg of organic Zn/kg of diet. The organic source of Zn was Bioplex® Zn, a chelated Zn proteinate 
that contained 10% Zn. The inorganic mineral source was reagent grade ZnSO4 7H2O. 

Response criteria Animal performance, and bone content (tibia Zn) 

Results Chicks fed on the control or the diet supplemented with 12mg of Zn as sulphate had lower feed intake, weight gain and tibia Zn content. Chicks given 12 and 24mg of organic 

Zn in starter and grower phases, respectively, had the same performance and tibia Zn content as those fed 40mg of Zn as sulphate and the same performance but higher tibia Zn 
content than those given 12mg of Zn as organic over the 42 d. Chicks given 24mg organic Zn had greater weight gain than chicks fed on the other treatment diets in the starter 

period. Chicks fed on the control diet had lower tibia Zn content than chicks fed other treatment diets. Chicks given 80mg Zn as sulphate had higher tibia Zn content than 

chicks fed the other treatment diets except those given 40mg of Zn as sulphate. Feeding lower concentration of Zn as organic form may better promote the growth performance 
of broiler chicks. The results from these trials indicated that lower than NRC or commercial level of Zn provided by organic source can be used in broiler diets and may better 

support optimal growth of broiler chicks. 

 

Study code 29739 

Year 2011 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 5(8 replicates of 6 animals) 

Diet Background Analysed:29.6 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors and Trace elements 

Composition Diets/treatments 1) A basal corn-soybean meal diet, 2) Basal diet + methionine hydroxyl analogue-Zn chelate at 0 mg/kg of diet, 3) Basal diet + methionine hydroxyl analog-Zn chelate at 20 
mg/kg of diet, 4) Basal diet + methionine hydroxyl analog-Zn chelate at 40 mg/kg of diet, 5) Basal diet + methionine hydroxyl analogue-Zn chelate at 60 mg/kg of diet. At 21 d 

of age, birds were orally gavaged with 1.5 × 104 sporulated E. tenella oocysts. Duration:21 days  

Response criteria Animal performance, antioxidant and immune response 

Results Activities of Cu-Zn superoxide dismutase and glutathione peroxidase were increased with increasing Zn levels. Lipid peroxidation tended to be reduced at Zn inclusion of 20 
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and 40 mg/kg. The main effects of Zn level and challenge were significant for secretory IgA on d 28 and 35. Birds fed Zn supplementation excreted fewer oocysts in the excreta 
than those receiving no Zn supplement. Organic Zn supplementation (methionine hydroxyl analog-Zn chelate) reduced oxidative stress and improved some immune responses 

irrespective of whether birds were healthy or challenged with E. tenella. 

 

Study code 29777 

Year 2011 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 15 (6 replicates of 8 animals ) 

Diet Background Estimated: 35 mg Zn/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed-basis 

Factors affecting// combinations Dietary factors. Physiological factors (age) and interactions between Zn and lysine 

Composition Diets/treatments A 3×5 factorial arrangement, A) three levels of zinc: 137, 309 and 655 ppm zinc as zinc chelate, B) five levels of lysine: 0.482, 0.527, 0.582, 0.644 and 0.732% digestible 

lysine. Duration: from 48 to 60 weeks of age. 

Response criteria Egg content, egg production and composition 

Results It was not observed any interaction among digestible lysine and zinc for the primary variables of fractions and egg composition. At the highest dietary concentration of zinc, the 

addition of digestible lysine coincided with a linear increase in shell weight. However, zinc addition, regardless of lysine level in the diet, resulted in the reduction of egg 
weight and of the percentage of mineral matter in the yolk, limiting the efficiency of mineral deposition in this fraction of the egg. Concentration of zinc that produced the best 

results (egg quality and egg production) was 137 ppm inasmuch as higher quantities limit the use of digestible lysine, with effects harming composition and egg quality. 

 

Study code 29784 

Year 2011 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 10 (7 replicates of 15 animals) 

Diet Background Estimated:4.336 mg Zn/kg diet 

Units’ basis of diets and/or results Diet - as fed-basis 

Factors affecting// combinations Dietary factors, Physiological factors (age) and Interactions between Zn and Lysine 

Composition Diets/treatments 5×2 factorial scheme: A) digestible lysine concentrations: 0.90; 1.00; 1.10; 1.20; and 1.40%, B) zinc chelate concentrations: 43 and 253 ppm. Duration: from 1 to11 days of 

age. 

Response criteria Animal performance, body and carcass composition 
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Results There was no interaction among the factors digestible lysine and organic zinc. Broiler chickens from the first to the 11th days of age require 1.28 ± 0.01% of digestible lysine, 
according to the deposition of muscle mass. 

 

Study code 29846 

Year 2010 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 9 (10 birds individually allocated) Experiment 2: 12 ( 8 birds individually allocated) 

Diet Background Analysed: Experiment1: 90.49-12.58 mg Zn/kg diet. Experiment 2: 94.28 - 11.84 mg Zn/kg diet 

Units’ basis of diets and/or results Diet - Other Results - Other : %absorption 

Factors affecting// combinations Dietary factors and Interactions between Zn different sources and phytate 

Composition Diets/treatments Experiment 1: different Zn sources:1) ZnSO4·7H2O,2) Zn Gly chelate, 3) Zn Met chelate, 4) Zn amino acid C complex with the weak complex strength (Zn AA C), 5) Zn 
protein B complex with the moderate complex strength (Zn Pro B), 6) Zinc protein A complex with the strong complex strength (Zn Pro A), 7) The mixtures of ZnSO4 with Gly 

(Zn + Gly), 8) The mixtures of ZnSO4 with Met(Zn + Met), 9) control group without Zn added to the media*(all treatments groups added 0.616 mmol of Zn/L (40 mg of Zn/L). 

Experiment 2. A 3 × 4 factorial arrangements A) three levels of molar rations of phytate to Zn: 0; 2:1; 10:1B) four different sources of Zn: ZnSO4, Zn AA C, Zn Pro B, Zn Pro 
A, * 0.616 mmol of Zn/L. (n=8 per treatment). Duration: 28 days  

Response criteria True absorption  

Results The absorption percentages of Zn as Zn Gly chelate, Zn Met chelate, Zn AA C, Zn Pro B, and Zn Pro A in the duodenum and jejunum were 29 to 129% higher than those of Zn 

as ZnSO4, Zn + Gly, and Zn + Met in the following order: Zn Pro A > Zn Pro B > Zn AA C > Zn Gly chelate or Zn Met chelate > ZnSO4, Zn + Met, or Zn + Gly. There was a 

significant interaction Between phytate levels and Zn sources on Zn absorption in 3 intestinal segments: the absorption percentage of Zn as ZnSO4 in the duodenum with a 
phytate-added group was 40% lower than that of Zn as ZnSO4 without a phytate added group. The absorption of Zn as organic Zn was more effective than that of Zn as 

inorganic Zn. The organic Zn absorption increased with the increasing complex strengths as well. The simple mixture of ZnSO4 with amino acid did not increase Zn absorption. 

In addition, the phytate could reduce Zn absorption as different Zn sources in 3 intestinal segments. Organic Zn sources could lessen the negative effect of phytate on Zn 
absorption, and then the absorption of organic Zn, especially Zn Pro A with strong complex strength, was more effective than inorganic Zn under the high levels of phytate. 

 

Study code 29975 

Year 2009 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 9 (10 replicates of 6 animals) 

Diet Background Analysed: 31.0 mg Zn/kg diet 

Units’ basis of diets and/or results Diet - Other : as fed-basis. Results: Fresh matter 
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Factors affecting// combinations Dietary factors, Trace elements and Interactions between Zn and Cu 

Composition Diets/treatments 1) Corn-soy control diet with no supplementation of Zn and Cu (control) 31.0 Zn, mg/kg2) Control + 8 mg of Cu as sulphate/kg of diet 31.3 Zn, mg/kg, 3) Control + 8 mg of 
Cu as organic/kg of diet 31.6 Zn, mg/kg, 4) Control + 20 mg of Zn as sulphate/kg of diet 52.9 Zn, mg/kg, 5) Control + 20 mg of Zn as sulphate and 8 mg of Cu as sulphate/kg 

of diet 55.0 Zn, mg/kg, 6) Control + 20 mg of Zn as sulphate and 8 mg of Cu as organic/kg of diet 59.1 Zn, mg/kg, 7) Control + 20 mg of Zn as organic/kg of diet 59.9 Zn, 

mg/kg, 8) Control + 20 mg of Zn as organic and 8 mg of Cu as sulphate/kg of diet 59.0 Zn, mg/kg, 9) Control + 20 mg of Zn as organic and 8 mg of Cu as organic/kg of diet 
54.0 Zn, mg/kg. Duration:3 weeks  

Response criteria True absorption, Animal performance, Bone (tibia), Plasma, duodenum and mucosa content  

Results The feed conversion data suggest that the antagonism between Zn and Cu occurred when the inorganic forms, but not organic forms, of these 2 minerals were included in a 

chick diet. Dietary supplementation of Zn in either organic or inorganic form increased growth performance and plasma and tibia Zn content. Organic Zn source caused more 

Zn accumulation in tibia than inorganic Zn source. 

 

Study code 29978 

Year 2009 

Animal Category  Chickens for fattening. Chickens reared for laying, laying hens ,turkeys for fattening ,turkeys for breeding purposes and turkeys reared for breeding  

Nº treatments (replicates/ treatment) Review 

Diet Background Review 

Units’ basis of diets and/or results Review 

Factors affecting// combinations Dietary factors and heat stress 

Composition Diets/treatments Review 

Response criteria Animal performance, immunity and antioxidant status 

Results The NRC (1994) recommends a level of 40 to 75 mg/kg of Zn in various poultry diets. One of the most important functions of Zn is its participation in the antioxidant defense 

system. Main conclusions: heat stress causes significant decreases in performance, productivity, nutrient utilization, and immune and antioxidant statuses, which result in 

increases in disease incidences and economic losses in poultry operations. Dietary manipulations are among the methods to alleviate these negative adverse effects of heat 
stress. Because it has several significant functions as well as antioxidant properties, Zn is one of the most important components of the poultry diet during times of heat stress. 

 

Study code 30034 

Year 2009 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 4 (4 replicates of 9 birds) 
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Diet Background Estimated:45 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis, 

Factors affecting// combinations Dietary factors and Interactions between Zn and humic acids 

Composition Diets/treatments 1) Group C was fed a complete feed mixture without supplements. (45 mg/kg diet), 2) Group HA was fed the same diet with 500 mg of humic acid per chicken and day, 3) 
Group ZN was loaded with 240 mg Zn (as 600 mg ZnSO4) per chicken and day, 4) Group ZN + HA were with 240 mg Zn (as 600 mg ZnSO4) + 500 mg of humic acid per 

chicken and day. Duration:10 days  

Response criteria Animal performance. Liver, kidney, serum and leg muscle content and metabolic parameters 

Results The following concentrations were detected (mg Zn/kg): 40.1 ± 13.4 in muscles, 81.0 ± 6.6 in kidneys, 72.2 ± 15.0 in liver, and in blood serum 1.04 ± 0.45 mg Zn/l. Increased 

Zn levels by 11 to 30% compared to group C were found in group HA in all tissues studied. The ten-day treatment with 600 mg ZnSO4 resulted in increased Zn levels in all 
investigated tissues, significantly in kidneys, liver and blood serum: The mean levels 430.5 ± 159.0, 149.8 ± 41.9 and 57.9 ± 22.7 mg Zn/kg, and 4.14 ± 0.9 mg/l were found in 

liver, kidneys, leg muscles, and blood serum, respectively. After the same treatment with zinc sulphate together with humic acid (group ZN + HA), no significant changes of Zn 

levels in the investigated tissues were reported. No interaction was found.  

 

Study code 30045 

Year 2009 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 9 (5 replicates of 10 animals) 

Diet Background Estimated:25.9 (starter) to 24.2 (grower) mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet + 40 mg/kg zinc as 100% Zn sulphate + 0% ZnMet, 2) basal diet + 40 mg/kg zinc as 75% Zn sulphate + 25% ZnMet, 3) basal diet + 40 mg/kg zinc as 50% Zn 

sulphate + 50% ZnMet, 4) basal diet + 40 mg/kg zinc as 25% Zn sulphate + 75% ZnMet, 5) basal diet + 40 mg/kg zinc as 100% Zn oxide, 6) basal diet + 40 mg/kg zinc as 75% 

Zn oxide + 25% ZnMet, 7) basal diet + 40 mg/kg zinc as 50% Zn oxide + 50% ZnMet, 8) basal diet + 40 mg/kg zinc as 25% Zn oxide + 75% ZnMet, 9) basal diet + 40 mg/kg 
zinc as 100% ZnMet. Duration:20 days 

Response criteria Immunological response 

Results Dietary supplementation with organic zinc improves both cellular and humoral immune responses. It is necessary to replace 75% of supplemental inorganic zinc with organic 

ZnMet complex to achieve the optimum immunological responses in broiler chicks.  

 

Study code 30108 

Year 2008 
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Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 5 (4 replicates of 9 animals) 

Diet Background Analysed:35 μg Zn/g diet 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Based diet: 60 μg Zn/g diet (Zinc level in basal diet was analysed (35 μg/g) and zinc sulphate at the level of 25 μg Zn/g diet was added to fulfill hen‘s requirement), 2) basal 

diet + 300 μg/g diet inorganic zinc (zinc sulphate), 3) basal diet + 600 μg/g diet inorganic zinc (zinc sulphate), 4) basal diet + 300 μg/g diet organic zinc (zinc amino acid 

chelate), 5) basal diet + 600 μg/g diet organic zinc. Duration:60 days  

Response criteria True absorption. Animal performance, egg production, egg content, Zn deposition in egg yolk and egg white 

Results Supplementation of both the forms and levels of zinc in hens‘ diet had no effect on egg production, egg weight, the amount of feed consumed and feed per kg egg. Increasing 

the zinc level in the diet increased zinc deposition in the egg yolk: 99% of the zinc was deposited in the egg yolk. A very low level of zinc was deposited in the egg white and 

the level seemed to be constant. No significant difference in the level of zinc deposition in the yolk was found between the organic and inorganic form of zinc.  

 

Study code 30116 

Year 2008 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 6 (4 replicates of 10 birds each)  

Diet Background Analysed25.9 and 24.2 mg/kg zinc 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet + 40 mg Zn/kg as zinc sulphate ZnSO4H2O, 2) basal diet + 80 mg Zn/kg as zinc sulphate ZnSO4H2O, 3) basal diet + 120 mg Zn/kg as zinc sulphate ZnSO4H2O, 4) 

basal diet + 40 mg Zn/kg as ZnMet, 5) basal diet + 80 mg Zn/kg as ZnMet, 6) basal diet + 120 mg Zn/kg as ZnMet. Duration: from 1 to 42 days of age. 

Response criteria Animal performance, carcass characteristics and organs weight 

Results Increasing supplemental Zn level from 40 to 80 mg/kg from both Zn sources caused increase in liver weight percentage, but this parameter was reversely affected by further 
increase to 120 mg added Zn/kg of diet. Dietary supplementation with more available Zn sources can improve production economics. Zn-Met provides more bioavailable zinc 

than feed-grade zinc sulphate. Increasing supplemental Zn level to 120 mg/kg in the present study caused significant decline in feed consumption. However, inclusion of ZnMet 

into the diets caused to significant increase in feed intake. Use of ZnMet in poultry diets seems to lower zinc requirements and to improve appetite and growth performance of 
broiler chicks. 

 

Study code 30117 
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Year 2008 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 16 (4 replicates of 24 animals) 

Diet Background Estimated:70 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 4x4 factorial experiment: A) Zn Oxide inclusion levels: 70, 105, 140 and 175 mg Zn/kg diet, B) Niacin (Nia) inclusion levels: 30, 150, 300, 450 mg Ni/kg diet. Duration: from 

28 to 48 weeks of age.  

Response criteria True absorption, animal performance, egg content, egg quality, egg production, economical efficiency and immunity titres 

Results Feeding laying hen on diet containing 105 mg Zn and 30 mg Nia/kg resulted the best performance, egg quality and economical efficiency. 

 

Study code 30204 

Year 2007 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 8 (6 replicates of 8 animals)  

Diet Background Analysed: 28.37 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results - Other :  

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) basal corn-soybean meal diet 2) basal diet + 20 mg of Zn/kg in the form of ZnSO47H2O, 3) basal diet + 40 mg of Zn/kg in the form of ZnSO47H2O, 4) basal diet + 60 mg of 

Zn/kg in the form of ZnSO47H2O, 5) basal diet + 80 mg of Zn/kg in the form of ZnSO47H2O, 6) basal diet + 100 mg of Zn/kg in the form of ZnSO47H2O, 7) basal diet + 120 

mg of Zn/kg in the form of ZnSO47H2O, 8) basal diet + 140 mg of Zn/kg in the form of ZnSO47H2O. Duration:21 days trial 

Response criteria Kidney, pancreas and bone content; Biochem. MT, Zn transporter-2mRNA 

Results The optimal dietary Zn level of chicks from hatch to 21 d of age is 84 mg/kg. The maximum weight gain and feed intake were observed in the diet supplemented with 20 mg of 
Zn/kg (48.37 mg/kg, total dietary Zn).According to the asymptotic model, the optimal Zn requirement of chicks from hatch to 21 d of age was 59.15 mg/kg for pancreas Zn and 

61.70 mg/kg for bone Zn respectively. Quadratic responses were exhibited by serum 5′-nucleotidase activity and pancreas Zn transporter-2 mRNA level, resulting in total 

optimal dietary levels of 80.50 and 84.09 mg/kg, respectively.  

 

Study code 30205 
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Year 2007 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 12 (6 replicates of 12 animals)  

Diet Background Analysed:25 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results - Other :  

Factors affecting// combinations Dietary factors and Interactions between Zn and phytase 

Composition Diets/treatments A 2x6 factorial arrangement: A) two inclusions of phytase (0 or 500 PU/kg) B) six inclusions of Bioplex Zn® providing 0; 2; 4; 8; 16 and 32mg Zn/kg diet. Duration:21 days  

Response criteria Animal performance. Breaking strength, liver, plasma and bone (tibia) content  

Results One slope, straight broken-line analysis of weight gain regressed on the supplemental Zn level provided as Bioplex Zn indicated that 12 mg/kg supplemental Zn without 

phytase and 7.4 mg/kg supplemental Zn with phytase were required for the optimal weight gain of chicks. Phytase inclusion in maize—soybean meal diet increased Zn 

bioavailability and the supplements of Zn provided as organic Zn in the maize—soybean meal diet required for optimal growth rate of broiler chicks during starter phase (1 to 
21 d) were 12 and 7.4 mg/kg without and with phytase supplementation, respectively. The respective values for total dietary Zn were 37.0 and 32.4 mg/kg when the Zn content 

in basal diet was taken into consideration. 

 

Study code 30231 

Year 2007 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 4 (5 replicates of 4 animals) 

Diet Background Analysed:29 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, and Trace elements  

Composition Diets/treatments 1) Zinc sulphate 25 ppm = basal diet, 2) basal diet + zinc sulphate 50 ppm, 3) basal diet + organic zinc as Albino-Zn 25 ppm, 4) basal diet + organic zinc as Albino-Zn 50 ppm. 

Duration:6 weeks  

Response criteria Animal performance. Egg content and egg quality 

Results There was no effect of zinc source or zinc level on egg production, egg weight or feed conversion ratio. Feed intake was lower in the group receiving 50 mg/kg organic zinc. 

Albumen height and HU were higher in the second fortnight for the groups receiving organic zinc at 25 or 50 g/kg than in the un-supplemented group. 

 

Study code 30241 
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Year 2007 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 6 (15 females and 15 males individually allocated in each treatment)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis 

Factors affecting// combinations Dietary factors, physiological factors (sex) and Interactions between Zn and Dopamine 

Composition Diets/treatments A 3x2x2 factorial arrangement: A) three levels of dopamine (DA): 0; 50 and 100 mg/kg, B) two levels of Zn: 0 and 40 mg/kg, C) sex: female and male. Duration: from 21 to 42 

days old.  

Response criteria Animal performance, and biochem. response (growth hormones, cholest., 3-glyceride) 

Results The maximum concentration of cholesterol in plasma was observed in male chicks administered 40 mg/kg of Zn and the minimum concentration was related to female chicks 
administered 50 mg/kg of DA. Administration of DA to broilers chicks decrease carcass fat and improve carcass quality. The use of 100 mg DA with 40 mg Zn per kg of diet 

improves performance of male chicks. However, the effects of these treatments are different on males and females. Whereas, Zn supplementation can improve immune system 

and under heat stress condition the immunity of chicks may decrease. 

 

Study code 30342 

Year 2007 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment1: 6(4 replicates of 4 animals). Experiment 2: 12 (4 replicates of 5 animals)  

Diet Background Analysed: On average, basal diets contained 26 mg of Zn/kg, 23.0 mg Zn/kg diet (WTB) and 24.4 mg Zn/kg diet (LPB) 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors and Interactions between Zn and phytate barley 

Composition Diets/treatments Experiment 1: 2×3 factorial arrangement: A) barley type [wild-type barley (WTB) and low phytate barley (LPB) mutant M 955] B) supplemental Zn as ZnSO4(0; 10; or 20 mg 

of Zn/kg).  

Experiment 2: 2×2×3 factorial arrangement: A) barley type (WTB and LPB),B) autoclave treatment [non autoclaved or autoclaved (121°C, 20 kg/cm2, 20 min)], C) 

supplemental Zn (0; 10 or 20 mg of Zn/kg). Duration:21 days  

Response criteria True absorption, retention Animal performance, and bone and toe content  

Results Zinc concentration in toes and tibias were affected by barley type (LPB > WTB) and supplemented Zn levels (20>10>0 mg of Zn/kg). Chicks fed low phytate barley (LPB) 

were able to utilize more dietary P and Zn than chicks fed wild-type barley (WTB).Diets containing LPB may not need to be supplemented with as much inorganic P and Zn. 
The combination of low levels of supplementary inorganic P and Zn and increased availability of both minerals in LPBmay result in a significant reduction in P and Zn in 

poultry manure. Differences in Zn and P utilization by chicks fed WTB and LPB diets are due to differences in phytic acid content of the barleys and not due to endogenous 
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phytase activity present in the grains. 

 

Study code 30360 

Year 2006 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 9 (8 replicates of 6 animals) 

Diet Background Analysed:23 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Corn-soybean meal diet without Zn supplementation, as basal diet, 2) Basal diet + 5 mg/kg from Bioplex Zn®, 3) Basal diet + 10 mg/kg from Bioplex Zn® , 4) Basal diet + 20 

mg/kg from Bioplex Zn®, 5) Basal diet + 40 mg/kg from Bioplex Zn®, 6) Basal diet + 5 mg/kg from ZnSO4·7H2O, 7) Basal diet + 10 mg/kg from ZnSO4·7H2O, 8) Basal diet + 

20 mg/kg from ZnSO4·7H2O, 9) Basal diet + 40 mg/kg from ZnSO4·7H2O. Duration: 21 days 

Response criteria Animal performance. Liver and bone (tibia) content. Relative bioavailability  

Results The relative bioavailability value of BioplexZn is 183% that of zinc sulphate based on the weight gain data, and 157% that of zinc sulphate based on the total tibia Zn and zinc 
sulphate in corn soybean meal diet required for optimal growth rate of broiler chicks during starting phase (1-21d) were 9.8 mg/kg diet and 20.1 mg/kg diet respectively. 

 

Study code 30675 

Year 2004 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 3 (2 replicates of 36 animals) 

Diet Background Analysed:29-35 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis.  

Factors affecting// combinations Dietary factors and Trace elements 

Composition Diets/treatments 1) Corn-soybean meal basal diet without supplemental zinc, 2) basal diet + zinc at 60 mg/kg zinc from ZnSO4, 3) basal diet + zinc at 60 mg/kg zinc from zinc amino acid 
complex (ZnAA). Duration: from 3 to 58 weeks of age. 

Response criteria Animal performance. Liver, spleen and serum content of Zn and MT; and inflammatory response 

Results Supplementation of 60 mg/kg zinc from either ZnAA or ZnSO4 significantly elevated metallothionein (MT) concentration in liver and spleen. MT concentration in liver of 

birds fed ZnAA diet was higher than in those fed ZnSO4 diet. Zinc amino acid complex enhanced MT synthesis and zinc sequestered in liver and spleen and increased the 
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sensitivity to immune response due to LPS challenge. 

 

Study code 30708 

Year 2004 

Animal Category  Turkeys for breeding purposes and Turkeys reared for breeding  

Nº treatments (replicates/ treatment) 3 (9 animals individually allocated)  

Diet Background Estimated: 34 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis.  

Factors affecting// combinations Dietary and Physiological factors 

Composition Diets/treatments 1) Diets without zinc supplementation, 2) basal diet + 60 mg of zinc per kg of diet (chelate compound with methionine), 3) basal diet + 120 mg of zinc per kg of diet (chelate 

compound with methionine) 

Response criteria Animal performance (egg fertilization, poult hatching). Biochemical response (in semen); serum content and semen quality parameters 

Results The optimum zinc level in diets for reproductive turkey-toms is ca. 150 mg per kg (supplementation 120 mg). Its positive influence on the reproduction results in turkeys 

manifests itself first of all by high fertilization ability.  

 

Study code 30742 

Year 2004 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 4 (12 animals individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) full fed hens (nonmolted, NM), 2) Non fed hens (molted, M), 3) 10,000 mg of zinc per kilogram of diet as zinc acetate diet (ZAC), 4) 10,000 mg of zinc per kilogram of diet 

as zinc propionate diet (ZPR). Duration:9 days  

Response criteria True absorption. Animal performance. Biochemical response and enteritis by S. enteritidis 

Results The zinc dietary regimens may be effective for reducing the risk of Salmonella enteritidis during induced molt. 
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Study code 30765 

Year 2004 

Animal Category  Chickens for fattening: breeders 

Nº treatments (replicates/ treatment) 250 broiler breeder males and 750 broiler breeder females and 2016 straight-run chicks divided in 48 pens 

Diet Background Analysed:37 ± 8 mg Zn/kg diet (females) 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors and environment 

Composition Diets/treatments A) Females from 0 to 65 wk of age, received the following diets:1) supplemented with 160 ppm zinc as ZnSO4, 2) supplemented with 160 ppm zinc as Availa Zn 100 zinc-

amino acid complex (ZNAA) 

B) Males (42 days production), 1) supplemented with 140 ppm zinc as ZnSO42) supplemented with a combination of Availa Zn (40 ppm zinc) and ZnSO4 (100 ppm zinc) 

C) Broiler Husbandry, 42days production, were provided diets: 1) with 140 ppm supplemental zinc from ZnSO4 (140 ppm), 2) with 140 ppm supplemental zinc from a mixture 

of ZnAA (40 ppm) and ZnSO4 (100 ppm) 

Response criteria Animal performance 

Results Providing diets supplemented with ZnSO4 to hens or exposing broilers to optimum temperatures enhanced humoral immune response of progeny. Brooding temperature 
affected broiler performance, whereas the response to dietary zinc source was less pronounced. Cumulative feed conversion (FC) was improved when broiler breeder hens and 

their progeny consumed diets having added ZnAA and ZnAA + ZnSO4, respectively. Humoral immune response of broilers was greater when hens consumed diets 

supplemented with ZnSO4 rather than ZnAA. Subjecting broilers to suboptimum brooding temperatures enhanced feed intake, suppressed humoral immune response and 
increased the incidence of 17-d mortality.  

 

Study code 30766 

Year 2004 

Animal Category  Chickens for fattening: Broiler and Breeder Hens 

Nº treatments (replicates/ treatment) 675 pullet chicks were reared in 3 environmentally controlled rooms (1 treatment per room). 225 chicks randomly assigned to an experimental room(no replication) 

Diet Background Analysed:12 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors. Trace elements and physiological factors (age)  

Composition Diets/treatments 1) diets supplemented with 160 ppm zinc from ZnSO4 (control), 2) diets supplemented with 160 ppm zinc from Availa Zn zinc-amino acid complex (ZnAA), 3) diets 

supplemented with a mixture of ZnAA and ZnSO4 (80 ppm zinc from each). Duration: l from hatching to 65 weeks of age. 

Response criteria Animal performance Egg Breaking Strength and immune status and fertility 
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Results Immune response to phytohemagglutinin-P and antibody titters to Newcastle disease virus were increased with birds given diets supplemented with 160 ppm zinc from ZnAA 
compared with ZnSO4 or ZnAA + ZnSO4. Hens consuming diets supplemented with a mixture of ZnAA and ZnSO4 produced 3.6 more chicks per hen housed than the hens 

consuming the ZnAA-supplemented diet. Egg specific gravity and settable egg production were enhanced when caged hens consumed diets containing a mixture of ZnAA and 

ZnSO4 rather than diets having added zinc from ZnSO4.Differences in egg production primarily occurred during the early stages of egg production. 

 

Study code 30806 

Year 2004 

Animal Category  Chickens for fattening: Broiler Breeder Hen 

Nº treatments (replicates/ treatment) 12 (8 replicates of 24 animals) 

Diet Background Analysed:39 ± 8 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis. Results: Dry matter 

Factors affecting// combinations Trace elements and Breeder Age 

Composition Diets/treatments A 3x4 factorial arrangement: A) four hen ages (29, 41, 53, and 65 weeks) B) three zinc sources supplemented in the hen diets. 1) 160 ppm supplemental zinc from inorganic 

ZnSO4, 2) 160 ppm supplemental zinc from AvailaZn zinc-amino acid complex (ZnAA), 3) 160 ppm supplemental zinc from a mixture of ZnAA and ZnSO4 (ZnAA + ZnSO4, 
80 ppm Zn from each). Duration: from hatch through 65 weeks of age.  

Response criteria Animal performance Liver content, biochemical response and organ weights 

Results Supplemental zinc source in breeder hen diets did not influence chick physiology at hatching: chicks from 29-wk-old hens had lower relative yolk sac weight and relative heart 

weight.  

 

Study code 30833 

Year 2004 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 4 (27 or 28 birds individually allocated each treatment) 

Diet Background Estimated:55 mg Zn/kg diet 

Units’ basis of diets and/or results Diet : as fed-basis,Results: as fed basis 

Factors affecting// combinations Dietary and Physiological factors 

Composition Diets/treatments 1) Molted conventionally by feed withdrawal 2) 1% Zn as Zn acetate, 3) 1% Zn as Zn propionate, 4) Nonmolted control for 9 d.Duration:9 days 

Response criteria Animal performance, egg production and quality, liver and kidney content, breaking strength and molt induction 
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Results Dietary Zn propionate (1% zinc) as an alternative molting dietary Zn supplement was comparable in its effectiveness to induce molt. 

 

Study code 30839 

Year 2004 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 8 (3 replicates of 10 animals) 

Diet Background Estimated:110 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis,Results: Dry matter 

Factors affecting// combinations Dietary factors and Trace elements 

Composition Diets/treatments 1) basal diet2) CuSO420 ppm3) ZnSO4500 ppm supplemental Zn as ZnSO4, 4) ZnSO41,000 ppm supplemental Zn as ZnSO4, 5) ZnSO4-1,500 ppm 6) ZnO500 ppm 7) ZnO 

1,000 ppm 8) ZnO 1,500 ppm Duration:12 days 

Response criteria Animal performance, Zn content in breast and N and Zn loss in manure 

Results Weight gain, feed consumption, and feed efficiency of chicks fed the diets supplemented with 1,500 ppm Zn as ZnSO4 were significantly lower than those of the other 

treatments, whereas the ZnO treatments had no negative effects on growth performance. Zn treatments significantly reduced nitrogen loss in poultry manure, and ZnO could be 
a better Zn source to prevent nitrogen loss to the atmosphere without any detrimental effect on growth performance: after the 21-d incubation, the uric acid-N levels of manure 

from chicks fed the ZnO-1,000 treatment were significantly higher than those of manure from chicks fed the ZnSO4-500. The manure from chicks fed the Zn-supplemented 

diets had significantly less total N loss compared with that from chicks fed the control.The manure from chicks fed ZnO-1,500 had significantly less total N loss than that from 
chicks fed the other treatment diets.  

 

Study code 31002 

Year 2002 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 8 (6 replicates of 9 animals) 

Diet Background Analysed:24 mg Zn/kg diet 

Units’ basis of diets and/or results Diet :Dry matter,Results: Dry matter, 

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) basal diet of maize-soyabean 2) basal diet supplemented with 30 mg/kg added Zn as reagent grade Zinc acetate 3) basal diet supplemented with 60 mg/kg added Zn as 

reagent grade Zinc acetate 4) basal diet supplemented with 90 mg/kg added Zn as reagent grade Zinc acetate 5) basal diet supplemented with 30 mg/kg added Zn from Zinc 

methionine 6) basal diet supplemented with 60 mg/kg added Zn from Zinc methionine 7) basal diet supplemented with 30 mg/kg added Zn from Zinc proteinate 8) basal diet 
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supplemented with 60 mg/kg added Zn from Zinc proteinateDuration:3, 6, or 9 days 

Response criteria Animal performance, Bone content, biochemical response, and mucosal cell MT concentrationRelative bioavailability 

Results Accumulation of Zn in bone increased with supplemental Zn and age. Bone Zn concentration was greater in chicks given Zinc proteinate. Hepatic and mucosal metallothionein 
(MT) increased with supplemented Zn and age. Using Zinc acetate as a standard (1.00) in multiple linear regressions gave estimated relative bioavailability (RBV)values of 

1.10, 1.24, and 1.16 for Zinc proteinate and 0.88, 0.91 and 0.78 for Zinc methionine at 3, 6, and 9 days, respectively, based on bone Zn concentrations. Similar estimates were 

calculated using mucosal MT. The coefficient of determination was greater for the mucosal MT regression at 3 days compared to that for bone Zn. Mucosal MT appears to be a 
suitable criterion to estimate bioavailability of Zn sources during short term trials. 

 

Study code 31127 

Year 2001 

Animal Category  Laying hens 

Nº treatments (replicates/ treatment) 2 (10replicates of 13 animals)  

Diet Background Analysed:46mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Trace elements and Interactions between Vitamin A and zinc 

Composition Diets/treatments A) according to vitamin A treatment (0 and 3.44 mg retinyl acetate/kg feed), B) five zinc treatment groups (0, 25, 50, 100 and 200mg zinc/kg diet respectively as zinc 

oxide)Duration: 12 days  

Response criteria Biochemical response 

Results Plasma T4, T3 and total cholesterol levels were significantly influenced by only Zn administration to the diet in the laying hens:While 100 and 200mg Zn/kg decreased plasma 

T4 level compared to control value, plasma T3 level was reduced by 100mg Zn/kg compared to groups fed less Zn.Adding 50 and 200mg Zn/kg to the diet increased plasma 

total cholesterol level in the birds compared to other groups. Vitamin A, zinc, and their interaction did not influence the concentration of plasma high-density lipoprotein 
(HDL)-cholesterol, glucose and egg yolk cholesterol in laying hens. 

 

Study code 31260 

Year 2001 

Animal Category  Chickens reared for laying  

Nº treatments (replicates/ treatment) 5 (4 replicate of 4 animals) 

Diet Background Analysed:13.5 mg Zn/kg diet (8.8 mg/kg bioavailable Zn) 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis 
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Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1:1) Zn-deficient soy concentrate diet (8.8 mg/kg bioavailable Zn) 2) basal diet + 5.81 mg Zn/kg from ZnSO47H2O 3) basal diet + 10.81 mg Zn/kg from 
ZnSO47H2O 4) basal diet + 15.10 mg Zn/kg fromZnSO47H2O 5) basal diet + 20.25 mg Zn/kg fromZnSO47H2O Experiment 2 and 3:1) Zn-deficient soy concentrate diet (8.8 

mg/kg bioavailable Zn) 2) basal diet + 5.81 mg Zn/kg from ZnSO4·7H2O 3) basal diet + 10.81 mg Zn/kg from ZnSO4·7H2O 4) basal diet + 5.38 mg Zn/kg from TBZC5) basal 

diet + 10.81 mg Zn/kg from TBZC Duration:14 days  

Response criteria Animal performance 

Results  Weight gain of chicks increased linearly when the first three levels of Zn were fed. Broken-line analysis of the weight gain data indicated a bioavailable Zn requirement of 
22.4mg/kg.The RBV of Zn in tetrabasic zinc chloride (TBZC) was found to be 102%,which was not different from 100%. The RBV of Zn in TBZC was 111%, which was not 

different from 100%. In summary, the RBV of Zn in TBZC was not different from that of ZnSO47H2O, and the minimal bioavailable Zn requirement for chicks 1 to 3 wk of 

age fed a soy concentrate diet was estimated at 22.4 mg/kg.The results herein indicate that TBZC provides the same bioavailable Zn as that of analytical-grade ZnSO47H2O.  

 

Study code 31282 

Year 2000 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 8 (6 replicates of6 animals) 

Diet Background Analysed:117 mg Zn/kg diet 

Units’ basis of diets and/or results Diet : Dry matter,Results:Dry matter 

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) basal diet 2) basal diet + 200 ppm Zn as Zn sulphate 3) basal diet + 400 ppm Zn as Zn sulphate 4) basal diet + 200 ppm Zn as basic Zn sulphate5) basal diet + 400 ppm Zn as 

basic Zn sulphate6) basal diet + 200 ppm Zn as Zn chloride7) basal diet + 400 ppm Zn as Zn chloride8) basal diet + 400 ppm Zn as Zn oxide Duration:21 days 

Response criteria Bone content and solubilityRelative bioavailability 

Results Based on bone Zn accumulation regressed on added dietary Zn concentration and assuming a value of 100% for reagent-grade Zn sulphate, relative bioavailability values were 
101, 107, and 49% for basic Zn sulphate, basic Zn chloride, and Zn oxide, respectively.The bioavailability of Zn in basic Zn sulphate and basic Zn chloride was equal to that of 

reagent grade Zn sulphate for chicks.Due to their insolubility in water, both of these new Zn compounds should be good supplemental sources of the element for inclusion in 

diets for poultry and should be less likely to promote problems with caking or possible lipid oxidation of other dietary ingredients as observed previously with tribasic Cu 
chloride. 

 

Study code 31321 

Year 2000 

Animal Category  Chickens for fattening  
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Nº treatments (replicates/ treatment) Experiment 1: 8 (6 replicates of 30 animals)Experiment2:6 (8replicates of 36 animals) 

Diet Background Analysed:59; 100 and 58 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: Dry matterResults:Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: 21 days trial1) basal corn-soybean meal diet containing 59 mg of Zn/kg DM2) basal diet + 200 mg/kg Zn as reagent-grade Zn Sulphate 3) basal diet + 400 mg/kg 

Zn as reagent-grade Zn Sulphate 4) basal diet + 600 mg/kg Zn as reagent-grade Zn Sulphate 5) basal diet + 200 mg/kg added Zn as Zn AA 6) basal diet + 400 mg/kg added Zn 
as Zn AA 7) Basal diet +200 mg/kg added Zn as Zn ProA.8) Basal diet + 400 mg/kg added Zn as Zn ProA.Experiment 2: 21 days trial1) Basal corn-soybean meal diet 

containing 100 mg of Zn/kg DM2) Basal diet + 200 mg/kg added Zn as reagent-grade Zn Sulf 3) Basal diet + 400 mg/kg added Zn as reagent-grade Zn Sulf 4) Basal diet + 200 

mg/kg added Zn as Zn Poly5) Basal diet + 200 mg/kg added Zn as Zn ProB6) Basal diet + 200 mg/kg added Zn as Zn ProC.* ZnSO47H2O (Zn Sulf); Zn methionine complex A 
(Zn MetA);Zn methionine complex B (Zn MetB); Zn polysaccharidecomplex (Zn Poly); Zn lysine complex (Zn Lys); Zn amino acid chelate (Zn AA); Zn proteinate A (Zn 

ProA); Zn proteinate B (Zn ProB); Zn proteinate C (Zn ProC) 

Response criteria Bone intestine, and mucosa content  

Results Bone Zn concentration increased as dietary Zn increased in both experiments. Bioavailability of the Zn in commercial organic Zn products was most related to negative 
solubility of Zn in pH 5 buffer in chicks. Of the six organic products tested, only Zn proteinate A had a bioavailability estimate in chicks greater than that of reagent-grade 

ZnSO4·7H2O. Although numerous differences were found in the chemical characterization among the organic Zn products, animal feeding trials failed to distinguish among 

products with regard to absorption and tissue deposition of Zn from the various organic sources. The results indicated that the organic Zn compounds tested were generally 
equal to ZnSO4·7H2O as supplemental sources of the element for domestic animals. 

 

Study code 31355 

Year 2000 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 5 (4 replicates of 4 animals) 

Diet Background Analysed:13.5mg Zn/kg diet (SPC) and0.3 mg Zn/kg diet (egg white diet) 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: basal diet + 50 mg Zn/kg from ZnSO47H2O they were fed tochicks with and without the addition of 15% dehulled SBMExperiment 2:1) Soy concentrate basal 

diet 2) Soy concentrate basal diet+ 4.06 mg Zn/kg3) Soy concentrate basal diet+ 8.39 mg Zn/kg4) Soy concentrate basal diet+ 50.88 mg Zn/kg5) Soy concentrate basal diet+ 
15% SBM (9.89 mg Zn/kg)Experiment 3:1) Egg white basal diet2) Egg white basal diet + 4.03 mg Zn/kg3) Egg white basal diet + 8.00 mg Zn/kg4) Egg white basal diet + 

50.03mg Zn/kg5) Egg white basal diet + 10.9% SBM (7.19 mg Zn/kg)*Zinc was present at 13.5 mg Zn/kg (as fed )for the Soy concentrate diet(SPC) and 0.3 mg Zn/kg (as fed) 

for egg white dietDuration:4 days depletion period and 12 days feeding trial. 

Response criteria Animal performance.Relative bioavailability 
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Results After a 4-d Zn depletion period, chick weight gain responded linearly to graded increments of supplemental Zn (0 to 10 mg/kg) from ZnSO47H2O, whether added to the Zn-
deficient soy protein concentrate (SPC) or egg white diet. Addition of 7 to 10 mg Zn/kg from dehulled soybean meal (SBM) to either Zn-deficient diet increased weight gain, 

but a similar SBM addition to either diet made adequate in Zn did not increase weight gain. Using standard-curve methodology, RBV of Zn in SBM was 78% when the the 

SPC diet was used, but it was only 40% when the egg white diet was used. The phytate contained in the SPC basal diet therefore markedly reduced the efficiency of utilizing 
the supplemental inorganic Zn from ZnSO4·7H2O. The Zn in SBM had a higher RBV value than was the case for Zn utilization in SBM with the phytate-free egg white diet.The 

78% Zn RBV value in SBM would seem to have the greatest relevance for practical-type corn-SBM diets.Zinc-antagonizing components, primarily phytate, in soy products 

reduce the utilization of inorganic Zn added to soy-containing diets. Hence, when a Zn-deficient soy concentrate diet is used to assess Zn bioavailability in soybean meal 
relative to a standard such as ZnSO4·7H2O, a relatively high bioavailability value of 78% is obtained. This value is more realistic for use in practical feed formulation than the 

40% value obtained when a phytate-free egg white diet is used to assess the relative bioavailability of Zn. 

 

Study code 31369 

Year 2000 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 12 (2 replicates of 12 animals) 

Diet Background Estimated: 40 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors and infection 

Composition Diets/treatments 4x3 factorial arrangement:A)four diets:1) Se- and Zn-fortified diet (basal diet supplemented with 1 and 60 ppm of Se and Zn, respectively),2) Se-fortified diet (basal diet 

supplemented with 1 ppm of Se3) Zn-fortified diet (basal diet supplemented with 60 ppm of Zn, 4) the basal diet (control, 40 ppm Zn).B) inoculation bacteria:1) Salmonella 

and aflatoxin inoculation 2) Salmonella inoculation 3) Un inoculatedDuration:15 days  

Response criteria Animal performance, immune responses and organs weight 

Results Zinc status is an important determinant of growth performance:A significant improvement in growth performance represented by relative body gain (RBG) and feed efficiency 
(FE), for the Zn- and Se + Zn-enriched diets fed to the T1 and T2 groups.  

 

Study code 31431 

Year 1999 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 3 (4 replicates of four animals) 

Diet Background Analysed:100mg Zn/kg diet and 13.5mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis,Results: Dry matter 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1040 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1. (12 days trial, day 8 - 20)1) 0 mg/kg supplemental Zn from analytical grade (AG)ZnSO47H2O (22.7% Zn) 2) 4.76 mg/kg supplemental Zn from analytical grade 
(AG)ZnSO47H2O (22.7% Zn) 3) 9.90 mg/kg supplemental Zn from analytical grade (AG) ZnSO47H2O (22.7% Zn)Experiment 2. (12 days trial, day 8 - 20)1) 0 mg/kg 

supplemental Zn from analytical grade (AG) ZnSO4_7H2O (22.7% Zn)(2) 5.06 mg/kg supplemental Zn from analytical grade (AG) ZnSO4_7H2O (22.7% Zn)(3) 10.12 mg/kg 

supplemental Zn from analytical grade (AG) ZnSO4_7H2O (22.7% Zn)Experiment 3. (12 days trial, day 8 - 20)1) 0 mg/kg supplemental Zn from analytical grade (AG) 
ZnSO47H2O (22.7% Zn)2) 4.73 mg/kg supplemental Zn from analytical grade (AG) ZnSO47H2O (22.7% Zn)3) 9.13 mg/kg supplemental Zn from analytical grade (AG) 

ZnSO47H2O (22.7% Zn)  

Response criteria Animal performance and bone content (tibia) 

Results Weight gain and total tibia Zn responded linearly to Zn supplementation from ZnSO4·7H2O.All sources of ZnSO4H2O, which included two Feed-grade(FG) sources (source 

1,36.5% Zn; source 2, 35.3% Zn) and one food-grade source(36.5% Zn), were not different in RBV from the ZnSO4·7H2O standard. Two Zn metal products, Zn metal dust 
(100% Zn) and Zn metal fume (91.5% Zn), were also evaluated, and they were found to have Zn RBV values of 67 and 36%, respectively. Feed-grade sources of ZnO vary 

widely in colour, texture, Zn content, and Zn bioavailability. 

 

Study code 31453 

Year 1999 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 8 (6 animals per treatment individually allocated) Experiment 2: 9 (4 or 5 animals per treatment individually allocated) 

Diet Background Analysed:62mg Zn/kg diet (Experiment 1) and 63mg Zn/kg diet (Experiment 2) 

Units’ basis of diets and/or results Diet :Dry matterResults:Dry matter 

Factors affecting// combinations Dietary factors and method of oral administration 

Composition Diets/treatments Experiment 1:1) basal diet (62 ppm Zn on a DM by analysis), 2) basal diet + 1,000 ppm Zn from Zn sulphate fed continuously3) basal diet + 1,000 ppm Zn from Zn acetate fed 

continuously4) basal diet + 1,000 ppm Zn from Zn chloride fed continuously,5) basal diet + a single gavage (crop-intubated solution) of deionized water6) basal diet + a single 

gavage of 1,000 ppm Zn from Zn sulphate 7) basal diet + a single gavage of 1,000 ppm Zn from Zn acetate8) basal diet + a single gavage of 1,000 ppm Zn from Zn 
chloride,Experiment2.1) basal diet (63 ppm Zn on a DM by analysis), 2) basal diet + 1,000 ppm Zn from Zn sulphate 3) basal diet + 1,000 ppm Zn from Zn acetate 4) basal diet 

+ 1,000 ppm Zn from Zn chloride 5) basal diet + a single gavage (crop-intubated solution) of deionized water6) basal diet + a single gavage of 1,000 ppm Zn from Zn sulphate 

7) basal diet + a single gavage of 1,000 ppm Zn from Zn acetate8) basal diet + a single gavage of 1,000 ppm Zn from Zn chloride,9) basal diet + a single gavage of 1,000 ppm 
Zn from Zn gluconateDuration:8 days  

Response criteria Animal performance,liver, kidney, intestine, brain and pancreas content  

Results Bone Zn was increased by Zn source and was greater at 24 than at 168 h after dosing by gavage. In chicks given a single gavage dose of Zn, liver and kidney Zn measured at 24 

h after oral dosing was greater than at 168 h. In birds given a single oral dose of Zn, time × Zn source interactions were observed in pancreas, mucosal cells, and remaining 

intestinal tract segments. Using chicks, supplementation of high amounts of Zn (1000ppm) to corn-soybean meal diets from 14 to 21 d of age may provide a practical way to 
assess bioavailability of Zn sources without the associated problems in feed intake. Administration of Zn via gavage resulted in a greater decrease in feed intake and growth in 

chicks than dietary inclusion of a similar amount of the element. Evidently, avian homeostatic mechanisms work differently for a single load and for high dietary intake. For 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1041 

practical purposes of estimating bioavailability of Zn sources for chicks based on bone Zn uptake, studies could be conducted from 14 to 21 days of age with Zn included in the 
diet. 

 

Study code 31525 

Year 1998 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 12 (2 replicates of 6 animals)Experiment2: 2 (2 replicates of 4 animals and 2 replicates of 8 animals.Experiment3: 3(1 replicate of 9 animals)Experiment4:5 (9 

replicates of 6 animals) 

Diet Background Analysed:77mg Zn/kg diet (Exp.1); 62mg Zn/kg diet (Exp.2); 63 mg Zn/kg diet (Exp.3) and 60 mg Zn/kg diet (Exp. 4)  

Units’ basis of diets and/or results Diet: Dry matter,Results: DM except for bone which is mg Zn/kg of bone ash 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment1: 4x3 factorial arrangement:A)basal diet supplemented with 0; 500; 1,000; or 1,500 ppm Zn as RG ZnSO4·7H2O B)fed for 1, 2, or 3 weeksExperiment 2: 21days 

trial1) basal diet containing 62 ppm Zn (DM basis by analysis) 2) basal diet +1,000 ppm Zn as RG Zn sulphate 3) basal diet + 1,000 ppm Zn as feed grade (FG) Zn 
gluconate.Experiment3.: 21 days trial1) basal diet 2) basal diet +1,000 ppm Zn as Zn acetate 3) basal diet + 1,000 ppm Zn as Zn oxide. Experiment4.: 21 days trial1) basal 

corn-soybean meal diet containing 60 ppm Zn (DM basis) continuously for 21 d as a control.2) basal diet +1,000 ppm Zn added as RG ZnSO4·7H2O fed continuously from Day 

1,3) basal diet + 1,000 ppm Zn added as RG ZnSO4·7H2O started on Day 34) basal diet + 1,000 ppm Zn added as RG ZnSO4·7H2O started on Day 55) basal diet + 1,000 ppm 
Zn added as RG ZnSO4·7H2O started on Day 7. 

Response criteria Animal performance, liver, kidney, pancreas, bone, brain, muscle and plasma content of Zn and MT 

Results Bone Zn increased in all experiments in response to increasing dietary Zn concentrations.Chicks given high Zn on Day 3, 5, or 7 decreased feed intake within 24 h of feeding. 

Delayed feeding of high dietary Zn might help to alleviate decreased feed intake observed in previous studies with Zn sulphate.Use of either Zn gluconate or Zn acetate (1000 

ppm for 21 days) as a standard in assays or use of MT synthesis as a bioavailability criterion will probably not be useful to improve accuracy of the estimates. 

 

Study code 32818 

Year 2011 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 4 (6 replicates of 20 animals) 

Diet Background Analysed:32.55mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis,Results: Dry matter 

Factors affecting// combinations Dietary and Physiological (sex) factors  

Composition Diets/treatments A 2×2 factorial arrangementA) sex: males or femalesB) Zn oxide (OZ) supplementation levels were 0 and 25 ppm 1) control2) basal diet supplemented with OZ 25 ppm 
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(56.41±0.65 ppm Zn analysed)Duration:24 days 

Response criteria Animal performance, biochemical response, skin, breast meat and plasma content of Zn  

Results Dietary OZ supplementation at the level of 25 ppm does not affect the growth performance and skin quality of broiler chickens but increases the Zn content in thigh meat and 
Ca content in plasma of broiler chickens. Male broilers had better growth performance and skin quality than females. 

 

Study code 33071 

Year 2011 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 6 (3 replicates of 20 animals)  

Diet Background Analysed:29.3 mg Zn/kg diet and 27.8 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis,Results: mg/kg as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) control (containing 29.3 mg zinc (Zn)/kg basic diet (0-21 days) and 27.8 mg Zn/kg (22-42 days)); 2) basic diet plus 30 mg Zn/kg from Zn-Gly; 3) basic diet plus 60 mg 

Zn/kg from Zn-Gly; 4) basic diet plus 90 mg Zn/kg from Zn-Gly; 5) basic diet plus 120 mg Zn/kg from Zn-Gly; 6) positive control, basic diet plus 120 mg Zn/kg from zinc 
sulphate (ZnSO4)Duration:42 days  

Response criteria Serum and faeces content, structure of intestine and antioxidative indexes 

Results Supplementation with Zn-Gly could improve oxidative stress, zinc tissue storage, and intestinal morphology of broilers. Additionally, Zn-Gly could be a good source for zinc 

fortification in diets for broiler chickens: The addition of 90 or 120 mg/kg Zn-Gly led to an improvement of activity of Cu/Zn superoxide dismutase and glutathione peroxidase 
and a reduction of malondial dehyde content in livers at 21 and 42 days. With 90 mg/kg Zn-Gly, the content of sera zinc increased by 17.55% in 21-day broilers and 10.77% in 

42-day broilers compared with that of the control. Adding 90 mg/kg Zn-Gly to the diet markedly elevated villus length of duodenum, decreased crypt depth of ileum, increased 

villus height and decreased crypt depth of the jejunum in the second growth stage of in 42-day broilers. Adding 120 mg/kg Zn-Gly or ZnSO4 to broilers' diets greatly enhanced 
the content of zinc in faeces at 21 days and at 42 days. 

 

Study code 33261 

Year 2010 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 6 (3 replicates of 20 animals) 

Diet Background Analysed:29.3 mg Zn/kg diet and 27.8 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: mg Zn/kg diet as fed-basis 
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Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) control (containing 29.3 mg Zn/kg basic diet [0-3 weeks] and 27.8 mg Zn/kg[4-6 weeks]); 2) basic diet plus 30 mg Zn/kg from Zn-Gly; 3) basic diet plus 60 mg Zn/kg from 
Zn-Gly; 4) basic diet plus 90 mg Zn/kg from Zn-Gly; 5) basic diet plus 120 mg Zn/kg from Zn-Gly; 6) positive control, basic diet plus 120 mg Zn/kg from zinc sulphate 

(ZnSO4). Duration:21- and 42-days feeding trials 

Response criteria Animal performance, and biochem. response  

Results The supplementation with Zn-Gly can improve the growth performance and immunological capacity of broilers:Both of Zn-Gly and ZnSO4 could improve the growth 

performance of broilers, with the greatest average daily feed intake observed in the broilers fed 90 mg Zn/kg from Zn-Gly, but the greatest average daily gain observed with 
120 mg Zn/kg from Zn-Gly (0-3 weeks) and 90 mg Zn/kg from Zn-Gly (4-6 weeks).Adding Zn-Gly improved the levels of immunoglobulins (IgA,IgM, and IgG) and the 

contents of total protein and Ca in serum and increased the immune organs index especially with 90 mg Zn/kg as Zn-Gly.  

 

Study code 34495 

Year 2002 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 4 (6 replicates of 5 animals) 

Diet Background Analysed:33 mg Zn/kg diet 

Units’ basis of diets and/or results Diet : Dry matter 

Factors affecting// combinations Dietary factors, ambient temperature and interaction between Cr and Zn 

Composition Diets/treatments 1) fed the control diet (T1) 2) control diet + 400 μg of Cr/kg of diet (T2), 3) control diet + 30 mg of Zn/kg of diet (T3) ZnSO4·H2O, 4) control diet + 400 μg of Cr plus 30 mg of 

Zn/kg of diet (T4).Duration:17 weeks trial 

Response criteria Animal performance, biochemical response, egg quality and production 

Results Zinc and chromium can effectively be used as antistressor supplements in laying hens:Supplemental dietary chromium or zinc either individually or together increased plasma 

insulin and decreased corticosterone concentrations and that had a positive effect on performance of laying hens under low ambient temperature (they alleviated cold-stress-
induced depression in growth rate, feed efficiency, egg production, and egg quality) 

 

Study code 35931 

Year 1990 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) (6 pens of 12 animals) 

Diet Background Analysed:70 mg Zn/kg diet 
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Units’ basis of diets and/or results Diet: as fed-basis, 

Factors affecting// combinations Dietary factors and time 

Composition Diets/treatments Experiment 1 and 2: chicks were raised using a corn soybean-meal-based nonpurified died. At 10 days of age, they were fed: 1) fed the purified diet, 2) purified diet 
supplemented with 500 mg Zn/kg as ZnO. 

Experiment 3: chicks were raised to 18days of age using the nonpurified diet; they were then fed the purified diet to 21 days of age, when excess dietary Zn was fed to one-half 

of the chicks. Chicks were treated with 20 uCi L-[4,5-3H(N)]-leucine(60 Ci/mmol, per 100 g of body weight by intraperitoneal injection at 0.5, 1, 2, 3 and 4 d after the addition 
of 500 mg Zn/kg as ZnO to the treatment group's diet. Experiment 4.:chicks were given 0 or 500 mg added Zn/kg of diet. Duration: from l h to a maximum of 7 days 

Response criteria Liver, pancreas and plasma content, biochemical response 

Results Chicks killed at intervals after the addition of excess Zn (500 mg/kg as ZnO) to a purified diet containing 70 mg Zn/kg showed a rapid increase in plasma Zn concentration that 

reached a plateau within 1 h. Two critical levels of pancreatic soluble Zn (1 and 2.7 ng Zn/mg of protein, respectively) were observed at which amylase activities increased in 

the plasma and decreased in the pancreas.  

 

Study code 35940 

Year 1990 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1:8 (3 replicates of 4 animals). Experiment 2: 5(3 replicates of 5 animals)  

Diet Background Analysed:13 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: 1) soy isolate dextrose diet containing 13 mg Zn/kg diet, 2) basal diet + feed-grade sources of ZnSO4 (2.5 mg Zn/kg), 3) basal diet + feed-grade sources of 

ZnSO4 (5 mg Zn /kg), 4) basal diet + feed-grade sources of ZnSO4 (10 mg Zn /kg), 5) basal diet + feed-grade sources of ZnSO4 (15 mg Zn /kg), 6) basal diet + feed-grade 
sources of ZnSO4 (20 mg Zn /kg), 7) basal diet + feed-grade sources of ZnSO4 (40 mg Zn /kg), 8) basal diet + feed-grade sources of ZnSO4 (100 mg Zn /kg).  

Experiment 2.:1) Soy isolate dextrose diet containing 13 mg Zn/kg diet, 2) Basal diet + feed-grade sources of ZnSO4 (7.5mg Zn/kg), 3) Basal diet + feed-grade sources of ZnO 

(7.5mg Zn/kg), 4) Basal diet + feed-grade sources of ZnSO4 (15 mg Zn /kg)5) Basal diet + feed-grade sources of ZnO (15 mg Zn /kg). Duration: fed for 2 weeks after a 7days 
Zn-depletion pre-test period. 

Response criteria Animal performance and bone content (tibia) 

Results ZnO and ZnSO4.H20 represent the predominant sources of Zn used by the animal feed industry. The results herein indicate that feed grade ZnO provides less bioavailable Zn 

than feed-grade ZnSO4.·H2O does: Linear responses for gain and tibia Zn occurred at dietary Zn levels (ZnSO4·7H2O) between 13 mg/kg (basal) and 33 mg/kg (gain) or 53 

mg/kg (total tibia Zn).When weight gain was regressed on supplemental Zn intake, bioavailability of Zn in ZnO was only 61.2% that of ZnSO4.When total tibia Zn was 

regressed on supplemental Zn intake, bioavailability of Zn compared with ZnSO4 (set at 100.0%) was 44.1% for ZnO. 
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Study code 36406 

Year 1984 

Animal Category  Chickens and Turkeys for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 6 (4 replicates of 4 animals). Experiment 2: 5 (4 replicates of 4 animals). Experiment 3: 6 (6 replicates of 5 animals) 

Diet Background Analysed:7 mg Zn/kg diet (chick diet) and 6 mg Zn/kg diet (turkey diet) 

Units’ basis of diets and/or results Results :Dry matter and mg/l (serum) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1. 1) 7 mg/kg Zn (as ZnO), 2) 11 mg/kg Zn (as ZnO), 3) 15 mg/kg Zn (as ZnO), 4) 19 mg/kg Zn (as ZnO), 5) 23 mg/kg Zn (as ZnO), 6) 27 mg/kg Zn (as ZnO) 

Experiment 2. 1) 6 mg/kg Zn (as ZnO), 2) 21 mg/kg Zn (as ZnO), 3) 36 mg/kg Zn (as ZnO), 4) 51 mg/kg Zn (as ZnO), 5) 66 mg/kg Zn (as ZnO) 

Experiment 3. 1) 16 mg/kg Zn (as ZnO), 2) 21 mg/kg Zn (as ZnO), 3) 26 mg/kg Zn (as ZnO), 4) 31 mg/kg Zn (as ZnO), 5) 36 mg/kg Zn (as ZnO), 6) 41 mg/kg Zn (as ZnO) 

Duration: 3 weeks trial 

Response criteria Animal performance, liver, bone, serum and plasma content 

Results Zn requirements were assessed visually from dose-response graphs. The chick required 18 mg Zn/kg diet for maximal live weight and 24 mg Zn/kg for maximal Zn 

concentration in blood serum. The responses of tibia Zn and net retention of Zn did not reach plateaux within the range of dietary Zn concentrations studied. The turkey poult‘s 
Zn requirement for maximal live weight was 25 and 28-29 mg/kg for net retention of Zn and for maximal concentration of Zn in blood plasma and in the tibia; 41 mg Zn/kg 

diet was required for maximal Zn in blood serum. 

 

Study code 36689 

Year 2012 

Animal Category  Turkeys for fattening  

Nº treatments (replicates/ treatment) 4 (29 animals in each treatment individually allotted) 

Diet Background Analysed:45.8 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: µg/dL 

Factors affecting// combinations Dietary factors and environment (dry or wet litter) 

Composition Diets/treatments 1) fed a control (300 µg biotin and 50 mg Zn/kg), 2) high biotin (2000 µg /kg), 3) high Zn (150 mg/kg) 4) MOS (mannan-oligosaccharides) (1%) diet. Duration: 4 weeks 

Response criteria Animal performance, biochem. response (Short-chain fatty acids concentration weight or mole % in faecal digesta) and plasma content 

Results The present results suggest that adding high levels of biotin or Zn (2000 µg /kg or 150 mg/kg respectively) to the diet could reduce the development and severity of FPD on dry 
litter but without having any preventive effects on wet litter. However, MOS did not affect the severity of foot pad lesions either on dry or wet litter. Finally, the high litter 

moisture appears to be the major factor resulting in FPD and not the inadequate dietary levels of biotin or Zn. In addition, these additives improved the performance of animals, 
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but their use in the diet is price dependent. On dry litter, zinc is the cheapest additive which can be used in turkeys‘ diets to reduce the occurrence of FPD as well as to increase 
the growth of animals.  

 

Study code 36729 

Year 2012 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) caecum collected from 38 hens 

Diet Background Analysed: 0.054 +- 0.005mg Zn/g diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Caecum collected from hens aged 22 weeks. 1) control group(non enriched soybean meal), 2) soybean meal enriched with zinc sulphate 4.259g/kg Zn(II), 3) soybean meal 
enriched with 0.375 Zn(II)-chelate 

Response criteria Biochemical response and concentration of fermentation gases 

Results An application of zinc in a form of organic chelate and zinc introduced to the feed via biosorption method does not influence negatively the products (level of volatile fatty 

acids) of caecum fermentation in hens.  

 

Study code 36732 

Year 2012 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 4 (4 replicates of 10 animals) 

Diet Background Analysed:23.7 to 29.05 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors. Interactions between MOS and OZn 

Composition Diets/treatments 1) Control group received basal diet without supplementation, 2) second group received 1 g/kg Mannanoligosaccharide (MOS), 3) third group received 80 mg/kg organic zinc 

(OZn), 4) fourth group received 80 mg/kg organic zinc + 1 g/kg Mannanoligosaccharide (MOS+OZn). Duration:42 days 

Response criteria Animal performance and biochemical response 

Results These data suggest that OZn with MOS combination (80mg/kg organic zinc + 1 g/kg MOS+OZn) facilitate the Fe and Zn absorption and aid in the retention of Cu in a 42 days 

trial. MOS and OZn combination exhibited synergistic effect on blood mineral level, which would provide more alternative choice to broiler producers for preparation of 
environment-friendly feed. 
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Study code 36751 

Year 2012 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 6 (6 replicates of15 animals) 

Diet Background Estimated: 22 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control group: basal diet containing soybean meal and corn, 2) diets containing 1% organic zinc (Or.Zn) (zinc propionate as organic zinc), 3) diet containing0.025% chitosan 

oligosaccharides (COS), 4) diet containing0.050% beta-glucan (BG), 5) diet containing1% Or.Zn plus 0.025% COS, 6) diet containing1% Or.Zn plus 0.050% BG. Duration: 42 

days 

Response criteria Animal performance and biochemical response 

Results As a result of this study, there were no significant effects of organic zinc, beta-glucan and chitosan oligosaccharide supplementations into diets on performance.  

 

Study code 36830 

Year 2011 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 2 (30 animals each treatment) 

Diet Background Estimated: 50 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis, 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) (Zn50) basal diet with no Zn additives (zinc content - 50 mg/kg feed). 2) (Zn100) basal diet + 50 mg of Zn/kg feed.Duration:35 days 

Response criteria Breaking strength, bone and serum content; elasticity, bending strength, fracture stress and toughness, modulus of elasticity 

Results The Zn content in feed has a direct and statistically significant effect on bone strength in broiler chickens: Differences in biomechanical competence of broiler bones from 

group Zn50 compared to Zn100: broilers from group Zn100,presented significantly higher values in the limit of elasticity (Re), bending strength (Rm) and fracture stress (Rl) of 

chicken bones on day 35.The mean levels (117.80 ± 19.66, 126.70 ± 32.56, 114.10 ± 19.92, respectively) were determined in broiler bones from group Zn100 compared to 

Zn50 (95.27 ±18.71, 100.2 ± 20.56, 80.93 ± 35.22, respectively).  
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Study code 36834 

Year 2011 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 4 (4replicates of 200 animals) 

Diet Background Analysed:33.57 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) A maize-wheat-soybean meal basal diet (Control), 2) basal diet + 20 mg/kg OZ (20 OZ)zinc proteinate which contained 15% zinc, 3) basal diet + 40 mg/kg OZ (40 OZ)zinc 

proteinate which contained 15% zinc, 4) basal diet + 80 mg/kg OZ (80 OZ) zinc proteinate which contained 15% zinc. Duration:5 weeks  

Response criteria Animal performance and zinc contents in skin and meat 

Results It is concluded that dietary OZ (inclusions levels of 20, 40 and 80 ppm) does not improve growth performance of broilers; however, it could increase skin thickness by 
increasing collagen content in skin, thereby improving carcase quality. The increase in collagen content was significantly greater in the back and thigh skin of OZ 80 than with 

OZ 20. 

 

Study code 36843 

Year 2010 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 3 (8 replicates of 60 animals) 

Diet Background Estimated: 80 mg Zn(of ZnSO4)/kg diet  

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors and environment 

Composition Diets/treatments 1) an inorganic Zn control diet (IC; 80 ppm of ZnSO4), 2) 40 ppm of ZnSO4 in the IC diet replaced with C-Zn (IC-C-Zn), 3) an additional 40 ppm of C-Zn added on top of the 
IC diet (IC+C-Zn) complexed Zn (C-Zn)Duration:49 days  

Response criteria Animal performance, skin quality, processing yields, and meat quality 

Results Body weights and feed conversions were observed to be the best in broilers fed diets supplemented with C-Zn compared with the other diets. When C-Zn replaced 40 ppm of 

ZnSO4, broilers had the most improvement in skin quality, breast meat yield, and footpad dermatitis severity and incidence.When C-Zn replaced 40 ppm of ZnSO4, broiler 
breast meat fillets had the most redness. 
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Study code 37185 

Year 2005 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 27 replicates of 6 birds 

Diet Background Estimated:37 mg Zn/kg diet (zinc oxide) 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary and Physiological factors and Interactions between Se and Zn 

Composition Diets/treatments Diets were supplemented with: A) Zn supplement (0; 300; or 600 mg/kg) as Zinc sulphate, B )Se supplement (0 or 1.2 mg/kg (as sodium selenite) or 0.2 mg/kg (as Se enriched 

yeast). 

Response criteria Meat quality and acceptance 

Results Se content increased with Zn supplementation.*paper more focused in human nutrition 

 

Study code 37208 

Year 2005 

Animal Category  Chickens for fattening : broiler breeder 

Nº treatments (replicates/ treatment) 250 breeder males and 750 broiler breeder females divided in 8 treatments (6replicates per treatment) 

Diet Background Analysed: 37 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 2×4 factorial arrangement 1st. Progeny were provided diets supplemented with 140 mg Zn/kg from an inorganic source or a mixture of inorganic and organic sources.2nd. Prior 

to 20 weeks, all hens were fed diets containing 160 mg supplemental Zn/kg from zinc-amino acid complex.3rd. Broiler breeder hens were given one of 4 experimental diets:* 

Experimental breeder diets consisted of:1) 160 mg supplemental Zn/kg from Zn sulphate (ZnSO4), 2) 160 mg supplemental Zn/kg from zinc-amino acid complex (ZnAA1), 3) a 
combination of ZnSO4 and ZnAA, with each contributing one-half of the total supplemental Zn4) NO supplemental Zn after 20 weeks of age (BASAL).4th. Hatching eggs laid 

during 43 week were incubated and hatched.5th. 336 resultant male chicks were given diets containing:1) 140 mg supplemental Zn/kg from ZnSO4 (140 mg Zn/kg) 2) 140 mg 

supplemental Zn/kg from ZnSO4 + ZnAA (ZnSO4, 100 mg Zn/kg; ZnAA, 40 mg Zn/kg) during a 17-days growth assay.*Starter, developer and breeder diets were provided 
from 0 to 19 d, 20 d to 22 weeks and 23 to 45 weeks of age, respectively. 

Response criteria Animal performance 

Results These results demonstrate broiler performance can be improved from 0 to 17 d of age by zinc source supplementation: Providing supplemental Zn to hens in the form of ZnSO4 

or ZnAA did not improve progeny performance. At 17 d, broilers fed diets supplemented with ZnSO4 + ZnAA had lower feed conversion and higher BW than broilers provided 

diets with added Zn from ZnSO4. These data indicate that broiler chick performance may be improved by replacing40 mg Zn/kg diet from ZnSO4 with 40 mg Zn/kg from zinc-
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amino acid complex. 

 

Study code 37235 

Year 2004 

Animal Category  Chickens for fattening, Chickens reared for laying , Laying hens , Turkeys for fattening, Turkeys for breeding purposes and Turkeys reared for breeding  

Nº treatments (replicates/ treatment) review 

Diet Background review 

Units’ basis of diets and/or results review 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments review 

Response criteria Nutrition, immunity and reproduction 

Results A low-molecular-weight zinc-binding ligand (105 LMW-ZBL) as a zinc transport carrier in the diet might stimulate zinc absorption although the role of LMW-ZBL in 

stimulating zinc absorption is not well understood. An LMW-ZBL not only increases the bioavailability of zinc but also participates in carrying zinc across the mucosal cells of 

small intestine. Of the supplemental zinc feed, 80-90% is ZnO, which is less bioavailable for poultry than reagent-grade or feed-grade Zn sulphate. However, the sulphate (acid 
salt) is highly water soluble. Oxide is less reactive, but also less bioavailable. Zn-Met is more bioavailable than Zn-Sul (sulphate) and Zn-O when fed to chicks in corn-soybean 

diets 

 

Study code 37282 

Year 2003 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 5 (5 replicates of 10 cages of 2 birds per cage). 

Diet Background Estimated: 52.5 g Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control, 2) Zn-methionine chelate (Zn-Met) supplemented 100 ppm in the form of methionine chelate, 3) Cu methionine chelate (Cu-Met) supplemented 100 ppm in the 
form of methionine chelate, 4) Zn-Mn-methionine chelate (Zn-Mn-Met) supplemented 100 ppm in the form of methionine chelate, 5) Zn-Mn-Cu-Met supplemented diet 100 

ppm in the form of methionine chelate. Duration: 8 weeks 

Response criteria Animal performance, eggshell quality, liver content and serum IgG 
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Results Supplementation of Zn-Met or its combination with other mineral chelates had no beneficial effects on laying performance and eggshell quality: Egg production was increased 
by Cu-Met supplementation but decreased by Zn-Met supplementation. Zinc content in liver significantly increased by Zn-Met, but not by Zn-Mn-Cu-Met treatment.  

 

Study code 37465 

Year 2001 

Animal Category  Laying hens  

Nº treatments (replicates/ treatment) 10 (13 animals individually allocated)  

Diet Background Analysed:46 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: diet as fed-basis. Results: µg Zn/ml(plasma); µg Zn/g(yolk) 

Factors affecting// combinations Dietary factors and Interactions between Vitamin A and Zinc 

Composition Diets/treatments Diets supplemented with: A) two different levels of vitamin A (0 and 10.000 IU/kg), B) five different levels of zinc as zinc oxide (0, 25, 50, 100 and 200 mg/kg). Duration:12 
weeks 

Response criteria Animal performance, plasma triglyceride and phosphorus, and plasma and yolk zinc 

Results The supplementation of zinc (up to 200 mg/kg) and vitamin A (0-10.000 IU/kg) in the diet of laying hens for 12 weeks had no effect on performance parameters. Adding zinc 

affected plasma and yolk zinc concentration and plasma phosphorus. So if a diet based on corn, soybean meal and wheat contains ~ 5000 IU vitamin A and ~ 50 mg zinc/kg, it 

might meet the demand for zinc and vitamin A under normal conditions for laying hens. The positive correlation between plasma zinc and egg production demonstrates that 
plasma zinc may be an indicator for the estimation of egg yield in layers. 

 

Study code 37479 

Year 2000 

Animal Category  Turkeys for breeding purposes  

Nº treatments (replicates/ treatment) 2 (6 animals per treatment)  

Diet Background Analysed:82 and 92 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) control hens received the experimental diet (82 mg/kg Zn) + 40 mg/kg Zn from ZnS042) treatment hens received the experimental diet (82 mg/kg Zn) + 40 mg/kg Zn from 
ZnM. Duration: Hens began receiving dietary treatments at 32 weeks of age. Egg lay began when hens were 33 weeks of age. Hatches were set from 36 weeks of age (3 wk of 

production) to 49 wk of age (16wk of production) 

Response criteria Animal performance. Liver, spleen, thymus, bursa, heart and bone content. Biochemical response and immunity response 
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Results Dietary ZnM supplementation (40 mg/kg) to hens may aid progeny immune organ development and enhance nonspecific immunity. However, progeny from hens 
supplemented with ZnM had a depressed BW after B.avium infection that may have been due to a heightened immune response. Progeny from turkey hens supplemented with 

ZnM had few enhanced immune system functions.Dietary Zn may have practical application in breeder diets in situations where early poultry mortality is high. 

 

Study code 37737 

Year 1993 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) 3 (4 replicates of 4 animals) 

Diet Background Analysed:14 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) The unsupplemented soy-concentrate diet contained 14 mg of Zn/kg and the egg-white diet contained 0.32 mg of Zn/kg, 2) The supplemented Zn was provided as feed-

gradeZnSO4, 3) The supplemented Zn was provided as ground beef patties. Duration: Experimental diets from 8 to 22 days posthatching 

Response criteria Bone (tibia) content. Relative bioavailability 

Results At 10 mg/kg of supplemental Zn, freeze-dried ground beef produced the same tibia Zn concentration (and total Zn content) as that obtained with ZnSO4. The results suggest 

that the relative bioavailability of Zn in cooked ground beef is as great as that in ZnSO4, whether consumed in diets with or in those without phytate. 

 

Study code 37815 

Year 1992 

Animal Category  Chickens for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 6 (3 replicates of 4 animals). Experiment 2:8 (4 replicates of 4 animals). Experiment 3: 12 (3 replicates of 4 animals). Experiment 4: 14 (4 replicates of 4 
animals). Experiment 5: 11 (4 replicates of 4 animals) 

Diet Background Analysed: 45 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis. Results: Dry matter (tibia, liver, kidney and pancreas) and µg/dL(plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: dietary additions of 0, 7.5, and 15 mg/kg of Zn from feed-grade ZnSO4·H20 or ZnMET were added to soy isolate diets. 

Experiment 2: dietary additions of 0, 3, 6, and 9 mg/kg of Zn from feed-grade ZnSO4.Hz0 or ZnMET were added to crystalline AA diets. 

Experiment 3: excess, but nontoxic, levels of 0, 250, 500, and 750 mg/kg of Zn from either ZnO, ZnSO4.H20, or ZnMET were added to a diet containing 117 mg/kg of Zn (45 
mg/kg of Zn from C-SBM and 72 mg/kg of Zn from ZnCO3).  
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Experiment 4: ZnSO4·H2O or ZnMET were added to the Zn-unsupplemented, CSBM diet (45 mg/kg of Zn) in amounts to supply 0, 5, 10, 20, 30, 40 or 50 mg/kg of 
supplemental Zn).  

Experiment 5:dietary additions included 0, 5, and 10 mg/kg of supplemental Zn from ZnSO4.HzO; 0, 5, 10, 20, 30, 40, and 50 mg/kg of supplemental Zn from ZnO; and 4.2 

mg/kg of supplemental Zn from soy isolate. * corn-soybean IC-SBMI. Duration: experimental diets from 8 to 22 d posthatching. 

Response criteria Animal performance, liver, kidney, pancreas, bone and plasma content;breaking strength 

Results Zinc methionine provided more bioavailable zinc than feed-grade zinc sulphate or zinc oxide, regardless of the diet employed. Zinc methionine presented greater bioefficacy 

relative to zinc sulfate in diets containing phytate and fibber: With the ZnSO4·H2O standard set at loo%, bioavailability of Zn from ZnMET was 117% in the AA diet and 177% 

in the soy isolate diet. The ZnMET was also compared to ZnSO4·H2O in a C-SBM diet containing 117 mg of Zn/kg: When high levels of Zn were added to this diet (0, 250, 
500, and 750 mgkg of supplemental Zn), consistent tissue Zn responses did not occur beyond the first increment. Addition of lower levels of supplemental Zn (0, 5, 10, 20, 

30,40 and 50 mg/kg) to a Zn-unsupplemented C-SBM basal diet (45 mg/kg of Zn), however, resulted in a broken-line, two-slope response in tibia Zn for both ZnMET and 

ZnSO4·H2O.Inflection points occurred at 60 and 54 mg of Zn/kg of diet for ZnS04H20 and MET, respectively. The ratio of slopes (ZnMET:ZnSO4-H20 below the inflection 
points was 206% (indicating that Zn was considerably more bioavailable in ZnMET than in ZnSO4H2O for chicks consuming C-SBM diets) 

 

Study code 37917 

Year 2000 

Animal Category  Chickens for fattening 

Nº treatments (replicates/ treatment) 4 (3 replicates of 7 animals) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments A) Supplemental dietary zinc concentrations up to 1,500 ppm were used. B) Reagent grade or feed grade zinc sources were fed at dietary concentrations up to 900 or 1,200 ppm 

for 20 or 21 days. Duration:20 or 21 days  

Response criteria Liver, kidney and bone content. Relative bioavailability 

Results The most sensitive response criterion to elevated dietary zinc in poultry was tibia zinc. Relative bioavailability estimates for poultry based on bone zinc were 78, 77 and 46% 

for reagent grade zinc carbonate, zinc oxide and zinc metal, respectively. Relative values were 99, 87 and 54% for feed grade zinc sulphate and feed grade zinc oxides A and B, 

respectively. 

 

Study code 29710 

Year 2011 

Animal Category  breeding cocks 
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Nº treatments (replicates/ treatment) 5 (50 animals individually allocatted) 

Diet Background Analysed:30.4 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Trace elements  

Composition Diets/treatments 1) Control (commercial feeding mixture)30.4 mg/kg of zinc, 2) 100 mg Zn/kg zinc sulphate (ZnSO4), 3) 100 mg Zn/kg zinc oxide (ZnO), 4) 100 mg Zn/kg fodder yeast 

Minvital Zn, 5) 100 mg Zn/kg Bioplex Zn. Duration: 25 weeks  

Response criteria Cholesterol levels and blood parameters 

Results The presented work evidenced the impact of zinc supplementation on the cholesterol levels in blood plasma of breeding cocks: In the 15th week of age, third and fourth groups 

(100 ppm Zn as oxide and fodder yeast Minvital Zn) showed a significant and highly significant decrease of total cholesterol in blood plasma compared to the control. In the 

20th and 25th week of age, all of the experimental groups showed a significant and highly significant decrease of total cholesterol in blood plasma compared to the control.  

 

Study code 29779 

Year 2011 

Animal Category  Japanese Quails 

Nº treatments (replicates/ treatment) 4 (6 replicates of 6 animals) 

Diet Background Estimated: 0.076 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors. Trace elements, environment, heat stress and interactions between Zn and Se 

Composition Diets/treatments 1) control (15,057mg Zn/kg mineral supplement), 2) basal diet + 0.3 ppm Se, 3) basal diet + 60 ppm Zn, 4) basal diet + 60 ppm Zn and 0.3ppm Se. Duration:112 days  

Response criteria Animal performance and egg quality 

Results The supplementation of organic trace minerals in Japanese quails diets submitted to heat stress does not significantly influence quail performance and internal egg quality. 

However, quails fed the combination of Se and Zn presented higher feed intake (28.73 g/hen/day). 

 

Study code 30102 

Year 2008 

Animal Category  laying quails 

Nº treatments (replicates/ treatment) 4 (3 replicates of 16 animals) 

Diet Background Estimated:75 mg Zn/kg diet 
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Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, environmental conditions and interactions between Zn, Cu and transport stress 

Composition Diets/treatments 1) basal diet (75 mg Zn/kg diet), 2) basal diet + 150 mg Cu/kg, 3) basal diet + 150 mg Zn/kg (Zn sulphate), 4) basal diet + 150 mg Cu/kg and 150 mg Zn/kg 

Response criteria Animal performance (reproductive performance) hatchability, egg production and egg quality 

Results Supplementation of diets with Cu and Zn separately or as a combination offers an alternative way to reduce the loss of performance in laying Japanese quails exposed to 

transport stress: 

 

Study code 30603 

Year 2005 

Animal Category  Japanese quail  

Nº treatments (replicates/ treatment) 12 (3 replicates of 10 animals) 

Diet Background Estimated: 24 mg Zn/kg diet (from zinc oxide) 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors, heat stress and Interactions between zinc sources, temperature and levels of supplementation 

Composition Diets/treatments A 2×2×3 factorial arrangement: A) temperatures: 22°C (thermoneutral) or 34°C (heat stress), B) zinc sources: ZnSO4H2O or ZnPic, C) zinc levels: 0 mg of Zn; 30 mg of Zn; or 

60 mg of Zn /kg diet* ZnPicolinate (ZnPic). Duration: Starter diet until 21 d of age followed by a grower diet from day 21 to day 42 

Response criteria Animal performance, biochemical response and carcass weight 

Results Supplementation with ZnPic could be considered to be more protective than ZnSO4·H2O by reducing the negative effects of oxidative stress induced by heat stress in quail: An 
interaction between dietary zinc sources, temperature, and levels of supplementation for these parameters was detected.  

 

Study code 33305 

Year 2009 

Animal Category  Japanase Quails 

Nº treatments (replicates/ treatment) 3 (3 replicates of 20 animals) 

Diet Background Estimated:16 mg Zn/kg diet (as sulphate) 

Units’ basis of diets and/or results Diet: as fed-basis 

Factors affecting// combinations Dietary factors 
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Composition Diets/treatments 1) Fed a diet containing L-arginine (5 mg/kg), 2) fed a diet containing zinc (60 mg/kg) ZnSO4·7H2O, 3) normal basal diet (control). Duration:30 days trial 

Response criteria Biochemical response, total antioxidants capacity, lipid peroxidation, nitric oxide, egg weight, and blood biochemical values 

Results L-arginine (5 mg/kg) and zinc supplementation (60 mg/kg as sulphate) for 30 days could be beneficial and effective for decreasing oxidative stress, boosting antioxidant 
capacity, and improving egg weight in the blood of the animals. 

 

Study code 34250 

Year 2003 

Animal Category  Japanese Quail 

Nº treatments (replicates/ treatment) 6 (10 replicates of 3 animals) 

Diet Background Analysed:36 mg Zn/kg diet 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors and heat stress 

Composition Diets/treatments 3x2 factorial design: A) zinc supplemented:1) fed a basal diet 2) basal diet + 30 mg of zinc (ZnSO4H2O)/kg diet2) basal diet + 60 mg of zinc (ZnSO4H2O)/kg diet.B) heat stress: 

with or without heat stress for 3 wkDuration:3 weeks trial 

Response criteria Animal performance and antioxidant status 

Results Supplementation with 60 mg zinc/kg diet for 3 weeks protects quail by reducing the negative effects of heat stress. 
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Table VIII.D.3. Bovines 

Study code 29520 

Year 2012 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 (18 animals individually allocated) 

Diet Background Estimated: 42 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Trace elements  

Composition Diets/treatments 1) Basal diet without Zn supplementation, 2) basal diet + 500 mg Zn/kg DM as zinc sulphate monohydrate (ZnS), 3) basal diet + 500 mg Zn/kg DM as zinc methionine (ZnM) 
Duration: all the experimental cows were in the first phase of lactation (35 ± 3 days after parturition). 

Response criteria True absorption, biochemical response, serum content and hormone parameters 

Results The results demonstrated no negative effects of high Zn concentration (500 ppm) on haematological and biochemical parameters. The increased activities of LDH and SOD in 

supplemented cows with 500 mg zinc/kg may confirm the influence of Zn supplements on the metabolic functions. 

 

Study code 29590 

Year 2012 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 2 (9 animals in group I, and 10 animals in group II) 

Diet Background Estimated: a) dry cows: 60 to 29 days before the expected date of birth (Zn 42.8 mg/kg DM); b) pre-partum: dry cows 28 days before the expected date of calving until the 

actual day of calving (Zn - 47.6 mg/kg of DM); c) lactation: 1 to 80 days of lactation (Zn - 47.0 mg/kg DM). 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary and physiological factors (production period) 

Composition Diets/treatments 1) BD + receiving organic sources of Zn: (a) prepartum: Zn12,600 mg/kg of organic mineral mixture; (b) lactation: Zn12,600 mg/kg of organic mineral mixture2)BD + 
receiving inorganic sources of Zn:(a)prepartum: Zn 12,600 mg/kg of inorganic mineral mixture (b)lactation: Zn 12,600 mg/kg of inorganic mineral mixture. Duration: from 60 

days before the expected date of calving to 80 days of lactation 

Response criteria Biochemical response, plasma content and nutrients intake. 

Results Supplying organic or inorganic sources of Zn, did not affect dry matter and nutrient intake, blood metabolic profile, milk yield and composition, plasma concentration of these 
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minerals, and BCS or change the BCS in cows from 60 days before the expected date of calving to 80 days of lactation.  

 

Study code 29667 

Year 2011 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 2 (9 animals in IZF and 10 animals in OZF group) 

Diet Background Analysed: Nutrients of premix: for IZF: 1230.13 g Zn/kg; for OZF: 1229.82 g Zn/kg 

Units’ basis of diets and/or results Diet: as fed basis. Results: mg/cow/day 

Factors affecting// combinations Trace elements, dietary and physiological factors (reproductive cycle) 

Composition Diets/treatments 1) IZF: control group fed a standard feeding and mineral premix with inorganic form of Zn (ZnO) 1230.13 g Zn/kg2) OZF: zinc oxide replaced with zinc, which was fixed to 

methionine 1229.82 g Zn/kg. Duration: three stages of reproductive cycle: 14 d before calving  30 d after calving60 d after calving 

Response criteria True absorption, and nutrients digestibility 

Results After feeding organic forms of zinc (1229.82 g Zn/kg) a tendency to higher digestibility of crude protein, fat, crude fibre, nitrogen-free extracts, ash and zinc was observed in 

cows regardless of stage of reproductive cycle. Digestibility of zinc in OZF on 14th day before calving was higher than in IZF.  

 

Study code 29733 

Year 2011 

Animal Category  Dairy cows for milk production and steers 

Nº treatments (replicates/ treatment) 2 (8 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors, trace elements and interaction between Ca and Zn 

Composition Diets/treatments 1) experimental steers received zinc sulphate at 2 mg/kg + lead acetate at 2 mg/kg, 2) control steers received lead acetate at 2 mg/kg.Duration:6 hours trial 

Response criteria True absorption of Pb, and blood Pb 

Results Addition of 2mg of Zn/kg diet as zinc sulphate decreased the absorption of lead acetate in cows after 3 hours and the effect was sustained at 6 hours.  

 

Study code 30095 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1059 

Year 2008 

Animal Category  Calves and Cattle for fattening 

Nº treatments (replicates/ treatment) Experiment 1:4 (5 animals individually allocated per treatment)Experiment 2: 4 animals 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/L of ruminal fluid 

Factors affecting// combinations Dietary factors and time 

Composition Diets/treatments Experiment 1: 77 days trial1) CON = control; 2) Z = 430 mg Zn/kg of DM3) M = 35 mg monensin/kg of DM4) ZM = both 430 mg of Zn and 35 mg of monensin /kg feed DM. 

Experiment 2: 11 days trialThe rumen fluid of 4 cannulated steers, in identical treatments, was studied. ( same treatments of EXP.1) 

Response criteria True absorption, animal performance, biochemical response in blood serum and ruminal fluid, rumen fluid Zn content and rumen fermentation 

Results Previous findings suggested a potential for high Zn concentrations to alter rumen fermentation patterns thus increasing feed efficiency and consequently animal productivity, in 
a way that resembled monensin‘s effects. However, the addition of a 430 mg of Zn and(or) 35 mg of monensin/kg diet DM did not  substantially affect animal performance, 

digestion or rumen kinetics measurements in beef cattle receiving an alfalfa hay, barley grain and sunflower meal diet.  

 

Study code 30226 

Year 2007 

Animal Category  Cattle for fattening  

Nº treatments (replicates/ treatment) 3 (5 animals per treatment, individually allocated) 

Diet Background Analysed: 32.5 mg Zn/kg of DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: g/day 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) basal diet with 32.5 mg Zn/kg DM, 2)35 mg Zn/kg DM was added through Zn sulphate (ZnSO4)3)35 mg Zn/kg DM was added through Zn propionate (ZnProp)Duration:180 

days  

Response criteria Apparent absorption, animal performance, immune response, DM intake, N balance and urine and faeces content 

Results Diet containing 32.5 mg Zn/kg DM was adequate to support normal growth and digestibility of nutrients in growing bull calves. No differences in bull performance were 

observed when Zn was supplemented at 35mg/kg DM as Zn sulphate or Zn propionate. Incorporation of Zn propionate may offer some potential to improve the immune 
response in crossbred cattle bulls when the diet contains about 32.5 mg Zn/kg DM. 

 

Study code 30558 
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Year 2005 

Animal Category  Calves for fattening and dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 treatments(20 lactating cattle,25 calves and 22 heifers per group individually allocated) 

Diet Background Analysed: 13.27 mg Zn/kg (maize); 14.34 mg Zn/kg (berseem);12.25 mg Zn/kg (concentrate mixture) 

Units’ basis of diets and/or results Diet: mg Zn/kg as fed basis 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments 1) 20 g mineral premixture 0.47% Zn sulphate2) 20 g mineral mixture without zinc sulphate3) no mineral mixture. Duration:30 days  

Response criteria Animal performance (milk production) erythrocyte content and immune and hormones response 

Results Zinc sulphate supplementation is highly effective in alleviating zinc deficiency and improving various biochemical (Hb, HTC, WBC, AST, ALT, ASP, T3, T4, progesterone 

and oestrogen, vit A and E) and production parameters (milk yield, and body weight)in cattle. 

 

Study code 30699 

Year 2004 

Animal Category  Calves for fattening  

Nº treatments (replicates/ treatment) 4 (8 animals per treatment individually allocated) 

Diet Background Analysed: 18.8 mg Zn/ kg of DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter M and mg/day(faecal, urine,..) 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments 1) control (low Zn diet, 18.8 mg Zn per kg DM), 2) basal diet + 20 mg of supplemental Zn/kg diet DM as Zn sulphate (ZnSO4), 3) basal diet + 20 mg of supplemental Zn/kg 

diet DM as Zn methionine complex (ZnMet)4) basal diet + 20 mg of supplemental Zn/kg diet DM as Zn glycine complex (ZnGly).Duration:42 days  

Response criteria True absorption, and Zn retention, ruminal soluble Zn, liver, urine, faecal and plasma content 

Results Zinc from ZnGly (20 ppm) was more bioavailable than the same dose of ZnSO4 or ZnMet. However, ZnMet supplementation resulted in the highest ruminal soluble Zn 

concentrations and altered ruminal VFA proportions to the greatest extent of the Zn sources evaluated.Liver Zn concentrations were higher on day 42 in steers supplemented 
with ZnGly, compared to steers receiving control, ZnMet or ZnSO4.Plasma Zn concentrations were higher for the ZnGly and ZnMet treatments compared to the control on day 

42. 

 

Study code 30741 

Year 2004 
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Animal Category  Calves for fattening (beef heifers) 

Nº treatments (replicates/ treatment) Experiment1: 4 (3 replicates of 9 or 10 animals). Experiment 2: 4 (6 animals per treatment individually allocated) 

Diet Background Estimated: 75 mg/kg Zn of DM 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Trace elements, environment and interaction between Cu and Zn 

Composition Diets/treatments 1) 10 mg/kg of supplemental Cu from CuSO4 + 75 mg/kg of supplemental Zn from ZnSO4; 2) 10 mg/kg of supplemental Cu from CuSO4 + 75 mg/kg of supplemental Zn from 

a polysaccharide mineral complex (SQM) source Zn;3) 10 mg/kg of supplemental Cu from SQM Cu + 75 mg/kg of supplemental Zn from ZnSO4;4) 10 mg/kg of supplemental 

Cu from SQM Cu + 75 mg/kg of supplemental Zn from SQM Zn. Duration:21 days 

Response criteria Animal performance and immunity response 

Results Supplemental Zn source affected performance or morbidity of lightweight, newly received heifers; however, source of Zn affected the humoral immune response to ovalbumin, 

although source effects were not consistent for the two minerals. Copper source × Zn source interactions were not detected in either experiment. Ovalbumin (OVA) titers were 

greater for heifers that received SQM Zn compared with heifers receiving ZnSO4, on d 14 and 21. . 

 

Study code 30927 

Year 2003 

Animal Category  Dairy cows for reproduction  

Nº treatments (replicates/ treatment) 4 (15 animals per treatment individually allocated) 

Diet Background Estimated: 35 mg Zn/ kg of DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments 1) Control diet without Zn supplementation (35 mg of native Zn/ kg of DM), 2) supplemented with 10 mg of Zn/kg of DM form of Zn oxide (ZNO), 3) supplemented with 10 

mg of Zn/kg of DM form of Zn proteinate, 4) supplemented with 10 mg of Zn/kg of DM form of Zn polysaccharide complex. Duration:284 days  

Response criteria Animal performance and meat quality; liver, muscle, hair and bone content; breaking strength and biochemical response (metabolic profile) 

Results The chemical form of added Zn sources had no significant effect on the average dry matter intake, growth rate or feed conversion ratio. Dietary treatment influenced neither 
zinc status nor carcass and meat quality in a statistical way. In comparison to inorganic Zn, feeding organic Zn compounds to bulls resulted in some improvement in claw 

quality. No evidence was found to support an improved bioavailability of the tested organic compounds compared to inorganic Zn compounds (it may be attributed to the 

relatively small proportion of added Zn sources (22%) compared to total Zn supply) 

 

Study code 30948 
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Year 2003 

Animal Category  Calves for fattening  

Nº treatments (replicates/ treatment) 6 mature purebred Angus cows (3 pregnant and 3 non-pregnant) 

Diet Background Estimated: 23.0 mg Zn/kg of DM 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary and physiological factors (gestational status) 

Composition Diets/treatments A 5-day metabolic trial. Animals had ad libitum access to a 100% alfalfa hay diet (basal alfalfa hay diet contained 23.0 mg Zn/kg DM) and all animals were fed a 100% alfalfa 

diet 

Response criteria Apparent absorption and retention, urine and faecal content 

Results Gestational status alters the apparent absorption and retention of certain trace minerals during the last trimester of gestation: Apparent absorption of Zn was higher in pregnant 
cows relative to non-pregnant cows. Pregnant cows also had a higher apparent retention of Zn relative to non-pregnant cows.  

 

Study code 31095 

Year 2002 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 (105 animals per treatment individually allocated) 

Diet Background Analysed: 34.86 mg Zn/kg of DM  

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Trace elements and physiological factors (genotype) 

Composition Diets/treatments 1) Control diet at 40 mg Zn/kg DM, 2) control diet +60 mg Zn/kg DM as zinc sulphate, 3) control diet + 60 mg Zn/kg DM as zinc lysine, 4) control diet + 60 mg Zn/kg DM as 
zinc methionine. Duration: experimental trial from birth until weaning at 90 days of age. 

Response criteria Animal performance  

Results Zinc supplementation above 40 mg Zn/kg DM was shown not to be required as an accelerator of growth in Holstein calves from birth to 90 d. As expected, twins and heifer 

calves were smaller and grew more slowly than single calves. Heterozygous bovine leukocyte adhesion deficiency status was not considered to have a detrimental effect on calf 

growth. 

 

Study code 31109 

Year 2002 
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Animal Category  Calves for fattening (beef heifers and beef steers) 

Nº treatments (replicates/ treatment) Experiment 1 and 2: 6 (10 animals per treatment individually allocated) 

Diet Background Analysed: 64 mg Zn/kg of diet, as fed basis (heifers) and 84 mg Zn/kg diet as fed basis (steers) 

Units’ basis of diets and/or results Diet: as fed basis. Results: Dry matter 

Factors affecting// combinations Dietary factors and interactions between dietary Zn and growth implants 

Composition Diets/treatments A 2 x 3 factorial arrangements: A)with or without Synovex implants, B) control diet or diets supplemented with 200 mg Zn/kg from ZnSO4 or zinc methionine (Zn-

Met).Duration:120 days trial (Exp.1) and 133 days trial (Exp.2). 

Response criteria Animal performance, liver and serum content, biochemical response and immune response 

Results Both the level and source of Zn supplementation in diets of feedlot cattle affect their response to growth implants:Synovex-S1 implants improved weight gains of steers 
supplemented with 200 ppm dietary Zn from ZnSO4 compared to non-implanted steers. However, the implant had no effect when Zn-Met was the dietary Zn source. The 

implant increased concentrations of Zn in liver of steers supplemented with 200 ppm dietary Zn and reduced Zn in liver of steers fed the control diet. Steers supplemented with 

either ZnSO4 or Zn-Met had greater concentrations of Zn in liver and plasma than steers fed the control diet. 

 

Study code 31141 

Year 2001 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 (2 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary and physiological factors and interactions between Zn and Ca 

Composition Diets/treatments 1) A pair of lactating cows, dosed intraruminally with zinc oxide at 120 mg Zn/ kg of body weight at weekly intervals for a period of 33 days2) A pair of non-lactating cows 

dosed intraruminally with zinc oxide at 120 mg Zn/ kg of body weight at weekly intervals for a period of 33 days3) A pair of non-lactating cows non-treated (control) 

Response criteria Biochemical response and hypocalcaemia response 

Results Within 12-24 h of each zinc oxide administration the serum calcium of the lactating cows dropped dramatically indicating the existence of an antagonistic effect between Zn 
and Ca.The first Zn induced hypocalcaemic episode in the lactating cows was followed by a rise in serum calcium to a level above the pre-dosing level and above the mean 

value of the control group. The depth of the hypocalcaemic response decreased with the number of zinc oxide dosages. 

 

Study code 31640 

Year 1997 
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Animal Category  Calves for fattening (beef heifers) and dairy cows for milk production  

Nº treatments (replicates/ treatment) 4 treatment groups (one control and three experimental groups). 10 animals in each group (experimental trial presented 3 replicates of 10 animals each replicate) 

Diet Background Analysed: 40 mg Zn/kg of DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Phase I= adaptation phase: 28 days. Ad libitum access to the control diet (40 mg/kg diet DM). Phase II. Zinc Depletion Phase during 23 days. Experimental treatments:1) basal 

diet (40 mg/kg diet DM)2) -Zn diet in which the ZnSO4 was omitted from the control diet to give 17 mg Zn/kg diet DM(Phytohemogglutinin-PHA injection at day 22 of 

depletion)Phase III: Zinc Repletion Phase during 14days. Feeding 23 mg Zn/kg DM from one of the following sources: ZnMet, 120 mg; ZnLys, 120mg; and ZnSO4, 81.7 mg to 

give a total dietary Zn content of40 mg Zn/kg diet DM 

Response criteria Animal performance, liver and plasma content, muscle protein turnover and skin swelling response 

Results Results indicated that a marginal Zn deficiency (17 mg/kg) for 23 days decreased fractional accretion rate, increased urine excretion, and tended to increase Na and decrease K 

concentrations in the urine. In marginal Zinc deficiency when overt deficiency signs are absent, a decreased cell-mediated immune response may make calves more susceptible 
to infectious disease. A Zinc deficiency may also affect proteolytic enzymes involved in muscle protein degradation and result in the maintenance of a balance of the mineral 

and protein. 

 

Study code 31782 

Year 1996 

Animal Category  Cattle for fattening  

Nº treatments (replicates/ treatment) Experiment 1: 4 (6 animals per treatment individually allocated)Experiment 2: 2 (7 animals per treatment individually allocated)EXP.3: 4 (8 animals per treatment individually 

allocated) 

Diet Background Analysed: 5 g ZnO 

Units’ basis of diets and/or results Not specified 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: 28 days trial1) Undrenched controls; 2) Drenched twice weekly equivalent of 12.5 g ZnO/100 kg live weight per week; 3) Drenched twice weekly equivalent of 
25 g ZnO/100 kg live weight per week;4) Drenched twice weekly equivalent of 50 ml/100 kg live weight per week of the preparation without Zn* Drenched =5 g ZnO 

Experiment 2.: 25 days trial1) Undrenched controls; drenched twice weekly equivalent of 50 g ZnO/100 kg live weight per week. Experiment 3: 28 days trial. Steers received a 

daily supplement of 1 kg pellets containing with or without 10 g ZnO per head for 28 days. 

Response criteria Biochemical response (plasma carotenoid concentration) 

Results There was no effect of drenching with ZnO on PC concentrations but by day 28, the daily supplement of 10 g ZnO increased PC concentration by 22%. The results indicate that 
ZnO supplements cannot be used to reduce carotenoid absorption in cattle 
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Study code 33209 

Year 2010 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 3 (6 animals per treatment individually allocated) 

Diet Background Analysed: 42 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry Matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet with no supplemental Zn (42 mg Zn/kg), 2) basal diet + 500 mg Zn/kg of (DM) as zinc sulphate monohydrate (ZnS), 3) basal diet + 500 mg Zn/kg of DM as zinc 

methionine (ZnM). Duration: one week for adaptation to treatments before day35 of lactation and the follow-up of the cows was 8 weeks. 

Response criteria Animal performance (milk production), milk content of Zn and milk composition 

Results Supplementing 500 mg Zn/kg DM to dairy cattle rations significantly increased zinc content in milk independent on zinc source. 

 

Study code 33561 

Year 2007 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 8 (6 animals per treatment individually allocated) 

Diet Background Analysed: 68-56 mg/kg (concentrate); 28 mg/kg (alfalfa); 18 mg/kg (green fodder); 23 mg/kg (stored hay) 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary and physiological factors (reproductive age) 

Composition Diets/treatments 1) Control, 2) supplemented with (Ca) 10 g of calcium in the form of calcium carbonate (CaCO3), 3) supplemented with (P)8 g of phosphorus in the form of sodium 
monophosphate (Na2HPO4·2H2O), 4) supplemented with (Zn) 400 mg of zinc in the form of zinc oxide (ZnO), 5) combination of Ca/P, 6) combination of Ca/Zn, 7) 

combination of P/Zn 8) combination of Ca/P/Zn. Duration:2 years 

Response criteria Animal performance (reproductive performance) 

Results Cows supplemented with Ca, P, Ca/P, Ca/Zn and Ca/P/Zn had significantly shorter interval (30 days) from calving to resumption of oestrus as compared to control (69 days). 
Supplementation with Ca, P and Zn of deficient dairy cows appears to improve reproductive performance. 

 

Study code 33708 
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Year 2006 

Animal Category  Cattle for fattening  

Nº treatments (replicates/ treatment) 4 (4 animals per treatment individually allocated) 

Diet Background Analysed: 32.54 mg Zn/kg diet, as fed basis 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments 1) Control, 2) supplemented with 35mg Zn/kg from Zn sulphate, 3) supplemented with 70 mg Zn/kg from Zn sulphate, 4) supplemented with 35 mg Zn/kg from Zn as Zn 

propionate. Duration: 9 months  

Response criteria Semen characteristics and serum testosterone level 

Results Zinc supplementation either in the inorganic or organic form in the diet of crossbred bulls improved the qualitative and quantitative attributes of semen. However, the number 
of sperm per ejaculate, mass motility and semen fertility test like bovine cervical mucus penetration was significantly higher in bulls given Zn in an organic form (35 mg Zn/kg 

Zn propionate) as compared to an inorganic form (Zn sulphate). 

 

Study code 35205 

Year 1996 

Animal Category  Cattle for fattening  

Nº treatments (replicates/ treatment) 4 (8 animals per treatment individually allocated) 

Diet Background Analysed: 19.6 mg/kg in hay and ranged from 20 to 26 mg/kg in the control diet  

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control group, 2) Supplemental Zn (360 mg per day of Zn Oxide), 3) Supplemental Zn (360 mg per day of ZnSO4), 4) Supplemental Zn (360 mg per day of Zn-MET). 

Duration:12-week trial 

Response criteria Liver, kidney, pancreas, hair, bone, neck muscle and serum Zn content; and Zn in erythrocytes, skin and cornea. 

Results At adequate levels of dietary Zn, bioavailability of supplemental Zn sources may be less important than under conditions of limited dietary Zn or if very high levels of 

supplemental Zn are fed. 

 

Study code 36602 

Year 1981 
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Animal Category  Cattle for fattening  

Nº treatments (replicates/ treatment) 3 male calves (2 with oedema disease, and 1 normal) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: g/daily 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Period 1 (7 days): no treatment was given. Each calf received a single dose of 20 megabequerels (0.5 mCi) 65Zn orally. Period 2: calf1) (Al) received a daily oral supply of 4 g 

Joklokinol in milk replacer; 2) (A2) instead of Joklokinol received the molar equivalent amount of picolinic acid (1.5 g) daily.3) (C)instead of Joklokinol received the molar 

equivalent amount of picolinic acid (1.5 g) daily.*The radioisotope used was 65Zn as zinc chloride in 0.1 hydrochloric acid Iodinechlorooxychinoline (Joklokinol)  

Response criteria Plasma content 

Results In contrast to reports of the absorption in rats and in man, picolinic acid did not enhance zinc absorption in cattle.The results may indicate a difference in the zinc absorption 

mechanism between cattle and other species. 

 

Study code 36660 

Year 2013 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 5 (6 animals per treatment individually allocated) 

Diet Background Analysed: 37.60 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results : μg/mL 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments Experiment 1: 55 days trial, 1) Total mixed ration (TMR) with no Zn addition (37.6 mg Zn/kg), 2) Basal TMR + 40 mg Zn/kg TMR from Zn sulphate, 3) Basal TMR + 40 mg  

Zn/kg TMR from organic Zn chelates with weak (Zn-AA W) chelation strengths, 4) Basal TMR + 40 mg Zn/kg TMR from organic Zn chelates with moderate (Zn-Pro M) 

chelation strengths, 5) Basal TMR + 40 mg Zn/kg TMR from organic Zn chelates with strong (Zn-Pro S) chelation strengths.  

Experiment 2 (in vitro): 24-h period of fermentation. A 4×3 factorial arrangement of treatments. A) The four Zn sources were the same as those used in Experiment 1, B) the 

three supplemental Zn levels in the rumen fluid were 0, 10, and 20 μg/mL, respectively. 

Response criteria Animal performance, plasma content and immune response, and in vitro rumen fermentation 

Results In conclusion, Zn source had no influence on the feed intake, milk composition, and SCC; however, both the Zn-AA W and Zn-Pro S were more effective than Zn-Pro M and 

Zn sulphate in enhancing the rumen fermentation, Zn status, and humoral immune response as well as improving milk yield of lactating cows. The organic Zn sources with 
different chelation strengths supplemented at the added Zn level of 10 μg/mL were more effective in improving the rumen fermentation than Zn sulphate, with the most 

effective being Zn-AAW. 
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Study code 37115 

Year 2006 

Animal Category  Cattle for fattening Cattle 

Nº treatments (replicates/ treatment) 3 (2 replicates of 62 or 63 animals per treatment) 

Diet Background Analysed: 45.17 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control (no supplemental Cu, Zn, Mn, and Co), 2) inorganic trace mineral (CuSO4, ZnSO4, MnSO4, and CoCO3) to supply 360 mg of Zn, 3) organic trace mineral (iso-

amounts of organic Cu, Zn, Mn, and Co) to supply 360 mg of ZnDuration:28 days  

Response criteria Animal performance 

Results Although trace mineral supplementation is an important nutritional component for beef cattle, other factors such as overall animal management, environment, reduced feed 
intake during receiving, breed type, antagonistic compounds to trace mineral absorption/metabolism present in the diet and water, and disease status may impact an animals 

overall performance. Steers supplemented with organic TM had greater ADG than steers supplemented with inorganic TM by the end of the 28-d feedlot receiving phase.  

 

Study code 37354 

Year 2002 

Animal Category  Calves for fattening (Steers) 

Nº treatments (replicates/ treatment) 4 (15 animals per treatment individually allocated) 

Diet Background Estimated: 33 to 26 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/L(rumen and plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control (no supplemental Zn), 2) supplied 25 mg of supplemental Zn/kg diet as ZnO, 3) supplied 25 mg of supplemental Zn/kg diet as Zn proteinate-A (ZnProt-A, 10% Zn), 
4) supplied 25 mg of supplemental Zn/kg diet as ZnProt-B (15% Zn). Duration:84-d growing phase and finishing phase for 84 days or 112 days. 

Response criteria Animal performance, plasma and ruminal soluble zinc and immune response 

Results ZnProt(25 ppm) may improve performance (improve steer gain and increase carcass weights) of finishing steers above that observed with ZnO supplementation. Zinc 

supplementation to a growing diet containing 33 mg Zn/kg diet increased gain in steers. Zinc supplementation to a finishing diet, containing 26 mg Zn/kg diet, can improve 
carcass quality and yield grades. Performance and carcass measurements were similar in steers fed the two ZnProt sources.  
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Study code 37674 

Year 1993 

Animal Category  Calves for fattening (Steers) 

Nº treatments (replicates/ treatment) 3 (2 animals per treatment individually allocated) A replicated 3 x 3 Latin square design experiment with 14-d periods. 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: DM 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments A replicated 3 x 3 Latin square design experiment with 14-d periods. Diets were supplemented with:1) Solventextracted soybean meal (SBM)= 225 mg Zn/kg diet, 2) Zn-SBM, 

= 170 mg Zn/kg diet3) A 50:50 combination (CP basis) of SBM:Zn-SBM = 200 mg Zn/kg diet 

Response criteria Ruminal characteristics; nitrogen and organic matter digestion and amino acid (AA) composition 

Results Feeding a combination of ruminally degradable and undegradable soybean meal as supplemental protein diets based on corn silage and corn increased the supply of amino 
acids to the small intestine compared with feeding protein sources alone. Treatment of soybean meal with zinc salts can increase the proportion of soybean meal protein that 

escapes ruminal degradation, but when treated material is used indigestion and flow studies this effect may be difficult to detect unless supplemental protein supplies a large 

proportion of total protein intake. 

 

Study code 37898 

Year 1974 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 2 (5 animals per treatment individually allocated) 

Diet Background Estimated: 16.6 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: (% dose/kg fresh tissue or whole organ) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) fed a low-zinc diet (16.6 mg Zn/kg diet) 2) the same diet supplemented with ZnO to provide 39.5 mg Zn/kg diet total zinc * After the experimental diets had been fed 

4weeks, each cow was given a single oral 1515/aCi dose of 65Zn (specific activity, 6.42 mCi[mg Zn) as 6 ZnCI2 via gelatin capsules. Duration: 6 weeks  

Response criteria Concentrations of 65Zn and zinc specific activities in 16 body tissues 

Results The 6S'Zn content of whole blood, plasma, red blood cells (RBC) and the zinc specific activity in plasma and RBC of the low-zinc fed cows were more than twice that of 
controls. Peak 65Zn blood levels were reached on or prior to day 2 after dosing, then declined moderately until day 14. In RBC, 65Zn of the low-zinc cows increased sharply to 

day 7 then levelled off, whereas, that in RBC of control cows was considerably lower and remained at a constant level. 
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Study code 37899 

Year 1973 

Animal Category  Dairy cows for milk production  

Nº treatments (replicates/ treatment) 2 (5 animals per treatment individually allocated) 

Diet Background Estimated: 16.6 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) HIGH beet pulp, low-zinc diet (16.6 mg Zn/kg diet) was fed out Zn2) and with supplemental zinc (39.5 mg Zn/kg diet total zinc) as ZnO. Duration:6 weeks 

Response criteria Liver, kidney, pancreas, heart, lung, skin, spleen, bone, faeces, milk and muscle content 

Results Zinc content of body tissues, based on analyses of samples which represented 84% of the total body (fresh weight) were 23.1 and 22.1 ppm for cows fed the control and low-

zinc diets, respectively. Of 25 tissues analysed, only rib cartilage and rumen wall from cows fed the low-zinc diet had significantly reduced zinc. 

 

Study code 37902 

Year 1968 

Animal Category  Calves for fattening  

Nº treatments (replicates/ treatment) 3 (4 animals per treatment individually allocated) 

Diet Background Analysed: 2 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: Dry matter and µg/mL(urine and serum) 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments Before experimental diets, a single oral dose of 330 microCi of 65Zn, was administered via gelatin capsules. Treatments:1) zinc-deficient purified diet (2 mg Zn/kg diet), 2) 

same purified diet + 36 mg Zn/kg diet of supplemental zinc as ZnO, 3) a practical-type dietDuration:7 days 

Response criteria True absorption, retention in different tissues relative to administered dose: liver, lung, kidney, testicles, muscle, hair, bone, serum, urine and faeces content and 65Zn retention 

in digestive tract 

Results Calves fed the low zinc purified diet absorbed considerably more 65Zn, but there was little overall difference between groups fed the practical-type diet and the purified diet 

with added zinc. Younger calves in the first experiment absorbed a much higher percentage of 65Zn from diets with adequate zinc than older ones in the later experiment. There 

was no difference in net 65Zn retention due to age among those given the zinc-deficient diet, suggesting that differences associated with age were not caused by reduced ability 
of animals to absorb zinc but rather to effects of other factors on the homeostatic control mechanism. Tissue samples from calves given the deficient diet retained much more of 

the administered 65Zn dose in all tissues than those given zinc-adequate diets.  
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Study code 30135 

Year 2008 

Animal Category  Calves for fattening  

Nº treatments (replicates/ treatment) 3 (5 animals per treatment individually allocated) 

Diet Background Analysed: 32.54 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: mg/L(serum) 

Factors affecting// combinations Dietary factors and trace elements  

Composition Diets/treatments 1) Basal diet (33 mg Zn/kg diet), 2) basal diet + 35 mg Zn/kg diet feed from zinc sulphate, 3) basal diet + 35 mg Zn/kg diet feed from zinc propionate. Duration:180 days  

Response criteria Animal performance, biochemical response and serum content  

Results Supplementation of zinc in the diet of crossbred calves was not effective in improving the growth rate and concentration of minerals, enzymes, vitamins and hormones in blood 

serum or plasma in crossbred calves, which may be due to relatively small dose of zinc (35 mg Zn/kg diet) used in this study. 

 

Study code 32860 

Year 2012 

Animal Category  10. Other categories: Male Buffalo 

Nº treatments (replicates/ treatment) 4 (5 animals per treatment individually allocated) 

Diet Background Analysed: 31.60 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: DM 

Factors affecting// combinations Dietary factors and trace elements 

Composition Diets/treatments 1) Diets without supplementation, 2) diet supplemented with 0.3 mg Se /kg diet+ 40 mg Zn/kg diet (as zinc sulphate) (T2), 3) diet supplemented with 0.3 mg Se/kg diet +40 mg 

Zn/kg diet +10 mg Cu/kg diet (T3), 4) diet supplemented with 40 mg Zn/kg diet +10 mg Cu/kg diet (T4) Duration:120 days 

Response criteria Biochemical, immune and hormone response 

Results Supplementation of 0.3 ppm Se and/or 10 ppm of Cu with 40 ppm Zn in the basal diet of buffaloes having 0.28 ppm Se, 11.47 ppm Cu and 31.60 ppm Zn had no effect on their 

blood metabolic profile, except the ratio of T4 and T3hormone which indicates that selenium plays an important role in converting T4 hormone to T3 which is more active form 
of thyroid hormone. 
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Table VIII.D.4. Sheep 

Study code 29505 

Year 2012 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 10 (4 animals per treatment individually allocated) 

Diet Background Analysed: 27.28 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/dL(plasma) 

Factors affecting// combinations Dietary factors and trace elements  

Composition Diets/treatments A 3x3 factorial arrangement: A) three different sources of zinc (zinc oxide (ZnO), zinc amino acid and zinc proteinate), B) three doses of zinc (200, 400, and 600 mg/kg DM) 
added to the basal diet. Control: basal diet without supplementation of zinc (Zn). Duration:114 days 

Response criteria True absorption, liver and plasma content and immunity response 

Results Based on the accumulation of hepatic zinc, the estimate of the zinc bioavailability, through the regression equation, showed that supplementation with organic and inorganic 

sources of zinc did not differ in the diet of sheep. The diet that had ZnO (inorganic zinc) shows higher levels in half of the parameters analysed, which may imply that the 
advantage of utilizing inorganic over organic sources is evident. 

 

Study code 29603 

Year 2012 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 4 (5 animals per treatment individually allocated) 

Diet Background Estimated: 22.47 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/L 

Factors affecting// combinations Dietary factors and trace elements  

Composition Diets/treatments 1) Basal diet containing 22.47 mg Zn/kg DM, without supplementary Zn (control), 2) basal diet + 40 mg Zn/kg DM as ZnSO4 (ZnSO4 40), 3) basal diet + 20 mg Zn/kg DM as 

Zn-proteinate (Zn-Pro 20)4) basal diet + 40 mg Zn/kg DM as Zn-proteinate (Zn-Pro 40). Duration:70 days  

Response criteria Animal performance and plasma content 

Results A diet containing 22.47 mg Zn/kg DM did not meet the Zn requirements of lambs fed a barley based diet (70%). These results imply that Zn deficiencies in lambs fed a high 
barley diet can be met with ZnSO4 or Zn-proteinate, and that 20 mg/kg DM of Zn-proteinate was sufficient to meet the deficiency. Zn improved performance of lambs and 
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adding 20 mg Zn/kg DM to the basal diet might be sufficient to meet the Zn requirement of the lambs. 

 

Study code 29692 

Year 2011 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 4 (3 animals per treatment individually allocated) 

Diet Background Analysed: 58.7 µg Zn/g DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter, mg/day and µg/mL(plasma) 

Factors affecting// combinations Dietary factors and trace elements interactions (Mo, Sulphur and Zn) 

Composition Diets/treatments 1) A control diet, based on palm kernel cake (PKC) and grass hay: 58.7(µg Zn/g DM), 2) Control +Mo : 60.4 (µg Zn/g DM), 3) Control +MoxS : 57.6(µg Zn/g DM), 4) Control 

+Zn: 546 (µg Zn/g DM). Duration:6 months.  

Response criteria True absorption, liver, kidney and plasma content, and Zn intake and retention 

Results It was concluded that from the supplements tested, only Mo+S appeared to be effective in reducing the retention and liver accumulation of the dietary Cu to prevent chronic Cu 

toxicity in sheep fed PKC-based diets. The blood plasma concentration of Cu was decreased by the Zn supplement, but was not affected by other supplements.  

 

Study code 29716 

Year 2011 

Animal Category  Lambs for fattening and ewes for reproduction  

Nº treatments (replicates/ treatment) 4 (12 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors and trace elements 

Composition Diets/treatments 1) Control was fed the basal diet of roughage and concentrate mixture, 2) basal diet +50 mg Zn/kg as zinc oxide, 3) basal diet + 100 mg Zn/kg as zinc oxide, 4) basal diet + 150 

mg Zn/kg as zinc oxide. Duration: The study was conducted during the summer season (reproductive period) 

Response criteria Animal performance (reproductive parameters) 

Results The supplementation of 100 to150 ppm zinc oxide to the basal diet of these ewes significantly improved the reproductive performance by decreasing the numbers of days to 

oestrus, increasing the incidence of oestrus, pregnancy, lambing rates and enhancing the body weight gain of their lambs. The number of large follicles and ovulation rates were 

also increased. 
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Study code 30054 

Year 2009 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 7 (6 animals per treatment individually allocated) 

Diet Background Estimated: 29.28 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet: 29.28 mg Zn/kg, 2) basal diet + 15 mg Zn/kg as ZnSO4, 3) basal diet + 30 mg Zn/kg as ZnSO4, 4) basal diet + 45 mg Zn/kg as ZnSO4, 5) basal diet + 15 mg Zn/kg 

as Zn proteinate, 6) basal diet + 30 mg Zn/kg as Zn proteinate, 7) basal diet + 45 mg Zn/kg as Zn proteinate. Duration:150 days  

Response criteria Biochemical and: immune response and oxidative enzymes 

Results The 150 days study indicated that 15 ppm zinc supplementation was required for obtaining higher immune response in lambs when fed a basal diet containing 29.28 ppm Zn 
and supplementation as Zn proteinate had higher antioxidant enzyme activities and immune response compared to ZnSO4.  

 

Study code 30157 

Year 2008 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 2 (22 animals in control group and 18 animals in experimental group) 

Diet Background Estimated: 28.8mg Zn/kg DM (concentrate) + 15.1 mg Zn/kg DM (hay) 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Control (basal diet of 28.8 mg Zn/kg DM), 2) Experimental: basal diet + 1 ml 0.1% Na2SeO4, 3 ml 10% ZnSO4 and 60 mg α-tocopherol daily. The experiment was carried 

from 8 weeks of age until the animals mean body weight reached 31.8kg 

Response criteria Biochemical response and fatty acid metabolism 

Results Basal diet plus three additives led to the significantly increased concentration of cis9trans11CLA and the sum of CLA isomers in the liver as well as to increase of the liver 
concentration of long-chain polyunsaturated fatty acids (LPUFA) and long-chain PUFAn-3 (LPUFAn-3).  
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Year 2006 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 3 (11 animals per treatment individually allocated) 

Diet Background Estimated: 6.6g Zn/L 

Units’ basis of diets and/or results Diet: mg/d. Results: Dry matter 

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) Control receiving no supplement, 2) A trace mineral solution (Cu, 5 mg/d), (Se, 1.6 mg/d) and (Zn, 48.2 mg/d) twice a day, 3) A double dose of the trace mineral solution 

received by Treatment 2, (Cu, 10 mg/d), (Se, 3.2 mg/d) and (Zn, 96.4 mg/d)twice a day. Duration: 93 days  

Response criteria Animal performance, liver content of Se, Cu, Mn and weight; and biochemical response  

Results Positive responses to micronutrient supplementation could be possible if the body is subjected to oxidative stress during submaintenance levels of energy and/or protein 
nutrition. This suggested that the supplemented elements protected the body against tissue damage: The unsupplemented control group lost weight, while the sheep in the other 

two treatments maintained their initial body weights during the study. Likewise, the control group tended to have a lower immune response against an injected foreign protein 

than the supplemented treatments, though differences were not significant.  

 

Study code 30740 

Year 2004 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 4(6 animals per treatment individually allocated) 

Diet Background Analysed: 800 mg Zn /kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/L (plasma) 

Factors affecting// combinations Trace elements and interactions between Zn and Cd 

Composition Diets/treatments 1) Basal diet, 2) basal diet + Cd supplement only, (286 μg/kg of feed DMI) as sulphates, 3) basal diet + Zn supplement only, (8.6 mg/kg feed  DMI) as sulphates, 4) basal diet + 

combination of both the Cd and Zn supplement. Duration:20 days  

Response criteria True absorption, intake, excretion, urine, plasma, faeces and wool Zn content, and element balance 

Results Low levels of Cd in sheep feed can increase the Cd balance if adequate Zn is not provided, which can lead to subclinical mineral disturbances and changes in the mineral 
concentrations in wool. In wool, the Cd supplement greatly increased the K concentration if no Zn supplement was fed, and the Zn supplement decreased Mn concentration. 

Adding Zn as well as Cd to feed returned the Cd balance to a level similar to that of sheep receiving neither Cd nor Zn, which suggests that Zn status is critical in determining 

whether Cd in feed increases the Cd balance in sheep.  
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Study code 31119 

Year 2002 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 4(10 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet:as fed basis. Results: mg/L (plasma) 

Factors affecting// combinations Trace elements 

Composition Diets/treatments 1) 75 mg Bioplex zinc, 2) 150 mg Bioplex zinc, 3) 75 mg zinc sulphate, 4) 150 mg zinc sulphate.* Bioplexes are mineral chelates of amino acids. Duration:100 days 

Response criteria Animal performance, content of Zn in hoof horn, plasma and wool  

Results Bioplex zinc is more readily absorbed than the inorganic sulphate form. Furthermore, Bioplex zinc may be preferentially deposited in tissues such as hooves with resulting 

improvement in hoof quality. Supplementation with Bioplex zinc resulted in significantly greater hoof horn zinc content than did zinc sulphate. Also, resulted in significantly 

greater hoof quality than did zinc sulphate. 

 

Study code 31255 

Year 2001 

Animal Category  Lambs for fattening (ewes) 

Nº treatments (replicates/ treatment) 5 (6 animals per treatment individually allocated) 

Diet Background Analysed: 12.2 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors and interactions between Zn and Cu formulations 

Composition Diets/treatments 1) control (no supplemental Zn or Cu), 2)90 mg/kg Zn as Zn complex, 3)90 mg/kg Zn as Zn complex + 10 mg/kg Cu as Cu complex (ZnCu complex) , 4)90 mg/kg Zn as Zn 

sulphate , 5)90 mg/kg Zn as Zn sulphate + 10 mg/kg Cu as Cu sulphate(ZnCu sulphates) Duration: 56 days  

Response criteria Animal performance, liver and faecal content and biochemical response 

Results Complex forms of Zn and ZnCu increase liver Zn and Cu concentrations compared with sulphate forms of Zn and ZnCu. However, feeding high concentrations of Zn (100 
mg/kg for 56 d) did not negatively impact liver Cu status. 

 

Study code 31497 

Year 1998 
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Animal Category  Lambs for fattening (wethers) 

Nº treatments (replicates/ treatment) 2 (2animals per treatment individually allocated)  

Diet Background Analysed: 9.4 mg Zn/kg and 12.9mg Zn/kg as fed basis for alfalfa hay cubes and ground corn respectively 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet (alfalfa hay cubes and ground corn, marginally deficient in Zn, 2) Basal diet +500 mg Zn/kg of diet as zinc oxide. Duration:6 weeks 

Response criteria Biochemical response related on glucose metabolism 

Results Dietary Zn supplementation (2% BW of the basal diet supplemented with 500mg Zn/kg from zinc oxide) in a basal diet consisted of alfalfa hay cubes and ground corn, enhance 

the tissue responsiveness to insulin in sheep (wethers)  

 

Study code 31567 

Year 1998 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 3 (10 animals per treatment individually allocated) 

Diet Background Analysed: 27.6 mg Zn/kg as fed basis 

Units’ basis of diets and/or results Diet : as fed basis 

Factors affecting// combinations Dietary and physiological factors (physiologic stress) 

Composition Diets/treatments 1) Basal diet (27.6 mg Zn/kg), 2) basal diet + 25 mgZn/kg as zinc oxide, 3) basal diet + 25 mgZn/kg as zinc methionine. Duration:126 days  

Response criteria Animal performance, biochemical response and serum content 

Results Given the Zn concentration of the basal diet, there was no enhancement of immune function by supplemental Zn (25 mg Zn/kg), either before or after lambs were subjected to 

stress. 

 

Study code 31679 

Year 1996 

Animal Category  Lambs for fattening (wethers) 

Nº treatments (replicates/ treatment) Experiment 1: 6 (4 animals per treatment individually allocated)Experiment 2.: 9 (3animals per treatment individually allocated)  

Diet Background Analysed: 41 mg Zn/kg (Exp.1.) and 30 mg Zn/kg (Exp.2) DM 



 

Extensive Literature Search on the bioavailability of trace elements  

Monograph VIII - Zinc 

 

EFSA supporting publication 20YY:EN-NNNN 

   

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 

Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 

rights of the authors. 

 

1078 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors and length of feeding 

Composition Diets/treatments Experiment 1: 10 days trial, 1) basal diet containing 41 mg/kg Zn (DM), 2) basal diet + 500 mg Zn/kg as reagent grade ZnSO4 7H2O, 3) basal diet + 1000 mg Zn/kg as reagent 
grade ZnSO4 7H2O, 4) basal diet + 1500 mg Zn/kg as reagent grade ZnSO4 7H2O, 5) basal diet + 2000 mg Zn/kg as reagent grade ZnSO4 7H2O, 6) basal diet + 2500 mg Zn/kg 

as reagent grade ZnSO4 7H2O  

Experiment 2: A 3x3 factorial arrangement of:A) Zn supplementation: 700, 1400, or 2100 mg Zn/kg added to the basal diet B) during 1O, 20, or 30 days 

Response criteria Liver, kidney, spleen, bone, heart and muscle content 

Results The best fits to a linear model were found for liver and kidney Zn concentration at 20 days. These tissues appear to be the most sensitive for future Zn bioavailability studies 

with ruminants. Feed intake did not differ among treatments. There was no difference in bone, heart, or muscle Zn due to dietary treatment or time. Liver and kidney Zn 

increased with increasing dietary Zn and length of feeding period. Spleen Zn also increased with dietary Zn.  

 

Study code 31855 

Year 1995 

Animal Category  Ewes for reproduction  

Nº treatments (replicates/ treatment) 8 (1 animals per treatment individually allocated) 

Diet Background Analysed: 143.0 mg Zn/kg as fed basis 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments A 2x2x2 factorial arrangement: A) number of lambs carried and reared (single vs twins),B) chelated zinc methionine (CP) (supplemental vs non-zinc methionine control), C) 

level of CP: 11.3%(194 mg Zn/kg) and 14.9% (132 mg Zn/kg) DM basis) Dietary treatments started 30 days prepartum and continued until 42 d postpartum. 

Response criteria Animal performance (milk production and milk composition), wool fibre diameter and tensile strength 

Results Both the zinc methionine supplement and the 14.9% CP (132 mg Zn/kg)diet resulted in more persistent milk production. In addition, when ewes and lambs were fed for an 

average of 42 days during early lactation, a 14.9% CP diet, and to a lesser degree, chelated zinc methionine supplement, lamb weaning weights were improved. Zinc 
methionine and the 14.9% CP diet increased weaning weights by 6 and 9%, respectively.  

 

Study code 31859 

Year 1995 

Animal Category  Lambs for fattening (wether lambs) 

Nº treatments (replicates/ treatment) 5 (8 animals per treatment individually allocated)  
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Diet Background Estimated: from 16 to 20 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Results: Dry matter. Results: bone on fat-free basis; cornea and skin on wet basis, μg/mL(serum) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet, 2) basal diet + 360 mg/d of supplemental Zn as ZnMet, 3) basal diet + 360 mg/d of supplemental Zn as Zn lysine, 4) basal diet + 360 mg/d of supplemental Zn as 
ZnSO4, or ZnO, 5) basal diet + 360 mg/d of supplemental Zn as ZnO. Duration:8 weeks  

Response criteria Liver, kidney, pancreas, hoof bone, serum, leg muscle, skin and cornea content of Zn and MT 

Results Organic sources of zinc (zinc lysine and zinc methionine) have equal or greater availability than the most available inorganic source (zinc sulphate) and may be metabolized 

differently in some tissues. The highly increased synthesis of metallothionein is proof that zinc lysine is a more bioavailable source of zinc. The ZnLys-treated lambs for 8 

weeks, had the highest Zn accumulation (581, 389, and 340 mg/kg) in kidney, liver, and pancreas, respectively.Both ZnSO4 and ZnMet-treated lambs had higher liver Zn 
concentrations (195 and 198 mg/kg, respectively) than the control lambs (127 mg/ kg).  

 

Study code 33115 

Year 2010 

Animal Category  Lambs for fattening (ewes) 

Nº treatments (replicates/ treatment) 2 (6 animals per treatment individually allocated) 

Diet Background Estimated: 94.17 mg Zn/kg diet and 76.40 mg Zn/kg diet as fed basis in concentrate and in feed Para grass respectively 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg Zn/kg as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) group supplemented with 50% more of Cu and Zn over the basal diet from feed grade inorganic source(copper sulphate and zinc sulphate; Cu-Sulf+Zn-Sulfgroup)2) group 

supplemented with 50% more of Cu and Zn over the basal diet from commercially available feed grade organic source(copper-methionine and zinc-methionine; Cu-Meth+Zn-
Methgroup).Duration:240 days  

Response criteria True absorption, animal performance, liver, plasma and wool content 

Results Supplementation with 50% more of Zn over the basal diet from through organic sources (Zn-methionine) as compared to inorganic sources (ZnSO4) for 240 days, improved gut 

absorption, higher activity of Cu/Zn-SOD and tissue retention of Zn, suggested better bioavailability through organic/chelated sources. Mineral-dependent enzymes like Cu/Zn-
SOD can be used as a biomarker for assessing three status of Cu and Zn. Higher bioavailability of trace minerals through organic sources effectively reduce s their dietary 

requirement and hence, is an environment friendly approach in reducing the faecal excretion of minerals. 

 

Study code 36362 

Year 1984 

Animal Category  Ewes for reproduction  
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Nº treatments (replicates/ treatment) 12 (3 replicates of 2 animals) 

Diet Background Estimated: 23 and 28 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: DM Results: DM and µg/ml(plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Experiment 1: from 3 months prepartum through lactation. The diets fed were estimated to contain 23 mg Zn/kg dry diet:1) 15 +Ca'P/+Zn2) 16 +Ca.P/-Zn,3) 17 -Ca'P/+Zn,4) 

14 -Ca'P/-ZnExperiment 2: from 3 months prepartum through lactation. The diets fed were estimated to contain 28 mg Zn/kg dry diet1) 23 +Ca'P/+Zn,2) 24 +Ca'P/-Zn,3) 21 -
Ca'P/+Zn,4) 25 -Ca'P/--Zn 

Response criteria Biochemical response and plasma and wool content 

Results Large animal and seasonal variability in salt mineral mixtures (SMM) intake and no significant treatment effects of Ca.P on SMM intake or on Zn and Se status. Zinc addition 

to SMM had no effect on Se status. Large variations (up to fivefold) were found in SMM intake per month between replicates and from month-to-month within treatment; thus, 
monthly variations of up to sevenfold occurred in Zn and Se intakes of supplemented groups. There were no significant treatment effects on SMM intake.  

 

Study code 36742 

Year 2012 

Animal Category  Ewes for reproduction  

Nº treatments (replicates/ treatment) 2(8 animals per treatment individually allocated)  

Diet Background Not specified 

Units’ basis of diets and/or results Diet: Dry matter. Results: µg/dL (serum) and mg Zn/kg (wool) 

Factors affecting// combinations Physiological factors: reproduction period 

Composition Diets/treatments 1) Control group: received 7mg/kg DM copper sulphate and 20 mg/kg DM zinc sulphate, 2) treatment group: received 5.25mg/kg DM copper chelate and 15.0mg/kg zinc 

chelate (Zn-2-hydroxy-4-methylthiobutyrate). Duration: Treatment was initiated on 20th day before birth and completed 45 days after birth. 

Response criteria Wool, serum, faeces and skin content 

Results Although 25% less organic Zn was added to the sheep's diet, similar and even better results were observed for some parameters compared to inorganic Zn and organic minerals 
were found at lower levels in the faeces. At the end of the study, the mean faeces zinc levels were significantly lower in the treatment group (received 5.25mg/kg DM copper 

chelate and 15.0mg/kg zinc chelate). 

 

Study code 36833 

Year 2011 

Animal Category  Lambs for fattening  
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Nº treatments (replicates/ treatment) 4 (12animals per treatment individually allocated) 

Diet Background Analysed: 66.4 mg Zn/kg DM (concentrate mixture) + 23.5 mg Zn/kg DM (meadow hay) 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter and μmol/L (serum) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Concentrate mixture and meadow hay (control group was about 85 mg/kg zinc oxide), 2) concentrate mixture and meadow hay +about 85 mg/kg of DM zinc-glycine (gr. II), 

3) concentrate mixture and meadow hay +about 85 mg/kg zinc-lysine (gr. III), 4) concentrate mixture and meadow hay +about 85 mg/kg zinc-methionine (gr. IV). Duration: the 
end of the experiment was when animals achieved average body weight of about 35 kg 

Response criteria Apparent absorption and retention and liver, kidney, pancreas, bone, fodders and excrements content. 

Results The application in mineral-vitamin mixtures amino acid complexes of zinc (85 mg Zn/kg) caused the increase of apparent absorption and retention of zinc, and improved the 

mineral status of lambs - which was indicated by higher zinc level in blood serum. The higher zinc content in soft and hard tissues of lambs which received organic forms of 
zinc could indicate the better assimilation and bioavailability of zinc from these forms than from oxide. Among tested organic forms of zinc, the zinc-lysine complex was 

characterized by the most advantageous property. 

 

Study code 37894 

Year 1980 

Animal Category  Dairy sheep and lambs for rearing 

Nº treatments (replicates/ treatment) 8 (8animals per treatment individually allocated) 

Diet Background Estimated: 41 and 36 mg Zn/kg as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: Dry matter 

Factors affecting// combinations Dietary factors and trace elements interactions between Zn and Mo 

Composition Diets/treatments 1) At high (± 30ppm) and moderately low (± 15 ppm)copper levels in the concentrates2) additions of Zn (respectively 0, 150, and 340 ppm) and Mo (0 and 16ppm) to the 
concentrates. Duration:98 days 

Response criteria Liver, kidney and plasma content 

Results Zinc may be a useful alternative to the somewhat toxic molybdenum as an additive to concentrates for sheep in preventing Cu intoxication: At the higher copper level (30 ppm), 

the addition of 150 or 340ppm Zn resulted in a significant decrease of the Cu accumulation in the liver, while at a moderately low copper level (15 ppm) the effect of these 
additions on the Cu accumulation was only slight. 

 

Study code 30148 

Year 2008 
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Animal Category  Lambs for fattening (wether lambs) 

Nº treatments (replicates/ treatment) 4 replicate chambers for ruminal and omasal epithelium on each day. 8 samples per treatment 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: µM Zn as ZnSO4 or ZnProt,Results: Dry matter  

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments In vitro test. Uptake was measured during a 4 hours incubation with 10, 20, or 200 µM Zn as ZnSO4 or ZnProt in the mucosal buffer. Buffered ruminal fluid contained a feed 

substrate and 10 or 200 µM added Zn as ZnSO4 or ZnProt. 

Response criteria True absorption and Zn content in mucosa 

Results Absorption of Zn into the bloodstream does not occur from the ruminant for stomach; however, Zn uptake occurs in ruminal tissue and is greater from ZnProt than from 
ZnSO4.Incubations to determine the effect of time on Zn uptake from mucosal buffer containing 20 µM added Zn as ZnSO4 or ZnProt resulted in increased Zn uptake as 

incubation time increased from 30 to 240 min. Zinc uptake was also greater from mucosal buffer containing ZnProt compared with ZnSO4.After 18 h of incubation, the 

proportion of Zn that was soluble was not different between ZnProt and ZnSO4 in buffered ruminal fluid that contained 10 µM added Zn, but was greater for ZnProt compared 
with ZnSO4 with 200 µM Zn in the incubation.  

 

Study code 31321 

Year 2000 

Animal Category  Lambs for fattening (wether lambs) 

Nº treatments (replicates/ treatment) 7 (6 animals per treatment individually allocated) 

Diet Background Analysed: 58 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) basal experimental corn-soybean meal-cottonseed hulls diet (58 mg of Zn/kg DM)2) basal diet + 700 mg/kg added Zn from reagent-grade Zn Sulf, 3) basal diet + 
1.400mg/kg added Zn from reagent-grade Zn Sulf,4) basal diet + 2.100 mg/kg added Zn from reagent-grade Zn Sulf,5) basal diet + 1.400 mg/kg added Zn from Zn ProA6) 

basal diet + 1.400 mg/kg added Zn from Zn AA7) basal diet + 1.400 mg/kg added Zn from Zn MetB* ZnSO47H2O (Zn Sulf); Zn methionine complex A (Zn MetA); Zn 

methionine complex B (Zn MetB); Zn polysaccharide complex (Zn Poly); Zn lysine complex (Zn Lys); Zn amino acid chelate (Zn AA); Zn proteinate A (Zn ProA); Zn 
proteinate B (Zn ProB); Zn proteinate C (Zn ProC).Duration:21 days  

Response criteria Bone, intestine, and mucosa content  

Results Bioavailability of the Zn in commercial organic Zn products was most related to negative solubility of Zn in pH 2 buffer in lambs. Of the six organic products tested, only Zn 

proteinate A had a bioavailability estimate in lambs greater than that of reagent-grade ZnSO4·7H2O. Although numerous differences were found in the chemical 

characterization among the organic Zn products, animal feeding trials failed to distinguish among products with regard to absorption and tissue deposition of Zn from the 
various organic sources. The results indicate that the organic Zn compounds tested are generally equal to ZnSO4·7H2O as supplemental sources of the element for domestic 
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animals. 

 

Study code 37917 

Year 2000 

Animal Category  Lambs for fattening (growing lambs) 

Nº treatments (replicates/ treatment) (6 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 2.100 mg Zn/kg diet supplemental dietary zinc as either reagent grade or feed grade sources were fed for about 21 days. 

Response criteria Liver, kidney and bone content. Relative bioavailability 

Results Reagent grade and feed grade supplemental zinc sources ranked numerically similar in relative bioavailability whether estimated with sheep. No increase in bone zinc occurred 

with supplemental zinc in lambs. Liver zinc was the most responsive tissue to dietary zinc in lambs. 

 

Study code 30948 

Year 2003 

Animal Category  Lambs for fattening  

Nº treatments (replicates/ treatment) 8 mature ewes: 4 pregnant and 4 nonpregnant 

Diet Background Estimated:: 23.0mg Zn/kg DM 

Units’ basis of diets and/or results Diet : Dry matter 

Factors affecting// combinations Dietary and physiological factors (gestational status) 

Composition Diets/treatments Prior to use in this experiment animals had ad libitum access to a 100% alfalfa hay diet (basal alfalfa hay diet contained 23.0 mg Zn/kg DM) and all animals were fed a 100% 
alfalfa diet. Duration: a 5 day metabolic trial 

Response criteria Apparent absorption and retention and urine and faecal content 

Results The present experiments indicate that gestational status (pregnant vs non-pregnant) alters the apparent absorption and retention of certain trace minerals during the last trimester 

of gestation: Zn intakes were similar for pregnant and non-pregnant animals within a species. Pregnant ewes had a higher apparent absorption and retention of Zn compared to 

non-pregnant ewes.  
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Table VIII.D.5. Goats 

Study code 29776 

Year 2011 

Animal Category  Kids for rearing 

Nº treatments (replicates/ treatment) 4 ( 10 animals in group I and 9 animals in the other groups individually allocated) 

Diet Background Estimated: 21mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: μmol/L (plasma, blood) and 

Factors affecting// combinations Dietary factors and trace elements 

Composition Diets/treatments 1) Group A was a control group (with no Zn administered): 21mg Zn/kg dry matter, 2) Group B supplemented with 60 mg Zn/kg dry matter of zinc oxide, 3) Group C 
supplemented with 60 mg Zn/kg dry matter of zinc lactate ,4) Group D supplemented with 60 mg Zn/kg dry matter of zinc chelate. Duration:3 months  

Response criteria Hair and whole blood content 

Results None of the supplemented forms of Zn increased its concentration in blood, plasma and hair. At the end of the trial the Zn concentrations in plasma and whole blood were 

without major differences between the groups. In hair the average concentration of Zn was 95.2-100.0 mg/kg in all groups. No conclusive relation was confirmed between the 
values of Zn in hair and its concentration in blood. 

 

Study code 29842 

Year 2010 

Animal Category  Kids for fattening  

Nº treatments (replicates/ treatment) 3 animals in total 

Diet Background Estimated: 49.6 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Three goats were fed the diet containing 50 mg/kg Zn twice a day for 17 days. In the morning of day 11, the goats were given a meal labelled by 67Zn as the tracer with 

dysprosium as the unabsorbed marker. Then the goats were given unlabelled diet as the rest of the morning feed. 

Response criteria True absorption, faecal Zn concentration and dietary Zn 

Results The present experiment indicates that stable isotopic Zn is a powerful tool for examining Zn metabolism in ruminants. The apparent absorption of Zn was -0.009 ± 0.016 mg/kg 
bodyweight (fractional absorption, -1.07 ± 1.85%). The true absorption of Zn was 0.162 ± 0.018 mg/kg bodyweight (fractional absorption, 18.25 ± 2.01%). The endogenous 
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faecal loss of Zn was 0.172 ± 0.004 mg/kg bodyweight and the intestinal secretion of Zn was 0.210 ± 0.009 mg/kg bodyweight. 

 

Study code 29944 

Year 2009 

Animal Category  Cashmere Goats  

Nº treatments (replicates/ treatment) 3 (9 animals per treatment individually allocated)  

Diet Background Estimated: 22.3 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/L 

Factors affecting// combinations Dietary and physiological factors (breed) 

Composition Diets/treatments 1) Control: basal diet containing 22.3 mg Zn/kg DM2) basal diet + 20 mg of supplemental Zn/kg of DM from Zn sulphate (ZnSO4)3) basal diet + 20 mg of supplemental Zn/kg 

of DM from Zn methionine (ZnMet). Duration:60 days trial including a 10-day metabolism trial 

Response criteria True absorption, nutrient digestibility, animal performance, plasma content and cashmere fibre characteristics 

Results Supplementation of 20 mg Zn/kg DM either as ZnSO4 or ZnMet in the basal diet containing 22.3 mg Zn/kg DM can improve growth performance in Cashmere goats, and 

effectiveness of the two sources is similar on performance measurements. 

 

Study code 31635 

Year 1997 

Animal Category  Kids for fattening (Bucks) 

Nº treatments (replicates/ treatment) 80 animals randomly divided into 3 equal groups 

Diet Background Analysed: 2.9 mg Zn/kg in fodder 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors and soil characteristics where fodder grows 

Composition Diets/treatments 1) Control: fed 100 g/animal/day of a basal concentrate diet and ad libitum fodder grown on soil treated with a biological fertilizer. 2) Ad libitum fodder grown on soil treated 

with excess calcium and phosphorus in addition to 100 g per day of the basal diet for 2 months, and were then killed. 3) Animals were maintained as those in group II for the 
initial 2 months and another 2 months, their ration was replaced by 100 g per day of the basal diet, to which had been added 100 ppm of zinc sulphate, and ad libitum fodder 

grown on pasture treated with the biological fertilizer  

Response criteria Animal performance, hair content and tissue histological modifications 

Results Bucks reared on such fodder had significantly less zinc in their hair compared with controls and suffered from conditioned zinc deficiency syndrome with a significant loss of 

body weight, stunted growth, alopecia, lethargy, abnormal (kyphotic) gait, anorexia, digestive and respiratory problems. Oral supplementation with zinc sulphate very rapidly 
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improved these conditions to near normality.  

 

Study code 33300 

Year 2009 

Animal Category  Dairy goats  

Nº treatments (replicates/ treatment) 5 (6 or 7 animals per treatment individually allocated) 

Diet Background Estimated: 80 mg Zn/animal/day: Zinc content in hay was 15.12 mg/kg of DM, granules 41.5 mg/kg,barley groats 31.4 mg/kg, and oat groats 35.7 mg/kg of DM. 

Units’ basis of diets and/or results Diet: mg/animal/day. Results: μg/L(milk and plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) C was the control, 2) group L received 500 mg Zn as zinc lactate per animal, 3) group A received 500 mg Zn as zinc chelate per animal, 4) group T received 500 mg Zn as 

amino acid-polypeptidic complex with zinc per animal, 5) group O received 500 mg Zn as zinc oxide per animal. Duration:28 days 

Response criteria Animal performance (milk production), milk, plasma and blood content 

Results After 28 days of Zn supplementation of different forms of zinc did not influence the concentration of Zn in milk, but significantly influenced the Zn concentration in blood 

plasma. The efficiency of different organic and inorganic forms of zinc was similar. 

 

Study code 36791 

Year 2011 

Animal Category  Kids for fattening  

Nº treatments (replicates/ treatment) 4 ( 5 or 6 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: Dry matter. Results: μmol/L(plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) control group 2) group supplemented with inorganic zinc (zinc oxide)60 mg/kg dry matter of diet, 3) group supplemented with zinc lactate 60 mg/kg dry matter of diet,4) 

group received chelated zinc 60 mg/kg dry matter of diet.Duration:4 months before parturition 

Response criteria Animal performance, plasma content, and number of oocysts of coccidia 

Results Organic zinc is to be recommended to be used as a prophylaxis against coccidiosis in goat kids: Animals from the group supplemented with 60 mg Zn/kg as zinc chelate and 60 

mg Zn/kg as zinc lactate shed a significantly lower number of oocysts (13.4% and 11.9%, respectively) compared to the number of oocyst shed by control and 60 mg Zn/kg as 

zinc oxide supplemented groups (25% and 49.7%, respectively).Kids supplemented with 60 mg Zn/kg as zinc chelate showed significantly highest weight gains and blood 
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plasma concentration of zinc as compared to control and inorganic zinc supplemented groups.  

 

Study code 37701 

Year 1993 

Animal Category  Angora goats 

Nº treatments (replicates/ treatment) 8 animals housed in individual pens 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed basis. Results: Dry matter 

Factors affecting// combinations Trace elements and interaction between Cu, Zn and Se 

Composition Diets/treatments Animals were fed isocaloric and isonitrogenous diets containing: A) 0.16%, 0.23%, 0.29% or 0.34% S of DM as CaSO4. B) Dietary Zn, Cu and Mo constant at 29.2 ppm, 8.8 

ppm and 1.0 ppm, respectively. Duration:180 days  

Response criteria True absorption, Zn balance, serum, urine and faecal content 

Results Serum Zn concentrations were not affected by added S, although concentrations were lower at 2 and 4 h than at 0 and 6 h postprandial. Concentration of protein S in the rumen, 

apparent absorption of Zn, and Zn retention increased with S intake. Urinary Zn excretion increased when diets containing higher amounts of S were fed. Presumably, this was 
due to enhanced absorption of Zn by S amino acids at lower S intake, but ZnS precipitation was greater at higher S intake.  

 

Study code 31454 

Year 1999 

Animal Category  Angora goats 

Nº treatments (replicates/ treatment) 5 (8 animals per treatment individually allocated)  

Diet Background Analysed: 22 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments (1) Basal diet (no supplementation), (2) basal diet + 1 g/day of Zn-Met (40 mg Zn, 100 mg Met), (3) basal diet + 3 g/day of Zn-Met. (120 mgZn, 300 mg Met), (4) basal diet + 
5 g/day of Zn-Met (200 mg Zn, 500 mg Met), (5) basal diet + 150 mg/day of zinc oxide (120 mg Zn). Duration:120 days  

Response criteria Animal performance and plasma content 

Results Supplementation of a Zn-adequate diet with Zn-Met increased ADG by yearling Angora goats regardless of level of Zn-Met added. Supplementation of 1 g Zn-Met may have 

positive effect on ADG and mohair growth when diet contains about 20 ppm Zn. With a 11.2% CP, Zn-adequate diet, 1 g Zn-Met may offer little potential to improve fibre 
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production by Angora goats. 

 

Study code 30097 

Year 2008 

Animal Category  Cashmere goats 

Nº treatments (replicates/ treatment) 4 (9 animals per treatment individually allocated) 

Diet Background Analysed: 22.3mg Zn/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: mg/L (plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet containing 22.3mg Zn/kg dry matter (DM), 2) basal diet + 15 mg Zn/kg DM as reagent grade ZnSO4·7H2O, 3) basal diet + 30mg Zn/kg DM as reagent grade 

ZnSO4·7H2O, 4) basal diet + 45 mg Zn/kg DM as reagent grade ZnSO4·7H2O. Duration:60 days including a 7-day metabolism trial 

Response criteria True absorption, animal performance, urine, faeces and plasma content and cashmere fibre characteristics 

Results A diet containing 22.3mg Zn/kg DM did not meet the Zn requirement of Liao Ning Cashmere goats during the cashmere fibre growing period. Based on growth performance 

and plasma Zn status, an addition of 30mg Zn/kg DM to the diet (total of dietary Zn 52.3 mg/kg DM) will meet the Zn requirement of Cashmere goats. 
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Table VIII.D.6. Fish 

Study code 29924 

Year 2010 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) 3 (3 replicates of 25 animals) 

Diet Background 157.3 mg/kg wet weight basis 

Units’ basis of diets and/or results Diet: Fresh matter. Results: Fresh matter 

Factors affecting// combinations Dietary factors and interactions of trace elements (Zn and Se) 

Composition Diets/treatments 1) Control diet, no added Zn or Se; (157.3 mg/kg wet weight basis), 2) an organic Se-yeast and Zn-proteinate (Bioplex Zn) supplemented diet (306.7 mg/kg wet weight basis); 
3) an inorganic sodium selenite and Zn-sulphate supplemented diet (ZnSO4) (246.3 mg/kg wet weight basis). Duration:10 weeks 

Response criteria True absorption, liver, kidney, bone and plasma content and enzyme-dependent activities 

Results This study has shown that the bioavailability of organic and inorganic Zn sources differ in white fishmeal diets. Zn digestibility and Zn-dependent enzymes were not affected 

by either forms of supplemented Zn, which is expected as Zn levels in the basal diet (157.3 mg/kg wet weight basis) were above requirements. ZnSO4 accumulated to a greater 
extent than Zn-protein tissues showing a higher retention when Zn is above requirements. Digestibility of residual Zn was 21.9 ± 2.0% and no significant difference was found 

between the treatments.  

 

Study code 31023 

Year 2002 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) 6 (7 or 11 animals per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet : mmol/L 

Factors affecting// combinations Supplementation source 

Composition Diets/treatments All experimental perfusions lasted 3 h, during which time 65Zn(II) reached a steady state in collected outflow samples. Experimental perfusion solutions consisted of: 1) 5, 
mmol/l ZnSO4.7H2O to the stated concentration in saline (77 mmol/l 1NaCl) 2) 50 mmol/l ZnSO4.7H2O to the stated concentration in saline (77 mmol/l 1NaCl) 3) 150 mmol/l 

ZnSO4.7H2O to the stated concentration in saline (77 mmol/l1NaCl) 4) 300 mmol/l ZnSO4.7H2O to the stated concentration in saline (77 mmol/l 1NaCl) 5) 400 mmol/l 

ZnSO4.7H2O to the stated concentration in saline (77 mmol/l1NaCl) 6) 500 mmol/l ZnSO4.7H2O to the stated concentration in saline (77 mmol/l 1NaCl) 

Response criteria True absorption 
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Results Only a saturable component of zinc uptake, with a concentration giving half-maximal rate of accumulation (K0.5) of 309 µmol/ l, and a maximal rate ofaccumulation (Jmax) of 
933 nmol/kg/h, was described. This characterised theintestine as a low-affinity, highcapacityzinc absorption pathway.Physiological mechanisms appear to regulate zinc uptake 

in fish.Intestinalmucus was one important regulatory locus, promotingzinc uptake at lowconcentrations yet buffering the animalagainst high luminal zinc loads.Regulatory 

mechanismsalso seemed to limit subepithelial zinc accumulation. 

 

Study code 31133 

Year 2001 

Animal Category  Salmon/trout  

Nº treatments (replicates/ treatment) 8 (2 replicates of 30 animals) 

Diet Background Estimated: 10 g Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: diet as fed basis. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments A 2x4 factorial experiment: A) Two levels of Zn (20 and 40 mg/kg diet) B) Diets using either zinc sulphate (Zn±Sf), zinc methionine(Zn±Mt), zinc amino acids chelated 

(Zn±Am) or glass embedded Zn(Zn±Gl). Duration:15 weeks  

Response criteria True absorption and retention, animal performance, bone content and biochemical response 

Results The availability of Zn from Zn±Am might be superior among the sources compared: Alkaline phosphatase (ALP) activity for both levels of Zn±Am was significantly higher 
than that of Zn±Sf and Zn±Gl at 20 mg supplementation.Retention from Zn±Am at 20 mg/kg in a 15 weeks trial, was significantly higher than the rest, excluding Zn±Sf.  

 

Study code 31150 

Year 2001 

Animal Category  Atlantic salmon 

Nº treatments (replicates/ treatment) 4 (3 replicates of 600 animals) 

Diet Background Analysed:60 mg Zn/ kg as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: Fresh matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Based diets supplemented with a low zinc level (50 mg Zn/kg) as zinc gluconate, 2) Based diets supplemented with a low zinc level (50 mg Zn/kg) as zinc sulphate, 3) Basal 
diet supplemented with medium zinc level (180 mg Zn/kg) as zinc gluconate, 4) Basal diet supplemented with medium zinc level (180 mg Zn/kg) as zinc sulphate. Duration:6 

months. 

Response criteria Animal performance, bone, serum and whole body zinc concentration 
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Results The overall conclusion is that the two chemical forms of zinc tested (Zn-gluconate vs. Zn-sulphate) were equally efficient as zinc sources in Atlantic salmon diets at both 
concentrations tested in practical feeds: Zinc sulphate and zinc gluconate are equally efficient as zinc supplements in salmon feeds within the concentrations normally found in 

salmon feed. Fish showed good performance when given diets with zinc as either gluconate or sulphate at two feed levels. Dietary zinc level significantly affected zinc status 

both in fish fed Zn-gluconate and in fish fed Zn-sulphate. 

 

Study code 33280 

Year 2009 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) 6 (3 replicates of 16-17 animals) 

Diet Background Analysed: 228±6 mg Zn/kg 

Units’ basis of diets and/or results Diet: μg dietary Zn/g fish/day. Results: ng/g protein 

Factors affecting// combinations Dietary factors and interactions between waterborne Zn and dietary Zn 

Composition Diets/treatments 1) Control group with no Zn added to the water and food was maintained.2) exposure to 150 μg/l waterborne Zn 3) exposure to 600 μg/l waterborne Zn 4) exposure to 45 μg 

dietary Zn/g fish/day,5) exposure to 135 μg dietary Zn/g fish/day, (as sulphate)6) combination of 150 μg/l waterborne and 45 μg dietary Zn/g fish/day Duration:40 days  

Response criteria True absorption, zinc concentrations in intestinal soluble fractions and hepatic soluble fractions, and MT concentrations 

Results Under the experimental conditions used in the present study, uptake from the food drove the accumulation of Zn in the intestine while uptake from both sources was important 
in the liver, consistent with its central location. Overall these data suggest that fish are better insulated from dietary than waterborne Zn toxicity. Dietary uptake would dominate 

intestinal Zn accumulation while both pathways (dietary and waterborne) would contribute equally to the accumulation in the liver.  

 

Study code 33368 

Year 2009 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) 5 (18 replicates of 16 or 17 animals) 

Diet Background Analysed: 228±6 mg Zn/kg 

Units’ basis of diets and/or results Diet: Results: Dry matter  

Factors affecting// combinations Dietary factors and interactions between waterborne Zn and dietary Zn 

Composition Diets/treatments 1) Exposed to 150 μg/l waterborne Zn, 2) exposed to 600 μg/l waterborne Zn, 3) exposed to 1500 μg/g dietary Zn, 4) exposed to 4500 μg/g dietary Zn, 5) exposed to a 

combination of 150 μg/l waterborne and 1500 μg g/l dietary Zn. Duration:40days  

Response criteria Bone, plasma and gill content and biochemical response 
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Results Zn uptake is tightly regulated in rainbow trout because accumulation was minimal in the face of elevated dietary and waterborne Zn exposures. At the organ level the carcass is 
the main depot for Zn in rainbow containing 84-90% of whole body Zn. In the gill Zn occurred ubiquitously in all subcellular compartments irrespective of the level of Zn 

exposure with 81-90% of the accumulated Zn being metabolically active. With regard to interactions between pathways of metal uptake, we report that branchial and 

gastrointestinal uptake of Zn into branchial heat-stable proteins (HSP) is additive. Zinc accumulation in gill HSP may therefore be a sensitive biomarker of Zn exposure in fish 
irrespective of exposure route. 

 

Study code 36332 

Year 1985 

Animal Category  Salmon  

Nº treatments (replicates/ treatment) 9 (113 fish per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments Nine purified diets containing :1,2,3) one of three levels (grams/kilogram) of calcium (averaged 4.8, 17.7, 50.2)4,5,6) one of three levels (grams/kilogram) of zinc (averaged 
0.05, 0.15, 0.39)7,8,9) one of three levels (grams/kilogram) of phytic acid (1.62, 6.46, 25.8).Duration:105 days  

Response criteria True absorption, food intake, food conversion, animal performance, plasma content, cataract incidence and hystopatological injuries 

Results Calcium (51 g/kg) and/or phosphorus reduced zinc bioavailability when the diet concurrently contained 0.05 g zinc and 25.8 g of phytic acid per kilogram. Plasma zinc levels 

were directly related to dietary zinc concentration and inversely related to dietary phytic acid level. This study remarked that zinc is important for normal lens integrity in 

chinook salmon. Moreover, suggest that mineral binding agents such as phytic acid must be present in the diet in sufficient concentration to induce a zinc deficiency when 
practical levels of zinc are employed and when dietary concentrations of calcium and phosphorus are at or near the maximum levels found in practical salmonid foods.  

 

Study code 37124 

Year 2006 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) 3 (2 replicates of 15 animals) 

Diet Background Analysed: 47.6 mg Zn/kg as fed basis 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter and μg/mL 

Factors affecting// combinations Trace elements and environment 

Composition Diets/treatments 1) Basal diet (ZnPic) no supplementation, 2) (ZnPic) supplementation at 30 mg of Zn/kg of diet, 3) (ZnPic) supplementation at 60 mg of Zn/kg of diet* malondialdehyde 
(MDA). Duration: 55 days 
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Response criteria Animal performance, biochemical response, serum and whole body Zn content 

Results Supplemental zinc picolinate in the diet of rainbow trout decreases serum and tissue lipid peroxidation and did not impact growth and feed consumption of rainbow trout. 

 

Study code 37301 

Year 2003 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) 6 (2 replicates per experimental diet) 

Diet Background Not specified  

Units’ basis of diets and/or results Diet: Dry matter 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) SF= basal diet + 0.5 g/kg Zn-Mn-Cu-sulphate mix + 103.5 g/kg cellulose, 2) SF++ = basal diet + 0.5 g/kg Zn-Mn-Cu-sulphate mix + 40 mg/kg Ca3(PO4)2 + 15 ppm Ca-

phytate + 48.5 ppm cellulose, 3) AM = basal diet + 0.5 ppm Zn-Mn-Cu-AA chelate mix + 103.5 ppm cellulose, 4) AMPO = basal diet + 0.5 ppm Zn-Mn-Cu-AA chelate mix + 

40 ppm Ca3(PO4)2 + 63.5 ppm cellulose, 5) AMPH= basal diet + 0.5 ppm Zn-Mn-Cu-AA chelate mix + 15.0 Ca-phytate + 88.5 ppm cellulose, 6) AM++= basal diet + 0.5 ppm 
Zn, Mn, Cu-AA chelate mix + 40 ppm Ca3(PO4)2+ 15 ppm Ca-phytate + 48.5 ppm cellulose. Duration: 18 weeks  

Response criteria Animal performance, bone content and whole body mineral content and biochemical response  

Results Availability of trace elements is significantly affected by their chemical form and that amino acid-chelates are more beneficial for rainbow trout even in the presence of TCP 

and PH compared to the inorganic sources tested. 

 

Study code 37951 

Year 1999 

Animal Category  Rainbow trout 

Nº treatments (replicates/ treatment) (3 replicates of 9-11 animals)  

Diet Background Estimated : 133 mg Zn/kg DM 

Units’ basis of diets and/or results Diet: DM. Results: DM 

Factors affecting// combinations Dietary factors and interactions between zinc and phytase 

Composition Diets/treatments 1) Untreated soybean meal, 2) phytase-treated soybean meal with 50 mg supplemental zinc/kg (zn sulphate), 3) corn gluten meal without supplemental zinc4) corn gluten meal 

with 50 mg supplemental zinc/kg (zn sulphate). Duration:170 days  

Response criteria Animal performance, bone content and biochemical response 
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Results Fish fed diets containing untreated soybean meal and corn gluten meal without supplemental Zn (basal diet) showed no signs of a Zn deficiency after 170 d based on weight 
gain, carcass protein content, total bone Zn, and the activity of ALP and CPB. No benefit in terms of weight gain or fish protein content was realized by including phytase-

treated feedstuffs or supplemental Zn in the plant-based diets. The Zn status of fish should be assessed based on changes in total bone Zn or Zn-dependent metabolism, possibly 

in relation to the dietary [phytic acid]:[Zn] molar ratio. 
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Table VIII.D.7. Rabbits 

Study code 29803 

Year 2011 

Animal Category  Rabbits for fattening  

Nº treatments (replicates/ treatment) 3 (10 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: Dry matter. Results: μg/dL 

Factors affecting// combinations Dietary factors and interactions between Zn and pH of Zn solution in diet and time 

Composition Diets/treatments Zinc sulphate solutions with different diluents as above were given to groups orally:1)0.5 mg Zn as Zinc Sulphate in one milliliter+distillated water2)0.5 mg Zn as Zinc 
Sulphate in one milliliter +16.5 mg Ascorbic acid3)0.5 mg Zn as Zinc Sulphate in one milliliter +in absolute grape-vinegar. Analyses before and 2,5 hours later oral 

applications 

Response criteria Serum content 

Results The acidity of oral ZnSO4 fortification solution affected the serum Zn level. While the pH level of oral ZnSO4 solutions was decreasing, serum Zn level increased. 

 

Study code 36769 

Year 2011 

Animal Category  Rabbits for fattening  

Nº treatments (replicates/ treatment) 12 (75 animals per treatment individually allocated) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet : as fed basis 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 3x2x2 factorial arrangement: A) 3% of sunflower oil at 3 different oxidation levels [fresh (F), peroxidised (P; 55°C for 11 d; 83 meq O2/kg oil) and highly-oxidised (O; 140°C 
for 31 h; ρ-anisidine value of 125)], B) 2 levels of α-tocopherol supplementation (0 and 100 ppm), C) 2 levels of Zn supplementation (0 and 200 ppm). Duration: from 28 to 63 

d of age 

Response criteria Animal performance and mortality 

Results Dietary supplementation with α-tocopherol and/or Zn had no effect on the mortality rate, feed intake and performance of rabbits during the fattening period. Oxidised oils could 
be considered as a possible energy source for rabbit nutrition. 
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Table VIII.D.8. Horses 

Study code 29781 

Year 2011 

Animal Category  Horses 

Nº treatments (replicates/ treatment) 9 horses divided in 2 experimental treatments 

Diet Background Analysed: 29.18 mg Zn,/kg DM; 37.18 mg Zn,/kg DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter and mg/100kg BW 

Factors affecting// combinations Dietary factors, and trace elements 

Composition Diets/treatments Horses were fed a diet consisting of 50% concentrate and 50% hay. Depletion diet: 29.18 mg Zn,/kg DM. Repletion diet: 37.18 mg Zn,/kg DM. Experimental diet: 1)33.54 mg 
Zn(sulphate)/kg DM 2)33.58 mg Zn(organic chelate)/kg DM. Duration: Experiment trial was conducted in seven 28-d periods. 

Response criteria True absorption, urine content, faecal excretion and Zn intake 

Results Zn intake and faecal excretion were greater for horses consuming the organic chelate-supplemented diet. It is unknown why excretion of Zn by the horses during the total 

collection exceeded the mineral intake. Although absorption of Zn-Met and ZnSO4 were not different, these results are tempered by the observation of abnormally high faecal 
and urinary excretion values for Zn in the present study. 

 

Study code 29932 

Year 2010 

Animal Category   Horses 

Nº treatments (replicates/ treatment) 9 horses divided in 2 experimental treatments 

Diet Background Analysed: 29.18 mg Zn,/kg diet as fed basis and 37.18 mg Zn,/kg as fed basis 

Units’ basis of diets and/or results Diet: as fed basis  

Factors affecting// combinations Dietary, physiological factors, and exercise 

Composition Diets/treatments Diet treatments per period:1) Depletion diet (no CuSO4 and ZnSO4 supplem): 29.18 ppm Zn, 2) Repletion diet (CuSO4 and ZnSO4 at 100% NRC): 37.18 ppm Zn3. Depletion 

diet4. Experimental diet: Cu and Zn at 90%NRC:1) ZnSO4 : 33.54 ppm Zn2) Zn-Methionine chelate: 33.5 ppm Zn 5. Repletion diet6. Depletion diet7. Experimental diet. 
Duration: 24 days  

Response criteria Plasma content and SOD activity 

Results Erythrocyte SOD is an antioxidant enzyme dependent on both Cu and Zn for function. In the present study, SOD activity was unchanged by feeding a Cu- and Zn 

supplemented diet for 24 days to horses fed to be in a mineral-deficient state. In regard to exercise, SOD was unchanged during a low-intensity standard exercise test. Exercise 
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bouts do not appear to have a significant impact on SOD activity, so other types of oxidative stress should be considered when trying to evaluate the antioxidant responsiveness 
of this enzyme. 

 

Study code 31844 

Year 1995 

Animal Category  Miniature horses 

Nº treatments (replicates/ treatment) 4 (1animal per treatment) 

Diet Background Not specified 

Units’ basis of diets and/or results Diet: as fed basis. Results: mg/100 kg BW(faeces and urine) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 4x4 Latin square experiment: 

1) diets containing 12 ppm copper + 73 ppm zinc, 2) diets containing 12 ppm copper + 170 ppm zinc, 3) diets containing 12 ppm copper + 400 ppm zinc, 4) diets containing 12 

ppm copper + 580 ppm zinc.  

Duration: 14 days 

Response criteria Apparent absorption, urine content, and Zn retention 

Results Horses will absorb large amounts of zinc at high zinc intake. Whether large amounts of absorbed zinc will have long term effects on systemic copper balance is not clear. 
Further, ingestion of extremely high amounts of zinc (perhaps 2000 ppm and higher) for prolonged periods may ultimately inhibit copper absorption and interfere with skeletal 

development in horses. However, the amount of ingested zinc required to interfere with immediate copper absorption appears to be a contaminant amount of zinc rather than the 

amounts commonly found in equine diets. 

 

Study code 31863 

Year 1995 

Animal Category   Yearling Horses' 

Nº treatments (replicates/ treatment) Experiment 1: 3 ( 6 horses per treatment). Experiment 2: 3 ( 5 horses per treatment) 

Diet Background Analysed: 53mg Zn,/kg diet as fed basis and 51 mg Zn,/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis 

Factors affecting// combinations Dietary factors and trace elements 

Composition Diets/treatments Experiment 1:1) Basal diet, (53 ppm Zn) zinc oxide, 2) basal diet + complete TM premix, (98 ppm Zn)zinc oxide, 3) basal diet + Cu. (48 ppm Zn). 

Experiment 2:4) Basal diet, (51 ppm Zn)5) basal diet + complete TM premix, (94 ppm Zn) 6) basal diet + Cu + Zn. (87 ppm Zn).  
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Duration: 112 days  

Response criteria Animal performance, breaking strength and bone mineralization 

Results Skeletal development in young, growing horses is influenced by many factors. Nutrition plays a key role. In addition to energy, protein, calcium, and phosphorus, trace 
minerals are also directly involved in bone development. Copper and zinc are known to be directly involved in bone development and are often low in natural diets; however, 

based on the current study, other trace minerals (Fe, Mn, CO, or I)are apparently also critical for bone mineral deposition in young, growing horses. 
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Table VIII.D.9. Pets 

Study code 29523 

Year 2012 

Animal Category  Dogs  

Nº treatments (replicates/ treatment) Dogs have been divided according to hepatic histological diagnosis: 8 groups of 6, 15, 2, 12, 3, 8, 3 and 60 animals 

Diet Background Analysed: 52.4 ± 17.8 mg Zn/1,000 Kcal 

Units’ basis of diets and/or results Diet: mg Zn/1,000 Kcal. Results: Dry matter 

Factors affecting// combinations Physiological factors, immune related factors and hepatic Zn and Cu interactions 

Composition Diets/treatments Dogs were fed a single brand and type of commercial dry food for at least1 year Mean dietary copper and zinc levels were 4.2 ± 1.4 and 52.4 ± 17.8 mg/1,000 Kcal, 
respectively. 

Response criteria Liver and serum content of Cu and blood coagulation parameters 

Results High dietary copper and low dietary zinc levels were significantly associated with high hepatic copper levels. No association between dietary intake and hepatic zinc was 

present. A significant positive association between dietary copper and hepatic copper and negative association between dietary zinc and hepatic copper were found. 

 

Study code 30071 

Year 2008 

Animal Category  Dogs  

Nº treatments (replicates/ treatment) 2 (4 animals per treatment individually allocated) 

Diet Background Analysed: 58.50 mg Zn/kg diet as DM 

Units’ basis of diets and/or results Diet: Dry matter. Results: Dry matter and μg/21d in 20cm2(hair); μmol/L (plasma) and mg/d(faecal) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) basal diet + 120 ppm Zn supplement of ZnMG2) basal diet + 120 ppm Zn supplement of ZnSO4.  

Response criteria Hair content and hair coat characteristics, plasma and stool content 

Results The organic Zn as Methionylglycinate (ZnMG) was found to be the form that could enhance the hair coat characteristics and suitable for supplementation into the commercial 

dry dog foods. 
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Study code 31196 

Year 2001 

Animal Category  Dogs (puppies) 

Nº treatments (replicates/ treatment) 6 (one animal per treatment) 

Diet Background Estimated: 180mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: μg/dL 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1a) commercial dry food supplemented with 2 mg/kg of body weight per day of zinc sulphate1b) commercial dry food supplemented with 4 mg/kg of body weight per day of 

zinc sulphate2a) commercial dry food supplemented with 2 mg/kg of body weight per day of zinc acetate 2b) commercial dry food supplemented with 4 mg/kg of body weight 
per day of zinc acetate 3a) commercial dry food supplemented with 2 mg/kg of body weight per day of zinc oxide.3b) commercial dry food supplemented with 4 mg/kg of body 

weight per day of zinc oxide. Duration: 6 weeks  

Response criteria Apparent absorption, plasma, urine and faecal content 

Results The apparent absorption of zinc salts ranged from 0.20 to 0.36. The zinc concentration in plasma varied with the type of zinc salt and with the dosage. The mean concentrations 

ranged from 61 ± 1.46 mg to 73 ± 1.57 mg/dl in the unsupplemented groups, whereas it was 115 ± 2.33 mg/dl in the group supplemented with zinc acetate at the highest 
dosage. We also suggest a dosage of 2mg/kg of body weight per day as no statistical difference between the two concentrations of zinc sulphate was observed. 

 

Study code 34985 

Year 1998 

Animal Category  Dogs  

Nº treatments (replicates/ treatment) 9 (3 animals per treatment individually allocated) 

Diet Background Estimated: 56 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results: µg Zn/10cm2(hair) 

Factors affecting// combinations Dietary and physiological factors 

Composition Diets/treatments 1,2,3) basal diet additional 50, 75 or 100 mg/kg diet of supplemental Zn from the ZO4,5,6) basal diet additional 50, 75 or 100 mg/kg diet of supplemental Zn from the zinc 

chelate (ZM) 7,8,9) basal diet additional 50, 75 or 100 mg/kg diet of supplemental Zn from the polysaccharide complex (ZP)Duration: 30 days  

Response criteria Hair content and biochem. response  

Results In the adult dog, which is normally considered indifferent to a wide variation in Zn supply, Zn deposited in hair, which combines the effects of Zn on cell differentiation (hair 

growth) and the concentration of zinc in hair (reflecting an increase in Zn storage), should be considered as a sensitive assay for the determination of the RB of Zn from 

different dietary sources under controlled conditions. In contrast, AP does not appear to be a useful criterion for the evaluation of differences in the RB of Zn from different 
dietary sources. 
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Study code 34986 

Year 1998 

Animal Category  Dogs  

Nº treatments (replicates/ treatment) 2 (5 animals per treatment individually allocated) 

Diet Background Estimated: 0.032g Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: mg Zn/kg body weight 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet + 5 mg zinc/kg body weight from zinc oxide 2) basal diet + 5 mg zinc/kg body weight from zinc propionate treatment. Duration: 1 day trial (over a period of 6 h 

after intake.) 

Response criteria Serum and plasma content 

Results Zinc from zinc propionate is significantly more bioavailable than zinc from zinc oxide when administered to fasting dogs. 

 

Study code 35469 

Year 1994 

Animal Category  Dogs  

Nº treatments (replicates/ treatment) 4 dog sate each diet 

Diet Background Estimated: 56 mg Zn/kg diet as fed basis 

Units’ basis of diets and/or results Diet: as fed basis. Results : µmol/L(plasma) 

Factors affecting// combinations Dietary factors 

Composition Diets/treatments 1) Basal diet + additional 50 mg Zn/kg, at 1-wk intervals, from zinc oxide (ZO), 2) basal diet + additional 50 mg Zn/kg, at 1-wk intervals, from zinc amino acid chelate (ZM) 
Duration: until 6h post meals 

Response criteria True absorption, plasma content and Zn retention 

Results Zinc from the ZM supplemented diet was approximately twice as available as from the ZO-supplemented diet. 
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GENERAL CONCLUSIONS 

The ELS search protocol allowed retrieving a wide range of manuscripts from the most commonly 

used databases, performing an accurate selection of those articles, and therefore accomplishing the 

aims of the study. Most of the papers included in the search process answered quality data questions 

well or with a medium level of quality. In contrast, only few of them responded badly, or enough 

information was not provided. The only exception was the justification of the sample size, which was 

only correctly addressed in a reduced number of articles (<10%). 

To sum up, almost 1200 studies were included in the final step of the ELS, to extract the most relevant 

information concerning bioavailability of the selected trace elements and the possible interactions 

and/or incompatibilities. The major number of manuscripts retrieved and finally retained at the end of 

the process were about Se (n=240), Zn (n=217), Cu (n=205), Fe (n=192), Mn (n=190) and less studies 

were found and finally included about I (n=52), Co (n=41) or Mo (n=41). 

Cobalt 

Bovines and sheep were the two animal species for which a higher number of studies on cobalt 

bioavailability was selected (n=15 and 14, respectively). In contrast, studies focused on poultry (n=3), 

mice and rats (n=3), fish (n=2), goat (n=2), pigs (n=1), and dogs (n=1), were only testimonial.  

The supplementation forms most widely implemented in the studies were cobalt as sulphate, 

carbonate, chloride, oxide, glucoheptanoate or aminoacid chelate, while the cobalt nanoforms were not 

found in the included studies. 

The most commonly used indicators of cobalt bioavailability were those related to vitamin B12 

(cobalamin) content, either in liver or serum, for most animal species. Homocysteine and 

methylmalonic acid (MMA) plasma concentrations were also used as bioavailability indicators for 

both bovine and sheep. It has been already stated that an alternative biochemical marker of Co 

deficiency is provided by the metabolic responses occurring when cobalamin status becomes 

insufficient to maintain the activity of the enzyme, tetrahydrofolate methyltransferase (or methionine 

synthase), which is involved in methyl group-transfer reactions with methyltetrahydrofolate and 

homocysteine as substrates. Relative bioavailability was estimated from different Co supplementation 

sources in sheep. 

Interactions of Mo with other elements were assessed in most of the animal species, such as pigs (Co-

Ni), poultry (Co-Mn), sheep (Co-Cu) or rats and mice (Co-Cu-Zn, Co-Fe). The interaction of coccidial 

infection with Co bioavailability was evaluated in poultry. Dietary factors such as folate were related 

with cobalt indicators of bioavailability in pigs. Studies about incompatibilities of Co performed by 

means of in vitro models were not found. 

Copper 

Rats/mice category represented was main group concerning the number of references retained at the 

end of the process (n=79). A relatively lower number of articles were focused on pigs (n=31), poultry 

(n=28), bovines (n=26) and sheep (n=16). In turn, very few studies concerning fish (n=8), goat (n=8), 

horses (n=4), pets (n=3) and rabbits (n=2) were retained in the selection. Studies assessing 

incompatibilities of Cu using in vitro models were not found.  

The inorganic supplementation forms of Cu such as sulphates, oxides, chlorides or carbonates were 

found in each animal category, while aminoacid chelates or yeast enriched forms were form only in 

several categories. Nanoparticles of Cu were assessed in one study performed with pigs. 
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Liver Cu levels are good indicators of the bioavailability of inorganic Cu in poultry. In fact, inorganic 

Cu is more bioavailable than its organic form, although no differences between sexes were found. 

There are multiple studies describing potential interactions of Cu with other trace elements, such as 

Mo, while no interactions have been described with respect to Cu and Zn, when assessing multiple 

body systems, especially mainly in bone tissue. In general terms, liver was identified as the most 

representative organ of the Cu status in animals. The relative bioavailability was estimated in several 

studies with bovines, poultry or sheep. 

Multiple interactions between Cu and other trace elements, such as Fe or Zn, have been reported in 

pigs. High intakes of Cu were related to an increase in mucosa and faeces, but plasma concentrations 

in pigs did not rise. Although liver is one of the most commonly used indicator of Cu, this parameter 

seems to be inappropriate when the intake is adequate. Finally, diets balanced in Cu derive to an 

enhancement of the growth. 

Iodine 

Bovines (n=19) and pigs (n=10) finally had the major number of studies retained in the selection. Less 

studies concerning goats (n=8), sheep (n=5) and poultry (n=4) were found, while very few studies 

focused on rats and mice (n=3), fish (n=2) and pets (n=1) were retained in the selection. It must he 

highlighted that four of the retained reports were Scientific Opinions from the EFSA FEEDAP Panel. 

Studies assessing iodine incompatibilities using in vitro models were not found, either through the 

searching protocol strategy or other additional sources.  

Potassium iodide and iodate, calcium iodate, chlorella-bound iodine, ethylenediamine dihydrodide 

(EDDI) were the most commonly used supplementation forms in the selected studies, while the using 

of iodine nanoparticles was not implemented in the included studies. 

Supplementation of bovine diets with iodine from the different sources (KI, EDDI, Ca(IO3)2) was 

correlated with iodine content in blood, urine, milk, faeces, muscle, but the levels of T3 and T4 were 

unaffected. Supplementary iodine showed a significant reduction of IgG of those sheep groups fed 

higher iodine supplementation levels. Serum thyroid hormones levels of goats increased at higher 

levels of iodine supplementation. The simultaneous intake of supplementary selenium and iodine did 

not show interactions on thyroid hormone concentrations in serum from goats. Iodine concentration in 

muscle, liver and kidney of Atlantic salmons were all positively affected by the dietary iodine levels 

(40-80 mg KI/kg diet DM). In the contrary case, iodide uptake by the gland in fish exposed to 

hexabromocyclododecane (HBCD) diasteroisomers. One study performed with cats suggested that 

serum I, daily urinary I, daily faecal I, and urinary I:creatinine ratio was linear functions of iodine 

intake. 

Interactions between low vitamin A, low iodine, semi-purified diet and exposure to PCB congener 

apparently antagonized the hypothyroid response. Simultaneous exposure of Se and I showed 

interactive effects on the immunity of laying hens. Several diets and dietary factors were assessed in 

order to identify interactions on iodine status of bovines. One study reported that RSM altered the 

excretion of iodine in milk, increasing the levels in urine, faeces and serum. The simultaneous intake 

of supplementary Se and I showed increase of plasma iodine in comparison with the control, but the 

interaction did not affect T3, T4 and milk I levels. Simultaneous supplementations of selenium (0.250 

mg Se/kg diet) and iodine (0.10 mg I/kg diet) exerted a positive influence of Tsigai breed sheep.  

Iron 

Most of the studies retained in the selection, assessed the bioavailability issues of iron in the category 

of others (n=76, including rats, mice and cell cultures) and pigs (n=56). Less studies were found for 
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poultry (n=22), bovines (n=17), fish (n=9), sheep (n=8), horses (n=2) and goats (n=2). No studies 

about rabbits (n=0) and pets (n=0) were retained in the selection.  

On the other hand, the main sources of supplementation were Fe sulphate and Fe AA chelates, both of 

them currently authorised in the EU as additives. However, in some studies Fe dextran, Fe elemental, 

Fe Gly chelate, Fe saline, Fe fumarate, Fe proteinate, Fe ammonium citrate, Fe methionine, and Fe-

EDTA, among others, were also used. Moreover, in several cases, the supplementation was carrying 

out with iron nanoparticle. 

The main indicators of bioavailability in all the animal species were animal performance, as well as 

content of iron in liver, plasma, urine, faeces, serum and kidney. Furthermore, indicators of iron status, 

such as haemoglobin status, were also used in several studies. Relative bioavailability of iron was 

reported in studies with pigs and poultry. 

Most of the studies assessed the effect of dietary factors on Fe bioavailability. These dietary factors 

included other minerals (Ca, Cu, Mn, Se or Zn), fat and protein composition of the diet, content of 

fructose or polydextrose, phytates and fibres, or vitamins. The benefit of inulin on dietary iron 

bioavailability and body iron status was assessed in weaned piglets. The combination of Fe with L-

carnitine increased the growth performance of growing pigs. Dietary phytase supplementation for four 

or five weeks improved the bioavailability of iron in corn, soy protein concentrate, and soybean meal 

to weanling pigs. Inclusion of tannic acid in the diet for weaned piglets had a negative impact on 

performance, haematological indices and plasma iron status of pigs. Additions to the control diet of 

Ca+P+Zn+Cu resulted in a significant reduction in true Fe absorption in piglets. The interaction of Fe 

with arsenic resulted in increases of Fe levels in several organs (liver, bile, spleen, thymus and 

pancreas) but the levels decreased in other (kidney, heart and serum). All divalent metals, except for 

cobalt, inhibited the intestinal Fe2+ absorption in fish. The interactions of Fe with dietary factors 

(xylitol, phytate, pectins, citrate, protein, fibre, folic acid or polydextrose) and with other minerals 

(Cu, Zn, Cd, Ca, Mg, Se or Mn) were widely studied in rats/mice models. 

Studies on incompatibilities where performed mainly with Caco-2 cells models to assess the effect of 

several dietary factors, such as vitamin A, phytate, inulin, probiotic bacteria or ascorbic acid, on Fe 

bioavailability. 

 

Manganese 

Poultry, on one hand, and rats and mice, on the other one, were the two animal species for which a 

higher number of studies on bioavailability of manganese was selected (n=68 and n=35, respectively). 

A lower number of investigations was found for bovines (n=27), pigs (n=19), fish (n=17), and sheep 

(n=18), while those corresponding to horses (n=2), pets (n=2), rabbits (n=1), and goats (n=1) were 

only testimonial. Studies assessing incompatibilities of Mn using in vitro models were not found, 

either through the searching protocol strategy or through other additional sources. 

Taking into account the articles included in the search, the most commonly used indicators of Mn 

bioavailability were liver and plasma (or serum) content in pigs, bovines, and sheep. Bone content was 

extensively reported in studies with poultry, highlighting the high sensitivity when considering Mn 

content in tibia. Studies with poultry included measures such as egg content, feather content, breaking 

strength, eggshell breaking or thickness, and leg abnormality score, among others. A wide range of 

studies with salmonids used coefficients such as the ―apparent digestibility coefficient‖ to compare the 

efficacy between treatments. Other comparative investigations used data on total body burdens of 

manganese. Finally, the activity and expression of the Mn superoxide dismutase have been 
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implemented in several studies with poultry, sheep, and fish. Relative bioavailability of Mn has been 

widely reported in poultry, and few studies with sheep and bovines. 

Interactions of Mn have been mainly studied in poultry, rats and mice, as well as in pigs and fish. Most 

authors assessed the combinations of Mn with other elements, such as Fe, Co, Ca or Zn. Another set of 

manuscripts was focused on evaluating the effect of the combinations of other compounds such as 

phytase and phytate, tannic acid, lactose, fructo-oligosaccharides, bentonite, or silicon. Iron and 

phytate mainly showed an antagonistic effect, as they decreased the bioavailability of manganese. 

Contrastingly, Mn bioavailability can be increased by means of other combinations, pairing Mn with 

Zn or phytase. 

Molybdenum 

Concerning Mo, the largest number of studies retained in the selection assessed bioavailability issues 

of molybdenum on sheep (n=14) and bovines (n=13), as well as in rats and guinea pig (n=7). Less 

studies were found in goats (n=3), horses (n=2), poultry (n=1) and rabbits (n=1). No studies (n=0) in 

pigs, fish, and pets were retained in the selection. Studies assessing incompatibilities of Mo using in 

vitro models were not found, either through the searching protocol strategy or other additional sources. 

The main sources of supplementation in all studies were ammonium molybdate and sodium 

molybdate, both of them currently authorised in the EU as additives. However, thiomolybdates, 

trioxide, elemental and the radioactive Mo form were also eventually used. Studies assessing the 

bioavailability of Mo nanoparticles were not found. 

The main bioavailability indicators were animal performance, as well as liver, bone, plasma, urine, 

faeces, serum, and kidney Mo contents. In bovines, plasma Mo was a more useful indicator than tissue 

Cu levels, being suggested that urine Mo content could be also a good indicator. In sheep, serum was 

the best indicator, but Mo content in muscle and kidney were also sensitive parameters for estimating 

bioavailability. Relative bioavailability has been reported only in one study with lambs. 

In turn, the most common interaction found in all animal species was between Cu and Mo. 

Supplementation with Mo, resulted in a reduction in Cu status in bovines, Cu stores in sheep, Cu 

plasma concentration in goats, as well as Cu absorption and retention in horses
 
and

 
rats. The 

antagonism between Mo and Cu in rats was explained due to the formation of Mo-S complexes, to 

which Cu was bound, and hence Cu absorption is reduced. The formation of this ternary complex was 

also observed in sheep. Other interactions were observed in rats: rats fed Mg-deficient diets resulted in 

a reduction of Mo in liver, Mo content in liver was also reduced in rats feeding 10 ppm DON, and 

femoral Mo was reduced in diets supplemented with arginine. Adverse effects of TM upon the 

developing foetus were observed in guinea pigs, which could be probably explained by a Cu 

deficiency. Toxic effects of Mo were also observed in heifers, suggesting that the dose of Mo 

supplemented should be carefully selected. However, in horses it was suggested that high Mo 

concentrations did not increase its absorption. A study in rabbits suggested that 15 % of Mo is retained 

in all tissues except for adipose tissue. Excretion percentages through urine and faeces are 57% and 

28%, respectively.  

Selenium 

Most of the studies retained in the selection, assessed bioavailability issues of Se on poultry (n=55), 

bovines (n=49), sheep (n=44) and pigs (n=38). Less studies were found concerning rats and mice 

(n=15), goats (n=10), fish (n=9), horses (n=9), pets (n=7) and rabbits (n=4). 

The studies included in the ELS used mainly the selenium supplementation as sodium selenite, 

selenium methionine, selenium cysteine and selenium yeast, as well as, selenium nano forms. 
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The content of selenium in target organs (liver, kidney, muscles, testis or thymus), biological fluids 

(blood, urine or milk), gene expression, animal performance, apparent digestibility and relative 

bioavailability, were the most reported indicators of selenium bioavailability. In pigs, the maternal 

selenomethionine intake improved Se concentration and antioxidant status of sows, thus maintaining 

the maternal health and increasing the productive performance. For poultry, most bioavailability 

studies refer to the immune system. In bovines, most studies were focused on detailing lipid 

metabolism when comparing diets at different Se dosages, as well as provided by organic and 

inorganic forms of Se. Although there was almost a complete lack of studies in fish, the few existing 

ones were aimed at studying the effects of Se on the genetic expression and the immune system 

homeostasis. 

Riboflavin supplementation and Se source did not alter apparent Se absorption, but B2 

supplementation decreased urinary Se and thus increased Se retention in pigs. Dietary Hg did not 

affect the absorption of [
75

Se]Met, but altered the whole-body distribution of this Se compound in 

poultry. Inclusion of T-2 toxin in the chickens' diet was associated with significant decreases in the 

concentrations of selenium in the liver. The results on the absorption of the intra-duodenally injected 

sodium selenite suggest that dietary fat plays some role in the intestinal transport of selenium. 

Significant associations between hepatic and renal concentrations of Cd, Co and Se were found in 

bovines. Zinc addition to salt-mineral mixtures had no effect on Se status of ewes. A strong interaction 

was found between synchronization and Se supplementation, causing a deleterious effect on the 

reproductive performance of ewes. Other study suggested that could be a positive correlation between 

serum Se concentration with Cu and Fe levels and also a negative correlation between Se and Zn in 

treated dose. Interactions of Se with Hg and Cu were assessed with trout. An increase in dietary 

copper concentrations elevated selenium concentrations in the liver and kidneys, but slightly lowered 

those in the spleen of rats. 

 

Zinc 

Poultry and pigs, were the two animal species for which a higher number of studies on bioavailability 

of zinc was selected (n=71 and n=64, respectively). Less studies were found for bovines (n=30), sheep 

(n=24) and fish (n=10), while those corresponding to goats (n=9), pets (n=6), horses (n=4) and rabbits 

(n=2) were only testimonial. Studies assessing incompatibilities of zinc, by means of in vitro trials, 

were not found in the search. 

The most commonly used zinc supplementation forms were zinc oxide, sulphate, chloride, lactate, 

carbonate, acetate, proteinate, propionate, gluconate, picolinate and aminoacid chelate. Studies 

concerning the bioavailability of zinc nano forms in the selected animal categories were not found in 

the ELS. 

Considering the studies included in the search, the most commonly used indicators of zinc 

bioavailability were serum or plasma content in all species and liver or kidney content in pigs, poultry, 

bovines, sheep and fish. Bone content was extensively reported in most species, highlighting the use of 

metatarsals bones in pigs or tibia content in poultry. In bovine and sheep studies, hoof or claws 

contents were also frequently used as indicators. In fish, the most common indicator was the whole 

body zinc content. Animal performance has been an extensively indicator of zinc bioavailability, for 

all the species. Growth performance has been a common indicator in pigs, while egg quality and egg 

content are good indicators in poultry. Finally, milk production has been usually applied in bovine, 

sheep and goat studies. The activity and expression of the Cu/Zn-superoxide dismutase has been 

implemented in several studies with pigs, sheep and horses. In addition, the determination of alkaline 

phosphatase (ALP) has been a common parameter when studying bioavailability in pigs, poultry, 
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sheep, and fish. Relative bioavailability was widely reported in studies with poultry, and several 

studies with bovines, sheep, pigs and pets. 

Potential interactions were majorly studied in poultry, pigs, and bovine, followed by sheep, goats, fish, 

horses, and pets. Most of the studies assessed the combination of Zn with other trace elements, such as 

Cu, in pigs, poultry, bovines, sheep, horses, and pets, with other diet compounds like phytate and 

phytases, especially in monogastric species. 
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LIST OF ABBREVIATIONS 

ADFI  Average daily feed intake 

ADF  Acid detergent fiber 

AM  Ammonium molybdate 

AMV  Ammonium metavanadate 

aNDF  Neutral detergent fiber 

ADG  Average daily gain 

ALA  Delta aminolevulinic acid 

ALP  Alkaline phosphatase 

ALT  Alanine transaminase 

AM  Ammonium molybdate 

ANS  (Panel) EFSA‘s Scientific Panel on Additives and Nutrient Sources added to Food 

As  Arsenic 

ASAT  Aspartate transaminase 

BES  2-[bis(2-hydroxyethyl)amino]ethane sulfonic acidTA 

BMOV  Bis(maltolato)oxovanadium(IV) 

BW  Body weight 

Ca  Calcium 

Ca(IO3)2 Calcium iodate 

CaSeO3  Calcium selenite 

CAT  Catalase 

Cd  Cadmium 

Co  Cobalt 

CO3  Carbonate 

Cu  Copper 
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CP  Crude protein 

CpK  Creatine phosphokinase 

Cr  Chromium 

CSM  Cottonseed meal 

CTM  Chelated trace mineral 

DAO  Diamine oxidase 

DDGS  Dried grains with soluble 

DFO  Desferrioxamine mesylate 

DHA  Docosahexaenoic acid 

DM  Dry matter 

DON  Deoxynivalenol 

EU  European Union 

EC  European Commission 

ED  Effective degradability 

EDDI  Ethylenediamine dihydroiodide 

EDTA  Eethylenediamine 

EFSA  Eureopean Food Safety Authority 

ELS  Extensive literature search 

EPA  Eicosapentaenoic acid 

Exp  Experiment 

Fe  Iron 

FEEDAP (Panel) Scientific Panel on Additives and Products or Substances used in Animal Feed 

FM  Fresh matter 

FOS  Fructo-oligosaccharides 

FSH  Ferrous sulphate heptahydrate 
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Gly  Glycine 

GSH-Px Glutathione peroxidase 

Hb  Haemoglobin 

HBCD  Hexabromocyclododecane 

Hg  Mercury 

HMSeBA 2-hydroxy-4-methylselenobutanoic acid  

HOS  Osmotic swelling test 

HPLC  High-performance liquid chromatography 

HRE  Haemoglobin regeneration efficiency 

HTST  High-temperature short-time 

I  Iodine 

ICP-MS Inductively coupled plasma mass spectrometry 

Ig  Immunoglobulin 

IL  Interleukin 

IPC  Polymaltose complex 

ITM  Inorganic trace minerals 

K  Potassium 

KI  Potassium iodide 

KIO3  Potassium iodate 

LD50  Letal dose 50 

LLM  Leucaena leaf meal 

LPL  Lipoprotein lipase 

Lys  Lysine 

m  month 

MBM  Meat and bone meal 
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MBOTMs Methionine-based organic trace minerals 

MCV  Mean cell volume 

MDA  Malondialdehyde 

MeHg  Methyl-Mercury 

Met  Methionine 

MMA  Methylmalonic acid 

Mn  Manganese 

Mo  Molybdenum 

MT  Metallothionein 

Na  Sodium 

Na2SeO3 Sodium selenite 

NIS  Sodium/iodide symporter 

NRC  National Research Council of the National Academies, US 

NS  Nano selenium 

OM  Organic matter 

OTM  Organic trace minerals 

PA  Phytic acid 

PCV  Packed cell volume 

PD  Purine derivative 

PKC  Palm kernel cake 

PUFA  Polyunsaturated fatty acids 

RBC  Red blood cells 

RBV  Relative bioavailability values 

RSM  Rapeseed meal 

SBM  Soya-bean meal 
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SCAN  Scientific Committee on Animal Nutrition 

Se  Selenium 

SeCys  Selenocysteine 

SeMet  Selenomethionine 

SGB  Soluble glass bolus 

SGPT  Serum glutamic-pyruvic transaminase 

SM  Supplemental methionine 

SMF  Skim milk fortified 

SO4  Sulphate 

SOD  Superoxide dismutase 

SR  Systematic review 

SS  Sodium selenite 

SY  Selenium yeast 

TBARS  Thiobarbituric acid reactive substances 

TBCC  Tribasic copper chloride 

TBZC  Tetrabasic zinc chloride 

TG  Triglycerides 

TM  Thiomolybdates 

TMSe  Trimethylselenonium ion 

TPO  Thyroid peroxidase 

T3  3,5,3‘-triiodothyronine 

T4  3,4,3‘,5‘-tetraiodothyronine 

VFA  Volatile fatty acids 

VS  Vanadyl sulfate trihydrate 

WBC  White blood cell 
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Wk  Week 

XOS  Xylooligosacharide 

Zn  Zinc 
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