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ABSTRACT

The objective of this study was to evaluate effects of various dietary concentrations of
capsulated =zinc oxide (C-Zn(Q) on growth performance, blood metabolism and mineral
concentrations in weaning piglets. In this study, a total of 144 crossbred piglets
{DurocxLandrancexYorkshire) were randomly assigned into 8 groups. One of six treatments was
fed the basal diet supplemented with O (the contrel), 281.25, 562.5, 1125 and 2250 mg kg™ zine
as C-ZnO and 2250 mg kg™ zine as zinc oxide (ZnQO) for 21 days. Results indicated that compared
to the control, dietary supplementation of C-ZnQO (2562.5 mg kg™ zine) and Zn0O (2250 mg kg™!
zinc) increased (p<0.05) the average daily gain, decreased (p<0.05) the feed: gain ratio as well as

! zinc)

serum urea nitrogen concentration. Lower levels of zine as C-ZnO (281.25-1125 mg kg™
decreased (p<0.05) the zine concentrations in liver, kidney and feces compared with 2250 mg kg™
zinc as Zn0. These results showed that lower levels (281.25-1125 mg kg™') of zine as C-ZnO
enhanced growth performance, altered blood metabolism and decreased fecal zinc excretion in

weaning piglets compared to pharmacological concentration of zine as ZnO.

Key words: Capsulated zinc oxide, weaning piglet, growth performance, bleod metabelism,
mineral concentration

INTRODUCTION

Zine is an important trace element in animals and human and participates in many enzymes
to modulate the metabolism (O'Dell, 2000). The requirement. of zine for nursery pigs is 100 mg kg™!
(NRC, 1998). However, it was reported that pharmacoclogical concentrations of zine as zine oxide
{ZnQ) could improve growth performance of weaning piglets (Hahn and Baker, 1993;
Poulsen, 1995). Subsequently, the efficacy of 2000-4000 mg kg™ zine from ZnO was further
documented by the results of Smith et af. (1997), Hill ef al. (2000) and Carlson ef al. (2004). It was
believed that ZnO was the only inorganic form of zine known to improve the growth performance
in early weaning piglets as fed on diets supplemented with pharmacological doses (Hahn and
Baker, 1993; McCully ef al., 1995; Smith et al., 1997). However, large quantities of zine were found
in feces resulted from high dietary ZnQ, which could cause increased zinc in soil when the manure

was applied as the crop fertilizer and produced metal toxicity to plants and scil microorganisms
{Jongbloed and Lenis, 1998; Jondreville et al., 2003; Carlson et al., 2004),
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Recent studies has documented that dietary supplementation with lower levels of organic zine
and Capsulated Zine Oxide (C-ZnO) maintained the growth performance in weaning piglets
compared with supplementation with pharmacclogical concentrations of zine as ZnQO {Case and
Carlson, 2002; Wang et al., 2009, 2012a; Kim et al., 2010). Case and Carlson (2002) and
Wang et al. (2009) reported that lower concentrations of organic zine could markedly reduce the
fecal zinc concentrations compared to pharmacological concentrations of zine as ZnO. However,
experiments about the fecal mineral concentrations in weaning piglets fed with lower levels of zine
from C-Zn0O have not been conducted.

Therefore, objectives of the present. study were to determine the fecal, blood and tissues mineral
(Zn, Cu, Fe and Mn) concentrations and further to evaluate the growth performance and blood
metabolism in weaning piglets fed various levels of zine as C-ZnO.,

MATERIALS AND METHODS

During this 21st day trial (from 6th December 2011 to 27th December 2011), all the
experimental procedures were approved by the Zhejiang University Animal Care and Use
Committee (Zhejiang, China).

Animals and experimental design: A total of 144 piglets (DurocxLandrancexYorkshire) with
an average body weight of 8 46 kg (SEM = 0.23) were randomly allotted into 8 groups on the basis
of weight and sex. Each group had 3 replicates, 8 piglets per replicate. This trial lasted for 21 days.
During this trial, piglets were fed with different diets as follows: (1) The control (base diet), (2)
Basal diet+281.25 mg kg™! zine as C-ZnO, (3) Basal diet+562.5 mg kg™ zinc as C-ZnO, (4) Basal
diet+1125 mg kg™! zinc as C-Zn0, (5) Basal diet+2250 mg kg™ *zinc as C-Zn0 and (8) ZnO group
(supplementation with 2250 mg kg™ zinc as Zn0). The ZnO and C-ZnO were both provided by
Hangzhou King Techina Technology CO., Ltd. (Zhejiang, China). The basal diet was corn-soybean
meal-based diet, which was formulated to meet or exceed the requirement of nutrients as
recommended by NRC (1998) as shown in Table 1.

Pigs were housed on the concrete floors and had ad libitum access to water and feed. Body
weight and feed consumption were weighed to evaluate the Average Daily Gain (ADG), Average
Daily Intake (ADFI) and feed: Gain ratic (F:(3).

Sample collection: At the end of 21-day trial, 6 pigs {fasted for 12 h) from each treatment (2 pigs
per replicate) were randomly selected to draw blood samples by jugular vein using heparinized and
plain vacutainer tubes and then were slaughtered humanely to collect tissue samples. Blood
samples were centrifuged at 3000xg for 15 min at 4°C to obtain the serum. The serum samples were
stored at -80°C until needed for analysis. The tissues, including liver, kidney and longissimus
muscle and fecal samples were collected, weighed, dried and stored at -80°C until for the
determination of mineral concentration.

Analysis of blood metabolism: The serum concentrations of Total Protein (TF), Urea Nitrogen
(UN), Albumin (ALB), Ca and P, Zn Cu, Fe and Mn and activities of Glutamic-Oxalacetic
Transaminase (GOT) and Glutamic-Pyruvic Transaminase (GPT) in serum were determined by
corresponding commercial kits provided by Nanjing dJiancheng Biocengineering Institute
{(Nanjing, China). These concentrations were analyzed with the corresponded procedure of each kit
as recommended by the manufacturers.
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Tahble 1: Chemical composition of the basal diet

Item %
Ingredient

Corn 54.27
Soybean meal (45% CF) 19.0
Soybean oil 1.6
Extruded full-fat soybean 12.0
Fish meal (63% CP) 4.0
Dried whey 4.0
Dicaleium phosphate 2.0
Limestone 1.0
Sodium chloride 0.25
Li-ly=ine HC1 (78%) 0.28
Methionine (98.5%) 0.6
Vitamin-mineral premix® 1.0

Analysed chemical composition as feed

DE, MJ kg2 14.40
Crude protein 20.39
Lysine 1.30
Met.+Cyst. 0.82
Threonine 0.90
Calcium 0.90
Total phosphorus 0.63

'The vitamin-mineral premix provided, per kg feed: Vitamin A 4000 IU, vitamin, D; 800 IU, vitamin. E 10 IU, vitamin. K;0.5 mg, biotin
0.05 mg, folic acid 0.3 mg, niacin 10 mg, d-pantothenic acid 10 mg, riboflavin 3.6 mg thiamine 1.0 mg, pyridoxine 1.5 mg, cobalamin 15
mg, Mn (MnSO,+H;0) 10 mg, Zn (ZnS0O,* TH; ) 80 mg, Fe (FeS0O,+ TH;O) 80 mg, Cu (CuBS0,+5H, ) 15.0 mg, I (KI) 0.14 mg and Se
(Na;8e(;) 0.15 mg, *DE (digestible energy) was based on calculated values

Determination of tissue and fecal mineral concentration: The tissue samples were prepared
from the selected liver, kidney and muscle as described by Hill et al. (1983). Briefly, uniform
samples were cut from the tissues and were wet-digested using nitric and perchloric acids and were
diluted with deionized-distilled water. For fecal samples, dried fecal sample was dissolved with nitric
acid and was digested using a microwave digestion system (Armstrong et al., 2004). The mineral
concentrations of Zn, Cu, Fe and Mn were determined with the Flame Atomic Absorption
spectrophotometry (AA-6300, Shimadzu, Tokyo, Japan).

Statistical analysis: The data were analyzed by using the ANOVA procedures of the SPSS
statistical package for Windows 16.0 (5P58 Inc., Chicago, IL). The replicate was considered as the
experimental unit for growth performance analysis and the individual pig was the unit for
determination of blood metabolism and mineral concentration. The p-value below 0.05 was
considered as significant differences among treatments.

RESULTS

Growth performance: Table 2 displayed the effects of C-Zn0 on growth performance. The results
indicated that compared to the control, dietary supplementation of C-Zn0O (:562.5 mg kg™ zinc)
increased the ADG (p<0.05) and decreased the FIG (p<0.05), but did not affect the ADFI (p>0.05).
There was no significant difference between pigs fed pharmacological dose of zine as ZnO and those
fed with additional zine as C-Zn0 (p>0.05).
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Tahle 2: Effects of different levels of C-Zn0 on growth performance of weaning piglets

C-ZnO (mg kg™) Zn0Q p-value*
(mg kg™
Ttem 0 281.25 H62.5 1125 2250 2250 Control vs. C-Zn0 ZnO vs. C-Zn0  Linear @Quadratic
Initial weight (kg) 8.59 08.038 08.030 08.062 08.031 08.055 0.490 0.032 0.053 0.72
Final weight (kg) 11.756 11.084 12,024 12.071 12.036 12.068 0.040 0.012 0.008 0.30
ADG (kgd 0.150 00.165 00.188 00.195 00.193 00.196 0.004 0.058 <0.001 0.09
ADFI (kg) 0.295 00297 00322 00316 00322 00.340 0.051 0.056 0.009 0.42
F:G 1.965 01.806 01.713 01.562 01.676 01.072 0.002 0.124 <0.001 0.27

Each least squares mean represents 3 pens of 8 pig/pen, *Control vs Cr-CNP treated represents the contrast between pigs in control group
with pigs fed 281.25, 562.5, 1125 and 2250 mg kg™! C-Zn0, ZnO vs Cr-CNP treated represents the contrast between pigs in ZnO group
with pigs fed 281.25, 562.5, 1125 and 2250 mg kg ! C-Zn0 , **ADG: Average daily gain, ADFI: Average daily feed, intake, F: (G: Feed:

Gain ratio

Table 3: Effects of different levels of C-Zn0 on blood metabolism of weaning piglets

C-ZnO (mg kg™ Zn0 p-value*
(mg kg™

Ttem 0 281.25 562.5 1125 2250 2250 Control vs. C-Zn0O ZnO vs. C-Zn0O Linear Quadratic
TP(gL™) 56.05 57.15 60.32 58.68 58.56 60.77 0.75 0.75 0.43 0.21
AIB (L™ 39.4 35.55 37.35 37.35 37.37 39.94 0.85 0.79 0.61 0.86
UN (mmol ™Y 4.20 3.44 3.40 3.39 3.57 3.48 0.001 0.91 0.005 0.315
GOT (U L™ 70.84 70.68 59.95 72.26 72.87 73.22 0.74 0.72 0.35 0.44
GPT (IUL™) 23.54 24.28 23.69 2291 24.16 25.11 0.95 0.81 0.97 0.99
Ca (mmol L™ 1.25 1.32 1.23 1.26 1.20 1.26 0.94 0.90 0.59 0.66

P (mmol L™ 2,77 2.94 2.82 2.91 2.95 3.00 0.89 0.91 0.54 0.90

Kach least squares mean represents 6 pigs, *Control vs Cr-CNP treated represents the contrast between pigs in control group with pigs
fed 281.25, 562.5, 1125 and 2250 mg kg ! C-Zn0, ZnO vs Cr-CNP treated represents the contrast between pigs in ZnQ group with pigs
fed 281.25, 562.5, 1125 and 2250 mg kg™! C-Zn0, **TP: Total proteinm ALB: Albumin, UN: Urea Nitrogen, OT: Glutamic-oxalacetic

transaminase, GPT: Glutamic-pyruvic transaminase

Blood metabolism: Effects of C-ZnO on bloed metabolism are shown in Table 3, which showed
that the concentrations of TP, ALB, Ca and P and activities of GOT and GPT in serum were not
affected by additional ZnO and C-ZnO (p>0.05). However, pigs fed diets supplemented with ZnO
and C-Zn0O decreased serum urea nitrogen concentration (p<C.05),

Serum and tissue mineral concentration: Effects of C-Zn0 on serum and tissue mineral
concentration are presented in Table 4. These results indicated that compared with those of the
control, pigs fed diets with additional 2250 mg kg™ zinc as ZnQ and >1125 mg kg™ zinc as C-ZnO
increased serum zine concentrations (p<0.05). However, the serum concentrations of Cu, Fe and
Mn were not affected by dietary supplemental zine (p>0.05),

In addition, Table 4 also showed that the contents of Cu, Fe and Mn in liver, kidney and muscle
were not altered by supplemental zinc (p>0.05). Compared with the pigs of the control, dietary
supplemental zinc as ZnQ and C-Zn0O increased {(p<0.05) the zinc concentrations in liver and
kidney, but did not affect (p>0.05) zine concentration in muscle,

Feces mineral concentration: Effects of C-ZnO on feces mineral concentration are shown in
Table 5. Results showed that additional zinc from both ZnO and C-ZnO increased fecal zinc
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Tahble 4: Effects of different levels of C-ZnO on mineral concentrations in serum, liver, kidney and muscle of weaning piglets

C-Zn0 (mg kg4 ZnQ p-value*
(mg kg™

Ttem 0 281.25  HB25 1125 2250 2250 Control vs. C-Zn0 Zn0 vs. C-n0O  Linear Quadratic
Serum
Zn(umol LY  20.85 23.01 27.33 28.49 30.37 28.32 0.004 0.07 <0.001 0.28
Cu(umol L'y  29.26 29.32 29.33 28.47 2831  2Z8.06 0.92 0.86 0.39 0.55
Fe (umol L™  29.80 28.27 25.44 26.37 2592  26.98 0.76 0.96 0.23 0.65
Mn (mg L™ 1.10 1.08 1.03 1.16 1.05 0.95 0.66 0.46 0.59 0.66
Liver
Zn (mg LY 58.50 64.50 1064 254.48 4334  471.47 <0.001 <0.001 <0.001 <0.001
Cu(mgL™) 12.98 13.38 13.13 12.63 1209 1269 0.24 0.19 0.09 0.23
Fe(mgL™) 75.09 69.05 70.86 70.16 7295 7274 0.18 0.56 0.59 0.06
Mn (mg L™ 2.06 1.99 2.05 1.99 2.02 1.99 0.85 0.91 0.63 0.82
Kidney
Zn(mg LY 18.78 19.15 24.67 43.21 62.16 59.08 <(.001 =<0.001 <(.001 <0.001
Cu(mgL™H 5.19 5.05 6.04 5.78 5.24 5.08 0.07 0.11 0.34 0.06
Fe (mg L™ 56.13 58.65 52.14 53.16 51.35 b51.13 0.30 0.13 0.10 0.82
Mn (mg L9 212 2.23 2.16 212 2.07 2.09 0.68 0.59 0.37 0.29
Muscle
Zn (mg L™ 18.87 19.93 19.82 19.76 1937 19.55 0.65 0.96 0.52 0.34
Cu mg LY 1.35 1.36 1.30 1.28 1.32 1.31 0.51 0.79 0.22 0.57
Fe(mgL™) 69.27 71.06 57.65 67.91 69.32 69.68 0.82 0.84 0.69 0.65
Mn (mg L™ 1.09 1.17 1.18 1.19 1.16 1.11 0.48 0.68 0.27 0.18

Kach least squares mean represents 6 pigs, *Control vs Cr-CNP treated represents the contrast between pigs in control group with pigs
fed 281.25, 5625, 1125 and 2250 mg kg™ C-Zn0; ZnO vs Cr-CNP treated represents the contrast between pigs in ZnC group with pigs
fed 281.25, 562.5, 1125 and 2250 mg kg~* C-Zn0O

Tahle 5: Effects of different levels of C-ZnO on fecal mineral concentration of weaning piglets

C-Zn0 (mg kg™ ZnQ p-value”
(mg kg™
Ttem 0 281.25 552.5 1125 2250 2250 Control vs. C-Zn0  Zn0 vs. C-Zn0  Linear Quadratic
Zn (mg LY 2350.1 36649 71476 10767.0 17324.0 16092.0 <0.001 <0.001 <0.01 <0.01
CumgL™Y 3195 0305.0 0304.0 00306.7 00319.5 003109 0.024 0.032 0.42 0.69
Fe(mgL™) 2843 2032.0 2865.0 02890.0 02Z908.0 02887.0 0.087 0.094 0.66 0.91
Mn (mgL™) 3395 0305.7 0323.5 00333.8 00322.7 00320.8 0.014 0.040 0.85 0.62

Kach least squares mean represents 6 pigs, *Control vs Cr-CNP treated represents the contrast between pigs in control group with pigs
fed 281.25, 5625, 1125 and 2250 mg kg C-Zn0, ZnO vs Cr-CNP treated represents the contrast between pigs in ZnC group with pigs
fed 281.25, 562.5, 1125 and 2250 mg kg~* C-Zn0O

concentration (p<0.05), but did not change fecal concentrations of Cu, Fe and Mn (p>0.05).
Compared with the pig in the ZnQ group, supplemental C-ZnO (>1125 mg kg™ zinc) decreased the

fecal zine concentrations (p<0.05).

DISCUSSION
The efficacy of pharmacological of dietary zinc on weaning pig’s growth performance has been
documented by previous researches (Hahn and Baker, 1993; Smith ef al., 1997; Hill ef al., 2000).

High doses (2000-3000 mg kg™ zinc as Zn0 are widely used in nursery pigs as growth promotants,
although, Hill ef al. (2001) and Case and Carlson (2002) reported 1500 mg kg™ zinc had the similar
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growth response Results of present study indicated that feeding pharmacological concentration
(2250 mg kg™ zinc as ZnO and concentrations (2562.5 mg kg™) of zine as C-ZnQ improved growth
performance in weaning piglets compared with the pigs receiving the control diet, which supported
the previous findings (Case and Carlson, 2002; Kim ef al., 2010). Kim et al. (2010) reported that
lower level of zine from C-ZnQ could enhance growth performance and may be an alternation to
pharmacological concentration of ZnO, but the level for enhanced growth response was different.
from our present study. The reason for the difference in levels for enhanced growth performance
may contribute to different sources of C-ZnO. At mean while, the authors speculated that one of
the possible mechanisms for the beneficial effects of C-Zn(C on growth was that zinc was delivered
to the ideal location in gastrointestinal tract for maximum effectiveness (Kim et af., 2010). However,
more researches are still needed in future.

Activities of GOT and GPT and concentrations of Ca and P in serum were determined to get an
indication of possible zine toxicity (Wang et al., 2012b). However, their concentrations and activities
were not affected by zine from ZnO or C-ZnO. Serum UN concentration was decreased by dietary
Zn0Q and C-ZnO, which supported the previcous finding that zinc could modulate the protein
metabolism (O'Dell, 2000).

Serum zine concentration were increased by dietary ZnQO (2250 mg kg™ zine) and C-ZnO
(2250 and 1125 mg kg™ zine) in present study, which partly supported the positive relationship
between serum zine and ADG when zinc concentrations were below 38 pmol, L™! (Hahn and
Baker, 1993; Carlson et al., 1999). However, the biological mechanisms behind the increased serum
zinc concentration are still not clear. Carlson ef al. (1999) reported that dietary supplementation
with zine could significantly increase the intestinal mucosa metallothionein concentration and
further affect the amount of zine that is transferred across the basoclateral membrane into
circulation (Richards and Cousins, 1975). Serum Cu, Fe and Mn concentrations were unaffected
by additional zine, which were in line with results of (Carlson et al., 1999 and Wang et al., 2012a).
However, Wang et al. (2009) reported that 3000 mg kg™! zinc as ZnO could increase the serum Cu
concentration.

In present study, concentrations of zine in liver and kidney were increased by dietary
supplemental zine, which supported the previous studies conducted by (Schell and Kornegay, 1996;
Carlson et al., 1999; Case and Carlson, 2002). They reported that levels of zinc in liver and kidney
in pigs fed 2000-3000 mg kg ! zine as ZnO were higher than those in pigs receiving the adequate
zinc. Results of Schell and Kornegay (1996) also indicated that feeding 2000 mg keg™' zinc as
Zn-methionine, Zn-lysine, or ZnS504 significantly increased the liver and kidney zine concentration
compared with pigs fed basal diet containing 105 mg kg™ zine. These results indicate that liver and
kidney play an important role in homeostatic regulation of zine. In our present study, the zine
concentration in muscle was not altered by additional zine as ZnO or C-ZnO, which was consistent
with the work of Schell and Kornegay (1996) and Ansar ef al. (1976), who reported that the degree
of variation in the muscle zinc concentration was not large. These results indicated that the muscle
tissue may be a poor indicator for zine status.

Feeding pharmacological concentrations of zinc as ZnO could enhance the growth in nursery
pigs. However, the increased fecal zinc will produce metal toxicity to plants and soil microorganisms
as the mature is applied (L'Herroux et «l., 1997; Jondreville et «l., 2003). Carlson et al. (2004)
reported that fecal excretion of zinc was directly related to the amount, of zine consumed regardless
of zine source. Therefore, many researches were conducted to decrease fecal zinc concentration by
replacing dietary high zinc as ZnQ with lower zinc from other zine sources, including organie zine

507



Astan J. Antm. Vet. Adv., 8(3): 502-510, 2015

and C-Zn0O (Case and Carlson, 2002; Kim et al., 2010). Results of Buff ef al. (2005) showed that
fecal zine concentration was reduced 76% by feeding 300 mg kg™ zine as zinc-polysaccharide
compared with 2000 mg kg™ ! zine as ZnO. Here we showed that the fecal zine concentrations in pigs
fed lower levels of C-ZnO (281.25-1125 mg kg™ zine) were lower than those in pigs receiving
pharmacological concentration of zinc as ZnQO, which were similar to the work of Wang et al.,
2012a).

It’s well known that there is antagonism between zine and Cu (Van Campen and Scaife, 1967,
Hall et al., 1979; Fischer ef al., 1981). However, the Cu, Fe and Mn concentrations in liver, kidney,
muscle and feces were unaffected by supplemental zinc in present study. As speculated by
Klevay et al. (1994) and Buff et al. (2005), no Zn-Cu antagonism in present study may be due to
the high level of copper (at approximately 300% of NRC, 1998) requirement) in our basal diet.

CONCLUSION

Results of present study indicated that diets supplemented with 5682.5, 1125 and 2250 mg kg™
of zine as C-Zn0 and 2250 mg kg™ zinc as ZnO could enhance growth performance and alter blood
metabolism compared to the basal diet. Pigs fed lower level of zine (582.5, 1125 and 2250 mg kg ™)
as C-Zn0 had lower fecal zinc concentration than those receiving pharmacological level of zinc as

7ZnQ. These results suggested that C-ZnO could be a good source of zinc for weanling piglets.
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