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Extended Abstract

Background: Zinc (Zn) is one of the essential minerals for the health and productivity of
growing calves because this mineral is important for metabolism, growth, immune and defense
systems, and antioxidant status. This element is also known as an anti-inflammatory and anti-
diarrheal agent. In addition, Zn in enzymes acts as a structural component away from the active
site, a proton donor in the active site, and an atomic bridge between the substrate and the
enzyme. Zn has an essential role in the regulation of many metabolic processes, and its
deficiency results in low appetite and, consequently, decreased feed intake. Therefore, it is of
strong interest for producers, feed manufacturers, veterinarians, and scientists. The National
Research Council (2021) recommends 70 mg/kg of Zn for calves at 30 days of age while the
amount of this element is commonly low in the soil of many regions of Iran. Therefore, plants
that grow in these soils have a low level of Zn concentration, and when they are consumed as
animal feed, can cause a wide range of complications due to Zn deficiency, among which
growth abnormality is one of the most obvious signs. Zn supplementation may improve the
health and performance of suckling calves. However, the use of high Zn concentrations in the
diet may affect the digestion, absorption, and use of other nutrients in the diet and potentially
lead to environmental pollution due to the excess excretion of Zn in feces. Thus, the use of Zn
sources above bioavailability has a special place. Recently, organic and hydroxy forms of
minerals in animal feed supplements have attracted substantial interest from feed manufacturers
and animal producers because they have higher Zn bioavailability than inorganic salts. This
study aimed to evaluate the effect of Zn sulfate, organic Zn, and Zn hydroxychloride on
performance, growth, and blood parameters in Holstein suckling calves.

Methods: This study was conducted on 40 Holstein suckling calves from 7 to 77 days of age in
a completely randomized design. Each treatment had the same number of male and female
calves. Treatments were 1) a basal diet without Zn supplement (containing 53.29 mg/kg of Zn
DM), 2) a basal diet + 20 mg/kg of Zn DM as organic Zn, 3) a basal diet + 20 mg/kg of Zn DM
as Zn hydroxychloride, and 4) a basal diet + 20 mg/kg of Zn DM as Zn sulfate. Calves were
kept in individual stalls and had ad libitum access to water and a starter. During the experiment,
the calves were fed with two meals of milk at 8:00 and 16:00 at the rate of 2 kg per meal. The
dry matter intake, daily gain, and feed conversion ratio (FCR) were determined in calves. Blood
samples were taken from the jugular vein on 7, 43, and 77 days of age almost 4-5 hours after
morning feeding. The collected blood was poured into two separate tubes, one containing
heparin to obtain plasma and the other without heparin to obtain serum. Plasma and serum
samples were kept at —80°C until the measurement of the studied parameters. Blood
concentrations of calcium and phosphorus, aspartate aminotransferase, alkaline
aminotransferase, alanine aminotransferase, superoxide dismutase, creatine phosphokinase, and
lipid parameters (triglyceride, cholesterol, high-density lipoprotein, low-density lipoprotein, and
very low-density lipoprotein) were measured using commercial kits. A Mindray BS-800
Chemistry Analyzer - BS-800 was used to measure the amounts of Zn, Fe, and Cu in blood.
Data were analyzed in a completely randomized design using SAS.

Results: There were no significant differences between treatments for daily weight gain and dry
matter intake at 21, 35, 45, and 63 days of age (P > 0.05). At 77 days of age, daily weight gain
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and feed intake in calves received Zn supplements as Zn sulfate, Zn hydroxychloride, and
organic Zn were significantly higher than the control group (P < 0.05). However, there were no
significant differences between different sources of Zn supplemented to the groups (P > 0.05).
Body weight and FCR of the calves during the suckling period were not affected by Zn
supplementation (P > 0.05). There were significant increases in the serum Zn and alkaline
phosphatase concentrations of the calves supplemented with Zn sulfate, Zn methionine, and Zn
organic compared to the control group (P < 0.05). Serum concentrations of Fe, Cu, Ca, P,
aspartate aminotransferase, alanine aminotransferase, creatine phosphokinase, and lipid
parameters (triglyceride, cholesterol, high-density lipoprotein, low-density lipoprotein, and very
low-density lipoprotein) were not affected by the treatments (P > 0.05). However, the
superoxide dismutase activity of the Zn-supplemented groups showed a numerical increase
compared to the control group (P = 0.08).

Conclusion: The results showed that adding 20 mg/kg of Zn DM as Zn sulfate, Zn
hydroxychloride, and organic Zn increased serum Zn and alkaline phosphatase concentrations
and, finally, improved dry matter intake and daily weight gain. However, there were no
significant differences between the Zn-supplemented groups for serum Zn and alkaline
phosphatase concentrations, dry matter intake, and daily weight gain.
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1Y oSy oSy 9 (NS = VO-YY ojleid L) Bg5 &8 b
A5 (5 ,S0j51 (Bio-Tek ELX 808) .,

5 Shapiro -Wilk 5e, b Jols slaadly 34 oy
piY O jl  osld 5 0us (s PrOC univariate
b calises slapylo; (slaosly .suis ool Lg)LoT )Jlﬂ &y
L 53Ul SAS 9.4 gl l38ls 5 bawgs proc GLM
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) el ssoodls ST el o5 )lel Jao 51
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Table 2. Effect of different ¢ sources of zinc on the performance of calves

P-value” Treatments'ls,los Item ool
D TxD T *SEM ZnSulf ZnOHCI OrganZn Cont
(p5545) o i
Body weight (kg)
0.9641 1.120 40.96 41.09 40.82 41.59 Birth dg
0.7752 1.223 46.65 46.42 45.10 46.66 29dayofage i, V)
0.9186 1.811 55.50 54.82 53.77 54.30 36day ofage  Sjs, Y5
0.9916 2.475 67.67 67.65 66.97 66.80 49day ofage Sy, ¥4
0.9011 2.342 79.67 78.37 78.87 77.22 63 day of age  _5jg, YV
0.1368 2.290 94.85 92.70 93.17 87.35 77 day of age Sin Y
(395 % £5) i) i3 Lal38!
Daily gain (g/d)
0.1955 21.990 270.95 253.99 203.98 241.31 29 day of age Sin T
0.9058 88.919 632.14 600.00 619.64 545.53 36 day of age Sin ¥
0.9580 98.066 869.64 916.07 942.85 892.86 49 day of age Sien ¥
0.4236 58.519 857.14 766.07 850.00 744.64 63 day of age Sy St
0.0059 71.458 1082.142 1023.212 1021.42% 723.21° 77 day of age SV
>0.0001 0.8703 0.2396 42.623 783.18 682.21 732.89 665.69 Total test 0y93 JS
(397 2 p5) By Sits o3le
Dry matter intake (g/d)
0.1232 11.505 521.08 511.70 484.38 517.76 29 day of age Sin T
0.2973 42.660 772.83 751.46 663.18 709.69 36 day of age Sie¥s
0.5530 72.390 1200.40 1064.58 1079.81 1127.55 49 day of age Sin
0.3216 85.287 1696.19 1569.74 1508.06 1695.75 63 day of age Sie Y
0.0097 87.083 2066.73* 2029.68* 2066.73* 1676.17° 77 day of age iy
>0.0001 0.1431 0.2226 42.292 1287.7 1196.8 1166.2 1217.4 Total test )93 JS
S s <oy
Feed conversion ratio
0.2514 0.174 2.03 2.08 2.48 2.28 29 day of age ST
0.9711 0.148 1.35 1.35 1.30 1.39 36 day of age S ¥s
0.4798 0.106 1.43 1.20 1.28 1.27 49 day of age Sin ¥
0.1273 0.136 2.05 212 1.81 2.28 63 day of age E3%al
0.1212 0.126 1.97 2.06 2.04 2.38 77 day of age iy W
>0.0001 0.0597 0.2278 0.052 1.72 1.87 1.82 1.86 Total test )95 JS

*SEM: Standard error of mean.

1. Means with different lowercase letters in rows are not significantly different $P>Q.05) i
- zinc sulfate

2. Cont: control, OrganZn: organic zinc, ZnOHCI: zinc hydroxychloride, ZnSul
3. T: treatment; D: day; TxD: Treatment x Day

ik 3 5kl sls *SEM

(P<e0) asl oyl G s gl s kidd LS LiS il (D) 80 ailie gy N

&9y Slilgu ZNSUIF (g9, 3,8 8,08 :ZNOHCI ( JT 54, :OrganZn . J s :Cont ¥
593D 6595 )3 slagi TXD ooy :T ¥
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Table 3. Effect of different sources of zinc on the concentration of serum minerals in calves of 77 days of age

P-value” Treatments oy Parameters  axiil

Cov T SEM* ZnSulf ZnOHCI OrganZn Cont
b () 2 S des) 5
0.2514 0.0057 0.405 1.022 1.002 1.012 0.85 Zn (ma/h)
0.1075 0.9543 0.034 0.75 0.76 0.76 0.74 (e Sder) e
Cu (mg/l)
(2 22 2.5 o) 2l
0.9548 0.9845 0.163 1.51 1.50 1.56 1.47 Fe (moll)
(2 o 225 (o) oS
0.9765 0.9998 0.495 10.23 10.19 10.22 10.17 Ca (mgrdl)
(5 o3 2 p5 (o) s
0.3728 0.8497 0.199 7.33 7.38 7.31 7.14 p (mg/dl)

SEM: Standard error of mean.

1. Means with different lowercase letters in rows are not significantly different $P>'0'05)'|f
: zinc sulfate.

2. Cont: control, OrganZn: organic zinc, ZnOHCI: zinc hydroxychloride, ZnSul
3. T: treatment; Cov: Covariate

OY/YA Jlie )3 pSolS 32 )3 9y p)Sike VUVY
(s bl 3 e 8 S 52 3 53, 5 e

15 ot ballusS es prw yiud o padS clile
Jloy odgisme (P>o/+0 & Jgiz) 6,55 58 b oS
i by Jb > sdllegS (98 jaud g el pdaw
oS (NRC, 2001) casl 1) s> 31 p,Silee A5 5 34-)-
oallssS i 5 el Sloclale Jloj pdaw 3935 dyge
Voo g B0 0938 bl jobay Cuwl oy, S plod jo
IS5 & (e K85 onle p,S5AS 2 )3 55y S e
OF pro b g el Cudle b () Cldgw
(Azizzadeh et al., 2005) cuily lgs i sladllwsS
eelS g jhud e 55 500 laiagh 50 (imen
o> & 59y 98 b o el sladllusS o
Wei et al., 2019; Zaboli and Elyasi, ) <&,5 1,3
(2021

oSk 58kl slas “SEM

(P 0) Ml o J re yub Cglas o LS iy a3l Cndy oy a)lde g L)

.59y Slalgus ZNSUIF (g9, 1,5 S g,008 ZNOHCI T (¢4, :Organzn  J s :Cont .y
ClgsS COVoylag T ¥

By J9J.>) Py O‘m] wa{.c ‘_5‘)3 Lg)bu‘;"w u9LDA pis

5 89 @l alie lojl Gaog)S den (5> (P>+/-0
ST alisen zolaw oS 39y (Wei et al, 2019) S
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Table 4. Effect of different sources of zinc on serum enzyme concentrations in calves

Treatments",los Parameterslsasil 5

P-value”™
Cov T *SEM ZnSulf ZnOHCI
0.4081 3.201 70.47 63.76
0.4812 10.853 106.52 111.43
0.0004 7.265 143.28* 133.11°
0.8014 0.643 9.16 9.11
0.5524 0.662 8.25 8.16
0.5697 0.913 11.14 11.96
0.9846 2.445 37.35 36.70
0.9603 2.708 42.80 44.61
0.6764 3.008 58.35 60.45
0.9875 4.346 77.35 76.45
0.4295 4.834 106.20 102.90
0.4456 7.854 156.70 158.80
0.1741 0.0860 3.547 231.18 231.44

OrganZn Cont
(3 o3 2 s2ly) jBlans U
Alkaline phosphatase (u/dL)

68.62 70.61 7 day of age SinV
99.04 88.55 42 day of age i ¥Y
149,312 103.05" 77 day of age i W

) (2 3 2 2015) Syl sgtsel Y1
Alanine Aminotransferease (u/dL)

9.46 9.91 7 day of age iV
8.87 7.50 42day ofage  _Sj,, ¥Y
11.25 10.13 77 day ofage S5, VY

(3 (03 2 2215) 31yl 5 g2aal )0 ol
Aspartate Aminotransferase (u/dL)

36.30 36.10 7 day of age SinV
44.50 44.35 42day ofage  _Sj,, ¥Y
57.48 55.25 77day ofage 55, VY

(5 2 22lg) S g 58

Creatine Phosphokinase (u/L)

75.64 75.30 7 day of age SinV
105.85 113.90 42day of age  Sjs, ¥Y
158.25 172.80 77 day ofage Sis, VY

(52 (03 32 3519) UgongdapusT50
Superoxide dismutase (u/dL)

231.43 220.00 77dayofage S,V

*SEM: Standard error of mean.

1. Means with different lowercase letters in rows are not significantly different (P>0.05).
2. Cont: control, OrganZn: organic zinc, ZnOHCI: zinc hydroxychloride, ZnSulf: zinc sulfate.

3. T: treatment; Cov: Covariate.
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Table 5. Effect of different sources of zinc on serum lipid parameters in calves

P-value” Treatments "l Parameters dociul

T °SEM ZnSulf ZnOHCI OrganZn Cont

(3 (o9 22 p5 o) 2 plS 55
Triglycerides (mg/dL)

0.2079 0.722 19.16 18.46 20.66 19.37 7 day of age N
0.8627 2.816 24.37 26.80 26.28 23.95 42 day of age S Y
0.6515 2111 32.03 30.67 28.73 32,05 77 day of age S

(5 3 3 25 o) Sl
Cholesterol (mg/dL)

0.9984 3.654 60.15 59.30 59.70 56.40 7 day of age Sinn¥
0.9393 5.0228 78.85 79.60 82.75 87.95 42 day of age _;,,, Y
0.8880 3.354 87.60 89.67 90.57 91.10 77 day of age

i
() o3 oS o) Vo S b uwsfrJ
High-density Ilpoprotem (mg/dL)

0.9510 1.827 29.02 28.27 29.83 28.38 7 day of age Sin Y
0.9106 2.472 39.68 41.00 39.80 41.85 42 day of age Sisn ¥
0.8474 2.828 48.65 48.35 50.90 47.45 77 day of age Sin W

o (2 (o 2 25 o) 0l S L oSy sed
Low-density lipoprotein (mg/dL)

0.9280 2111 37.32 36.75 38.30 36.30 7 day of age Sin Y

0.9877 3.006 42.15 43.25 43.59 42.75 42 day of age Sisn ¥

0.9124 2.985 53.05 53.75 51.45 50.58 77 day of age Sins WY
(5 (o3 2225 (Jhes) b o S b 059 5

Very low-density Ilpoprotem (mg/dL)

0.2079 0.144 3.83 3.69 4.13 3.87 7 day of age SinV

0.8627 0.563 4.87 5.36 5.26 4.79 42 day of age Sin ¥Y

0.6515 0.422 6.41 6.13 5.74 6.41 77 day of age Sins WY

*SEM: Standard error of mean. D8] st e s oo £ s l‘wﬁi"b 3t dU==> #SEM
1. Means with different lowercase letters in rows are not significantly different (P>0.05). (] 0) Bl o e b glis oind (L3 ik il k) p03 e g, )
2. Cont: control, OrganZn: organic zinc, ZnOHCI: zinc hydroxychloride, ZnSulf: zinc sulfate. "% lalgu ZNSUIF (59, 1,5 oS 9,00 ZNOHCI (I (s, :Organzn J s Cont .Y
3. T: treatment. Sles TY
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