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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. 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 in milk on the performance, skeletal growth, and blood and ruminal
parameters of Holstein suckling calves.

Methods: To study the effect of adding milk-soluble zinc on the blood and metabolic status of
Holstein calves, 30 calves were used in a completely randomized design. The animals were
evaluated using three types of diets: 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal
diet+milk containing 20 mg/kg of Zn DM as oxide, and 3) a basal diet + milk containing 40 mg/kg
of Zn DM as sulfate, with 10 replications.

Results: Body weight and feed intake were higher in calves fed the basal diet with milk containing
40 mg/kg of Zn DM as sulfate than in those fed the basal diet without Zn supplementation at 31
days old (P < 0.05). Height, hip width, chest girth, length, and feces score were higher in calves
fed the basal diet with milk containing 40 mg/kg of Zn DM as sulfate than in calves fed the basal
diet without Zn supplementation at 31 days old (P < 0.05). Alkaline phosphatase was higher in
calves fed a basal diet + milk containing 20 mg/kg of Zn DM as oxide than in calves fed a basal
diet + milk containing 40 mg/kg of Zn DM as sulfate (P < 0.05).

Conclusion: According to the results of this experiment, the use of a basal diet with milk
containing 40 mg/kg of zinc as zinc sulfate, based on the need in the milk of Holstein calves,
improves body weight, feed intake, and fecal score, leading to an increase and improvement in
skeletal growth and health parameters. By understanding the factors affecting serum alkaline
phosphatase enzyme activity due to the use of a basal diet + milk containing 20 mg/kg of zinc as
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zinc oxide in Holstein suckling calves, it is possible to more effectively measure the activity of
this enzyme for disease diagnosis. Therefore, the use of a basal diet with milk containing 40 mg/kg
of zinc as zinc sulfate in calves is recommended to improve the metabolic status of the animal.
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Table 1. Ingredient and nutrient composition of experiment diets

(w2 ) Hlaido Ingredient (ST)s5 o3l
46.03 Corn grain (7.20 % protein) pigyp Aoy 7.20) )3 al
21.03 Soybean meal(44.54 % protein) ( ygy Juoyd 44.54) L gu albxs
10.00 Barley grain(12.50 % protein) (g Aoy 12.50) ¢ 4l
5.00 Wheat Bran (16.37 % protein) (g duo > 16.37) puiS wgaw
3.00 Corn gluten (60 % protein) (ugy Joyd 60) &)d yols
1.00 Calcium fat powder oS oy 39
2.00 Vitamin and Mineral permix' ‘d',\u 5 siwoling uSuoy
2.00 Sodium bicarbonate y b yos>
0.50 Salt o3
0.80 Calcium carbonate paudsS” by,
0.54 Di-calcium phosphate <lowd guulS” (55
0.10 Binder toxin a5l S’y
5.00 Alfalfa Sus Gile
3.00 Straw puiS ol
Calculated chemical compositions . dumsbre (olewd LS 3
2.96 Metabolizable energy? (meal/kg) (p,55LST s )5 5e) T comd glio (55,1
16.55 Croud protein (g/kg) (p,5sLS ,3 p)5) pB cpiSgy
3.60 CF (gkg) (pS5kS )3 p)5) P& (2
97.72 DM (%) (d0)3) Suis 03l
92.10 OM (%) (1o ) Josl
5.62 Ash (%) (30 3) oS
4.60 ADF (%DM) (s 03l duoyd) (guml 0455 55 Joloxols LI
13.80 NDF (%DM) (i 03lo duoyd) (s odiyab 55 Jolorel S|
53.29 Zn (Mg/kg DM) (St o0le p,55bS7p 5 L) (55,
60.22 Cu (Mg/kg DM) (Sis oolo p,56lSTp )5 Lio) (o
90.25 Fe (Mg/kg DM) (s o3lo p,55kSTp,5 L)
Nutrients measured in milk b )3 04 (¢S 050l (g3s0 dlgo
2.89 Fat (%) (10)3) (o>
3.11 Croud protein (%) (swo)) pb (g
4.60 Lactose (%) (o) j95Y
11.48 Fat (%) (du0,9) dol> dlgo JS
2.85 Total solids (%) (p,5skS/p)S ko) 95
0.15 Cu (Mg/kg DM) (Li.o odle fw)fglaf/f)f&m)u.m
027 Fe (Mg/kg DM) (St o3le p,5 k5,5 Slue) 0]

ey (Al 3515 8 ) Dy uolizg i 315 Y07+ A sl oy py55kS 52 35 o) oo by 555 (3 it Syn 5 by e
e «rw)fr J;; 5p)§ A L)’b‘ «rw)f A& e ‘r")f ARV (02 0 ‘P)f Y. )M ¢ F;V/V <9y ‘l’)f VY. Mmlf ‘l’)f A )»im ‘(uuajl‘_)u .\>l5 \A") E

Pk Ve poik oS e OF by p)S e VY CULS 2 )5 VIVO

! Vitamin and mineral premix supplied (mg per kilogram of diet): Vitamin A, 250,000 IU., Vitamin D3, 50,000 IU., Vitamin E, 1500 TU., manganese
oxide 2.25 g., calcium iodate 120 g., zinc oxide 7.7 g., pH ospH orus 20 g, magnesium 20.5 g, sodium 186 g, iron 1.25 g, sulfur 3 g, ferrous sulfate

1.25 g., cobalt 14 mg, iodine 56 mg, sodium selenite, 10 mg.

2 Calculated based on NRC (2001).

Y+ V) NRC bl 3 08 dualora ™
(Y--Y) oobl 2 .
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Table 2. The effect of different levels of zinc on the performance of Holstein suckling calves

P-value *SEM 3 2 1 Treatment Lo
Body weight (ke) (p,55kS) o 09
0.604 1.198 38.60 37.10 37.15 0 day of age (59, *
0.041 1.523 50.20* 46.01% 44.60° 31 days of age Sjg, ¥\
0.616 2.465 79.60 76.65 76.46 61 days of age Sjg, 5\
0.773 3.321 56.13 53.28 53.74 Total period o> IS
Daily weight gain (kg/d) (jo,/p,SskS) ail39, c1j9 Lialjl
0.255 0.054 0.37 0.29 0.24 31 days of age (Sjg, ¥
0.670 0.065 0.95 0.98 1.03 61 days of age (Sjs) £\
0.881 0.043 0.66 0.64 0.63 Total period o> IS
Feed intake (kg/d) (jo, /p)SokS) (B pae Syss
0.031 0.042 0.44* 0.39% 0.28° 31 days of age Sjg, ¥\
0.272 0.108 1.35 1.21 1.10 61 days of age Sjg, &)
0.454 0.177 0.89 0.80 0.69 Total period o> IS
Food conversion ratio  olie s cupd
0.845 0.376 1.88 1.72 1.57 31 days of age (Sjg, ¥
0.387 0.112 1.45 1.27 1.25 61 days of age (Sjs) #)
0.650 0.198 1.66 1.48 1.42 Total period 0,93 S
Milk consumed (cc) ( gw ) (s pe puid
0.461 0.032 0.64 0.64 0.64 Total period 093 S
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 Time b;

(P < o ]0) casl s jxe cilinals Bgys b gy )3 pB )| cglas *°

*> Means with different lowercase letters in rows are significantly different (P < 0.05).

*SEM: Standard error of the mean

Lo uSile 3)sikial (gllas s *SEM
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«$9) Sllg ©ygo & (Brae S odle p)SolS 12 53 (59 o) e Tr osl b 8Ly Lolyen (69 pate (g
! Experiment treatments include 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal diet+milk containing 20 mg/kg of Zn DM as oxide,

and 3) a basal diet+milk containing 40 mg/kg of Zn DM as sulfate.
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Table 3. The effect of different levels of zinc on the skeletal growth of Holstein suckling calves

P-value *SEM 3 2 1 Treatment ' loss
Height (cm) (o 5lo) 43
0.590 11.510 63.80 62.40 51.70 0 day of age (59, *
0.994 11.332 67.40 68.10 66.10 31 days of age (Sjg, V')
0.044 9.635 85.30° 83.50% 72.90° 61 days of age (Sjg, 5\
0.456 6.509 72.17 71.33 63.53 Total period o)g> IS
0.038 3.564 21.50* 21.10° 21.20% Total gain JS" il38l
Hip width (cm) (yie sle) ud (o,s
0.611 2.643 10.60 14.30 11.90 0 day of age _Ss,
0.960 2.587 15.30 15.80 14.80 31 days of age (Sjg, ¥
0.044 2.209 21.00* 19.20% 14.90° 61 days of age (Sjg, )
0.239 1.498 15.63 16.43 12.93 Total period o)g> IS
0.040 1.434 10.40* 4.90%® 3.00° Total gain S yl33l
Chest circumference (cm) ( yio, gilw) digw 59
0.567 11.587 45.60 63.30 52.50 0 day of age (59, *
0.954 11.421 69.30 69.10 64.80 31 days of age (Sjg, V')
0.034 10.543 96.20* 86.20% 66.50° 61 days of age (Sjg, )
0.256 6.721 70.37 72.87 61.26 Total period o)g> IS
0.046 10.440 50.60* 22.90% 14.00° Total gain S ]33l
Length (cm) (o 5lw) Job
0.561 10.243 40.80 56.20 45.80 0 day of age _Ss,
0.943 10.221 63.30 61.20 58.30 31 days of age (Sjg, ¥
0.040 9.521 86.20* 77.20% 61.40° 61 days of age (Sjg, &)
0.254 6.020 63.43 64.87 55.16 Total period 09> S’
0.037 7.036 45.40° 21.00% 15.60° Total gain S yl33l
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 Time b;

(P < +1+0) Casl Y3 sime clinl Cgys b ysi o 5 pls)l coglis 20
*® Means with different lowercase letters in rows are significantly different (P < 0.05).
L Sles 3kl (glad : *SEM
*SEM: Standard error of mean. ; B
Kt ool 2SS 52 > Sy 5 o OFYR (gl (o T e b oy Jgans o 803 (53 JaSio (93l o3 4015 033 =Y 2 Jals lef] sl
Ol ey Y gy ST Cpp0 a (Bran Suis o3l p)S5LS p2 03 g9y P Shee Vo sl ed C8L) L oo g5y pais g (jll 0pr =Y ((Bpas
59y DM g0 ay (Bpas Sis 0dlo p)S5LS 1 53 (g9) 5o Te sl e Bl Lolier g9y pate 5
! Experiment treatments include: 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal diet+milk containing 20 mg/kg of Zn DM as oxide,
and 3) a basal diet+milk containing 40 mg/kg of Zn DM as sulfate.
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oo dld 6 odd 405 (gl dlwgS 5l gy BAS 4l 090 B gxe il Fp o (59) pais caliee polde ,ob

s Sin PN o » S JeSe gl ililepa LS e dlusS )3 gge 1Sl (P> +/-0)
(P < -/-0)
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Table 4. The effect of different levels of zinc on the fecal score and respiration rate of Holstein suckling calves

P-Value ‘SEM 3 2 1 Treatment Lo
0.014 0.133 3.892 3.79%® 3.34° Feces score ggdin yoSul
0.096 1.023 26.90 24.20 24.10 Respiratory rate (breaths/minute) (4i,85 / i) il &,
< Time (b
<0.0001 <0.0001 0.0001 <0.0001 < 0.0001

(P < 1+0) canl s ginn cailitols gy b gty 55 plE)) coglis 10
*> Means with different lowercase letters in rows are significantly different (P < 0.05).
o . Ske 3 ylskiwl gllas : #*SEM
*SEM: Standard error of mean. ) ;
St ool p S 3 > 55 05 o OV (55l (el e Ly Jpans s Sl y0) s JaSio (39931 59 201 o3 = 0ol (ilef] sloless
ol oy Y gy ST Sppo a4 (e Sid odlo p)S5hS 2 13 65y pSee Vo ssl b 8L Lol (55 paie (g (il o Y {(Bpas

$9) Mg ©yg0 & (e S odle p)SolS 12 53 (59 oS e Tr ogl b b3 Lolyen (55 pate (g
! Experiment treatments include 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal diet+milk containing 20 mg/kg of Zn DM as oxide,
and 3) a basal diet+milk containing 40 mg/kg of Zn DM as sulfate.

0355% 9 @l PH » (iilefl loog s gl ol oas (Sligel sy 5 loPH (59 yate Cilieo polio 536
(P> <[40 355 45 dze 4eSls Sise] o35 (0) Jodo o opliide jled il sladllosS aness
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Table 5. The effect of different levels of zinc on the rumen pH and ammonia concentration of Holstein suckling

calves
P-Value ‘SEM 3 2 1 Treatment Lo
0.551 0.265 6.80 6.60 7.02 Hydrogen peroxide (39,4 duwSTy
0.280 1767 783 691 3.88 Ammonia nitrogen (mg/dl) (5] s / p5 obe) (Sbisel sy

(P < +140) casl s gixe ilinals Bgys b gty )3 plB )| cglas P

*> Means with different lowercase letters in rows are not significantly different (P < 0.05).

*SEM: Standard error of mean.

L 1 Sles 3kl glad : *SEM

K55 ale 2SS o 3 (55, 1,5 s OVITR (sl o3l e L oon Jgoms 15 230) sy Juo (iag3dl s 20L5 e =) 1ol slefl slasfes
Ol op Y gy ST o (e St odlo p)S5LS 2 13 5y pSe Vo sl b 8L Lol (55 paie (g (jB] o Y ((Bpan

59y Mg ©jgo 4 (Brme SuiS 03lo S 0LS 10 53 (69 pyS ke ¥ (Sl ud S8l Lolen (59) paie (9
! Experiment treatments include 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal diet+milk containing 20 mg/kg of Zn DM as oxide,

and 3) a basal diet+milk containing 40 mg/kg of Zn DM as sulfate.
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Table 6. The effect of different levels of zinc on blood biochemical parameters of Holstein suckling calves

P-Value "SEM 3 2 1 Treatment ' o
0.812 7.965 76.75 79.75 82.25 Glucose (mg/dl) (;2) sl 5 obe) 3595
0.513 8.754 97.75 89.75 83.01 Cholesterol (mg/dl) (i) w3/ p,S o) Jgyiwls
0.190 5.476 40.75 28.50 26.75 Triglycerides (mg/dl) (y5) _wdlp )5 slo) S pmslSs
0.414 0.132 4.67 4.90 4.65 Total protein (g/dl) (s owd/p)S) JS cpigy
0.438 0.065 2.65 2.70 2.77 Albumin (@/d1) () ol p)5) ysesd
0.235 2.964 17.37 24.02 24.08 Urea (mg/dl) (2 _odlp 5 ko) 03]
0.601 5.902 72.55 64.57 71.47 Zine (ng/dl) () gl p)55,Se0) 59
0.044 38391 573.25" 71850° 66301 Alkaline phosphatase (Wi){z) ;> a5lg) jblaus ST

(P < o ]0) canl s xe cilinals Bgys b gy )3 o)l cglas *°
*> Means with different lowercase letters in rows are significantly different (P < 0.05).
o . S5ke 3 ylikiwl gllas : #*SEM
*SEM: Standard error of mean.
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! Experiment treatments include 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal diet+milk containing 20 mg/kg of Zn DM as oxide,
and 3) a basal diet+milk containing 40 mg/kg of Zn DM as sulfate.

Jsi 2 3 G sl 2 g9 pais iliss ki 530
ez bl (ialojl (slaogS Sl oad (5155 (V)
(P> /0) 395 5 sme 5]

oiiln Sl o GladlaS 55 T oy (slosgad 2 s e Gilisin ¢ 35 gz
Table 7. The effect of different levels of zinc on free fatty acids (FFA) of Holstein suckling calves

P-Value *SEM 3 2 1 Treatment Lo
0.821 2.209 64.60 63.59 62.60 Acetic acid (%) (wo ) Syl Sl
0.480 2.498 21.86 24.97 26.28 Propionic acid (%) (weo ) duwl Sigmgp
0.462 1.295 9.73 7.78 7.55 Butyric acid (%) (ao,3) duwl Sy
0.824 0.232 2.04 2.22 2.23 Isobutyric acid (%) (Ao )3) sl Sy 930
0.922 0.114 0.64 0.70 0.65 Valeric acid (%) (do)3) duwl S5l
0.546 0.210 1.44 1.34 1.09 Isovaleric acid (%) (do ) dawl S )llg 930
0.710 0.254 100.31 100.61 100.39 Total volatile fatty acids )8 &y (sl ggexe

P < o]+0) casl s gme sl Bgys b gty y> p,l cglis ™
*® Means with different lowercase letters in rows are significantly different (P < 0.05).
L Sk 3kl (sllas s *SEM
*SEM: Standard error of mean.
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! Experiment treatments include 1) a basal diet (containing 53.29 mg/kg of Zn DM), 2) a basal diet+milk containing 20 mg/kg of Zn DM as oxide,
and 3) a basal diet+milk containing 40 mg/kg of Zn DM as sulfate.
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