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Introduction: Currently, trace elements are provided to livestock with the aim of achieving optimal growth
and enhancing performance in the majority of farm animals. Zinc (Zn) is one of these elements. It has been
found that Zn is present within the structure of numerous enzymes and plays a crucial role in various essential
physiological functions within the body. Regarding a low concentration of Zn in surface soils in Iran (less than

0.8 mg/kg), resulting in Zn deficiency in plants grown in these soils. Consequently, the consumption of these
plants as animal feed can lead to Zn deficiency in the animals' bodies. Therefore, it is imperative to include Zn in
the diet of all animals. However, one of the basic problems regarding for addition of Zn to the livestock diets in
Iran is the lack of accurate knowledge of the livestock requirement for Zn (according to the country's
geographical conditions). The present study was carried out to determine the optimal requirement of Zn in
Holstein suckling calves using some models.

Materials and Methods: In this experiment, a total of 30 Holstein suckling calves (5 treatments, n=6
calves/treatment) aged from 4 (42.75 + 3.26 kg mean body weight) to 70 days (93.52 + 3.97 kg mean body
weight) were used in a completely random design. The experimental treatments consisted of zero (control), 15,
30, 45 and 60 mg Zn/kg DM of diet (in the form of zinc sulfate). The calves were fed with whole milk
(approximately 10% of birth weight) in two equal meals daily at 08:00 and 19:00 and each calf's specific Zn
requirement was supplemented to the evening meal milk in the form of zinc sulphate solution. Starter and fresh
water were freely available for the calves throughout the experiment. The starter feed, provided in pellet form,

consisted of a blend of corn grain, soybean meal, corn gluten, barley grain, wheat bran, sodium bicarbonate, and
mineral and vitamin supplements. Additionally, chopped wheat straw (5%) and alfalfa hay (5%) incorporated
into the starter feed from the 15th day of age until the weaning stage. During the experimental period, the calves'
performance (including dry matter intake, average daily weight gain, feed conversion ratio and weaning weight)
was systematically assessed. lood samples were taken from the jugular vein at the end of the trial (day 70) before
the morning feeding for measurement of blood zinc and some parameters (glucose, urea, albumin and total
protein) concentration.The performance of calves was assessed using simple broken line, quadratic broken line,
and quadratic regression models. Subsequently, the Zn requirements for calves were estimated based on the
optimal performance of calves as determined by these models.

Results and Discussion: Results showed that the including Zn to the diet of calves had no significant effect
on dry matter intake and feed conversion ratio. Also, no significant differences were observed among treatments
for the concentration of glucose, urea, albumin and total protein in blood serum. But it significantly increased the

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
http://doi.org//10.22067/IJASR.2024.86874.1190


https://ijasr.um.ac.ir/
https://ijasr.um.ac.ir/journal/about?lang=en
https://orcid.org/0009-0009-2345-0163
https://orcid.org/0000-0001-9887-2736
mailto:zaboli@basu.ac.ir
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://doi.org/10.22067/IJASR.2024.86874.1190

V¥ 5l ¥ ooyl IF Wl ol ! 0ls pole Glidgh 4 s YYY

average daily weight, blood zinc concentration and weaning weight of the calves (p<0.05). According to the
analysis using a simple linear model, there was no statistically significant correlation between the Zn
requirement and dry matter intake or daily weight gain. However, a significant correlation (p<0.05) was
observed between the Zn requirement and weaning weight, as well as feed conversion ratio. Consequently, the
Zn requirement for calves to achieve weaning weight and feed conversion ratio was determined to be 76.43 and
74.87 mg Zn/ kg DM in the diet, respectively. Based on the quadratic broken line model fitting, there was no
statistically significant association between the Zn requirement for calves and their dry matter intake. However, a
significant correlation was observed between the Zn requirement and other measured attributes (p<0.05).
Consequently, the Zn requirement for daily weight gain, weaning weight, and feed conversion ratio was
determined to be 83.96, 89.18, and 89.53 mg Zn/kg DM in the diet, respectively. Based on the quadratic
regression model analysis, it was found that there was no statistically significant relationship between the Zn
requirement and dry matter intake. However, a significant correlation was observed between the Zn requirement
and other measured variables (p<0.05). Specifically, the Zn requirement for daily weight gain, weaning weight,
and feed conversion ratio was determined to be 86.99, 79.50, and 86.99 mg Zn/kg DM in the diet, respectively.
Fulfilling the Zn needs of calves resulted in optimal performance in terms of daily weight gain, weaning weight,
and feed conversion ratio, with values of 759.2 g/d, 97.25 kg, and 2.21, respectively.

Conclusion: Overall, these results showed that the optimal dietary Zn requirement for Holstein suckling

calves falls within the range of 74.89-89.53 mg Zn/kg DM of diet. Furthermore, providing this level of Zn in the
diet resulted in the highest performance in calves.

Keywords: Performance, Suckling calf, Zinc



olnl ools pole Gledwgsy 4y
Homepage: http://ijasr.um.ac.ir

»..Cz"b;u’,cz»

YPV-YFO .o AFY oL Foyled VF wl

b e sladie S sl el U Sl e 8 sldls S s Sy s HS s

A S Ol sl e
VRV VYO 1dl 5 gy
VR A S5

VEORLYNY LS sl

LRV

PLasl (sl el 39 (golud Gl S5 pan ] & g Sl o ) 385 M pae Lol el Jlgb s (SlodllosS 5L 2,90 polic 51 (S (59 paie

SIS ¢ B 5 (o 55k AVOY) (S Vo L (p S FYVD) T o (1155 5 bl ) onles gl ol ¥ 5 1 alef o
b &S 391 0y Suid 03lo p )T 5LS 10 )3 ((59) il JSBa) 59y pais oS e £ g YO X A0 (a0l3) jho gohaw ol bajles b osliiul (Bolas
5 ool gl S 515 Glmai il g (55, yate Cble gy Soflasl gy b (5 Soill odllusS 5 Shas (ialojl 090 Jgbo )3 b o 4BLS] ae e
S5 s a3l U 3yShae & Lgyyo (slnesls 5 pll (56) o (36 o209 31 18 ielef] 1 55y 9 st 5] 6,8 055 S5 52
e «@liay 59 oz Ll 8l Camw LadlliwgS oy dn (g9, mais (0938] &S > Lis puli .0ad (5l 90 dopd Cuml g 90 - )d Al b3 ol
> P55 e VEIAY 5 AR/OY o3ga0e )3 (398 sla e (Bl (olilp oalloS 5l 390 (59 pais e (P +/20) 43 (55 53 59y pais il 5 (6325 b
mao Lol 3 it s capd 9 68§l gs lis) 0ig Gl 3 )Sles s dadllgS 13 (59 pais Sl (b el L g g S ke pSolS
odle p )55 kS o (glilay £y S luo VEIAV=AR/DY 0940 40 (55 pais | odlatwl ¢ JS jobods .0 oamliie VIVY g 5ol AVIVD (o) 13 p,5 YOA/Y s 5

2 L sl e (B)les 59y pais 35S e pS1 a3
of JLod 4 g Ll (ials () cp ieges 45 43S a2l pl
Suttle, ) 4l e 15, LiaLS 5 giko dlge o il inls
ol 2 pmaie ol 1 Gk ) alg e sl (ials (] (2010
9 ogeygn by g Mgi Jlade | j il Ll oatiS JyuS” sbay
9 39S 815 o syl 1 Ll J S 3 o8 pla 5l
)2 53 (LS (G9) Byae pis rizmed b ooy
edsilio sl Bo)b 5l g 0dd G S Toy eed B S0
b g 0asd dgdome Gy ) LT Jiwan «SlSy ol
(Kaya et al., 1998) 5,5 o ,, 3 U coow an slacdl,
SenST (63 JWB ey )3 A (yreling 3w )3 (59 pis (il pogdle
O 38 sk o)l 65luk ol Gl )55 (nyS
2 LU JLasl (0 gl «sp90e @52 Srdpl pudgilio
) 215 5 laglgeial (4 (Gase 9 RNA 2w 5 (cungig) (ol

(NRC, 2007; Suttle, 2010

A5 bl 5 3,Sles ity o 0 S
g AlosS (59 paic ,Sloe 1534 B 23l

-

Ao

gk 5 lie AB) S (5ygpeld slaasly ST )5 059 ol

odlazl byl SI3E 0 )3 G puaneS  Jaxe dlge jl dapld 5 ,Sles
dlise (ZN) 55y pais wbpan o5 polie ol ) (S0 2980
L;L.mﬂ,))_:] 5ol oozl y3 (g9, yais &S Cawl 0 u‘;})\}f
L Jlesl jl ol 3,8es 2 (25b cnl Sl g 3)0 ye2 oo
Sl oy Lacling S pudplie s Jod 5l 0%
s 5 el i (0 ladsbe (Silojl 5 s « SlS
bl (McDowell, 1992) el iS5t e slacsl

S8zl ¢ 5y9luisS 0aSitils ¢ gold pole 09,8 )l puli,lS assgal iils =
ol ghen b Jeg

cohod i (Jeg ol iily ¢(gygliS 0uSisly ¢ old pole 09,5 Lokl =¥
olxl

(Email: zaboli@basu.ac.ir. e ki g —3#)
http://doi.org/10.22067/1JASR.2024.86874.1190


http://ijasr.um.ac.ir/
http://doi.org/10.22067/IJASR.2024.86874.1190

V¥ 5l ¥ ooyl I o ol ! (ol0 pole Gleidgh a5 pii  YYY

Jmais 4y Glosee y5 sbroy b a8 Ad asine 9 4y Cunl
s P4 &ligy 0jg pRIEl g STigs Spas e jdated «sy)
S 03l £S5 LS 2 43 45y paie p,5 Lo AVIYY 5 FA/DA
.(Mehradkia, 2019) 54 o >

pegmad > gala 30 392y pe g (598 0)l3e 4 d2g L
9 )55 ladllwgS o) 53 69y yaie Ol gaw Byas
—ay yobs iagh u&ljbp C)?.I oy ) ypais Qg'l W9 Coot]
b gl Jas 5l Byl edliiwl L ooy paie 5L s yolaio
Wb pbol pluide jlod b cbdllwsS )d Cunl g dtsls

W g, g dlge

2 ably Mol o g ciS paime Sl ingi
s plate i b bl Ghen Gl @l 1 glkd s e
Sike 1) U5 pylaz 39, 5l cnliale 315 Jlgd b AlogS ol ¥
Lo (5590 Vo) 585 e 5 o U (25 oS YYIVO £ YIVE (54
s ooyl lmolSyls )5 (5 5kS AVIOY £ YAV 155 uSibio
9 el 1Dl o dlwsS (o)l ol a8 S5 e ¥ x ) ol
S oJuL.uy u«Jf 9 oS L s‘f».(&lé\lm )‘ U o g 0l Sgacdus
il 5ol 59y dw Sdody s ded ¢ iolojl g9, 5 L
Bl & y5ody 5 (S 15g Salefl plaz 59y 3 5 4505
sljlos W0l (anaied (iolojl ot @y 53 (0455 0y eleln)
Jacie (gols danb oy ali) yho zobaw Jold codpay alo]
N0 o, Sid 03lo p)SolS 2 1D (g9, pais p,S o YA/FA
o S5 e pSS b > 65y e S o P 5 YO Y-
S9) g S oy 4 59y pate (3,5 Bl pslaieds 2g
o3l (g 0,5 ;935 SAMCHUN &8 15 Lawsss 00 1)53)
AR )IJ&“\J) Ve 9 Are e Slels ) godeg g 43‘)'5) L&MJL»; W)
I 3090 59y JoSko Yo 5 03,5 o0 8L b (00 B9 Moy
25 & 9l Gygob g (59) Clilgw Joloe ©jgot g »
15 26L5) ballugS 5l S,y e sdcg

Sl ) ol ygoan Giolasl Jgl 59y 51 i ol g )kl
sy s Jols 5l onims St (glsn) cedls 3 nalluvsS
o3lel g0, 45 35y g ogasce dinaling g ine sl JoSe
odllogS (S39) VD oy 3l 92 () 005y pgoy skl
o (Jmo)d @) 0dd 35 domigy g (oyd ) 08 23 IS oS
() Jpi2) €5 )5 laallogs

ljg) Cpgodn (yas Shgd e (ialojl 0y93 Jsbo 5

—eb oy 50 g9y JoSo jl ealatul Coze il Sl 5yg0 p3 eSS
13 ool 52 el 08 ol (3L} s i il (sl
o slilan ggy yais py S Lo Ve lade il oolasiwl cdsdllas S
039 oili8l G 5 sladllugS oy )3 Sis odle pSlS
- e «opizmen (Wright and Spears, 2004) i gl 4> 4iljg,
aS 4y S il 8 (Aliarabi et al., 2015) o)LSea o oy
oo pS ok b lile g9y pats £ ho ¥r g Ve 3lie 359
sboy (2le Jas copd g (159 3)Ses d9e o 0 Sl
@ 0y )3 () pais JoSe (3 4 WS g 5
clale 1 casl phbolial glul 918 55 pogada el oolos
e TA ) S) 68 sl ol (aw SSE  pate ol
«xlpLo (Malakouti et al., 2002) s_isb o (p,55-LS ,3 p,5
lge (69) 39005 b g oo 0303 )9 SK (pl )3 &5 Slals
39508 o Slgi o0 pld Shyod plgiees lalS cpl Bpume g Mt
et )3 glial O 31 S Ll 295 pls 33y 3 paie )
s 5l 38> Ml s 58 slaply 0ye> 4 59y paie (2958
eldhie hilyd 4 an g l) pate gl @ bpb olie Clalenl
o)lg—od yaie (1ol & lopld 5l (e a5 o Bl (598
sl 0392 (6390l Caxivo (laazite g g el ol Al S
sladesa jl osliinl Gle b ladlngs 4is cou
Gillae ol glojag oSl s gy pais pogad s (Sare
oy e s 15y o > sallogS o« olié 5kl Jglis
NRC, ) 1l o 0 i 03lo p)SsliS 13 )5 Lo YV 2905 1
- Ve=AY 1) 5l lde pl auds slaausgs a5 Jbs s (2001
(NRC, 2021) 13163, slgitas oy S o3la p,SolS )3 p,5
(S paie a5l b (39 i Jd3as el sladllogS )3 Lol
9 00 (el b Bpae b Sl (5g) paie & ladllusS oyl 3l
Suttle, ) bl o 5y905 Lagl o 4 g9y pls (99381
Gk )| ais ol 3gseS e S5 B o joboilas 15 (2010
O el g EalS (oen g 08 (Al o el ials
ypolie 45l S5 4 p3¥ (Suttle, 2010) o5 Anlss lnallus
Sl @B yobdy plgies |y (2l 3)llial Jslaa )3 0ad ()15
Ol )38 53 )l s (SadllogS 13 (59, paie Slarlis] (el
yais 4o OUlgs ol jlo 5)50 e oS sl jli g )5 )5
23,5 35l ale (slasbyy Gk 59
sbagby) s 53 (s3ke dlge jls e jolateds (IS ysbay
=J4s glol 5l eolatwl dayogy cpl 51 (S 0 oo odlitul (goumis
Robbins et al., ) ssb o coml sl bs,y 5 atuslis b sla
P Sg) pais S8 us pogad 3 & Cuwl S5 4 Y (2006
L caalllan (5 53 sl 23,5 50 Sl oy i gl
U9 5l ol g oy )3 (59 pals il polaw (5,54



YO (ke sladuo (55 3l ool b lss yuid (oallingS )0 (5395 yais 315 ot (il 9 ol

59y @ 0 E994 s jl (o) pdises i CublB yusd jglaio
so)3 g 01 plosl LadlussS oSy 5l I otlojl )9 51
FewS1B hgy 5l eolatwl b oy uﬂ odlo 5 Suis odle puad bl
(Van Keulen and Young, 1977) ui auole duwl j3 Jolels
0> ey JS 0Bian 9 oesdl oygl oIS il 5y Soilil (ol
ol I odliial L g0l oyl o8 i alBiles] cuS )
Cile gy Soius gl g (o) ddll KoM Jo) 3Tl
(Wil Ly Jace) (ool i olSts 5| 55 o 53, peis
A5 el

(b ymans SCis odls ke Jold) (63 Slas Glio ¢ yolwl sl p
(653 3 i 5 218 s oo cliy 59 Lial Bl ik
Cag 3 Jd cptalof] 31595 )3 (1 diges b dlns oS
03l (3,8 6Ll o) ballussS zlsg S yals I rao olié
oS ylojl dy pyus (S3loliz Cap (i wiges AD 4B S (dlaxlas
ladsises il elKislefl ) e pyw gjbolis gl ad Jls))
5 04 joiy sl dddd )0 Hod YO+ + Casyuo b 4l VO Codody o>
9 Jite s e S lrogsg S J3I 4 0 (gilulia oy

L g eSS 0,8 il da 0 =V slod

S dse plosd oS5 =Y Jgda
Table 1- Chemical composition of feed-stuffs

- JONCS el gl sy pusels
Chemical components Starter  Alfalfa Wheat straw
Said o3lo 89.00 93.42 90.37
Dry matter (%)

ST oske 93.28 90.25 93.4
Organic matter (%)

Pl (g 21.44 15.06 3.90
Crude protein (%)

ok 8l 2821 4670 78.35
NDF (%)

Polssan s sk o)lss 720 3450 50.10
ADF (%)

Lo BB (g5, 3.23 2.09 1.44
ME? (Mcal/kg)

(e dlgo

Minerals

S’ 0.925 1.69 0.40
Ca (%)

Jem: 0.620 0.23 0.07
P (%)

“9) 30.98 23.01 6.48
Zn (Mg/kg DM)

e 14.00 11.47 3.84
Cu (Mg/kg DM)

ol 95.40 377.0 156.6

Fe (Mg/kg DM)

13555 4l (2001) NRC s ) oolisinl b pudaslio LB (55,1
! Metabolizable Energy was calculated based on NRC (2001).

() doles) ool Sl bas Jae

Y=L+U(R-X) for X<R
Y=L for X>R

(Y aoleo) 90 dnpd dtuSlis b Juo
Y=L+U(R-X)? for X<R
Y=L for X>R
Slao L cpld el b > Slre 1Y Y g ) dlae >
Lo :L eply el b o IY ¥ 5 ) sladbles

abis Job Jolso R ol 5, Slas Sl b 4z abis o e

2 plosl SAS 5 dle s 5l esliwl b Wesly Julos 5 4350

2 aS 39 Y=+ Ti+ ejj &ygon )bl Jis (SAS, 1999)

1€ g Hle 13T wSlie 31 0salie ya Hlide 1Y ‘()T

bt 3JUT gy yaie 5L e g 90 odlojl (glls

itleys g 93 any Couml 5 90 dnyd Al s wdle atsls

- Lo Jus 4 bgsye <Yolee ((SAS, 1999) wi solizwl SAS
:(Robbins et al., 2006) 1554 y; <& g0



V¥ 5l ¥ oosleds I o ol ! (ol0 pole Glesidgh a5 pii  YYF

24 alapsil g yseysn by g Mg e 1y sl lea
Ol 2 idbon juS (59 dgeS U o )l i Lol ]S
OiblS Curw s )3 (65 pais dameS ¢ pismed (Suttle, 2010)
5 (IGF-1) (gl 403 45, )55 9 43 (9098 @d 5 5 Mg
B)1> 63b5 5856 o g Rl g 4B ) ogesen 93 nl 29d
G (e ) (89 S90S 500 8, b 5l .(McDonald, 2000)
(S Slaye ml 0F ol GEol) lamg S pudlio LialS
Ol 2lad Aol 298 00 (i 53 el 9 )90 i B
Kennedy ) aad )3 55t cov 1) olee 5,Slos Wlgs oo Cunsg
5 Dt e (13938l &S cuwl onis 45155 yizen (et al., 1998
e flShes oy (il B Sl o 4 gg) pais >
-0 25 & (Malcolm-Callis et al., 2000) )by S1)55 8 a0
ol oy )3 99290 (59 pmais Mo Ol Ghagl 53 &S A,
4S 6oy «unl 03,5 ol |y Hlgd s saallngS 5l (gd9ds b
3 pSkS o ey oS o 5o line b et o 4 ol 3958
ang L bl sl )] Slygs Bpae p gyl ops Sis olo
i s oy 1) 2018 5 puadsilio S5 1 9y pais Cute Sl 4y
dllogs 3,Sdos dgugp el YL ol ;5 )] Cyne a5 duwy 0
= LYy ymas i C}‘a_w )] odlal )_sl & Joy).o C)L’b
oS 3 (g5 laomiul B (B g o P ) pate clile
Jods sillas .ol oad &Y Jouo jo cpliils jlod ol sla
2ol clale I e Gl o 0y 4 g9y pais (938l (553
5 iame s Lo gl aliie (p<+/+0) 15 LadlusS oo
o938l a8” oS 5155 (Alimohamady et al., 2019) Ko
0y St odle p)SolS 1o (dlilay g9y pais p)S e o jlade
Slorm 5 slooyp g > pais cpl ke )b g Gl o
02,5 4,158 (Deters et al., 2021) )], 1Sen g 5,55 piored Ad
3o 2S5 LS o (sl sy pais S ko VO e (35381 oS
Sasine yoban |y Lioys (93 (59 paie glaw oy Suis
Uyl35 35 (Dresler et al., 2016) ,Sen 5 Ju > by il58l
43,5 5 i clndlosS oy ) g9y pais ) oolizul 45 55,5
Ll e bl s 3 g9y pais clale 3 gne Lol o 0l
Fagari-) - ,)Se 5 (5)brug — (5,8 puils 5o guls OMS 5
pyS o YO+ GBpuao a5 W3S 45135 (Nobijari et al., 2012
= b mre 3l s Siis ool p )5S o il (g9, pais
st Yl o e a8 cudlss boallugS (9 5> pats ol e
2 il p)S e TFIA) by 0y )3 (59, pais jlade (139 (S
Lol 039 (o),g- Sis ool rc/,f}l.f

J8 b Plao U 5 g9y pate @ ploe> 5l e b cunsls
Dy CanSs dads |

AV doleo) ¥V ods > Cuml oo

Y= a+bX +cX?

KXol el U 5y Slas) dtunly jusio Joleo 1Y Y dlolro o
03j (o3 slayiehlh i€ 9 D @ g opr )3 (59 pate clale Jolee
Y = D) ¥ dobee wls sie (ST 053gs (e cslacul) Jie 5 ok
—4 X lde «hygo opl )d gd a3 S a3 e Jalee (+ 26X
3 lgisay dyio b (sl 5 ioxie plos dlai) otal s
Mo 313 )13 b g 39 00 4B)S Hlai 53 oAb e ($9) pais
Cpyiin) 3y Slas jSlas LY Jlade oF dolee p ol comsay X
el Aals Cundds (g9, paie Cyas 03jl

1 S9) pmais Caliste polau | edlitul 1l 4 by ol
odaliin a5 job ylon .Cusl 0uds Gl Y Jodo ;3 adllugS 5 Slas
03lo 48 Ui cuww LadllwsS o 4y 59y pais 13938l Dgd 0
sobin LadllwsS (65,0 5l 059 5 439y g pRI3BI Lol aiSS
Ui gt S 50 o guls alie (P ¢/ 0) il ilj8l g)l> gize
W asuie Dy &85 ploal plidide jlgs b sladlwsS (ggy &5
oy Sdd odle p S S g p)S e Frog Ve Jlade (13958) &5
«$9) 2=S1 P59 59y dnST JoSe 95 93 325k jl g9y e
Lol olie b cops g Spae i odlo p ()b ine il
S i 31 09 9 &ligy iy halidl g e Ll sl
Jlde jleolitul ¢ yizean (Seifdavati et al., 2018) wi ballwsS
m) oy St odle p S 0lS (sl 9y pate )5 e A
53 ladlogS o) 53 jo) Ar et (9) Cllgu )50
Prakash Pal ) ub deue allwsS ailje; o5 (yiul38l &8 dd oo
S Lo 5o e 3938l Lo gulis By, Ll (et al., 2021
(s9) Cllgw ©)ygod) oy St odle p)T5hS 12 &) (59, paic
cilss Lagl aligy o1jg Oili8l = 631 ol b ladllogS
029581 4 cowl ond )55 ¢ e L(Arrayet et al., 2002)
Sid odle jlp Sl o (dlila (g9, pais p)S oo VO ke
o sladlogs 18 » (e Sl (cs9) Cllgw ©)pgod) 0y
L.mo]o)_g)od”)_a:;»}]&;ﬁ_gd)moialsﬂwb
[(Fagari-Nobijari et al., 2012) .5 )15
OiB e Ll ola 50 (5 pats copdins Y5 el
UielS ol g s e lgasl yialS caw )] 3005 L s g 3,0
oS JyuS slay pla 2 paie ol S Gk I Sl sl



YYV bt glade (5 5 3l ooliiunl b lss pid (soallingS 10 (595 yais 315 ot (il 9 old!

ol Jlos 05 (cladllgs 5 Slos (g9 paie il polaw I =T Jod
Table 2- Effect of different levels of zinc on performance of Holstein suckling calves
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Treatments included: Treatment 1 (Control, basal diet with 29.68 mg Zn/kg DM), treatment 2 (basal diet + 15 mg Zn/kg DM as a
zinc sulphate), treatment 3 (basal diet + 30 mg Zn/kg DM as a zinc sulphate), treatment 4 (basal diet + 45 mg Zn/kg DM as a zinc

sulphate) and treatment 5 (basal diet + 60 mg Zn/kg DM as a zinc sulphate).
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 3- Effect of different levels of zinc on blood zinc concentration and some blood parameters in Holstein suckling calves

el Ve ¥ oles ¥ oles ¥oloss 0 slos R
Parameters Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 SEM p-value
(3 2 pSee) 9y s 0.93° 1.12° 1.18¢ 1172 1.17¢ 0.10 <0001
Zinc (mg/l)

(s y p S o) S48 81.92 83.83 75.42 78.00 78.75 4.62 0.7245
Glucose (mg/dl)

(dismd 2 p S o) 050! 26.67 22.48 23.17 25.83 22.98 2.93 0.8638
Urea (mg/dl)

(sl 32 235) el 3.22 3.18 3.22 3.18 3.21 0.09 0.9913
Albumin (g/dl)

(sdesd 2 p)5) JS ooy 6.07 5.67 571 5.85 5.92 0.15 0.3254

Total protein (g/dl)

o3lo £ S5LS 12 )3 (g5, pais p)S ke VO + (3T 0p2) ¥ slas oy S ele p SlS 12 15 (59 peaie p S o YUSA (sl (3leT oy canli) Vet ol ctolojl (slales
2 &5y pais 05 ke Y0 + il 02) ¥ sl g5 Slilgs Goslo oy S 0ole S5l 2 13 (9 pais S ke e el 2) ¥ les sy Slilgs Gojbo Sl 0 SiS
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Treatments included: Treatment 1 (Control, basal diet with 29.68 mg Zn/kg DM), treatment 2 (basal diet + 15 mg Zn/kg DM as a zinc sulphate),
treatment 3 (basal diet + 30 mg Zn/kg DM as a zinc sulphate), treatment 4 (basal diet + 45 mg Zn/kg DM as a zinc sulphate) and treatment 5 (basal

diet + 60 mg Zn/kg DM as a zinc sulphate).
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 4- Effect of different levels of zinc on digestibility percentage in Holstein suckling calves

[EYESWI Ve Y leg ¥ los D o 3kl sllas b5 e
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Parameters Treatmentl  Treatment2  Treatment3  Treatment4  Treatment5 SEM p-value

Sid o3lo puady bl 76.75 75.45 77.30 77.90 4.87 0.8103

Dry matter digestibility

Sl osle puan culils 76.74 78.26 77.67 78.64 5.15 0.8863

Organic matter
digestibility

o3lo p SIS 50 55 (53 yais )5 o W0+ 3kl 032) ¥ o oy SuiS asle p Sk 50 13 (55 pate 5 o YPA gl el oy 30L5) V jlas i ol (otolef] (clo o
2 Soy pais p)S o ¥0 + (p3lel o)) ¥ jless (s9y iy 3oy 3l o S 03la 2,59k 11y (g9 pais p)S o Vo + (p3lel o)) ¥ jloss g9y Mg o)k Sl 0 St
(59> Wy Byl ) oy S o3lo p)SolS y 13 (69) paie p ) o £+ + (5l 0102) O Jlas 5 59y g By 10 S 3l p)SokS o
5l o (PT00) o gxe (sylel OS] dgmg odimd yLis aind)y b y3 Coglite by y>
Treatments included: Treatment 1 (Control, basal diet with 29.68 mg Zn/kg DM), treatment 2 (basal diet + 15 mg Zn/kg DM as a
zinc sulphate), treatment 3 (basal diet + 30 mg Zn/kg DM as a zinc sulphate), treatment 4 (basal diet + 45 mg Zn/kg DM as a zinc
sulphate) and treatment 5 (basal diet + 60 mg Zn/kg DM as a zinc sulphate).

Means with different superscript letters in rows are significantly different (p<0.05).
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Table 5- Determination of zinc requirement in suckling calves and the estimated parameters based on the straight broken line

P e g 00 3015 (slo el

e (S35 02 55 2 27 ) s pte Estimated parameters of the model* b gl
Measured traits Zinc required (mg/kg DM) R U L p-value

Goy 32 £55) B pae Sis ol 78.72 78.72 -2.62 1692.40 0.1620
Dry matter intake (g/day)
(3ay 22 £5) wli9y 0r39 Lial5él 76.01 76.01 -2.60. 765.00 0.0896
Average daily gain (g)
()5 9uS) 5 s 3l 019 76.43 76.43 -0.19 97.25 0.0314
Weaning weight (kg)
D olie copo 74.87 74.87 0.01 2.21 0.0385

Feed conversion ratio

5 slie b cusls ahis Job iR ope 55 (g9 pate cbale X @llogS gl b o sanlie 5,Shee yiol)l Y (o 15 a5 3 Y = L+ U(R — X) & 90 ool 4t s Jao *
0Ad imyi 0,8das Sl b mie 4zl abai (o L g oS dais B bs b U (gg) pate 4 allugS ond )9l
* The straight broken line model was Y = L + U(R — X), where Y: observed performance parameter or response of calves, X: the
concentration of zinc in the diet, R: the abscissa of the breakpoint in the curve or the estimated zinc requirement of calves, U: the
slope of the line before the breakpoint and L: the ordinate of the breakpoint in the curve or the maximum predicted response of

calves.
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Table 6- Determination of zinc requirement in suckling calves and the estimated parameters based on quadratic broken line model
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Estimated parameters of the model*

Measured traits Zinc required (mg/kg DM) R U L p-value

(59y 2 £)5) (b yae Suis o3l 49.48 49.48 0.38 1665.30 0.0896

Dry matter intake (g/day)

(oy 3 p55) aligy cr3s Limlsl 83.96 83.96 -0.04 759.2 0.0070

Average daily gain (g)

(PsS5LS) 635 s 3l 0139 89.18 89.18 -0.003 97.01 0.0261

Weaning weight (kg)

s olie Cops 89.53 89.53 0.69x10 2.21 0.0375

Feed conversion ratio

bt Jsb R e 53 9oy e clle X Wl S Fob b el edalin s Sas byl Y Ol sassy Y=L+ U(R—X)2 S ot 35 Ay 4SS bt Jue F
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* The quadratic broken line model was Y = L + U(R — X)?, where Y = observed performance parameter or response of calves, X= the
concentration of zinc in the diet, R= the abscissa of the breakpoint in the curve or the estimated zinc requirement of calves, U= the
slope of the line before the breakpoint and L= the ordinate of the breakpoint in the curve or the maximum predicted response of
calves.
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Table 7- Determination of zinc requirement in suckling calves and the estimated parameters based on the quadratic polynomial

Soy pais il
0 ySoful clis ol p)SAS g5 ko) " Jss bsgs 01 35900 (slayiall 3 ot fbee Sl
(s p-value
. Zinc required Estimated parameters of the model* Maximum predicted
Measured traits
(mg/kg DM) a c performance
(ay 2 £55) LB pae Suis ol 79.85 1342.80 8.46 -0.05 1700.66 0.1201
Dry matter intake
(g/day)
oy 2 £55) aliey 03 Lialsél 86.99 468.00 6.79 -0.04 756.15 0.0070
Average daily gain (gr)
(PsS5LS) 635 s 3l 0139 79.50 75.70 0.48 -0.003 94.90 0.0261
Weaning weight (kg)
Jis i oo 86.99 2.76 -0.01 0.69x10* 2.40 0.0375

Feed conversion ratio
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* The quadratic regression model was Y = a + bX + ¢cX?, where Y: dependent variable (performance parameter or response of
calves), X: zinc concentration in the diet and a, b and c: estimated parameters of the model (constant models).
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Figure 1- Dependence of dietary zinc level and body weight gain in Holstein suckling calves based on fitting by quadratic broken
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Figure 2- Dependence of dietary zinc level and weaning weight in Holstein suckling calves based on fitting by straight broken line,

quadratic broken line and quadratic polynomial models
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Figure 3- Dependence of dietary zinc level and feed conversion ratio in Holstein suckling calves based on fitting by straight broken
line, quadratic broken line and quadratic polynomial models
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