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Extended Abstract

Background: The lower limit of critical temperature for newborn calves ranges from 5°C (from
3 weeks and older) to 15°C (up to 3 weeks). As the temperature declines below the calf's lower
critical temperature, more dietary energy is required to maintain body temperature. Hence, the
main goal of this trial was to investigate the effect of milk replacer feeding levels on nutrient
intake, weight gain, and skeletal growth in newborn Holstein calves under cold stress.

Methods: Twenty-four neonatal Holstein calves were randomly assigned to receive either a
restricted (4 L/d; RPN) or a moderate (6 L/d; MPN) milk replacer feeding plan. Calves were
weaned on day 61 and remained in the study until day 91. Milk replacer intake, starter feed intake,
and ambient temperature were measured daily. Body weight was recorded immediately before the
initiation of the study and every 10 days thereafter. Average daily gain (g of BW gain/d) was
calculated as the difference between body weights recorded at 10-day intervals divided by 10.
Body frame size was measured immediately before the initiation of the study, at weaning, and at
the end of the trial.

Results: Nutrient intake from milk replacer was greater in MPN-fed calves before weaning (p <
0.001); however, nutrient intake from starter feed and total nutrient intake (except for crude fat
and metabolizable energy) were not affected by treatment groups before and after weaning.
Average daily gain was greater in MPN-fed calves (P = 0.04). Body weight gain before and after
weaning, as well as over the study period, was greater in MPN-fed calves (P = 0.01). Withers
height (at the end of the trial), body barrel (at weaning and at the end of the trial), hip height
(before weaning and over the overall period), and hip width (after weaning and over the overall
period) were greater in MPN-fed calves (P < 0.05).

Conclusion: Changing the feeding level of milk replacer did not affect starter feed intake before
and after weaning; however, calves fed a moderate level of milk replacer had greater weight and
skeletal growth. In general, feeding a moderate level of milk replacer is recommended for
newborn Holstein calves under cold stress conditions.
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Table 1. Ingredients and chemical composition (% of DM unless otherwise noted) of the experimental diet

Diet composition oy ST)ss pMl S5

10.0
7.1
47.0
14.1
18.8
1.2
0.38
0.38
0.57
0.47

91.9
19.1
52.8
19.2
32
5.7
0.74
0.43
3.01
2.25
1.71

Alfalfa hay dovg Suis cale

Wheat bran puiS" jogem

Corn grain, ground s15 Gl @) ails

Barley grain, ground e bl g ails

Soybean meal | gw dlous’

Calcium carbonate S <y S

Magnesium oxide w; jyio S|

Bentonite cuigi

Vitamin and mineral mixture *@‘m—@l@, JeSo

Salt o3

Chemical composition (% ) gbesd cuS 5

Dry matter i3 odlo

Crude protein pl- y5g 5

Non fibrous carbohydrates  8Ul, cl)ang S

Neutral detergent fiber s sdiygad )3 Jol>wel BUJI

Ether extract (¢l ojlac

Ash yuss

Calcium S’

Phosphorus ,ausé

Metabolizable energy (Mcal’kg of DM) jlw 5 cégu LB (55,1
Net energy for maintenance (Mcal’kg of DM) (s,l855 (slye (ald (55,1
Net energy for gain (Mcal/kg of DM) 1) (sl o2l (55,

o 5 TNF 550 o5 V5 wsg) o5 VTV E Cualiy Ml Soly VAe e D abiy Ml 0Ty VB -+ v A el Ml 55ly B+ + g oS o3 okS 12 -

S LS 45 VY g S .5 A 0] 25 VAIE ol p,5 V00

* Each kilogram of supplement contained: 975,000 IU of vitamin A, 750,000 IU of vitamin D, 1,800 IU of vitamin E, 143 g of Zn, 76 g of Mn,

48.6 g of Cu, 19.5 g of Se, 18.4 g of Fe, 8 g of Ca, and 1.3 g of Co.
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Table 2. Average daily nutrient composition of milk replacer (% of DM) fed to cold-stressed neonatal Holstein

calves

Milk replacer b oy 350>

Chemical composition (%) (o)) (gbesd cuS 5

10.77 £0.29
21.06 £0.09
17.09 £0.91
43.09 £0.32
7.99 +0.05
4.63+0.04

DM s oobe
CP pl (59
Fat pl& oy
Lactose joSY
Ash juSB

ME (Mcal/kg of DM) jlu 5 cbges 5 (5,
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P By oeelig pSke Vo Br el p)Sdie A B Greling £S5 e V00 Dy el (Mallom s Oe e e A ey (lallis soly YO - e gl Jgae
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Milk replacer (Imperial, Novin Roshd Shahran Foudeh, Isfahan, Iran) contains skimmed milk, whey powder, whey protein concentrate, vegetable fat,
vitamins (each kilogram contains 25000 IU vitamin A, 5000 IU vitamin D3, 150 mg vitamin E, 8 mg vitamin B;, 10 mg vitamin B,, 6 mg vitamin Bg,

300 mg vitamin C, 2 mg vitamin K, 300 mg choline chloride and 200 mg biotin), minerals (each kilogram contains 80 mg Zn, 70 mg Mn, 100 mg Fe, 1
mg 1, 0.4 mg Se and 0.6 mg Co) and Saccharomyces cerevisiae (10 mg/kg of product). This milk replacer contains (% DM) 22 % CP, 17 % fat, 0.4 %

CF, 8 % Ash, 0.9 % Ca and 0.6 % P.
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1- Univariate Procedure
3- Bayesian Information Criterion (BIC)

2- Auto-Regression Structure
4- Slice Option
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Table 3. Effect of milk replacer levels (restricted vs. moderated; RPN vs. MPN) on nutrients intake in cold-stressed

neonatal Holstein calves

Sobsre Jloisl pdaws

oinleil sl )less

P- value Experimental treatment
0y50 X slos I3TH) s Ole 3ol (ollas MPN RPN

Tx P Period Treat SEM
(B 5 39)) b 3ol 5l (B pan (e dlgo
Milk replacer nutrients intake (d 1-60)
0.001 0.001 0.001 2.58 597 413° (335 2 p.5) Suis oole
Dry matter (g/d)
0.001 0.001 0.001 0.02 1.49° 1.03* (N5 0y 3l shopd) St 03l
Dry matter (% of birth weight)
0.001 0.001 0.001 0.54 125° 87° (332 2 £5) F"Qﬁsﬁ«‘i
Crude protein (g/d)
0.001 0.001 0.001 111 257° 178 (395 2 £5) 55
Lactose
0.001 0.001 0.001 0.43 102° 720 (395 2 £5) &l o)las
Ether extract (g/d)
0.001 0.001 0.001 0.01 2.76° 1.91° (580 > I K) sl g g LB (3,
Metabolizable energy (Mcal/d)
(VB 595) 0ol Shs (bpae (sise Slso
Starter nutrients intake (d 1-91)
0.84 0.001 0.75 69.60 1267 1302 (391 2 p.5) Suis oole
Dry matter (g/d)
0.72 0.001 0.79 0.16 3.17 3.24 (N5 0y 3l shopd) St 03l
Dry matter (% of birth weight)
0.84 0.001 0.75 13.29 242 249 (331 2 p.5) P& B0
Crude protein (g/d)
0.84 0.001 0.75 36.75 669 687 (391 2 £5) Sl slaclyamg S
Non fibrous carbohydrates (g/d)
0.84 0.001 0.75 13.36 243 250 (335 2 £.5) 5 odagd 1> Jglonels LI
Neutral detergent fiber (g/d)
0.84 0.001 0.75 222 41 4 (395 2 p5) 55l o lae
Ether extract (g/d)
0.84 0.001 0.75 0.20 3.81 3.92 (580 > G JK) sl g g LB (3,
N Metabolizable energy (Mcal/d)
(VB jg)) (Brae (sdia dlge JS
Total nutrients intake
0.57 0.001 0.34 69.39 1667 1572 (39 22 p5) (Srae Std 03ls
Dry matter intake (g/d)
0.45 0.001 0.26 0.16 4.18 3.91 (55 03 5l gaopd) Sts o3le
Dry matter (% of birth weight)
0.56 0.001 0.27 13.24 326 306 (331 2 £.5) P& B9
Crude protein (g/d)
0.001 0.001 0.001 2.13 107" 90° (39 2 £5) S5l o )las
Ether extract (g/d)
0.64 0.001 0.05 0.20 5.66" 5.18° (585 2 I Ke) sl g g LB (5,

Metabolizable energy (Mcal/d)

(p S 1+0) 2l oo b ine cglis gl (glel s 5l Al s By b cardy yo 4 oySibe ab

el Cows dy il STysd g b 0ol 5l (Bae (ise dlge pex Jobs I Brae (die dlge JS
a,b. Means within a row with different superscripts are significantly different (p < 0.05).
* Total nutrients intake includes milk replacer nutrients plus starter nutrients intake.
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Figure 1. Effect of milk replacer plane of nutrition (restricted vs. moderated; RPN vs. MPN) on total metabolizable

energy (ME) intake (Mcal/d) in cold-stressed newborn Holstein calves. The SEM = 0.20. Effects in model: Treat (T):
P =0.05; Period (P): P=0.001; T x P: P=0.64.
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Table 4. Effect of milk replacer levels (restricted vs. moderated; RPN vs. MPN) on growth performancé (d 1to91)

in cold-stressed neonatal Holstein calves

e Juio) g

P-value

Oilejl sl jles
Experimental treatments

053 % jlas 0,9° Slos OrSlee 3 il glas MPN

. RPN
TxP Period Treat SEM

Performance 1) 3,Sles
0.42 0001 0.04 2233 787 7220 39293 25 AV B Y Sgy) wlig, 3 SIS 0aSlee
Average daily gain (d 1-91) g/d
Body weight (kg) (p,55kS) o 035
— — 0.85 0.84 40.0 40.2 Initial weight (d 1) (<5 js)) 25k 4 3555 (33
— — 0.06 1.10 75.5 72.9 Weaning weight (d 61) (5 js,) 5.5 s 31 059
— — 0.05 2.01 110.08" 105.0° Final weight (d 91) (A1 j5,) talesl 0)53 bl 03
Weight gain (kg) (5 obS) o 0js o2l4
— — 0.05 1.10 35.5% 32.7° Pre weaning (5 Sy 5| i
— — 0.04 1.41 35.3 32.1° Post weaning (5 5 s jl
— — 0.01 2.01 70.8° 65.0° Total (pre-+post) yislejl 0,95 JS
Feed efficiency 1,55 (3 pas 0djl;
0.06 0.001 045 0.01 0.47 0.46 Brae i odle JS g ) 0jg ORI e
ADG/total nutrients intake
o g Coge JB Gl U5 n lisy 0y pRlB) oSike

0.35 0.001 094 0.003 0.14 0.14 ;

rae
ADG/total ME intake

DS +/-0) 1l o o dne olis gl gylel a5l ldta e gy b s, o ) oSSl b
a,b: Means within a row with different superscripts are significantly different (p < 0.05).
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Table 5. Effect of milk replacer levels (restricted vs. moderated; RPN vs. MPN) on skeletal growth in cold-stressed

neonatal Holstein calves

P-value (¢ )l> sne gdaw

Experimental treatments  2olojl (sla)los

3ylstinl glls

Treat g SEM ke MPN LPN
Hearth girth (cm) (e s5bs) i 550
0.50 0.56 80.9 80.4 Initial (d 1) (< jo,) b 4 3959
0.22 0.74 104.9 103.6 Weaning (d 61) (5 js)) (505 o jl
0.30 1.01 116.5 115.0 Final (d 91) (Y ) (talejl 0)99 bk
Hearth girth change (cm) (o o5lo) dw jgd 43,
0.22 0.74 24.0 232 Pre weaning (¢,s5 s jl (i
0.88 0.76 11.6 11.4 Post weaning (¢ 8 s 5l
0.30 1.01 35.6 34.6 Overall (2lojl 0)95 J5
Withers height (cm) (e 5lo) o8 s glisl
0.62 0.52 78.5 78.8 Initial (d 1) (< jg)) )b 4 3959
0.40 0.39 91.4 90.9 Weaning (d 61) (5 j5)) (55 o jl
0.04 0.56 99.7° 98.3° Final (d 91) () jg,) (talejl 0)90 bk
Withers height change (cm) (e g5lo) o5 gas glis,l A3,
0.40 0.39 12.9 12.1 Pre weaning (¢, s jl (e
0.12 0.43 8.3 7.4 Post weaning (¢S d jl
0.03 0.56 21.2° 19.5° Overall (2lojl 0)95 J5
Body length (em) (2 5bs) o Jsb
0.43 0.32 43.1 42.7 Initial (d 1) (< jg,) )b 4 3959
0.12 0.21 51.0 50.5 Weaning (d 61) (%) jg,) (5565 s I
0.96 0.35 55.6 55.6 Final (d 91) () ) (talejl 2,50 bk
Body length change (cm) (e ko) o8 Jsb Slal38l
0.21 0.21 7.9 7.8 Pre weaning (5,5 s jl i
0.28 0.32 4.6 5.1 Post weaning (¢S d jl
0.96 0.35 12.5 12.9 Overall bojl o) J5
Body depth (cm) (e 5ls) o Bos
0.54 0.51 84.5 83.9 Initial (d 1) (< jg,) )b 4 3959
0.05 0.31 115./2¢ 112.0° Weaning (d 61) (5 jg,) (505 yas I
0.02 0.60 145.2° 139.9° Final (d 91) () ) (talejl 0)95 bk
Body depth change (cm) (e slo) b (5o A3,
0.05 0.31 30.7° 28.1° Pre weaning .5 3 5l e
0.05 0.48 30.0° 27.9° Post weaning (s S i 5l
0.02 0.60 60.7" 56.0° Overall bojl o) J5
Hip height (cm) (o slo) qun glis)l
0.32 0.51 80.0 80.7 Initial (d 1) (< jo,) b 4 3959
0.01 0.31 94.1° 92.9° Weaning (d 61) (5 jg,) (55 s I
0.05 0.60 101.8 100.5 Final (d 91) (Y ) (ialejl 0)90 bk
Hip height change (cm) (o cls) qub glis)l 43
0.01 0.31 14.1* 12.2 Pre weaning (5,5 s 5l Liw
0.89 0.48 7.7 7.6 Post weaning (s 3 s 5l
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Hip width (cm) (yzeg5ls) Gen (5=
0.32 0.12 14.0 14.2 Initial (d 1) (< jo,) ok 4 2959
0.52 0.15 19.0 19.1 Weaning (d 61) (5 js)) (505 s 5l
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hip width change (cm) (o gilo) G (oye A3,
0.52 0.15 5.0 4.9 Pre weaning (¢, s jl (i
0.01 0.16 4.9 3.9° Post weaning (55 jl ju
0.02 0.19 9.9 8.8 Overall (lojl 0)95 JS

P S 1+0) Mo 5 ixe gl gl gylel il alia s Bgp> b i) y2 50 o uSike 3,
a,b: Means within a row with different superscripts are significantly different (P < 0.05).
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