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Background and Objectives: Lower critical temperature for a neonatal
dairy calf ranges from 5 to 15°C. As the temperature drops below the calf's
lower critical temperature, calf needs more dietary energy to maintain body
temperature. If calves are fed the same amount of milk as under moderate
environmental conditions, less energy will be available to support growth.
In most small and medium holder Iranian farms, dairy calves are usually
fed with 4 L/d (equivalent to approximately 10% of birth weight) of liquid
feed in fixed amounts until they are weaned on 60 d old. The aim of
present experiment was to investigate the effect of milk replacer plane of
nutrition (restricted vs. moderated; 4 vs. 6 L/d) on starter feed intake
pattern, feeding behavior, and health in cold-stressed neonatal Holstein
calves.

Materials and Methods: Twenty-four (n = 12 calf/treatment; 3 d old)
newborn female Holstein calves (40.1 + 0.84 kg; BW + SE) were randomly
assigned to receive either restricted (4 L/d; RPN) or moderated (6 L/d;
MPN) milk replacer (21% crude protein, 17% fat, and 43% lactose on a dry
matter basis) plane of nutrition. Calves were reared outdoor in individual
pens with a mean ambient temperature of 3°C during the experiment.
Calves were fed milk replacer twice daily at 0800 and 1700 h in pens
bedded with wheat straw. Milk replacer intake, starter feed intake, fecal
score (on a 1-5 score system), and ambient temperature were measured
daily. All calves were visually observed (every 5 min) to monitor the
eating, ruminating, resting, standing, lying, drinking, and non-nutritive oral
behaviors for a 8-h period (between 0900 and 1700 h) once per 3
successive d before weaning (d 50-52 of the trial) as well as once per 3
successive d after weaning (d 83-85 of the trial). Repeated-measures
ANOVA was used to compare feed intake and feeding behaviors between
treatment groups, and logistic regression model using a binomial
distribution (PROC GLIMMIX) was used to assess the chance of diarrhea
(=3) and needs to medication before weaning. Poisson regression model
(PROC GENMOD) was also used to test group differences in frequency
and duration of diarrhea and days medicated before weaning.

Results: Milk replacer dry matter intake was greater in MPN vs. RPN fed
calves. Meal pattern including meal frequency (6.0 bouts/8-h), meal length
(10.7 min), inter-meal interval (80.1 min), eating rate (14.5 g of starter
feed/min), and meal size (154.5 g of starter feed/bout) and rumination
pattern including the number of bouts (3.8 bouts/8-h), rumination duration
(17.1 min), and interval between rumination bouts (129.2 min) were not
affected by treatment groups. Time spent ruminating and times devoted to
drinking were greater in MPN vs. RPN calves. Meal frequency, meal
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length, eating rate, meal size, rumination duration, and time for standing
were greater but inter-meal interval and time for lying were lower during
the post- vs. pre-weaning period, respectively. Non-nutritive oral behaviors
and diarrhea frequency were not affected by experimental treatments.
Calves receiving RPN vs. MPN had lower chance of diarrhea and greater
chance of medication. Days with diarrhea and medication days were
shorter in RPN vs. MPN fed calves.

Conclusion: The lack of significant difference in starter feed intake
between experimental treatments was probably due to the lack of
difference in the number and size of the meals. Although the calves fed
MPN had higher chance of diarrhea with longer duration, the incidence of
diarrhea was not affected by the milk replacer feeding level.

Cite this article: Rezaei, H., Kargar, S. (2023). Effect of milk replacer plane of nutrition on starter
feed intake pattern, feeding behavior, and health in cold-stressed neonatal Holstein calves.
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Figure 1: Temporal pattern of minimum (Min), mean, and maximum (Max) temperature during the experiment. The
average maximum, mean, and minimum temperature were 11.1, 3.0, and —4.9°C, respectively. Dashed lines indicate
the lower critical temperature of 15 or 5°C for newborn calves less than (Arieli et al., 1995) or beyond 21-d

(Drackley, 2008) of age, respectively.
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Table 1- Ingredients and chemical composition (% of DM unless otherwise noted) of the experimental diet

(Feed ingredients) s, = (>l
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7.10 (Wheat bran) p.8’ . s
47.00 (Corn grain, ground) e.s olul &5 <l
14.10 (Barley grain, ground) ois ol = 4l
18.80 (Soybean meal) L ;. s
1.20 (Calcium carbonate) ...Is <y §
0.58 (Vitamin & mineral mix") jaes 5 juebys Jose
0.47 (Salt)
0.38 (Magnesium oxide) . s s
0.37 (Bentonite) «. sz
(Chemical composition) le.s .S 5
91.90 (Dry matter) e o5l
94.30 (Organic matter) i .l
19.10 (Crude protein) pl= 55
52.80 (Non-fibrous carbohydrate®) Ui slaclis 5
19.20 (Neutral detergent fiber) = sa s 55 J el U
3.20 (Ether-extract) pbs . =
5.70 (Ash) st
0.74 (Ca) ks
0.43 (P) as
3.01 (ME, Mcal/kg of DM 5l st s LG 555
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Contained per kilogram of the supplement: 975,000 IU of vitamin A, 750,000 IU of vitamin Ds, 1,800 IU of vitamin E, 143.0 g
of Zn, 76.0 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.

2NFC = 100 — (NDF% + CP% + Fat% + Ash%). NRC (2001)
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Table 2- Effect of milk replacer plane of nutrition (restricted vs. moderated; RPN vs. MPN) on dry matter intake in

cold-stressed neonatal Holstein calves
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0.001 0001  0.001 258 597° 413 53022 05 PV BN 35 Ppae
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Total dry matter intake (d 1 to 91)
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Table 3- Effect of milk replacer plane of nutrition (restricted vs. moderated; RPN vs. MPN) on meal and

rumination patterns in cold-stressed neonatal Holstein calves
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Table 4- Effect of milk replacer plane of nutrition (restricted vs. moderated; RPN vs. MPN) on chewing behavior
and time devoted to resting, standing, lying, drinking, and non-nutritive oral behaviors (NNOB) in cold-stressed

neonatal Holstein calves
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*Means within a row for each effect with different superscripts are different (P < 0.05).
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Table 5- Logistic model for the occurrence of diarrhea (>3)* and needs to medication during the preweaning
period (d 1-61) as influenced by milk replacer plane of nutrition (restricted vs. moderated; RPN vs. MPN) in cold-
stressed neonatal Holstein calves

kel (glax
oy Ml sl . aslin 5 pina

o c. e
Odds oSNk Coefficient Variable and
ratio? (SEM) comparison

Sols sne Jlaz=| Cla.w (140) Oluads! 5 50~
P-value 95% CI®

el ¢ 535
Diarrhea occurrence
L gie Jslie 53 3 5uee C]a.d
RPN vs. MPN
Jlgwl Oleys
Diarrhea medication
occurrence
L gie Jslie 53 35050 da.ﬂ
RPN vs. MPN

0.001 0.34,0.72 0.50 0.18 —0.6868

0.001 1.33,3.01 2.00 0.20 0.6953

Where 1 = normal; 2 = soft to loose; 3 = loose to watery; 4 = watery, mucous, and slightly bloody; and 5 = watery, mucous, and
bloody (Heinrichs et al., 2003).

*The odds ratio (OR) indicates the probability of having diarrhea (>3) for the experimental treatments (RPN vs. MPN). If the OR
is > 1, a given treatment in the comparison is more likely to have diarrhea (>3) than the other treatment by a factor of the
difference above 1. If the OR is < 1, a given treatment has a lower probability of occurrence than the other treatment.
®Confidence interval.
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Table 6- Poisson regression for frequency and duration of diarrhea (>3)' and days medicated during the

preweaning period (d 1-61) as influenced by milk replacer plane of nutrition (restricted vs. moderated; RPN vs.
MPN) in cold-stressed neonatal Holstein calves
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P\eans within a row for each effect with different superscripts are different (P < 0.05).
Where 1 = normal; 2 = soft to loose; 3 = loose to watery; 4 = watery, mucous, and slightly bloody; and 5 = watery, mucous, and
bloody (Heinrichs et al., 2003).
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