
YOUNG, preweaned calves have a 
zone of thermoneutrality — when 
they do not need to expend energy 

to stay warm or keep from getting hotter 
— from about 59°F to 77°F (15-25°C), ac-
cording to the National Research Coun-
cil (2001). However, that zone can be af-
fected by several factors, such as hous-
ing, shade, wind, hair coat, etc.

Ruminants in general fare very well 
during cold weather. In fact, I think all 
large wild animals that do not hibernate 
during the winter in cold climates are ru-
minants. They enter the colder weather 
with more body fat, which provides 
some body insulation and acts as a spare 
energy reservoir, plus an increased hair 
coat for more insulation. Then, they 
subsist on high-fi ber/low-quality rough-
age sources, which provide more heat 
from rumen fermentation than lower-
fi ber/higher-quality diets, thus fueling 
an “internal furnace” to keep ruminants 
warmer without needing to utilize more 
dietary energy or mobilize as much 
body fat.

Young, preweaned calves without 
much starter intake and little heat of ru-
men fermentation have a lower end of 
thermal neutrality because of this lack 
of rumen fermentation. This means they 
need more energy to come from milk or 
milk replacer (Kertz, 2019 [Chapter 3, 
Section B, p. 29-33]) to maintain body-
weight gain.

What happens to calves during weath-
er when the ambient temperature ex-
ceeds the upper zone of thermal neutral-
ity? We know cows adjust the heat of ru-
men fermentation downward by eating 
less or eating less-fi brous feedstuffs.

If calves eat less starter when undergo-
ing heat stress, they will reduce daily gain, 
unless there is compensation by more 
milk or milk replacer feeding. Since there 
is an inverse relationship between more 
milk or milk replacer intake and starter 
intake (Gelsinger et al., 2016), how does 
this play out if calves are fed more milk 
replacer during summer heat stress?

Study
A study at the University of Georgia-
Tifton was conducted to address that 
question (Orellana Rivas et al., 2020). By 
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Milk replacer feeding may help 
ease heat stress response of calves

the way, there is an excellent, succinct 
literature review in the introduction of 
this paper.

The study was done from June to Oc-
tober 2016 using 52 Holstein male and 
female calves from the research herd.

After a feeding of 200 g of immunoglob-
ulin G colostrum replacer on the day of 
birth, calves were randomly assigned 
the following day to twice-daily feedings 
of the following treatments:

1. Control — 1.21 lb. of dry matter dai-
ly of a 20% protein/20% fat milk replacer 
(20/20);

2. Intermediate — 1.46 lb. daily of a 26% 
protein/17% fat milk replacer (26/17);

3. High — 1.70 lb. daily of the 26/17 
milk replacer, and

4. Aggressive — 1.92 lb. daily of the 
26/17 milk replacer.

Three calves on treatment 4 developed 
abomasal bloating at 10, 10 and 29 days 
of age, two of which died (consequently, 
the aggressive treatment was terminat-
ed).

Milk replacers were reconstituted to 
12.5% solids and fed at 0700 and 1600 
hours.

Calves initially were fed by bottles and 
then were trained to drink from buckets 
at four days of age. Weaning occurred 
at 49 days of age, with calves remaining 
in hutches for another week. A textured 
calf starter was provided free choice 
starting at two days of age, and intake 
was recorded daily. Water was offered 
free choice throughout the entire experi-
ment.

All calves were housed in individual 
polyethylene hutches without shade. 
The door of the hutches was oriented 
to the east, and the windows in the 
back and on the ridge of the hutch were 
opened for ventilation. The bedding ma-
terial was sand, which was cleaned twice 
each day and replaced once weekly.

The ambient temperature and rela-

Calf performance from birth to 56 days of age
    Std. error
 Control Intermediate High of means P-value
Milk replacer, lb./day 1.03 1.22 1.35 0.02 < 0.01
Starter intake, lb./day 0.91 0.92 0.87 0.11 0.93
Total dry matter intake, lb./day 1.82 1.95 2.05 0.10 0.25
Initial bodyweight, lb. 82.9 84.4 81.3 3.2 0.79
Daily gain, lb. 0.75 1.03 1.01 0.11 0.05
Wither height gain, in. 2.74 3.20 3.35 0.22 0.12
Hip height gain, in. 2.48 2.84 3.40 0.22 0.02
Insulin, µg/L 0.30 0.40 0.53 0.04 < 0.01
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Temperature and humidity measurements inside and outside
hutches over a 24-hour day
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tive humidity inside and outside the 
hutch were measured every 15 minutes 
by probes during the entire experiment. 
Rectal temperature and respiration rate 
were recorded three times each week — 
on Monday, Wednesday and Friday — at 
1430 hours, and the respiration rate was 
recorded by counting fl ank movement 
for one minute.

Fecal score was recorded twice daily 
— at 0730 and 1630 hours — throughout 
the experiment. A scouring calf was diag-
nosed based on the appearance of loose 
feces, reduced intake and dehydration. 
Milk replacer allowance during the after-
noon feeding was replaced with electro-
lytes for three to fi ve days, depending on 
whether the calf was recovered.

Jugular blood was sampled for analy-
ses at 5, 10, 14, 28, 42, 43, 45, 47, 49, 51 
and 56 days of age at 1100 hours.

Results
The ambient temperature and relative 
humidity (Figure) during the study aver-
aged 78.8°F + 10.4°F (26.0°C + 5.8°C) and 
75.2% + 19.9% inside the hutches and 
77.7°F + 7.2°F (25.4°C + 4.0°C) and 79.2% 
+ 16.3% outside the hutches, respective-
ly. During the hottest period of the day, 
approximately 1000-1800 hours, ambient 
temperature was greater but relative hu-
midity was lesser inside the hutch than 
outside. The opposite occurred during 
the other relatively cooler periods of the 
day, especially for temperatures. The 
Figure and data were kindly provided by 
Sha Tao.

Heat stress has been shown to begin at 
a temperature-humidity index (THI) of 68 
in lactating cows (Allen et al., 2013). For 
all hours of the day, THI exceeded that 
level in this study. However, unfortunate-
ly, heat stress in terms of THI has not 
been defi ned very well in young dairy 
calves. Calves may be more susceptible 
to heat stress than cows because they 
cannot manage their body temperature 
as well, do not handle stress as well and 

have a greater surface-to-bodyweight ra-
tio. Rectal temperatures and respiration 
rates did not differ among milk replacer 
feeding treatments.

Fecal scores tended (P = 0.10) to be 
affected by treatments, with the high-
er milk replacer level treatment being 
greater (P < 0.05) than the control during 
the fi rst four weeks of age and with the 
intermediate feeding level being in the 
middle for fecal scores.

Intake of dry matter, crude protein, fat 
and metabolizable energy were corre-
lated (P < 0.01) with daily gain (Table). 
Initial bodyweights were not different. 
There were only about 13 calves per 
treatment. For calf performance trials, 
this should be more like 15-20 calves 
per treatment (Kertz and Chester-Jones, 
2007), but in this case, calves came from 
the research herd, calvings are usually 
lower during summer months and the 
trial began with four treatments. Never-
theless, having fewer calves per treat-
ment limits the ability to pick up statis-
tically signifi cant differences, especially 
with much variation in calf trials.

Daily gains were greater (P < 0.05) for 
both higher milk replacer feeding lev-
els compared to the control. None of 
these daily gains would double calf birth 
weight by the end of two months of age, 
but remember that these calves were un-
der heat stress. There was a trend that 
as milk replacer feeding level increased, 
dry matter intake increased, but not due 
to greater starter intake.

Wither height (P < 0.12) and hip height 
(P < 0.02) tended to or did increase with 
greater milk replacer feeding levels. 
However, wither height should increase 
about 2 in. per month during the fi rst six 
months of life (Kertz et al., 1998), and 
hip heights should increase at a similar 
rate but should be about 2 in. more than 
wither heights.

Of the blood metabolites assayed, only 
insulin levels differed (P < 0.01) and re-
fl ected the greater milk replacer feeding 
levels.

The Bottom Line
Increasing milk replacer feeding by 18% 
or 31% during heat stress did increase 
daily gain by about 35%, but similar 
starter intakes among treatments did 
not provide enough additional intake to 
double birth weights at the end of two 
months of age — the gold standard for 
calf performance. In this study, that rate 
of gain would have had to be 1.77 lb.

Further increasing milk replacer in-
take resulted in some abomasal bloat 
and deaths, but this may have been 
ameliorated with more-than-twice-daily 
feedings. Nevertheless, it is diffi cult to 
achieve the goal of doubling calf birth 
weight under heat stress by the end of 
two months of age.
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