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ABSTRACT

An efficient management of the newborn dairy calf around birth results in reduced rearing costs and
increased future milk yield. To maintain young calves healthy and maximize performance and profit it
is important to create an environment that maintain low levels of stress. Low environment temperature
directly affects newborn and young calves’ performance, health and survival due hypothermia. For that
reason, the adaptation of the dairy calf to the cold environment is important, with body responses of
primary importance. However, some strategies may also be adopted to reduce cold stress induced by
heat loss. There are several ways to aid the young calf in low environmental temperature, starting
immediately after birth with colostrum feeding. Besides that, factors such as adequate housing,
management and nutrition, result in significantly decrease morbidity and mortality, and similar growth
rates as calves in the zone of thermoneutrality. The calf physiology adaptation to cope with cold stress
and the positive effect of feeding systems, resulting in greater heat production, health, and
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performance will be approach in this literature review.

Introduction

After birth, among other factors as dystocia, anoxia, and nutri-
tion, the survival of the calves depends on its ability to rapidly
adapt to the new environmental conditions (Bellows, 1997).
When the environmental temperature is low, the calf's body
responds throught heat production (thermogenesis) to cope
with the situation (Vermorel et al., 1989). However, the body
temperature regulation in young calves is not mature as in
old animals. Because of that, cold ambient temperature can
have some negative effects on calves’ health and survival
(Davis and Drackley, 1998). Poor calf health can lead to high
death losses and have a serious impact on net income for the
cattle producer (Bellows, 1997). Thus, the efficient growth and
performance of young dairy calves are extremely important to
decrease replacement heifer raising costs and increase the
potential of future milk production (Tozer and Heinrichs, 2001;
Van De Stroet et al., 2016; Chester-Jones et al., 2017).
Efficiency and success in dairy calf rearing in cold weather is a
function of a high standard feeding management, good hygiene
practices and prevention of disease that start soon after birth
(Pineda et al., 2016). In addition, one of the keys to maximizing
profit and keeping young calves healthy is creating an environ-
ment that keeps cold stress down, since it contributes to low per-
formance and increased rates of morbidity and mortality in the
first few weeks of life (Hulbert and Moisa, 2016). For that
reason, some strategies were created to reduce cold stress
such as dry and deep bedding (Webster, 1984; Lago et al,
2006), heat lamps (Butler et al, 2006; Borderas et al., 2009),
jackets, blankets or coats (Davis and Drackley, 1998) and extra
feed supply (Vermorel et al, 1983; Drackley, 2008; Ghasemi

et al, 2017). Therefore, this narrative review was prepared with
the motivation to increase the knowledge about the body physi-
ology processes and their adaptations to cold stress by the calf
presenting some management practices as adequate housing,
efficient management and feeding strategies.

Ambient temperature and calves’ thermoneutrality

There is a range of ambient temperatures for all mammals, within
which the general metabolism of the organism generates
sufficient heat as a byproduct of the metabolism, so that its pre-
determined body temperature can be maintained. This tempera-
ture range is known as the zone of thermoneutrality, and at this
temperature, the organism demonstrates its basal metabolic rate
(Cannon and Nedergaard, 2010). The thermoneutral zone of the
young calf varies with age, weight, environmental conditions,
and other stressors and ranges from 15°C to 25°C (Davis and
Drackley, 1998). The point in environmental temperature at the
lower end of the thermoneutral zone is termed the lower critical
temperature. Value for the lower critical temperature of calves
varies with age (Table 1). Diesch et al. (2004) studied the physio-
logical status of calves at birth and the perinatal factors that
might predispose newborn calves to debility and death. The
authors reported that calves born during windy and wet
weather, and when temperatures were <10°C, had lower rectal
temperatures right after birth (12 min) and took longer to
stand, as compared to calves born in dry weather and when
temperatures were > 10°C. With increased age, the lower critical
temperature declines due an increase in hair thickness and
length, skin thickness, and stores of subcutaneous fat.
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Table 1. Effect of age of calf on lower critical temperature.

Age (d) Critical temperature (°C)
1 134
5 12.2
10 10.8
15 9.5
20 8.4
25 7.3
30 6.4

Source: Adapted from Davis and Drackley (1998).

Lower critical temperature is observed in temperate countries
mainly during winter. However, some subtropical countries such
as Brazil, Argentina and Uruguay, also present temperatures
below lower critical temperature during winter in some regions.
In part of southwest and south of Brazil, calves may be exposed
to cold weather, wind and humidity, requiring body temperature
regulation (National Institute of Meteorology — INMET, 2017).
Thus, this is an issue for calves born at several regions worldwide,
with high importance for milk production. Regardless of the
region, at lower critical temperature, the body needs to produce
heat to keep the animal alive (Davis and Drackley, 1998).

Mechanisms of thermogenesis

Thermogenesis depends on exercise, diet, and climatic con-
ditions, in particular environmental temperature (Vermorel
et al, 1983; Harper et al, 2002). Heat is generated as a by-
product of metabolic reactions in biological systems (Girardier
and Stock, 1983). Animal’'s heat production is the result of
several phenomena: the metabolic rate of body tissues, the
metabolism of brown adipose tissue, shivering, physical activity
and the feeding heat increment (Vermorel et al., 1983).
Mammalian thermogenesis can be classified as obligatory or
facultative. Obligatory reactions include basal metabolic rate
and essential reactions such as ingestion and digestion of
feed, and metabolism of nutrients. The latter reactions
account for a significant proportion of diet-induced thermogen-
esis, the energy costs of assimilating nutrients and retaining net
energy (Harper et al., 2002). On the other hand, facultative reac-
tions include everything needed by the animal beyond the
basal metabolism. All cells and tissues of the body contribute
to obligatory thermogenesis. However, facultative thermogen-
esis is predominantly the result of metabolic reactions in two
types of tissue: skeletal muscle and brown adipose tissue
(BAT). In muscle, these processes include exercise-induced ther-
mogenesis and cold-induced shivering thermogenesis; both are
mechanisms that require coupled oxidative phosphorylation. In
BAT, facultative thermogenic processes include diet-induced
thermogenesis and cold-induced non-shivering thermogenesis;
both require uncoupled oxidative phosphorylation (Harper
et al, 2002). Production of heat to maintain homeothermy in
the neonate is dependent on shivering thermogenesis in the
muscle and non-shivering thermogenesis in BAT (Bellows, 1997)

Cold-induced shivering thermogenesis

Shivering is defined as an involuntary rhythmic contraction of
skeletal muscle myofibrils involving no voluntary movements

or external work (Herpin et al., 2005). Shivering involves episo-
dic or sustained vigorous contractions of antagonistic muscle
fibres without efficient work output, which causes an increased
turnover of the myofibrilar ATP pool and thus heat dissipation
(Klingenspor and Fromme, 2012). Shivering appears soon after
birth in calves housed at 10°C and stops when the hair coat is
almost dry. It first affects skin and then skeletal muscles (Ver-
morel et al.,, 1983). This behaviour has the intensity classified
according to the body regions where shivering is observed.
Bellows and Lammoglia (2000) classify shivering using a scale
from1 to 3, where (1) represents no shivering, (2) moderate shi-
vering of muscles in the back and legs and (3) intense shivering
of muscles in back, legs and face of the calf.

According to Vermorel et al. (1983), in 15 h old calves lying in
a 37°C water bath, shivering starts when water temperature
drops to 32°C (personal results). The lower the water tempera-
ture, the more the calf shivers. In addition, inspiration of cold
air causes an increase in rhythmic and tonic muscle activity,
increasing shivering behaviour (Pozos and Danzl, 2001). Shiver-
ing is immediately followed by an increase in heat production
ranging from 33% to more than 100% (Vermorel et al., 1983).

Nutrition of the dam in late gestation could also affect shiver-
ing thermogenesis in the neonate. Lammoglia et al. (1999b)
evaluating the effects of supplementing cows with fat (1.7%
or 47% crude dietary fat) during late gestation on cold toler-
ance in newborn calves. Authors reported that calves born
from dams supplemented with high fat presented higher
glucose concentrations, which is associated with shivering ther-
mogenesis. Increased concentrations of blood glucose in calves
resulted from glycogen mobilization as substrate for the shiver-
ing muscle (Lammoglia et al., 1999a). Concentrations of lactate
are also positively related to shivering, since muscular tremors
results in glucose anaerobic oxidation leading to lactate
buildup (Pozos and Danzl, 2001). As the body start to produce
heat by the BAT, shivering is reduced (Cannon and Nedergaard,
2004).

Cold-induced non-shivering thermogenesis

Non-shivering thermogenesis has been defined as ‘heat produ-
cing mechanisms due to processes that do not involve muscular
contractions, such as those involved in ion pumping or mito-
chondrial loose coupling’ (Herpin et al.,, 2005). Non-shivering
thermogenesis contributes to a large proportion of total heat
production of newborn calves in environments below the ther-
moneutral zone. In newborns, cold-induced non-shivering ther-
mogenesis occurs almost exclusively in BAT (Himms-Hagen,
1985), which is present in calves and other mammals (Vermorel
etal,, 1983). In smaller mammals at thermoneutrality, nearly half
of their energy metabolism goes towards BAT metabolism
(Cannon and Nedergaard, 2004). However, in environments
below thermoneutrality, the predominant energy utilizer is
the BAT. The availability of the BAT for the animal’s metabolism
and consequent heat production alters based on environmental
conditions: it atrophies when is not needed, and it is recruited
when a chronic, high demand is encountered (Cannon and
Nedergaard, 2004).

Brown adipose tissue is located in the perirenal, inguinal
and prescapular body regions and accounts to about 2% of
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Figure 1. Brown adipose tissue distribution in the animal body (Cannon and Nedergaard, 2004).

body weight (Figure 1) (Vermorel et al., 1983). The cells of BAT
are usually multilocular, containing several drops of stored
triacylglycerol, and are characteristically packed with many
large mitochondria (Cannon and Nedergaard, 2004). This
tissue represents the major portion of the depot fat reserve
in a newborn calf, and is about 40% lipid on a wet weight
basis (Okamoto et al, 1986). In addition, the BAT can also
use exogenous triacylglycerol and glucose for thermogenesis
(Himms-Hagen, 1985). The glucose can serve as a thermo-
genic substrate when it is abundantly available, i.e. after a
meal.

The BAT grows when it is stimulated by prolonged and
intense activation of its sympathetic nerve supply (Vermorel
et al.,, 1983). Information on body temperature, feeding status,
and body energy reserves is coordinated in an area in the
brain to the BAT. With a cold stimulation, a signal is transmitted
via the sympathetic nervous system to the individual brown adi-
pocytes. The released transmitter, norepinephrine, initiates tri-
glyceride breakdown in the brown adipocytes. The
intracellular signal is transmitted via cAMP and protein kinase
A, leading to mitochondrial combustion of substrates and
heat production (Cannon and Nedergaard, 2004). Mitochondria
in BAT have a unique proton conductance mechanism that
permits them to become reversibly uncoupled and thus to
oxidize substrates at an extremely high rate. This mechanism
is controlled by the intracellular concentration of fatty acids,
mainly generated by the breakdown of endogenous triacylgly-
cerol. The mechanism involves an uncoupling protein (UCP)
which has one binding site for purine nucleotides per dimer
on the outer surface of the inner mitochondrial membrane
(Himms-Hagen, 1985).

The activity of BAT lipoprotein lipase increases very rapidly in
response to acute sympathetic stimulation. When the cells are
thermogenically inactive they become filled with lipids and
may superficially resemble white adipose tissue cells (Himms-
Hagen, 1985). This occurs during the first month of calves’ life,
when BAT is rapidly converted to white adipose tissue, which
has decreased reactivity to norepinephrine (Vermorel et al.,
1983).

Cold environment affecting calf survival

The most challenging period for calves is from birth through
weaning. During this time, calves experience remarkable phys-
iological, metabolic, and environmental changes (Davis and
Drackley, 1998). Bellows (1997) reviewed factors affecting calf
survival and concluded that at or right after birth, the calf
may have the survival compromised for many reasons including
anoxia, dystocia, nutrition and suboptimal environmental temp-
eratures. At this moment, the calf moves from the controlled,
warm uterine environment, to the often hostile external
environment. This transition of ambient demands many physio-
logical actions to maintain normal body temperature especially
during cold weather. At low environmental temperature, new-
borns that have increased heat production to maximum levels
in response to cold exposure become hypothermic when the
ambient conditions are cold or some failure to produce heat
occur that heat loss exceeds heat production (Mellor and
Stafford, 2004). Failure to produce enough heat can lead to
the development of secondary complications including
chronic digestive and respiratory disorders, scouring and pneu-
monia, which affect later performance and increase mortality
(Young, 1983). Patterson et al. (1987) evaluated the calf loss inci-
dence from birth to weaning and found a calf mortality of
approximately 9-13% resultant of chilling/cold exposure, pneu-
monia and scours, being the severe cold weather conditions the
major factor causing variation in mortality rate.

According to Bellows (1997), the ability of the neonate to
maintain normal core body temperature is a function of its
ability to produce enough heat to balance the evaporative
and non-evaporative heat losses. This involves regulating
blood flow to the skin, heart rate, respiration rate and hair erec-
tion (Davis and Drackley, 1998). However, body temperature
regulation in calves develops with the age. Newborn are less
equipped to deal with cold environment than older calves
(Davis and Drackley, 1998). Thus, the adaptation of the young
dairy calf to a cold environment is mainly dependent upon
the availability of adequate housing, management and nutri-
tion, resulting in decrease morbidity and mortality, and similar
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growth rates as calves in the zone of thermoneutrality (Davis
and Drackley, 1998; Nonnecke et al., 2009; Pineda et al., 2016).

Management practices for young calves in cold
environment

There are several ways to aid the young calf in reducing its heat
loss from the body and increase thermogenesis. An important
consideration that helps to reduce heat losses is that the calf
has access to a dry, well-bedded shelter that provides protec-
tion from wind and extreme environmental conditions. Calf
pens should be bedded deeply to provide insulation in cold
weather (Davis and Drackley, 1998). Bedding is potentially
effective to reduce calves’ heat loss. If the bedding is sufficiently
deep, the calf can nest and trap a boundary layer of warm air
around itself, which reduces the lower critical temperature of
the calf (Nordlund, 2008).

Lago et al. (2006) evaluating calf respiratory disease and pen
microenvironments in naturally ventilated calf barns during the
winter assigned a nesting score based on how visible the calf's
legs were when the calf was lying down. Nesting score 1 was
assigned when calves lie on top of the bedding with legs
exposed. Score 2 was assigned when calves nestle slightly into
the bedding, but part of the legs were visible above the
bedding. Score 3 was used when the calf appears to nestle
deeply into the bedding material and legs were not visible. The
authors observed that the prevalence of calf respiratory disease
decreased with increasing nesting score. The potential for the
calf to nest deeply seems to reduce the risk for chilling and
allows for colder and better-ventilated spaces, since the animal
will have part of the body protected (Nordlund, 2008). Hutches
in cold climates are best bedded with long straw, to provide
greater isolative effects. A minimum of 15 cm of bedding is rec-
ommended and a variety of bedding material can be used. In
addition, adequate bedding absorbs moisture, which will help
keep the calf's haircoat dry to maintain its insulating function
(Davis and Drackley, 1998). Sutherland et al. (2013) rearing
calves on river stones, surfaces with low insulation property, at a
depth of approximately 20 cm up to 6 weeks in cold environment
conditions observed lower skin surface temperature and conse-
quently calves thermal discomfort as compared to calves reared
on sawdust at a depth of approximately 20 cm.

According to Butler et al. (2006), heat lamps are also an efficient
method for warming newborn calves, being important to con-
sider temperature regulation to avoid possible burns. A study
comparing the effectiveness of rewarming newborn calves pre-
viously exposed to a cold-water bath until the rectal temperature
reached 30°C with added insulation, heat lamp, warm water or
warm water plus ethanol showed that the metabolic effort was
50% less for the calves in the warm water than in the in the
added insulation and the heat lamp treatments. However, the
rewarming by the supplementary heat from infrared heat lamps
also may be achieved (Robinson and Young, 1988).

Another way to reduce heat losses is using calf jackets, blan-
kets or coats. Rawson et al. (1989) housed calves continuously
for two weeks in hutches within environmental chambers in
which temperature was cycled on a daily basis either
between —30° and —18° C. The authors observed that the insu-
lated coat which extended from the neck to the tail head,

covering both sides, provided a 52% increase in whole animal
resistance to heat loss (insulation) as compared to calves in
the same environmental chambers without coat.

Providing energy by feed is other method to combat
hypothermia by heat production. Animals should be fed an
extra energy to meet the increase in maintenance energy
requirements to produce heat (Davis and Drackley, 1998).
Okamoto et al. (1986) suggest that in situation where endogen-
ous substrates become depleted due to prolonged cold
exposure the provision of colostrum may help to maintain elev-
ated metabolism for a longer time. Noblet and Le Dividich
(1981) observed that pigs reared in cold conditions have had
rectal temperature positively related to the amount of colos-
trum intake whereas the rectal temperature from pigs reared
in warm conditions was independent of the colostrum intake.

Colostrum as an energy source for newborn calves’
thermogenesis

Bovine colostrum consists of a mixture of lacteal secretions and
constituents of blood serum, most notably Ig and other serum
proteins, which accumulate in the mammary gland during the
prepartum dry period (Barrington and Parish, 2001). Colostrum
is known to be important for passive immunity transfer (Weaver
et al, 2000; Uruakpa et al, 2002; Baumrucker et al, 2010).
Newborn calves are born hypogammaglobulinemic or agamma-
globulinemic due to the absence of transplacental transfer of anti-
bodies during gestation (McGuirk and Collins, 2004). However, the
ingestion of colostrum and absorption of antibodies early after
birth enable the passive immune transfer (Olson et al., 1980).
The efficiency of immunoglobulin transfer across the gut epi-
thelium is optimal during the first 4 h of life with a progressive
decline 6 h after birth (Godden, 2008). Osaka et al. (2014) provided
colostrum for the calves within 1 h, between 1 and 6 h, between 6
and 12 h orbetween 12 and 18 h after birth and observed that the
apparent efficiency of absorption of IgG declined by less than
0.3%/h from calving to 12 after birth, and then declined more
rapidly at 2.5%/h to at least 18 h after birth. In addition, the
authors reported that calves need to consume 120 g of IgG if
fed in the first hour after birth or 125 g of I1gG if fed between 1
and 6 h, to achieve 10 mg/mL of serum IgG at 24 h. Therefore,
the most important management factor in determining health
and survival of the neonatal calf is achieving early and adequate
intake of high quality colostrum (Godden, 2008).

Colostrum intake also aims to stimulate maturation and func-
tion of the neonatal gastrointestinal tract (Hammon et al., 2014).
Colostrum contains several peptide growth factors, which stimu-
late the growth and differentiation of mammalian cells, such as
Insulin-like growth factors (IGF-1 and IGF-2), transforming
growth factor beta (TGF-f1 and TGF-f2), growth hormone
(GH), epidermal growth factor, and insulin (Pakkanen and
Aalto, 1997). These hormones promote gastrointestinal tract
development, production of digestive enzymes, and absorption
capacity of nutrients (Bach, 2012). Yang et al. (2015) providing for
28 newborn calves first milking colostrum, transitional milk or
bulk tank milk (4 L immediately after birth and then 2 L at 8 h
after birth) reported that calves fed high quality colostrum pre-
sented higher IgG absorption at 24 and 48 h after feeding as
compared to transitional milk or bulk tank milk. Additionally, in



the first week calves fed first milking colostrum also presented
higher antioxidant activities and serum growth factors, villus
length and width, crypt depth, and mucosal thickness as com-
pared to transitional milk or bulk tank milk. On the other hand,
calves that received bulk tank milk presented villi severely atro-
phied, and some histological changes were detected.

In addition to passive immunity and growth factors effects,
colostrum feeding is important to neonatal thermogenesis
(Hammon et al, 2012). According to Herpin et al. (2005), in
cold environment body temperature and heat production are
positively related to the amount of colostrum intake. In a study
where colostrum or water was provided to newborn piglets
maintained at thermoneutrality or in cold environment at the
first day of life, colostrum provided as much as 75% of energy
required for heat production at a low critical temperature
(Herpin et al., 1994). The authors attempted to circumvent the
piglets’ activity during suckling by using tube-feeding and con-
ducting the same feeding routine on sham-fed piglets fed dis-
tilled water, to obtain by difference the ‘actual’ thermogenic
effect of colostrum, and not the heat associated with suckling
and physical activity. The thermogenic effect of colostrum is con-
sidered due to metabolic heat production represented by the
energy cost associated with digestion, absorption and proces-
sing of nutrients (Herpin et al., 1994). Vermorel et al. (1983) pre-
senting personal results in their review article reported that 24
Friesian calves held at 10°C increased heat production on
average by 18% and 9% during the first and the second hour
respectively, following colostrum consumption at 12 h of age.

Beyond heat production by the energy costs of assimilating
nutrients and retaining net energy, colostrum may promote
thermogenesis as a source of substrate for the BAT. Colostrum
supplies lactose, amino acids, and triglycerides (Table 2), consti-
tuting an excellent energy source (6.7 MJ/kg) to heat pro-
duction both by diet-induced thermogenesis and by
nonshivering thermogenesis (Vermorel et al, 1983; Himms-
Hagen, 1990; Kirovski, 2015).

Therefore, efficient management practice feeding calves’
high volume of colostrum during the first hours of life promote
passive immunity and thermogenesis, ensuring the best possible
start for optimum growth, reduced veterinarian and medical
costs, and increased milk yield as a mature animal (Faber et al.,
2005). The United States Department of Agriculture-National
Animal Health Monitoring System (USDA-NAHMS, 2014) rec-
ommends feeding colostrum at 10% of body weight. Faber
et al. (2005) reported that heifer calves fed 4 L of high quality

Table 2. Characteristics and composition of Holstein colostrum and milk.

Colostrum (milking postpartum)

Variable 1 2 3 Milk
Specific gravity 1.056 1.040 1.035 1.032
Total solids (%) 239 17.9 141 12.5
Fat (%) 6.7 54 3.9 3.6
Solids-not-fat (%) 16.7 12.2 9.8 8.6
Total protein (%) 14 8.4 5.1 3.2
Casein (%) 4.8 43 3.8 2.5
Albumin (%) 0.9 1.1 0.9 0.3
Immunoglobulins (%) 6.0 4.2 2.4 0.09
19G (g/100 mL) 3.2 2.5 1.5 0.06
Non-protein nitrogen (% of total N) 8.0 7.0 8.3 49
Lactose (%) 2.7 39 44 49

Source: Adapted from Davis and Drackley (1998).
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colostrum immediately after birth had veterinary costs from
birth until first calving reduced approximately $15.00 per
animal (based on health disorders and their respectively treat-
ment costs) compared with cohorts fed 2 L of colostrum. In
addition, animals fed the greater volume of colostrum presented
greater ADG, with ADG differing by 0.23 kg up to approximately
500 d of age between the two groups of heifers, and produced
1349 kg more milk/d across their second lactation than
animals in the 2 L treatment group. The improvements for
calves fed a higher volume of colostrum are probably due to
greater immunity but also energy supply during the first hours
of life. Another study reported that calves fed unlimited
amount of colostrum for 3 d after birth and mature milk up to
d 28 were able to digest and metabolize high amounts of feed
even during the first week of life compared with calves fed
restrict amount for 3 d after birth and a commonly rec-
ommended amounts of mature milk up to d 28 (Hammon
et al, 2002). Higher colostrum intake was accompanied by a
low plasma concentration of NEFA and cortisol indicating a
greater inhibition of fat mobilization and reduced gluconeogen-
esis stimulation with greater nutrient intake. Moreover, insulin
concentrations in calves fed unlimited amount of colostrum
and milk were higher than in calves fed commonly rec-
ommended amount, since plasma insulin concentrations
depend on the amount of ingested colostrum and energy intake.

When calves are fed adequate volumes of colostrum within
the first hours of life, environment conditions and the energy
obtained from the liquid diet become more important for ther-
mogenesis (Davis and Drackley, 1998). With prolonged
exposure to even mildly cold conditions, physiological adap-
tation occurs in animals resulting in increases in thermal insula-
tion, appetite and basal metabolic intensity, as well as
alterations in digestive functions. Primary among these
changes are an increased resting metabolic rate, and hence
an increased energy requirement for maintenance (Young,
1981, 1983). Therefore, temperature has an important effect
on the energy requirement of the young calf.

Feed requirements for calves’ maintenance bellow
thermoneutral conditions

In cold weather, the body alters physiologic processes, and
hence, requires more nutrients to control temperature
through heat production (Drackley, 2008). When temperature
falls below the lower critical temperature, the energy needed
to maintain core body temperature is supplied either by the
increased energy intake or from the increased metabolism of
tissue reserves (Nonnecke et al., 2009).

The National Research Council (NRC, 2001) established
energy requirements for calves less than 100 kg body weight
(BW) in units of metabolizable energy (ME), which in calves is
determined by subtracting losses of energy in faeces and
urine from total feed (or intake) energy. The ME requirements
for maintenance under thermoneutral conditions are approxi-
mately 1.75 Mcal/d for a 45-kg calf. Whole milk contains
about 5.37 Mcal /kg of solids, whereas milk replacer contains
about 4.6-4.7 Mcal/kg, which means that a 45-kg calf requires
325 g of milk solids or 380 g of milk replacer just for mainten-
ance at thermoneutrality.
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As environmental temperature decreases, maintenance
requirements for ME increases. At —20°C a 45-kg calf requires
about 725 g/d of milk replacer powder just to meet mainten-
ance requirements and maintain body temperature. Since
energy consumed above maintenance is used for growth, as
higher is the maintenance energy requirement, the lower is
animal performance, when feeding is not adjusted. Table 3
shows the effects of BW and environmental temperature on
maintenance ME requirements in calves less than 21 days of
age (Drackley, 2008). In concentrate starters, the main portion
of energy is derived from cereal grains such as corn.

As for energy, protein is required for maintenance and
growth as a source of amino acids. However, the protein
requirements for maintenance are small (about 30 g/d for a
45-kg calf) and are not believed to be substantially altered by
cold stress. Protein requirements are mostly determined by
the growth rate. On average, 188 g of protein are deposited
for every kilogram of BW gain in calves above or below thermo-
neutral conditions, which would require 250-280 g of crude
protein intake from milk replacer (Drackley, 2008).

Cold weather feeding strategies

According to Drackley (2008), practical feeding systems can be
made simple, although nutrients requirements for calves are
more complex than the industry has recognized. Dairy replace-
ment calves are usually fed limited amounts of whole milk or
milk replacer (4 L) and have ad libitum access to a dry grain
mixture (calf starter) prior to weaning. According to USDA-
NAHMS (2014), from the 1950s to the 1970s the approach was
to minimize the cost reducing amount of milk/milk replacer fed.
The restricted feeding system is known as a conventional milk-
feeding programme. This practice provides milk or milk replacer
(MR) at approximately 10% of calf's BW at birth (Jasper and
Weary, 2002), volume much lower than ad libitum intakes,
which are in the range of 16% to 20% of BW. When MR is fed, it
contains 20-22% CP and 15-20% fat and are traditionally recon-
stituted to approximately 12.5% solids (Cowles et al., 2006).

The conventional programme was designed to meet or
slightly exceed maintenance requirements of the young calf,
allowing about 200-300 g/d of growth under thermoneutral
conditions (Drackley, 2008). Nutrients for growth are met by
voluntary consumption of the starter concentrate rather than
solids from milk. Typically, this practice encourages calf starter
intake, and stimulates early rumen development, allowing a
smoother weaning transition (Bush and Nicholson, 1986). A
fully functional rumen allows the calf to utilize short chain fatty
acids (SCFA) as its primary energy substrate. However, very
young calves fed milk replacer at a conventional programme

Table 3. Maintenance requirements for metabolizable energy as affected by body
weight and environmental temperature in calves less than 21 days’ old.

Environmental temperature (°C)

20 10 0 -10 -20
BW (kg)

30 1.28 1.63 197 238 267
40 1.59 2.02 245 2.96 331
50 1.88 239 2.90 250 391
60 2.16 274 332 401 448

Source: Adapted from Drackley (2008).

rate during the winter do not consume enough energy to
achieve maintenance bellow thermoneutral conditions (Drack-
ley, 2008). Therefore, they do not grow at the targeted rates.
Alternatively to conventional milk feeding, some intensive
milk-feeding systems allow calves to receive greater or ad
libitum volume of milk. Calves may receive higher volumes
during the whole milk-feeding period, for example, 8L/d or
more from birth to weaning. Intensive programmes allow
increased early and future life performance in general by pro-
viding more dry matter per day from milk or milk replacer
and greater amount of crude protein, with fat content similar
or less to the conventional method (Rincker et al, 2011).
These authors found those results providing a high-protein
milk replacer (30.6% CP, 16.1% fat, 15% solids) for intensive
diet, whereas the conventional diet was constituted of conven-
tional milk replacer (21.5% CP, 21.5% fat, 12.5% solids). Accord-
ing to Raeth-Knight et al. (2009), solids content of intensive milk
replacer ranges from 12.5% to 17.5%. A recent research showed
that calves fed milk replacer ad libitum presented greater
average weight gain in the first phase of life and milk yield in
the first lactation 612 kg above that animals fed approximately
50% less milk replacer (Korst et al., 2017). According to Soberon
et al. (2012) for every 1 kg of preweaning average weight gain,
milk yield increase about 1,113 kg in the first lactation.
However, this practice reduces starter intake, since liquid
feed intake is negatively correlated with the solid feed intake
(Gelsinger et al.,, 2016), which difficult weaning. A study using
medium CP (20.2%) milk replacer reported that Holstein
calves fed intensive (8 L/d) presented lower concentrate
intake (100.0 g of DM/d) during preweaning than calves in
the conventional programme (4 L/d; 362.1 g of DM/d). On the
other hand, concentrate intake showed no difference among
treatments post-weaning (de Paula et al, 2017). Another
problem with this programme is that very young animals may
not consume greater volumes of the liquid diet. Therefore, an
alternative to solve both problems is to alter the volume of
feeding with step-up/step-down programme. In this pro-
gramme, milk feeding is gradually increased to reach a peak
in the middle of the milk-feeding period before it is gradually
decreased to the original level towards the end of the period
(Omidi-Mizaei et al., 2015). Omidi-Mirzaei et al. (2015) observed
that calves fed a step-down (d 1-29, 6 L/d; d 30-45, 4 L/d; d 46—
56, 2 L/d), or step-up/step-down (d 1-5, 6 L/d; d 6-15, 8 L/d; d
16-35, 10 L/d; d 36-42, 8 L/d; d 43-47, 6 L/d; d 48-52, 4 L/d; d
53-56, 2 L/d) system, improved the total DMI (1.21 and 1.43 kg/
d, respectively), BW (60.9 and 69.5 kg, respectively) and some
body measurements during pre and post-weaning compared
to calves in the conventional diet (1.08 kg/d of DMI, and
57.7 kg of BW). According to the authors, the better perform-
ance could be explained by the higher nutrient availability
due to the greater milk intake, since improvements in growth
and feed efficiency occur because of feeding greater amounts
of liquid diet. Quigley et al. (2006) also reported that calves
fed additional milk replacer in a step-up/step-down programme
(28% CP and 16% fat offered at 3.8, 5.6, 7.2, and 3.8 L/d during d
0-7, 8-14, 15-31, and 32-41, respectively) had greater milk
intake, BW, BW gain, feed efficiency, than calves fed conven-
tional method (20% CP and 20% fat offered at 3.8 L/d)
(Quigley et al, 2006). It is important to note that these



feeding programmes may be applied to animals raised under
normal or bellow thermoneutral temperatures. However, as
the energy requirement of calves bellow thermoneutral temp-
eratures is higher, this programmes will not result in increased
performance when compared to calves under thermoneutral
temperatures (Davis and Drackley, 1998).

From birth to the first 2-3 weeks of age, the calf consumes
negligible amounts of dry feed and relies almost entirely on
milk or milk replacer to meet nutrient requirements. During
this phase, the solids in milk and milk replacer are digested
by enzymes in the abomasum and small intestine and the
rumen is undeveloped (Xu, 1996). The digestive enzymes
allow highly efficient digestion of milk proteins, lactose, and
triacylglycerides, and smaller digestion of non-milk proteins or
polysaccharides such as starch (Drackley, 2008). As the calf
begins to consume starter, its fermentation leads to a fast differ-
entiation of the rumen epithelium so that the SCFA produced
from microbial fermentation can be absorbed and metabolized.
The animal will depends exclusively on fermentation of the
solid diet only after weaning (Drackley, 2008).

Because of their lack of rumen functionality, young calves
should be fed extra energy by increasing the amount of a good
quality liquid diet to meet the increase in maintenance energy
requirements when housed below the thermoneutral zone.
According to the NRC (2001), dietary requirements during the
preruminant phase are best met with high-quality liquid diets for-
mulated with a rich source of carbohydrates, proteins and fats
that are efficiently digested, with the addition of starter during
the transition phase. Allowing calves greater intake of liquid
feed during early life is closer to natural conditions in which
calves would have ad libitum access to milk (Drackley, 2008).

Drackley (2008) suggests that at low environmental temp-
erature some producers could use feeding strategies to
improve calf growth and health. Producers may increase the
volume of milk or milk replacer fed at each feeding or increase
solids content to each feeding, increasing energy intake. For
those that are already feeding larger amounts of milk or repla-
cer, a third meal may be added to the feeding routine. Another
way to increase the energy intake is by feeding a higher energy
content milk replacer or supplement the milk replacer with
added fat or additional solids. On the other hand, feeding
starter diet with supplementary fat has been discouraged
mainly due to the reduced voluntary starter intake, which
diminishes the energy intake and rumen development in
calves. However, starter supplementation with fat may be ben-
eficial when feeding under the effects of cold stress (Ghasemi
et al, 2017). The authors indicate that young calves increase
their energy intake during cold stress, and feed intake is not
limited by metabolic factors as fat supplements (3%) are fed.

Final considerations

Decreased heat losses in the newborn dairy calf depends on the
availability of adequate nutrition, housing and management,
resulting in significant reduction in morbidity and mortality,
and similar growth rates as calves in the thermoneutrality
zone. Besides the role in the passive immune transfer process,
colostrum feeding is an important tool to increase newborn
calves’ thermoregulatory responses during cold environment,
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increasing future productivity. In addition, for calves submitted
to low environmental temperature within first months of life, an
elevated plane of nutrition increases heat production, allowing
maintained or even increased calves’ performance.
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