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ABSTRACT

Heat stress has resulted in reduced feed intake and low metabolic rate. These responses are related to thyroid activity which directly
influence the gut motility and passage rate of the digesta. Changes in the quality and quantity of food alter the intensity of the metabolic
heat load. Supplementing the diets with sodium bicarbonate and potassium or sodium salts alleviate the negative effects of heat stress.
Cold stress increases portal blood flow and improves nutrient utilization. Forage intake, digestibility and time spent for grazing was
positively correlated to the ambient temperature below 0 °C. Forage intake during extremely cold weather, was substantially below
maintenance requirements under normal temperature. Digestibility of low quality forages during cold weather was lower by the grazing
than that of confined animals. This large energy deficit could possibly be because of increased maintenance needs coupled with low
intake, increasing gastrointestinal tract motility, resulting in a greater digesta passage rate which reduces digestibility. Reduction in milk
production due to cold stress is attributed to greater uptake and oxidation of blood glucose to maintain body temperature. Winter
management strategies should therefore, include consideration for increased energy requirements and low levels of forage intake as air
temperature becomes cooler. such practices might include feeding supplements that enhance forage intake and digestibility, timing of
supplementation so that grazing activities are not disrupted and range forage intake is not reduced and selection of winter grazing sites that

provide feeding and resting sites protected from wind.
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Temperature stress is a phenomenon that can
impart physical and economical losses to livestock
production in temperate, subtropic and tropical regions
of the world. Temperature stressed animals undergo a
series of metabolic and physiological changes. These
changes are necessary for adaptability and survivability
of the animal. Nutritional balance of the animal is an
important factor in thermal stress, the disturbance of
which may be deleterious to performance
(Christopherson & Kennedy, 1983; Beede et al., 1983)

Thermal stress in livestock production results in
increased demand for net energy for maintenance and
subsequent reduction in energy for tissue growth and
production (Ames ez al, 1994). Interactions between
nutrition and stress results in nutrient deficiencies which
affects animal's ability to counter the stress (National
Dairy Council, 1980). Thermal stress has negative
ceffect on food consumption and metabolic activities.

Cold stress (below the thermoneutral zone)
increased maintenance requirements of livestock
(Hidiroglou & Lessard, 1970). At ambient temperatures
below the lower limit of the thermoneutral zone, sheep
convert more energy to heat (Graham et al, 1959)
and digest their feed less efficiently (National Research
Council; NRC, 1989). Unless additional food energy is
provided to compensate for increased energy

demands in a cold environment, availability of
metabolizable energy (ME) for productive processes
would be limited (McBride & Christopherson, 1984). In
addition, changes in the thermal environment caused by
variations in temperature, wind, humidity, precipitation
and radiation induce a variety of physiological
responses in animals (Christopherson & Kennedy,
1983). Wind is known to have significant effect on heat
loss from cattle (Webster, 1974). Ames and Insley
(1975) suggested that the human-wind-chill relationship
is quadratic in nature but this relationship is not valid for
animals with natural covering, particularly at wind
velocities greater than 40 km/h. Instead, the relationship
between rate of heat loss and wind velocity for animals
with hair or wool is predicted more accurately by a
cubic function, which may account for the destruction
of the external insulation occurring during wind speeds
greater than 40 knvh. In general, environmental changes
evoke predictable responses in the nervous, circulatory,
renal and endocrine systems that allow animals to adjust
to the altered environment (Christopherson & Kennedy,
1983). However, changes in thermal environment also
induce alterations in activity and function of the
digestive systemn that are independent of changes in feed
intake. This paper will discuss energy requirements for
forage intake, passage rate, digestibility, metabolism,
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milk production and body condition of livestock as
affected by temperature stress.

Heat stress ’

Feed intake. A decrease in feed intake and reduction in
metabolic rate resulted in cattle exposed to heat stress
(Baccari et al, 1983). These responses helped in
maintaining heat balance (Beede et al., 1983). However,
in most temperate breeds of cattle, higher intake of
good quality forage resulted in enhanced metabolic rate
and increased requirements for water consumption for
intermediary  metabolism and  thermoregulation
(Springell, 1968).

Voluntary intake has been shown to be affected in
feedlot cattle exposed to temperature outside their
thermoneutral zone (NRC, 1984). The reduction in dry
matter (DM) intake from roughage based diets becomes
pronounced when environmental temperature increase is
accompanied with high humidity (Bhattacharya &
Hussain, 1993; Warren ef al,, 1974). The feed intake, in
intensively managed livestock, is less affected by the
heat stress, compared to the grazing animals, in which
reduction in grazing activity is to maintain heat balance
(Beede et al., 1983).

Thermal stress has an indirect relationship to feed

intake. Westra and Christopherson (1976) showed that
heat stress induces alterations in the activity of the
digestive system. The environmental temperature has
been associated with the activity of the thyroid gland
(Gale, 1973), the reduction of which results in reduced
gut motility and rate of passage of digesta (Kennedy et
al.,, 1982).
Digestibility. Exposure to heat stress has been shown to
increase digestibilities of DM, crude protein, cell
solubles and various fiber fractions, as a result of
reduced passage rate and increased mean retention time
(Lippke, 1975, Warren et al., 1974). However, similar
studies with sheep subjected to heat stress showed only
improved fibre digestibility (Lippke, 1975; Bhattacharya
& Hussain, 1993). A decrease in volatile fatty acids
(VFA) production and alteration in the ratio of acetate to
propionate has been reported in heat stress animal
(Gengler et al, 1968). Lomax and Baird (1982)
investigated the effects of nutrient output on fasting
cows. When the animals were fasted for 24 h, there was
a decrease in the gut output of acetate, propionate,
butyrate and ketone bodies.  Christopherson and
Kennedy (1983) indicated that digestibility of 100%
concentrate diets appear not to be temperature
dependent.
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Metabolism. Rate of absorption and utilization of
nutrients in heat stressed animals have not been well
documented. However, Thatcher and Collier (1982)
reported that vasodilalation and increased blood flow in
heat stressed animals helps dissipation of excessive heat
load. These changes result in a reduction of blood
supply to the internal organs, including the ruminant
forestomach (Englehardt & Hales, 1977). Lomax and
Baird (1982) indicated that blood flow to the digestive
tract is greatly influenced by the level of feed intake, a
factor which is related to the environmental temperature
(Attebery & Johnson, 1969).

Glucocorticoid levels increase during heat stress
(Collier et al., 1995). Association between circulatory
glucocorticoids and proteolytic activity in digestive tract
results in increased urinary nitrogen and creatinine
excretion (Tepperman, 1980). Colditz (1972) indicated a
greater protein -catabolism and lower nitrogen retention
in cattle kept at 48°C. Battacharya and Hussain (1993)
concluded that heat stress resulted in a reduced ME and
nitrogen retention. Ames and Brink (1977) reported that
increase energy requirement by thermally-stressed
animals significantly reduced the protein deficiency
ratio. For efficient utilization of dietary protein during
heat stress, Ames ef al. (1994) suggested that protein
intake should be adjusted in proportion to expected
reduction in average daily gain.

Baccari et al. (1983) reported a reduction in
plasma triiodothyronine, decrease in body weight gain
and poor feed conversion, in heat stressed animals when
compared to the animals in thermoneutral zone.

Heat stress results in the loss of large proportion of
sodium, potassium, magnesium and chloride ions from
the body (Jekinson & Mabon, 1973). At environmental
temperature of 40°C, Collier et al. (1995) observed a
28-fold increase in the urinary excretion of potassium
compared to cows maintained at 15°C. Addition of
dietary potassium (Mallonee ef al., 1993) and sodium
salt (Schneider et al, 1986) has been shown to increase
DM intake .and milk production in heat stressed dairy
Cows.

Cold stress

Feed intake. Graham et al. (1982) reported that shorn
sheep exposed to cold stress during grazing increased
feed intake by 20 to 40% to compensate for heat loss.
Likewise, Baile and Forbes (1974) reported increased
voluntary food intake in cold stressed animals. This
response is directly related to the activity of the thyroid
gland (Gale, 1973). The elevation of thyroid activity
results in increased ruminoreticulum motility and higher
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rate of passage of digesta (Westra & Christopherson,
1976; Gonyou et al, 1979). In contrast. cows
consuming only range forage ate less at lower
temperature when compared to those kept at warmer
winter temperature (Adams et al., 1986). Further, a
44% reduction in feed intake was observed between two
5 days period when air temperature averaged about -15
and -27°C (Adams et al., 1986). Kartchner (1996) also
found that intake of cows grazing on winter forage was
below maintenance during harsh than during mild
weather. 1f energy requirements for grazing and cold
environments - are  considered simultaneously, the
rclationship between intake and requirement would be
even less favorable (Adams, 1987). Decreased intake of
forage results in lesser production of thermoneutral heat
which inturn mobilize body fat to bridge energy gap to
maintain body temperature (Webster, 1974). During
cold exposure, Young (1975) found elevated
concentrations of glucose and free fatty acids in the
blood. Baile and Della-Fera (1993) reported that
elevated levels of free fatty acids in the blood are
associated with reduced intake.

Passage rate. Increased ruminoreticulum motility
during cold exposure enhances the rate of passage of
small particles from the rumen by promoting their
mixing, sorting and fluid propulsion (Gonyou et al,
1979).  Nicholson et al. (1980) reported that cold
exposure reduces the digestibility of long, chopped and
ground-pelleted forms of hay by about the same
amount, suggesting that rate of particle size reduction
for the long and chopped hay may havc been enhanced
bv cold exposure. Feedlot cattle exposed to cold
temperature showed increases in the rumination activity
(Gonyou er «l., 1979). Pearce and Moir (1964)
associated this increase in rumination to higher rate of
passage of digesta through the gut and subsequent
decrease in nutrient digestibility. Cold exposure might
alter chemoreceptor reflexes by influencing ruminal
blood flow and hence absorption. There is evidence for
enhanced blood flow to the ruminant digestive tract
during moderate cold stress (Thompson ef al., 1978) and
reduced blood flow during heat stress (Hales. 1973). An
increased blood flow may enhance VFA absorption
from the rumen (Thompson ef al., 1978). This response
is relative to the greater release of ruminal VFA into the
“portal blood. Leck and Harding (1975) reported that
lowering the concentration of ruminal VFA would
reduce one of the inhibitory inputs to the gastric centre
which consequently results in increased motility.
Kennedy er al. (1982) reported significant decrease in
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VFA production rate in the rumen of cold exposed
sheep. These results are consistent with the hypothesis
that reduction in VFA concentration increase ruminal
motility and consequently passage rate.

Digestibility. Nicholson et al. (1980) has reported
reduced feed digestibility in steers exposed to cold
temperature. Graham ef al. (1980) indicated that cold
temperature increased both fecal and urinary energy
losses, resulting in a decreased ME availability. It is
generally accepted that cold exposure decrease
digestibility of feeds in confined ruminants (Kennedy e:
al,, 1982). Likewise, reduced forage digestibility has
been associated with cold in grazing animals (Adams ef
al., 1986); however, in grazing ruminants, differences in
forage digestibility between mild and harsh weather
often have been large. In addition, Adams (1987)
reported that low forage digestibilites during periods of
cold weather would greatly limit nutrients to the
animals and would affect their performance.

Christopherson and Kennedy (1983) concluded that

energy deficit of an animal modulates gut function.
They suggested energy deficit increases gastrointestinal
tract activity and increases passage of digesta, which
reduces digestibility.

Milk production. Cold exposure directly limits the
synthetic capacity of the mammary gland by reducing
mammary gland temperature or may act indirectly by
affecting blood supply to the udder (Thompson, 1980).
Linzell and Peaker (1971) reported that milk consisted
of 90% water and flow of water from blood to milk is
probably by osmosis. Because lactose is the main
osmolar component of milk, rate of milk seccretion
depends on lactose secretion. Hardwick et al. (1963)
reported that blood glucose is the only precursor of milk
lactose, thercfore, glucose uptake by the udder is
important for milk secretion. Cold exposure alters
glucose metabolism in non-lactating animals, and blood
glucose concentration, total turnover and oxidation of
glucose are increased by cold exposure and thus.
consequently, output of glucose from the liver increases
(Depocas & Masironi, 1960). Bell er al. (1975) reported
increased uptake of glucose by shivering muscle in
cold-exposed animals. Similarly, Faulkner ef af. (1980)
reported that an increased circulating level of glucose
and reduced glucose uptake and lactose synthesis by the
udder are important factors that reduce milk secretion in
goats during cold exposure. Further changes in
endocrine balance induced by cold exposure might
significantly alter the metabolism of the mammary
gland. In an environment where both offspring and ewc
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are cold stressed, a reduction in milk supply is in direct
conflict with increased energy demands of the lamb
(McBride & Christopherson, 1984).  Cold-induced
depression in milk yield may be offset, at least in part,
by changes in milk composition, increasing the energy
value of the milk (Faulkner ez al., 1980).

Body condition. Winter energy requirements of beef
cows are influenced by cow size and breed (L.emenager
el al., 1980), environment and body condition (Young
& Dietz, 1971). Because of the insulation value of fat
and its low maintenance requirements, fat cows may
have lower winter energy requirements than thin cows
(Pullar & Webster, 1977). Thus, manipulation of body
condition may be important economically to cow-calf
producers, and the ability to deposit external fat may be
an important component of an animal's adaptability to a
cold climate (Young & Dietz, 1971). Lower winter
energy needs for fat cows have been attributed to a large
supply of energy reserves and greater insulation against
heat loss provided by subcutanecous fat layers (Young &
Dietz, 1971). In contrast, Thompson et al. (1983)
reported no advantages, in respect to energy required or
cow-calf performance for Angus- Holstein fat cows
compared to thin cows during the winter. However,
there was an advantage in ME required for winter
maintenance for Angus-Hereford fat cows during the
winter.

Maintenance requirements include energy needs
for protein and fat synthesis and tumover, ion transport
across cell wall, thermogenesis and vital organ and
nervous function (Thompson et al, 1983). Protein
synthesis and turnover, and ion transport have been
identified as principal components in energy
expenditures of animal maintenance-related metabolic
functions, requiring in excess of 50 % of all energy
expended for maintenance (Baldwin et al, 1980).
Protein synthesis and turnover may be responsible for
higher maintenance requirements of cattle that mature at
heavier weights (Garrett, 1971). Webster and Young
(1970) indicated that cattle with a greater propensity to
deposit fat subcutaneously were better able to increase
thermal insulative efficiency than those depositing fat
internally and thus were more tolerant and adaptable to
cold environment. These findings are consistent with
responses noted by Thompson et al. (1983), where dairy
cross cows had higher maintenance requirements than
beef cows in a cold environment and showed no
reduction in maintenance energy needs with increased
fatness.
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CONCLUSIONS

Thermal stress exerts an influence on livestock
productivity through an interaction between the animal's
physiological changes and the energy requirement.
Adjusting the dietary protein during thermal stress to
estimated level of reduction in average daily gain would
be economically efficient. Feeding management systems
could be devised that are climate and animal type
specific and that would establish optimum body
condition during appropriate periods of the year. These
could optimize the efficiency of using stored fat in
minimizing maintenance energy requirements and
maximize the economic efficiency of productive
livestock.
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