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Abstract

Heat stress is a situation where too much heat is absorbed by a person, a plant or an animal and causes stress, illness or even
death. Therefore, the objective of this review was to compile current knowledge and evidence from literature about the effects
of heat stress in poultry production, and productivities. Heat stress is manifested by elevated body temperature, hot, dry skin,
lack of sweating and neurological symptoms such as paralysis, headache, vertigo and unconsciousness. Poultry seems to be
particularly sensitive to temperature-associated environmental challenges, especially heat stress. In the first days of their life
poultry need hot climate (32-38°C), but the optimal temperature decreases rapidly with age by 2.5-3.0°C per week. Birds may
use sand baths to dissipate the heat from the body, move to a shaded area or seek a micro-environment that avoids extremely
high environmental temperature. Birds rose in an open-sided house at 37°C and humidity level of 50-60% showed signs of
panting and wing lifting, elevation of body temperature, lower feed consumption, a higher feed conversion ratio, and lowered
body weight gain. In females, heat stress can disrupt the normal status of reproductive hormones at the hypothalamus and
ovary leading to reduced systemic levels and functions. Also in males, semen volume, sperm concentration, number of live
sperm cells and motility decrease when subjected to heat stress. In egg production, heat stress has a significant harmful
impact on body weight, and feed consumption of laying hens at peak production, egg weight, shell weight, shell thickness, and
gravity. Both meat type and egg laying chickens respond negatively to high ambient temperatures. Heat stress reduces the

relative weights of lymphoid organs like spleen, thymus and cloacae bursa.
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Introduction

Heat stress is a situation where too much heat is
absorbed by a person, a plant or an animal and causes
stress, illness or even death. Heat stress is manifested by
elevated body temperature, hot, dry skin, lack of sweating
and neurological symptoms such as paralysis, headache,
vertigo and unconsciousness. It can also cause heat cramps,
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heat exhaustion and heat stroke which may lead to death.
Chicken is the cheapest source of protein available for human
consumption, but it cannot tolerate a wide range of climatic
variations which affects the production and reproduction.

Temperature, rainfall, solar radiation, atmospheric

pressure, etc, were related with fertility. The most
potent environmental measures that affect fertility might
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vary depending on geographical locations. The levels of
performance of poultry, does not depend only on inherited
capacity but, also to a great extent upon the environment [1].
Poultry production and reproduction are affected by various
factors such as, feeding, management, disease control, stock
density, housing, climate, sire effect, hatch effect, etc.

However, climate change is emerging as a great challenge
for poultry industries to sustain the level of production.
The worst effects of such climate change are experienced
in tropical countries where, a common practice is to house
the birds in the open side sheds. Climate variation is one of
the major threats to poultry production. Birds of different
breeds/strains and of different age, sex, stage of production,
and reproduction respond differently to climatic variations. It
is highly desirable that data on such effects in different flocks
should be generated and analyzed to develop strategies to
deal with adverse effects of climate change.

Stress, a response to adverse stimuli, is difficult to
define and understand because of its nebulous perception.
According to Selye [2]. “Stress is the nonspecific response of
the body to any demand”, whereas stressor can be defined
as “an agent that produces stress at any time”. Therefore,
stress represents the reaction of the animal organism (i.e.,
a biological response) to stimuli that disturb its normal
physiological equilibrium or homeostasis. Heat stress
results from a negative balance between the net amount of
energy flowing from the animal’s body to its surrounding
environment and the amount of heat energy produced by
the animal. Environmental stressors, such as heat stress,
are particularly detrimental to animal agriculture. The issue
of environmental stress has quickly become a great point
of interest in animal agriculture, particularly due to public
awareness and concerns. Layers in hot climates are exposed
to high temperatures, which may lead to aloss of productivity.

High ambient temperatures can be devastating to
commercial broilers and layers. Coupled with high humidity,
high temperatures can have even more harmful effects. Heat
stress interferes with the birds comfort and suppresses
productive efficiency. During periods of heat stress the
hens have to make major thermo-regulatory adaptations
to prevent death from heat exhaustion. As a result, the full
genetic potential of the layer is often not achieved. Poultry
seems to be particularly sensitive to temperature-associated
environmental challenges, especially heat stress. It has been
suggested that modern poultry genotypes produce more
body heat, due to their greater metabolic activity [3,4].
Understanding and controlling environmental conditions
is crucial to successful poultry production and welfare.
Therefore, the objective of this review was to compile current
knowledge and evidence from literature about the effects of
heat stress in poultry production, and productivities focusing
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on broilers and laying hens.

Effects of Heat Stress on Behavioral and
Physiological of Chicke

Effects of Heat Stress on Behavioral of Chickens: Under
high temperature conditions, birds alter their behavior
homeostasis seeking thermoregulation, thereby decreasing
body temperature. In general, different types of chickens
react similarly to heat stress, expressing some individual
variation in intensity and duration of their responses. Arecent
study Mack LA, et al. [5] showed that chickens subjected to
heat stress conditions spend less time feeding, more time
drinking and panting, as well as more time with their wings
elevated, less time moving or walking, and more time resting.
The behavior of chickens can significantly influence their
growth rate, consequently influencing production costs.
Young chicks present high metabolism rates. While their
growth rate is fast, their ability to adapt to the changes in
environment conditions is poor. Moreover, since they do
not present sweat glands in the skin, chickens are highly
sensitive and vulnerable to heat stress, particularly when
they are young.

Heat stress has negative effects on poultry performance.
For instance, Gao reported that, when external house
temperature was high, broiler feed intake, feed conversion
ratio, and growth rate were reduced. In heat-stressed layers,
reduced food intake led to a decrease in egg production
and reduced egg weight and quality. Heat stress can also
cause changes in intestinal morphology and intestinal flora
disorders. Moreover, the immune system of heat-stressed
chickens may be affected. An earlier study reported that,
under heat stress, chickens displayed a number of clinical
symptoms, including open mouth breathing, asthma
stretches, rude respiration, stretched and shrunk chest
and abdomen, staggered legs, stretched body, restlessness,
and weakness. Chickens have an additional mechanism
to promote heat exchange between their body and the
environment, which are the air sacs. Air sacs are very useful
during panting, as they promote air circulation on surfaces
contributing to increase gas exchanges with the air, and
consequently, the evaporative loss of heat [6].

However, it is worth noting that increased panting
under heat stress conditions leads to increased carbon
dioxide levels and higher blood pH (i.e., alkalosis), which
in turn hampers blood bicarbonate availability for egg
shell mineralization and induces increased organic acid
availability, also decreasing free calcium levels in the blood.
This processis very important in breeders and laying hens, as
it affects egg shell quality [7]. The severely affected chickens
also presented prostration, convulsions, and even death due
to heat exhaustion [8]. Other studies found that under heat
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stress, chickens showed thermally induced, discontinued
(interrupted) asthma, and dropping of both wings, which
persisted after the heat stress period. Increased water-
sticking feathers are a major behavioral response of chickens
to resist the stimuli of high temperature [9]. These results
imply that heat stress significantly affects the daily behavior
of poultry and that investigating the effects of heat stress on
the behaviors of the growing and developing baby chicks is
of high significance.

Thus, observing the effects of heat stress on different
behaviors of the young chicks may reveal the characteristics
and regular patterns of their response to acute heat stress
(AHS) and to previous heat stress (PHS) of chicks. Heat
stress can profoundly affect the productivity of a flock. At
environmental temperatures above 33°C, high mortality
and large production losses are readily evident, but at less
extreme temperatures, heat stress is often overlooked as a
cause for poor growth or subtle losses in egg production and
shell quality. In nature, when chickens are exposed to HT, they
may use water to splash their combs and wattles in order to
increase evaporative cooling from these surfaces [10].

They can also express their normal behaviour such as
foraging, thereby ingesting those ingredients that avoid
excessive heat loads while being ingested and metabolized.
On the other hand, heat-stressed chickens tend to distance
themselves from each other, pant, and often stand with their
wings drooped and lifted slightly from the body to maximize
heat loss [11]. Chickens can increase the flux of heat from the
tissues to the environment by behavioural changes. Under HT
conditions, the chickens will apply physiological, anatomical
and behavioural mechanisms aimed at facilitating heat loss
to, or minimizing heat gain from the environment [11].
Excess body heat is removed by four different mechanisms.
Convection: Body heat lost to cooler surrounding air. Birds
willincrease exposed surface area by drooping and spreading
wings. Convection is aided with air movement by creating a
wind chill effect. Vasodilation-Blood-swollen wattles and
comb bring internal body heat to the surface to be lost to the
cooler surrounding air. Radiation: Electromagnetic waves
transfer heat through the air to a distant object. Body heat
is radiated to cooler objects in the house (i.e. walls, ceiling,
and equipment). Evaporative Cooling: Rapid, shallow,
open-mouth breathing increases heat loss by increasing
the evaporation of water from the mouth and respiratory
tract. Evaporative cooling is aided by lower air humidity.
Conduction: Body heat loss to cooler objects indirect contact
with the bird (i.e. litter, slats, cage wire). Chickens will seek
cooler places in the house. Chickens will lie on floor and
dig into litter to find a cooler place. Radiation, convection
and conduction together are called sensible heat loss. The
thermoneutral zone of the chicken is generally between 18-
25°C. Within this temperature range, sensible heat loss is
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adequate to maintain the chicken’s normal body temperature
of 41°C.

Above the thermo neutral zone, the efficiency of
sensible heat loss mechanisms diminishes. At this point, the
evaporation of water from the respiratory tract becomes the
major heat loss mechanism of the bird. The evaporation of
one gram of water dissipates 540 calories of body heat. At
temperatures above the thermo neutral zone, the chicken has
to expend energy to maintain normal body temperature and
metabolic activities. This diverts energy away from growth
and egg production, resulting in performance loss.

Effects of Heat Stress on Physiology of Chickens

Under high temperature conditions, chickens alter
their physiological homeostasis seeking thermoregulation,
thereby decreasing body temperature. Heat stress can
affect the reproductive function of poultry in different
ways. In females, heat stress can disrupt the normal status
of reproductive hormones at the hypothalamus, and at the
ovary, leading to reduced systemic levels and functions
[12,13]. Also, negative effects caused by heat stress in males
have been shown in different studies. Semen volume, sperm
concentration, number of live sperm cells and motility
decreased when males were subjected to heat stress [14].

Effects of Heat Stress in Genomics of Chickens

As climate changes, the weather affecting the major
centers of chicken production is expected to become warmer.
Elevated temperatures and the increased incidence of heat
waves will cause stress in poultry, resulting in reduced
productivity, anorexia, heat stress and mortality. Breeding of
birds that are genetically more resistant to heat stress will
lessen these effects. Both meat type and egg laying chickens
respond negatively to high ambient temperatures. Genetic
factors clearly influence the bird’s physiological response to
heat. In layer-type chickens, divergent selection for tolerance
to heat produced two lines that differed in survival time
in heat. Also, different lines of chickens exhibit different,
heritable responses to heat stress.

Effects of Heat Stress on the Imnmune Response

Many studies have been conducted to elucidate how
stress affects the immune response in animals. Modulation
of the immune response by the central nervous system
(CNS) is mediated by a complex network that operates bi-
directionally between the nervous, endocrine and immune
systems. The hypothalamic-pituitary-adrenal (HPA) and the
sympathetic-adrenal medullar (SAM) axes constitute the
main pathways through which the immune response can
be altered [15]. In poultry, several studies have investigated
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the effects of heat stress on the immune response in recent
years. In general, all studies show an immunosuppressant
effect of heat stress on broilers and laying hens, although
using different measurements. Heat stress suppresses
immune function by inhibiting total white blood cell counts
and antibody level; thereby increasing mortality in laying
hens [16]. Plasma calcium and phosphorous concentrations
were reduced by heat stress in 53 to 61 week old laying hens.

For instance, lower relative weights of thymus and spleen
has been found in laying hens subjected to heat stress [17]
reduced lymphoid organ weights have also been reported
in broilers under heat stress conditions [18]. Additionally,
Felver-Gant observed reduced liver weights in laying hens
subjected to chronic heat stress conditions. Bartlett & Smith
[19] observed that broilers subjected to heat stress had
lower levels of total circulating antibodies.

Effect of Heat Stress on Innate Immunity and
Biochemical Parameters of Chickens

Heat stress modulates various behavioural and
physiological parameters in poultry species which have been
discussed in detail by various reviewers. Various authors
recorded variable results indicating that heat stress as either
an immune suppressing or immune enhancing factor in
chicken'’s production. Stress affects both innate and adaptive
immune response in animals. Heat stress reduces the relative
weights of lymphoid organs like spleen, thymus and cloacal
bursa. The mechanical barriers, namely mucosa and skin,
act as the first line of defense in innate immune response.
High ambient temperature is of great concern in all types
of chickens operations. Heat loss in chickens is limited due
to feathering and the absence of sweat glands. When the
temperature and relative humidity exceed the comfort level
of chickens, it loses the ability to efficiently dissipate heat.

Heat stress is well known to reduce the reproductive
performance of laying hens by interrupting egg production,
an effect caused by a reduction in feed intake. Hens exhibit a
variety of panting patterns to lose heat as water vapor. The
increase in respiration rate leads to a reduction in blood
partial pressure of CO,, and an increase in blood pH, resulting
in respiratory alkalosis.

Effect of High Temperature on Heat Production
and Loss in Feed Intake of Chickens

Developments in the genetic selection of meat-type
birds has led to rapid growth and a high metabolic rate,
which is accompanied by a higher heat production level due
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to increased feed intake. Chickens are homoeothermic and
able to maintain body temperature within a narrow range.
When the ambient temperature is high the chickens has
less ability to dissipate heat [20]. The body temperature of
domestic chickens is within a narrow range that is reflected
by an upper and lower limit of a circadian rhythm in deep
body temperature [11]. When exposed to a hot environment
or by performing vigorous physical activity or both, body
temperature can rise. This occurs when heat cannot be
dissipated within a short time. Conversely, when chickens
are exposed to a cold environment, heat is lost from the body
and, unless the heat is compensated by extra metabolism,
body temperature will decline until the chickens are unable
to survive and die.

These effects comprise the concept of the thermo-neutral
zone (TNZ), with lower and upper critical temperatures [21].
There is a large variation in the ideal temperature range for
different classes and age groups of poultry. This is due to
variation in type of birds and in aspects of the environment.
As for the optimum temperature range, what is ideal for
heat exchange may not be optimal for production such as for
growth, egg mass or for feed efficiency. The overall optimum
range is mainly dependent on the relative market value of the
product produced, in proportion to feed costs. As the ratio of
price of feed to gain increases, the best temperature is the one
which provides the lowest ratio [22]. Thermo-neutral heat
production (HP) at a given intake and ambient temperature
determines the range of the comfort zone for an animal. In
growing birds, maintenance metabolism is a large part of
HP. HP from maintenance will be higher if an animal exerts
physical activity in order to gather food and water [23].

Foraging related activities need more energy [24] and
increase total heat production. The form of feed which is
offered can influence the energy expenditure related to feed
consumption activity. The time spent for eating a meal in
pelleted form was reduced to one third compared to mash
diets. Eating a pellet diet instead of a mash diet saves about
6% energy [23], which could be beneficial at HT. HP is the
result of the heat produced due to energy use associated
with digestion processes and the absorption and utilization
of nutrients. Together these processes are part of the heat
increment caused by feed consumption. Broiler HP is
particularly high because of high growth rate, mediated by
high feed consumption. The total of heat produced in the
course of digestion, excretion and metabolism of nutrients
is called heat increment. In the first days of their life poultry
need hot climate (32-38°C) (Table 1) but the optimal
temperature decreases rapidly with age by 2.5-3.0°C per
week [25].
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Lower | Upper
Class type
Critical temperature (2C)
1-day-old chicken 32 35
Finishing broiler 16 26
1-day-old turkey 35 38
Finishing turkey 16 26
Laying hen 16 27-29

Tablel: Lower and upper critical temperature of farm animals at different age or body weight [25].

Effects of Heat Stress on Chickens Production
and Products (Egg And Meat)

Many studies have been published about the effects
of heat stress on the efficiency of broiler production. As
previously seen, exposure of birds to high environmental
temperature generates behavioral, physiological and
immunological responses, which impose detrimental
consequences to their productivity. Heat stress results in
estimated total annual economic loss to the U.S. livestock
production industry of $1.69 to $2.36 billion; from this total,
$128 to $165 million occurs in the poultry industry [26]. In
arecent study [27], broilers subjected to chronic heat stress
had significantly reduced feed intake (16.4%), lower body
weight (32.6%), and higher feed conversion ratio (+25.6%)
at 42 days of age.

Many additional studies have shown impaired growth
performance in broilers subjected to heat stress [28]. It
has been reported that chronic heat exposure negatively
affects fat deposition and meat quality in broilers, in a breed-
dependent manner [8]. Another recent study Zhang Z, et
al. [9] demonstrated that chronic heat stress decreased the
proportion of breast muscle, while increasing the proportion
of thigh muscle in broilers. Moreover, the protein content
was lower and fat deposition higher in birds subjected to
heat stress. Productivity of laying hens flocks may also be
affected by a multitude of factors, including environmental
stress (such as heat stress), which is probably one of the
most commonly occurring challenges in many production
systems around of the world.

Decreased feed intake is very likely the starting point of
most detrimental effects of heat stress on production, leading
to decreased body weight, feed efficiency, egg production
and quality [16]. However, in addition to decreased feed
intake, it has been shown that heat stress leads to reduced
dietary digestibility, and decreased plasma protein and
calcium levels [29]. In a recent study a 12-day heat stress
period caused a daily feed intake reduction of 28.58 g/
bird, resulting in a 28.8% decrease in egg production. Star,
et al. [30] reported a reduction of 31.6% in feed conversion,
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36.4% in egg production, and 3.41% in egg weight in laying
hens subjected to heat stress. In another study [31], heat
stress caused decreased production performance, as well
as reduced eggshell thickness, and increased egg breakage.
Additionally, heat stress has been shown to cause a significant
reduction of egg weight (3.24%), egg shell thickness (1.2%),
eggshell weight (9.93%), and eggshell percent (0.66%).

The variability of the effects reported may be easily
explained by the use of birds of different age or genetic
background, as well as due to variable intensity and duration
of the heat stress treatments applied. In addition to the
decrease in both feed intake and body weight gain, heat
stress affects the body composition of broilers causing a
lower breast yield, increased abdominal, and intramuscular
fat deposition; and this effects of heat stress depends on the
poultry breeds. In egg production, heat stress has a significant
harmful impact on body weight, and feed consumption of
laying hens at peak production, egg weight, shell weight, shell
thickness, and gravity. The crucial temperature for poultry
is 30°C, because up to this point birds, through a better feed
conversion rate and lower basal metabolic rate, are able to
compensate for the energy loss caused by the lower feed
intake [22].

Above 30°C the feed and energy intake declines to
such an extent that birds are no more able to compensate
for it, production declines rapidly and the rate of mortality
increases. During heat stress birds lose a large amount of
carbon dioxide by panting; CO, however, is essential for Ca-
carbonate in eggshell formation. Therefore, in addition to
an insufficient nutrient supply, the compromised egg shell
formation limits the egg production further (egg/day or egg
production/number of birds), which can be very substantial
as the egg production percentage might decline from 80-90%
to 50-60%, with a 10 g lower egg weight on average [16].
Generally heat stress affects the poultry production through.
v decrease feed intake, decrease egg production

v decrease egg weight
v decrease shell quality
v decrease albumen height

Copyright© Getachew Bekele.


https://medwinpublishers.com/FSNT/

decrease growth
decrease hatchability

decrease fertility in roosters

AN NN

increase immunosuppressant, increase cannibalism
increase mortality

Effect of Heat Stress on Slaughter Processing of
Chicken Meat Quality

Physiological stress can have deleterious effects on
the overall performance and body growth of meat-type
poultry [16], and this is still a challenging subject for poultry
producers and academic. It is estimated that the worldwide
demand for poultry products (meat and eggs) will rise
exponentially in the coming decades. The human population
is expected to increase in 33% by 2050 and this will result
in an increase of overall food production of 70% and hence,
increase the demand of poultry meat to feed this huge human
population in next few decades [32].

Broiler production is an important sector of the poultry
industry, comprising 25% of overall meat production, and
has increased in 125% between 1999 and 2009 [33]. Protein
from chicken meat is the cheapest meat source for human
consumption. However, a wide range of climatic variations
greatly influences the productivity of broilers. Stress directly
affects the physiology and welfare of poultry, and result in
lower profitability [18]. Broilers present optimal feed intake
and weight gain when reared within the comfort zone [34].
Poultry growth performance is not only inherited, but it is
also greatly affected by the environment [1]. Heat stress has
long been recognized as one of the prominent environmental
elements influencing meat quality [35,36].

The susceptibility of broilers to heat stress has been
increased by continuous selection for fast growth [37,38].
Numerous studies have focused on meat quality as affected
by heat stress applications just prior to slaughter and found
that the occurrence of pale, soft, exudative (PSE) meat has
become a growing problem associated with heat stress
[39,40]. PSE meat is the result of accelerated postmortem
glycolysis, which results in a rapid postmortem decline in pH
while carcass temperatures are still high. This combination
can result in protein denaturation of the muscle that leads
to pale meat color, decreased water holding capacity, and
poor texture [40-42]]. It has been reported that acute heat
stress can increase lightness and decrease the water holding
capacity in the breast muscle of broilers [43-45]. The general
approach is to rapidly reduce the carcass temperature after
slaughter (within one hr postmortem) by dipping the carcass
in ice water. Rapid decline of carcass temperature would
reduce the rate of postmortem metabolism, thus slowing the
rate of pH decline [46].
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Effects of Heat Stress on Food Safety (Meat and
Egg)

Heat stress during the growth period of broilers has been
associated with undesirable meat characteristics and quality
loss [47]. Additionally, transportation of broilers from farms
to processing facilities under high temperature conditions
have also been shown to cause meat quality losses [48]. More
recently, food safety has become a major issue to the poultry
meat and egg production industry worldwide. In fact, food
safety is increasingly being considered an important part of
the modern food quality concept. Colonization of birds by
foodborne pathogens, such as Salmonella and Campylobacter,
and their subsequent dissemination along the human food
chain are a major public health and economic concern in
poultry meat and egg production.

There is increasing evidence to demonstrate that stress
canhave asignificantdeleterious effect on food safety through
a variety of potential mechanisms. However, while there is
evidence linking stress with pathogen carriage and shedding
in farm animals, the mechanisms underlying this effect
have not been fully elucidated [49]. Environmental stress
has been shown to be a factor that can lead to colonization
of farm animals by pathogens, increased fecal shedding
and horizontal transmission, and consequently, increased
contamination risk of animal products [50]. However, studies
have been reported demonstrating that heat stress affects the
microbial composition as well as the concentration of short-
chain fatty acids in the rumen which is a much more complex
microbial system in comparison to the poultry intestinal
microbiome. Altered morphology, as well as changes in the
microbial community structure in the intestinal tract of
broilers subjected to heat stress has been reported [51-65].

Conclusion

Heat stress is one of the most important environmental
stressors challenging poultry production worldwide. The
negative effects of heat stress on broilers and laying hens
range from reduced growth and egg production to decreased
poultry and egg quality and safety. However, a major concern
should be the negative impact of heat stress on poultry
welfare. As presented in this review, much information has
been published on the effects of heat stress on productivity
and immune response in poultry (broilers and laying hens).
Therefore, data on environmental rearing conditions and
their effects on poultry production need to be generated
to allow the development of common strategies to face the
adverse effects of the climate change. In general, birds react
similarly to heat stress, but express individual variation of
intensity and duration of responses, which may also be
affected by intensity and duration of the heat stress event
additionally, increasing evidence indicates that much of the
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variation in response to heat stress is apparently genetically-
based. Saying this to advice on reducing heat stress in poultry
by applying the following situations: Provide cool, clean
quality of drinking water, always make sure poultry are in a
well-ventilated area in which there is nothing to obstruct the
airflow (applied misting/fogging systems can be used), take
feed during the coolest part of the day and avoid excessive
activity during the hottest period of the day, in peak hours
avoid bothering and disturbing the birds.
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