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ABSTRACT: Pakistan is located in the subtropical zone of the world where the ambient temperature
remains higher most of the year and causes significant economic losses in commercial laying hens. The
ambient temperature of some parts in Pakistan reaches up to 52 °C whilst, the ideal temperature for
efficient performance for laying hens is 19-22°C. Yet, ambient temperature particularly on the higher
side is very disruptive, therefore; heat stress during summer is a major problem of poultry producers in
most regions of Pakistan. Several studies have investigated the biohazards of heat stress on production
performance, physiology, immunology, digestibility of nutrients, hematology, serology, welfare,
behavior and livability of commercial layers. During summer production at farms decreases drastically,
thus adversely affecting the economics of layer farms, which might add to a number of culled birds. The
key strategies to alleviate heat stress in laying birds are feeding practices and management practices.
New innovative approaches such as exploiting and incorporating genes for heat tolerance and genetic
marker assisted selection for genotypes with improved heat tolerance should also be explored. Therefore,
this review article intends to discuss the effects of heat stress on layer birds’ health and production and
various management and nutritional approaches to coping with it.
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INTRODUCTION

Pakistan is situated in the subtropical zone of the
Northern Hemisphere of the world where temperature
usually remains well above the higher side of thermo-
neutral zone (25-37 °C) for the greater part of the year
(Abbas et al., 2021). The ambient temperature of some
parts of the region reaches up to 52 °C (Vidal and Walsh,
2010; Abbas et al., 2021; IEE, 2016; Faisal and Riaz,
2019). The optimum temperature for efficient performance
is 19-22°C for laying hens, however, ambient temperature
especially on the higher side is very disruptive and may
reduce survival rate and production (Abbas et al., 2021)
performance of layer flock. Therefore, heat stress during
summer is a major problem in most parts of Pakistan, and
this has pronounced effects on the production performance
of commercial laying hens. Egg production declines
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drastically, thereby adversely affecting the economics of
poultry production, which may lead to an increase in the
number of culled birds (Abbas et al., 2021).

Higher temperatures at poultry sheds may causes
detrimental effects not only on production performance
(egg production, size of egg and egg quality) but also
adversely affects the physiology of the birds resulting in
high mortality. The birds increase panting up to 10 times
if the ambient temperature is higher than thermo-neutral
zone. Ambient temperature and circadian rhythm
influence liver glycogen and plasma carbohydrate levels
with distinct changes in blood glucose (Abbas et al.,
2017).As ambient temperature shoots up, respiration of
birds increases resulting in greater losses/excretion of CO,
that cause an increased pH of blood and disturbs the acid-
base equilibrium (Abbas et al., 2017) and changes in acid-
base equilibrium do cause alkalosis and/or acidosis,
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distracting the metabolism used for homeostasis balance
rather than used for production. Changes in CO; level
causes disturbance in pH of blood hence a decline in
quality of eggs (Abbas et al., 2017).

Different techniques are being used in poultry
production to combat heat stress. These techniques include
nutritional amendments such as dietary addition of oils in
the diets (Ghazalah et al., 2008), reduction in protein level
of feed, supplementation of feed with limiting amino acids
and management practices like intermittent feeding,
feeding the birds in cool hours of the day, feeding in
limited time (Yalcin et al.,2001; Saeed et al., 2019),
sprinkling of water, evaporative cooling (Donald, 2000),
improved ventilation (Nilipour, 2000) and
supplementation of electrolytes (Abbas et al., 2021).
These techniques are considered helpful in reducing heat
stress. Time limit feeding during cool hours of the day is a
general practice for manipulating/alleviating heat stress. It
has also been suggested that birds should avoid to fed
during hot hour periods (Mahmood et al., 2005) because it
only adds to body heat due to heat increment, which the
birds has to dissipate. Whereas limited time feeding during
the cooler part of the day would increase the feed
consumption at a time much suited for its efficient
utilization with minimum chances of heat stress. Although,
such feed practice is not likely to increase the overall daily
feed intake, yet it is expected to improve the feed
efficiency and production performance.

The practice of feed withdrawal and intermittent
feeding during the hot time of the day is being practiced in
many broiler producing areas for the prevention of heat
stress and to control mortality. Short term feed withdrawal
has been shown to decrease the rectal temperature of birds
and increase the capability to stay alive in stressful
conditions (Siegel and Jordan, 1997). Practice of
supplementation of ascorbic acid in commercial feed has
also been considered a useful and effective tool for heat
stress amelioration (Khattak et al., 2012). Among the
electrolytes, NaHCO3; may be used to maintain a correct
plasma acid-base balance to combat heat stress (Abbas,
2017). Many researchers have reported useful effects of
supplementing NaHCOg; in layers feed during summer
(Abbas, 2017; Abbas, 2019; Abbas, 2021). The
relationship between production performance and the
thermal environment is needed to investigate for more
accurate and satisfactory evaluation of quantitative and
qualitative performance of laying birds. Scientists tried
different techniques to combat heat stress by manipulating
the environment and diets of laying birds. The objective of
this review is therefore, to investigate and describing the
possible devastating effects of acute and chronic heat
stress on the production performance of laying hens and
different strategies helpful to mitigate the heat stress.

Studies Exploring Adverse Effect of Heat Stress on
laying hens
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Birds have the ability to maintain the body
temperature within a certain narrow range. Higher ambient
temperature may cause heat stress which may produce
irretrievable thermoregulatory events that are damaging
for their life/existence, welfare and performance of birds.
This article is an effort to review the research/information
concerning the effect of hot weather on laying hens.

What is stress?

Any physical or physiological change in birds
due to internal or external deviation in birds caused by an
unusual process is called stress (Reddy and Dinesh, 2004).
It is an additional burden on the birds, which possibly
tends to produce disharmony in various physiological
systems. Stress can arise from any of a number of internal
or external factors and can cause hormonal changes in the
body though pituitary and adrenal glands. General
adaptation syndromes described by Selye (1973) has
become the basis of studies for many scientists working on
the subject of stress in animals. According to him, “stress
describes an animal's defense devices, and thus stressor is
any condition that provokes protection responses”.

The surrounding environment of the bird is
amalgamated of interacting stress factors, thus bird's
success to compete with it depends on the intensity of
stressor and bird's physiological mechanism to react to the
stressor (Chrrousos and Gold, 1992). Generally the
environment of the bird is of two types 1) external i.e.
temperature, light, etc. and internal i.e. disease organisms,
parasites etc. Any changes in the environment of birds
activate regulatory mechanism in attempt to maintain
homeostasis. There are 2 types of regulatory mechanisms:
1) specific, 2) nonspecific (Carrasco and Van de Kar,
2003). Any particular change in the environment of the
bird will educe/elicit a specific response. For example,
when ambient temperature is increased, it causes: body
temperature of bird to rise, vasodilation for rapid/quick
heat dissipation, and feathers are rearranged to ease
insulation. To regulate adaptation process against stress,
endocrine and nervous system work together.

Heat Stress mechanism

During early stages of heat stress sympatho-
adrenal medullary (SAM) axis is turned on to regulate the
homeostasis. Stimulus of heat stress is received by the
central nervous system, which excites hypothalamus to
activate pituitary glands (Selye, 1956) and in turn releases
Adreno corticotropic hormone (ACTH). Secretion of this
hormone is regulated by the secretion of corticotrophin
releasing factor from hypothalamus. Adreno corticotropic
hormone  stimulates adrenal gland to produce
catecholamine (via adrenal medulla) and corticosteron (via
adrenal cortex). Catecholamine (epinephrine and nor-
epinephrine) perform non-essential functions i.e. increase
glucose metabolism (Selye, 1973), blood flow through
skeletal muscles (Sahin et al., 2001; 2002), reduce muscle
glycogen, oxygen consumption, increase respiration rate,
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heart rate, elevates blood pressure and constricts
arteriolesvenules and increasing neural sensitivity against
heat stress. Adrenal cortex hormones (cortisol and
aldosteron) perform essential functions i.e. promote
gluconeogenesi and synthesis of glucose from fat and
protein (gluconeogenesis), maintain heat loss mechanism,

2. Resistant Phase
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Low production

3. Exhaustion Phase
Ultimately death of
the bird

Figurel: Description of three phases of heat stress

Triiodothyronine and thyroxine, also play a
pivotal role to maintain metabolism in heat stress birds.
Triiodothyronine (T3) concentrations tends to be lowered
whilst thyroxine (T4) concentrations was found to be
inconsistent in laying hens kept under heat stress
conditions (Abbas et al., 2017; Star et al., 2008; Etches et
al., 2008). This decrease in T3 concentration might be due
to reduction in peripheral deiodination of thyroxine (T4)
to Triiodothyronine (T3) during heat stres (Decuypere and
Kuhn, 1988). Dwarf gene in Gallus gallus found to
reduce/prevent the conversion of thyroxine (T4) to
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blood flow rate and body temperature (Maxwell, 1993;
Naga et al., 2018; Abbas et al., 2017). These hormones
also maintain osmaotic pressure, regulates sodium retention
and potassium loss through kidney, water balance and
mediate response to stress (Olanrewaju et al., 2006).
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Triiodothyronine (T3) in peripheral tissue (Hoshino et al.,
1986). Similarly Triiodothyronine concentration was
found to be lowered in Naked neck laying hens than New
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Moreover, plasma concentration of gonadotrophin-
releasing hormone level, testosterone, progesterone and
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etal., 2018; Yoshida et al., 2011; Rozenboim et al., 2007).
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Figure2: Effect of heat stress on Neuroendocrine system of laying hens

Stressors activate a compound array of responses
i.e. endocrine system, nervous system, immune system etc.
and the process is called stress response (Carrasco and Van
de Kar, 2003). It causes a number of behavioral and
physiological modifications that get better animal
existence when there are homeostatic challenges (Abbas et
al., 2021). Behavioral adaptations for a stress response
may involve increased awareness, euphoria, improved
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cognition (Chrousos and Gold, 1992) and enhanced
analgesia (Charmandari et al., 2005). Physiological effects
due to stress include: increase in cardiac activity, increased
respiration, increased intermediate metabolism and
restraining of general somatic functions i.e. feeding,
digestive, growth, reproductive and immune response
(Abbas et al., 2019;Abbas et al., 2021).
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Figure 3:

Thermoregulation mechanism in birds

Birds are differed in thermoregulation ability
immediately after hatching and are categorized as
Precocial and/or altricial. Precocial (nidifugous) birds are
with down mature and movable from the birth or hatching
(Edward and Brinkley, 2000). These are born with open
eyes and hatched covered with well-developed downs
feather i.e. chicken, shorebirds, quails, ducks, geese, rails,
coots, waders, tinamous, hoatzin and allies. Precocial birds
are capable to immediately respond to temperature
changes in the environment thus can withstand
fluctuations in their body temperature without damages,
however the thermoregulatory ability increases with the
age. Precocial birds find their own food, sometimes with
help or instruction from the parents. Precocial species are
normally nidifugous, meaning that they leave the nest
shortly after birth or hatching. The ontogeny of the
physiology of control systems is very important for an
animal to adapt through life. Generally, thermoregulation
process in precocial birds it characterized by three stages.
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Poultry response to heat stress

Thermoregulatory system may work during prenatal
phase, however, the efficiency of function is lower and are
involved in epigenetic adaptation and get mature in early
postnatal stage, the system matures. Full blown
homoeothermic stage starts at about the tenth day of age
which is described by activation of control elements of
thermoregulatory mechanism as well as chemical
thermoregulation.  Adaptation occurs at genetic,
phenotypic and epigenetic levels (Nichelmann, 1992).
Genetic adaptation summarizes all morphological,
physiological and biochemical peculiarity of the
genetically fixed adaptation of an animal to its
environment. It is a gross adaptation to the environment.
Phenotypic adaptation is innate and caused by changes in
gene expression. It occurs during the lifetime and alters the
control system and various morphological characteristics
of individuals (Tzschentke et al., 2001).

The opposite developmental strategy is called
altricial, under which the young are hatched naked and
helpless i.e. doves, woodpeckers and song birds. Young of
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altricial birds are unable to thermo-regulate themselves
and heavily depends upon their parents to keep them warm
for certain period of time. In most of the vertebrates rapid
growth is associated with vulnerable condition during
young stage (Case 1978). Avian species whose young
develop in exposed nest sites undergo early mobility and
early thermoregulatory development (Finch 1984).
Altricial avian species particularly are vulnerable during
their nestling period and entirely rely on parental for their
food, care, protection and to keep them warm. The ability
to maintain increased body temperatures is correlated to
enabling efficient physiological responses, co-ordinate
movements needed for locomotion and feeding. The
energy in thermoregulation invested at the cost of tissue
development and growth rates (Ricklefs et al. 1998;
Hohtola and Visser 1998). Environmental pressure i.e.
weather, predation, nest sites, food supply, foraging modes
etc. determine the growth rates (Ricklefs 1983).

Poultry birds physiologically perform most
competently within a narrow comfort zone of 25-37°C
(Sturkie, 1976). This range of ambient temperature
depends upon body weight of birds, amount of plumage,
shape of feathers along with their amount and distribution
in body, acclimatization and dehydration status of birds.
The higher and lower temperatures are known as upper and
lower critical temperatures. A disturbance in ambient
temperature disturbs the metabolism and physiological
responses including body temperature, diseases, metabolic
conditions and production losses (Abbas et al., 2017).

The birds being homoeothermic can regulate their
deep body temperature within certain narrow limits of
ambient temperature i.e. less than 1.8 °F or 1 °C (Abbas et
al., 2021). Birds are also endothermic and can rise the
rectal temperature by creating significant quantity of heat
within the cells and tissue. Birds use plumage, fat
insulation and salt glands to regulate their body
temperature  (Sturkie, 1976). Thermo-neutrality is
condition when birds do not use or lose energy to maintain
body temperature. When air temperature goes below 16.6
°C heat production is increased in the body. Involuntary
muscular contraction and shivering produces heat.
However, if temperature drops to a very lower side heat
production is not maintained and persistent condition may
lead to death of the birds. Birds having more fat deposits
can withstand a lower temperature more than birds having
less fat accumulation. Various birds have to live merely in
certain habitations or migrate among habitats because of
physiological limits with respect to environmental
temperature. Birds adopt certain behaviors to assist
thermoregulation in cold weather i.e. migration to a warm
climate, hunch down, sitting (avoid 20-50% of heat loss),
huddling together, burrowing, reducing surface area by
tucking the head or legs under the wing/feathers to trap
heat. Moreover, some birds are able to drop their body
temperature (torpid) to endure shortage of food supply in
very cold environment.
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When air temperature goes yonder thermo-
neutral zone (above 27.5 °C for chicken and/or 33-38°C
for various other avian species) biochemical reaction
speeds up, heat is produced and their body temperature
increases (North and Bell, 1990). In order to keep body
temperature normal, the birds make effort to dissipate
excessive heat via conduction, convection, radiation and
evaporation. During humid and hot weather evaporative
cooling (panting) is a main source of heat excretion/loss
which speeds up water to evaporate through respiratory
tract resulting in removal of heat from the body (Angiletta
et al., 2010). This mechanism is also affected by ambient
relative humidity. Evaporative cooling, fogging and
misting of birds are useful even in hot and humid climates.
As there are no sweat glands in birds hence they excrete
heat through respiration (Abbas et al., 2017). Normally,
when atmospheric humidity is increased, the humid
environment slows down the vaporization of water
molecules from the lungs surface. In this situation birds
require more energy to lose heat from body which may
cause exhaustion, resulting in heat prostration (Remus,
2001). Birds show behavioral response against higher
ambient temperature by avoiding the sun, splashing water
over wattle and comb, spreading wings to shade the feet.
Signs of heat stress includes, open mouth breathing, wings
lifting and gular flutter (account for 35%). Actually
mortality is faster and higher due to higher temperature
side (heat stress) than cold stress.

Adverse effect of heat stress on production
performance of laying birds

1-Growth

Adversative effect of higher house temperature
(heat stress) on the production efficiency of laying pullets
and broiler is well known (Sohail et al., 2012). There are
well documented evidence that growth rate of birds varies
with the fluctuations in environmental temperatures. The
impact of different environmental temperature on weight
gain of birds may also differ dependent on the age and
breed of birds (Diarra and Tabuciri, 2014). At high
ambient temperature and humidity, the efficiency of
chickens to maintain their normal body weight is adversely
affected. High ambient temperature ranging 34 to 37.8 °C
has shown to reduce body weight gain in chickens (Geraert
et al., 1996) and quails (Keskin and Durgun, 1997).
Similarly adverse effect of heat stress on body weight gain
in birds has also been reported by Abbas et al. (2021).
Anjum (2000) observed a significant loss in the weight of
chicken with gradual increase in ambient temperature. The
study of Abbas et al. (2021) indicated that layer birds lost
significant body weight during higher ambient
temperature. They also reported that the seasonal
variations affected the rate of daily protein requirements.

2-Feed consumption
Heat stress is known to cause noteworthy
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decrease in feed consumption in broilers (Abbas et al.,
2021). At higher ambient temperatures body activities of
birds are reduced and the bird’s needs for energy to keep
their body temperature normal are increased which
adversely affect the production performance and feed
efficiency of the layers (Anjum, 2000). Heat stress is
reported to depress the feed intake of chickens
(Tadtiyanant et al., 1991). Abbas et al., 2021studied the
significant adverse effects of thermal stress on feed
consumption of layer birds. Balnave and Muheereza
(1997) observed the effects of high environment
temperature (30 °C and 35 °C) on performance of laying
birds. They found significantly decreased feed
consumption in birds exposed to higher temperature. Mack
et al. (2013) observed that the birds kept under high
environment temperature spent more time in drinking,
resting, wings elevating and panting whereas spent less
time in feed consuming, moving and walking activities.
Feed consumption was reported to be depressed at high
ambient temperature (Abbas et al., 2021; Mikec et al.,
1992; Muiruri and Harrison, 1991). Similarly, laying hens
trained for two meals per day showed decreased feed
intake at higher temperature (Li et al., 1992).

3-Feed efficiency

It is observed that heat stress adversely affects
feed efficiency of poultry birds in general (Abbas et al.,
2021). Poor feed efficiency of the poultry birds may
perhaps be ascribed to the reduction in feed consumption
of the birds under heat stress. Under these circumstances,
a major part of feed consumed is utilized to fulfil the
maintenance requirements of the birds. Moreover, a
substantial part of the energy is utilized to dissipate heat
from their body. Anjum (2000) reported poor feed
conversion efficiency in White Leghorn layers exposed to
heat stress. Similarly, Li et al. (1986) reported poor
efficiency of feed utilization in birds exposed to heat
stress. However, Muiruri and Harrison (1991) did not
observe the effect of environmental temperature on feed
utilization efficiency in layers.

4-Egg laying potential

A decline in egg production of layers due to heat
stress conditions have been described by various scientists
(Muiruri and Harrison, 1991). Anjum (2000) reported that
the production performance of White Leghorn birds
reduced severely when they were exposed to an abrupt
increase in their environmental temperature.

In contrast to the findings discussed above, no
effect due to heat stress has been observed on egg
production. Roland et al. (1996) checked the dietary
manipulation of calcium and environment temperature on
first cycle egg production of commercial Leghorn layers.
Based upon the results of research experiment, warm and
cool environment temperatures did not exert any effect on
egg laying potential. Heat stress has shown a noteworthy
effect on the size of eggs in laying birds and has been
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observed to decrease with increase in ambient temperature.
Heat stress (Hyperthermia) depressed egg weights in hens
(Odom et al., 1985). However, low ambient temperature
has been reported to increase egg weight of commercial
Leghorn pullets housed at 15.6 °C to 23.3 °C (Ronald et
al., 1996).

5-Egg characteristics

It is observed that layer flock kept at higher
environmental temperature produced eggs with poor shell
thickness (Abbas et al., 2021). Higher environmental
temperature has been shown to decrease shell thickness of
eggs because of low feed intake (Balhave and Muheereza,
1997), which probably caused reduction in calcium intake,
an important element required for shell formation (Abbas
etal., 2021). Another probable reason advocated regarding
this aspect is decline in calcium level in blood serum due
to higher house temperature (Abbas et al., 2017). Anjum
(2000) has also reported adverse effect of higher
environment temperature on egg shell thickness of the
eggs produced by White Leghorn layers and reported that
birds exposed to heat stress laid thin shelled eggs.

However, Liet al. (1986) have not observed any
influence of high environmental temperature on egg shell
thickness. Slinger (1985) stated that egg shell thickness
decreased when body temperature rose above normal.
Deaton et al. (1982) determined the effects of high
environmental temperature on layer birds acclimatized
(adapted) to cyclic thermal environment as opposed to
constant ambient temperature. They conducted two trials
of eight weeks duration; each on 231 Dekalb layers
acclimated (adapted) to twenty four hours linear increase
of ambient temperature of either, 15.6 to 35 °C and/or a
constant ambient temperature of 39 °C with a relative
humidity (RH%) of 26%. They observed insignificant
effects on shell thickness of the eggs of layer birds exposed
to cyclic vs. (versus) constant temperatures. Akram et al.
(1999) reported that surface wetting of layers by water
spraying can improve thickness of the eggs produced by
the birds.

North and Bell (1990) checked the effect of high
house temperature on eggs quality characteristics of hen
and stated that quality of albumen and yolk deteriorates
with the increase in storage time and temperature. A severe
problem related to egg production is the appearance of
blood and meat spots in the eggs which lowers quality as
well as age of the eggs (shelf life). Higher protein
percentage in diet is positively correlated with the blood
spot occurrence in laying hens. Nair and Elizabeth (1983)
reported that the percentage of eggs with blood spots was
4.5-9.5 in the various seasons and that of meat spots was
9.5-15.5; the differences between seasons being
significant.

Trail (1963) compared blood and meat spot
problem in local chicken breeds of Uganda with five
imported ones. The Indigenous breed was found to have
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less (0.7%) eggs having blood and meat spots. Whereas,
imported breeds were found to have more (2.1% to 9.1%)
eggs experiencing blood and meat spots. This difference in
the rate of eggs meat and blood spots was attributed to less
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Figure 4: Effect of heat stress on production performance of poultry

Effect of hot weather on Physiological response of
layer birds

Among the factors affecting rectal temperature,
important ones are humidity, heat loss rate from the body,
feed intake, nature of feed, water intake feeding schedules,
vitamins, minerals, acids-base balance, electrolytes, breed,
strain, housing conditions and cooling methods. Body
temperature of adult chickens also differs with change in
the environmental temperature (Reddy and Dinesh, 2004).
When the ambient temperature is equal to the rectal
temperature, heat cannot be lost from the bird by non-
evaporative means. However, excess heat get lost through
the respiratory lining by evaporation of moisture (Abbas et
al., 2017). Birds have air sacs for exchange of heat
between the body and the external environment. These air
sacs contribute to increase the surface area for exchange of
gases and evaporative heat loss (Fedde et al., 1998).

Environmental temperature causes a significant
impact on physiological phenomena in birds. Mack et al.
(2013) reported that birds exposed to higher ambient
temperature (heat stress) conditions spent more time for
panting. Heat stress disrupts reproductive hormones of
layer birds secreted by the hypothalamus and ovary
(Elnagar et al., 2010). A decrease in volume of semen
fluid, sperm cells concentration and live sperm cells count
was observed in males broiler breeders subjected to high
temperature environment (McDaniel et al., 2004).

Prieto et al. (2010) observed significant less
circulating lymphocytes count but an increase in the
number of heterophils count of birds reared under heat
stress. Moreover, broilers subjected to high ambient
temperature showed regressed lymphoid organs weights
(Niu et al., 2009), ultimately leading to a poor immune
response in laying birds. Birds kept under heat stress
showed depressed systemic humoral immune response,
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less number of intraepithelial lymphocytes and Immuno
globulin A secretion cells in their digestive system (Niu et
al., 2009). The reduction in immune response of the birds
was attributed to a decreased antibody response and
reduced phagocytic capability of macrophages exposed to
high ambient temperature. Teeter and Belay (1996)
recommended fasting and starvation as a method of
lowering the rectal temperature in broilers kept under hot
weather conditions.

Effect of hot weather (heat stress) on Hematological
profile of layer birds

It is generally agreed that environmental
temperature, age, season, feed, diurnal effect, and fasting
are related to haematological responses in poultry birds.
Thermal environment has shown a significant effect on
white blood cells count. Scientists examined the effects of
hot weather environment on differential leucocyte (DLC)
responses in broilers, turkeys and ducks exposed to various
degrees of feed restriction. It was also reported that a mild
to moderate heat stress may result in increase in leucocyte
count (Maxwell et al., 1992). An increased white blood
cells count in laying birds kept at hot climatic conditions
is also reported by Anjum (2000).

Lowered house temperature (8 °C) may cause an
increase in the hematocrite value, whereas higher house
temperature (30 °C) results in a decrease in hematocrit
concentration. Higher house temperature exhibits a
reduction in packed cell volume in chicken and turkeys
(Parker and Boone, 1976). However, supplementation of
anti-stress compound like vitamin C and sodium
bicarbonate is testified to be effective to improve the PCV
(packed cell volume) value in layers exposed to heat stress.
Sahota and Gilani (1995) reported the effects of
supplementation of ascorbic acid in the diet layers kept
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under high ambient temperature and concluded that
influence of ascorbic acid on packed cell volume might be
due to the rise in erythrocyte number.

Abbas et al. (2017) reported an increased red
blood cells concentration in birds fed diets containing
NaHCOs;. While, Khattak et al. (2012) investigated an
increased white blood cell concentration in the birds reared
under hot climatic conditions than those fed NaHCO;
containing ration/feed at the same temperature. Oladele et
al. (2001) reported a note-worthy reduction in PCV in
birds kept under higher ambient temperature. This increase
was ascribed to high ambient temperature which might
impaired the synthesis of blood cells in these birds. Heat
stress increased blood glucose and decreased liver
glycogen levels in pigeons (Chakraborty and Sadhu,
1983). Abbas et al. (2021) concluded that an increase in
ambient temperature above the optimum level caused a
considerable drop in serum glucose level in birds.
Whereas, opposite to it, Yang et al. (1992) observed
highest blood sugar contents at 23 and 28 °C (223.6 and
221.7mg/100ml) at the exposure of broilers to 12, 18, 23,
28 and 32 °C temperatures.

Al-Hassani et al. (2001) have observed an
increase in hematocrit values in birds treated with
NaHCOs. They attributed this increase to high house
temperature that may hurt the production of red blood cells
in these birds. Likewise, results of an experiment executed
by Oladele et al. (2001) has reported a significant decrease
in blood packed cell volume in birds reared under hot
weather conditions when fed sodium bicarbonate
supplemented diet.

Effect of hot weather (heat stress) on Serum
metabolites and serum protein of laying hens

Itis reeled that heat stress has been found to affect
their serum metabolites and the effect may be ameliorated
by fortifying their diets with different levels of sodium
bicarbonate. An increase in serum urea concentration in
layers kept at higher ambient temperature when compared
to those reared under heat combating systems has been
reported by Anjum et al. (2000). Whereas, Yang et al.
(1992) has observed significantly higher serum urea
concentration in birds kept at low temperature (12 °C) as
compared to those kept at relatively higher ambient
temperatures (23 and 28 °C). On the other hand, Kurtoglu
et al. (2007) investigated a non-significant (P=.094) effect
due to dietary supplementation of NaHCO; on uric acid
concentration in Brown-Nick layers.

A marked decrease in plasma protein
(albumin and globulin) concentration has been observed in
birds kept under higher ambient temperatures (Anjum,
2000) and the decrease was ascribed to higher ambient
temperature (heat stress), which hampered the synthesis of
plasma proteins in liver. Higher ambient temperature
causes a reduction in blood (serum) protein level in birds
(Geraert et al., 1996). Yahav et al. (1997) revealed a
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decrease in plasma protein concentration at higher
temperatures.

There is paucity of information about the
response of birds with respect to the serum uric acid
fractions during hot summer conditions. However, Yang
et al. (1992) reported higher serum uric acid level in birds
kept at 12 °C than those exposed to 23 °C and 28 °C.
Scientific information regarding the effect of dietary
addition of NaHCOj; in the diet on serum alkaline
phosphatase in the birds exposed to heat stress is scanty.
However, findings of Bogin et al. (1981) have depicted
that broiler subjected to high environment temperature for
two hours showed non-significant effect on their blood
serum alkaline phosphatase level.

Effect of heat stress on biological antioxidant system of
poultry

Free radicals and peroxides are reactive oxygen
species (ROS) which produce within the cells during
metabolic processes within the cells i.e. ion transportation,
cytokine transcription and immune-modulation etc.
Excessive production of ROS within cells gets rid of
through physiological detoxification mechanisms. Under
thermoneutral conditions transcriptional factor activates
additional synthesis of antioxidant molecules to deal with
ROS species. However, heat stress decreases the efficacy
of the antioxidant defense system leave the cells prone to
oxidative stress (Betteridge, 2000; Mishra et al., 2019;
Surai et al.,, 2019; Estévez et al., 2015). Excessive
production of free radicals during oxidative stress damage
cells components i.e. DNA, proteins and lipids; lower
growth rates; economic losses; severe health disorders and
biological damages even that a severe oxidative stress may
to apoptosis and cell death (Lennon et al., 1991; Estévez
et al., 2015).

Effect of higher ambient temperature on Plasma
electrolyte and mineral profile of laying hens As
ambient temperature exceeds 30°C, it causes an increase in
respiration rate of birds, which might go up to about 10
times more than normal rate (Abbas et al., 2017). It has
been observed that birds started panting along with
increase in blood pH during high ambient temperature. A
mild alkalosis (pH 7.55) develops at a temperature of 35
°C, with no raise in body temperature. Further increase in
temperature from 35 °C to 38 °C induces moderate
alkalosis, whereas, severe alkalosis (blood pH 7.65) occurs
at higher ambient temperature i.e. 41 °C (Leeson and
Summer, 2001). Findings of Teeter et al. (1985) reported
that pH values higher than 7.25, lowered the performance
of poultry birds. This increase in blood pH can be
prevented by reducing panting and rising water intake in
birds (Belay and Teeter, 1993). DEB and blood pH are
directly related to each other; at 0 DEB blood pH is always
acidic, whilst at 350 DEB it shifts to basic. Acid base
balance is also considered to be important in controlling
blood pH in fowls, which in turns improves the efficiency
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of enzymes and ultimately physiological functions
(Patience, 1990). An increase in blood pH has been shown
to depress feed intake which ultimately reduced the
production performance of birds. Production performance
of broiler is higher when pH of blood is optimum (7.28),
while a reduction in performance is revealed when pH

Hyperventilation Causes
the loss of CO, from
lungs.
Lungs
Blood pH increases,
resulting respiratory
alkalosis. Reduce

activity of carbonic\ Blood Vessels
anhydrase enzyme.

Reduce secretion of

calcium and carbonate <@ Egg Shell Gland

by shell gland results in
thin, weak eggshell.

value is higher than 7.30 or lesser than 7.20. In verity, this
normally narrowed range of blood pH establishes the
physiology of body enzymes which is required in
expressions of good general health and optimum
production of animals (Abbas et al., 2017).

> H20 + CO2

t

H* + HCO;” «—— COs™ + H*

Figure 5: Effect of heat stress on Acid base balance in laying hens

Scientific information about the consequence of
dietary addition of NaHCOs; on serum alkaline
phosphatase in the birds kept under heat stress is scanty.
However, results of some studies designed by Abbas et al.
(2017) and Bogin et al. (1981) have shown that broiler and
laying hens subjected to higher ambient temperature
showed non-significant effect on their blood serum
alkaline phosphatase level. Yang et al. (1992) reported
higher serum uric acid level in birds reared at 12 °C as than
those reared at 23 °C and 28 °C. However, Abbas et al.
(2017) reported that birds subjected to heat stress shown
higher uric acid level in their serum when fed higher
dietary level of sodium bicarbonate. Heat stress caused a
decrease in the concentration of plasma protein in laying
hens with the increase in the environmental temperature
(Abbas et al., 2017; Anjum, 2000; Geraert et al., 1996).
A reduction in blood Na* level in broilers kept under heat
stress has been observed by Borges et al. (2004). Plasma
potassium (K*) concentration/level was decreased in birds
kept in heat stress conditions (Harper et al., 1977) which
is reported due to either its increased excretion (Berne and
Levy, 1993) or an increase in its uptake by the cells, or
both. Increases in excretion of K+ emerge to preponderate
in chronic heat stress, whereas its increase in uptake by the
cells is manifested during acute higher ambient
temperatures environment. The adverse effect of higher
environmental temperature/heat stress on blood K* levels
is also reported to be alike in various species of birds i.e.
layers (Ghorbani and Fayazi, 2009), broilers (Mushtaq et
al., 2005), and quail (Keskin and Durgan, 1997).

Effect of heat stress on Serum lipids, hormones and
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enzymatic profile of laying hens

Cholesterol is present in the cells of liver and
aortic tissues as well as in the fluids of animal body.
Important factors which affect cholesterol level in the
blood are: sex, age, ration, hyperthermia and starvation.
Hevia and Vinsek (1979) reported that fasting can increase
the serum cholesterol concentration by metabolizing fats
through the gluconeogenesis process hence can finally
increase the cholesterol concentration in serum. Higher
cholesterol level has also been reported by Sahota et al.
(1993) and Sahota and Gilani, (1994) in birds kept at high
temperatures. Heat stress affects performance as well as
various biochemical processes including hormone and
enzymatic status of birds (Anjum, 2000). Adrenal gland
has a central role in the General Adaption Syndrome
(Selye, 1973) and hormones produced by this gland are
strongly correlated to the heat stress. Thyroid hormone is
vital for the normal growth and development of birds and
its secretion rate accurately determines thyroid gland
activity (May and Deaton 1986). Thyroid activity was
adversely affected by high ambient temperature and it
was lowest in chickens reared under heat stress, which
might have been due to variations in photoperiod, seasonal
reproduction behavior in species and age of the birds
(Bowen and Washburn, 1985).

Pituitary and Hypothalamus glands respond to
heat stress by decreasing the synthesis of secretions of
thyroid gland. Cogburn and Harrison (1980) observed low
T3 values in birds exposed to hot environments.
Furthermore, EI-Gendy et al. (1995) reported a lower
plasma T3 level in heat stressed broilers at 6 weeks of age.
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Similar responses on the secretion of T3 due to heat stress
have also been observed by Brigmon et al. (1992) in
commercial layers. Moreover, changes in environmental
temperature and level of serum Tsare negatively correlated
with each other (Brigmon et al., 1992). Heat stress is
recognized to influence reproduction performance in
pullets (Abbas et al., 2017; Abbas et al., 2021) and
estrogen is a key hormone for efficient reproductive
performance in layers. Abbas et al. (2017), observed a
continuous decrease in plasma levels of estrogen during
heat stress. Progesterone is also a vital hormone, which is
related to ovulation process of birds. Novero et al. (1991)
reported that stoppage of progesterone because of
malfunction of ovary due to heat stress may cause
malfunction of positive feedback mechanism to the
hypothalamus resulting in a decrease in the secretion of
luteinizing hormone in birds.

Effect of heat stress on immunity level of laying hens

Heat stress is reported to suppress immunity
against ND and Gumboroo (IBD) disease in laying hens
(Abbas et al., 2019: Mashaly et al., 2004). Environmental
stressors affect the immune response and inherent
resistance of the host in a direct and/or indirect way (Abbas
et al., 2019). Layer birds kept under heat stress
experienced a reduction in lymphocytes and a rise in
heterophil concentration (Anjum, 2000; Abbas et al.,
2017). Thaxton and Siegel (1972) reported that high
ambient temperature mediated immune depression. Heat
stress caused reduction in total leucocytes and WBCs
count and thus affected immune response (Abbas et al.,
2017). Environmental factors other than temperature have
also shown to influence immunity in birds (Abbas et al.,
2017), i.e microbial toxins, hypoxia (Tengerdy, 1970),
non-ionic radiation (McRee et al., 1977), social
connections (Siegel and Latimer, 1975), heavy metals
(Morgan et al., 1975), pesticides (Glick, 1972), nest strain
(Thaxton and Briggs, 1972) and amount of nutrients intake
(Abbas et al., 2019) etc.

The control of antibody mediated immunity at
various environmental temperatures had been studied by
many investigators. EI-Gendy et al. (1995) observed that
serum antibodies concentration against Newcastle disease
vaccine (NDV) was lesser in heat stressed broilers as
compared to those kept under normal temperatures. Birds
reared at a temperature of 32.2 °C and higher than 32.2 °C
reduced (P<0.05) the agglutinin level in their blood. A
petite exposure (2 or 4 times) to cold and subsequent
antigen injection increased the agglutinin and hemolytic
response in birds. Whereas, 30 minutes cold contact for 2
or 4 times considerably (P<0.05) augmented the IgM
antibody concentration and markedly abridged/decreased
the 1gG (Suba-Rao and Glick, 1977).

Effect of heat stress on nutrient digestibility of laying
hens

High ambient temperature may exert a
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significantly effect on digestibility and absorption of
nutrients and their metabolism. Increaese in ambient
teperature has been shown to reduce feed consumption in
birds to prevent thermogenic effect (heat increment)
associated with nutrient utilization, absorption and
assimilation (Abbas et al., 2019). Higher ambient
temperature (above 30 °C) has shown to cause a reduction
in blood flow towards gut (Wolfenson, 1986). Resultantly
it may reduce hydrolytic activities of the respective
enzymes in upper part of digestive tract (Haiet al.,2000)
and hence can cause adecrease in protein digestion. Abbas
et al. (2027) observed meaningfully lowers protein and
carbohydrate digestion in laying hens in which cortisol
was dispensed to induce stress. Zuprizal et al. (1993)
observed a decrease in the digestibility of rapeseed meal
and soya bean meal protein, at high ambient temperature.
However, Virden et al. (2007) investigated that
physiological stress had no influence on the digestibility of
amino acid.

Factors, which may influence digestibility of
nutrients include, ambient temperature (Abbas et al.,
2019), level of feed intake and passage rate of digesta
(Ravindran et al., 2008), age and physiological status of
the bird (Huang et al., 2007), anti-nutritional factors
present in feed ingredients (Hughes and Choct, 1999) and
nutritional composition of the diet (Leeson and Summer,
2001a).To improve digestibility of feed ingredients
different nutritional manipulations have been used such as
adding enzymes in feed ( Abbas et al., 2021), heat
treatment and processing of feed ingredients and addition
of electrolytes in feed/water during hot weather
(Ravindran et al., 2008).

Attempts to improve feed efficiency of laying hens
during hot weather

Heat stress has shown to cause noteworthy
(P<0.05) adverse effect on efficiency of feed utilization in
birds. Anjum (2000) reported a poor feed conversion ratio
in White Leghorn layers exposed to heat stress whereas;
Muiruri and Harrison (1991) found that environmental
temperature had non-significant effect of on feed
efficiency in layers. These types of contradictory findings
observed by various scientists are still causing confusion
regarding the effect of hot weather on feed efficiency of
birds reared under different climatic temperatures, which
are direly needed to be addressed.

Several  nutritional and  managemental
manipulations have been used to combat heat stress. These
practices include provision of maximum insulation and
improving ventilation of the poultry house/shed (Nilipour,
2000), use of evaporative cooling systems (Donald, 2000),
thermal conditioning (Yahav, 2000), use of ventilating
fans, reducing bird density in the house (Lott, 1991),
provision of adequate cool drinking water, feed
withdrawal for certain periods or fasting prior to beginning
of heat stress, feeding during cool hours of the day and
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acclimation (Yamauchi et al., 1995). Al-Zujajy et al.
(1978) observed that efficiency of feed utilization was
significantly better in chicks kept under cool housing
conditions.

Use of air cooler improved feed conversion
efficiency of the birds by 4.3 to 9.7 percent. Therefore,
limited time feeding of birds during cool hours can be a
useful practice in poultry birds to combat the heat stress. It
has also been suggested that birds should fed during cool
hour periods (Mahmood et al., 2005) because it only adds
to body heat due to heat increment, which the birds has to
dissipate. Moreover, limited time feeding during the cooler
part of the day would increase feed consumption at a time
much suited for its efficient utilization with minimum
chances of heat prostration. Although, this feed practice is
not likely to increase the overall daily feed intake, yet it is
expected to improve the feed efficiency and production
performance of birds.

Ameliorating/Combating the Heat Stress in laying hens
Flocks:

Heat stress severely lessens the profit of poultry
farming (Abbas et al., 2017; Abbas et al., 2021).
Mitigating heat stress needs multifactorial efforts
including genetics (Lin et al. 2006), nutrition
(Afsharmanesh et al., 2010), thermal conditioning and
feeding practices (Abbas, 2017) and housing (Anjum,
2000).

1-Genetic Approach

Recent advances in genetics and biotechnology
may lead the way to explore the modifications in genes of
chicken to help alleviating heat stress. Developing the
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alleviate heat stress in high producers in hot areas is need
of time to boost the production for rising human
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There is a scope of developing naked neck
poultry flock in hot areas of the world. Naked neck Gene
(single dominant autosomal) helps to lessen feathers in the
neck area of chicken, thus facilitate in dissipation of heat
through this naked (featherless) area of neck. The gene
reduces the feathers covering by 20% in heterozygous and
40% in homozygous (Merat et al., 1986). Naked neck
laying hens tend to produce good size and numbers of
quality eggs under heat stress as compared to non-naked
layers (Fathi et al., 2013).

The frizzle gene create curving outline of the
feathers thus helps in reducing weight of feathers and
increases dissipation of heat waves (Lin et al., 2006).
Homozygous frizzled hens are reported to produce higher
numbers of quality eggs as compared to heterozygous
frizzled and non-frizzled layers during heat stress.
Researches revealed the good effect of frizzled genes on
reproductive traits of laying hens but Naked neck genes
have more potential to dissipate heat as compared to frizzle
genes, however, an additive effect of frizzle gene and
Naked neck gene can yield promising results (Zerjal et al.,
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weigh up to 40% in homozygous males and 30% in
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Figure 6: Scientific approaches to combat heat stress in laying hens

2-Nutritional manipulations

A-Lower Protein Diets: Higher protein level in ration
increases heat production in the body of birds therefore,
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excess intake of protein increases the heat load and
disturbs the ionic balance. It is advised that birds should
provide a diet of lesser protein concentration which should
be supplemented with critical essential amino acids
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(Donald and William, 2002) during hot periods (more
importantly L-Lysine and DL Methionine).

B-Higher energy rations: Addition of fats/oils in the
poultry diets is common practice during heat stress period.
Because, fats/oils have lowered heat increment level than
proteins and carbohydrates, therefore, some portion of
metabolizable energy is obtained by increasing the
contents of the diets. Addition of fats help to lessen the
specific dynamic effect of rations thus helps to combat the
heat stress in poultry birds. Therefore increasing dietary
inclusion of fat (up to 5%) poultry rations helps to alleviate
heat stress. Higher fat levels of diets also decrease the
passage rate of digesta through the gut and increase the
nutrient utilization (Attia et al., 2018; Daghir, 2008;
Ghazalah et al., 2008). Moreover, Fats/oils have linolenic
and linoleic acids (short chain fatty acids), these fatty acids
improve weight of the eggs and egg production (Daghir,
2008).

C-Reducing fiber contents of the diet: fibrous materials
in moderate levels enhanced performance, nutrient
digestibility, immunity affects the gastrointestinal (GIT)
development of broiler chicks (Sadeghi et al., 2015;
Gonzalez-Alvarado et al., 2010; Jiménez-Moreno et al.,
2009)

D-Adding synthetic amino acids in diet: Improved
amino acid balance of the diet can improve the
performance of poultry during hot summer (Leeson and
Summer, 2001). Formulate to digestible amino acid about
5% t010 % higher than normal recommendations at the
same protein level (Suganya et al., 2015).

E-Use of Betaine in the diet: Betaine has been reported
beneficial to ameliorate heat stress in poultry. Betaines act
as osmo-protective and maintain cellular water and ion
balance (Attia et al., 2016; Leeson and Summer, 2001),
works as a methyl donor and can cut the D L methionine
and choline requirements of diets involve in fat
distribution and enhance immune response. Dietary
addition of betaines (0.05-0.20%) has been reported to
enabling poultry to resist against heat stress. Effects of
Betaine on production performance, physiology,
immunity, hormones profile, digestibility and livability of
broilers and layers are well documented (Abbas et al.,
2019; Attia et al. 2005, 2009, 2011, 2016). Taurine (2-
aminoethanesulfonic acid) is a most important amino acids
present in various tissues of animals. It is important for
maintaining calcium homeostasis, bile acid conjugation,
membrane stabilization, enhancing thermotolerance and
osmoregulation, improving jejunal morphology, and
increasing expression of appetite-related genes. Dietary
Addition of taurine (0.1% of feed) in laying hen diet may
improve oviduct health during heat stress (Dai et al., 2015;
Ripps and Shen, 2012).

F-Prebiotic and probiotics: Dietary inclusion of

644

symbiotic (prebiotics and probiotics) and mannan-
oligosaccharides has been reported helpful to mitigate the
adverse effect of heat stress in poultry birds (Mohammed
et al., 2018; Sohail et al., 2012). Use of prebiotic and the
probiotic mixture may be helpful to improve the
production performance, immunity and intestinal
microarchitecture in birds kept under heat stress conditions
(Wong et al., 2006; Silva et al., 2010; Sohail et al., 2011)
reported noteworthy improvement in production
performance, intestinal health and immunity of birds
subjected to heat stress.

G-Supplementation of Vitamins and minerals:
Supplementation of vitamins in the feed and/or via
drinking water can be helpful to maintain the body
temperature of heat stressed birds (Attia et al. 2009, 2011,
2016; White head and Keller, 2003; Khattak et al., 2012).
Role of ascorbic acid and vitamin E is well documented in
this regard. Ascorbic acid (Vitamin C) primarily
synthesized by kidneys (Leeson and Summer, 2001) and
helps to alleviate oxidative stress in cells and decrease
cortisol level and enhances proliferation of B and T cells
in birds during heat stress (Attia et al., 2009). Yet,
endogenous vitamin C declines during heat stress (Abidin,
and Khatoon, 2013). Therefore additional supply of this
essential biochemical (250 mg/kg diet) should be checked
to improve the performance, immunity, fertility of eggs,
hatchability of eggs, reducing oxidative stress and body
temperature and improving the carcass grade (Attia et al.,
2009, 2011, 2016; Leeson and Summer, 2001; Car et al.,
2017). Vitamin E (alpha-tocopherol) works as cell-
protective and free radicals scavenger produced in the cells
(Attia et al., 2016, 2011, 2009; Khan et al., 2011). Dietary
inclusion of vitamin E helps to protect macrophages,
lymphocytes and plasma cells against oxidation stress and
hence may help to improve performance, immunity,
nutrients digestibility, egg production egg quality
characteristics and physiology in poultry birds (Abbas et
al., 2017, 2019, 2021; Attia et al., 2016). A plentiful intake
of alpha-tocopherol (250 mg/kg feed) improves the
prostaglandins, leukotrienes and cytokines production.
Moreover, combination of alpha-tocopherol (100 mg/kg
diet), ascorbic acid (200 mg/kg diet) and probiotics (2 g/kg
feed) proved effective to combat heat stress in broilers kept
at higher ambient temperature. Vitamin A (Retinol) is an
antioxidant of choice at low oxygen tensions which
enhances T cell proliferation and antibody production and
neutralize thiyl radicals. Dietary inclusion of Retinol
(6000-9000 1U/kg of laying hens diet) found to improve
the egg weight during heat-stress and to achieve good of
antibody titer against ND post vaccination (Palace et al.,
1999; Lin et al., 2002). Zinc is coenzyme of more than 300
biochemical reactions and is also part of carbonic
anhydrase system which is essential for eggshell formation
(Balnave and Muheereza, 1997), hence dietary inclusion
of zinc (80-100 mg/kg of layer diet) is helpful to improve
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the egg quality of laying hens during heat stress conditions
(Balnave et al., 1993). Chromium is an integral part of
chromodulin and is needed for the proper function of
insulin. Moreover, it is involved in metabolism of proteins,
carbohydrates, lipids, and nucleic acids (Vincent, 2000)
therefore, dietary inclusion of chromium (0.4-2 mg
chromium/kg of die) may results in improved production
performance, egg quality immunity and blood profile of
laying hens (Torki et al., 2014; Sahin et al., 2002; Li et al.,
2001). Selenium is an important component of many
seleno-proteins as a par various enzymatic biochemical
reactions i.e. thioredoxin reductases and glutathione
peroxidase (Naziroglu et al., 2012). For example it is
essential component of Type | deiodinase enzyme which
convert T, into active T3z (Arthur et al., 1992)]. Selenium
is reported to enhance the production and reproduction
performance of laying hens under heat stress conditions
(Attia et al., 2010). Dietary minerals requirement
especially calcium and phosphorus increase 4% to 5%
however; excesses or deficiencies should be checked at the
same time (Leeson and Summer, 2001).

H-Use of phytochemicals/herbal  compounds:
Phytochemicals such as Anthocyanins, L-theanine,
Lycopene has been tested to relieve heat stress in poultry
which has positive effect on health of poultry. These
Phytopigments  works as  antioxidant, immune-
modulatory, neuroprotective, anti-stressor, antidiabetic,
anti-obesity, anti-inflammatory, and anticancer in nature
and have several health benefits like improving
performance, egg and meat quality, immunity etc. in birds
reared during hot summer (Arain et al., 2018; Sahin et al.,
2011; 2013; 2016; Sun et al., 2015; Zhang et al., 2014;
Srivastava and Srivastava, 2015; Palozza et al., 2012;
Sahin et al., 2011; 2016;). Phytochemicals such as
lycopene found in vegetables and fruits like pink
grapefruit, papaya, apricots, guava, watermelon and
tomatoes (Tanaka et al., 2012) may improve cell growth
and modulates phase | and Il detoxifying enzymes,
activates host antioxidant enzymes i.e. glutathione
peroxidase, catalase, superoxide dismutase and others
(Martinez et al., 2008), also mediates gene transcription
(Palozza et al, 2012). L-theanine (Gamma-
Glutamylethylamide), an amino acid found in green tea
leaves potent unique health advantages like antioxidant,
antidepressant, immune booster (Saeed et al., 2018; Li et
al., 2016).

Resveratrol are group of polyphenols reported to
enhance antioxidant production and mostly found in
peanuts, turmeric, grapes and berries. Dietary
supplementation of Resveratrol is helpful to decrease the
body temperature, serum cholesterol, corticosterone and
adrenocorticotropin levels. Intake of these natural
bioactive compounds may cause an increased level of Ts,
catalases, glutathione, glutathione peroxidase and
superoxide dismutase, in poultry subjected to heat stress
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(He et al., 2019; . In laying hens, supplementation of (200
mg resveratrol/kg diet) improve production performance,
whilst an inclusion of 400 mg/kg diet can result in
reduction the serum/ egg cholesterol and triglycerides
(Zhang et al., 2019). Epigallocatechin gallate (EGCG)
present in green tea extract are polyphenols having good
anti-inflammatory and antioxidant properties reported to
improve feed consumption, production performance in
laying quails during heat stress (Sahin et al., 2010).
Curcumin are animals readily absorbable polyphenols of
turmeric having antioxidant/anti-inflammatory properties
(Attia et al., 2017) Dietary inclusion of curcumin (150
mg/kg diet) cause an increase in production performance,
enhances activity antioxidant enzymes, and improve
immunity in laying hens kept under heat stress conditions
(Liu et al., 2020)

I-Supplementation of electrolytes: Several methods have
been proposed to ameliorate high ambient temperature in
the poultry house and to decrease body temperature of
birds for successful poultry production. Electrolyte
supplementation has been promising to achieve acid-base
balance in birds reared in hot summer (Abbas et al., 2021,
Leeson and Summer, 2001). Therefore, dietary inclusion
and/or water supplementation of electrolytes is a common
practice in the field during summmer (Abbas, 2017,
Akhavan-salamat and Ghasemi, 2016). Dietary electrolyte
balance (DEB) in poultry birds plays a significant role for
the better performance. An optimum dietary electrolyte
balance is thus required for efficient performance, good
bone growth and maintaining bedding condition (Oliveira
etal., 2010). However, if DEB is not maintained in normal
limits, the performance of the birds is adversely affected.
Maiorka et al. (2004) recommended a dietary DEB of
174mEq/kg for better feed consumption and 163mEqg/kg
for the best weight gain as compared to 250mEq/kg of
DEB. It has also been observed that a DEB of 175mEq/kg
may improve performance in broilers until 21 days of age
(Szabd et al., 2011), but DEB should be 250mEqg/kg during
the growing and the finisher stages in broilers. However,
role of DEB on the performance of layer birds has not been
much studied. Akhavan-salamat and Ghasemi (2016) have
reported that, under tropical conditions, using a DEB of
250mEq/Kg achieved a correction of the lay-induced
metabolic acidosis and results in a positive effect on
performance of layers.

Electrolytes maintain ionic and water balance in
living systems. It is important to note that requirements of
electrolytes cannot be considered individually because
there must be an overall balance among these to achieve
homeostasis. Maintaining acid-base balance is a key
strategy to avoid harmful effects of heat stress. Acid base
balance is mainly affected by environmental and
nutritional status of the birds. High anions (negative
charged ions i.e. Cl) may cause acidemia in chickens,
whilst high cation contents (positive charged ions i.e. Na*,
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K*) in diet cause alkalemia. Both these adverse situations,
therefore, may affect performance of fowls. Dietary
electrolyte balance may be calculated using equations
developed by various scientists. However, for the
calculation of DEB, it be concerned that concentration of
sodium (Na*), K* and chloride (CI) should be within
adequate range (Abbas et al., 2017). Physiological stress,
however, tends to cause deviation in electrolyte balance of
poultry birds (Yalcin et al., 2004).

In young birds, CI~ at high levels i.e. 160-
240mEqg/kg,  significantly  decreased  blood H*
concentration (Ruiz-Lopez and Austic, 1993). Sodium
sulphate has been found to be relatively more acidic as
compared to calcium sulphate and potassium sulphate.
Gorman and Balnave (1994) investigated that heat stress
can cause an increased metabolic need for HCO;3™ ions.
Patience (1990) observed that acid base and electrolytes
balance effect the growth, appetite, thermal stress response
and the metabolism of different nutrients in birds. Borges
(2001) viewed that a complete electrolyte equation would
be expressed as, (Na*+K*+Ca*>+ Mg*?) - (CI + SO, 2 +
2P0472) and also reported that maximum feed intake was
noted at DEB 264mEqg/kg. Rondon et al. (2000) reported
250mEg/kg DEB when Na* level were different and
319mEq/kg when K* level manipulate.

Murakami et al. (2001) recommended optimal
DEB between 246 and 315mEq/kg for broilers during
starter phase and for the growers between 249 and
257mEq/kg to achieve efficient performance. Borges et al.
(2002) investigated that ideal DEB was found to be
between 246 and 277mEqg/kg. Borges et al. (2003)
reported that DEB (dietary electrolyte balance) of
240mEq/ kg influenced positive effects on body weight
and feed efficiency versus dietary electrolyte balance of 0,
120, and 360mEq/kg, in chicken reared under heat stress.
They concluded that an optimum DEB range of 220
mEqg/kg to 240mEg/kg be maintained for adequate
performance. Barbosa et al. (2014) revealed that
electrolyte balance may affect intestinal length, water
intake and heart and liver relative weights. They concluded
that electrolyte balance of 120mEq/kg in feed and
30mEg/L in drinking water may cause an increase in water
intake of European quails reared under hot temperature.

Johnson and Karunajeewa (1985) investigated
the dietary effect of mineral inclusion i.e. calcium and
available phosphorus and electrolytes i.e. sodium,
potassium and chloride on physiological response of
chickens. They did not observe any change in plasma ions
concentration (Ca, inorganic P, Mg, Na, K and Cl) of birds
due to treatments.

J-Dietary inclusion of NaHCO3: Supplementation of
diet and/or water with salts such as NaHCOs;, NacCl,
protassium bicarbonate, KCI, and ammonium chloride
may increase water intake of birds reared in heat stressed
conditions so helpful to maintain electrolyte balance
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(Abbas et al., 2021; Abbas et al., 2019; Abbas, 2017;
Leeson and Summer, 2001). NaHCO; (sodium
bicarbonate) is reported to be widely used in poultry feed
during summer (Teeter et al., 1985; Abbas et al., 2017,
2019; 2021; Hassan et al., 2009). For normal metabolic
events such as maintaining the normal structure and
functions of proteins etc., blood pH of poultry birds must
be very near to narrow physiological range of 7.35 to 7.45
(Abbas et al., 2017). Moreover, blood pH is closely related
to HCOs™ buffering system, which is the major buffering
system for maintaining blood pH and can be defined with
the following equation.
CO, + H,0 & H,CO3= HY + HCO5™

Blood bicarbonate concentration is primarily
under the control of kidneys and to a less extent, the lungs.
Kidneys organize the concentration/level of HCO3;~ by
adjusting its re-absorption from the renal tubules.
Increased breathing under heat stress decreases pCO;
which in turn causes an increase in pH that induces
respiratory alkalosis (Belay and Teeter, 1993). The
bicarbonate buffer system functions works with double
regulatory control of the lungs and kidneys. In HCOj3;~
buffering system blood pH is represented by the
expression (Berney and Levy, 1993) called Henderson
Hasselbalch equation as follows.

pH =6.1 + log [HCO37] / 0.03 pCO;
Where;

pCO, = partial pressure of CO;

In normal physiological phenomenon the ratio of
HCO3;™ to pCO;is 20:1. In an attempt to keep the body
temperature normal, the respiration rate of birds increases
which lowers the pCO,, hence increasing the Log term in
the Henderson Hasselbalch equation. This causes an
increase in the pH (respiratory alkalosis). In such
conditions, NaHCO3; might be used as a buffering agent to
nullify the problem. NaHCOgs is buffering agent which is
helpful to regulate the electrolyte balance and biological
pH of the body. Moreover, it is source of CO; and can
replace the loss of C O, occurs due to panting in heat-
stressed birds. Layer birds fed diets containing varying
levels of NaHCO; during summer showed improved
performance, digestion of nutrients and immunity against
Newecastle disease (Abbas et al., 2017). The use of sodium
zeolite and aspirin are also proven to alleviate heat stress.

3-Managemetal Practices
A-House design and location

Location and site of the building, its orientation, plantation
and shade, roof color, reflectivity, pitch, R values of
construction materials, ventilation system, use of
sprinklers and foggers and evaporative cooling system
may have a significant effect on heat loss via building.
(Moudgal et al.,1992; Donald and William, 2002).
Designing and orientation of poultry house are important
parameters to evade the perception of heat waves inside
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the house (Donald and William, 2002). Design of house
should be made in such a way that it will achieve
maximum insulation so that inside temperature of the
house be maintained in thermo neutral zone (Scanes,
2015). Hose must be oriented from East to West in length.
The roof of the poultry farm should be insulated, steeper
and higher (Donald and William, 2002). Use of sprinklers
during heat stress and paint the roof surface with metallic
zinc paint and/or installing an aluminum can helpful to
cool the building (Donald and William, 2002). During heat
stress, evaporative cooling system (through cooling pads,
foggers and/or sprinklers) in houses can successfully
mitigate devastating effect of heat stress (Attia et al. 2006).

B-Light regime: Lighting schedule should be adjusted to
offer more light hours during cool times of the day to
encourage feed consumption during the cooler hours. A
good working stand-by generator must be ready in case of
electric short fall during summer.

C-Stocking density: It is advised to reduce stocking
density during hot weather. High stocking rate during hot
season can result in improper ventilation. Metabolic heat
produced by birds and decreased loss of heat due to
improper ventilation during heat stress may rise the
temperature of the poultry house. Therefore floor space
should be adjusted keeping in view intensity of heat stress
conditions (Donald and William, 2002). Avoid to use
anticoccidial drugs during heat stress.

D-Litter management: Litter caught higher temperature
during hot weather (Abreu & Abreu, 2004). Hot and wet
weather cause the litter wet. Wet litter increase the growth
of pathogens, attracts flies, produces ammonia in house
and form cakes resultantly increase the stress upon birds,
therefore litter should be maintained well dried. (Donald
and William, 2002).

E-Early heat conditioning: EHC (early heat
conditioning) also seemed to be one of the favorable
method to induce heat adaptation/resistance of poultry
breeds to hot weather (Ayo et al., 2010).

F-Feeding practices: Fasting hours lessen the metabolic
heat output from digestibility of nutrients, their absorption
and metabolism (Richards and Proszkowiec-Weglarz,
2000). Starving/fasting during hot hours also helps to keep
calm the birds (Saeed et al., 2019). Feed with drawl two
hours before hot hours can increase resistance against heat
stress, enhances survival, and reduce heat production and
mortality in birds (Yalcin et al., 2003). A controlled
feeding schedule can minimize the detrimental effect of
hot weather on performance of layer birds. Afternoon or
near sunset feeding is also favorable for efficient
production during hot weather (Anjum, 2000). Replacing
pellets with mash may improve the production
performance and water intake in laying birds. Whole grain
or coarse mash feeding may increase digestibility during
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heat stress. The practice of off feed during hot hours may
decrease the heat load and mortality (Yalcin et al. 2001).
However, physiological adaptation of reduction in feed
intake (Abbas et al., 2017) of heat stressed birds causes a
reduction in essential nutrient intake (Mahmood et al.,
2005; Suganya et al., 2015). Therefore, efforts should be
done to stimulate feed intake during hot weather. Another
approach is adopting dual feeding regime i.e. provision of
high energy diet from 9 a.m. to 4 p.m. and provision of a
diet rich in protein from 4 pm. to 9 am may be helpful to
maintain the body temperature of heat stressed poultry
birds(Lozano et al., 2006). Keeping the feed wet has been
reported to be useful reduce viscosity in the gut and
increasing water intake during hot summer (Lin et al.,
2006). Thus can cause pre-digestion and improve feed
intake, dry matter intake, egg production and egg weight
(Linetal., 2006). Cooling effects of fresh water associated
with a high intake and extra water intake which improves
the performance of layers and broilers (Lin et al. 2006;
Afsharmanesh et al., 2010).)

G-Ventilation: High air speed is necessary to relieve the
birds during heat stress (Nilipour, 2000). In addition, heat
loss by convection plus radiation can rise significantly
with an increase in air flow (Hilman et al., 1985). In
extremes hot and humid weather, evaporative cooling
might be ineffective (Attia et al. 2006). However,
increased ventilation may be helpful to expel hot air from
(Dozier et al., 2005). Internal re-circulating fans and
exhaust fans can be helpful for uniform circulation of air
in the poultry houses aiding convectional heat loss (May
etal., 2000). A water level falling through the cooling pads
that decreases temperature by 6 °C must increase % RH by
about 27%. Therefore, adjusting fan thermostats to run
keep house temperature humidity at normal limit (Attia et
al. 2006).

H-Water: Birds tend to eat less and drink more during hot
weather to reduce their body temperature (Abbas, 2017).
Normally birds drink twice than what they eat at 15°C.
However, during heat stress (30°C - 35°C) the proportion
increases i.e. 4.9:1 (Holik, 2010). Provide adlib clean and
cool water adding ice to water. Increase drinker space and
number of drinkers to ensure enough supply of water to
cool down the body temperature of birds (Abbas, 2017).
To increase water intake during summer use water troughs
having sufficient water flow instead of nipple or bell-type
drinkers. Place water tank in shade.

I-Health status of birds: Healthy birds can resist the
effect of heat stress therefore birds should provide sterile
environment during summer to maintain proper health
status. For this supplementation of multi-strain probiotics
can be used to restore microbial balance and their natural
existence. Routinely screening, diagnosis and quick cure
of diseased/stressed birds can be helpful to escape the
devastating effect of hot weather (Donald and William,
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2002).

J-Farm Activities: Loading and transportation of birds is
unavoidable practice at poultry farms. However birds
should be shifted and transported in special care protocol
during transportation and loading in hot summer. Loading,
transportation, beak trimming, transfer and vaccinations of
birds should be done in cool parts hours with special care.
Avoid excessive activities with birds during periods of
peak heat periods (Andersson et al., 2001).

Conclusion

Temperatures higher than ambient temperature
may cause harmful effects on the performance,
physiology, metabolism and health of laying chickens
which results in huge economic losses in poultry
production, particularly in tropical and arid regions
throughout the globe. Since heat stress is important
contributor to the poor health of poultry birds, hence an
important cause of economic losses. Numerous research
experiments have explored the effects of heat stress
conditions on the welfare and production performance of
laying hens. The detrimental impact of high ambient
temperature on layer birds include reduced production,
reduced growth rates, decreased appetites, decline in feed
intake and laying and impaired meat/egg qualities. Recent
researches have focused on the negative influences of heat
stress on bird’s physiology, behavior, performance,
welfare and reproduction. The strategies for ameliorating

heat stress in laying hens including nutritional
manipulations and good husbandry/manage-mental
practice

REFERENCE

Abbas, G, Ahmad, F, Saeed, M, Ayasan, T, Mahmood, A,
Yasmeen, R, & A. Kamboh (2019). Effect of
Dietary Inclusion of Sodium Bicarbonate on
Digestibility of Nutrients and Immune Response
in Caged Layers During the Summer. Brazilian
Journal of Poultry Science, 21(2): 001-008.

Abbas, G., S. Mahmood®, A. ulHag and H. Nawaz (2021).
Effect of dietary inclusion of sodium bicarbonate
on production performance of caged layers
during summer. Pak. Journal of Zoology.54: 1-
9.DOI:
https://dx.doi.org/10.17582/journal.pjz/2019070
5200740

Abbas, G., S. Mahmood, A. ul Hag and H. Nawaz (2017).
Effect of dietary inclusion of sodium bicarbonate
on blood profile of caged layers during summer.
Pak. J. Agri. Sci., Vol. 54(2): 443-450.

Abidin, Z. and A. Khatoon (2013). Heat stress in poultry
and the beneficial effects of ascorbic acid
(vitamin C) supplementation during periods of
heat stress.World’sPoult. Sci. J., 69(1): 135-152

Abreu, P.G.; Abreu, V.M.N. Confortotérmico para aves.

648

Concordia: EmbrapaSuinos e Aves, (2004). 5p.
(Comunicado Técnico, 365).

Afsharmanesh, M., Barani, M. and F. G. Silversides
(2010). Evaluation of wet-feeding wheat based
diets containing Saccharomyces cerevisiae to
broiler chickens. British poultry science 51: 776-
783.

Akhavan-salamat H. and H. A. Ghasemi (2016).
Alleviation of chronic heat stress in broilers by
dietary supplementation of betaine and turmeric
rhizome powder: dynamics of performance,
leukocyte profile, humoral immunity, and
antioxidant status, Tropical animal health and
production, 48, 181-188.

Akram, M., H. Ahmed, M. L. Khan and A. Igbal (1999).
Egg quality characteristics influenced by
frequency of body wetting of layers during
summer. Inter. J. Agri. Biol. 1: 45-47.

Al-Zujajy, R. J., H. El-Hammady and M. A. Abudulla

(1978). The use of aircoolers in broiler houses

under subtropical conditions in Irag. Br. Poult.

Sci., 19: 731-735.

M. S (2000). Productive performance and

physiological behavior of White Leghorn caged

layers under different heat combating practices
during summer. PhD. Thesis, Department of

Poultry Science. University of Agriculture,

Faisalabad.

Arain, M.A., Z Mei, F.U. Hassan , M. Saeed , M.
Alagawany, A.H. Shar and I.R. Rajput (2018).
Lycopene: a natural antioxidant for prevention of
heat-induced oxidative stress in poultry. World's
Poultry Science Journal, Vol. 74.

Arthur, J. R., F. Nicol, G. J. Beckett (1992). The role of
selenium in thyroid hormone metabolism and
effects of selenium deficiency on thyroid
hormone and iodine metabolism. Biol. Trace
Elem. Res. 33, 37-42.

Attia, Y. A., E. H. Aelh, A. A. Abedalla, M. A. Berika,
M. A.Alharthi, O. Kucuk, K.Sahin and B. M.
Aboushehema (2016). Laying performance,
digestibility and plasma hormones in laying
hens exposed to chronic heat stress as affected
by betaine, vitamin C, and/or vitamin E
supplementation, Springerplus, 5, 1619.

Attia, Y. A., R. A. Hassan and E. M. Qota (2009).
Recovery from adverse effects of heat stress on
slow-growing chicks in the tropics 1: Effect of
ascorbic acid and different levels of betaine.
Tropical Animal Health and Production, 41,
807-818.

Attia, Y. A, R. A Hassan, A. E. Tag EI-Din and B. M.
Abou-Shehema (2011). Effect of ascorbic acid or
increasing metabolizable energy level with or
without supplementation of some essential amino
acids on productive and physiological traits of

Anjum,


https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Z.%20ABIDIN&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=A.%20KHATOON&eventCode=SE-AU
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/volume/868C2B1EC7B593D3F21FDF9FF76C55C6
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/issue/FF96FA1AA8AD4EE51F5F3175F724D87B

Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

slow-growing chicks exposed to chronic heat
stress. J. Anim. Physiol. Anim. Nutr., 95:744—
755.

Attia, Y. A., M B. Barbara and D. A. Roth-Maier (2006)
Responses of broiler chicks raised under
constant relatively high ambient temperature to
enzymes, amino acid supplementations, or diet
density. ArchivGeflugelk 70:80-91.

Attia, Y. A., W. S. El-Tahawy, A. E. Abd El-Hamid, S.
S. Hassan, A. Nizza, M. |. EL-Kelway (2012).
Effect of phytase with or without multienzyme
supplementation on juvenile performance and
nutrient digestibility of young broiler chicks fed
mash or crumble diets. Ital J Anim Sci 11:303—
308.

Attia, Y. A, R. A. Hassan, M. H. Shehatta, S. B. Abd EI-
Hady (2005). Growth, carcass quality and blood
serum constituents of slow growth chicks as
affected by betaine additions to diets containing
2. Different levels of methionine. Int J Poult Sci
11:856-865.

Attia, Y. A., A. A. Abdalah, H. S. Zeweil, F. Bovera,
A.A.Tag EI-Din, M. A. Araft, (2010). Effect of
inorganic or organic selenium supplementation
on productive performance, egg quality and some
physiological traits of dual-purpose breeding
hens. Czech J. Anim. Sci. 55: 505-519.

Attia, Y. A. M. A. Al-Harthi, S. S. Hassan (2017).
Turmeric (Curcuma longa Linn.) as a phytogenic
growth promoter alternative for antibiotic and
comparable to mannan oligosaccharides or
broiler chicks. Rev. Mex. Cienc. Pecu. , 8, 11-21.

Attia, Y.A., M. A. Al-Harthi, A. Sh Elnaggar (2018).
Productive, physiological and immunological
responses of two broiler strains fed different
dietary regimens and exposed to heat stress. Ital.
J. Anim. Sci. 17: 686-697.

Ayo, J. O., J. A. Obidi, P. I. Rekwot (2010). Seasonal
variations in feed consumption, hen-day,
mortality and culls of Bovans Black chickens. In:
Proceedings of the 35th Annual Conference of
the Nigerian Society for Animal Production.
University of Ibadan; pp. 415-418.

Balnave, D. and S. K. Muheereza (1997). Improving egg
shell quality at high temperatures with dietary
sodium bicarbonate. Poult. Sci. 76: 588-593.

Balnave, D. and D. Zhang, (1993). Research note:
Responses of laying hens on saline drinking
water to dietary supplementation with various
zinc compounds. Poult. Sci. 72, 603-606.

Barbosa L. R., J. H. V. da-Silva, P. E. N. Givisiez, T. D.
D. Martins, T. D. D. Saraiva , F. G. P. Costa and
M. Macari (2014). Influence of environmental
temperature andelectrolyte balance on the
performance of quails(Coturnix  Coturnix
Coturnix). Brazilian J. Poult. Sci. 16: 249-256.

649

Belay, T., and R. G. Teeter (1993). Broiler water balance
and thermo-balance during thermo-neutral and
high ambient temperature exposure. Poult. Sci.
72:116.

Berne, R. M. and M. N. Levy (1993). Physiology. R.
Ferrall (Ed.). pp 797. Mosby Year Book, Inc., St.
Louis, MO.

Betteridge, D.J (2000). What is oxidative stress? Metab.
Exp. 49: 3-8.

Bogin, E., Y. Weisman and Y. Friedman. 1981. Effect of
heat shock on the biochemical composition of
chicken blood. Ref. Vet. 38: 98-104.

Borges, S. A (2001). Balancoeletrolitico e sua inter-
relacdo com o equilibriodcido-base emfrangos de
cortesubmetidosaestressecaldricotese.
Jaboticabal (SP): UniversidadeEstadualPaulista.

Borges, S. A., A. V. Fisher da Silva, J. Ariki, D. M. Hooge,
K. R. Cummings (2003). Dietary electrolyte
balance for broiler chickens under moderately
high ambient temperatures and relative
humidities. Poult Sci. 82: 301-308.

Bowen, S. J. and K.W. Washburn (1985). Thyroid and
adrenal response to heat stress in chickens and
quail differing in heat tolerance. Poult. Sci. 64:
149-154.

Brigmon, R. L., E. L. Besch and F. B. Mather (1992).
Seasonal temperature and its influence on plasma
corticosterone, tri-iodothyronine, thyroxine,
plasma protein and packed cell volume in mature
male chickens. Biochem. Physiol. 102: 289-293.

Carr, A.C.; Maggini, S. Vitamin C and immune function.
Nutrients. 9: 1211.

Carrasco, G. A, L. D.Van de Kar (2003).
Neuroendocrinem pharmacology of stress. Eur. J.
Pharmacol. 463: 235-272.

Case, E. J. (1978). On the evolution and adaptive
significance of postnatal growth rates in the
terrestrial vertebrates. Quarterly Review of
Biology 55:243-282.

Chakraborty, A. K. and D. P. Sudhu (1983). Effect of acute
heat stress and its modifications by adrenaline
and adrenolytic drugs in pigeons. Int. J. Anim.
Sci. 53: 575-578.

Charmandari, E., C.Tsigos, G. Chrousos (2005).
Endocrinology of the stress response. Annu Rev.
Physiol. 67:259-284.

Choi, J. H. and I. K. Han (1983). Dietary interaction of
phosphorus with sodium from either chloride or
bicarbonate affects laying hen performance.
Poult. Sci. 62: 341-344.

Chrousos, G. P., and P. W. Gold (1992). The Concepts of
Stress and Stress System Disorders. JAMA: The
Journal of the American Medical Association
267: 1244-1252.

Daghir, N. J (2008). Poultry Production in Hot Climates,
2nd Ed.; CABI: Oxfordshire, UK.



Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

Dai, B., Y. S. Zhang, Z. L. Ma, L H. Zheng, S. J. Li, X.
H.Dou, J. S. Gong, J. F. Miao, (2015).Influence
of dietary taurine and housing density on oviduct
function in laying hens. J. Zhejiang Univ. Sci. B
16: 456-464.

Deaton, J. W., J. L. McNaughton and B. D. Lott (1982).
Effect of heat stress on laying hens acclimated to
cyclic versus constant temperature. Poult. Sci. 61:
875-878.

Decuypere, E., E. R Kuhn (1988). Thyroid Hormone
Physiology in Galliformes: Age and Strain
Related Changes in Physiological Control 1. Am.
Zool. 28, 401-415.

Diarra, S.S. and P. Tabuaciri (2014). Feeding Management
of Poultry in High environmental temperature.
Int. J. Poult. Sci. 13: 657-661.

Donald D. B., D. W. William (2002). Commercial Chicken
Meat and Egg Production, 6™ Edition, Online
ISBN 978-1-4615-0811-3, Kluwer Academic
Publishers.

Donald, J. (2000). Getting the most from evaporative
cooling systems in tunnel ventilated broiler
houses. World Poult. 16: 34-39.

Dozier, W. A, Ill, B. D. Lott, and S. L. Branton (2005).
Live performance of male broilers subjected to
constant or increasing air velocities at moderate
temperatures with a high dew point. Poult. Sci.
84:1328-1331.

Edward S. Brinkley (2000). Creatures of the Air and Sea.
Singapore: Reader's Digest Children's Books. pp.
34, 35. ISBN 0-7944-0353-0.

El-Gendy, E.A., A.A. Atallah, F.R. Mohamed, A. M. Atta
and SAS Institute (1997). SAS/STAT User's
Guide: Statistics. N.E. Goher (1995). Strain
variation in young chicken in response to chronic
heat stress conditions. Egyptian J. Anim. Prod.
32: 237-251.

Elnagar, S. A., Scheideler, S. E., Beck, M. M (2010).
Reproductive hormones, hepatic deiodinase
messenger ribonucleic acid, and vaso-active e
intestinal polypeptide-immunoreactive cells in
hypothalamus in the heat stress-induced or
chemically induced hypothyroid laying hen.
Poult. Sci. 89: 2001-20009.

Estévez, M (2015). Oxidative damage to poultry: From
farm to fork. Poult. Sci. 94, 1368-1378.

Etches, R.J.; John, T.M.; Gibbins, A.V. Behavioural,
physiological, neuroendocrine and molecular
responses to heat stress. In Poultry Production in
Hot Climates, 2nd ed.; CABI: Oxfordshire, UK,
2008; pp. 31-66.

Fathi, M. M., A. Galal, S. El-Safty, M. Mahrous (2013).
Naked neck and frizzle genes for improving
chickens raised under high ambient temperature:
I. Growth performance and egg production.
World’s Poult. Sci. J. 69, 813-832.

650

Faisal, N. and M. Riaz (2019). Climate change in Pakistan,
climate, population, and vulnerability in pakistan
exploring evidence of linkages for adaptation
chapter 1, pp 27

Fedde, M. R. 1998. Relationship of structure and function
of the avian respiratory system to disease
susceptibility. Poult. Sci. 77: 1130-1138.

Finch, D. M (1984). Aspects of nestling growth in Abert's
Towhee. Wilson Bulletin 96:705-708.

Geraert, P. A., J. C. F. Padilha and S. Guillaumin (1996).
Metabolic and endocrine changes induced by
chronic heat exposure in broiler chickens: growth
performance, body composition and energy
retention. Br. J. Nut. 75: 195-204.

Ghazalah, A. A., M. O. Abd — Elsamee and A. M. Ali
(2008). Influence of dietary energy and poultry
fat on the response of broiler chicks to heat therm.
Int. J. Poult. Sci. 7: 355-359.

Gorman, 1., D. Balnave (1994). Effects of dietary mineral
supplementation on the performance and mineral
excretions of broilers at high ambient
temperatures. Br. Poult Sci. 35: 563-572.

Hai, L., D. Rong, Z.Y. Z hang (2000). The effect of
thermal environment on the digestion of broilers.
J. Anim. Physiol. Anim. Nutr. 83: 57-64.

Hassan RA, Attia YA, El-Ganzory EH (2005). Growth,
carcass quality, and blood serum constituents of
slow growth chicks as affected by betaine
additions to diets containing 1. Different levels
of choline. Int J Poult Sci 4:840-850.

Hassan, A. M., H. May, A. Azeem and P. G. Reddy (2009).
Effect of Some Water Supplements on the
Performance and Immune System of Chronically
Heat-Stressed Broiler Chicks. Int. J. Poult. Sci. 8:
432-436.

He, S.; Li, S.; Arowolo, M.A.; Yu, Q.; Chen, F.; Hu, R;;
He, J. (2019). Effect of resveratrol on growth
performance, rectal temperature and serum
parameters of yellow-feather broilers under heat
stress. Anim. Sci. J. 90: 401-411.

Hilman, P.E., N. R. Scott and A. Van Tienhove (1985)
Physiological responses and adaptations to hot
and cold environments, in: YOUSEF, M.K. (Ed.)
Stress physiology in livestock, Vol. Ill, pp. 1-72
(CRC Press, Inc., Boca Raton, Florida).

Hohtola, E., and G. H. Visser (1998). Development of
locomotion and endothermy in altricial and
precocial birds. Pages 157-173 in Avian Growth
and Development: Evolution within the Altri
cial-Precocial Spectrum (J. M. Starck and R. E.
Ricklefs, Eds.). Oxford University Press, Oxford,
United Kindom.

Holik, V. (2010). Managing heat stress - Part 1 - Layers
respond to hot climatic conditions Poultry world,
Accessed at
https://www.poultryworld.net/Breeders/General/



https://link.springer.com/book/10.1007/978-1-4615-0811-3
https://link.springer.com/book/10.1007/978-1-4615-0811-3
https://yamm.finance/wiki/International_Standard_Book_Number.html
https://www.poultryworld.net/Breeders/General/2010/3/Managing-heat-stress---Part-1---Layers-respond-to-hot-climatic-conditions-WP007271W/

Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

2010/3/Managing-heat-stress---Part-1---L ayers-
respond-to-hot-climatic-conditions-
WP007271W/.

Hoshino, S. M. Suzuki, T. Kakegawa, M. Wakita, Y.
Kobayashi, (1986). Thyroid hormone response to
thyrotrophin releasing hormone (TRH) in the
sex-linked dwarf chicken. Endocrinol. Jpn. 33:
675-682.

Hughes, R. J. and M. Choct. (1999). Chemical and
physical characteristics of grains related to
variability in energy and amino acid availability
in poultry. Aust. J. Agri. Res. 50:689-701.

IEE (2016). Initial Environmental Examination PAK:

MFF  Power Transmission  Enhancement
Investment Program Tranche 4 —220 KV Dera
Ismail Khan Grid Station and Allied
Transmission Line. Accessed on

https://www.adb.org/sites/default/files/project-
document/185460/37192-044-iee-13.pdf

Johnson, R. J. and H. Karunajeewa (1985). The Effects of
Dietary Minerals and Electrolytes on the Growth
and Physiology of the Young Chick. The Journal
of Nutrition, 115, 1680-1690.
https://doi.org/10.1093/jn/115.12.1680.

Khan, R.U., S. Naz, Z. Nikousefat, V.Tufarelli, M.Javdani,
N. Rana, V Laudadio (2011). Effect of vitamin E
in heat-stressed poultry. World’s Poult. Sci. J. 67:
469-478

Khattak, F. M., T. Acamovic, N. Sparks, T. N. Pasha, M.
H. Hussain, M. Joiya and Z. Ali (2012).
Comparative efficacy of different supplements
used to reduce heat stress in broilers. Pak. J. Zool.
44: 31.

Leeson, S., J. D. Summers (2001). Scott’s nutrition of the
chicken. 4th Ed. University Books; Guelph,
Ontario, Canada.

Lennon, S.V., S. J. Martin, T. G. Cotter (1991). Dose-
dependent induction of apoptosis in human
tumour cell lines by widely diverging stimuli.
Cell Prolif. 1991, 24, 203-214.

Li, B. M, Y. J. Zhou and Y. N. Cui. (1992). Study and use
of tunnel ventilation system for poultry houses in
summer. Transaction of the Chinese Society of
Agri. Engineering. 8: 83-89.

Li, C. C., W. H. Bruke and M. G. Hulsey (1986). Effect of
environmental temperature on feed intake, body
weight, rate of egg laying, egg weight, egg shell
strength, blood calcium content and the level of
oestradioi in the laying hen. Anim. Husb. Vet.
Med. 18: 97-98.

Li, C.; Tong, H.; Yan, Q.; Tang, S.; Han, X.; Xiao, W.;
Tan, Z. 2016. L-Theanine Improves Immunity by
Altering TH2/TH1 Cytokine Balance, Brain
Neurotransmitters, and Expression of
Phospholipase C in Rat Hearts. Med. Sci. Monit.
Int. Med. J. Exp. Clin. Res., 22, 662—669.

651

Li, S., X. Luo, B. Liu, G. Shao, X. Guo, S. Yu (2001).
Effect of organic chromium on egg production
and immune responses in heat stressed layers.
(Ying Yang Xue Bao) Acta Nutrimenta Sinica. 23:
117-121.

Lin, H.; Wang, L.F.; J. . Song, Y. M. Xie, Q. M.Yang,
(2002). Effect of dietary supplemental levels of
vitamin A on the egg production and immune
responses of heat-stressed laying hens. Poult. Sci.
81: 458-465.

Lin, H., H. C. Jiao, J. Buyse, E. Decuypere (2006),
Strategies for preventing heat stress in poultry.
World’s Poult. Sci. J. 62, 71-86.

Liu, M., Y. Lu, P.Gao, X. Xie, D. Li, D. Yu, M. Yu,
(2020). Effect of curcumin on laying
performance, egg quality, endocrine hormones,
and immune activity in heat-stressed hens. Poult.
Sci. 99: 2196-2202.

Lott, B. D. (1991). The effect of feed intake on body
temperature and water consumption of male
broilers during heat exposure.Poult. Sci. 70:
756-759.

Lozano, C., V. De Basilio, I. Oliveros, R. Alvarez, 1.
Colina, D. Bastianelli, S. Yahav, M. Picard
(2006). Is sequential feeding a suitable technique
to compensate for the negative effects of a
tropical climate in finishing broilers? Anim. Res,
55, 71-76.

Lin, H., H. C. Jiao, J. Buyse, E. Decuypere, Strategies for
preventing heat stress in poultry. World’s Poult.
Sci. J. 62, 71-86.

Mack, L. A., J. N. Felver-Gant, R. L. Dennis, H. W. Cheng
(2013). Genetic variation alters production and
behavioral responses following heat stress in 2
strains of laying hens. Poult. Sci. 92: 285-294.

Mahmood, S., S. Hasan, F. Ahmad, M. Ashraf, M. Alam
and A. Muzaffar (2005). Influence of feed
withdrawal  for  different  durations on
theperformance of broilers in summer. Int. J.
Agri. Biol. 6: 975-978.

Mashaly, M. M., G. L. Hendricks, M. A. Kalama, A. E.
Gehad, A. O. Abbas, P. H. Patterson, (2004).
Effect of heat stress on production parameters
and immune responses of commercial laying
hens. Poult. Sci. 83: 889-894.

May, J. D., B. D. Lott, B. D., and J. D. Simmons (2000).
The effect of air velocity on broiler performance
and feed and water consumption. Poult. Sci.
79:1396-1400.

May, J. D., J. W. Deaton, F. N. Reece and S. L. Branton
(1986). Effect of acclimation and heat stress on

thyroid hormone concentration. Poult. Sci.
65:1211-13.

Melesse, A., S. Maak, G. Von Lengerken, (2011), Effects
of genetic groupx ambient temperature

interactions on performance and physiological


https://www.poultryworld.net/Breeders/General/2010/3/Managing-heat-stress---Part-1---Layers-respond-to-hot-climatic-conditions-WP007271W/
https://www.poultryworld.net/Breeders/General/2010/3/Managing-heat-stress---Part-1---Layers-respond-to-hot-climatic-conditions-WP007271W/
https://www.poultryworld.net/Breeders/General/2010/3/Managing-heat-stress---Part-1---Layers-respond-to-hot-climatic-conditions-WP007271W/
https://www.adb.org/sites/default/files/project-document/185460/37192-044-iee-13.pdf
https://www.adb.org/sites/default/files/project-document/185460/37192-044-iee-13.pdf
https://doi.org/10.1093/jn/115.12.1680

Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

responses of Naked-neck chickens and their F1
crosses with Lohmann White and New
Hampshire laying hens. J. Anim. Feed Sci. 20:
599-612.

Merat, P. (1986). Potential usefulness of the Na (naked
neck) gene in poultry production. World’s Poult.
Sci. J. 42: 124-142.

Mishra, B. and R. Jha, (2019). Oxidative stress in the
poultry gut:  Potential challenges and
interventions. Front. Vet. Sci. 6: 60.

Mohammed, A. A., J A Jacobs, G R Murugesan and H W
Cheng (2018). Effect of dietary synbiotic
supplement on behavioral patterns and growth
performance of broiler chickens reared under heat
stress. Poult Sci., 97(4): 1101-1108.

Muiruri, H. K. and P. C. Harrison, (1991). Effect of roost
temperature on performance of chickens in hot
ambient environments. Poult. Sci. 70: 2253-
2258.

Mushtag, T., M. Sarwar, H. Nawaz, M. A. Mirza, T.
Ahmad (2005). Effect and interactions of dietary
sodium and chloride on broiler starter
performance (hatching to twenty-eight days of
age) under subtropical summer conditions. Poult.
Sci. 84: 1716-1722.

Naga, R. K. K., Narendra and D. Nath (2018).
Ameliorative measures to counter heat stress in
poultry. World’s Poult. Sci. J. 74: 117-130.

Nair, R. S. and V. K. Elizabeth (1983). Effect of age and
season on quality of chicken eggs. Int. J. Poult.
Sci. 18: 207-210.

Nawab, A., F. Ibtisham, G. Li, B. Kieser, J. Wu, W. Liu,
(2018). Heat stress in poultry production:
Mitigation strategies to overcome the future
challenges facing the global poultry industry. J.
Therm. Biol. 78, 131-139.

Naziroglu, M., K. Yildiz, B. Tamtrk, I. Erturan, (2012).
Flores-Arce, M. Selenium and psoriasis. Biol.
Trace Elem. Res. 150: 3-9.

Nichelmann, M. (1992). Verhaltensbiologische Probleme
imperinatalen Zeitraum. In: Nichelmann, M.,
Tembrock, G Eds.), Verhaltensentwicklung,
Akademie-Verlag, Berlin pp 7-24.

Niu, Z. Y., F. Z. Liu, Q. L. Yan, W. C. Li (2009). Effects
of different levels of vitamin E on growth
performance and immune responses of broilers
under heat stress. Poult. Sci. 88: 2101-2107.

North, M. O. and D. D. Bell. (1990). "Egg quality"
Commercial Chicken Production Manual 4th ed.
Van Nostrand Rinolt, New York, NY.

Novero, R. P., M. M. Beck, E. W. Gleaves, A. L. Johnson
and J. A. Deshazer (1991). Plasma progesterone,
luteinizing  hormone  concentrations  and
granulosa cell responsiveness in heat stressed
hens. Poult. Sci. 70:2335-2339.

Odom, T. W., C. R. Creger, J. R. Cain, D. Costello and C.

652

A. Bailey (1983). The effect of thermal stress on
parathyroid gland weight, duodenal calcium-
binding protein activity and bone mineral n
SCVVL. Poult. Sci. 62: 1476.

Oladele, S. B., S. Ogundipc, J. O. Ayo and K. A. N.Esievo
(2001). Effects of season and sex on packed cell
volume, haemoglobin and total proteins of
indigenous pigeons in Zaria, Northern Nigeria.
VeterinarskiArhiv. 71: 277-286.

Olanrewaju, H. A., S.Wongpichet, J. P. Thaxton, W. A.
Dozierand S. L. Branton (2006). Stress and Acid-
Base Balance in Chickens. Poult. Sci. 85:1266—
1274,

Oliveira MC, U. M. Arantes and J. Stringhinix (2010).
Efeito do balangoeletrolitico da
racdosobreparametrosésseos e da cama de
frango. Biotemas. 23: 203-209.

Palace, V. P., N. Khaper, Q. Qin, P. K. Singal, (1999).
Antioxidant potentials of vitamin A and
carotenoids and their relevance to heart disease.
Free Radic. Biol. Med. 26: 746-761.

Palozza, P., A. Catalano, R. E. Simone, M. C. Mele, and
A. Cittadini (2012) Effect of lycopene and tomato
products on cholesterol metabolism. Annals of
Nutrition and Metabolism 61: 126-134

Parker, J. T. and M. A. Boone (1976). Thermal stress
effects on certain blood characteristics of adult
male turkeys. Poult. Sci. 50: 1287- 1295.

Patience, J. F. (1990). A review of the role of acid base
balance in amino acid nutrition. J. Anim. Sci.68:
398-408.

Prieto, M. T. and J. L. Campo (2010). Effect of heat and
several additives related to stress levels on
fluctuating asymmetry, heterophil: lymphocyte
ratio, and tonic immobility duration in White
Leghorn chicks. Poult. Sci. 89: 2071-2077.

Reddy, V. R., T. B. Dinesh (2004). Nutrition management
under adverse environment. Hand book of
poultry nutrition. International book distributing
company, Chaman studio building, 2" floor,
Charbagh, Lucknow (India). Pp 228-229.

Remus, J. (2001). Betaine for increased breast meat yield
in turkey. World Poultry. Elsevier 17: 14-15.

Richards, M.P. and M. Proszkowiec-Weglarz (2007)
Mechanisms regulating feed intake, energy
expenditure, and body weight in poultry. Poultry
Science 86: 1478-1490.

Ripps, H. and W. Shen, (2012). Review: Taurine: A “very
essential” amino acid. Mol. Vis. 18: 2673-2686.

Rondon, E., A. E. Murakami, A. C. Furlan, I. Moreira, M.
Macari  (2001). Sodium and chloride
requirements of young broiler chickens fed corn-
soybean diets (one to twenty—one days of age).
Poult Sci. 80: 592-598.

Rozenboim, 1., E. Tako, O. Gal-Garber, J. A. Proudman Z.
Uni (2007). The effect of heat stress on ovarian


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

function of laying hens. Poult. Sci. 86, 1760-
1765.

Ruiz-Lopez B., R. E. Austic (1993). The effects of
selected minerals on acid-base balance of
growing chicks. Poult Sci. 72: 1054-1062.

Sadeghi, A., M. Toghyani and A. Gheisari (2015). Effect
of various fiber types and choice feeding of fiber
on performance, gut development, humoral
immunity, and fiber preference in broiler chicks.
Poult. Sci., 49(11): 2734-2743.

Saeed , M., X Yatao , F. U. Hassan, M. A. Arain, M. E.
Abd-El-Hack, A. E. Noreldin and C. Sun (2018).
Influence of Graded Levels of L-Theanine
Dietary Supplementation on Growth
Performance, Carcass Traits, Meat Quality,
Organs Histomorphometry, Blood Chemistry and
Immune Response of Broiler Chickens. Int. J.
Mol. Sci., 19, 462; doi:10.3390/ijms19020462.

Saeed, M., G Abbas, M. Alagawanyd, A. A. Kamboh, M
E. Abd El-Hack, A. F. Khafaga, S. Chao (2019).
Heat Stress Management in Poultry Farms: A
comprehensive overview. Journal of Thermal
Biology, 84: 414-425.

Sahin, K., O.Kucuk, N.Sahin, M.Sari (2001). Effect of
vitamin C and vitamin E on lipid peroxidation b
status, some serum hormone, metabolite and
mineral concentrations of Japanese quails reared
under heat stress (34 °C). Int. J. Vitam. Nutr. Res.
71: 27-31.

Sahin, K., O. Ozbey, M. Onderci, G. Cikim, M. H.
Aysondu (2002) . Chromium supplementation
can alleviate negative effects of heat stress on egg
production, egg quality and some serum
metabolites of laying Japanese quail. J. Nutr. 132:
1265-1268.

Sahin N., K Sahin, M. Onderci, O. kucuk. (2006). Effects
of Dietary Lycopene and Vitamin E on Egg
Production, Antioxidant Status and Cholesterol
Levels in Japanese Quail. Asian Australasian
Journal of Animal Sciences 19(2).

Sahin, K., C. Orhan, M. Tuzcu, S. Ali, N. Sahin, A Hayirli
(2010). Epigallocatechin-3-gallate prevents lipid
peroxidation and enhances antioxidant defense
system via modulating hepatic nuclear
transcription factors in heat-stressed quails.
Poult. Sci. 89: 2251-2258.

Sahin, K., Orhan, C., Akdemir, F., Tuzcu, M., Ali, S. and
Sahin, N. (2011) Tomato powder
supplementation activates nrf-2 via
erk/aktsignalling pathway and attenuates heat
stress-related responses in quails. Animal Feed
Science and Technology 165: 230-237.

Sahin, K., C. Orhan, M. O. Smith, and N. Sahin (2013)
Molecular targets of dietary phytochemicals for
the alleviation of heat stress in poultry. Worlds
Poultry Science Journal 69: 113-123.

653

Sahin, K., C. Orhan, M. Tuzuc , N. Sahin, A. Hayirli, S.
Bilgili, and O. Kucuk (2016). Lycopene activates
antioxidant enzymes and nuclear transcription
factor systems in heat-stressed broilers. Poultry
Science 95: 1088-1095.

Sahota, A.W., A. H. Gilani (1995). Effect of dietary
ascorbic acid supplementation on haematology
and body temperature of adult layers maintained
under high ambient temperature. Pak. J. Sci. Res.
47:82-86.

Scanes, C. G. (2015). Sturkie's Avian Physiology (Sixth
Edition). Chapter 37 — Regulation of Body

Temperature: Strategies and
Mechanisms. Academic Press USA, Pp 869-905.

Selye, H. (1956). Endocrine reactions during stress.

Current Res. Aneth. 1: 182-193.

H. (1973). Homeostasis and heterostasis.

Perspectives in Biology and Medicine. 16: 441-

445

Siegel, H. S. and J. W. Latimer (1975). Social interactions
and antibody titers in young male chickens
(Galusdomesticus). Anim. Behav. 23: 323-330.

Siegel, P. and F. Jordan (1997). Improving Poultry
Production. Proceedings of 19" World Poultry
Congress. Poult. Int. J. pp: 62-68.

Silva, V. K., J. D. Torre da Silva, R. A. Gravena, R. H.
Marques, F. H. Hada, and V. M. Barbosa de
Moraes (2010). Yeast extract and prebiotic in pre-
initial phase diet for broiler chickens raised under
different temperatures. R. Bras. Zootec. 39:165—
174.

Simon, M. S. (2003). Reducing heat stress problem. World
Poultry. 19(3):16-17.

Sohail, M. U., M. E. Hume, J. A. Byrd, D. J. Nisbet, A.
ljaz, A. Sohail, M. Z. Shabbir and H. Rehman
(2012). Effect of supplementation of prebiotic
mannan-oligosaccharides and probiotic mixture
on growth performance of broilers subjected to
chronic heat stress. Poult Sci.91: 2235-2240.

Sohail, M. U., Z. U. Rahman, A. ljaz, M. S. Yousaf, K.
Ashraf, T. Yaqub, H. Zenab, H. Anwar, and H.
Rehman (2011). Single or combined effects of

Selye,

mannan-oligosaccharides and probiotics
supplements on the total oxidants, total
antioxidants, enzymatic antioxidants, liver

enzymes and serum trace minerals in cyclic heat
stressed broilers. Poult. Sci. 90:2573-2577.

Srivastava, S. and A. K. Srivastava (2015) Lycopene;
chemistry, biosynthesis, metabolism and
degradation under various abiotic parameters.
Journal of Food Science and Technology-Mysore
52: 41-53.

Star, L., E. Decuypere, H.K. Parmentier, B. Kemp (2008).
Effect of single or combined climatic and
hygienic stress in four layer lines: 2. Endocrine
and oxidative stress responses. Poult. Sci. 87:


javascript:;
javascript:;
javascript:;
https://www.sciencedirect.com/science/book/9780124071605
https://www.sciencedirect.com/science/book/9780124071605

Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

1031-1038.

Sturkie, P. D. (1976). Avian physiology 3™ Ed. Springer
Virlag. N. Y. Heidelberg, Berlin

Suba-Rao, D. S.V. and B. Click. (1977). Effect of cold
exposure on the immune response of chicken.
Poult. Sci., 56: 992-996.

Suganya, T., S.Senthilkumar, K. Deepa and R.
Amutha.2015.  Nutritional management to
alleviate heat stress in broilers. International
Journal of Science, Environmentand Technology,
Vol. 4, No 3, 2015, 661 — 666

Sun, B., C. Cheng, W. Wang, J. MA, Q. Xif, Y. Gao, F.
Chen, X. Zhang, and Y. Bi (2015). Effects of
lycopene supplementation in both maternal and
offspring diets on growth performance,
antioxidant capacity and biochemical parameters
in chicks. Journal of animal physiology and
animal nutrition 99: 42-49.

Szabd, J., A.V. Vucskits, E. Andrésofszky, E. Berta, A.
Bersényi, L. Borzsonyi, . PalfiV,Hullar. 2011.
Effect of dietary electrolyte balance on
production, immune response and mineral
concentrations of the femur in broilers. Acta
VeterinariaHungarica. 59: 295-310.

Tanaka, T., M. Shinimizu and H. Moriwaki (2012) Cancer
chemoprevention by carotenoids. Molecules 17:
3202-3242.

Teeter, R. G. and T. Belay (1996). Broiler management
during acute heat stress. Animate Feed Science
and Technology. Oklahoma State University
Stillwater, USA. 58: 127-142.

Teeter, R. G., M. O. Smith, F. N. Owens, S. C. Arp, S.
Sangiah and J. E. Breazile (1985). Chronic heat
stress and respiratory alkalosis: Occurrence and
treatment in broiler chickens. Poult. Sci. 64:
1060-1064.

Tengerdy, R. P. (1970). The immune suppressive effect of
hypoxia onchicken embryos. Experimentia 26:

309-310.

Thaxton, P. and D. M. Briggs (1972). Effect of
immobilization and formaldehyde on
immunological  responsiveness in  young

chickens. Poult. Sci. 51: 342-344.

Torki, M., S. Zangeneh and M. Habibian (2014).
Performance, egg quality traits, and serum
metabolite concentrations of laying hens affected
by dietary supplemental chromium picolinate and
vitamin C under a heat-stress condition. Biol.
Trace Elem. Res. 157: 120-129.

Trail, J. C. M. (1963). Shell and egg interiorquality of the
indigenous poultry of Uganda compared with
five imported breeds and crosses. Poult. Sci. 42:
1887-1891.

Tzschentke, B., D. D. Basta, M. Nichelmann (2001).
Epigenetic temperature adaptation in birds:
peculiarities and similarities in comparison to

654

acclimation. News Biomed. Sci.

Vidal, J. and D. Walsh (2010). "Temperatures reach record
high in Pakistan". guardian.co.uk (London).
Retrieved  21July, 2010. Accessed on
http://www.theguardian.com/world/2010/jun/01/
pakistan-record-temperatures-heatwave.

Vincent, J. B (2000). The biochemistry of chromium. J.
Nutr. 130: 715-718.

Virden, W. S., M. S. Lilburn, J. P. Thaxton, A. Corzo, D.
Hoehler, and M. T. Kidd. 2007. The effect of
corticosterone- induced stress on amino acid
digestibility in Ross broilers. Poult. Sci. 86: 338—
342.

Wolfenson, D. (1986). The effect of acclimatization on
blood flow and its distribution in normothermic
and hyperthermic domestic fowl. Comp.
Biochem. Physiol. 85:739-742.

Wong, J. M. W., R. de Souza, C. W. C. Kendall, A. Emam,
and D. J. A. Jenkins (2006). Colonic health:
Fermentation and short chain fatty acids. J. Clin.
Gastroenterol. 40:235-243.

Yahav, S. (2000). Domestic fowl-Strategies to confront
environmental conditions. Avian and Poult. Biol.
Rev. 11: 81-95

Yahav, S., A. Straschnow, I. Palvnik and S. Hurvitz

(1997). Blood system response of chicken to

changes in environmental temperature. Poult.

Sci., 76: 627-633.

S., Ozkan, S., Cabuk, M. and P.B. Siegel

(2003).Criteria  for  evaluating  husbandry

practices to alleviate heat stress in broilers.

Journal of Applied Poultry Research 12: 382-388.

Yalcin, S., S. Ozkan, G. Oktay, M. Cabuk, Z. Erbayraktar,
and S. F. Bilgili (2004). Age-Related effects of
catching, crating, and transportation at different
seasons on core body temperature and
physiological blood parameters in broilers. J.
Appl. Poult. Res. 13:549-560.

Yalcin, S., S. Ozkan, L. Turkmut and P. B. Siegel (2001).
Responses to heat stress in commercial and local
broiler stocks.1. Performance traits. Br. Poult.
Sci. 42: 149-152.

Yamauchi (1995). Effect of cool air on the performance of
laying hens fed in free cage with alternate racks
in the summer. J. app. Poult. Sci. 32: 350-358.

Yang, Q. M., Q. W. Mu., Z. H. Yu and H. Lin (1992). A
study of influence of environmental temperature
on some biochemical indices in serum of broilers.
J. Shandong Agri. Univ. 23: 363-367.

Yoshida, N., M. Fujita, M. Nakahara, T. Kuwahara, S.I.
Kawakami, T. Bungo (2011). Effect of high
environmental temperature on egg production,
serum lipoproteins and follicle steroid hormones
in laying hens. J. Poult. Sci. 48: 207-211.

Yunis, R. and A. Cahaner (1999). The effects of the naked
neck (Na) and frizzle (F) genes on growth and

Yalcin,


http://www.guardian.co.uk/world/2010/jun/01/pakistan-record-temperatures-heatwave
http://www.guardian.co.uk/world/2010/jun/01/pakistan-record-temperatures-heatwave
http://www.theguardian.com/world/2010/jun/01/pakistan-record-temperatures-heatwave
http://www.theguardian.com/world/2010/jun/01/pakistan-record-temperatures-heatwave

Pakistan Journal of Science (Vol. 73 No. 4 December, 2021)

meat yield of broilers and their interactions with
ambient temperatures and potential growth rate.
Poult. Sci. 78: 1347-1352. .

Zhang, C., X. Kang, T. Zhang, J. Huang (2019). Positive
Effects of Resveratrol on Egg-Laying Ability,
Egg Quality, and Antioxidant Activity in Hens. J.
Appl. Poult. Res. 28: 1099-1105.

Zhang, J., hou, X., Ahmad, H., Zhang, H., Zhang, L. and
T. Wang. (2014). Assessment of free radicals
scavenging activity of seven natural pigments and
protective effects in aaph-challenged chicken
erythrocytes. Food Chemistry 145: 57-65.

655

Zerjal, T., D. Gourichon, B. Rivet, A. Bordas (2013).
Performance comparison of laying hens
segregating for the frizzle gene under
thermoneutral and high ambient temperatures.
Poult. Sci. 2013, 92, 1474-1485.

Zuprizal, Larbier, M. Chagneau, A. M. and P. A. Geraert
(1993). Influence of ambient temperature on true
digestibility of protein and amino acids of
rapeseed and soybean meals in broilers.
Poult.Sci, Poultry Science Association.72:.289-
295.



