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Introduction

To meet the rising demand for chicken meat and eggs, the global poultry industry is
expanding. Poultry meat contains a low amount of saturated fatty acids and is rich in protein,
vitamins, and minerals. Additionally, eggs are a great source of antioxidants like lutein and
zeaxanthin, which are very beneficial to eye health. In the same way, the cheapest source of animal
protein is chicken eggs. In addition to increasing chicken mortality, HS has a negative impact on
growth performance, feed intake, egg output, and quality. Furthermore, during food consumption,
the gut is the organ which is most frequently exposed to outside material in the form of feed. Pathogen
entry into the body is prevented by intact intestinal epithelial cells. On the other hand, compromised
gut integrity in individuals with chronic disorders poses a significant issue related to altered nutrient
absorption and microbiological leakage. As a result, challenged immunity develops as an immune
response 1is triggered against the pathogenic stimuli. As soon as birds are exposed to HS, another
factor called oxidative stress takes in. This stress has been linked to the production of reactive oxygen
species (ROS), which disrupts cells. Oxidative stress is the other aspect that comes into play as soon
as birds are exposed to HS and have been associated with reactive oxygen species (ROS) generation
causing cell disruption. For laying hens, the ideal temperature is between 19°C and 22°C, and for
growing broilers, it is between 18°C and 22°C. This is the thermo-neutral zone. The following
categories apply to heat stress in birds, in general: acute: 27-38 °C for 1-24 hours; mild: 27-38 °C
for up to 7 days; persistent or extreme: 38—50 °C for seven days or longer. Poultry birds mostly rely
on panting because they do not have sweat glands. Poultry birds have been reported to lay down,
pant, close their eyes, spread their wings, gasp, and indulge in cannibalism when they are subjected
to extreme temperatures. Evidence from a recent study showed that feeding is restricted during heat
stress because the buccal cavity doesn’t allow feeding and panting both at the same time due to

which, birds that were exposed to extreme heat, spent more time panting than eating.
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Effects of Heat Stress on GI Tract

Since gut the organ, where nutrients are absorbed and digested, its significance is widely
recognized. The epithelial cells that make up the gut epithelium membrane are firmly connected by
desmosomes, tight junctions (TJ), and adherence junctions (AJ). It is in charge of carrying nutrients
and serves as an inbuilt defence against harmful elements lastly, "leaky gut syndrome" is brought on
by the intestinal barrier's permeability. It might be argued that HS modifies intestinal shape and
epithelial junction intactness, which negatively impacts intestinal permeability and integrity. Stress
and heat have a detrimental effect on the tight junctions and enterocytes that make up the gut lining.
The loosening of enterocytes and the entry of microorganisms from compromised gut health cause
the onset of immunological inflammation.
Effect of Heat Stress on Reproductive System

A major element influencing profitability in many systems of raising livestock is reproductive
efficiency. By shrinking the size of the reproductive organs, environmental stress reduces the
reproductive effectiveness of birds (follicular and oocyte development). Heat stress affects
gonadotrophin-releasing hormone (GnRH) secretion in high temperatures, which in turn lowers the
concentration of luteinizing and follicle-stimulating hormones in laying birds and results in
infertility. Climate changes cause follicular size, estradiol concentrations, and LH receptor
expression to decrease, which delays the ovulation process. Temperature, pH, 1on concentration, and
other environmental conditions are known to have an impact on sperm motility, quality, and
metabolism throughout the whole semen generation process. It is therefore unclear, whether, if heat
exposure causes low fertility and poor semen quality.
Effect of Heat Stress on Immune System

The performance and immunological health of poultry birds are negatively impacted by the
increasing ambient temperature. Environmental stress suppresses the immune system and lowers the
weight of the thymus, spleen, bursa of fabricus, liver, and lymphoid organs in hens. According to a
study, broilers subjected to heat stress showed a drop in the ratio of circulating 1gG and IgM
antibodies as well as a reduction in systemic humoral responses. Heat stress lowers the amount of
laying hens' intraepithelial lymphocytes, IgA-secreting intestinal tract cells, and antibody titer. It also
has a negative impact on the ability of macrophages to execute phagocytosis in broilers. The poultry
birds find it difficult to maintain thermal homeostasis, although stressful situations increase the
generation of reactive oxygen species (ROS).
Oxidative Stress

Reactive oxygen species (ROS) levels must be kept at normal amounts for the cell to function.

Oxidative damage is caused by an increase in ROS. One of the main concerns under stressful settings
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is the production of ROS. Numerous antioxidant enzymes aid in shielding cells from the damaging
effects of reactive oxygen species (ROS). But the protection offered isn't that strong. For example,
during the first few hours, the levels of these antioxidant enzymes rise to protect the cells; but, later
on, they either remain constant or decline over time.
Respiratory Alkalosis
HS raises body temperature since it lacks sweat glands. In tropical climates, chickens rely on

respiration rates to lower their body temperature. When blood pH rises over the usual range, the body
experiences alkalosis, which is frequently brought on by increased respiration rates and a shift in the
bicarbonate to CO2 ratio. Consequently, HS causes respiratory alkalosis in chickens. In conclusion,
body temperature can serve as a useful metric for assessing the high-risk items that heat stressed
chickens may have because of respiratory alkalosis sickness.
Management Strategies to Combat Heat Stress
i. Housing and the Environment

Numerous raising techniques have been used to affect the health, welfare, and productivity of
different poultry species. The three rearing systems that are most frequently utilized are the
perforated plastic slate rearing system (PSRS), cage rearing system (CRS), and litter rearing system
(LRS). When broilers were raised in both CRS and LRS, there was no discernible difference in their
growth performance. However, in terms of growth performance and carcass yield under HS, the two
systems (CRS and LRS) were preferred over PSRS. Since CRS installation is more expensive, LRS
is more widely used for raising broilers in underdeveloped nations. Also, LRS systems promote
stronger immune responses.

ii. Feeding Strategies
® Feed Restriction
In chicken production, restricting feed during the hottest part of the day has long been a standard

procedure. In order to lower the birds' metabolic rate, feed intake is lowered with this method by
withholding feed for a predetermined amount of time (usually 8 a.m. to 5 p.m.). In heat-stressed
broilers, feed limitation has been shown to lower rectal temperature, minimize mortality, and reduce
abdomen fat.
® Dual Feeding Regime

Real-world observations have demonstrated that feed restriction causes rushing and
overcrowding during refeeding, which contributes to some additional mortality. The dual feeding
schedule was developed as a result to guarantee that birds have access to food all day long. Proteins
have greater thermic effects than carbohydrates and generate more heat during metabolism. In light
of this, meals high in protein are given during wintertime and meals high in energy are given during

the summer time.
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® Wet Feeding

In order to maintain thermoregulatory balance during heat stress, birds significantly increase
their water intake and shed a significant amount of water through their respiratory systems. Water
increases water intake and decreases intestinal viscosity, which speeds up the feed's passage through
the stomach. Wet feeding speeds up the action of the digestive enzyme on the meal, promotes pre-
digestion, and enhances nutrient absorption from the intestine.
® Adding Fat in the Diet

In chickens, higher calorie diets were successful in at least partially reducing the effects of heat
stress. Compared to protein and carbs, fat produces a lower heat increment during metabolism. In
light of this, adding extra fat to the diet has long been a standard practice in hot climate areas to
boost energy and lessen the negative effects of heat stress. By slowing the rate of food passage,
adding fat to the diet of chickens, helps the GI tract to utilize nutrients more efficiently.
iii. Vitamins, Minerals, Electrolytes:
® Vitamin E
Alpha-tocopherol, also known as vitamin E, is a fat-soluble vitamin with antioxidant properties that
aid in scavenging free radicals created within cells. It has been discovered that vitamin E regulates
the production of prostaglandins, cytokines, and leukotrienes, modulates inflammatory signalling,
and enhances the phagocytic activity of macrophages in broiler chickens. Moreover, vitamin E
stimulates lymphocyte multiplication, which enhances immunity. It has been discovered that giving
dietary supplements of vitamin E to heat-stressed laying hens, increases egg output, egg weight, and
eggshell thickness.
® Vitamin C

Water-soluble vitamin C is an antioxidant that protects against oxidative stress by neutralizing
hydroperoxyl radicals that are dependent on vitamin E, scavenging reactive oxygen species, and
protecting proteins from alkylation and electrophilic lipid peroxidation products. It is also known
that vitamin C strengthens immunity by promoting T and B cell development and proliferation.
® Vitamin A

T cell proliferation and antibody production are linked to vitamin A. Higher levels of vitamin A
supplementation (6000 and 9000 [U/kg of feed) were shown in a study to increase the egg weight in
heat-stressed laying hens. Additionally, they observed that chickens immunized against the
Newcastle disease virus (NDV) and subjected to heat stress the next day, needed a greater dose of
vitamin A to produce enough antibodies. It has been discovered that supplementing broilers with

vitamin A (IU/kg of feed) increases live weight gain and improves feed efficiency.
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® Zinc

More than 300 distinct enzymes depend on zinc, for their enzymatic function. The immune
system, skeletal development, and the antioxidant defense system are all linked to zinc. Additionally,
zinc is necessary for the creation of metallothionein, a compound that scavenges free radicals.
Because zinc is a component of superoxide dismutase, glutathione, glutathione S-transferase, and
hemeoxygenase-1, it contributes to the suppression of free radicals. Supplementing broilers with 40
mg/kg of organic zinc in their feed improves body mass growth, decreases lipid peroxide levels, and
increases the activity of the enzyme superoxide dismutase during the summer.
® Chromium

Moreover, the metabolism of proteins, lipids, carbohydrates, and nucleic acids is influenced by
chromium. Supplementing broilers under heat stress with varying doses of chromium (200, 400,
800 or 1200 pg/kg of feed) is linked to higher body weight, feed intake, and carcass quality.
® Selenium

Under heat stress, broilers’ live weight and feed conversion ratio (FCR) improves by dietary
addition of selenium (0.3 mg/kg of feed). Moreover, selenium enhances laying hens' reproductive
and productive abilities. The addition of selenium yeast to the laying hens' diet enhances both egg
weight and egg output.
® Electrolytes

When a heat-stressed bird does pant, the acid-base balance of blood plasma changes, which
eventually results in respiratory alkalosis. Electrolytes such as NH4CIl, NaHCOs3, and KClI can be
supplemented to correct this acid-base imbalance. Birds excrete more bicarbonate ions from their
kidneys to bring their blood pH back to normal during respiratory alkalosis. Before being
eliminated by the kidney, these bicarbonate ions are further linked with Na+ and K+ ions.
Therefore, in heat-stressed birds, it is preferable to supplement with sodium and potassium to raise
blood pH and blood HCO3, while supplementing with chloride lowers these values. It has been
proposed that improving the dietary electrolyte balance range of 200-300 mEq/kg can help
mitigate the negative consequences of heat stress in poultry. Numerous other additives have been
tested in addition to standard components like vitamins, minerals and electriolytes which are
frequently included in diets for birds. In heat-stressed birds, mannan-oligosaccharides and probiotic
supplements were utilized to counteract negative effects.
iv. Selection of Breeding Stock

The process of choosing superior birds to generate the next generation of offspring is

known as genetic selection. Numerous factors, including immunity and development, have been

applied as selection parameters. The main issue with chicken is that feed intake deprivation under
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HS. Nonetheless, compared to slow-growing broilers, they are comparatively more affected by HS
because of their reduced heat tolerance. The primary standards for raising laying hens are their egg
producing capabilities. HS has a negative impact by lowering egg quality and output. On the other
hand, laying hens' declining egg production performance and egg quality are mitigated by bird
genetic selection.

v. Early Age Thermal Conditioning

Fast-growing chickens are required by the industry to reach maximum weight in the
shortest amount of time but, fast-growing birds have a higher metabolic rate, which makes them
more prone to HS. As chicks get older, their body temperature is consistently regulated by
interactions between their neurons and hormones. Birds have trouble keeping their internal body
temperatures steady in the unpredictable weather. Birds need more than just panting to keep their
bodies at a consistent temperature. In order to increase the birds' resistance to heat stress in high-
temperature environments, it is important to lower their body temperature.

vi. Embryonic Manipulation

Proper cleaning, little handling, and the least amount of disruption during the incubation
phase are also part of the hatchery conditions. A component of in-ovo feeding is supplementing the
developing embryo with nutrients. The age of the embryo, the injection site, and
maintaining the right humidity and temperature throughout the incubation period is crucial. On the
other hand, posthatch heat tolerance has been partially overcome through the use of controlled
embryonic temperature manipulation.

Conclusion:

Heat stress remains a major challenge in poultry farming, particularly in regions with high
ambient temperature. Its adverse effects on growth, immunity, reproduction, and overall performance
of birds can lead to significant economic losses. Fortunately, a variety of science-based interventions-
ranging from improved housing systems, targeted feeding strategies, and dietary supplementation
with vitamins, minerals, and electrolytes, to advanced techniques like genetic selection, early thermal
conditioning, and embryonic manipulation can effectively minimize these impacts. Adopting these
approaches not only help birds cope with heat but also enhances productivity and animal welfare. As
climate change continues to influence global temperature, it becomes even more important for
poultry farmers to stay informed and adapt to heat stress management techniques. With a proactive
mindset and the right tools, the poultry industry can remain resilient, profitable, and sustainable in

the face of rising environmental stress factors.
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