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Abstract  

Heat stress is one of the most important environmental factors that have challenged poultry production 

worldwide. Negative effects of heat stress on broilers and laying hens range from reduced growth and egg 

production to diminished carcass, egg quality, and immune function. In addition, there is concern about the 

negative effect of heat stress on bird comfort. Much information has been obtained about the effects of heat 

stress on the performance and immune response of poultry (broilers and laying hens). However, our 

understanding of the underlying mechanisms associated with its effects, such as the comfort and well-being of 

birds in heat stress conditions, is limited. Intervention strategies have been proposed to deal with heat stress, 

which has different approaches. Environmental management (such as the design of breeding halls, ventilation, 

sprinklers, shading, etc.) and nutritional arrangements can be mentioned. Diet manipulation (adjustment of diet 

according to the metabolic conditions of birds), the inclusion of dietary additives (antioxidants, vitamins, 

minerals, probiotics, prebiotics, plant essential oils, etc.), and enrichment of drinking water with Electrolyte 

supplements are as follows. However, most interventions have variable or inconsistent effectiveness. Recently, 

new approaches have been explored, including the genetic selection of heat-resistant breeds. However, these 

potential opportunities, while promising, still require further research. 
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INTRODUCTION 

The domestic chicken (Gallus domesticus) is a 

subspecies of the red jungle fowl and is a member of 

the pheasant family. With a population of over 23.7 

billion in 2018, this bird is one of the largest 

domestic birds in the world. Chickens are generally 

raised as food for meat and eggs consumption. 

According to data, the amount of chicken and egg 

production in Iran was estimated at two million 

700,000 tons and one million and 650 thousand tons 

(IRNA, 2020). To stabilize or increase production, it 

is necessary to observe several issues at the micro 

and macro levels, including economic issues, pricing, 

and proper supply of the main feed inputs. 

Environmental factors also play an important role in 

increasing production, which in the current situation 

due to the reduction of annual rainfall, due to climatic 

changes and unfavorable conditions in the country; 

the summer heat is one of the worrying factors. 

 

Hatched chicks are very sensitive to changes in 

temperature and humidity. Adjusting the temperature, 

humidity, and proper ventilation is very important for 

breeding halls and if the control of the above cases is 

interrupted, the flock of birds will face a serious 

problem. As we approach the summer heat and 

reduced rainfall, there will be restrictions on water 

consumption and the use of cooling systems in 

breeding halls, and possibly frequent power outages. 

Raising the temperature of rearing houses for broilers 

can be very dangerous. They can have more 

destructive effects when the temperature rises with 

high humidity. Heat stress disrupts the comfort of 

broilers and drastically reduces their performance 

(Liu et al., 2020). During periods of heat stress, the 

temperature of the rearing houses must be prevented, 

otherwise, we will see an increase in losses, and 

broilers will not be able to reach their full genetic 

potential (Butcher and Miles, 2009). In 2013, Lily et 

al. reported that out of a total of 12 studies with 470 

broilers, heat stress caused a significant reduction in 

feed intake by -97.95 g with a range of -5.20 to -

141.70 g. The mean decrease in body weight gain 

was -151.40 g and the decrease in feed conversion 

ratio was 0.17. Heat stress significantly affected body 

weight gain, feed intake, feed conversion ratio, and 

broiler mortality, and this demonstrates the 

importance of controlling the temperature of farms to 

avoid unnecessary costs. Exposure of birds to high 

ambient temperatures causes behavioral, 

physiological, and immune reactions, which have 

detrimental consequences on their productivity. For 

example, the total annual economic damage to the US 

livestock industry is estimated at $ 1.69 billion to $ 

2.36 billion. Of this total, $ 128 to $ 165 million 

occurs in the poultry industry (St-Pierre et al., 2003). 

 

Heat stress during the growth period of broilers 

caused a decrease in carcass characteristics (Lu et al., 

2007). Researchers have shown that transporting 

broilers from farms to slaughterhouses under high 

ambient temperature conditions reduces carcass 

quality (Dadgar et al., 2010). Contamination of birds 

with foodborne pathogens, such as Salmonella and 
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Campylobacter, and their subsequent spread 

throughout the human food chain is a major public 

and economic health concern in meat and egg 

production. For example, the consumption and 

movement of undercooked chicken products are one 

of the most important sources of disease (Domingues 

et al., 2012). 

 

Behavioral and Physiological Changes  

When exposed to high ambient temperatures, animals 

use several methods to maintain their physiological 

condition from the destructive effects of heat stress. 

Increased radiative heat loss, convection, and 

evaporation with vasodilatation (Mutaf et al., 2009). 

Broilers that are exposed to high ambient 

temperatures make many changes in their physiology 

that allow them to balance temperature with their 

surroundings. Broilers are more likely to rest during 

periods of heat stress. Some calm birds stand at one 

point in the house while others gather near walls or 

drinkers. Their wings usually move away from the 

body to balance their body temperature by reducing 

their body insulation. Inside the bird, blood flows 

from some internal organs, such as the liver, kidneys, 

and intestines, to the dilated blood vessels of the 

peripheral tissues (skin) to exchange heat with the 

environment (Lara and Rostagno, 2013). 

 

Panting increases with increasing ambient 

temperature. This mechanism allows broilers to 

evaporate heat from their bodies. However, with 

shortness of breath, muscle activity increases, leading 

to more energy expenditure and intensifying heat 

stress. Therefore, in this situation, we face a decrease 

in energy efficiency. Crushing is normally expected 

to occur when the ambient temperature is close to or 

above 30 °C. But the relative humidity of the air is 

effective in repelling evaporative heat through 

panting. Broilers as well as other poultry do not 

tolerate temperatures with high relative humidity. 

Death happens very quickly in this situation. This is a 

destructive effect, especially in heavier birds. In 

birds, panting loses approximately 540 calories of 

energy per gram of water through the lungs (Butcher 

and Miles, 2009). 

 

High ambient temperature alters the activity of the 

nervous system and endocrine system of poultry, 

thereby activating the hypothalamic-pituitary-adrenal 

(HPA) axis and increasing plasma corticosterone 

concentrations (Garriga et al., 2006). Body 

temperature and metabolic activity are regulated by 

the thyroid hormones triiodothyronine (T3), thyroxine 

(T4), and the balance of these hormones. Various 

studies have shown that the concentration of T3 

decreases continuously under high-temperature 

conditions (Star et al., 2008; Mack et al., 2013), 

while different results of changes in the concentration 

of T4 are expressed and some researchers reported 

decline (Bobek et al., 1980), others reported an 

increase (Elnagar et al., 2010), or no change 

(Mitchell and Carlisle, 1992) in hormone 

concentration. 

 

PH or Acid-Base Balance 

Naturally, the pH of the blood is controlled by the 

lungs and kidneys along with various buffering 

systems. However, by increasing the panting rate of 

broilers under heat stress, a decrease in blood carbon 

dioxide levels occurs and leads to respiratory 

alkalosis (increase in blood pH). Heat stress also 

lowers potassium and other minerals and upsets 

electrolyte balance. 

 

Immune System 

Numerous studies have been performed to elucidate 

how heat stress affects the immune response of 

animals. The immune response is modulated by the 

central nervous system (CNS), which works in two 

directions between the nervous system, the endocrine 

system, and the immune system. The hypothalamic-

pituitary-adrenal (HPA) and modular sympathetic-

adrenal (SAM) axes are the main pathways through 

which the immune response can be received. 

Lymphocytes, monocytes, macrophages, and 

granulocytes are receptors for many 

neurotransmitters from the HPA and SAM axes, such 

as cortisol and catecholamines, which can affect cell 

activity, proliferation, cytokine secretion, and 

antibody production and affect cytolytic activity. The 

relatively low weight of the thymus and spleen glands 

has been observed in laying hens under heat stress 

(Ghazi et al., 2012). Loss of lymphatic organs in 

broilers under heat stress conditions has also been 

reported (Niu et al., 2009). 

 

Feed Intake 

Feed consumption of broilers kept in warm 

environments is reduced, and this is part of their 

physiological adaptation to heat stress. Reducing feed 

intake leads to the reduced daily intake of nutrients 

needed for growth. However, fewer nutrients are 

provided to the bird for metabolism, thereby 

producing less heat for the body. Therefore, even if 

growth slows, birds can tolerate rising temperatures 

due to less need for heat loss. Research clearly 

showed that broiler mortality increased with 

increasing feed intake during heat stress, especially 

during the hottest hours of the day (Teeter and Belay, 

1996; Liu et al., 2020). 

 

In addition to deaths from heat stress, economic 

losses such as reduced growth rates and reduced feed 

efficiency also occur. Therefore, it is natural that 

producers want to increase feed consumption in hot 

weather. However, any management approach that 

increases feed intake or activity during peak heat 

periods may, on the whole, be counterproductive. 
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Excess feed consumed increases the heat pressure on 

the bird and is likely to increase losses. Starving 

broilers before or during peak periods reduces heat 

stress and losses (Teeter and Belay, 1996). 

 

Hunger reduces the heat produced by the activities of 

digestion, absorption, and metabolism of nutrients 

and has a beneficial effect on birds. Mobility in 

animals is caused by muscle contraction and 

generated heat. In hot environments, the heat 

generated by the bird's mobility only increases the 

heat stress pressure. Therefore, to reduce this stress, 

birds should be as immobile as possible. This is 

especially important during the hottest hours of the 

day. When the hottest hours of the day are over and 

the ambient temperature has started to drop, broilers 

usually resume feeding (Butcher and Miles, 2009). 

 

Reduction of Heat Stress 

In hot and humid environments, adequate ventilation 

and water consumption are essential. Ventilation 

performance should be maximized. Air conditioning 

removes accumulated ammonia, carbon dioxide, and 

moisture. Panting is associated with increased loss of 

water by the lungs. Therefore, to prevent dehydration, 

broilers should have more access to water during the 

hot hours of the day. On the other hand, cold drinking 

water stimulates food consumption and drinking 

more water. It is very useful to use any method or 

tool to reduce the body temperature of broilers in heat 

stress conditions. When the temperature of drinking 

water is lower than body temperature, it absorbs body 

heat. Therefore, providing adequate and cool drinking 

water for broilers under heat conditions is very 

important. Therefore, any trick that leads to an 

increase in water consumption during heat stress 

reduces the amount of losses. Some researchers deny 

the reduction in broiler mortality under heat stress 

from supplemental salts such as potassium 

bicarbonate, potassium chloride, sodium chloride, 

and ammonium chloride and attribute it to increased 

water consumption (Butcher and Miles, 2009). 

 

Changing Feed Compositions  

High temperatures cause broilers to reduce their food 

intake and thus their nutrient intake. Therefore, the 

concentration of nutrients in the diet should be 

increased. Only increasing the protein concentration 

to achieve proper production performance is a wrong 

method. The energy content of the diet, along with 

other nutrients, should be increased. On the other 

hand, increasing calories by consuming fats in the 

diet should be considered. Also, the concentration of 

vitamins and minerals in the diet should be re-

evaluated. The use of vitamin C as an anti-stress 

agent is often considered in periods of heat stress. 

Choosing the right type of coccidiostat as well as 

using antioxidants in the diet is very important. 

Because protein compared to carbohydrates and fats 

have a greater role in the production of metabolic 

heat. Therefore, feeding unbalanced diets in terms of 

amino acids leads to increased excretory heat. The 

balance of amino acids in the diet is of particular 

importance. Efforts should be made to combine diets 

with slightly lower protein levels and the use of 

synthetic amino acids, especially methionine and 

lysine. 

 

In summer, breeding management for livestock and 

broilers includes control of ventilation, foggers and 

sprinklers, management of curtain, space 

management, and change of feeding time, feeder 

height, and the use of electrolyte supplements. The 

ideal ambient temperature for raising birds is 24 to 26 

° C, and rising above this temperature gradually 

causes stress. The intensity of stress increases 

proportionally with increasing temperature. 

Gastrointestinal weight, secretion, and enzymatic 

activity, nutrient uptake level, and villi size are 

significantly reduced due to extreme heat pressure. 

According to studies, with a 10 ° C increase in 

ambient temperature, body weight decreases by 

approximately 15-20%. In general, for every 1 ° C 

increase in temperature (from 32 to 38 ° C), feed 

consumption is reduced by 5%. Therefore, apart from 

controlling the room temperature, it is necessary to 

make changes in the food items and the formulation 

of the bird's diet, and some important factors are 

mentioned below. 

 

Digestible Amino Acids in the Diet 

Under conditions of heat stress, the bird's need for 

amino acids increases. Therefore, use protein-rich 

food supplements (good quality and higher 

digestibility). Diets should be formulated based on 

the ideal protein and the appropriate level of highly 

digestible amino acids. It is suggested that in 

summer, the level of digestible amino acids should 

increase by 3-5%. The cost of these supplements can 

be minimized by using affordable local ingredients or 

by including a multi-protein in the diet. If possible, 

the use of multi-enzymes is also recommended. Uses 

the appropriate multiprotease combination to reduce 

amino acid diversity, protein loss, reduce bed 

ammonia and stress. These materials balance 

essential amino acids and reduce production costs by 

optimizing performance. 

 

Deficiency of the amino acids Arginine and Lysine 

increases the heat stress pressure, and with scientific 

formulations, appropriate steps can be taken to meet 

the bird's needs. Considering the balance between 

lysine to Methionine and lysine to Arginine can 

improve chicken breast performance. Consumption of 

the amino acids Arginine, Tryptophan, Valine, and 

Glutamine due to direct and indirect response 

increases the function of the immune system and 

improves feed intake. Of course, the response to 
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amino acid supplements depends on various dietary 

factors, and at high temperatures this response is 

different. Dietary electrolytes are one of these 

additives. Maintaining carbon dioxide levels and 

blood pH is very important for broilers under heat 

stress, and adding ammonium chloride and potassium 

chloride to drinking water is recommended to 

maintain this balance (Daghir, 2009). 

 

Therefore it is recommended:  

Increase the level of digestible amino acids by 3-5%. 

Use good quality protein materials to make amino 

acids or multi-protein compounds. 

 

The use of multiprotease is a cost-effective way to 

optimize amino acid levels. 

 

Pay special attention to levels of lysine, methionine, 

arginine, tryptophan, valine, and glutamine 

(poultrytrends, 2021). 

 

Apparent Metabolic Energy of Diet 

During the summer, food consumption decreases due 

to heat stress and limited feeding hours. To 

compensate for the nutrients needful, it is 

recommended to increase the metabolic energy of 

diets by 40-50 kcal/kg. This increase can be achieved 

through the use of fats/oils. In general, increasing the 

level of fat in the diet can reduce the passage of food 

and increase the absorption of nutrients. Compared to 

protein, fat metabolism has less heat loss. The use of 

quality fats and oils improves the taste of the food 

and by increasing the consumption of food, the final 

energy level of the diet is optimized. If the amount of 

metabolizable energy (ME) is increased by the use of 

grains and meal of oilseeds, it is best to make sure 

that the level of non-starch polysaccharides is within 

the allowable range. This anti-nutritional agent 

increases the viscosity of food in the intestine and 

may lead to the improper passage of food. If a non-

starch polysaccharide is high in the diet, use known 

xylanase (enzyme). Beta-glucanase, mannose, 

cellulase, and amylase are examples of such enzymes. 

 

It is generally suggested that: 

 

Increase apparent metabolizable energy by using fats 

and oils at a rate of 40-50 kcal/kg. 

 

Use good quality oils with appropriate antioxidants 

and emulsifiers. 

 

Select oils based on lipid evaluation test (FFA free 

fatty acids, moisture, insoluble and insoluble MIU, 

amount of PV peroxide, FA fatty acid profile, and 

apparent metabolic energy AME) 

 

Use Multi-NSP (non-starch polysaccharides) 

enzymes (poultrytrends, 2021) if metabolic energy 

levels are increased and oilseeds and oilseeds are 

used (poultrytrends, 2021). 

 

Electrolytes Balance 

In high-temperature conditions, the balance of serum 

electrolytes in birds is vital (Daghir, 2009). The 

electrolyte balance of the diet is calculated as 

(sodium percentage/23 + percent potassium /39.1 - 

chlorine percentage /35.5) × 10000, which 23, 39.1 

and 35.5 represent the atomic weight of each 

electrolyte of sodium, potassium, and chlorine, 

respectively and the 10,000 is a coefficient. If we do 

not pay attention to the electrolyte balance, we will 

see a sharp decrease in bicarbonate ions and 

respiratory alkalosis. Therefore, increasing sodium 

bicarbonate in diets is recommended to control and 

reduce heat stress, and therefore maintaining optimal 

electrolyte levels is essential for better feed intake, 

daily weight gain, feed conversion ratio, osmotic 

balance, and cooling of poultry bodies. - 10% of 

electrolytes are recommended in summer. Regular 

use of potassium chloride, ammonium chloride, 

sodium bicarbonate with NaCl is recommended to 

help achieve the desired level of electrolytes. In 

practice, keep your electrolyte levels above 220 

during the summer. Sodium is supplied through table 

salt, sodium bicarbonate, meat, and bone meal, and 

fish meal, as well as potassium through soybean meal 

and other salts. In a balanced diet with soybean meal 

and high meat and bone meal, electrolyte balance is 

never a challenge. 

 

Therefore, keep your electrolyte levels above 220 in 

the summer. 

 

Increase electrolyte levels by adding salt, sodium 

bicarbonate, and potassium chloride. 

 

Electrolytes in soybean meal-based diets are largely 

supplied to a large extent. 

 

If you use more alternatives, add salts to balance the 

electrolyte. 

 

It should be noted that adding electrolytes through 

water can help temporarily (poultrytrends, 2021). 

 

Other Additives 

Adding extra vitamins and electrolytes to drinking 

water is beneficial, and the use of ascorbic acid in 

food or drinking water has become commonplace in 

most hot regions of the world (Daghir, 2009). 

Consumption of some additives has a great effect on 

reducing heat stress. In general, additive levels 

should be increased based on feed intake. All 

vitamins and minerals should be used 10-20% more 

during heat stress so that if the birds consume less 

food, the desired nutrients will be available to the 

birds in sufficient quantities. It should be noted that 
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packages containing vitamins, enzymes, and 

probiotics should be stored in a cool place. 

 

Adding vitamins C and E at 200-100 ppm is essential 

to reduce heat stress and increase immune function. 

Also, minerals such as Manganese (Mn), Selenium 

(Se), and Zinc (Zn) play an essential role in 

improving the immune system of birds and should be 

supplied through food.  

 

Vitamin D3 supplementation should be added during 

heat stress to correct any deficiency of calcium 

absorption and proper function of bones. To ensure 

the effectiveness of fats and nutrients as well as to 

prevent fatty liver, the role of the methyl group donor 

is vital, and therefore the consumption of choline 

chloride increases during the summer. 

 

Betaine acts as a methyl group donor and maintains 

the body's osmotic balance. Betaine is a widely used 

nutrient during extreme heat stress. The use of some 

anti-coccidiosis reduces heat tolerance and reduces 

water consumption, and these drugs should be 

avoided in summer. For example, in the summer, the 

use of nicarbazine and monensin is not 

recommended. The use of additives such as 

immunosuppressants, emulsifiers, probiotics, 

intestinal stimulants, broad-spectrum disinfectants, 

and multi-enzymes can always be beneficial 

(poultrytrends, 2021). 

 

So, increase your vitamin and mineral supplement 

levels by 20-10%. 

 

Increase your intake of vitamins C, E, D3, Choline, 

and Betaine. 

 

Avoid taking Nicarbazine and Monensin. 

 

The storage area of the additives should be cool. 

 

CONCLUSION 

Broilers under heat stress have to maintain their 

survival by physiological settings. They try to 

achieve this goal by reducing food consumption and 

increasing water consumption. A balanced diet can 

help reduce metabolic heat production and maintain 

essential nutrients. Adequate energy intake and 

amino acid balance are extremely important under 

heat stress conditions. Proper ventilation and 

stimulation of water consumption by the bird is 

essential and minimizing the activity of birds in the 

hottest hours of the day is recommended to reduce 

heat pressure. Fasting is a tool used to reduce the 

death rate of broilers during heat stress. It should be 

noted that ambient temperature also affects the 

composition of the carcass and with increasing 

temperature, the performance of the carcass, 

especially breast meat decreases. Broilers have a poor 

quality of extracted meat due to limited feed intake, 

reduced supply needs, and poor feed quality (Daghir, 

2009). 
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