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ABSTRACT 

Egg production is a key indicator of laying hens' reproductive efficiency. High ambient temperatures cause heat 

stress in laying hens, which negatively impacts their health, behavior, blood chemistry, feed intake, egg production, 

and egg quality. The present study aimed to focus on the effects of heat stress on growth performance, egg 

production, egg quality, and potential controlling strategies for heat stress in layer chickens. Heat stress reduces 

body weight, feed efficiency, egg yield, and egg quality. Reduced feed intake is the main reason contributing to its 

negative impacts on production. The reduced feed intake and decreased nutrient digestibility have adverse effects on 

egg quality and production performance. Heat stress reduces egg production and impairs the behavior, welfare, and 

immunity of layer chickens, resulting in significant financial losses. Higher ambient temperatures (above 25°C) can 

lead to lower egg quality (soft shells or shell-less eggs), weakened skeletal integrity in hens, and fewer eggs. Poor 

hatchability results from reduced feed intake due to high temperatures, which adversely affects semen fertility and 

quality. Eggs produced under extreme heat stress had lower Haugh units, egg yolk color, and eggshell thickness and 

strength. Overcrowding, also known as high stocking density, adversely affects animal health by degrading their 

habitat and increasing competition for resources such as feed, which can ultimately lead to feather pecking and 

cannibalism. Due to a quicker metabolic rate, chickens produce more body heat and are more susceptible to heat 

stress. High stocking density and high ambient temperature increase the risk of heat stress. Reducing stocking 

density to prevent heat stress may limit the number of hens that can be raised in a given space. Heat stress 

significantly reduces egg production, egg quality, and egg weight in laying hens under hot conditions. The current 

findings highlighted the need for improved environmental management and methods to mitigate the harmful effects 

of heat stress in laying hens.  
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INTRODUCTION  

 

Climate change has become a significant global concern for the livestock industry, resulting from increasing weather 

patterns that lead to higher ambient temperatures and humidity (Nawab et al., 2018). According to Charles (2002), the 

ideal temperature range for the thermoneutral zone and performance is 19-22°C for laying hens and 18-22°C for broiler 

chickens; however, their usual body temperature is 41-42°C (Naga et al., 2018). Heat stress is caused by the interaction 

of several factors, such as high ambient temperature, high humidity, radiant heat, and airspeed (Lara and Rostagno, 

2013). Chickens experience heat stress at any temperature above 25°C (Donkoh, 1989). Chickens have feathers all over 

their bodies and no sweat glands (Richards, 1970), which makes it more difficult for them to regulate body temperature, 

so when the outside temperature rises, they should actively dissipate heat via panting. When chickens experience heat 

stress, their body temperature rises because they are unable to dissipate extra heat into the surrounding environment 

(Sugiharto, 2020). Heat stress reduces the body weight, feed intake, egg production, fertility, and survivorship in laying 

hens (Mashaly et al., 2004; Barrett et al., 2019). According to the study conducted by Mashaly et al. (2004), 31-week-old 

laying hens exposed to heat stress for five weeks experienced a notable decrease in body weight, feed intake, egg 

production rate, and egg weight. In tropical and temperate nations, high environmental temperature is one of the most 

significant factors influencing laying hens' production performance (Tesakul et al., 2025). High ambient temperatures 

and humidity can cause heat stress in laying hens, greatly impacting their egg production, quality, feed intake, blood 

chemistry, health, and behavior (Tesakul et al., 2025). According to Sahin et al. (2007), the three main reasons for egg 

losses are reproductive failure (fewer eggs), poor egg quality (soft shells or shell-less eggs), and impaired hen skeletal 

integrity. 
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Heat stress in poultry can be classified as acute, characterized by abrupt, short-duration exposures to extreme heat, 

or chronic, involving sustained exposure to elevated temperatures (Kpomasse et al., 2021). Depending on the length and 

severity of the stressor, there are two types of heat stress. While chronic heat stress occurs during a prolonged period of 

high temperature and humidity, acute heat stress is defined as an abrupt increase in temperature and humidity over a brief 

period. Heat stress in chickens can last 1 to 24 hours (acute), 7 days (moderate), or longer (chronic) at temperatures 

between 27°C and 38°C (Vandana et al., 2021). Acute or chronic heat stress may reduce egg production (Deng et al. 

2012; Ebeid et al., 2012). Extreme weather conditions and chronic heat stress affect hen physiology, leading to lower egg 

production efficiency, poor health, and increased death rates (Saeed et al., 2019; Attia et al., 2024; Kim et al., 2024). 

Significant physiological problems, immune suppression, and gut microbial imbalance can result from both acute and 

chronic heat stress (Wasti et al., 2020). Serious physiological issues (elevated heart rate, increased body core 

temperature, and sweating), immunological suppression, and an imbalance in gut microbes can result from heat stress 

(Lara and Rostagno, 2013; Attia et al., 2018). The biggest concern for large economic losses in the poultry sector is 

stress, stemming from numerous types of stressors; heat stress is a prominent one (Safi et al., 2022). Moreover, reduced 

egg production directly affects the number of day-old chicks and increases production expenses (Lara and Rostagno, 

2013). Thus, one of the most important challenges in raising chicken productivity and profitability during heat stress is 

increasing egg production (Radwan, 2020). Reduced egg production is a significant problem in the world's food shortage 

situation and directly impacts farmers' incomes (Pawar et al., 2016). According to a 2021 UN report (FAO, IFAD, 

UNICEF, WFP, and WHO), the prevalence of hunger in the world increased sharply in 2020. It was estimated that 

between 9.2% and 10.4% of the global population faced undernourishment that year, with a central estimate of 9.9% 

(FAO, 2021). In terms of egg quality, meat quality, growth, and egg output, heat stress affects the total performance of 

both layers and broiler chickens (Safi et al., 2022).  

Poultry in the thermoneutral zone (19-22ºC for laying hens and 18-22ºC for growing broilers) do not experience heat 

stress because their body temperature is kept constant and they dissipate heat through routine behaviors (Charles, 2002). 

The production of body heat and heat loss cannot be balanced in chickens under heat stress (Lara and Rostagno, 2013). 

Laying hens exposed to severe heat stress at 33 °C had significantly reduced feed intake and lower egg production (Kim 

et al., 2024). Additionally, the laying hens' immediate environment contains more etiologically dangerous bacteria as the 

temperature rises. Climate change affects the emergence and spread of diseases by increasing the prevalence of parasitic 

and bacterial infections (Ranjan et al., 2019). Certain feeding practices have gained importance and are employed in 

commercial settings because heat stress negatively impacts the health, welfare, and laying performance of laying hens 

(Attia et al. 2016; Jahromi et al. 2016; Abdel-Moneim et al. 2021). Heat stress strategies include a variety of treatments, 

such as supplementing feed or water with natural antioxidants, organic acids, vitamins, minerals, electrolytes, prebiotics, 

probiotics, and Phytobiotics, rationing, feed restriction, dietary changes, and drinking cold water (Abd El-Ghany and 

Babazadeh, 2022). 

Understanding the basics of heat stress's causes, detrimental effects, and methods for lowering or mitigating heat 

stress in the chicken industry is essential to resolving global food security challenges. The present study aimed to assess 

the effects of heat stress on growth performance, egg output, and egg quality, and to identify potential control strategies 

for heat stress in laying chickens. 

 

GROWTH PERFORMANCE 

 

As shown in Figure 1, heat stress results in a number of physiological alterations, including oxidative stress, acid-base 

imbalance, and inhibited immunocompetence. These alterations impact the quality of meat and eggs as well as increase 

mortality and decrease feed efficiency, body weight, feed intake, and egg production (Wasti et al., 2020). High 

temperatures can also increase panting under heat stress, leading to elevated carbon dioxide levels and higher blood pH 

(Lara and Rostagno, 2013). In hot weather, chickens use more water and less feed, and poultry perform badly (Saeed et 

al., 2019; Rahman and Hidayat, 2020). To maintain homeostasis and reduce heat production, chickens decrease their 

feed intake (Etches et al., 2008). Decreased feed intake is likely the main reason heat stress harms production, leading to 

losses in body weight, feed efficiency, egg yield, and egg quality (Barrett et al., 2019). Reduced feed intake and nutrient 

digestibility have negative impacts on production performance, meat, and egg quality (Song and King, 2015; Song et al., 

2022). Deng et al. (2012) demonstrated that a 12-day heat stress exposure (34°C) in 60-week-old commercial hens (Hy-

Line Brown) reduced egg production by 28.8% (from 79.5% to 50.7%). This was accompanied by a significant reduction 

in daily feed intake of 28.6 g per chicken. Additionally, in 24-week-old laying hens, exposure to 32°C heat stress for 22 

days significantly reduced hen-day egg production by approximately 34% during the first week of exposure and slightly 

reduced average egg weight (~1%; Star et al. 2009). When ambient temperature increases from 21.1°C to 32.2°C, feed 

intake decreases by approximately 9.5% per bird per day during the post-hatch period up to 6 weeks of age. This 
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reduction in feed consumption is associated with poorer feed conversion efficiency and lower daily weight gain in 

chickens exposed to heat stress (Syafwan et al., 2011). He et al. (2019) demonstrated that cyclic heat stress, exposure to 

37 ± 2°C for 8 hours per day, reduces average daily feed intake by 15.8%. Weight loss may have resulted from the heat-

stressed chickens eating less feed than the control group (Mashaly et al., 2004). Moreover, Zhang et al. (2017) indicated 

that in 21-day-old Cobb male broiler chickens, high ambient temperatures (33°C) reduce development rate and meat 

yield. Due to the reduced nutritional requirements in chickens, protein digestibility may decrease by as much as 9.7%. 

The growth rates, feed efficiency, immunity, and carcass quality in broiler chickens can decrease due to high ambient 

temperatures (Dayyani and Bakhtiyari, 2013). Consequently, layer chickens grow more slowly and are more susceptible 

to illnesses (Nawaz et al., 2021).  

 

 
Figure 1. Effect of heat stress on the production performance in layer chickens. Source: Ahmed et al. (2024). 

 

EGG PRODUCTION 

 

Heat stress is the primary reason for the egg weight loss. The weight loss of egg albumen and yolk is likewise 

predominantly driven by high temperatures above 26°C (Smith, 1974). According to Ugurlu et al. (2001), hens exposed 

to heat had lower egg weights. Mashaly et al. (2004) found that high temperatures (35°C) can significantly reduce the 

shell thickness, as measured by a micrometer screw gauge, and specific gravity, in addition to the weights of the egg 

yolk, egg albumen, and shell.  

The number of eggs produced by hens kept in a hot chamber (23.9 to 35 
o
C) differed significantly from those kept in 

regulated chambers (23.9°C), which were maintained for 5 weeks (Mashaly et al., 2004). This implied that egg 

production and surrounding temperature are inversely related. In a study by Rozenboim et al. (2007), 36 White Leghorn 

hens (31 weeks old) exposed to 42 ± 3°C for 12 hours daily developed hyperthermia and demonstrated a marked 

reduction in egg production and egg weight. These effects were accompanied by hormonal changes detectable just two 

days after heat exposure, compared to controls kept at 24-26°C. Yan et al. (2022) reported that Hy-Line Brown laying 

hens that were exposed to 32°C (heat stress for 14 days) compared to the hens in the control group (22°C), indicated an 

18.75% drop in egg production on day 4 of heat exposure, from 90.63% in the control to 71.88% in the heat group. 

Additionally, Deng et al. (2012) found that during a 12-day heat stress phase in 96 commercial Hy-Line Brown hens at 

the age of 60 weeks, egg production decreased by 28.8%. In four genetically distinct strains, including Lohman Brown, 

Golden Sabathia (23.21%), Fayoumi (15.15%), and White Leghorn (28.57%) in Egypt, it was found that exposure to a 
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temperature of 35 ± 1°C and 55 ± 5% relative humidity for six hours had detrimental effects on egg quality and 

production (Ghoname et al., 2022). Kim et al. (2024) indicated that hens exposed to 33°C and 66% relative humidity for 

28 days experienced an 11% decrease in egg production rate. Furthermore, eggs produced by laying hens under extreme 

heat stress result in low-quality output, more broken eggs, and thinner eggshells (Lin et al., 2013). Moreover, heat stress 

has been shown to reduce eggshell weight (9.93%), thickness (1.2%), percentage (0.66%), and Egg weight (3.24%; 

Ebeid et al., 2012). 

 
EGGSHELL QUALITY 

 

Hereditary (genetic) factors, environmental factors (management, housing, stress), nutrition, and external components all 

contribute to eggshell quality flaws, including thin shell, softness, speckles, fractures, and translucency (Cheng and Ning, 

2023). Laying hens can produce high-quality eggshells only when they are raised in optimal conditions with all essential 

components present and functioning in unison (Ketta and Tůmová, 2016). Eggshell development is disrupted by high 

ambient temperatures (over 32-35°C), which significantly reduces the eggshell's weight, thickness, and strength. A 

variety of issues, including low feed intake by hens, acid-base and mineral imbalances, physiological disorders in the 

endocrine system, and other organs involved in eggshell formation, are associated with the negative impact of high 

ambient temperatures on eggshell quality (Kavtarashvili and Buyarov, 2021). High ambient temperatures (above 32-

35°C) disrupt shell formation, leading to lighter, thinner, and weaker shells (Kavtarashvili and Buyarov, 2021). A 

low‑calcium diet significantly decreased hen‑day egg production, eggshell weight, strength, and thickness. Calcium 

deficiency in hens leads to poor shell quality, which may be exacerbated under stressors (Li X et al., 2024). According to 

Elijah and Adedapo (2006), a drop in feed intake during high ambient temperatures (32.4-33.15 °C) compromised the 

quality of the eggshell, causing small egg size, low egg production, and eggshell cracking, using climatological data and 

data from poultry farmers over a period of five years (2000-2004).  

 
SIGNS OF HEAT STRESS IN LAYER CHICKENS 

 

As shown in Figure 1, the signs of heat stress in poultry include open-mouthed panting, lethargy, reduced feed intake, 

and decreased egg production and quality, as well as a rapid breathing rate, a characteristic posture of standing with 

wings outstretched, and an increased tendency for cannibalism, which can ultimately lead to prostration and death 

(Nardone et al., 2010). Additionally, a heat-stressed chicken would pant, spread its wings, hold them slightly apart from 

its body, stand or lie down, and close its eyes (Dayyani and Bakhtiyari, 2013). Providing cool drinking water to hens 

under heat stress (33°C) maintained egg production and significantly improved eggshell strength (Kim et al., 2025). 

Exposure of chickens to severe heat stress (≥ 40-42°C) can cause very high mortality, sometimes approaching 100% 

during acute heat waves, whereas moderate-to-severe heat stress typically results in mortality rates of about 5-50%, 

depending on duration, humidity, genotype, age, and management. Annual financial losses from heat stress in the US 

layer industry were estimated at 61.4 million USD (St-Pierre et al., 2003).  

 

 
Figure 2. Layer chicken responds to heat stress. Source: Wasti et al. (2020). 
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To deal with heat stress, chickens try to control their body temperature by changing their normal behaviors (Figure 

2). The chickens may rest to dissipate heat from activity, eat less feed, drink more water, lift their wings away from their 

bodies to reveal any patches of skin without feathers, move into air streams or against cooler surfaces such as brick 

walls, and move away from other chickens and breathe rapidly (Lara and Rostagno, 2013). 

 
CONTROLLING STRATEGIES 

 

The layout and design of the housing are essential factors in reducing heat stress in hens during hot weather. Therefore, it 

is necessary to ensure that air flows freely into and out of the layer chicken pens (Pawar et al., 2016; Nawab et al., 2018). 

Wet feeding, self-selection, diurnal feeding patterns, and coarser meals are all effective ways to combat heat stress 

(Rahman and Hidayat, 2020). To boost appetite on hot days, more feeders should be available, and the feed should be 

well-prepared into mash, crumbles, or pellets (Pawar et al., 2016). Open-style homes with adequate ventilation, shade, 

and water input are essential in hot and muggy climates. It is advised that houses be oriented east-west (Oloyo and 

Ojerinde, 2020). 

When environmental temperatures exceed the thermoneutral zone (16-26°C), chickens should be managed to 

consume less feed and increase their water intake to aid in cooling (Diarra and Poasa, 2014). Sahin et al. (2002) reported 

that serum vitamin E levels decreased in poultry under heat stress, while supplemental vitamin E and vitamin A 

improved broiler performance, increased serum triiodothyronine (T₃), thyroxine (T₄), calcium, and phosphorus, and 

reduced adrenocorticotropic hormone (ACTH) and specific blood metabolites under heat stress (32°C). Dietary 

supplementation with vitamin E and organic selenium significantly improved growth performance (body weight gain and 

feed intake) and reduced heat-related mortality in broiler chickens exposed to heat stress (Çalik et al., 2022). 

Dehydration, the most intuitive panting-related disadvantage, usually results in higher water requirement and 

consumption (Wang et al., 2018).  Providing chickens with cool drinking water aids cooling by absorbing body heat and 

helps maintain thermoregulation under high ambient temperatures (Kim et al., 2025), while adding electrolytes to the 

water helps restore essential minerals and balance blood pH levels disrupted by heat stress (Olayiwola and Adedokun, 

2025). 

To reduce the negative effects of heat stress on feed intake and utilization, managing feeding time is essential 

(Farghly et al., 2018). As a result, the hens should be fed a lot in the early morning and late evening when it is cold 

outside, and the rest of the feed can be provided at any time the layer chickens choose. Since feed-starved chickens 

produce less heat than fed ones, removing feed on hot days can improve performance traits such as egg production, feed 

efficiency, egg weight, and growth rate (Daghir, 2009).  

Adequate ventilation is crucial because it helps to remove moisture, carbon dioxide, and ammonia that have 

accumulated in the poultry barns (Pawar et al., 2016; Nawab et al., 2018). Ventilation technology can reduce health 

issues associated with stress (Pawar et al., 2016; Nawab et al., 2018).  

Heat stress is also influenced by stocking density. Excessive stocking density, or overcrowding, has detrimental 

effects on animal welfare by lowering the general quality of the habitat and making it more difficult for hens to compete 

for resources. However, lowering stocking density to reduce heat stress can also limit the number of hens that can be 

raised on a particular farm or in a specific home. Feather pecking and cannibalism are two problems that may arise from 

overcrowding (Shakeri et al., 2014). Low economic return may result from high stocking density, which generally has 

negative effects on health, and production performance (Pawar et al., 2016; Nawab et al., 2018).  

 
CONCLUSION 

 

Heat stress has detrimental effects on the health and productivity of hens, posing a major problem for tropical poultry 

farming. A drop in feed intake during high ambient temperatures compromised the quality of the egg shell, causing small 

egg size, low egg production, and eggshell cracking. Heat stress has impaired layer production performance by reducing 

eggshell thickness, increasing egg breakage, and decreasing egg weight and percentage. There are strategies worldwide 

to mitigate the negative effects of heat stress, including selecting rearing systems with enhanced ventilation, suitable 

housing conditions, and recommended optimal stocking densities, all of which are critical for enhancing performance at 

high temperatures. Therefore, exploring other strategies to reduce heat stress while maintaining stocking density without 

compromising the chickens' performance and well-being is necessary. It is important to conduct further studies on novel 

approaches that leverage heat-tolerance genes in chickens, as well as on genetic markers to identify chicken genotypes 

with enhanced heat tolerance. 
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