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Abstract 

There is a growing need for animal protein, in order to meet the nutritional demands of people in 

various parts of the world. This has led to an increase in the level of poultry production, as 

domesticated birds, such as chickens, are an excellent source of eggs and meat. However, while 

these birds have been genetically improved for better growth and performance, they are highly 

vulnerable to extreme climatic/weather conditions, particularly in tropical regions. Broiler chickens 

may often be raised in hot and humid environments and during the dry season. When the ambient 

temperature and relative humidity levels are high, broiler chickens can become heat-stressed, and 

this can adversely affect their health and productivity. Heat stress is commonly associated with 

oxidative stress due to the over-production of reactive oxygen species and lipid peroxides. To 

mitigate the negative effects of tropical climatic conditions, various strategies such as anti-oxidant 

supplementation, certain management techniques, early age conditioning and gene manipulation 

can be employed. Over a long period, farmers have supplemented the diets of broiler chickens with 

anti-oxidants, such as ascorbic acid and betaine. It has been shown that dietary manipulation is an 

affordable means to ameliorate heat stress in broiler chickens. Additionally, other management 

practices are being employed to mitigate the adverse effects of heat stress induced by tropical 

climatic conditions. Modifying the design of housing systems and provision of ventilators has 

contributed to improvements in heat stress management. Scientists have also been able to 

improve the genes, which enhance thermotolerance in broiler chickens. The present review article 

documents the adverse impacts of tropical environmental conditions on broiler chickens, and also 

highlights the various approaches utilized in poultry management to ameliorate these adverse 

environmental conditions. 

 

Keywords: Tropical climate; Broiler chickens; Adverse environmental conditions; Heat stress; Amelioration. 



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

489 

 

Introduction 

Over the past two decades, there has been a 

significant increase in the level of broiler 

production in countries with hot climates 

(Vandana et al., 2021). The rapid growth of 

commercial broiler chickens is associated with 

decreased ability to tolerate high ambient 

temperatures (heat stress) (Khan et al., 2023). 

Heat stress negatively impacts on the 

production performance of poultry, and 

results in decreased feed intake, growth rate 

and feed efficiency, poor immunity, and 

increased economic losses due to bird 

mortality (Wasti et al., 2020). Therefore, it is 

essential to improve the thermotolerance of 

broiler chickens produced in hot climates. 

Maintaining homeostasis is crucial for broiler 

survival under harsh conditions (Nawaz et al., 

2021). To mitigate the adverse effects of 

tropical climatic conditions on the growth and 

performance of broiler chickens, it is 

necessary to understand and control 

environmental conditions (Nawab et al., 

2018). This review article evaluated the effects 

of tropical climatic conditions on broiler 

chicken production and suggested solutions to 

minimize the negative impact on the birds. 

 

Significance of Broiler Chicken Production 

The global livestock production, which also 

includes broiler chicken production, is 

constantly changing (Mottet and Tempio, 

2017). In developing countries, it is evolving to 

meet the increasing demand for livestock 

products (Herrero et al., 2013). The demand 

for these products has been driven by factors 

such as human population growth, income 

growth, and urbanization (Thornton, 2010). 

Broiler production has advantages over the 

production of other livestock, because of the 

ease with which broilers can be managed, the 

high turnover, and their wide acceptance for 

consumption (Haque et al., 2020). Poultry 

meat is affordable (Martínez Michel et al., 

2011), and production of broiler chicken is 

profitable due to its positive net return on 

investment (Gbigbi, 2021). The major factors 

that make it attractive are its relatively low 

and competitive price compared to other 

meats, the absence of cultural or religious 

obstacles, and its dietary and nutritional 

(protein) composition (Magdelaine et al., 

2008). Broiler production is a valuable asset to 

local populations as it contributes significantly 

to food security, poverty alleviation and the 

promotion of gender equality (Alabi et al., 

2020).  

Agriculture contributes 35% to Nigeria's gross 

domestic product (GDP), with the poultry sub-

sector contributing about 25% of the total 

livestock and fisheries share (Adeyonu et al., 

2021). Poultry production is more established 

in the south-west, but investments are 

increasing in the North West and North 

Central (Adeyonu et al., 2021). Nigeria's per 

capita consumption of chicken meat is low, 

with an average of 1.9 kg per year, compared 

to other countries (Akpan and Nkanta, 2022). 

However, it is anticipated that economic 

growth will lead to an increase in 

consumption. The competition among animal 

protein sources is high, but there is a large 

market for poultry products (Mottet and 

Tempio, 2017). Nigeria's current per capita 

consumption is 65 eggs and 1.9 kg of poultry 

meat per year, which is low compared to the 

global average (Ayojimi et al., 2020). However, 

it is expected that poultry meat consumption 

will increase due to the growing middle class. 

The consumption of eggs however, is not 

expected to change significantly (Henchion et 

al., 2021). 

 

Climatic Conditions in the Tropics and Broiler 

Production 

The tropical climate is distinct for two reasons. 

Firstly, the sun shines more directly on the 

tropics than at higher latitudes, making the 

tropics warmer (Parkes et al., 2022). Secondly, 
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the vertical direction at the equator is 

perpendicular to the earth's axis of rotation, 

while the axis of rotation and the vertical are 

the same at the pole (Halilovic et al., 2022). 

This results in the earth's rotation influencing 

the atmospheric circulation more strongly at 

high latitudes (Hammond and Lewis, 2021). As 

the temperature rises, the amount of water 

vapor that the air can hold without condensing 

also increases (Al-Ghussain, 2019). Since the 

sun shines strongly on the tropics, particularly 

on warm oceans, which have an infinite 

amount of water to evaporate into the air, the 

overlying atmosphere becomes very humid 

(Al-Ghussain, 2019). The wind patterns move 

from west to east, taking a month or two to 

complete a cycle. The cycles are not entirely 

regular, and within a rainy or dry period, the 

weather may differ from what is prevalent 

during that period (Ogunrinde et al., 2020). 

Livestock production, including broiler chicken 

production, in tropical countries faces the 

challenge of heat stress, especially during the 

warmer periods of the year (Vandana et al., 

2021). The tropical climate may affect broiler 

production, especially where there are heat 

waves, which may induce heat stress and lead 

to high mortality (Nyoni et al., 2019). Heat 

wave prediction and characterization may, 

however, allow actions to be taken to mitigate 

the adverse effects early (Baldwin et al., 

2019). In the tropics, the diurnal fluctuations 

in ambient temperature usually exceed the 

thermoneutral zone of chickens. Thermal 

comfort indices such as the temperature-

humidity index (THI) integrate the effects of 

temperature and humidity and may offer a 

means to predict the effects of thermal 

conditions on performance (Omomowo and 

Falayi, 2021). The influence of thermal 

environmental factors, especially during 

transportation and lairage at slaughterhouses 

in hot regions, is due to high ambient 

temperature and relative humidity (Dos 

Santos et al., 2020). These negatively impact 

the survival of broiler chickens. Although, birds 

may tolerate narrow temperature ranges, they 

are vulnerable to climate changes (Pollock et 

al., 2021). 

 

Thermoneutral Zone for Broiler Chickens 

It has been reported that it is important to 

take into account the microclimate within 

broiler houses and monitor the rearing 

environment data to ensure better 

environmental control during broiler grow-out 

(Martinez et al., 2021). Values beyond the 

recommended ranges can indicate that 

broilers are experiencing thermal distress 

(Dedousi et al., 2023). High temperatures can 

result in reduced feed intake, leading to 

impaired live performance as the dietary 

energy is used to maintain the birds' body 

temperature rather than converting feed into 

meat (Nawaz et al., 2021). Studies by 

Hassanzadeh et al. (2019) have shown that 

broilers reared above the temperature of 

thermal comfort during the first week of their 

lives may experience metabolic disorders such 

as ascites syndrome and sudden death 

syndrome.  

The thermoneutral zone is the range of 

ambient temperature that does not affect 

regulatory changes in metabolic heat 

production or evaporative heat loss in birds 

(McKechnie, 2021). The thermoneutral zone 

for poultry in the tropics is between 18 – 24°C 

(Ribeiro et al., 2020), while the ideal 

temperature range for poultry is between 19 – 

26°C (Kic, 2016). Al-Fataftah and Abu-Dieyeh 

(2007) reported that ambient temperatures 

above 25°C can adversely affect the 

performance of 4 – 8-week-old broilers reared 

in open-sided poultry houses, and Purswell et 

al. (2012) have further reported that if the 

temperature-humidity index (THI) exceeds 

approximately 21°C, bird performance 

significantly declines, and their body 

temperature can increase up to 1.7 °C above 

the normal body temperature for broilers 

(41°C).  
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Responses of Broiler Chickens to Heat Stress 

Heat stress can lead to various adverse effects 

on broiler chickens. It can elicit physiological, 

behavioral and thermoregulatory responses, 

with increased oxidative damage and 

alterations in amino acid concentrations in the 

diencephalon (Bohler et al., 2021). High 

temperatures can lead to decreased feed 

consumption and increased water 

consumption. Heat stress also influences some 

gastrointestinal tract peptides, such as ghrelin 

and cholecystokinin (CCK), which may regulate 

appetite (Mazzoni et al. 2022). The reduction 

in broiler weight gain, and consequently 

decreased productivity, is another 

consequence of high temperatures. Heat 

stress can also lead to the deterioration of 

meat quality, and lead to paleness and 

softness of broiler carcass (Nawaz et al., 2021).  

Heat stress has been reported to have 

detrimental effects on the microstructure of 

the gut of broiler chickens (Rostagno, 2020). It 

(heat stress) reduces villus height, crypt depth, 

and surface area in the duodenum and ileum, 

and increases crypt depth in the ileum 

(Bogusławska-Tryk et al., 2020).  

High ambient temperatures increase the 

endogenous production of free radicals, 

leading to oxidative stress and a reduction and 

exhaustion of antioxidant enzymes, which can 

result in cellular injury or death (Engwa et al., 

2022). During heat stress, mitochondrial 

reactive oxygen species (ROS) production may 

increase, due to changes in respiratory chain 

activity, as well as avian uncoupling protein 

(avUCP) expression in skeletal muscle 

mitochondria (Toyomizu et al., 2019). The 

incidence and subjective degree of 

myodegeneration characterized by loss of 

cross striations, myocyte hyper-refractility, 

sarcoplasmic vacuolation, and nuclear 

pyknosis or loss has also been reported to 

increase in hot conditions (Joiner et al., 2014). 

Furthermore, heat stress can lead to a 

weakening of the defense mechanisms of 

birds, resulting in immune suppression. 

Elevated ambient temperature negatively 

affects production, reproductive potentials, 

immune responses, and health status of 

livestock, including broilers (Wasti et al., 

2020). The hypothalamic-pituitary-

adrenocortical axis is a major neuroendocrine 

system involved in the regulation of numerous 

physiological processes and in adaptation to 

stress (Herman et al., 2016). It has been 

posited that stress-induced hypothalamic-

pituitary-adrenal axis activation is responsible 

for the negative effects observed on chicken 

performance and immune function, as well as 

for changes in the intestinal mucosa (Ahmad 

et al., 2022). 

 

Thermoregulation and Mechanisms for Heat 

Dissipation/Exchange 

Broiler chickens respond differently to various 

durations of acute heat stress, leading to 

distinct physiological changes over time (Gogoi 

et al., 2021). Heat stress can cause 

hyperthermia in poultry, which can be 

reduced by increasing the chances of heat 

dissipation, decreasing heat production or 

changing the thermal production pattern 

throughout the day (Chen et al., 2021). Brain 

nitric oxide can modulate heat stress-induced 

hyperthermia in poultry (Uyanga et al., 2021). 

However, poultry is particularly susceptible to 

heat stress due to their inability to sweat, with 

convection and respiration being key methods 

of heat dissipation (Vandana et al., 2021). The 

ability of broiler chickens to regulate their 

temperature through convection and radiation 

decreases as they mature (Tickle and Codd, 

2019). 

Broiler chickens adjust their behavior in 

response to daily temperature variations. 

Wing-spreading and beak-opening are crucial 

adaptations to thermal environments 

(Gonçalves et al., 2020). Panting and drooping 

of wings are effective methods of heat loss, 



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

492 

 

with panting being the dominant method as 

air temperature approaches or exceeds body 

temperature in birds (McKechnie, 2021). Heat 

stress exposure in broiler chickens also results 

in sitting or lying down, and a decrease in feed 

intake (Khan et al., 2023). Plasma levels of 

triiodothyronine (T3) and triglycerides 

decrease in broiler chickens as part of their 

thermoregulation mechanisms (Badakhshan et 

al., 2021). Glucocorticoid hormones released 

by the adrenal cortex play a vital role in stress 

responses, including protein catabolism for 

energy production and storage, as well as 

affecting metabolism, the cardiovascular 

system, inflammatory processes, and brain 

function, to promote adaptation and survival 

under strong environmental pressure (Lin et 

al., 2021). 

 

Biomarkers of Heat Stress used in Measuring 

Broiler Chicken Responses to Heat Stress 

Heat stress levels can be estimated using the 

heterophil: lymphocyte ratio (Gogoi et al., 

2021). This ratio has been reported to be a 

reliable tool for evaluating the ability of the 

chickens to cope with stress, making it 

important for production and selection of 

good reproduction traits (Perini et al., 2020). 

The cloacal temperature of the chickens is an 

important parameter to determine their 

comfort status, and can be used to turn on 

acclimatization systems (Abioja and Abiona, 

2021). Heat shock proteins are associated with 

acquired and maintained thermoresistance in 

broiler chickens, while thermography can be 

considered a useful method in measuring skin 

temperature as a welfare indicator in poultry 

production (Reis et al., 2022). Broiler chickens 

exposed to heat stress may experience 

elevated brain and hepatic levels of heat shock 

protein 70, as well as brain peptides (Goel et 

al., 2021).  

Evaluating body surface temperature can be 

used to determine thermal equilibrium in 

animals (Pollock et al., 2021). However, as the 

bodies of broiler chickens are partially covered 

in feathers, the heat flow at the boundary 

layer differs between feathered and 

featherless areas (Kim and Lee, 2023). 

Exposure to acute heat stress can result in 

decreased monocyte and lymphocyte 

proportions, while maintaining water and 

electrolyte balances are considered important 

factors affecting the survivability and 

productivity of broiler chickens (Roushdy et 

al., 2020). When exposed to high 

temperatures, birds increase their respiratory 

rates to dissipate heat by evaporation, leading 

to higher losses of carbon dioxide and 

increased blood pH (Habibu et al., 2019). The 

acid-base balance is further disrupted by the 

increased electrolyte excretion through urine 

and feces (Chen et al., 2022). Blood levels of 

pCO2, sodium and potassium ions are 

decreased, but HCO3 levels are increased 

(Popoola et al., 2020). Heat-stressed broiler 

chickens also have higher serum levels 

malondialdehyde (Egbuniwe et al., 2016; 

2018). 

 

Measures for Mitigating Thermal Stress in 

Broiler Chicken Production 

Broiler chickens experience an increase in 

growth rate and heat production, making it 

necessary to find a cost-effective way to help 

them adapt to hot climates (Biswal et al., 

2022). A study by Juiputta et al. (2023) 

suggested that improving the birds' 

thermotolerance is essential in achieving this 

goal. To prevent hyperthermia caused by heat 

stress in poultry, several measures can be 

taken, including reducing the thermal load by 

increasing dissipation potentials, lowering 

heat production levels, or altering the daily 

heat production pattern (Onagbesan et al., 

2023). Possible measures to mitigate the 

negative effects of heat stress include anti-

oxidant supplementation, certain 

management strategies, early age conditioning 

and gene manipulation.  
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Anti-oxidant Supplementation: 

Supplementation with anti-stress agents in 

poultry is commonly used to reduce the 

negative effects of stress, particularly heat 

stress (Abdel-Moneim et al., 2021). Anti-

oxidants are also used in poultry feed to 

mitigate the effects of environmental stress, 

as they are known to have anti-stress benefits 

(Surai et al., 2019). Anti-oxidants can help 

decrease meat quality deterioration caused by 

lipid peroxidation and stabilize meat oxidation 

after slaughter (Amaral et al., 2018). Studies 

have shown that a combination of vitamins C 

and E provides better protection against heat 

stress in coloured broiler breeder hens than 

individual administrations (Egbuniwe et al., 

2018; Ayo et al., 2022). Additionally, the 

combination of ascorbic acid with glucose in 

drinking water can alleviate the effects of high 

ambient temperature on broilers during the 

grower and finisher stages of growth (Gouda 

et al., 2020). The administration of vitamin C, 

chromium, and their combination may also 

prevent heat stress-related depression in 

broiler chicken performance, protecting them 

from the adverse effects of heat stress (Al-

Sultan et al., 2019). Supplementation with 

dietary vitamin E and vitamin A has been 

shown to be an effective management 

practice to reduce heat stress-related 

decreases in broiler performance (Selvam et 

al., 2017). It has also been reported that 

supplementation with zinc and vitamin A, 

either alone or in combination, can prevent 

heat-stress-related depression in the 

liveweight of broiler chickens (Akinyemi and 

Adewole, 2021). 

Management strategies: Studies by Soliman 

and Safwat (2020) have shown that feeding 

broilers with a diet rich in protein before the 

hottest hours of the day can help reduce heat 

production peaks, facilitate evaporative 

activity and decrease the heat load. This has 

beneficial effects on the performance and 

health of birds kept in tropical areas 

worldwide (Soliman and Safwat, 2020). Also, 

providing broilers with free access to low-

density diets has been suggested as a strategy 

to improve their performance in tropical 

environments (Sánchez-Casanova et al., 2022). 

Dietary supplements such as mannan-

oligosaccharide and lactobacillus-based 

probiotics have been used to alleviate cyclic 

heat stress in broilers (Cheng et al., 2019). 

Feed restriction can enhance birds' 

thermotolerance, and is one of the most 

promising management methods for 

improving the heat resistance of broiler 

chickens in the short term (Abdel-Moneim et 

al., 2021). Administering electrolytes during 

the summer has been shown to improve feed 

conversion in broilers. Supplementation with 

electrolytes, either through drinking water or 

feed, has been found to correct blood acid-

base balance and had been proven to be 

beneficial for broilers under different heat 

stress regimens (Rahman et al., 2020). More 

recent reports by Krishnan et al. (2023) have 

shown that an air velocity of 2.0 m/s within 

the poultry house enabled broilers to maintain 

proper performance, thermoregulation, and 

water balance under harsh environmental 

conditions. 

Early Age conditioning: Studies have shown 

that acclimation can help protect birds from 

heat stress induced mortality caused by acute 

heat waves until they reach marketing age 

(Madkour et al., 2022). Also, recent findings by 

Goel et al. (2023) suggest that thermal 

manipulation of the embryo can have a long-

term effect on the physiology of broilers and 

may be a possible means of improving their 

heat tolerance. Robertson et al. (2020) had 

reported that by modifying the central 

thermoregulation system, bird’s responses to 

subsequent heat exposure can be altered, 

resulting in an alleviation of heat stress. 

Reports by Costa et al. (2020) have shown that 

the incubation period is also important in 

enhancing thermotolerance, as higher 

temperatures during incubation can lead to an 

elevation of the thermoregulatory set-point 
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after hatch. Also, broiler chicks exposed to 

high temperatures during the brooding period 

had been reported to cope better with heat 

stress (Khan et al., 2023). More recent reports 

by Onagbesan et al. (2023) have shown that 

chicks that undergo early-age thermal 

conditioning respond in a similar way to 

chronic heat stress as birds earlier adapted to 

it, indicating a protective role of early-age 

thermal conditioning. Reports by Zaboli et al. 

(2017) have further shown that thermal-

manipulated chickens had an improved feed 

conversion ratio, that was attributed to lower 

body temperature and lower plasma thyroid 

hormone levels, which indicated lower heat 

production rates. Such thermally-manipulated 

chickens also demonstrated greater muscle 

growth and a lower relative weight of the 

abdominal fat pad under hot conditions 

(Zaboli et al., 2017). 

Gene Manipulation: Genetic variation among 

poultry populations can result in adaptation to 

high temperatures, which can be managed 

and conserved through selection decisions in 

tropical climates (Mpenda et al., 2019). Recent 

reports of heat-reactive genes, including 

mitogen-activated protein kinase activating 

protein pm20 and 21, suppressors of cytokine 

signaling box-containing protein 2, ubiquitin-

specific proteinase 45, and TRK-fused gene, 

suggest that several pathways play important 

roles in heat regulation, including mitogen-

activated protein kinase, ubiquitin-

proteasome, and nuclear factor κB pathways 

(Li et al., 2011). Genetic selection may possibly 

be a useful strategy for reducing the heat 

stress response in poultry (Kumar et al., 2021). 

One possibly effective method is the 

introduction of the featherless gene to 

counteract the negative effects of hot climates 

in normally feathered birds (Hadad et al., 

2014). Additionally, earlier reports by Nayak et 

al. (2016) showed that epigenetic regulation of 

gene expression and thermal imprinting of the 

genome can improve thermal tolerance. 

Further, Candido (2019) posited that to 

develop thermotolerance, three direct 

responses should be employed: the rapid 

thermal stress response, 

acclimation/acclimatization and epigenetic 

temperature adaptation. 

 

Conclusion  

Tropical climatic conditions can lead to heat 

stress in broiler chickens, which can negatively 

affect their health and productivity. Measures 

that can be taken to mitigate these effects 

include anti-oxidant supplementation, certain 

management strategies, early age conditioning 

and gene manipulation. 

 

Conflict of Interest 

The authors declare no conflict of interest. 

 

References 

Abdel-Moneim AME, Shehata AM, Khidr RE, 

Paswan VK, Ibrahim NS, El-Ghoul AA and 

Ebeid TA (2021). Nutritional 

manipulation to combat heat stress in 

poultry – A comprehensive review. 

Journal of Thermal Biology, 98: 102915. 

Abioja MO and Abiona JA (2021). Impacts of 

climate change to poultry production in 

Africa: Adaptation options for broiler 

chickens. In: Filho WL (Ed.), African 

Handbook of Climate Change 

Adaptation. Springer International 

Publishing, Cham, pp. 275 – 296. 

Adeyonu AG, Abiodun O, Monisola EA, Enoch 

OO and Clinton E. Okonkwo (2021). An 

assessment of broiler value chain in 

Nigeria. Open Agriculture 6(1): 296 – 

307. 

Ahmad R, Yu YH, Hsiao FSH, Su CH, Liu HC, 

Tobin I and Cheng YH (2022). Influence 

of heat stress on poultry growth 

performance, intestinal inflammation, 

and immune function and potential 



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

495 

 

          mitigation by probiotics. Animals, 12(17): 

2297. 

Akinyemi F and Adewole D (2021). 

Environmental stress in chickens and the 

potential effectiveness of dietary vitamin 

supplementation. Frontiers in Animal 

Science, 2: 775311. 

Akpan S and Nkanta VS (2022). Trend analysis 

and macroeconomic variable 

determinants of egg production in 

Nigeria. Journal of Agricultural 

Production, 3(2): 100 – 109. 

Alabi OO, Ajayi FO, Bamidele O, Yakubu A, 

Ogundu EU, Sonaiya EB and Adebambo 

OA (2020). Impact assessment of 

improved chicken genetics on livelihoods 

and food security of smallholder poultry 

farmers in Nigeria. Livestock Research for 

Rural Development, 32(5): 77. 

Al-Fataftah AA and Abu-Dieyeh ZHM (2007). 

Effect of chronic heat stress on broiler 

performance in Jordan. International 

Journal of Poultry Science, 6(1): 64 – 70. 

Al-Ghussain L (2019). Global warming: review 

on driving forces and mitigation. 

Environmental Progress and Sustainable 

Energy, 38(1): 13 – 21. 

Al-Sultan SI, Abdel-Raheem, SM, Abd-Allah S 

and Edris AM (2019). Alleviation of 

chronic heat stress in broilers by dietary 

supplementation of novel feed additive 

combinations. Slovenian Veterinary 

Research, 56: 22-Supplement. 

Amaral AB, Silva MVD and Lannes SCD (2018). 

Lipid oxidation in meat: mechanisms and 

protective factors–a review. Food 

Science and Technology, 38: 1 – 15. 

Ayo JO, Obidi JA, Rekwot PI and Onyeanusi BI 

(2022). Modulatory effects of lycopene 

and vitamin E on cloacal temperature, 

thyroid hormonal and reproductive 

performance responses in laying hens 

during the hot-dry season. Journal of 

Thermal Biology, 104: 103105. 

Ayojimi W, Ajiboye BO and Bamiro OM (2020). 

Comparative economic analysis of 

poultry egg production under two feed 

management regimes in Ogun State, 

Nigeria. International Journal of 

Research and Scientific Innovation, VII: 

107 – 115. 

Badakhshan Y, Emadi L, Esmaeili-Mahani S and 

Nazifi, S (2021). The effect of L-

tryptophan on the food intake, rectal 

temperature, and blood metabolic 

parameters of 7-day-old chicks during 

feeding, fasting, and acute heat stress. 

Iranian Journal of Veterinary Research, 

22(1): 55. 

Baldwin JW, Dessy JB, Vecchi GA and 

Oppenheimer M (2019). Temporally 

compound heat wave events and global 

warming: An emerging hazard. Earth's 

Future, 7(4): 411 – 427. 

Biswal J, Vijayalakshmy KT and Rahman H 

(2022). Impact of heat stress on poultry 

production. World's Poultry Science 

Journal, 78(1): 179 – 196. 

Bogusławska-Tryk M, Bogucka J, 

Dankowiakowska A and Walasik K 

(2020). Small intestine morphology and 

ileal biogenic amines content in broiler 

chickens fed diets supplemented with 

lignocellulose. Livestock Science, 241: 

104189. 

Bohler MW, Chowdhury VS, Cline MA and 

Gilbert ER (2021). Heat stress responses 

in birds: A review of the neural 

components. Biology, 10(11): 1095. 

Cândido MGL (2019). Thermal tolerance, 

performance, and physiology of egg-type 

pullets when subjected to different 

levels of heat stress during the brooding 

and growing phases sequentially. Doctor 

of Science Thesis, Federal University of 

Vicosa, Brazil.  



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

496 

 

Chen S, Yong Y and Ju X (2021). Effect of heat 

stress on growth and production 

performance of livestock and poultry: 

Mechanism to prevention. Journal of 

Thermal Biology, 99: 103019. 

Chen X, Liu W, Li H, Zhang, J, Hu C and Liu X 

(2022). The adverse effect of heat stress 

and potential nutritional interventions. 

Food and Function, 13(18): 9195 – 9207. 

Cheng YF, Chen YP, Chen R, Su Y, Zhang RQ, He 

QF and Zhou YM (2019). Dietary mannan 

oligosaccharide ameliorates cyclic heat 

stress-induced damages on intestinal 

oxidative status and barrier integrity of 

broilers. Poultry Science, 98(10): 4767 – 

4776. 

Costa BTA, Lopes TSB, Mesquita MA, Lara LJ 

and Araújo ICS (2020). Thermal 

manipulations of birds during 

embryogenesis. World's Poultry Science 

Journal, 76(4): 843 – 851. 

Dedousi A, Kritsa MZ and Sossidou EN (2023). 

Thermal comfort, growth performance 

and welfare of olive pulp fed broilers 

during hot season. Sustainability, 15(14): 

10932. 

Dos Santos VM, Dallago BS, Racanicci AM, 

Santana ÂP, Cue RI and Bernal FE (2020). 

Effect of transportation distances, 

seasons and crate microclimate on 

broiler chicken production losses. PLoS 

One, 15(4): e0232004. 

Egbuniwe IC, Ayo JO, Kawu MU and 

Mohammed A (2016). Effects of betaine 

and ascorbic acid on tonic immobility, 

superoxide dismutase and glutathione 

peroxidase in broiler chickens during the 

hot-dry season. Journal of Veterinary 

Behavior, 12: 60 – 65. 

Egbuniwe IC, Ayo JO, Kawu MU and 

Mohammed A (2018). Ameliorative 

effects of betaine and ascorbic acid on 

erythrocyte osmotic fragility and 

malondialdehyde concentrations in 

broiler chickens during the hot-dry 

season. Journal of Applied Animal 

Research, 46(1): 380 – 385. 

Engwa GA, Nweke FN and Nkeh-Chungag BN 

(2022). Free radicals, oxidative stress-

related diseases and antioxidant 

supplementation. Alternative Therapies 

in Health and Medicine, 28(1): 114 – 128.  

Gbigbi TM (2021). Financial benefits analysis 

of broiler chicken farm operators in 

Delta State Nigeria. Black Sea Journal of 

Agriculture, 4(2): 58 – 65. 

Goel A, Ncho CM and Choi YH (2021). 

Regulation of gene expression in 

chickens by heat stress. Journal of 

Animal Science and Biotechnology, 12(1): 

1 – 13. 

Goel A, Ncho CM, Gupta V and Choi YH (2023). 

Embryonic modulation through thermal 

manipulation and in ovo feeding to 

develop heat tolerance in chickens. 

Animal Nutrition, 13: 150 – 159. 

Gogoi S, Kolluri G, Tyagi JS, Marappan G, 

Manickam K and Narayan R (2021). 

Impact of heat stress on broilers with 

varying body weights: Elucidating their 

interactive role through physiological 

signatures. Journal of Thermal Biology, 

97: 102840. 

Gonçalves SA, Ferreira RA, Pereira IG, de 

Oliveira CC, Amaral PIS, Garbossa CAP 

and da Silva Fonseca L. (2020). 

Behavioral and physiological responses 

of different genetic lines of free-range 

broiler raised on a semi-intensive 

system. Journal of Animal Behaviour and 

Biometeorology, 5(4): 112 – 117. 

Gouda A, Amer SA, Gabr S and Tolba SA 

(2020). Effect of dietary supplemental 

ascorbic acid and folic acid on the 

growth performance, redox status, and 

immune status of broiler chickens under 

heat stress. Tropical Animal Health and 

Production, 52: 2987 – 2996. 



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

497 

 

Habibu B, Yaqub LS, Dzenda T and Kawu MU 

(2019). Sensitivity, impact and 

consequences of changes in respiratory 

rate during thermoregulation in 

livestock–A review. Annals of Animal 

Science, 19(2): 291 – 304. 

Hadad Y, Cahaner A and Halevy O (2014). 

Featherless and feathered broilers under 

control versus hot conditions. 2. Breast 

muscle development and growth in pre-

and posthatch periods. Poultry Science, 

93(5), 1076 – 1088. 

Halilovic D, Mulić M and Weber R. (2022). 

Earth rotation and its parameters. In: 

International Symposium on Innovative 

and Interdisciplinary Applications of 

Advanced Technologies. Springer 

International Publishing, Cham, pp. 492 

– 506. 

Hammond M and Lewis NT (2021). The 

rotational and divergent components of 

atmospheric circulation on tidally locked 

planets. Proceedings of the National 

Academy of Sciences, 118(13): 

e2022705118. 

Haque MH, Sarker S, Islam MS, Islam MA, 

Karim MR, Kayesh MEH and Anwer MS 

(2020). Sustainable antibiotic-free 

broiler meat production: Current trends, 

challenges, and possibilities in a 

developing country 

perspective. Biology, 9(11): 411. 

Hassanzadeh M, Decuypere E, Lamberigts C 

and Buyse J (2019). Light as exogenous 

factor can control metabolic disorders 

and impact embryonic development in 

broiler chickens-a review. European 

Poultry Science/Archiv für 

Geflügelkunde, 83: 257. 

Henchion M, Moloney AP, Hyland J, 

Zimmermann J and McCarthy S (2021). 

Trends for meat, milk and egg 

consumption for the next decades and 

the role played by livestock systems in 

the global production of proteins. 

Animal, 15(Supplement 1): 100287. 

Herman JP, McKlveen JM, Ghosal S, Kopp B, 

Wulsin A, Makinson,R, and Myers B 

(2016). Regulation of the hypothalamic-

pituitary-adrenocortical stress response. 

Comprehensive Physiology, 6(2): 603 – 

621. 

Herrero M, Grace D, Njuki J, Johnson N, 

Enahoro D, Silvestri S and Rufino MC 

(2013). The roles of livestock in 

developing 

countries. Animal, 7(Supplement 1): 3 – 

18. 

Joiner KS, Hamlin GA, Lien RJ and Bilgili SF 

(2014). Evaluation of capillary and 

myofiber density in the pectoralis major 

muscles of rapidly growing, high-yield 

broiler chickens during increased heat 

stress. Avian Diseases, 58(3): 377 – 382. 

Juiputta J, Chankitisakul V and Boonkum W 

(2023). Appropriate genetic approaches 

for heat tolerance and maintaining good 

productivity in tropical poultry 

production: A review. Veterinary 

Sciences, 10(10): 591. 

Khan RU, Naz S, Ullah H, Ullah Q, Laudadio V, 

Qudratullah, and Tufarelli, V (2023). 

Physiological dynamics in broiler 

chickens under heat stress and possible 

mitigation strategies. Animal 

Biotechnology, 34(2): 438 – 447. 

Kic P. (2016). Microclimatic conditions in the 

poultry houses. Agronomy research, 

14(1): 82 – 90. 

Kim DH and Lee KW (2023). An update on heat 

stress in laying hens. World's Poultry 

Science Journal, 79(4): 689 – 712. 

Krishnan G, Silpa MV and Sejian, V (2023). 

Environmental physiology and 

thermoregulation in farm animals. In:  

Das PK, Sejian V, Mukherjee J and 

Banerjee J (Eds.), Textbook of Veterinary 



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

498 

 

           Physiology, Springer Nature, Singapore, 

pp. 723 – 749. 

Kumar M, Ratwan P, Dahiya SP and Nehra AK 

(2021). Climate change and heat stress: 

Impact on production, reproduction and 

growth performance of poultry and its 

mitigation using genetic strategies. 

Journal of Thermal Biology, 97: 102867. 

Li C, Wang X, Wang G, Li N and Wu C (2011). 

Expression analysis of global gene 

response to chronic heat exposure in 

broiler chickens (Gallus gallus) reveals 

new reactive genes. Poultry Science, 

90(5): 1028 – 1036. 

Lin HY, Song G, Lei F, Li D and Qu Y (2021). 

Avian corticosteroid-binding globulin: 

Biological function and regulatory 

mechanisms in physiological stress 

responses. Frontiers in Zoology, 18(1): 1 

– 11. 

Madkour M, Salman FM, El-Wardany I, Abdel-

Fattah SA, Alagawany M, Hashem NM 

and Dhama, K (2022). Mitigating the 

detrimental effects of heat stress in 

poultry through thermal conditioning 

and nutritional manipulation. Journal of 

Thermal Biology, 103: 103169. 

Magdelaine P, Spiess MP and Valceschini E 

(2008). Poultry meat consumption 

trends in Europe. World's Poultry Science 

Journal, 64(1): 53 – 64. 

Martinez AAG, Nääs IDA, Abe JM and Pereira 

DF (2021). A mobile application to follow 

up the management of broiler flocks. 

AgriEngineering, 3(4): 990 – 1000. 

Martínez Michel L, Anders S and Wismer WV 

(2011). Consumer Preferences and 

willingness to pay for value-added 

chicken product attributes. Journal of 

Food Science, 76(8): S46 – S477. 

Mazzoni M., Zampiga M., Clavenzani P., 

Lattanzio G., Tagliavia C. and Sirri F. 

(2022). Effect of chronic heat stress on 

gastrointestinal histology and expression 

of feed intake-regulatory hormones in 

broiler chickens. Animal, 16(8): 100600. 

McKechnie, A. E. (2021). Regulation of body 

temperature: patterns and processes. In: 

Scanes CG and Dridi S (Eds.), Sturkie's 

Avian Physiology, Academic Press, 

pp.1231 – 1264. 

Mottet A and Tempio G (2017). Global poultry 

production: current state and future 

outlook and challenges. World's Poultry 

Science Journal, 73(2): 245 – 256. 

Mpenda FN, Schilling MA, Campbell Z, Mngumi 

EB and Buza J (2019). The genetic 

diversity of local african chickens: A 

potential for selection of chickens 

resistant to viral infections. Journal of 

Applied Poultry Research, 28(1): 1 – 12. 

Nawab A, Ibtisham F, Li G, Kieser B, Wu J, Liu 

W and An L (2018). Heat stress in poultry 

production: Mitigation strategies to 

overcome the future challenges facing 

the global poultry industry. Journal of 

Thermal Biology, 78: 131 – 139. 

Nawaz AH, Amoah K, Leng QY, Zheng JH, 

Zhang WL and Zhang L (2021). Poultry 

response to heat stress: Its physiological, 

metabolic, and genetic implications on 

meat production and quality including 

strategies to improve broiler production 

in a warming world. Frontiers in 

Veterinary Science, 8: 699081. 

Nayak N, Bhanja SK, Ahmad SF, Mehra M, Goel 

A, Sahu AR. and Karuppasamy K (2016). 

Role of epigenetic modifications in 

improving the thermo-tolerance, growth 

and immuno-competence in poultry: 

current status and future applications. 

Indian Journal of Poultry Science, 51(1): 1 

– 9. 

 Nyoni NMB, Grab S and Archer ER (2019). 

Heat stress and chickens: climate risk 

effects on rural poultry farming in low-



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

499 

 

           income countries. Climate and 

Development, 11(1): 83 – 90. 

Ogunrinde AT, Oguntunde PG, Olasehinde DA, 

Fasinmirin JT and Akinwumiju AS (2020). 

Drought spatiotemporal characterization 

using self-calibrating Palmer Drought 

Severity Index in the northern region of 

Nigeria. Results in Engineering, 5: 

100088. 

Omomowo OO and Falayi FR (2021). 

Temperature-humidity index and 

thermal comfort of broilers in humid 

tropics. Agricultural Engineering 

International: CIGR Journal, 23(3): 101 – 

110. 

Onagbesan OM, Uyanga V A, Oso O, Tona, K 

and Oke, O. E. (2023). Alleviating heat 

stress effects in poultry: updates on 

methods and mechanisms of actions. 

Frontiers in Veterinary Science, 10: 

1255520. 

Parkes B, Buzan JR and Huber M. (2022). Heat 

stress in Africa under high intensity 

climate change. International Journal of 

Biometeorology, 66(8), 1531 – 1545. 

Perini F, Cendron F, Rovelli G, Castellini,C, 

Cassandro M and Lasagna E (2020). 

Emerging genetic tools to investigate 

molecular pathways related to heat 

stress in chickens: A review. Animals, 

11(1): 46. 

Pollock HS, Brawn JD and Cheviron ZA (2021). 

Heat tolerances of temperate and 

tropical birds and their implications for 

susceptibility to climate warming. 

Functional Ecology, 35(1): 93 – 104. 

Popoola, I. O., Popoola, O. R., Ojeniyi, M. O., 

Olajide, O. O., and Iyayi, E. A. (2020). The 

roles of key electrolytes in balancing 

blood acid-base and nutrient in broiler 

chickens reared under tropical 

conditions. Natural Science, 12(01):  4 – 

11. 

Purswell, J. L., Dozier III, W. A., Olanrewaju, H. 

A., Davis, J. D., Xin, H., and Gates, R. S. 

(2012). Effect of temperature-humidity 

index on live performance in broiler 

chickens grown from 49 to 63 days of 

age. In 2012 IX International Livestock 

Environment Symposium (ILES IX), 

American Society of Agricultural and 

Biological Engineers, p. 3. 

Rahman MA, Kamruzzaman M, Islam MS, 

Mojaffar M and Sajib M (2020). Using 

Electrolytes in Drinking Water on the 

Performances of Broiler during Summer 

Season. Business, Social and Scientific 

Research, 8(3): 47 – 51. 

Reis TL, Souza CS, Dilelis F, Soares PLDS, Silva 

PH and Curvello FA (2022). Correlations 

between body surface, rectal 

temperatures and the average weight of 

broilers. Revista de Ciências 

Agroveterinárias, 21(3): 349 – 353. 

Ribeiro BPVB, Junior TY, de Oliveira DD, de 

Lima RR and Zangeronimo, MG (2020). 

Thermoneutral zone for laying hens 

based on environmental conditions, 

enthalpy and thermal comfort indexes. 

Journal of Thermal Biology, 93: 102678. 

Robertson JK, Mastromonaco G and Burness G 

(2020) Evidence that stress-induced 

changes in surface temperature serve a 

thermoregulatory function. Journal of 

Experimental Biology, 223(4): jeb213421. 

Rostagno MH (2020). Effects of heat stress on 

the gut health of poultry. Journal of 

Animal Science, 98(4): skaa090. 

Roushdy EM, Zaglool AW and Hassan FA 

(2020). Thermal stress consequences on 

growth performance, immunological 

response, antioxidant status, and 

profitability of finishing broilers: 

transcriptomic profile change of stress-          

related genes. Tropical Animal Health 

and Production, 52: 3685 – 3696. 



Egbuniwe and Ayo, 2024; Journal of Veterinary and Applied Sciences, 14(1): 488 – 500. 

……………………………………………………………………………………………………………………………. 

 

 

500 

 

Sánchez-Casanova RE, Sarmiento-Franco L and 

Phillips CJ (2022). The effects of 

providing outdoor access to broilers in 

the tropics on their behaviour and stress 

responses. Animals, 12(15): 1917. 

Selvam R, Saravanakumar M, Suresh S, 

Sureshbabu G, Sasikumar M and 

Prashanth D. (2017). Effect of vitamin E 

supplementation and high stocking 

density on the performance and stress 

parameters of broilers. Brazilian Journal 

of Poultry Science, 19: 587 – 594. 

Soliman A and Safwat AM (2020). climate 

change impact on immune status and 

productivity of poultry as well as the 

quality of meat and egg products. In: 

Ewis Omran, ES, Negm A (Eds.), Climate 

Change Impacts on Agriculture and Food 

Security in Egypt. Springer Water. 

Springer, Cham. 

Surai PF, Kochish II, Fisinin VI and Kidd MT 

(2019). Antioxidant defence systems and 

oxidative stress in poultry biology: An 

update. Antioxidants, 8(7): 235. 

Thornton PK (2010). Livestock production: 

recent trends, future 

prospects. Philosophical Transactions of 

the Royal Society B: Biological 

Sciences, 365(1554): 2853 – 2867. 

Tickle PG and Codd JR (2019). 

Thermoregulation in rapid growing 

broiler chickens is compromised by 

constraints on radiative and convective 

cooling performance. Journal of Thermal 

Biology, 79: 8 – 14. 

Toyomizu M, Mujahid A, Hirakawa R, 

Furukawa K, Azad MAK, Taciak M and 

Kikusato M (2019). Nutritional regulation 

of mitochondrial ROS production of 

chickens exposed to acute and chronic 

heat stress. In: EAAP Scientific Series 

Wageningen Academic Publishers, pp. 

2219 – 2225. 

Uyanga VA, Wang M, Tong T, Zhao J, Wang X, 

Jiao H and Lin H (2021). L-citrulline 

influences the body temperature, heat 

shock response and nitric oxide 

regeneration of broilers under 

thermoneutral and heat stress condition. 

Frontiers in Physiology, 12: 671691. 

Vandana GD, Sejian V, Lees AM, Pragna P, 

Silpa MV and Maloney SK (2021). Heat 

stress and poultry production: impact 

and amelioration. International Journal 

of Biometeorology, 65: 163 – 179. 

Wasti S, Sah N and Mishra B (2020). Impact of 

heat stress on poultry health and 

performances, and potential mitigation 

strategies. Animals, 10(8): 1266. 

Zaboli GR., Rahimi S, Shariatmadari F, Torshizi 

MAK, Baghbanzadeh A and Mehri M 

(2017). Thermal manipulation during 

pre- and post-hatch on thermotolerance 

of male broiler chickens exposed to 

chronic heat stress. Poultry Science, 

96(2): 478 – 485.  

  

 

 


