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A B S T R A C T

Background and Aim: Egg production is a critical indicator of reproductive efficiency in laying hens. High environmental 
temperatures and humidity expose laying hens to heat stress, adversely affecting egg production, egg quality, feed intake, 
blood chemistry, health, and behavior. Despite the global economic significance of egg production, research on the impact 
of heat stress in tropical climates, particularly in locally adapted breeds, remains limited. This study investigates the effects 
of heat stress on egg production in a new synthetic breed of laying hens raised under hot and humid conditions.

Materials and Methods: This study utilized secondary data from the Ligor chicken development project, covering the 
period from January 1 to December 31, 2023. A total of 1293 daily records of egg production from 872 laying hens, aged 
between 20 and 70 weeks, were analyzed. Egg production parameters, including hen day production (HDP) and average 
egg weight (AEW), were recorded daily. Environmental data, including temperature and humidity, were collected at hourly 
intervals using a data recorder. The heat stress index (HSI) was calculated based on temperature and relative humidity 
values. Statistical analyses, including regression modeling, were performed to assess the relationship between HSI and egg 
production.

Results: The findings demonstrated that heat stress negatively impacted egg production. A statistically significant negative 
correlation was observed between HSI and both HDP and AEW (p < 0.05). For each unit increase in HSI, HDP decreased by 
1.29%, and AEW declined by 0.18 g. These results indicate that heat stress adversely affects the productivity of laying hens 
in tropical climates.

Conclusion: Heat stress significantly reduces egg production and egg weight in laying hens under hot and humid conditions. 
The findings highlight the need for adaptive breeding strategies and improved environmental management to mitigate the 
adverse effects of heat stress. Future research should focus on genetic selection for heat resistance and the integration of 
precision farming techniques to optimize poultry production in tropical regions.
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INTRODUCTION

The egg industry has experienced rapid growth 
due to increasing global demand and advancements in 
genetic selection, which have enhanced the productivity 
of specialized laying hen strains, particularly in 
temperate regions [1]. Poultry breeding companies have 
focused on optimizing genetic potential to maximize 

egg yield while improving feed conversion efficiency. 
Egg production is a key economic trait and an essential 
measure of reproductive efficiency in laying hens, 
influenced by multiple factors such as breed selection, 
nutrition, water intake, light intensity and duration, 
disease, management practices, and environmental 
conditions, particularly heat stress [1].

https://orcid.org/0009-0007-6415-0664
https://orcid.org/0000-0002-5257-4626
https://orcid.org/0000-0001-7789-8013
https://orcid.org/0000-0003-4621-295X
https://crossmark.crossref.org/dialog/?doi=10.14202/vetworld.2025.851-858&domain=pdf


doi: 10.14202/vetworld.2025.851-858

852

Heat stress poses a major challenge to the poultry 
industry, especially in tropical regions where high 
temperatures and humidity significantly affect egg 
production [2, 3]. Extreme weather conditions and 
persistent heat stress disrupt hen physiology, leading 
to reduced egg production efficiency, compromised 
health, and increased mortality rates [4–6]. Mashaly 
et al. [7] reported that 31-week-old laying hens exposed 
to prolonged heat stress exhibited significant declines 
in body weight, feed intake, egg production rate, and 
egg weight. The optimal environmental temperature 
for laying hens ranges between 66°F and 72°F [8]; 
exceeding this range necessitates thermoregulatory 
adjustments that can negatively impact productivity. 
Rising global temperatures and the increasing frequency 
of heatwaves further exacerbate the challenges faced 
by poultry farmers in maintaining optimal production 
conditions.

Although extensive research has been conducted 
on heat stress in poultry, most studies focus on laying 
hens bred for temperate or arid climates. Limited 
research has explored the impact of heat stress on 
hens specifically bred for tropical environments, where 
humidity and persistent heat stress are prevalent 
challenges. The adaptation and productivity of imported 
layer breeds in tropical climates remain underexplored, 
creating a gap in the understanding of their genetic 
potential under such conditions. Furthermore, studies 
on locally adapted or synthetically bred tropical layer 
hens are scarce, despite their potential to perform 
better under high heat and humidity.

Given the limited research on heat stress 
in tropical  poultry production, this study aims to 
investigate the impact of heat stress on egg production, 
egg quality, and overall productivity in a newly 
developed synthetic breed of laying hens raised under 
hot and humid conditions. The findings will provide 
valuable insights for improving breeding strategies, 
developing heat-resistant layer breeds, and optimizing 
poultry management practices in tropical regions.

MATERIALS AND METHODS

Ethical approval
All data used in this study were obtained as 

secondary data from the Ligor chicken development 
project. Consequently, approval from the Animal 
Care and Use Committee was not required, as the 
information was sourced from an existing database and 
did not involve the direct use of animals in the study.

Study period and location
The study data were collected from January 1 

to December 31, 2023, as part of the “Ligor chicken 
development project” in Nakhon Si Thammarat, 
Thailand.

Animal management, location, and housing
As this study focuses on heat stress, the housing 

and management practices were designed to replicate 

typical conditions in tropical climates, where high 
temperatures and humidity prevail. The laying hens 
were housed in floor pens using a deep litter system for 
a period of 72  weeks. The farm is situated in Nakhon 
Si Thammarat, on the southeastern coast of Thailand, 
a region characterized by a persistently tropical 
climate with high temperatures, substantial rainfall, 
and elevated humidity throughout the year. These 
climatic conditions significantly impact local agricultural 
practices, necessitating specific adaptations, particularly 
to manage heavy rainfall during the latter part of the 
year [9].

The poultry house was designed as an open 
housing system, measuring 5  m in width and 25  m in 
length. It was divided into four equally sized cages, each 
measuring 5 × 5 m. This housing structure was intended 
to ensure adequate air circulation, which is essential 
for maintaining a suitable environment for the hens, 
particularly given the region’s hot and humid climate.

All hens had access to clean water and a 
nutritionally balanced diet to support their health 
and productivity. Proper feed management is crucial 
for sustaining breeder hens, as it ensures optimal 
egg production through controlled feed intake and 
regular flock monitoring. The breeder feed, particularly 
formulated for breeder hens, was fortified with 
essential micronutrients, including trace minerals and 
vitamins, to enhance fertility and hatchability while 
maintaining peak egg production. The laying hens were 
fed once daily at 8 a.m., with an average feed intake of 
approximately 120  g/hen. During the egg production 
period, all birds received a diet containing 17% crude 
protein, 2750 Kcal ME/kg of feed, 3.5% calcium, and 
0.5% available phosphorus. In addition, the hens were 
exposed to 14 h of light/day, as maintaining a consistent 
lighting schedule is critical for sustaining egg production.

Egg collection and heat stress index (HSI) calculation
To evaluate the impact of heat stress on egg 

performance, daily egg production and environmental 
data were collected and analyzed using the HSI. The 
dataset comprised 1293 daily records of egg production 
from 872 laying hens aged between 20 and 70 weeks. 
Egg production was recorded 3  times/day at 8 a.m., 
11 a.m., and 3 p.m., with the weighted average egg 
mass calculated for each replication. In this study, the 
traits analyzed included hen-day production (HDP) 
and average egg weight (AEW). HDP was calculated 
by dividing the total number of eggs collected by 
the total number of live hens per day in each group. 
AEW was determined by selecting a representative 
sample, accurately weighing each egg, recording the 
measurements, and computing the average. Additional 
factors, such as the age of the laying hens and cage 
position, were also recorded for model adjustments. 
Hens were monitored daily, and the weight of deceased 
birds was considered to adjust daily feed consumption 
calculations.
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Meteorological data were collected using a 
data logger (Elitech GSP-6, Elitech, USA) to measure 
temperature and relative humidity throughout the study 
period. The device was placed inside the poultry house, 
and temperature and humidity levels were recorded 
at hourly intervals. The study area’s environmental 
conditions were characterized by consistently high 
temperatures and humidity throughout the year.

The weather in the study region is classified into 
three seasons: (1) Summer (February to May), (2) Rainy 
season (June to October), and (3) Winter (November 
to January) [9]. Temperature variations ranged from 
79.30°F to 85.92°F, with the lowest average temperature 
recorded in January (79.30 ± 1.87°F) and the highest 
in May (85.92 ± 1.76°F). Relative humidity peaked in 
November (90.07 ± 3.92%) and was lowest in August 
(75.65 ± 4.20%), as illustrated in Figure 1.

The HSI was calculated based on two parameters: 
Temperature and relative humidity, as described by 
Phongpipat et al. [10] and Hy-Line International [11] in 
the following equation.

HSI = Dry bulb temperature (°F) + Relative humidity (%)

Statistical analysis
The data were checked for normality using the 

Shapiro–Wilk test, for homogeneity of variance using 
Levene’s test, and outlier data were removed before 
analysis. Statistical analysis was conducted using the 
General Linear Model Procedure of SAS OnDemand for 
Academics [12]. All statistically significant differences 
were based on p < 0.05 unless noted otherwise. All data 
were processed and categorized using Microsoft Excel. 
The relationship between HSI and egg performance 
was determined using the linear regression method. 
The statistical equation model used in this study is as 
follows:
yijk = μ + collection datei + flockj + b1(age)ijk + b2(HSI)ijk + eijk

Where: yijk is the individual observation of 
consideration traits; μ is overall means; collection datei 

is the collection date effect, flockj is the flock effect; 
(age)ijk is age of laying hens; (HSI)ijk is the heat stress 
index value; b1 and b2 are regression coefficients; eijk is 
residual error NID~(0, σ2

eI ).
Furthermore, regression analysis was used to 

generate the statistical equation model for future 
prediction as follows:

yi = a + b(HSIi)
Where yi is the individual observation of 

consideration traits; a is the y-intercept; b is regression 
coefficients; HSIi = Heat stress index values.

RESULTS AND DISCUSSION

Climatic conditions during the study period
The study was conducted from January to 

December 2023, covering all seasons in Nakhon Si 
Thammarat, Thailand. As illustrated in Figure  1, the 
province experiences consistently high temperatures 
and humidity throughout the year, which is 
characteristic of a tropical monsoon climate. The 
average air temperature was 83.41°F (28.56°C), with the 
highest temperatures recorded in May and the lowest 
in November. Relative humidity remained consistently 
high, averaging 82.53% annually. The persistently 
elevated temperatures and humidity levels during the 
study period emphasize the potential risk of heat stress 
impacting egg production in laying hens. These climatic 
conditions are comparable to those in other tropical 
monsoon regions, including South and Southeast Asia, 
West Africa, and Central and South America. Mashaly 
et al. [7] reported that temperatures exceeding 86°F 
(30°C) significantly impair egg production and feed 
efficiency in laying hens. Consequently, effective climate 
management is crucial for ensuring livestock health and 
production sustainability in the region [13].

Thailand’s climate is predominantly influenced 
by two seasonal monsoons. The Southwest Monsoon 
(May–October) carries humid air from the Andaman Sea 
and the Gulf of Thailand, contributing to low-pressure 
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systems over China (Tibetan Low) [14]. In contrast, 
the Northeast Monsoon (November–February) brings 
heavy rainfall to the east coast, particularly affecting 
Surat Thani, Nakhon Si Thammarat, and Songkhla due 
to moisture from the Gulf of Thailand [9].

The annual average HSI in the region was 
165.67. The highest HSI value (170.75) was recorded 
in November, indicating a period of severe heat 
stress, while the lowest value, 161.43, occurred 
in August. HSI values exceeding 160 are generally 
associated with heat stress and can significantly affect 
livestock performance [10, 11]. In addition, Kilic and 
Ercan [3] reported that elevated indoor temperature 
and humidity levels contribute to heat stress in poultry.

Numerous studies have reported climate data 
from  various countries, highlighting variations in 
temperature and humidity across tropical and sub-
tropical regions. In Thailand, Loengbudnark et al. [15] 
found that Khon Kaen Province, located in the northeast, 
has an average temperature of 26.9°C, with the highest 
recorded temperature in April and the lowest in January. 
Relative humidity remains above 67%, resulting in an 
average temperature-humidity index (THI) of 76.6, 
peaking at 82 from April to July and decreasing to 
68 in January and December. Similarly, in Sri Lanka, 
temperatures range between 28.0°C and 32.0°C, with 
THI values fluctuating from 68.57 to 83.17, reflecting 
regional differences in humidity and heat stress levels [16].

In India’s tropical region of Palakkad, maximum 
daytime temperatures vary from 32.27°C to 41.05°C, 
while relative humidity ranges between 44.1% and 
92.3%, leading to THI values between 71.88 and 83.21 
from January to March [17]. Closer to the equator, in 
Cuba, significant diurnal THI variations occur, starting at 
69.59 in the morning, increasing to 79.61 at midday, and 
peaking at 91.69 in the afternoon due to rising daytime 
temperatures and humidity [18]. Conversely, Tanzania 
experiences considerable climate variability, with THI 
values ranging from 61 to 86 across different regions of 
the country [19].

These fluctuations in temperature and humidity 
highlight the impact of geographic location, seasonal 
patterns, and local environmental conditions. 
Understanding these climatic variations is essential for 
developing effective heat stress management strategies, 
particularly in agriculture and livestock production. By 
implementing appropriate measures to mitigate heat 
stress, farmers can enhance animal welfare, improve 
productivity, and support the long-term sustainability 
of food production systems.

Egg performance
The descriptive statistics of egg performance 

obtained during the study period are presented 
in Table  1. The average age of laying was 43.82 ± 
13.24  weeks. The average HDP and AEW were 55.72 
± 14.38% and 57.93 ± 3.38  g/egg, respectively. HDP 
ranged from 5.92% to 88.89% and egg weight ranged 
from 40 g to 69.42 g/egg.

The observed trends in egg production and weight 
are consistent with previous studies by Ribeiro et al. 
[8], Narinc et al. [20], and Star et al. [21] and likely 
reflect the influence of the region’s tropical climate, 
particularly the effects of heat stress. Figure 2 illustrates 
a typical egg production curve showing changes in egg 
production and weight. During the study period, egg 
production increased sharply, peaked at approximately 
70.59% around the 10th  week, and gradually declined 
to approximately 49% by the 40th  week of lay. This 
result aligns with previous studies by Saeed et al. [4], 
Narinc et al. [20], Star et al. [21] and Ezieshi et al. [22], 
reinforcing the established pattern of egg production 
in poultry. Similar trends have been observed in White 
Leghorn pullets, where egg weight increased during 
the first 1–5 weeks of production, followed by a linear 
decrease as production peaked [23].

However, the higher egg production observed in 
chickens raised in closed housing compared to those 
raised in open systems can be attributed to improved 
environmental control, better nutrition, and enhanced 
management practices. Closed housing systems provide 
optimal conditions by regulating temperature, humidity, 
and lighting, which help reduce stress and promote 
consistent egg production [24]. In addition, these 
systems minimize exposure to external factors, such 
as predators, diseases, and harsh weather conditions, 
further improving the overall flock performance. In 
contrast, chickens raised in an open system experience 
greater environmental fluctuations and potential health 
challenges, which can negatively impact their egg-laying 
capacity.

Relationship between HSI and egg performance
The HSI and egg production relationship exhibited 

a negative trend (Figure  3). Specifically, for every unit 
increase in HSI, HDP decreased by 1.29%, and AEW 
declined by 0.18  g. These findings are consistent 
with previous studies by Kilic and Ercan [3], Saeed 
et al. [4], Mashaly et al. [7], Weerasinghe et al. [16], 
Star et al. [21], Gençoğlan [25] and Bekele [26], which 
reported significant declines in egg production and 
quality under heat stress conditions. For instance, Deng 
et al. [27] observed a 28.8% decline in egg production 
following a 12-day heat stress period, whereas Star 
et al. [21] documented reductions of 36.4% in egg 
production and 3.41% in egg weight. In addition, 
Mashaly et al. [7] reported notable decreases in egg 
production (28.8%), feed intake (34.7%), and body 
weight (19.3%) in hens exposed to prolonged heat 
stress for 5 weeks. The variability in these effects can 

Table 1: Descriptive statistics of egg performance.

Traits Average ± SD Min Max

Age of laying hen (weeks) 43.82 ± 13.24 20.00 70.00
Hen day production (%) 55.72 ± 14.38  5.92 88.89
Egg weight (g/egg) 57.93 ± 3.38 40.00 69.42

SD=Standard deviation, Min=Minimum, Max=Maximum
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be attributed to factors such as age, sex, breed, genetic 
background, and the intensity and duration of heat 
stress exposure [15, 18].

The decreases in egg production and feed intake 
can  be physiologically explained by the disruptive 
effects of heat stress on hormonal regulation. High 
temperatures impair the secretion of gonadotropin-
releasing hormone from the hypothalamus, leading to 
decreased levels of luteinizing hormone and follicle-
stimulating hormone. This hormonal imbalance 
hinders follicular maturation and ovulation, ultimately 
reducing egg production. Previous studies by Hy-Line 
International [11], Vandana et al. [24], Bekele [26], 
Yan et al. [28], Yalcin et al. [29] and Lara and Rostagno 
[30] have confirmed that heat stress disrupts the 
hypothalamic-pituitary-gonadal axis, altering the 

synthesis and secretion of reproductive hormones. 
These disruptions further contribute to declining egg 
production and reproductive efficiency in laying hens.

Understanding these physiological mechanisms 
is essential for developing effective interventions 
to mitigate  heat stress and maintain optimal laying 
performance. Strategies such as genetic selection, 
cooling systems, and nutritional adjustments can address 
both environmental factors and hormonal regulation, 
improving the resilience of laying hens to heat stress. 
For example, Javandel Soum Sarai et al. [31] suggested 
that supplemental chromium picolinate can effectively 
alleviate the adverse effects of heat stress, enhancing both 
growth performance and immune function in broilers.

Moreover, HSI values remained consistently 
elevated throughout the study period, exceeding the 

6.23

32.15

70.59

59.89 63.50
58.16

52.64
58.25 58.05

51.16 49.20

0

10

20

30

40

50

60

70

80

21 25 30 35 40 45 50 55 60 65 70

%HHP

44.29

53.00
55.88 57.72 57.70 57.81 58.55 59.94 60.98 62.03 61.44

20

30

40

50

60

70

21 25 30 35 40 45 50 55 60 65 70

Average egg weight (g)

Age ofhen (week)

Av
er

ag
e 

eg
g 

w
ei

gh
t (

g)
H

en
 d

ay
 p

ro
du

ct
io

n

Figure 2: A typical production curve for a laying flock. (a) Hen day production and (b) Average egg weight.

53

54

55

56

57

58

59

60

30

35

40

45

50

55

60

65

153 154 155 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173

HDP (%) AEW (g)

HDP=269-1.29(HSI)

AEW=87-0.18(HSI)

Heat stress Index

%
H

D
P

AE
W

 (g
)

Figure 3: Relationship between heat stress index and hen day product (HDP) and average egg weight (AEW) in laying hens 
under hot and humid conditions.



doi: 10.14202/vetworld.2025.851-858

856

166-a threshold typically associated with reduced flock 
performance [11]. Despite these challenging conditions, 
the hens demonstrated greater heat tolerance and 
continued to produce eggs at an adequate yield, 
although below their genetic potential, as observed 
in their original herd. This suggests that layer hens 
may have developed adaptive mechanisms to mitigate 
the adverse effects of heat stress. Understanding 
and controlling environmental conditions are critical 
for sustainable poultry production and animal 
welfare [30,32].

Therefore, mitigation strategies such as genetic 
selection for heat tolerance and improved housing 
designs are essential to reduce heat stress. For instance, 
Tohidi et al. [33] investigated the expression of heat shock 
protein (HSP) genes in Khorasan native chickens under 
acute heat stress (42°C, 50% humidity). The results of 
the present study suggest that Khorasan native chickens 
exhibit strong heat resistance, with HSPA2 contributing 
to protein stability under high temperatures. In 
addition, Oluwagbenga and Fraley [32] emphasized 
the importance of minimizing stress through optimized 
housing, nutrition, and management strategies to 
enhance poultry welfare and productivity.

In the future, poultry farmers must adopt climate-
resilient practices to mitigate the risks associated 
with heat stress. This includes closely monitoring the 
temperature and humidity levels to optimize the housing 
conditions. During the daytime, when temperatures 
rise and relative humidity drops, evaporative cooling 
methods such as foggers or cooling pads are effective. 
However, foggers may intensify heat stress at night, 
when temperatures decrease and humidity rises. In high-
humidity conditions, increased air movement through 
fans can provide relief by creating a wind chill effect, 
which reduces the perceived temperature of birds [34].

CONCLUSION

This study provides novel insights into the 
impact of heat stress on egg production in laying 
hens raised under hot and humid conditions, focusing 
on a newly developed synthetic breed specifically 
adapted to tropical climates. The findings establish a 
significant negative correlation between the HSI and 
key production parameters, with each unit increase 
in HSI resulting in a 1.29% decline in HDP and a 0.18 g 
reduction in AEW (p < 0.05). These results confirm that 
heat stress is a major constraint on poultry production 
in tropical regions, reinforcing the need for targeted 
breeding and management strategies to mitigate its 
adverse effects.

The originality of this study lies in its extensive 
dataset, which includes 1293 daily records from 872 
laying hens over a complete production cycle under 
real-world tropical conditions. Unlike previous studies 
that have primarily focused on commercial layer breeds 
in controlled environments, this research uniquely 

examines a locally developed synthetic breed, offering 
new perspectives on genetic adaptability and production 
efficiency in heat-stressed environments. The study’s 
robust statistical approach further strengthens its 
conclusions, providing a reliable foundation for future 
research and industry applications.

Despite its strengths, the study has some 
limitations. The reliance on secondary data constrained 
the ability to control microclimatic variations within 
the housing system. In addition, physiological stress 
markers, such as corticosterone levels or oxidative 
stress indicators, were not included, which could have 
provided deeper insights into the biological responses 
of hens to heat stress.

Future research should explore genetic and 
nutritional interventions to enhance heat resilience in 
laying hens. Investigating molecular and physiological 
markers of heat tolerance could facilitate selective 
breeding programs to improve adaptation to tropical 
climates. In addition, evaluating the effectiveness of 
housing modifications, cooling systems, and precision 
farming technologies – such as automated climate 
monitoring and feed optimization – could provide 
practical solutions for sustaining egg production under 
extreme environmental conditions.

By integrating genetic, nutritional, and 
environmental innovations, the poultry industry can 
develop resilient layer breeds capable of maintaining 
optimal productivity in hot and humid climates. This 
study contributes to the growing body of knowledge 
on heat stress in poultry and serves as a foundation 
for future advancements in sustainable egg production 
under tropical conditions.

AUTHORS’ CONTRIBUTIONS

WK: Conceptualized, experimental design, 
analyzed  and interpreted the data, and drafted the 
manuscript. ST: Data collection, analysis, and inter-
pretation and drafted and reviewed the manuscript. YM: 
Data collection and reviewed and edited the manuscript. 
WM: Validation and reviewed and edited the manuscript. 
All authors have read and approved the final manuscript.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the invaluable 
support provided by the Ligor chicken development 
project at Walailak University (Nakhon Si Thammarat, 
Thailand), whose comprehensive egg performance 
data were essential to this research. Their willingness 
to share these records made this study possible. In 
addition, Assist. Prof. Dr. Warangkana Kitpipit received 
support for this work from Walailak University’s 
International Research Collaboration Scheme (Contract 
Number WU-CIA-03204).

COMPETING INTERESTS

The authors declare that they have no competing 
interests.



doi: 10.14202/vetworld.2025.851-858

857

PUBLISHER’S NOTE

Veterinary World remains neutral with regard to 
jurisdictional claims in published institutional affiliation.

REFERENCES

1.	 El-Sabrout, K., Aggag, S. and Mishra, B. (2022) 
Advanced practical strategies to enhance 
table egg production. Scientifica (Cairo). doi: 
10.1155/2022/1393392.

2.	 Sohail, M.U., Hume, M.E., Byrd, J.A., Nisbet, D.J., 
Ijaz,  A., Sohail, A., Shabbir, M.Z. and Rehman,  H. 
(2012) Effect of supplementation of prebiotic 
mannan-oligosaccharides and probiotic mixture on 
growth performance of broilers subjected to chronic 
heat stress. Poult. Sci. 90(9): 2235–2240.

3.	 Kilic, I. and Ercan, S. (2013) Effects of heat stress on 
egg production and quality of laying hens. J. Anim. 
Vet. Adv., 12: 42–47.

4.	 Saeed, M., Abbas, G., Alagawany, M., Kamboh, A.A., 
El-Hack, M.E. A., Khafaga, A.F. and Chao S. (2019) 
Heat stress management in poultry farms: 
A  comprehensive overview. J. Therm. Biol., 
84: 414–425.

5.	 Attia, Y.A., Aldhalmi, A.K., Youssef, I.M., Bovera,  F., 
Tufarelli,V., El-Hack, M.E.A., El-Kholy, K.H. and 
Shukry.,  M. (2024) Climate change and its effects 
on poultry industry and sustainability. Discov. 
Sustain., 5(397): https://doi.org/10.1007/
s43621-024-00627-2

6.	 Kim, H.R., Ryu, C., Lee, S.D., Cho, J.H. and Kang,  H. 
(2024) Effects of heat stress on the laying 
performance, egg quality, and physiological response 
of laying hens. Animals (Basel), 14(7): 1076.

7.	 Mashaly, M.M., Hendricks, G.L., Kalama, M.A., 
Gehad, A.E., Abbas, A.O. and Patterson, P.H. (2004) 
Effect of heat stress on production parameters and 
immune responses of commercial laying hens. Poult. 
Sci., 83(6): 889–894.

8.	 Ribeiro, B., Junior, T., Oliveira, D., Lima, R., and 
Zangeronimo, M. (2020) Thermoneutral zone for 
laying hens based on environmental conditions, 
enthalpy and thermal comfort indexes. J. Therm. 
Biol., 93: 102678.

9.	 Thai Meteorological Department. (2023) Annual 
Weather Summary for Thailand in 2024. Available 
from: https://www.tmd.go.th/en/climate.
php?fileID=4. Retrieved on 06-07-2024.

10.	 Phongpipat, S. (2011) Evaporative cooling system 
techniques and management for animal houses. 
Anim. Husb. J., 21(97): 7–15.

11.	 Hy-Line International (2016) Heat Stress 
Management. Hy-Line International, West Dse 
Moines, IA, USA. p1–4. Available from: https://www.
hyaline.com. Retrieved on 20-07-2024.

12.	 SAS Institute, Inc. (2021) SAS Academic on Cloud 
[Computer Software]. Available from: https://www.
sas.com/en_us/software/academic-on-cloud.html. 
Retrieved on 07-10-2024

13.	 Köppen, W. (1918) Klassifikation der Klimate 

nach Temperatur, Niederschlag und Jahresablauf 
(Classification of climates according to temperature, 
precipitation and seasonal cycle). Petermanns Geogr. 
Mitt., 64: 193–203.

14.	 Rohli, R.V. and Vega, A.J. (2008) Climatology. Jones 
and Bartlett Publishers, Sudbury, United States, 
p467.

15.	 Loengbudnark, W., Chankitisakul, V. and 
Boonkum, W. (2023) Genetic impact of heat stress on 
egg production by Thai native chickens (Pradu Hang 
dum). PLoS One, 18(2): e0281328.

16.	 Weerasinghe, W.P.C.G., Rajapaksha, E. and 
Samarakone, T.S. (2024) Effect of temperature 
humidity index (THI) on the resting pattern of dairy 
cows in different regions of Sri Lanka. Trop. Anim. 
Health Prod., 56(1): 24.

17.	 Pramod, S., Sahib, L., Bibin Becha, B. and 
Venkatachalapathy, R.T. (2021) Analysis of the effects 
of thermal stress on milk production in a humid 
tropical climate using linear and non-linear models. 
Trop. Anim. Health Prod., 53(1): 66.

18.	 Valdivia-Cruz, J.C., González, J.J. and Valdés 
Paneque,  G.R. (2021) Effects of temperature and 
humidity index (THI) on the physiological responses 
of grazing dairy cows. Cuban J. Agric. Sci., 55(1): 
21–29.

19.	 Ekine-Dzivenu, C.C., Mrode, R., Oyieng, E., 
Komwihangilo, D., Lyatuu, E., Msuta, G., Ojango, J.M.K. 
and Okeyo, A.M. (2020) Evaluating the impact of heat 
stress as measured by temperature-humidity index 
(THI) on the test-day milk yield of smallholder dairy 
cattle in a Sub-Sahara African climate. Livest. Sci., 
242: 104314.

20.	 Narinc, D., Uckardes, F. and Aslan, E. (2014) Egg 
production curve analyses in poultry science. Worlds 
Poult. Sci. J., 70(4): 817–828.

21.	 Star, L., Juul-Madsen, H.R., Decuypere, E., 
Nieuwland,  M.G., de Vries Reilingh, G., van den 
Brand, H., Kemp, B. and Parmentier, H.K. (2009) Effect 
of early-life conditioning and immune challenge on 
thermotolerance and humoral immune competence 
in adult laying hens. Poult. Sci., 88(11): 2253–2261.

22.	 Ezieshi, V.E., Nworu, M.J., Bandele, F.O., Suleman, R.O., 
Ojurongbe, B.C. and Olomu, J.M. (2003) Laying hen 
productivity in the tropics affected by egg production 
stage, feed restriction, stocking density, and time of 
day. Arch. Zoo., 52(200): 475–482.

23.	 Sharifi, M.A., Patil, C.S., Yadav, A.S. and Bangar, Y.C. 
(2022) Mathematical modeling for egg production 
and egg weight curves in a synthetic white leghorn. 
Poult. Sci., 101(4): 101766.

24.	 Vandana, G.D., Sejian, V., Lee, A.M., Pragna, P., 
Silpa, M.V. and Maloney, S.K. (2021) Heat stress and 
poultry production: Impact and improvement. Int. J. 
Biometeorol., 65(2): 163–179.

25.	 Gençoğlan, S. (2023) The effects of heat stress on the 
yield and fertility of laying hens and the precautions 
to be taken. Turk. J. Agric. Food Sci. Technol., 11(1): 
140–150.

26.	 Bekele, G. (2021) Review of the effects of heat stress 



doi: 10.14202/vetworld.2025.851-858

858

on poultry production and productivities. Food Sci. 
Nutr. Tech., 6(2): 000260.

27.	 Deng, W., Dong, X.F., Tong, J.M. and Zhang, Q. (2012) 
The probiotic Bacillus licheniformis reduces heat 
stress-induced impairment of egg production, gut 
morphology, and intestinal mucosal immunity in 
laying hens. Poult. Sci., 91(3): 575–582.

28.	 Yan, L., Hu, M., Gu, L., Lei, M., Chen, Z., Zhu, H. 
and Chen, R. (2022) Effect of heat stress on egg 
production, steroid hormone synthesis, and related 
gene expression in preovulatory chicken follicular 
granulosa cells. Animals (Basel), 12(11): 1467.

29.	 Yalcin, S., Settar, P., Ozkan, S. and Cahaner, A. (1997) 
Comparative evaluation of three commercial broiler 
stocks in hot versus temperate climates. Poult. Sci., 
76(7): 921–929.

30.	 Lara, L.J. and Rostagno, M.H. (2013) Impact of heat 
stress on poultry production. Animals (Basel), 3(2): 
356–369.

31.	 Javandel Soum Sarai, F., Shakouri, M.D. and 
Seidavi,  A. (2024) Effect of chromium picolinate, 
alone or in combination with vitamin C or formic 
acid on growth, carcass traits, immune and blood 
parameters of broilers under heat stress. Pak. J. 
Zool., 56(2): 711–723.

32.	 Oluwagbenga, E.M. and Fraley, G.S. (2023) Heat 
stress and poultry production: A comprehensive 
review. Poult. Sci., 102(12): 103141.

33.	 Tohidi, R., Nasiri, M.R., Javadmanesh, A. and 
Javanmard, A. (2020) Expression profiles of five 
stress-related genes in Khorasan native chickens 
under acute heat stress. Iranian J. Appl. Anim. Sci., 
10(3): 525–533.

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

********


