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ABSTRACT 
 

Effective stress management is essential for sustaining optimal poultry performance and ensuring high product quality. 
This study evaluated the properties of the Citrullus colocynthis seed hydroethanol extract (CCE) for mitigating laying 
hen performance, egg quality, immune responses, stress biomarkers, antioxidant activity, and pro-inflammatory 
mediators under thermoneutral and thermal stress conditions. A group of 360 40-week-old HY-Line Brown laying hens 
was randomly assigned to four treatment groups (five replicates × 18 hens each). The first and second groups were 
maintained under thermoneutral conditions (24°C, 50% relative humidity) and fed a control diet (Control) or the control 
diet with added CCE 1g/kg feed (CCE). The third and fourth groups were subjected to heat stress (35°C from 10:00 to 
18:00 daily, 50% relative humidity) and fed the control diet (HS) or the CCE-added diet (HS+CCE). The experiment 
lasted for eight consecutive weeks. Heat stress significantly impaired egg production, egg quality, bone characteristics, 
immune responses, and redox balance. CCE supplementation partially alleviated these adverse effects in heat-stressed 
hens. Under thermoneutral conditions, CCE supplementation also enhanced plasma total antioxidant and enzyme 
activity as well as T-lymphocyte proliferation relative to the unsupplemented control. These outcomes suggest that 
dietary CCE supplementation can serve as an innovative strategy to modulate the detrimental impacts of thermal stress 
on laying hens by enhancing antioxidant defense mechanisms and immune function. 
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INTRODUCTION 

 
 Heat stress (HS) is recently perceived as the most 
notable environmental stressor affecting laying hens, due 
to their limited ability to dissipate body heat (Gil et al. 
2023). Global warming with recurrent extreme weather 
events intensifies the negative impacts of HS, which poses 
continuous challenges for poultry production systems 
worldwide (Schat and Skinner 2022; Cornescu et al. 2023; 
Nanto-Hara et al. 2023). Further, HS causes physiological 
changes in laying hens, such as oxidative stress induction, 
acid-base imbalance, and immunosuppression (Ribeiro et 
al. 2025). Consequently, HS has a significant negative 
impact on egg production, egg quality, feed efficiency, and 
redox status, especially in tropical and subtropical regions 

(Ibtisham et al. 2019; Jafari et al. 2021; Tesakul et al. 
2025). Thus, under thermal stress circumstances, achieving 
proper layer productivity with good egg quality requires 
exploring potent antioxidant agents to mitigate stress and 
restore homeostasis. 
 Medicinal plants serve as an abundant source of 
phytogenic compounds, plant-derived bioactive substances 
increasingly applied as natural growth enhancers in poultry 
production. These compounds originate from different 
plant parts and are commonly provided in the form of 
oleoresins, flavonoids, or crude extracts (Jambwa et al. 
2023; Rodrigues et al. 2025). Phytogenic additives have 
been shown to stimulate growth, improve feed efficiency, 
and strengthen immune competence through their 
antioxidant, anti-inflammation, and antimicrobial activities 
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(Ntsongota et al. 2025), ultimately contributing to 
ameliorating poultry performance and health (Al-Homidan 
et al. 2020; Rodrigues et al. 2025). Beyond productivity 
enhancement, phytogenic compounds also present an 
attractive alternative to antibiotics as growth promoters by 
supporting animal welfare, avoiding antimicrobial 
resistance risks, and offering environmentally sustainable 
solutions for modern poultry systems (Attia et al. 2025; 
Biswas and Kim 2025). Therefore, in recent years, there 
has been a continuous effort to identify effective 
phytogenic compounds that can support poultry 
production, particularly under unfavourable or challenging 
rearing conditions. 
 Citrullus colocynthis seeds (CC), an ancient medicinal 
plant resource, have been widely reported to exhibit potent 
antioxidant and immunomodulatory properties in poultry 
exposed to various stressors (Li et al. 2022a; Taschetto et 
al. 2025). Dietary supplementation with CC seeds has been 
shown to modulate immune responses in broilers subjected 
to prolonged cyclic heat stress (Alzarah et al. 2021b). 
Similarly, integrating CC seeds into laying hen diets 
mitigated the adverse effects of acute oxidative stress on 
productivity and immune function, potentially through 
enhancing antioxidant defences (Abbas et al. 2022a). In 
addition, (Nassar et al. 2023) reported that CC seed 
supplementation can alleviate the negative impacts of high 
stocking density on broiler performance and restore 
physiological homeostasis. Beyond the seeds, extracts 
obtained from CC aerial parts have been shown to contain 
bioactive constituents with strong antioxidant and anti-
infectious properties (Altemimi et al. 2023; Thamer and 
Thamer 2023). CC seed extracts also possess notable in 
vitro antioxidant, anti-inflammatory, and antimicrobial 
activities, particularly against Gram-positive bacteria 
(Bourhia et al. 2020; Bourhia et al. 2021; Abdallah et al. 
2024). Furthermore, Alzarah et al. (2021a) demonstrated 
that dietary CC seed extract enhanced production 
performance and physiological indicators of laying hens 
reared under thermoneutral conditions. However, despite 
these promising findings, the comparative effects of dietary 
CC seed extract on laying hen productivity and 
physiological responses under varying environmental 
conditions remain insufficiently explored. This gap 
highlights the need for further systematic evaluation of CC 
seed extract as a natural phytogenic additive for laying hens. 

Heat stress leads to significant impairments in the 
productivity and product quality of laying hens. To mitigate 
these adverse effects and maintain optimal production 
levels, product quality, and physiological homeostasis, 
effective dietary adjustment through the inclusion of natural 
bioactive feed additives represents an innovative strategy. 
Accordingly, this investigation aimed to evaluate the impact 
of dietary CC seed ethanol extract (CCE) on laying hens’ 
productivity, egg quality, immune response, stress markers, 
antioxidant status, and inflammation incidence under 
thermoneutral and heat stress rearing conditions. 
 

MATERIALS AND METHODS 
 
Citrullus colocynthis seed extraction and analysis 
 To produce Citrullus colocynthis (CC) seed extraction 
powder, seeds were manually isolated from fruits, and then 
dried completely before being finely powdered. A 

hydroethanolic solvent mixture (70:30 v/v, ethanol: water) 
was used to extract the CC seed powder (Daradka et al. 
2007). After vaporizing solvent residues using a rotary 
evaporator at 50°C, the extract powder was pooled and 
stored at 4°C in a dry, dark bottle until use. 
 
Experimental design 
 Three hundred sixty 40-week-old HY-Line Brown 
laying hens, each weighing 1935.2±11.4g on average, were 
housed in separate cages with three layers each. Four 
experimental groups consisting of five replicates and 
eighteen birds were randomly assigned to the hens. The 
first and second groups were fed a control diet (Control) or 
a control diet supplemented with 1.0g of CCE/kg food 
(CCE) while being kept in thermoneutral circumstances 
(24°C and 50% relative humidity). The third and fourth 
groups were fed the control diet (HS) or the control diet 
supplemented with 1.0g of CCE/kg diet (HS+CCE) while 
being exposed to heat stress conditions (35°C from 10:00 
to 18:00 daily with 50% relative humidity). Throughout the 
research, which lasted until the 48th week of age, the 
experimental hens were given unlimited access to feed and 
fresh water. A daily lighting schedule of 17h of light and 
7h of darkness at an intensity of 30 Lux was applied. The 
control diet was designed to provide the nutritional 
requirements of HY-Line Brown laying hens. Its chemical 
composition was analyzed following the standard AOAC 
procedures as adopted by (Latimer Jr. 2023) (Table 1). 
 
Table 1: Control diet components and macronutrients 
composition 
Components % 
Yellow corn 56.65 
Soybean meal, 44% CP  27.5 
Wheat bran 1.00 
Limestone 8.00 
Bone meal 3.00 
Soybean oil 3.00 
Sodium chloride  0.40 
Premix1 0.30 
DL-Methionine 0.15 
Diet nutrients 
Metabolizable energy2 (kcal) 300.95 
Crude protein3 (CP) (%) 16.5 
Ether extract3 (%) 6.60 
Crude fibre3 (%) 4.70 
Calcium2 (%) 0.40 
Available phosphorus2 (%) 0.52 
1Premix (content per kg of the control diet): vitamin A: 8000IU; 
vitamin E: 15mg; vitamin D: 1500IU; vitamin K: 2mg; vitamin 
B2: 4mg; vitamin B12:10µg; choline: 500mg; vitamin B3: 25mg; 
Mn: 60mg; Zn: 50mg. 2Calculated nutrients. 3Analysed nutrients. 
 
Productive efficiency 
 The performance of the hens was evaluated over an 
eight-week period, specifically from week 40 to week 48. 
Key metrics, including the daily count of eggs, the average 
egg weight (in grams), and the feed consumption per hen 
per day (g/hen/d), were systematically recorded. 
Subsequently, the total egg mass was determined by 
multiplying the number of eggs laid by their mean weight. 
Daily feed intake per hen was also monitored to calculate 
the Feed conversion ratio (FCR). The FCR was computed 
using the formula: 

FCR= ୊ୣୣୢ ୧୬୲ୟ୩ୣ (୥)

୘୭୲ୟ୪ ୣ୥୥ ୫ୟୱୱ (୥) ୥ୣ୬ୣ୰ୟ୲ୣୢ ୢ୳୰୧୬୥ ୲୦ୣ ୡ୭୰୰ୣୱ୮୭୬ୢ୧୬୥ ୲୧୫ୣ ୤୰ୟ୫ୣ.
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Egg quality 
 The evaluation of egg-quality traits was conducted on 
six eggs per replicate (n=30 per group). Following initial 
egg weight measurement (EW), eggs internal and external 
quality parameters including the albumen index (AI), yolk 
index (YI), yolk color, Hugh unit (HU), shell thickness 
(ST), and shell strength (SS) were measured following 
Abbas et al. (2022c). Haugh unit was calculated according 
to Salehizadeh et al. (2025):  
Haugh unit=100×log [Albumin height (mm)+7.6-1.7 
EW(g)0.37]. 
 
Bone quality 
 Upon the termination of the study, a sample of 20 hens 
per group was humanely euthanized to facilitate bone 
quality assessment, ensuring that at least one subject from 
each replicate was included. The left tibia from each 
selected bird (n=20 per treatment) was collected and 
weighed using a digital scale accurate to 0.0001g, while A 
digital electronic pachymeter was used to measure the 
length of the tibia. 

 The Seedor Index SI = 
୆୭୬ୣ ୛ୣ୧୥୦୲ (୫୥)

୆୭୬ୣ ୐ୣ୬୥୲୦ (୫୫)
 was calculated 

according to Seedor et al. (1991). The corresponding right 
tibia was reserved for the evaluation of bone resistance. 
Biomechanical strength was assessed using a TA-XT Plus 
texture analyzer (Stable Micro Systems, Surrey, UK) 
equipped with a 50kg load cell. A crosshead speed of 
50mm/min was employed. The bone was placed on the 
Stable Micro Systems Three Point Bend Rig (model 
HDP/3PB) fixture, which was set up to provide a fixed 
diaphyseal gap of 3.0cm (Li et al. 2024). 
 
Stress indicators and antioxidant status 
 For each experimental cohort, a set of ten plasma 
samples was collected via random selection. The 
concentration of several stress-related biomarkers, namely 
tumor necrosis factor alpha (TNFα), Interleukin-1 beta (IL-
1β), and corticosterone, was determined using specialized 
chicken ELISA kits (MyBioSource Inc., San Diego, CA, 
USA; catalog numbers MBS2509660, MBS761055, and 
MBS701668, in that order). Additionally, the total 
antioxidant capacity (TAC) was evaluated with a 
commercially available colorimetric assay kit 
(MyBioSource Inc., San Diego, CA, USA; MBS2540515). 
Lastly, the activity of superoxide dismutase (SOD) and the 
concentration of malondialdehyde (MDA) were quantified 
utilizing a commercial assay kit supplied by (ab65354 and 
ab118970, respectively; Abcam Waltham, MA, USA). 
 
Immunological response parameters 
 Ten blood samples per treatment group were drawn in 
heparinized tubes and allocated to evaluate various 
immunological markers. The total white blood cells count 
(TWBCs) were counted according to Gehad et al. (2008) 
method. Meanwhile, the heterophil-to-lymphocyte ratio 
(H/L) was measured according to (Mehaisen et al. 2017) . 
Another ten blood samples were drawn from each 
treatment group in heparinized tubes to assess T- and B-
lymphocyte proliferation index according to (Alaqil et al. 
2020). The immunoglobulin (Ig) assay was performed 
(n=10) according to the manufacturer's instructions. The 
IgM and IgG level were measured using commercial 
ELISA kits designed specifically for hens (MBS706158 

and MBS260043, respectively; MyBioSource Inc., San 
Diego, CA, USA). 
 
Statistical Analysis 

A one-way ANOVA was conducted to compare 
experimental group means, using the SPSS software 
package. When significant differences were noticed, 
Tukey’s post hoc test was performed for statistical 
significance evaluation at P<0.05. 
 

RESULTS 
 
Layer performance  
 Table 2 presents the effect of HS and CCE 
supplementation on laying hens productivity. HS markedly 
impaired the hens’ productivity with observed reduction in 
feed intake, egg weight, and egg production by 5.5%, 5%, 
and 21%, respectively, resulting in a higher feed 
conversion ratio (FCR) and reduced feed efficiency. 
Supplementation with CCE partially mitigated these 
adverse effects, leading to a relative improvement in the 
productivity of heat-stressed layers, although feed intake 
remained unaffected. Under thermoneutral conditions, 
CCE supplementation increased egg production by 3% 
relative to the control, while exerting no significant effects 
on the other measured production parameters. 
 
Table 2: laying hen production performance under thermoneutral 
(Control) or heat stress (HS) conditions and fed Citrullus 
colocynthis seed extract (CCE) 
Parameters Control CCE HS HS+CCE SEM P-value 
Egg production 
(%) 

92.1b 94.8a 74.6d 87.4c 1.53 <0.001 

Egg weight (g) 64.3a 64.9a 60.9c 62.6b 1.13 <0.001 
FI (g/bird/day) 109a 110a 103b 105b 1.24 0.005 
FCR 1.82c 1.84c 2.14a 1.96b 0.05 0.017 
Means within the same row bearing different superscript letters 
differ significantly (P<0.05). FI: feed intake; FCR: feed 
conversion ratio. 
 
Egg and bone quality parameters 
 The effects of HS and dietary CCE addition on tibia 
and egg quality are presented in Table 3. Exposure to HS 
significantly impaired internal parameters of egg quality, 
resulting in reduced Haugh unit, albumen index, and yolk 
color intensity, while the yolk index remained unaffected. 
Additionally, HS markedly decreased external egg quality 
traits, with shell thickness and shell strength reduced by 
27% and 9%, respectively. Bone quality indicators were 
also significantly compromised under HS conditions. 
Supplementation with CCE partially restored internal egg 
quality by enhancing the Haugh unit and yolk color and 
enhanced external shell characteristics, including thickness 
and strength. Moreover, CCE supplementation to heat-
stressed layers successfully restored bone quality parameters 
to levels similar to the thermoneutral control group. 
 
Immunity response indicators 
 The impact of HS and CCE supplementation on the 
immune markers of laying hens are presented in Table 4. 
Exposure to HS significantly reduced the total WBC count, 
while the H/L ratio increased, indicating a pronounced stress 
response. Moreover, HS was associated with a marked 
decline  in  T- and B-lymphocyte  proliferation  indexes, 
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Table 3: Egg and bone quality markers of laying hen reared under thermoneutral (Control) or heat stress (HS) conditions and fed 
Citrullus colocynthis seed extract (CCE) 
Parameters Control CCE HS HS+CCE SEM P-value 
Haugh unit 88.37a 87.91a 76.85c 81.45b 0.82 <0.001 
Albumin index (%) 10.39a 10.61a 8.13b 9.03b 0.22 0.042 
Yolk index (%) 40.81 40.78 40.11 40.35 0.77 0.183 
Yolk color 8.17ab 8.22a 7.56 c 7.96b 0.11 0.026 
Shell thickness (mm) 0.37a 0.39a 0.27c 0.32b 0.003 <0.001 
Shell strength (kg/cm2) 4.16b 4.34a 3.79d 3.98c 0.06 <0.001 
Tibia resistance (kgf/cm2) 22.37a 22.41a 20.14b 22.13a 1.09 0.037 
Seedor Index 94.68a 95.01a 85.14b 93.95a 3.01 0.048 
Means within the same row bearing different superscript letters differ significantly (P<0.05). 
 
Table 4: Immunity markers of laying hen reared under thermoneutral (Control) or heat stress (HS) conditions and fed Citrullus 
colocynthis seeds extract (CCE) 
Parameters Control CCE HS HS+CCE SEM P-value 
Total WBC (×10³/mL) 61.38a 65.39a 39.76c 51.91b 2.67 0.032 
H/L ratio 0.39c 0.32c 0.88a 0.61b 0.028 0.007 
T-cell Proliferation Index 3.86b 4.62a 1.96d 2.84c 0.15 0.019 
B-cell Proliferation Index 2.96a 3.12a 1.13c 1.98b 0.14 0.043 
IgG (mg/ml) 1.85a 1.89a 1.47c 1.61b 0.05 0.037 
IgM (µg/ml) 489.31a 516.3a 343.74c 423.96b 12.64 0.016 
Means within the same row bearing different superscript letters differ significantly (P<0.05). WBC: white blood cell; H/L ratio: 
heterophil and lymphocytes ratio; Ig: immunoglobulin. 
 
Table 5: Stress and antioxidant markers of laying hen reared under thermoneutral (Control) or heat stress (HS) conditions and fed 
Citrullus colocynthis seed extract (CCE) 
Parameters Control CCE HS HS+CCE SEM P-value 
Corticosteron (pg/mL) 6.01c 4.73d 13.96a 9.61b 0.017 0.038 
TNF-α (pg/mL) 90.67c 88.64c 154.36a 127.76b 5.231 0.031 
IL-1β (ng/mL) 0.34c 0.29c 0.92a 0.68b 0.015 <0.001 
MDA (µM/mL) 2.04c 1.96c 3.97a 2.66b 0.475 0.029 
TAC (U/mL) 4.23b 6.89a 2.54d 3.41c 0.241 0.017 
SOD (U/mL) 294.6b 369.4a 210.8d 253.9c 18.61 0.019 
Means within the same row bearing different superscript letters differ significantly (P<0.05). TNF-α: tumor necrosis factor-α; IL-1β: 
interleukin-1β; MDA: malondialdehyde; TAC: total antioxidant capacity; SOD: superoxide dismutase. 
 
as well as a reduction in humoral immunity markers (IgG 
and IgM). Under HS conditions, dietary CCE 
supplementation partially restored these immune response 
parameters, suggesting a mitigating effect. Conversely, 
under thermoneutral conditions, CCE supplementation did 
not influence most immune parameters, except for T-
lymphocyte proliferation, which significantly elevated 
compared with the unsupplemented thermoneutral control 
group. 
 
Oxidative stress and inflammation markers 

Exposure to HS significantly elevated stress and pro-
inflammatory indicators (Table 5). Blood corticosterone, 
TNF-α, IL-1β, and MDA levels were increased by 2.3, 1.7, 
2.7, and 1.9-fold, respectively, relative to the thermoneutral 
control group. Conversely, the activities of TAC and SOD 
were significantly decreased by 1.7- and 1.4-fold, 
respectively, confirming the oxidative stress-inducing 
effect of HS. Supplementation with CCE effectively 
attenuated stress and pro-inflammatory responses while 
enhancing the activity of antioxidant markers. Moreover, 
under thermoneutral conditions, CCE supplementation 
significantly elevated TAC and SOD activities compared 
with the unsupplemented control, further demonstrating the 
antioxidant potential of CCE. 
 

DISCUSSION 
 
 Chronic exposure to thermal stress led to various 

productive and physiological disorders. The observed drop 
in egg production and deterioration in egg quality under HS 
are primarily attributed to reduced feed intake, which 
consequently limits the uptake and absorption of essential 
nutrients. (Ibtisham et al. 2019; Rodríguez et al. 2021; 
Cornescu et al. 2023; Gil et al. 2023). Heat stress further 
disrupts intestinal homeostasis, which compromises 
intestinal barrier integrity, physiology, immunology, and 
gut microbiome imbalance (Rostagno 2020; Cao et al. 
2021; Gao et al. 2025; Liu et al. 2025). The decline in shell 
quality and egg production observed under HS conditions 
in the current study aligns with previous findings. Kim et 
al. (2020) reported that chronic heat stress exposure 
resulted in reduced laying performance, poorer egg quality 
(particularly thinner and weaker shells), and notable 
physiological disturbances. These adverse effects were 
associated with changes in gut metabolites and disruptions 
in mineral and lipid uptake (Chen et al. 2021). Meanwhile, 
CCE supplementation, likely due to its potent antioxidant 
activity, has been shown to improve laying hen 
productivity under thermal stress conditions (Alzarah et al. 
2021b; Bourhia et al. 2021). In addition, CCE may enhance 
productive performance by modulating the gut microbiota, 
strengthening intestinal barrier integrity, and reducing 
intestinal inflammation induced by heat stress (Kikusato 
2021; Latek et al. 2022; Liu et al. 2025). As a phytogenic 
feed additive, CCE can also stimulate digestive enzyme 
secretion, improve nutrient utilization, regulate growth-
related hormones, and modulate intestinal microbial 
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communities, collectively contributing to better feed 
efficiency and improved laying performance (Wang et al. 
2024). Furthermore, L-citrulline, a non-essential amino 
acid found in Citrullus species, function as a precursor for 
the synthesis of arginine, which is an essential amino acid 
for optimum layer production (Uyanga et al. 2020; Chen et 
al. 2023) thermoregulation (Chowdhury 2023; Morais et al. 
2023), immune response (Dao et al. 2021), and bone health 
(Dao et al. 2023). 
 Optimum egg quality parameters are crucial to ensure 
breeder profitability. The egg quality parameters were 
impaired in response to HS. We observed a reduction in the 
Haugh unit, albumin index, and yolk color, as well as a 
reduction in shell strength and thickness associated with 
HS exposure. Kim et al. (2024) reported that severe HS can 
cause a decline in Haugh unit and light egg yolk color, 
which are indicators of poor egg quality. They indicated 
that the alteration in heat-stressed layers' physiology and 
metabolism is the main cause of poor egg quality and 
production reduction. Besides, HS alter gut metabolites and 
disturb mineral and lipid metabolism, which likely 
impaired calcium uptake and utilization in shell formation 
under thermal stress (Kim et al. 2020). A reduction in 
plasma calcium and phosphorus levels, which is critical for 
egg production and shell quality, was associated with HS 
exposure (Nanto-Hara et al. 2023; Ribeiro et al. 2025). 
Furthermore, chronic HS reported to negatively affect bone 
strength in the heat-stressed chickens probably due to the 
decreased feed intake (Kim et al. 2020). In addition, HS can 
cause disarray in essential nutrient metabolism, resulting in 
impaired performance (Li et al. 2022b). The CCE 
supplementation partially alleviated these negative 
impacts, probably through its abundance of multifunctional 
bioactive compounds (Bourhia et al. 2021; Abbas et al. 
2022a).  
 Heat stress triggers a number of physiological 
disturbances, including the activation of the 
hypothalamic-pituitary-adrenal cortical system, leading 
to elevated corticosterone levels, which induce 
immunosuppression and negatively affect metabolic 
hormones and endocrine systems (He et al. 2018; Kim and 
Lee 2023). Moreover, other stress indicator parameters, 
such as the increase in H/L ratio, support earlier 
observations that heat stress negatively impacts poultry 
performance and physiology (Gil et al. 2023). Also, 
Abbas et al. (2022b) reported that HS induces 
immunosuppression and inflammation in laying hens. 
Wang et al. (2023) confirmed that HS ultimately impairs 
poultry immune function by inducing oxidative stress and 
inflammation in immune organs. Immunity is 
compromised under HS conditions, leading to redox 
imbalance, immune organ damage, reduced IgG and IgM 
levels, and impaired humoral and cell-mediated responses 
(Nayak et al. 2024; Kumar et al. 2025). However, CCE, 
as a potent source of various bioactive phytochemicals, 
including flavonoids, saponins, coumarins, and tannins, 
can mitigate these adverse effects and enhance the 
immune response of heat-stressed hens (Alzarah et al. 
2021a; Alzarah et al. 2021b). These phytochemical 
constituents underpin the seed extract’s antioxidant, 
antimicrobial, and anti-inflammatory activities, making it 
a promising candidate for mitigating stress-related 
disturbances in poultry (Bourhia et al. 2020; Khan et al. 

2023; Abdallah et al. 2024; Khalid et al. 2024). The 
present study examined CCE in vivo using the laying hen 
as animal model and demonstrated its antioxidant, 
immunomodulation and anti-inflammatory activities. 
Further research is recommended to explore different 
Citrullus colocynthis seed extracts and its full potential 
and safety profiles for dietary poultry supplementation. 
 
Conclusion 

The present results provide valuable understandings 
on the influence of CCE supplementation on laying hen 
productivity, product quality, immunomodulation, 
oxidative stress and inflammation status under different 
environmental conditions. Supplementing heat-stressed 
layers with CCE proved to enhance layers production and 
physiological performances. It can be concluded that CCE 
dietary supplementation is useful natural mitigation 
practice to mitigate the physiological stress driven by HS 
and consequently improve layers productivity and 
product quality. More researches are needed to reveal the 
mode of action and physiological benefits of 
incorporating different Citrullus colocynthis seed extracts 
into poultry diets. 
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