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			Abstract | This study aimed to examine the relationship between growth rates, body dimensions, and physiological parameters in female Japanese quails under heat stress. A total of 240 quails were divided into two groups of 120, with each group further subdivided into four replicates of 30 females. The first group was exposed to 35°C for 8 hours daily (long-term heat stress), while the second group was exposed for 4 hours daily (short-term heat stress). Quails exposed to 4 hours of daily heat stress showed better weight gain, live body weight, and feed conversion compared to those exposed to 8 hours, with no significant difference (p>0.05) in feed intake. Long-term heat stress resulted in a significant (p<0.05) decrease in body height, leg, and wing length, but no effect on head and beak, or neck length. Short-term heat stress decreased (p<0.05) packed cell volume (PCV), while long-term exposure increased (p<0.05) the H/L ratio and corticosterone levels. Additionally, serum pH decreased (p<0.05), and superoxide dismutase activity increased (p<0.05) in quails exposed to 4 hours of heat stress. Correlation analysis revealed negative associations between body dimensions and growth parameters. Larger body dimensions, especially wing and leg lengths, correlated with lower feed conversion efficiency (FCR). Head and beak lengths had minimal effects on FCR. Furthermore, negative correlations were observed between body weight, weight gain, feed intake and stress parameters (PCV, H/L ratio, corticosterone and serum pH). In conclusion, 4 hours of heat stress enhanced growth and feed conversion, while 8 hours reduced body dimensions and increased stress parameters. 
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			INTRODUCTION 

			Poultry are exposed to various types of stress, including nutritional stress caused by the salinity of drinking water (Hussain and Al-Salhie, 2022a, b), the presence of heavy metals in the diet (Hana and Al-Salhie, 2024), heat stress (Hadi et al., 2024), and others. Although researchers have employed various methods to mitigate the effects of these stressors and improve the productive and physiological performance of quail (Al-Salhie and Al-Waeli, 2019; Al-Ashoor and Al-Salhie, 2020; Al-Mosawy and Al-Salhie, 2021), stress still has detrimental effects, particularly in tropical climates. Heat stress is a critical factor that can impair performance and welfare of poultry, including species like the Japanese quail. This issue particularly pronounced in regions where high ambient temperatures are common, and it becomes even more significant with growing demand for poultry products in these areas (Wasti et al., 2020; Batool et al., 2023). In poultry farming, heat stress can reduce feed intake, lower growth rate, and lead to a higher incidence of disease, ultimately affecting both the health and bird’s productivity (Mangan and Siwek, 2024). Given the increasing frequency of extreme weather events and climate change, understanding how heat stress impacts various physiological and morphological aspects of quails is essential for improving animal management and ensuring sustainable production (Mehaisen et al., 2019). 

			Japanese quails are increasingly in both research and agricultural settings due to their fast growth rate, high reproductive output and adaptability to different environments (Arunrao et al., 2023). However, like many avian species, they are highly sensitive to environmental stressors, including elevated temperatures. Heat stress can disrupt normal metabolic processes, causing alterations in body composition and growth patterns (Wasti et al., 2020). This stress response can manifest in a variety of ways, such as reduced body weight, changes in body dimensions and shifts in fat and muscle distribution. As such examining the relationship between growth rates and body dimensions in female Japanese quails under heat stress conditions is crucial for identifying key areas where intervention may help mitigate the negative effects of high temperatures on their development (Santana et al., 2021). In term of body dimensions, heat stress can affect both skeletal and soft tissue growth. The skeletal system, in particular, may undergo changes in density and structure, which can influence overall body size and weight (Choi et al., 2016). Furthermore, excessive heat stress can disrupt protein synthesis and energy metabolism, which are fundamental to proper growth (Wasti et al., 2020). The effect of heat stress is not uniform with younger birds, females and birds in different genetic line or strain showing varying degree of susceptibility (Wang et al., 2024). Thus, understanding these differences in vital to developing heat stress management strategies tailored to specific quail populations. Previous studies have documented the impact of heat stress on various aspects of quail growth, but there is still a gap in the understanding of how specific body dimensions, such as weight, length and girth, respond to prolonged exposure to high temperature (Santana et al., 2021). Additionally, while some research has focused on the physiological changes in quail under heat stress, few studies have comprehensively linked these changes to measurable growth patterns (Truong and King, 2023). This research aims to fill that gap by analyzing the relationship between growth rates with body dimensions and some physiological parameters in female Japanese quails exposed to heat stress conditions.

			MATERIALS AND METHODS 

			The present study was conducted at the quail field of the College of Agriculture, University of Basrah after getting institutional approval. All the study procedures were carried out in line with the International Animal Ethical Standards. A total of 400 day-old Japanese quail chicks were raised until the third weeks of age. During the first three weeks, the ambient temperatures were 35, 32 and 30 Cº respectively. Subsequently, the chicks were sexed in order to select only the females.

			Management of the Birds

			A total of 240 female Japanese quails were used, divided into two groups, with 120 females in each group. The birds in each group were distributed into four replicates, with 30 females per replicate. The birds in each replicate were housed in cages each with dimensions of 100 × 50 × 50 cm. The birds were raised until the seventh week of age. Females in the first group were exposed to a temperature of 35 C for 8 hours daily (long-term heat stress period), while females in the second group were exposed to a temperature of 35 C for 4 hours daily (short-term heat stress period). The birds were fed a standard diet containing 23% crude protein and 2900 kcal/kg of Metabolizable energy. Feeders and drinkers were provided for each cage, with one feeder and drinker per cage. An 18-hour light and 6-hour dark photoperiod was used until the end of the experiment. 

			Data Collection

			Total weight gain was calculated as the difference between final body weight and initial body weight. Accumulative feed intake was determined by averaging female daily feed intake over 35 days. Feed conversion ratio was calculated by divided the accumulative feed intake to total weight gain. At the end of the 7th week, the body height, leg, head, neck, and wing length were measured using a precise measuring tape. At the end of 7th week, blood samples were collected on a random basis from 12 females/ group. Blood samples were collected directly from the jugular vein in tubes containing EDTA for Packed cell volume (PCV) and heterophils/ lymphocytes ratio (H/L) examination, and without EDTA tubes to the detection of serum biochemical parameters. PCV and H/L were determined according to Archer (1965). Serum glutathione peroxidase (GPx), superoxide dismutase (SOD) and corticosterone hormone were examined by commercial kits. Serum pH was determined by pH meter device. 

			Date Analysis

			All the data were analyzed by using the statistical software program (SPSS, 2018), and the Duncan (1955) test was used to compare mean differences between groups at P≤ 0.05. 

			RESULTS AND DISCUSSION 

			Effect of Short- and Long-Term Heat Stress on Productive Performance

			The results of Table 1 indicate that female quail exposed to a short-term heat stress period exhibited improvements in live body weight, weight gain and feed conversion ratio compared to those subjected to longer heat stress exposure. Interestingly, there was no significant effect on accumulative feed intake between the two groups. The results of this study suggest that the duration of heat stress plays a crucial role in the performance of quail, particularly in terms of live body weight, weight gain and feed conversion efficiency. Bird subjected to shorter period of heat stress showed improved growth and feed conversion efficiency compared to those exposed to longer period of heat stress. This observation is consistent with other studies that have reported that heat stress negatively impacts poultry growth performance, but the extent of the effect is often dependent on the duration and intensity of the stress (Nawaz et al., 2021; Ahmad et al., 2022). One possible explanation for the improved performance in birds exposed to shorter duration of heat stress could be that these birds were better able to maintain physiological homeostasis during milder heat stress. When exposed to moderate heat stress, birds can employ thermoregulatory mechanisms, such as increased panting and change blood flow to limit heat accumulation (Wasti et al., 2020). These responses may allow the birds to conserve energy for growth, which could explain the improved weight gain and feed conversion efficiency observed in the 4-hour heat stress group. In contrast, longer durations of heat stress could result in more severe thermal stress, leading to a higher metabolic rate, greater energy expenditure for thermoregulation and consequently reduced growth (Zmrhal et al., 2023). 

			Table 1: Effect of short- and long-term heat stress on the productive performance of female Japanese quail (Mean ± SE).

			
				
					
					
					
					
				
				
					
							
							Parameters

						
							
							Long-term heat stress 

						
							
							Short-term heat stress 

						
							
							P value

						
					

					
							
							Initial body weight (g) 

						
							
							87.54 ± 0.54

						
							
							87.42 ± 1.49

						
							
							0.945

						
					

					
							
							Final body weight (g) 

						
							
							204.56 ± 1.61b

						
							
							220.25 ± 0.47a

						
							
							<0.001

						
					

					
							
							Total weight gain (g)

						
							
							117.02 ± 1.98b

						
							
							132.82 ± 1.50a

						
							
							0.001

						
					

					
							
							Accumulative feed intake (g) 

						
							
							503.75 ± 2.86 

						
							
							512.87 ± 4.28

						
							
							0.127

						
					

					
							
							Total feed conversion ratio (g/g)

						
							
							4.30 ± 0.06a

						
							
							3.85 ± 0.07b

						
							
							0.004

						
					

				
			

			Different letters indicate significant differences for the same row at (P≤0.05).

			Moreover, the lack of a significant effect on total feed consumption in both groups in noteworthy. Studies have shown that under heat stress conditions, poultry may adjust their feeding behavior to compensate for changes in energy demands (Nawab et al., 2018). This aligns with findings by Nawab et al. (2018) who reported that poultry exposed to heat stress could adjust their feed intake but still exhibit reductions in weight gain and feed conversion efficiency due to the metabolic cost of coping with the heat. Furthermore, the results of this study are in agreement with the concept that the critical period for the development of thermoregulation in poultry is around the age range of 3 to 7 weeks. During this period, birds are still developing their capacity to cope with environmental stressors, which may make them more susceptible to the adverse effects of prolonged heat stress (Oluwagbenga and Fraley, 2023).

			Table 2: Effect of short- and long-term heat stress on body dimensions of female Japanese quail (Mean ± SE).

			
				
					
					
					
					
				
				
					
							
							Parameters

						
							
							Long-term heat stress 

						
							
							Short-term heat stress

						
							
							P value

						
					

					
							
							Body high (cm)

						
							
							11.21 ± 0.12b

						
							
							12.39 ± 0.14a

						
							
							<0.001

						
					

					
							
							Leg length (cm)

						
							
							9.38 ± 0.11b

						
							
							10.11 ± 0.12a

						
							
							<0.001

						
					

					
							
							Wing length (cm)

						
							
							16.44 ± 0.05b

						
							
							16.75 ± 0.06a

						
							
							<0.001

						
					

					
							
							Head and beak length

						
							
							3.60 ± 0.06 

						
							
							3.72 ± 0.05

						
							
							0.151

						
					

					
							
							Neck length (cm)

						
							
							3.82 ± 0.018

						
							
							3.80 ± 0.019

						
							
							0.490

						
					

				
			

			Different letters indicate significant differences for the same row at (P≤0.05).

			Effect of Short- and Long-Term Heat Stress on Body Dimensions

			The results of Table 2 indicate a significant (p≤0.05) decrease in the body height, leg and wing length in the birds exposed to 8 hours of heat stress daily. However, no significant effect was observed in the head and beak length and neck length between both groups. Heat stress has been extensively studied for its impact on physiological and morphological traits in avian species. The significant decrease in the body height, leg and wing length in the birds exposed to 8 hours of heat stress is consistent with findings from previous studies in birds, where prolonged exposure to heat has been shown to impair growth and development (Awad et al., 2020; Apalowo et al., 2024).Heat stress leads to physiological stress responses, such as increased body temperature, dehydration and metabolic alteration which can directly affect growth parameters (Khan et al., 2023). The reduction in body height and limb lengths (leg and wing) in the 8-hour of heat stress suggests a detrimental effect on overall growth. These traits are influenced by energy allocation and under heat stress, the body of birds may prioritize survival over growth, diverting energy from growth processes toward heat dissipation (Wasti et al., 2020). Interestingly, no significant changes were observed in the head and beak length and neck length, suggesting that these specific morphological traits might be less sensitive to heat stress compared to body and limb growth. This could be due to the fact these traits may be regulated by different growth mechanisms or gene that are less affected by heat stress (Sztandarski et al., 2021; Tadele et al., 2023).

			Effect of Short- and Long-Term Heat Stress on PCV, H/L Ratio and Corticosterone Level

			The results of Table 3 showed a significant (p≤0.05) decrease in PCV in quails exposed to 4 hours of heat stress compared to those subjected to 8 hours of heat stress. While H/L ratio and Corticosterone levels were a significant (p≤0.0٥) increase in quails exposed to 8hours of heat stress compared to those subjected to 4 hours of heat stress. These results suggest that shorter durations of heat stress may have a more pronounced effect on these physiological parameters than longer durations. Heat stress is known to affect the hematological profile of animals and it often leads to changes in blood parameters due to dehydration and the redistribution of body fluids. In the case of shorter heat stress exposure, the decrease in PCV may be linked to acute response to heat stress, causing vasodilation, fluid shifts and an initial reduction in red blood cells (Blake et al., 2000; Brugaletta et al., 2022). The H/L ratio is a widely used indicator of stress in poultry (Lentfer et al., 2015; Hussain and Al-Salhie, 2022a). Shorter heat stress might lead to an initial increase in the H/L ratio, but the body may have a chance to adapt and stabilize the immune system over time, leading to a less pronounced immune response. Longer heat stress exposure results in chronic stress, leading to prolonged increase H/L ratio. This increase is generally reflective of an imbalance between immune response (increase in Heterophils) and immune regulation (decrease in lymphocytes), often indicating acute stress or inflammation (Zmrhal et al., 2023). Prolonged exposure of heat stress likely triggers more intense inflammation response, which could lead to observed increase in the H/L ratio (Xu et al., 2018). Corticosterone is released as part of the hypothalamic-pituitary-adrenal axis activation and higher levels of this hormone signal greater activation of the body’s stress response (He et al., 2019). This increase in corticosterone could result in metabolic disturbances, immune modulation and behavioral changes, all of which are commonly associated with prolonged heat exposure (Nazar et al., 2018).

			Table 3: Effect of short- and long-term heat stress on PCV, H/L ratio and corticosterone level of female Japanese quail (Mean ± SE).

			
				
					
					
					
					
				
				
					
							
							Parameters

						
							
							Long-term heat stress 

						
							
							Short-term heat stress 

						
							
							P value

						
					

					
							
							PCV (%)

						
							
							39.50 ± 0.64a

						
							
							35.37 ± 0.74b

						
							
							0.006

						
					

					
							
							H/L

						
							
							0.68 ± 0.02a

						
							
							0.52 ± 0.01b

						
							
							0.003

						
					

					
							
							Corticosterone (ng/ml) 

						
							
							2.03 ± 0.031a

						
							
							1.87 ± 0.033b

						
							
							0.016

						
					

				
			

			Different letters indicate significant differences for the same row at (P≤0.05).

			Effect of Short- and Long-Term Heat Stress on Serum pH, SOD and GPx Activity

			The results of Table 4 showed a significant (p≤0.05) decrease in serum pH in quails exposed to 4 hours of heat stress compared to those subjected to 8 hours of heat stress. While, a significant increase in SOD (p = 0.016) and GPx (p = 0.051) activity were recorded in quails exposed to 4 hours of heat stress compared to those subjected to 8 hours of heat stress. Short-term heat stress can cause an increase in metabolic activity, leading to metabolic acids production, which may lower the blood pH (Teeter et al., 1985). In contrast, longer heat stress exposure allows for compensatory mechanisms to activate, including improved acid-base regulation, which explain why the pH did not decrease as drastically in this group (Teeter and Smith, 1986). Increased in SOD and GPx activity were recorded in quails exposed to 4 hours of heat stress likely reflects a more acute oxidative stress response. The 4-hours of heat stress might trigger a rapid production of ROS, which in turn induces the activation of these antioxidant enzymes to neutralize free radicals and protect cellular integrity. In contrast, longer heat stress exposure likely result in adaptive responses where the bird’s antioxidant system might become more efficient or less reactive over time. The relatively stable or lower of SOD and GPx activity in the 8-hours heat stress group may indicate that these birds have undergone an adaptation to oxidative stress, potentially improving the efficiency of antioxidant system (Akbarian et al., 2016).

			Table 4: Effect of short- and long-term heat stress on serum pH, SOD and GPx activity of female Japanese quail (Mean ± SE).

			
				
					
					
					
					
				
				
					
							
							Parameters

						
							
							Long-term heat stress 

						
							
							Short -term heat stress 

						
							
							P value

						
					

					
							
							pH

						
							
							7.43 ± 0.01a

						
							
							7.31 ± 0.02b

						
							
							0.008

						
					

					
							
							SOD (ng/ml)

						
							
							214.69 ± 2.19b

						
							
							222.37 ± 0.74a

						
							
							0.016

						
					

					
							
							GPx (ng/ml)

						
							
							7.39 ± 0.25

						
							
							8.02 ± 0.05

						
							
							0.051

						
					

				
			

			Different letters indicate significant differences for the same row at (P≤ 0.05).

			Table 5: Correlation between productive traits and body dimensions of female Japanese quail.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Body height

						
							
							Leg length

						
							
							Wing length

						
							
							Head and beak length

						
							
							Neck length

						
					

					
							
							Final body weight

						
							
							0.249

						
							
							0.225

						
							
							0.370

						
							
							0.153

						
							
							˗0.134

						
					

					
							
							Total weight gain

						
							
							0.330

						
							
							0.305

						
							
							0.431

						
							
							0.088

						
							
							˗0.065

						
					

					
							
							Accumulative feed intake

						
							
							0.238

						
							
							0.093

						
							
							˗0.249

						
							
							0.071

						
							
							˗0.180

						
					

					
							
							Total feed conversion ratio

						
							
							˗0.292

						
							
							˗0.330

						
							
							˗0.552

						
							
							˗0.042

						
							
							0.067

						
					

				
			

			Correlation Between Productive Traits and Body Dimensions

			The results of Table 5 showed the correlation analysis between growth parameters and body dimensions. Neck length indicated a weak negative correlation with final body weight (-0.134), weight gain (-0.065) and feed intake (-0.180). Additionally, wing length exhibited a negative correlation with feed intake (-0.249). Furthermore, feed conversion ratio was negatively correlated with body high (-0.292), leg length (-0.330), wing length (-0.552) and head length (-0.042). In contrast, head and beak length showed minimal impact on feed conversion ratio (-0.042). Overall, these results highlight the complex relationship between body dimensions and growth performance, suggesting that certain morphological traits may influence feed ratio and growth in Japanese quail. Adil et al. (2024) found correlations between the body weight of quail and body dimensions, including a negative correlation between body weight and drumstick length.

			Correlation Between Productive and Physiological Traits

			Final body weight has a negative correlation with PCV, H/L ratio, corticosterone hormone and pH, according to the results shown in Table 6. Correlation coefficients reached of -0.764, -0.876, -0.721, and -0.769, respectively. Additionally, the results showed that the corticosterone hormone, pH, PCV and H/L ratio all had negative correlations with total weight gain. Correlation coefficients reached of -0.780, -0.879, -0.664, and -0.767, respectively. On the other hand, the results showed that these parameters were negatively correlated with feed intake, with correlation coefficients of -0.264, -0.394, -0.259, and -0.329, respectively. Feed conversion ratio was also negatively correlated with PCV, H/L ratio, and the activities of SOD and GPx enzymes, with correlation coefficients of -0.771, -0.878, -0.501, and -0.445, respectively.

			Table 6: Correlation between productive and physiological traits of female Japanese quail.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							PCV

						
							
							H/L

						
							
							Corticosterone

						
							
							pH

						
							
							SOD

						
							
							GPx

						
					

					
							
							Final body weight

						
							
							˗0.764

						
							
							˗0.876

						
							
							-0.721

						
							
							-0.769

						
							
							0.662

						
							
							0.518

						
					

					
							
							Total weight gain

						
							
							-0.780

						
							
							-0.879

						
							
							-0.664

						
							
							-0.767

						
							
							0.573

						
							
							0.475

						
					

					
							
							Accumulative feed intake

						
							
							-0.264

						
							
							-0.394

						
							
							-0.259

						
							
							-0.329

						
							
							0.461

						
							
							0.199

						
					

					
							
							Total feed conversion rati

						
							
							-0.771

						
							
							-0.878

						
							
							0.654

						
							
							0.758

						
							
							-0.501

						
							
							-0.445

						
					

				
			

			CONCULUSIONS AND RECOMMENDATIONS

			In conclusion, the study demonstrates that short-term heat stress (4 hours daily) improves growth performance and feed conversion ratio in quail compared to longer heat stress (8 hours daily). Prolonged heat stress negatively affected body dimensions. Additionally, short-term heat stress leads to a decrease in PCV, while prolonged heat stress increased H/L ratio and corticosterone levels. Furthermore, 4-hours of heat stress was associated with a decrease in serum pH and an increase in antioxidant enzymes. Overall, these results highlight the complex interplay between heat stress duration, physiological response and growth performance in female Japanese quail. 
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Relationship Between Growth Rates with Body Dimensions and
Some Physiological Parameters of Female Japanese Quails Reared
Under Heat Stress

Kuarip CHiLraB KRiDIE AL-SArHIE*, SABAH KaDHUM MARZOOQ AL-HUumMMOD

Department of Animal Production, College of Agriculture, University of Basrah, Basrah, Irag.

Abstract | This study aimed to examine the relationship between growth rates, body dimensions, and physiological
parameters in female Japanese quails under heat stress. A total of 240 quails were divided into two groups of 120, with
each group further subdivided into four replicates of 30 females. The first group was exposed to 35°C for 8 hours daily
(long-term heat stress), while the second group was exposed for 4 hours daily (short-term heat stress). Quails exposed
to 4 hours of daily heat stress showed better weight gain, live body weight, and feed conversion compared to those ex-
posed to 8 hours, with no significant difference (p>0.05) in feed intake. Long-term heat stress resulted in a significant
(p<0.05) decrease in body height, leg, and wing length, but no effect on head and beak, or neck length. Short-term heat
stress decreased (p<0.05) packed cell volume (PCV'), while long-term exposure increased (p<0.05) the H/L ratio and
corticosterone levels. Additionally, serum pH decreased (p<0.05), and superoxide dismutase activity increased (p<0.05)
in quails exposed to 4 hours of heat stress. Correlation analysis revealed negative associations between body dimensions
and growth parameters. Larger body dimensions, especially wing and leg lengths, correlated with lower feed conver-
sion efficiency (FCR). Head and beak lengths had minimal effects on FCR. Furthermore, negative correlations were
observed between body weight, weight gain, feed intake and stress parameters (PCV, H/L ratio, corticosterone and
serum pH). In conclusion, 4 hours of heat stress enhanced growth and feed conversion, while 8 hours reduced body
dimensions and increased stress parameters.
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INTRODUCTION Salhie, 2021), stress still has detrimental effects, particu-

larly in tropical climates. Heat stress is a critical factor that

Poultry are exposed to various types of stress, includ-
ing nutritional stress caused by the salinity of drinking
water (Hussain and Al-Salhie, 2022a, b), the presence of
heavy metals in the diet (Hana and Al-Salhie, 2024), heat
stress (Hadi e7 a/., 2024), and others. Although researchers
have employed various methods to mitigate the effects of
these stressors and improve the productive and physiolog-
ical performance of quail (Al-Salhie and Al-Waeli, 2019;
Al-Ashoor and Al-Salhie, 2020; Al-Mosawy and Al-

can impair performance and welfare of poultry, includ-
ing species like the Japanese quail. This issue particularly
pronounced in regions where high ambient temperatures
are common, and it becomes even more significant with
growing demand for poultry products in these areas (Wasti
et al., 2020; Batool ez al., 2023). In poultry farming, heat
stress can reduce feed intake, lower growth rate, and lead to
a higher incidence of disease, ultimately affecting both the
health and bird’s productivity (Mangan and Siwek, 2024).
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