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			Abstract | Japanese quail is a valued model for scientific research and marketable production. Japanese quail female reproductive system is tremendously specified for rapid egg production. This study intends to determine the relationship between the weight of Japanese quail female and sex hormones and some anatomical characteristics of the reproductive system. 10 days old, 144 unsexed female Japanese quail chicks were used until they reached 149 to 200 g at 90 days. Each bird had unlimited access to food and water. After 35 days, the birds were divided into groups based on their body weight. Once the flocks reached full sexual maturity, feed was withdrawn for six hours, and five birds were randomly selected and sacrificed. Blood samples were collected from each hen. The results showed no significant differences in the levels of the three hormones—estrogen, LH and FSH—among the different body weight groups (p > 0.05). Similarly, there were no significant differences in ovary weight or oviduct length among the weight classes (p > 0.05), although some arithmetic differences were observed. Phenotypic correlations among the studied traits revealed a significant positive correlation between body weight and ovary weight (r = 0.348). Ovary weight also showed significant positive correlations with both oviduct length (r = 0.283) and FSH levels (r = 0.351). Additionally, LH levels were significantly positively correlated with FSH levels (r = 0.489). In conclusion, this study found no significant differences in hormone levels (estrogen, LH, FSH), ovary weight, or oviduct length across different body weight groups. However, positive correlations were observed between body weight and ovary weight, as well as between ovary weight and both oviduct length and FSH levels. A significant relationship was also found between LH and FSH levels. These findings offer insights into the reproductive physiology of Japanese quails and highlight the complex interactions between body weight and reproductive traits. 
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			INTRODUCTION

			Changes in human lifestyles across many countries, along with economic development and rising living standards, have driven a growing demand for rich and accessible food sources, such as poultry. Globally—and particularly in the Middle East, including Iraq—rapid population growth in recent years has further intensified this demand (Mohammed and Abass, 2021). At the same time, the price of animal feed has risen significantly, largely due to the increase in fuel prices (Marwan et al., 2020). This, in turn, has led to higher prices for meat from livestock such as cattle, sheep and buffalo (Zirak et al., 2020), with sheep meat seeing the most notable impact, given the species’ importance as a primary source of red meat in many regions (Al-Tamemy and Al-Obaidy, 2019).

			There is a growing global demand for poultry-based protein. Among avian species, the Japanese quail (Coturnix japonica) is one of the most commonly used laboratory animals in scientific research due to several advantages: small body size, resistance to disease, dual-purpose utility (meat and eggs), low maintenance costs, high egg production, rapid growth, and early sexual maturity (Ahmed, 2022; Kayang et al., 2004).

			Notably, selection for body weight in Japanese quails has been shown to influence production performance, expected body weight and the genetic improvement of related traits (Hussen et al., 2016). However, a review of the literature reveals a decline in the number of studies focusing on Japanese quails over the past decade (Minvielle, 2004). This decline may be attributed, in part, to challenges in accurately tracking commercial quail production, particularly in meat and egg yields and reproductive development (Bülent, 2023). Moreover, previous studies have noted regional disparities in research output, with an increase in publications from countries such as Brazil, while fewer studies have been conducted in the Middle East.

			This gap is significant, especially considering that the Middle East has been home to Japanese quails for thousands of years. Historically, these birds originated from this region before spreading globally, and they are considered migratory wild birds (Mizutani et al., 1992). Japanese quails are small in size, with males typically weighing less than females. In the wild, their weight ranges from 90 to 100 grams, while domestic birds weigh between 100 and 140 grams. However, commercial meat-producing strains can reach up to 300 grams (Tavaniello, 2013). Domestication and selective breeding have also resulted in a wide variety of feather colors and strains (Tavaniello, 2013). Experimental studies have confirmed that Japanese quails respond quickly to selection for body weight (Marks, 1993).

			Sex hormones such as estrogen, follicle-stimulating hormone (FSH) and luteinizing hormone (LH) play crucial roles in the reproductive success and function of female poultry. However, previous studies have not clearly demonstrated a direct relationship between body weight and hormone levels. For instance, Prastiya et al. (2022) reported an association between a high frequency of daily egg laying and elevated FSH levels in ISA Brown hens, but their study did not address the potential impact of body weight on hormone concentrations.

			Despite this, ovary weight has been found to have a positive association with body weight, oviduct length, and FSH levels, suggesting indirect links between somatic growth and reproductive physiology. In another study, Molokwu and Abbaya (2018) investigated the effects of sex over a 16-week period on growth, feed intake, and reproductive traits in Japanese quails in Nigeria. They observed significant differences between males and females across most growth and reproductive parameters and recommended the use of these traits for improving quail lines. However, their study also did not explore the specific relationship between body weight and hormone levels. Consequently, the current study aims to determine the relationship between sex hormones, some anatomical characteristics of the female reproductive system, and the weights of females of Japanese quails.

			MATERIALS AND METHODS

			Ethical Approval

			This study was approved by animal and research committee / college of veterinary medicine / Kirkuk university (No. 21/47/ 7/ SH.A / 19.02.2024). 

			Experimental Description 

			The current study was conducted in the poultry field of the College of Agriculture, Department of Livestock, Kirkuk University from 1/2/2022 until 1/4/2022. The grouping of the animal was done according to standard procedures described previously (Akintunde et al., 2023). 10 days old, 144 unsexed Japanese quail chicks were purchased from local breeder market in Kirkuk province and grown in ground cages. During the first four weeks, the birds were fed a starter diet containing 24% crude protein and 2900 kcal/kg energy and a breeder diet containing 20% crude protein and 2900 kcal/kg. Each bird had unlimited access to food and water. After 35 days, body weight was measured for all birds, and accordingly the birds were divided into groups. When the flocks were completely the sexually maturity, the feed was withdrawn before 6 hours, and randomly, five birds were scarifying according to (Akintunde et al., 2023; Hussen et al., 2016). Blood was taken from the hens after the experiment. Fresh blood samples were collected from the chicken’s wing vein by a 3 ml (22G) syringe, kept in without anticoagulant test tubes, and allowed to stand for six hours. The serum was then separated by centrifuging for fifteen minutes at three thousand revolutions per minute and stored at -20°C until biochemical tests were conducted. Subsequently, hormone levels were measured using specific ELISA kits, following the manufacturers’ instructions for each hormone. The kits used included Follicle-Stimulating Hormone (FSH), Chicken Luteinizing Hormone (LH), and Chicken Estrogen Hormone. In addition, an electronic balance (0.01) was used to weigh the ovaries, and the oviduct length was measured with a ruler.

			Statistical Analysis

			The General Linear Model within the statistical program Pallant (2011) was used to study the effect of body weight classes and the level of hormones. Duncan Multiple Range Test (Sauder and DeMars, 2019) was conducted to diagnose the significant differences between the means of the traits.

			RESULTS AND DISCUSSION

			In the present study, as shown in Table 1, the body weight of the birds at 90 days ranged from 149 g to over 200 g. The birds were grouped arbitrarily into weight classes using equal intervals of 10 g. These findings differ from those reported by Arora and Samples (2011), likely due to individual differences such as sex, genetic makeup, energy intake, feed availability, metabolic rate, environmental factors, and the levels of gonadotropins and other metabolic hormones. Additionally, direct feeding practices can influence body growth and metabolism, both of which are regulated by the endocrine system (Hertamawati et al., 2019). Furthermore, the chemical composition of blood samples is also affected by these physiological and environmental factors (Balıkcı et al., 2007).

			Table 1: The descriptive analysis for the effect of body weight class on the level of hormones (estrogen, LH, and FSH).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Body Weight class (g)

						
							
							Estrogen (pg/ml)

						
							
							LH (mIU/mL)

						
							
							FSH (mIU/mL)

						
					

					
							
							Mean ±SE

						
							
							SD

						
							
							Mean ±SE

						
							
							SD

						
							
							Mean ±SE

						
							
							SD

						
					

					
							
							1 (0-149)

						
							
							89.13± 11.87a

						
							
							16.79

						
							
							0.78± 0.24a

						
							
							0.33

						
							
							0.37± 0.17 a

						
							
							0.24

						
					

					
							
							2 

							(150-159)

						
							
							108.31± 24.37a

						
							
							73.11

						
							
							0.23± 0.02a

						
							
							0.04

						
							
							0.27± 0.07 a

						
							
							0.13

						
					

					
							
							3 

							(160-169)

						
							
							67.01± 13.59a

						
							
							33.28

						
							
							0.40± 0.20a

						
							
							0.44

						
							
							0.46± 0.26 a

						
							
							0.58

						
					

					
							
							4 

							(170-179)

						
							
							161.31± 96.04a

						
							
							214.76

						
							
							0.49± 0.29a

						
							
							0.51

						
							
							0.22± 0.02 a

						
							
							0.03

						
					

					
							
							5 

							(180-189)

						
							
							85.98± 24.71a

						
							
							65.37

						
							
							0.29± 0.06a

						
							
							0.12

						
							
							0.22± 0.02 a

						
							
							0.05

						
					

					
							
							6 

							(190-199)

						
							
							44.14± 12.86a

						
							
							28.75

						
							
							0.78± 0.30a

						
							
							0.52

						
							
							1.18± 0.50 a 

						
							
							0.86

						
					

					
							
							7 (>200)

						
							
							74.08± 12.85a

						
							
							44.52

						
							
							0.45± 0.25a

						
							
							0.66

						
							
							0.39± 0.13 a

						
							
							0.34

						
					

					
							
							Sig.

						
							
							NS

						
							
							NS

						
							
							NS

						
					

				
			

			Note: Similar letters in a column indicate that there is no significant difference.

			Table 1 also presents the standard error and standard deviation for the concentrations of the three studied hormones—estrogen, LH, and FSH. No statistically significant differences were observed in the hormone levels among the different body weight classes (p > 0.05). In contrast, a previous study conducted in Basra, Iraq, reported a significant increase (p ≤ 0.05) in serum FSH concentrations in male chickens compared to females at four months of age, along with elevated triglyceride and cholesterol levels in males. This suggests that local male chickens may exhibit faster growth than females and are characterized by higher levels of FSH, cholesterol, and triglycerides (Milad et al., 2023).

			Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) are two essential gonadotropins required for healthy reproduction and fertility. A direct relationship exists between their levels in the body, indicating coordinated regulation of reproductive function. FSH is a heterodimeric glycoprotein hormone secreted by gonadotropes in the anterior pituitary gland. In females, it plays a critical role in regulating ovarian folliculogenesis and steroidogenesis. FSH receptors are predominantly located on the surface of ovarian target cells, and impairments in the production of this hormone, its receptors, or related signaling pathways are commonly linked to reproductive disorders (Recchia et al., 2021).

			Moreover, the findings of the present study support emerging evidence that FSH may also exert extragonadal effects, particularly in the regulation of bone mass and adiposity (Shaker et al., 2024).

			Regarding estrogen, the current results align with the findings of Çiftci (2012), who reported that administering 0.1 mg of estradiol-17β resulted in increased body weight. This effect may be attributed to elevated growth hormone secretion from the pituitary gland, increased production of IGF-1 from the liver, or a combination of both. Conversely, a higher dose (0.2 mg) of estradiol-17β had no significant effect on weight or was associated with weight loss. Estrogen plays a key role in metabolic regulation, and its deficiency can lead to increased fat deposition and body weight gain.

			Table 2: The descriptive analysis for the effect of the body weight class on the ovary weight and oviduct length.

			
				
					
					
					
					
					
				
				
					
							
							Body Weight class (g)

						
							
							Ovary weight (g)

						
							
							Oviduct length (mm)

						
					

					
							
							Mean±SE

						
							
							SD

						
							
							Mean±SE

						
							
							SD

						
					

					
							
							1 (0-149)

						
							
							3.65±0.64 a

						
							
							1.56

						
							
							33.06±2.33 a

						
							
							5.70

						
					

					
							
							2 (150-159)

						
							
							3.82±0.39 a

						
							
							1.34

						
							
							31.68±1.20 a

						
							
							4.16

						
					

					
							
							3 (160-169)

						
							
							3.85±0.48 a

						
							
							1.58

						
							
							34.53±1.29 a

						
							
							4.29

						
					

					
							
							4 (170-179)

						
							
							3.90±0.47 a

						
							
							1.55

						
							
							35.23±1.45 a

						
							
							4.81

						
					

					
							
							5 (180-189)

						
							
							4.09±0.38 a

						
							
							1.33

						
							
							35.22±1.01 a

						
							
							3.49

						
					

					
							
							6 (190-199)

						
							
							5.08±0.33 a

						
							
							1.10

						
							
							34.54±1.26 a

						
							
							4.19

						
					

					
							
							7 (>200)

						
							
							5.01±0.36 a

						
							
							1.56

						
							
							33.72±0.69 a

						
							
							2.99

						
					

					
							
							Sig.

						
							
							NS

						
							
							NS

						
					

				
			

			Note: Similar letters in a column indicate that there is no significant difference.

			The mean, standard error, and standard deviation for ovary weight and oviduct length are presented in Table 2 and Figures 1 and 2. No statistically significant differences were observed in ovary weight or oviduct length among the different body weight classes (p > 0.05), although some arithmetic differences were noted. These findings are in line with the results of Arora and Samples (2011), who reported that body weight can significantly influence the size of reproductive organs and the physiological characteristics of quail. They observed that birds with higher body weights (ranging from 150 to 160 g) had larger ovaries and oviducts compared to birds with lower body weights, though the differences were not statistically significant (p > 0.05).
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			Figure 1: Shows the measuring of the length of the oviduct.
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			Figure 2: Showing the measuring ovary weight.

			These observations also align with more recent research on hybrid quails by Abdel-Halim et al. (2024), who evaluated the relationship between body weight and carcass traits. Their findings indicated positive phenotypic correlations between live body weight, carcass weight, and the percentages of edible parts, all of which were shown to influence egg production traits.

			Phenotypic correlations among the studied traits are presented in Table 3. A significant positive correlation was observed between body weight and ovary weight (r = 0.348), which aligns with findings by Diaz and Anthony (2013). Their study confirmed that excessive feed intake in broilers leads to rapid weight gain and accelerated ovarian follicle development. This early follicular growth is attributed to the accumulation of body fat and associated metabolic changes, which promote early sexual maturation. Conversely, restricting feed intake can mechanically inhibit ovarian follicle development by limiting the energy and physiological resources available for reproduction.

			Table 3: The phenotypic correlation among the studied traits.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Traits

						
							
							Body weight

						
							
							Ovary weight

						
							
							Overy length

						
							
							Estrogen

						
							
							LH

						
							
							FSH

						
					

					
							
							Body weight

						
							
							1

						
							
							
							
							
							
					

					
							
							Ovary weight

						
							
							0.348**

						
							
							1

						
							
							
							
							
					

					
							
							Oviduct length

						
							
							0.114NS

						
							
							0.283**

						
							
							1

						
							
							
							
					

					
							
							Estrogen

						
							
							-0.170NS

						
							
							-0.215NS

						
							
							-0.058NS

						
							
							1

						
							
							
					

					
							
							LH

						
							
							0.214NS

						
							
							0.233NS

						
							
							-0.041NS

						
							
							-0.172NS

						
							
							1

						
							
					

					
							
							FSH

						
							
							0.159NS

						
							
							0.351*

						
							
							0.034NS

						
							
							-0.164NS

						
							
							0.489**

						
							
							1

						
					

				
			

			In the current study, no significant correlations were found between body weight and other traits such as oviduct length, estrogen, LH, and FSH levels (p > 0.05). However, ovary weight showed significant positive correlations with both oviduct length (r = 0.283) and FSH levels (r = 0.351). Additionally, LH levels were significantly positively correlated with FSH levels (r = 0.489). No significant correlation was detected between estrogen and FSH levels, a result consistent with the findings of Çiftci (2012), who reported that blood FSH concentrations were not influenced by estradiol-17β administration.

			These findings are also in agreement with previous research conducted in Nigeria by Nosike et al. (2020), who observed significant correlations (p < 0.01) between body weight and morphometric traits in broiler strains, with the exception of breast length, which showed a weak but statistically significant correlation. Their study confirmed positive phenotypic correlations across multiple chicken strains and body weight parameters.

			Furthermore, the current results are consistent with recent research by Hu et al. (2025), who examined the relationship between body weight and ovarian function in relation to feathering rate—early-feathering (EF) vs. late-feathering (LF) birds. Their findings support a link between feathering phenotype, ovarian development, hormone gene expression, and overall body weight, which ultimately influences reproductive traits such as egg production.

			CONCLUSIONS AND RECOMMENDATIONS 

			This study demonstrated no significant differences in estrogen, LH, FSH levels, ovary weight, or oviduct length among Japanese quails of different body weight groups. However, positive correlations were observed between body weight and ovary weight, as well as between ovary weight and both oviduct length and FSH levels. Additionally, a significant correlation was found between LH and FSH levels. These findings suggest that reproductive traits in Japanese quails are influenced more by internal physiological interactions than by body weight alone. This study contributes valuable insights into the reproductive physiology of Japanese quails, highlighting the complex relationship between somatic growth and reproductive function. The authors recommend further research, particularly at the molecular level, to investigate gene expression related to hormonal receptors and ovarian development in this species.
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Abstract | Japanese quail is a valued model for scientific research and marketable production. Japanese quail female
reproductive system is tremendously specified for rapid egg production. This study intends to determine the rela-
tionship between the weight of Japanese quail female and sex hormones and some anatomical characteristics of the
reproductive system. 10 days old, 144 unsexed female Japanese quail chicks were used until they reached 149 to 200 g
at 90 days. Each bird had unlimited access to food and water. After 35 days, the birds were divided into groups based
on their body weight. Once the flocks reached full sexual maturity, feed was withdrawn for six hours, and five birds
were randomly selected and sacrificed. Blood samples were collected from each hen. The results showed no significant
differences in the levels of the three hormones—estrogen, LH and FSH—among the different body weight groups (p
> 0.05). Similarly, there were no significant differences in ovary weight or oviduct length among the weight classes (p >
0.05), although some arithmetic differences were observed. Phenotypic correlations among the studied traits revealed
a significant positive correlation between body weight and ovary weight (r = 0.348). Ovary weight also showed signifi-
cant positive correlations with both oviduct length (r = 0.283) and FSH levels (r = 0.351). Additionally, LH levels were
significantly positively correlated with FSH levels (r = 0.489). In conclusion, this study found no significant differences
in hormone levels (estrogen, LH, FSH), ovary weight, or oviduct length across different body weight groups. However,
positive correlations were observed between body weight and ovary weight, as well as between ovary weight and both
oviduct length and FSH levels. A significant relationship was also found between LH and FSH levels. These findings
offer insights into the reproductive physiology of Japanese quails and highlight the complex interactions between body
weight and reproductive traits.
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INTRODUCTION

hanges in human lifestyles across many countries,
along with economic development and rising living
standards, have driven a growing demand for rich and ac-
cessible food sources, such as poultry. Globally—and par-
ticularly in the Middle East, including Iraq—rapid pop-
ulation growth in recent years has further intensified this

demand (Mohammed and Abass, 2021). At the same time,
the price of animal feed has risen significantly, largely due
to the increase in fuel prices (Marwan et al., 2020). This, in
turn, has led to higher prices for meat from livestock such
as cattle, sheep and buffalo (Zirak et al., 2020), with sheep
meat seeing the most notable impact, given the species’im-
portance as a primary source of red meat in many regions

(Al-Tamemy and Al-Obaidy, 2019).
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