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ABSTRACT 
Successful breeding programs for Japanese quails rely on accurately estimating genetic parameters linked to 

economically important traits such as body weight, carcass characteristics, and meat quality. The objective of 

the present study was to evaluate body weight (BW) characteristics, carcass attributes, and their genetic 

correlations with select meat quality traits in two strains of Japanese quail (white and brown). A total of 530 

quail chicks, with 265 from each strain, were included in the analysis. At six weeks of age, the quails were 

slaughtered, and carcass traits as well as amino acid profiles were measured. For BW traits, the heritability (h2) 

estimates ranged from 0.27 at d 1 to 0.36 at d 42. The h2 estimated for carcass traits ranged from 0.19 for liver 

weight, to 0.42 for carcass yield (CY). The h2 estimated for drip loss (DL) of meat quality was 0.21, and the h2 

estimate was 0.35 for the meat's ultimate Ph (Phu). White quail quails recorded the heaviest weight of all 

carcass traits. Also, white quails had the highest water-holding capacity (WHC), yellowness (b*), and lightness 

(L*) with the lowest level of DL, cooking losses (CL), and redness (a*) in muscles compared with brown 

quails. A high genetic correlation of 0.32 was noted between CW  carcass weight (CW) and b*. For the pHU, a 

negative correlation of -0.11 was exhibited with BW. In contrast, L* appeared to have a positive but smaller 

relationship with CW and CY. High negative correlations were noted for b* with CY -0.27. The CW showed a 

moderate relationship (0.19) with CL. In conclusion, the current study revealed that the white quail strain had 

high BW, as well as the finest carcass traits and meat quality. Therefore, white plumage Japanese quail might 

be preferred as a meat-producing strain. 
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INTRODUCTION 

 

The primary goal for poultry producers is to maximize the 

genetic improvement of the productive traits of chicks 

(Saghi et al., 2022). Among poultry species, Japanese 

quails are recognized for their exceptional productivity, 

particularly in terms of meat and egg production 

(Minvielle, 2004; El-Attrouny et al., 2020).  

Additionally, Japanese quail can be used as animal 

models in breeding programmed for some attributes, such 

as lower feed intake, small body size, early maturation, 

quick life cycle, elevated reproductive efficiency, strong 

disease resistance, and low production costs (Minvielle, 

2004; Narinc et al., 2009; 2013; Molino et al., 2015; Saghi 

et al., 2022). 

Meat consumers have shown a global interest in 

Japanese quail meat, an ideal protein source for humans 

due to the quality and quantity of the essential amino acid 

contents, which are critical in evaluating meat quality 

(Sabow, 2020). Compared with other poultry species, 

Japanese quail meat has low lipid content with a high 

proportion of unsaturated fatty acids, with beneficial 

effects on human health as atherosclerotic preventatives 

(Nasr et al., 2017) compared with those of white meat 

including broiler chicken (Ioniță et al., 2011) and red meat 

(Boni et al., 2010). Genchev et al. (2008) demonstrated 

that consuming two quails per day can supply around 40% 

of the daily protein requirements for humans, equating to 

approximately 11 grams of essential amino acids. This 

amount is comparable to consuming 125-130 grams of red 
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meat. Therefore, Japanese quail meat offers a cost-

effective and valuable source of animal protein (Vali, 

2008), hence it can be considered as a cheaper alternative 

for chicken meat, especially in developing countries. 

To develop a breeding program aimed at enhancing 

carcass traits in Japanese quail, it is essential to estimate 

the genetic parameters of body weight, carcass 

characteristics, and meat quality traits. This forms the 

foundation for determining the potential for direct 

selection of these traits (Lotfi et al., 2011; El-Attrouny et 

al., 2021). Selection has primarily led to improvements in 

traits with high heritability such as body weight and 

carcass traits (Khaldari et al., 2010; Zerehdaran et al., 

2012). However, a previous study by Narinc et al. (2013) 

showed that, despite the successful selection for increased 

carcass yield, the impact on meat quality remains 

unclarified. Selection for growth rate, as an important 

economic trait, could lead to various changes in the meat 

quality of broiler chickens (Chomchuen et al., 2022). Meat 

quality is a crucial factor for the poultry industry, as 

alterations in meat quality could result in a significant 

economic loss. 

Determining the genetic correlations between meat 

quality traits and other traits is crucial for identifying the 

direction and magnitude of changes in meat quality before 

selecting for growth and carcass traits. However, this 

approach is not well recognized for Japanese quail, as 

measuring these traits follows a complex process and 

involves sacrificing a large number of chicks (Le Bihan-

Duval et al., 2003; 2008). Thus, the main objectives of the 

current study were to estimate the heritability and the 

genetic correlation coefficients between body weight 

(BW), carcass traits, and meat quality traits, which can be 

used as a selection criterion in breeding programs of 

Japanese quail and explore the differences in growth 

performance, carcass traits and meat quality of two 

different strains of Japanese quail. 

 

MATERIALS AND METHODS 

 

Animal welfare and ethical approval 

The study was carried out at the Poultry Research 

Facility of the Faculty of Agriculture, Benha University, 

Egypt, and received approval from the Scientific Ethics 

Committee of the Animal Production Department, Faculty 

of Agriculture, Benha University, Egypt (BUAPD-20212). 

 

Housing  
In the current study, data were collected from 530 

Japanese quail chicks (Coturnix coturnix japonica) of two 

distinct plumage colors, including 265 white and 265 

brown. These chicks were obtained from 140 sires and 280 

dams. The experiment began in May 2023 and lasted for 

two months. Each strain of quail, consisting of 265 quails, 

was sourced from 140 sires and 280 dams. Breeding pairs 

were housed in individual breeding cages (25 × 35 × 40 

cm
2
), with one selected male and two females per cage. 

The practice of housing one male with two females in a 

breeding cage was common in poultry breeding, including 

quail, to ensure efficient reproduction and maximize egg 

production (Shanaway, 1994). The cages had sloped floors 

to facilitate the collection of pedigreed eggs. Once the 

eggs were collected, each egg was labeled with the sire 

and dam’s identification. Dams were distinguished by a 

specific eggshell color pattern within each cage. 

After hatching, the chicks were housed in brooding 

cages at a density of 10 in 10 cm around 100 cm² per 

quail, and they were wing-banded after hatching. The 

temperature in brooding cages was not fixed because 

chicks require different thermal environments as they 

grow. Therefore temperature was initially set at 35°C 

using electric heaters for the first five days to maintain 

body warmth due to their inability to regulate temperature. 

Their ability to control body temperature improved as they 

developed, so the temperature was gradually reduced to 

32°C, 29°C, and 26°C during the first, second, and third 

weeks, respectively, to prevent overheating and encourage 

proper growth. From the fourth week onward, the 

temperature was maintained between 20°C and 22°C for 

the remainder of the experiment as the chicks were 

capable of thermoregulation. 

Following the brooding period, the quails were 

transferred to grower cages, with a density of 150 cm² per 

quail (Shanaway, 1994). Throughout the experiment, the 

quail had unlimited access to feed and water, and the 

lighting remained on for 24 hours a day. All quails were 

fed the same basal diet following recommendations from 

the Nutrient Requirements of Poultry by the National 

Research Council (NRC, 1994; as outlined in Table 1). 

 

Table 1. Ingredient, composition, and calculated chemical 

analysis of the basal diets for growing quails 

Ingredients  g/kg DM of Feed 

Yellow corn 556.0 

Soybean meal (44%CP) 288.0 

Corn gluten meal (60% CP) 105.0 

Vita. and Min. mix.† 3.0 

DL-Methionine 1.0 

L-lysine 4.0 

Wheat bran 20.0 

Limestone 19.0 
Salt (NaCl) 4.0 

Calculated chemical composition (%) 

ME (kcal/kg) 2902.4 

CF 3.87 

CP 24.01 

Na 0.17 

Ca 0.82 

Available phosphorus 0.41 

Methionine 0.56 

Lysine 1.39 

† Vitamin and trace mineral mixture: Composition per 3 kg, Vit. A 12,000,000 I.U.; 

Vit. D3 2,000,000 I.U.; Vit. E 10,000 mg; Vit. K3 1000 mg; Vit. B1 1000 mg; Vit. 

B2 5000 mg; Vit. B6 1500 mg; Vit. B12 10 mg; Niacin 30,000 mg; Biotin 50 mg; 

Folic acid 1000 mg; Pantothenic acid 10,000 mg; Choline chloride 500,000 mg; 

Zinc 50,000 mg; Manganese 60,000 mg; Iron 30,000 mg; Copper 10,000 mg; 

Iodine 1000 mg; Selenium 100 mg; Cobalt 100 mg; Calcium carbonate to 3 kg. 
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Body weight, carcass traits, and meat quality 

Body weight (BW) was recorded individually at 

hatch, 3, and 6 weeks of age, namely BW0, BW3, and 

BW6. Also, BW gain (BWG) was calculated during the 

period from 3 to 6 weeks of age (WG 3-6). At 6 weeks of 

age, the feed was withdrawn for 7 h, quails (n = 120) were 

slaughtered and then weighed after bleeding (slaughter 

weight (SLW), empty carcass (including the skeletal 

structure and muscle tissue). The heart, liver, and gizzard 

were carefully removed, cleaned of any excess fat and 

moisture, and weighed individually using a digital scale 

with a precision of ± 0.01 g, then according to Inci et al. 

(2015), the carcass was kept at 2-4 
o
C for 24 h for further 

analyses. Carcass yield (CY) was determined as a 

correlation between carcass weight and live body weight.  

The pectoral and thigh muscles were extracted from 

the chilled carcass to assess the physical meat quality, 

which included ultimate pH (pHu), redness (a*), 

yellowness (b*), lightness (L*), drip loss (DL), water 

holding capacity (WHC), and cooking loss (CL) as per 

Nasr et al. (2017). The ultimate pH (pHu) was measured 

following the method described by Korkeala et al. (1986). 

In brief, 24 hours after chilling, 1 gram of both breast 

muscle (PM) and thigh muscle (TM) was homogenized 

with 10 ml of 5 mM iodoacetate for 30 seconds using a 

Knick digital pH meter (Broadly Corp., Santa Ana, CA, 

USA). Muscle color was evaluated using a colorimeter 

(Lovibond CAM-system 500) with the CIE a* b* L* 

system, where a* denotes redness, b* indicates 

yellowness, and L* represents lightness. Cooking loss was 

measured by placing 25 g of muscle in aluminum pans and 

cooking them in a preheated electric oven at 200°C for 15 

minutes until an internal temperature of 70°C was reached, 

as described by Cyril et al. (1996). 

Water-holding capacity was assessed following the 

method outlined by Bouton et al. (1971). A muscle sample 

weighing 3-4 grams was centrifuged at 10,000 g for 30 

minutes in a stainless-steel tube. The released juice was 

quickly decanted to prevent reabsorption by the meat. The 

muscle sample was then removed, blotted dry with tissue 

paper, and reweighed to calculate the amount of liquid 

loss. To measure thawing and cooking losses, the breast 

muscle was thawed overnight at 4°C, cooked in a water 

bath at 85°C for 15 minutes until the internal temperature 

reached 70°C, and then cooled in crushed ice for 20 

minutes. Thawing and cooking loss was calculated as a 

percentage of the initial fresh muscle weight 

Chilled pectoral muscle PM without fat was used to 

estimate the amino acid profile after acid hydrolysis under 

vacuum in 6 molars HCl at 110 
o
C for 24 h. Chemical 

analysis of muscle amino acid profiles was assessed using 

High-performance liquid chromatography (HPLC; Agilent 

HP 1200 series; USA). The utilized analytical column was 

Supelcosil C18 (5 μm particle and 80 Ao pore size). 

Samples and amino acid standards (Purchased from 

Thermo Fisher Scientific) were injected into the 

Supelcosil C18 column with 5 μm particle size and 80 Å 

pore size for separation by HPLC. Amino acid contents in 

the breast muscle were determined as described by Salah 

et al. (2019). 

 

Statistical analysis  

Descriptive statistics of the productive traits (growth 

traits, carcass characteristics, meat quality, and amino acid 

profile) were calculated using the univariate procedure of 

the SAS software (version 9.4, 2004, SAS Institute). 

Differences were considered significant at P ≤ 0.05 and 

significant differences between means were tested by 

Duncan's multiple range test (Duncan, 1955).  The 

following model was used:     

Yij = µ+Pi + eij 

Where Yij = is the observation of the j
th

 trait on the i
th

 

quail strain, µ = is the overall mean, P = is the fixed effect 

of the i
th

 quail strain (with different plumage color, 1 and 

2) and eij = is the residual random effect. 

Data on growth traits, carcass characteristics, and 

meat quality were analyzed using the following multi-trait 

animal model: 

y = Xb + Zaua + e 

where, y= the vector of observing all traits, b = the 

vector of fixed effects of strain (two levels), Ua = a vector 

of random additive genetic effects for each bird in the 

pedigree, X and Za are incidence matrices corresponding 

to fixed and additive random effects of the chicks, 

respectively, e is a vector of random residual effects. The 

VCE6 software was used to estimate the variance 

components of random effects, heritabilities, and genetic 

correlations among all combinations of traits (Groeneveld, 

2010). 

 

RESULTS AND DISCUSSION  

 

The descriptive statistics, including the mean, standard 

deviation, and coefficient of variation, along with the 

minimum and maximum values for the analyzed traits, 

were summarized in Table 2. All traits were normally 

distributed. The average of BW was 7.38 g, 108.6 g, and 

207.3 g at 0, 3, and 6 weeks of age, respectively.  The 

average BWG in Japanese quail was 98.3 g during the 

intervals from 3 to 6 weeks of age (Table 2). The values of 

BW and BWG were similar to those of Zerehdaran et al. 
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(2012), and Nasr et al. (2017), and higher than those of 

Oguz et al. (2004). Minvielle (2004) reported that BW for 

Japanese quail may differ among flocks. 

The carcass yield, which was an important economic 

trait, was determined to be 81.4% of BW (Table 2). The 

average values for carcass traits (Table 2) were consistent 

with those reported in the literature, with slaughter weight 

(SLW) ranging from 163 to 195 g, carcass weight (CW) 

from 140 to 170 g, and carcass yield from 69 to 81% 

(Kaye, 2014; Nasr et al., 2017). In contrast, the current 

results were higher than those of Caron et al. (1990) and 

Zerehdaran et al. (2012), who revealed that the carcass 

yield  CY was 60-70% of BW. The liver (5.62g) and 

gizzard (5.29g) weights of quail chicks in the present 

study were within the range reported in the literature of 

liver (2.19-5.95 g) and gizzard (2.2-4.7 g; Kaye 2014; 

Shafik et al., 2022). Kaye (2014) found that the weight of 

a quail's heart ranged from 1.1 to 4.3 grams, which was 

consistent with the findings of this study. In this study, the 

average ultimate pHU of breast meat was 6.14, which was 

comparable to the values reported by Karakaya et al. 

(2005) and Genchev et al. (2008), who found pHU levels 

of 6.17 and 6.38, respectively.). However, Remignon et 

al., (1998) and Gevrekci et al. (2009) reported lower 

values of pHU in quail meat 5.59 and 5.94, respectively, 

than those reported in the present study. Generally, for 

broiler chicken meats, the normal pHU that does not exhibit 

any quality problems ranges between 5.7 and 6.1 (Barbut, 

1997; Zhang and Barbut, 2005). 

The current study reported an average value of 47.53, 

7.49, and 9.25 for L*, a*, and b*, respectively, for 

Japanese quail meat are presented in Table 2. Oguz et al. 

(2004) showed that the means of L*, a*, and b* were 

54.92, 9.70, and 5.59, respectively. Similarly, Gevrekci et 

al. (2009)  revealed that the average L*, a*, and b* values 

of breast meat were 54.87, 9.68, and 3.23, respectively. In 

a study on Japanese quail by Narinc et al. (2013), the 

authors determined the breast meat parameters of L*, a*, 

and b* to be 43.09, 19.24, and 7.74, respectively. 

Zerehdaran et al. (2012) presented values of 53.88 (L*), 

5.52 (a*), and -1.69 (b*) for Japanese quail’s breast meat 

at 42 d of age. Based on the literature review for the meat 

quality of broiler chicken, the optimum L* ranges between 

46 and 53 (Zhang and Barbut, 2005). Meats with an L* 

value below 46 tend to have a darker color, are firmer, and 

drier, exhibit high water-holding capacity (WHC), and 

have a shorter shelf life. The a* and b* values for broiler 

chicken breast meat typically range from -0.96 to 4.50 for 

a* and from 6.7 to 13.5 for b*, according to studies by 

Fletcher et al. (2000), and Le Bihan-Duval et al. (2001; 

2008). Higher a* values, ranging between 7.5 and 11, 

were observed in the breast meat of native chicken breeds 

(Yue et al., 2010; Jiang et al., 2011).  

 
Table 2. Descriptive statistics and heritability estimate for body weight, carcass traits, and meat quality of two quail strains  

Trait Mean SD CV% Minimum Maximum h2 ± SE 

Body weight and gain 

BW at hatch 7.38 1.11 15.04 5.14 11.21 0.23 ± 0.03 

BW at 3 weeks 108.6 8.65 7.96 51 132 0.27 ± 0.04 

BW at 6 weeks 207.3 35.8 17.26 143 254 0.36  ± 0 .04 

Weight gain from 3 to 6 weeks 98.3 6.2 6.30 64 145 0.31 ± 0.05 

Carcass traits 

Slaughter weight (g) 198.5 22.3 11.23 170.2 250.6 0.34 ± 0.06 

Carcass weight (g) 167.6 16.4 9.78 134.2 1985.1 0.38 ± 0.06 

Carcass yield (%) 81.4 7.3 8.96 72.4 86.5 0.42 ± 0.05 

Liver weight (g) 5.62 0.52 9.25 4.6 6.8 0.19 ± 0.02 

Gizzard weight (g) 5.29 0.25 4.72 4.11 7.3 0.27 ± 0.03 

Heart weight (g) 1.97 0.15 7.61 0.98 2.25 0.24 ± 0.03 

Meat quality  

Ultimate Ph (Phu) 6.14 0.92 14.8 5.01 7.12 0.35 ± 0.04 

Water Holding Capacity (%) 25.55 3.21 12.56 25.3 48.7 0.29 ± 0.04 

Cooking loss% 24.20 2.44 10.08 14.3 35.4 0.27 ± 0.03 

Drip loss (%) 3.21 0.34 10.59 1.74 5.11 0.21 ± 0.02 

Lightness (L*) 47.53 3.51 7.38 34.4 56.6 0.32 ± 0.04 

Redness (a*) 7.49 0.52 6.94 4.21 15.6 0.28 ± 0.05 

Yellowness (b*) 9.25 0.86 9.29 8.60 12.5 0.33 ± 0.04 

SD: Standard deviation; CV: Coefficient of variation  
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Genetic parameters 

Heritability (h
2
) estimates for all studied traits are 

presented in Table 2. The h
2 
estimates for BW ranged from 

0.23 to 0.36 at BW0 and BW6, respectively, while for 

meat quality traits h
2 

estimates were 0.21 for DL and 0.35 

for Phu. 

The current h
2
 estimates for body weight (BW) align 

with findings from previous studies on Japanese quail 

(Saatci et al., 2006; Khaldari et al., 2010; Narinc et al., 

2010). Additionally, several researchers have reported 

high h
2
 estimates for BW in Japanese quail (Oguz et al., 

2004; Narinc et al., 2010; 2013). The h
2 

estimates of 

carcass traits reported in Table 2 were moderate to high 

ranging from 0.19 (LW) to 0.42 (CY). A high h
2 

estimated 

of 0.38, and 0.42 for CW and CY, respectively was 

reported in the current study. However, many researchers 

reported low heritability estimates ranging from 0.12 to 

0.19 for CY in quail (Vali et al., 2005; Narinc et al. 2010; 

Lotfi et al. 2011). The current results agreed with those 

reported by Daikwo et al. (2013) who revealed that the 

heritability of CW was 0.42. Estimated h
2 

for liver, 

gizzard, and heart weight were presented in Table 2. The 

h
2
 estimates for liver, gizzard, and heart weight were 0.19, 

0.27, and 0.24, respectively, which were similar to those 

(0.11 and 0.27) reported by Daikwo et al. (2013), but 

diverged from those found by de Gaya et al. (2006). 

Based on the findings of the current study, pHU was 

considered the highest heritable trait (0.35). Oguz et al. 

(2004) presented a high h
2
 estimate (0.48) for pHU. 

Gevrekci et al. (2009) reported a moderate h
2
 estimate of 

0.24 for pHU. In broiler chicken, the pHU was considered 

highly heritable as the estimates range between 0.34 and 

0.49  Le Bihan-Duval et al. (2001; 2008). However, for 

commercial turkey lines, low heritability estimates for 

pHU in the breast muscle ranging from 0.12 to 0.21 were 

reported by Le Bihan-Duval et al. (2003).  

Meat pH plays a key role in determining the color of 

poultry meat. According to Fletcher (1999), muscle pH 

was primarily influenced by the biochemical condition of 

the muscle at the time of slaughter. As a result, pHu and 

L* values showed stronger direct additive genetic effects 

compared to other traits studied. This suggests that these 

traits may respond well to selection, as their expression 

was largely driven by additive genetic factors. 

The h
2
 estimated for water-holding capacity (WHC) 

was 0.29, closely matching the findings of Rance et al. 

(2002). However, the h
2
 estimates for cooking loss, at 0.31 

and 0.35, differed from those reported by Zerehdaran et al. 

(2012) and Le Bihan-Duval et al. (2008). In terms of 

cooking loss and drip loss, the h
2
 estimates of 0.27 and 

0.21, respectively, were higher than those observed in 

broilers for these traits, as noted by de Gaya et al. (2011). 

Table 2 showed that the h
2
 estimates for breast meat 

color traits, including L*, a*, and b*, were 0.32, 0.28, and 

0.33, respectively. Oguz et al. (2004) and Gevrekci et al. 

(2009) reported h2 estimates for L*, a*, and b* at 0.23 and 

0.24, 0.45 and 0.35, and 0.22 and 0.15, respectively. 

Additionally, Le Bihan-Duval et al. (2001; 2008) 

demonstrated that breast meat color traits were notably 

heritable, with h
2
 values ranging from 0.25 to 0.81 in 

broiler chickens. These estimates indicated that heritability 

for meat quality traits ranges from moderate to high, 

emphasizing the significance of genetic selection in 

improving meat quality traits in Japanese quail, 

particularly L*, which was the primary determinant of 

meat color in this species 

 

Least square means 

Table 3 shows the BW of the two Japanese quail 

strains. Noticeable significant variations were noticed (p < 

0.05) between the means of BW and BWG of the two 

Japanese quail strains. The white quail had the highest BW 

(226.7 g) compared to that of the brown quail (195.2 g) at 

6 weeks of age.  

On the contrary, Inci et al. (2015) reported that the 

BW did not vary between different quail strains on the 

first day of post-hatch. White plumage Japanese quail 

showed the highest BW compared with the brown strain. 

Ojo et al. (2014) revealed that the BW of white quails was 

higher than of brown plumage quails at weeks 2 and 4 of 

age. Islam et al. (2014) also reported that the white 

plumage strain of quail had a greater body weight (BW) at 

5 weeks of age compared to the brown strain. These 

differences may be attributed to two factors involved 

firstly, the effect of recessive gene action, which tends to 

have a depressive impact on BW, particularly in black and 

brown quails (Minvielle et al., 2007); and secondly, the 

enhanced feed conversion efficiency and reduced 

mortality rate observed in the white strain (Islam et al., 

2014). However, inconsistent findings have been reported 

in the literature on the variations of BW among Japanese 

quails with different plumage colors. Several studies 

reported significant differences (Genchev et al., 2008), 

while some studies showed no differences (Mahmoud et 

al., 2014). The present results were consistent with studies 

that demonstrated significant differences in the body 

weight of quails with varying plumage colors, except on 

the first day of age. 
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Table 3. The Least squares mean (± Standard error) of body weight, carcass traits, and meat quality in two quail strains 

                                                             Quails with different plumage color 

Trait 
White Brown p-value 

Body weight (g) 

BW at 0 week 7.40 ± 0.78 7.30 ± 0.78 0.320 

BW at 3 weeks 119.4 ± 3.56a 101.3 ± 3.21b 0.001 

BW at 6 weeks 226.7 ± 5.31a 195.2 ± 4.62b 0.001 

Weight gain from 3 to 6 weeks 105.4 ± 3.1a 92.6 ± 2.32b 0.001 

Carcass traits (g) 

Slaughter weight 218 ± 6.52a 187 ± 6.52b 0.001 

Carcass weight 180 ± 4.69a 151 ± 4.69b 0.001 

Liver weight 6.10 ± 0.75a 5.62 ± 0.75b 0.001 

Gizzard weight 5.72 ± 0.64a 4.96 ± 0.64b 0.001 

Heart weight 2.32 ± 0.21a 1.86 ± 0.21b 0.001 

Carcass yield (%) 82.3 ± 3.84a 81.4 ± 3.84b 0.015 

Meat quality  

Ultimate pH 6.22 ± 0.59 6.10 ± 0.59 0.081 

WHC (%) 26.21 ± 2.23a 25.14 ± 2.23b 0.041 

Drip loss (%) 2.12 ± 0.21b 2.30 ± 0.21a 0.031 

Cooking loss (%) 23.74 ± 2.59b 24.62 ± 2.59a 0.013 

Lightness (L*) 48.20 ± 5.63a 46.61 ± 5.63b 0.001 

Redness (a*) 7.38 ± 0.63b 7.74 ± 0.63a 0.001 

Yellowness (b*) 9.40 ± 0.91a 9.17 ± 0.91b 0.021 
a,b Means in the same row with different superscript letters are significantly different at p < 0.05 

 

Table 3 presents the carcass traits of the two different 

quail strains. High Significant differences (p < 0.05) were 

shown between the means of the two strains of quails for 

traits of slaughter weight, carcass weight, carcass yield, 

liver, gizzard, and heart weight. The white plumage quails 

recorded the highest slaughter and carcass weights, liver, 

gizzard, heart, and carcass yield, compared with those of 

the brown plumage quails (Table 3). This variation 

between the two strains could be related to the variance in 

BW at slaughter, which was influenced by intrinsic factors 

such as genotype. Nasr et al. (2017) described that carcass 

traits varied between Japanese quail strains. Inci et al. 

(2015) revealed that carcass characteristics were 

significantly affected by the feather colors of Japanese 

quails. In the current study, white quail recorded the 

heaviest slaughter and carcass weights (218 and 180 g, 

respectively), which was out of the range of those reported 

by Kaye (2014) and Sabow (2020). 

The CY of Japanese quail was influenced by several 

factors such as strain, line, gender, and slaughter age of 

chicks (Genchev et al., 2008). A higher CY of Japanese 

quail was indicative of their exceptional efficiency 

capacity for meat production. Kaye (2014) reported that 

the percentages of CY ranged between 72-88.1%, which 

agrees with those reported in the current study for white 

(82.3%) and brown (81.4%) quails. However, Caron et al. 

(1990) presented lower values of CY percentage (67–

70%) for Japanese quail, compared to those reported in the 

current study. In general, means of liver, gizzard, and 

heart weights in white (6.10, 5.72, and 2.32 g) and brown 

(5.62, 4.96, and 1.86 g) quails were higher than the range 

of 2.19-6.63, 2.2-5.53 g and 1.1 and 4.3 g, respectively, 

reported by Kaye (2014) and Nasr et al. (2017). These 

findings could be related to the variation of BW, which 

affects the internal organs weight (Kanlisi et al., 2024 ). 

The current study revealed a significant difference in all 

meat quality estimates between Japanese quail with 

different plumage colors. The white quail strain had the 

highest PhU, WHC, L*, and b* with the lowest level of 

DL, CL, and a* compared to the brown quail strain (Table 

3). The PhU of meat for both white and brown quail strains 

fell within the reported range of 5.30-6.58 for Japanese 

quail (Genchev et al., 2008; Narinc et al., 2013; Sabow, 

2020). Barbut (1997) noted that a decrease in meat pH 

levels leads to reduced water-holding capacity (WHC) and 

tenderness, causing the meat to become pale, soft, and 

exudative, and it increases the percentage of cooking loss. 

In the present study, the meat from white plumage quails 

demonstrated a higher WHC compared to that of brown 

plumage quails. However, the detected levels of both 
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strains were approximately similar to those levels for 

breast muscles (21.68-22.39) and thigh muscles (25.08-

26.91) reported by Genchev et al. (2008), Ribarski and 

Genchev (2013) and higher than the levels (17.7-20.3) 

reported by Kaye (2014). The present study showed that 

the CL percentage was within the range (19.9-21.5%) 

reported in the literature (Zerehdaran et al., 2012), with the 

lowest CL percentage observed for white plumage quail 

strain. In contrast, other studies reported higher CL 

percentages ranging from 13.7 to 34.2% (Narinc et al., 

2013) and 27.3 to 31.1% (Kaye, 2014) compared to the 

findings reported in this study. The present study showed 

Japanese quail strain has a significant influence on drip 

loss, where the white plumage quail strain recorded the 

lowest drip loss compared with the brown plumage strain, 

hence better meat quality for the white quail strain. 

 

Amino acid profile  

The content of protein and amino acids profile of 

breast muscle meat from both Japanese quail strains was 

illustrated in Table 4. The total protein content of Japanese 

quail breast meat revealed highly significant differences (p 

< 0.05) based on the strain.  In this study, the total protein 

content observed was slightly higher than the values 

reported by Genchev et al. (2008), who found protein 

levels of 22.23 g in quail breast. Additionally, the amino 

acid profiles of both Japanese quail strains closely 

resembled those reported by Genchev et al. (2008), with 

the white plumage quail displaying the highest amino acid 

levels.  

The current study showed that lysine and glutamic 

acid levels were the highest, while threonine and 

methionine levels were the lowest. These findings agree 

with those reported by Nasr et al. (2017) and Sabow 

(2020). The current study showed that white plumage 

quail exhibited the heaviest BW and superior carcass traits 

and meat quality. These findings contrast with the findings 

of Zerehdaran et al. (2012) who revealed that selecting 

Japanese quail for heavier BW and better carcass 

composition could decrease the meat quality. 

 

Table 4. Total protein and amino acid profile of breast and thigh muscle in two quail strains 

                                           Quails with different plumage color 

Trait 
White Brown MSE p-value 

Indispensable amino acids (g/100 g protein)  

Lysine 2.41a 2.16b 0.18 0.001 

Leucine  2.12a 2.04b 0.19 0.021 

Isoleucine  1.77a 1.39b 0.05 0.011 

Valine 1.27a 1.18b 0.05 0.001 

Threonine 1.11a 0.93b 0.04 0.024 

Methionine  0.84a 0.63b 0.03 0.025 

Phenylalanine  1.13a 0.88b 0.07 0.001 

Total  10.65a 9.21b 1.25 0.012 

Dispensable amino acids (g/100 g protein)  

Glycine  1.15a 0.95b 0.04 0.001 

Tyrosine  2.42a 2.13b 0.08 0.032 

Serine  1.32a 1.19b 0.05 0.001 

Aspartic  2.18a 1.89b 0.07 0.021 

Glutamic  3.37a 3.04b 0.31 0.001 

Alanine  1.17 1.08 0.08 0.031 

Arginine  1.61a 1.47b 0.06 0.001 

Total  13.22a 11.75b 2.10 0.021 

  
a, b

 Means in the same row with different superscript letters are significantly different at p < 0.05. MSE: Mean standard error. 

 

Genetic correlations 

Table 5 displayed the genetic correlation (rg) 

estimates between body weight (BW) and various carcass 

traits concerning meat quality traits. Generally, these 

correlations were low. Specifically, rg estimates between 

BW and carcass traits with pHu and water-holding 

capacity (WHC) ranged from -0.05 (for HW) to 0.15 (for 

CW), showing both positive and negative correlations. 

Notably, low genetic correlation was observed between 

WHC and BW or carcass traits, suggesting that WHC 

might be lower in quails with higher carcass and breast 
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yields, as noted by Van Laack et al. (2000) and Le Bihan-

Duval et al. (2001). Low positive genetic correlation 

estimates were discovered between drip loss with BW, 

CW, and CY (0.04, 0.07 and 0.17). Color parameters 

exhibited both negative and positive genetic correlations 

with body weight (BW) and carcass traits, with rg values 

ranging from -0.02 to 0.32. Berri et al. (2001) reported that 

selecting broilers for increased breast meat yield was 

linked to lower ultimate pH and reduced drip loss, The 

same researchers, along with Zerehdaran et al. (2012), 

observed that there was generally a low or negative 

genetic correlation between BW and color parameters, 

although a strong association was found between BW and 

the L* value (Le Bihan-Duval et al., 2001; 2003). 

 
Table 5. Estimates of genetic correlations among body weight and carcass traits with meat quality traits in two quail strains 

Trait PHu WHC DL CL L* a* b* 

BW6 -0.11(0.02) -0.24(0.10) 0.04(0.02) -0.08(0.01) -0.06(0.02) -0.04(0.02) -0.24(0.04) 

CW 0.08(0.01) 0.15(0.09) 0.07(0.01) 0.19(0.07) 0.10(0.03) 0.09 (0.02) 0.32(0.09) 

CY 0.04(0.03) 0.11(0.06) 0.17(0.06) -0.17(0.02) -0.08(0.02) 0.14 (0.06) -0.27 (0.05) 

LW -0.09(0.03) -0.15(0.08) -0.10(0.04) -0.31(0.11) 0.17(0.06) -0.02(0.01) 0.06(0.02) 

GIZ -0.05(0.06) -0.32(0.11) -0.09(0.03) -0.20(0.07) -0.17(0.08) -0.18(0.03) -0.12(0.08) 

HW -0.19(0.02) 0.06(0.01) -0.21(0.02) -0.19(0.08) -0.11(0.05) 0.09 (0.03) -0.30(0.03) 

BW6: Body weight at 6 wks, CW: Carcass weight, CY: Carcass yield, LW: Liver weight, GIZ: Gizzard weight, HW: Heart weight, pHu: Ph Ultimate, WHC: 
Water Holding Capacity (%), DL: Drip loss (%), CL: Cooking loss, L*: Lightness, a*: Redness, b*: Yellowness.  

 
CONCLUSION  

 

White quails exhibited the heaviest body weight and the 

best carcass traits. Carcass and meat quality traits of 

Japanese quail were highly heritable, indicating that these 

traits could have been enhanced through genetic selection. 

Moreover, selecting for higher body weight and carcass 

traits in Japanese quail may have negatively impacted 

meat quality by reducing redness and ultimate pH, while 

increasing lightness, cooking loss, and yellowness of the 

meat. Therefore, it was essential to consider meat quality 

traits alongside performance traits in the selection index to 

preserve high-quality meat products in Japanese quail. 
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