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Abstract  The effect of genotype, sex and hatch on carcass traits and physical characteristics of
eggs was investigated in the Japanese quail. Two strains of Japanese quails including the White (P1)
and Wild (P2) genotypes were chosen as the parental generation and crossed reciprocally (10 single-
pair mating) to create the F1 progeny. The F1 birds (27 males and 81 females) were mated randomly
to produce the F2 progeny (1320 birds). The White and Wild birds were simultaneously reared with
F1 and F2 birds as control groups. The statistical model included the fixed effects of the genetic
group, sex and hatch. Orthogonal comparisons were used to test the observed heterosis including the
F1:P1+P2; F2:P1+P2 and F1+F2:P1+P2. The effect of sex on slaughter weight and carcass percent-
age was significant (P < 0.01). Slaughter weight was higher in females than in males. Effects of ge-
netic group and hatch on the egg weight were significant (P < 0.05). The genetic effects on slaughter
weight, carcass weight and carcass percentage were also significant (P < 0.01). The F1 progeny had
the highest slaughter weight and carcass weight but the carcass percentage of F1 birds was lower than
that of F2 birds. The F1 birds performed better than the average of the parental strains showing het-
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erotic rates of +10.09 and +8.56% for slaughter and carcass weights, respectively.
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Introduction

Japanese quails (Coturnix japonica) are small bod-
ied birds with high potential for production because of
their short generation interval, adaptability to rearing
conditions and high genetic polymorphism (Kayang et
al., 2004). Quail meat is lean and both eggs and meat
are low in cholesterol (Garwood and Diehl, 1987).
Therefore, rapid multiplication of these birds makes
their meat and egg readily available for human con-
sumption with little risk of public health implications.
Kawahara and Saito (1976) estimated the genetic pa-
rameters of organs and body weights in the Japanese
quail. Toelle et al. (1991) estimated genetic and pheno-
typic relationships between body weight, carcass and
several internal organs. Minvelle et al. (1999) reported
on the carcass characteristics of a heavy Japanese quail
line under introgression with the roux gene.

Seizai et al. (2010) found that sex had a significant
effect on carcass weight and females had higher car-
cass weight than males; carcass yield was 75.5% for
females and 73.4% for males. Panda and Singh (1990)
reported a slaughter yield of 65.2% for males and 66%
for females at the age of 35 days. Almeida et al. (2002)

studied the growth performance of two lines of quails
under two nutritional conditions. Marks (1993) report-
ed the effects of long-term selection for four-week
body weight on carcass composition, feed intake and
feed efficiency. The effect of separate and mixed rear-
ing of male and female Japanese quails (Coturnix ja-
ponica) on fattening performance and carcass charac-
teristics was studied by Selim et al. (2006) who report-
ed higher carcass quality and lower feed conversion
ratio in female than in males.

Farooq et al. (2001) considered egg and shell
weight as the two most important factors affecting
hatchability, provided that management is not a limit-
ing factor. Egg weight of the Japanese quail is approx-
imately 10 grams (Woodard et al., 1973). Egg quality
traits are affected by factors such as genetics (Hermiz
and Ali, 2012 ; Rajkumar et al., 2009), nutrition (Gugcli
et al., 2008), bird origin (Lewko and Gornowicz,
2009), and rearing conditions (Holt et al., 2010). Egg
morphology and quality is also influenced by age
(Genchev, 2012; Nowaczewski et al., 2010; Philomina
and Pillai Ramakrishna, 2000). Many researchers have
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reported significant genotype differences related to
egg weight (Monirak et al., 2003; Anderson et al.,
2004). There is no published work on the combined
effects of the genotype, sex and hatch on carcass traits
and physical characteristics of eggs in Japanese quail;
therefore, this study was conducted to investigate the
effect of the genotype, sex and hatch on these traits and
to estimate the heterotic rates for carcass traits.

Materials and Methods

This study was carried out at the Livestock Re-
search Center of Shahid Bahonar University of Ker-
man, Iran. A three-generation resource population was
developed by using two distinct Japanese quail strains,
wild (meat type) and white (layer type). The white (S)
and wild (W) founder strains (10 males and 10 fe-
males) were crossed to produce F1 parents. The F1
birds including 27 males and 81 females (SW and WS)
reciprocal half of cross progeny were generated by S
male x W female and W male x S female reciprocal
crosses, respectively. The F; birds were intercrossed,
generating 1320 F, offspring in five consecutive hatch-
es. The parents were kept in group cages and fed a lay-
er diet ad libitum. The F2 progeny were raised for 5
weeks in an environmentally controlled room with
continuous artificial lighting and at a temperature
which was decreased gradually from 37 to 25°C. The
progeny received water and a mash starter diet (0-21
days) and a mash growing diet (22-35 days) ad libi-
tum. Traits measured on carcass included weight be-
fore slaughter, carcass weight, carcass percent, carcass
parts and internal organs.

Good-shaped and sound shelled-eggs were selected
to be hatched. Cracked, odd-colored and other abnor-
mal eggs were excluded. The collected eggs were
numbered according to the genotype and kept for sev-
en days at 15 - 20 °C and a relative humidity of 75 -
80%. The eggs were incubated for 15 days at a temper-
ature of 37.8 °C and a relative humidity of 63%. The
eggs were individually transferred to hatchery trays in
an incubator that was maintained at 37 °C and at a rela-
tive humidity of 74% until hatching. During incuba-
tion, the eggs were turned automatically every hour. At
the end of the incubation period all un-hatched eggs
were checked for fertility, where 2300 eggs from each
group (parental strains and F1) were sampled. The egg
width and length, egg, yolk, albumen, and dried shell
weight, and egg shape index were measured.

Data on slaughter weight, and carcass weight and
percentage from 675 birds from four genetic combina-
tions [pure wild (P2), pure white (P1), F1 and F2] and
eight different hatches were used. Orthogonal compari-
sons were used to test the observed heterosis including
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the F1:P1+P2; F2:P1+P2 and F1+F2:P1+ P2.

The following main model was used to determine
the effect of genotype, sex and hatch on carcass traits
and physical characteristics of the eggs:

Yijm= K +Si+Vj+ Ni+eijm

)

where, Yijm is the observed phenotype of the individu-
al m; W is the population mean; s', V! and h* are the ef-
fect of i" sex (for carcass traits), j" genotype and k"
hatch on carcass traits and physical characteristics of
eggs, respectively, and ejjxm is the random residual er-
ror. The two-way interactions between the genotype
and sex were also determined for several traits. All
descriptive statistical analyses were conducted using
ASReml (Gilmour et al., 2006), and the residuals were
checked for normality. The Duncan’s multiple range
test was applied when a factor affected a trait signifi-
cantly.

Results and Discussion

The effects of genotypes on slaughter weight, car-
cass weight and carcass percentage are shown in Table 1.

Table 1. Effect of genotype on slaughter weight, carcass
weight and carcass percentage in quails (LSM+SE)

Genotype Carcass Carcass Slaughter
group percentage weight weight

F1 67.0£0.34° 126.7 £ 1.57° 189.5 + 2.22°
F2 69.3+0.16° 1152 +0.74° 166.1 + 1.05"

Pure white (P1) 67.0 +0.67° 108.6 + 3.04°°161.2 + 4.28™
Pure wild (P2) 68.6 + 0.38" 124.8+1.76* 183.1+2.47°
a,b,c: Means in each column with a common superscript do not
differ significantly (P > 0.05).

Mean slaughter weight was 167.9 g and the effect of
genetic groups, sex and genotype by hatch interactions
were significant (P < 0.0001). Orthogonal comparisons
of F1:P1+P2; F1:F2 and F2:P1+P2 were significant (P
< 0.05). A positive heterosis (+10.09%) was observed
for F1:P1+P2 slaughter weight, but heterosis of F1:F2
and F2:P1+P2 were negative, being -12.36% and -
3.51% respectively. Among four different genetic
groups of quails, the highest weight was found in F1
and the lowest weight in pure white. Mean carcass
weight for all genetic groups was 115.7 g, and the ef-
fect of genetic group, sex and genotype-hatch interac-
tions on carcass weight was significant (P < 0.0001).
Orthogonal comparisons of F1:P1+P2 and F1:F2 for
carcass weight were significant (P < 0.0001) but not
for F2:P1+P2. For carcass weight, the observed hetero-
sis of F1:P1+P2 was positive and amounted to +8.56%,
but negative heterosis (-9.03%) was found for F1:F2.
Mean carcass percentage was 69% and the effects of
genetic group, sex and genotype- hatch interactions on
carcass percentage were significant (P<0.0001).
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Table 2. Effect of hatch on slaughter weight, carcass
weight and carcass percentage in quails (LSM+SE)

Table 3. Effect of sex on slaughter weight, carcass weight
and carcass percentage in quails (LSM=*SE)

Slaughter Carcass Carcass Slaughter Carcass Carcass
Hatch : : Sex : .
weight weight percentage weight weight percentage
1 171.2 £3.64*  119.0 £ 2.45 69.6 + 0.54° Female 181.0+2.41* 120.7+1.69 67.0 £ 0.38°
2 161.6+155° 111.2+1.09°  68.8+0.24° Male  173.0+1.88  119.0+1.09 68.9 +0.29
3 159.2+147° 112.2+1.04° 70.4 +0.22° a: Significantly different from male (P < 0.01)
4 172.8+1.80° 118.7+1.27° 68.7 +0.28" . .

a,b,c: Means in each column with a common superscript do not
differ significantly (P > 0.05).

The highest carcass percentage was found in F2
(69.4%) and the lowest one in pure wild (67.1%). Or-
thogonal comparisons of F1:F2 and F2:P1+P2 for car-
cass percentage were significant (P<0.01) and the ob-
served heterosis amounted to +3.39 % and +2.25%
points, respectively.

Genotype-phenotype correlations for body weight,
carcass weight and other organs were reported by
Toelle et al. (1991). In addition, Vali et al. (2005)
found significant differences in two quail strains for
carcass weight, carcass percentage, and breast and fe-
mur weight. Our data supports these findings.

The effects of hatch, sex and interaction effects of
genotype and sex on slaughter weight, carcass weight
and carcass percentage are given in Tables 2, 3 and 4,
respectively. Females were heavier than males at
slaughter (P < 0.0001). The genetic group and sex of
significantly affected the carcass weight (P < 0.0001),
and the interaction between genotype and sex was also
significant (P < 0.05). Effects of genetic group, sex and
interaction between genotype and sex were significant
(P < 0.01) on carcass percentage. Males had higher
carcass percentage than females (P < 0.0001). Slaugh-
ter weight was higher in females than males. These
findings are in agreement with data reported by Vali et
al. (2005). In agreement with the findings of Satoru Ok-

and sex was significant for carcass weight, slaughter
weight and carcass percentage in the present study.

In this study, the relative weight of intestines to the
carcass weight and the intestinal weight in the F2
birdswere 29.1% and 13.2 g, respectively, and were
significantly affected by the hatch and sex (P <
0.0001). The mean breast weight and breast percentage
were 22.0 g and 29.2%, respectively, and were affected
by the gender of the bird (P < 0.0001). The mean liver
weight, liver percentage, heart weight and heart per-
centage were 3.3 g, 4.7 %, 0.83 g and 1.1%, respec-
tively; these were significantly affected by the hatch
and gender (P < 0.0001). Vali et al. (2005) reported a
significant genotype effect on carcass weight, carcass
percentage, breast weight, and femur percentage in
Japanese (Coturnix japonica) and Range (Coturnix
ypisilophorus) quails. The observed effects of the gen-
der on carcass traits found in the present work are in
accord with those reported by others (Caron and
Minvielle, 1990; Toelle et al., 1991; Minvielle et al.,
1999).

The effects of hatch and genotype on physical char-
acteristics of eggs are presented in Tables 6 and 7. The
mean egg weight across different genetic groups was
11.50 g. Egg weight in the first hatch was higher than
in other hatches. The estimated mean egg weight in
this study was lower than the estimate of 12.90 g re-
ported by Yannakopoulos and Tserveni-Gousi (1986)

Table 4. Interaction effects of genotype and sex on slaughter weight, carcass
weight and carcass percentage in quails (LSM+SE)

Sex Genotype Slau_ghter Car_cass Carcass
group weight weight percentage
Female F1 193.1 + 3.31° 126.1 + 2.30° 65.7 + 0.51°
F2 181.4 + 2.48° 124.6 + 1.72° 69.1 + 0.38°
pure white (P1)  161.3 +5.34° 107.4 + 3.82° 65.9 + 0.85"
pure wild (P2)  188.3 + 4.89® 124.7 + 3.48° 67.1+0.78"
Male F1 182.6 + 3.07" 125.6 + 2.13? 68.7 + 0.47°
F2 168.6 + 2.47° 117.2 +1.71% 69.9 + 0.38°
pure white (P1)  162.2 +5.62° 110.4 + 3.92° 68.0 £ 0.87°
pure wild (P2)  178.4 +2.92™ 122.9 + 2.03% 69.2 + 0.45°

a,b,c: Means in each column with a common superscript do not differ significantly (P > 0.05).
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Table 5. Effects of sex on carcass parts and internal organs in quail (LSM+SE)

Brest % Brgast Femur % Fer_nur Head % He_:ad Intestine % Inte§t|ne
weight weight weight weight
Sex ns ns ns ns * * * *
Female 29.1+028 222+049 247+026 19.0+044 91+0.09 6.3+0.07 197+0.32 141+026
Male 29.1+0.27 21.8+047 248025 187+043 93+0.09 6.6+007 180031 123%025
Overall 29.1+0.23 220+039 248021 188+035 92+0.07 64+006 188+026 13.2+021
Testis % Te_s ts Ovary% Ov_ary Back % Ba}Ck Liver % Llyer
weight weight weight weight
Sex ns ns * *
Female 1.1+£027 14+033 121+013 9.3+x020 49+0.07 3.6+0.07
Male 2.0+0.80 2.3+0.12 119+0.12 89+0.19 44+006 3.0+0.07
Overall 2.0+0.80 23+012 11+027 14+£033 120+0.10 9.1+016 47+005 3.3+0.05
Neck % vaeGi};Et Heart % V'\;';gﬁt Wing % v\v/gllgﬁt
Sex ns ns ns ns ns ns
Female 5.9 +0.08 43+0.08 1.0+0.02 08%0.02 11.7+2.76 8.4+3.04
Male 5.8 +0.07 43+0.08 11+0.01 08%002 142+266 11.2+294
Overall 5.8 +0.06 43+0.07 11+0.06 08001 129+222 98+245

*: Significant effect of sex (P <0.01) ; ns: not significant

but higher than 10.60 and 9.81 reported by Gonzalez
(1995) and Wilson and Huang (1962), respectively.
We found significant differences (P < 0.05) in egg
weight between pure white (P1) and pure wild (P2) but
the heterosis on egg weight for F1 compared with the
mean of the pure strains (P1 and P2) was not signifi-
cant. The minimum and maximum egg weights report-
ed (Vali et al., 2006) for Japanese quail (Coturnix ja-
ponica) and Range quail (Coturnix ypisilophorus) were
7.08 and 13.84 g, respectively. However, these records
were 7.01 and 13.84 g for the Range quail. Significant
effects of genetic group and hatch on egg weight were
reported by Punya Kumari (2008).

The mean egg length was 32.3 mm, confirming the
estimate reported by Gonzélez (1995). The effect of
genetic group on egg length was significant (P < 0.05).
Egg length in the pure wild (P2) was higher than in
white (P1) and F1 (P < 0.0001) but no significant het-
erosis was found for this trait. The overall means of the

egg width and shape index were 25.5 mm and 79.0,
respectively; genetic group and hatch did not affect
these traits. The mean eggshell weight was 1.6 g and
was significantly affecetd by the genetic makeup (P <
0.05). The mean eggshell thickness was estimated at
1.05 mm. The highest mean eggshell thickness was
found in the first hatch (P < 0.05). The mean albumen
and yolk weights were 5.7 g and 3.9 g, respective-
ly.Albumen and yolk weights in the first hatch were
higher than those of subsequent hatches. There was a
significant difference between pure white (P1) and
pure wild (P2) for these traits (P < 0.0001). The mean
hatching weight was 7.5 g, being affected by the genet-
ic makeup (P < 0.05). Orthogonal comparison of
F1:P1+P2 was significant for hatching weight (P <
0.05) and amounted to +4.63%. In conclusion, signifi-
cant effects of hatch, sex and genetics on carcass com-
position were recorded in quails. While diversity in egg

Table 6. Effects of hatch on physical characteristics of eggs in quail (LSM*SE)

. Eggshell

Hatch We?g;]'tk(g) V':ea}gcg‘t”(‘g) er%gfft‘e(g) v/\;\engUhT((eg) thi((r:TI]<rrT1](;ss Shape index Egg length Egg width Egg weight
1 3.7 +0.07° 5.6+0.10* 1.0+0.01° 11.5+0.21°
2 3.6 +0.07° 55+0.09° 1.0+0.01° 11.2+0.21°
3 3.6 +0.08 5.4+0.10° 1.0+0.02° 11.1+0.22°
4 3.7+0.07° 7.4+0.07 15+0.09 55+0.09° 1.0+0.01° 79.8+0.46 32.0+0.15 255+ 0.11 11.3+0.20°
5 3.7+0.05° 7.4+0.05 15+0.00 56+0.06" 1.0+0.01° 78.8+0.33 32.2+0.10 25.4+0.08 11.3+0.14°
a,b: Means in each column with a common superscript do not differ significantly (P > 0.05).
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Table 7. Effect of genotype group on physical characteristics of eggs in quail (LSM+SE)

. Eggshell
Yolk Hatching Eggshell  Albumen ; Shape Egg Egg Egg
Genotype group weight (g) weight (g) weight (g) weight (g) thz(;:\(r?gss index length width weight
F1 3.840.03® 5.4+0.28% 1.4+0.03" 5.6+0.05® 1.0+0.00 79.8+0.60 32.1+0.19° 25.6+0.15 11.5+0.10%
Pure white (P1) 3.5+0.09° 4.9+0.28" 1.3+0.03* 5.3+0.12% 0.9+0.02 79.5+0.48 31.8+0.15% 25.2+0.12 10.8+0.26
Pure wild (P2) 3.7+0.08" 5.3+0.28% 1.4+0.03* 5.6+0.10° 1.0+0.02 78.6+0.36 32.5+0.11* 25.5+0.09 11.4+0.22"

a,b: Means in each column with a common superscript do not differ significantly (P > 0.05)

egg characteristics may result from differences in age,
feeding methods and other management practices, the
genetic effect is also a major source of variation for
these traits.
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