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ABSTRACT

This experiment was conducted to study the genetic estimates for body weight and some
economic important traits in Japanese quail from a foundation stock of 784 chicks, which
were sexed at day 21. Selected birds of 50 sires and 150 dams based on body weight were
used as parents Gy (Unselected generations) for the next generation. Data were collected over
two consecutive hatches for G ( selected generation one) and G, ( selected generation two)
and records collected at day 35, 42, 49 and 56 from males and females to determine the effect
of selection on age and body weight at sexual maturity; the trend of growth in body weight,
body length, egg quality characteristics, egg production, carcass traits in generations, sex and
age of Japanese quail; the effect of sex and age on breast meat quality of Japanese quail; the
rate of genetic improvement in reproductive traits, body weight, egg traits, carcass traits,
mineral and chemical composition of meat in Japanese quail and the genetic parameters (h?)
based on individual selection for body weight at different ages, reproductive, egg production,
minerals, chemicals, and carcass traits of Japanese quail. The results indicated that sexual
maturity characteristics in female Japanese quail such as age at sexual maturity, body weight,
egg weight, follicle size, oviduct weight, ovary weight, pectoral major weight and abdominal
fat weight varied significantly (P< 0.05 — 0.01) with selection. Also in males body weight
at day 35, age at sexual maturity, body weight, testicular weight, pectoral major weight and
abdominal fat weight varied significantly (P< 0.05—0.01) with selection. Live body
weight, body dimensions, carcass traits in males and females after selection increased
between, age and sex at day 35, 42, 49 and 56 in both males and females birds. At day 56,
carcass weight, % carcass weight, abdominal fat weight, % abdominal fat weight, breast
weight, drumstick + thigh weight, % drumstick + thigh weight, back bone weight, % back

bone weight and body length and body part lengths also improved with selection. Females

XV



had higher part weights than males (P< 0.05 — 0.01). Egg quality traits increased with
generations and as birds advanced in age so also did the meat quality of Japanese quail
affects both the males and females water holding capacity, cooking loss, lightness, chroma
colour and as birds advances in age it affects the % drip loss of the meat, cooking loss,
lightness and chroma colour significantly (P< 0.05 — 0.01). It can be deduced from the
result that there was genetic improvement in body weight, growth rate of shank length,
sexual maturity in males and females traits, reproductive traits, egg traits, carcass weight,
minerals and chemical composition in meat of Japanese quail. Japanese quail shows
improvement in body weight, parts and dimension in both sexes, but females were heavier
than males possibily because of their genetic make-up. Selection increase egg size with
advances in age but decreases egg shell. The realized heritability for carcass weight, mineral
composition and chemical composition ranged mostly between 0.38 to 0.08. However, the
realized heritability estimates for body weight at day 35 and 42, egg quality traits, egg
production traits were high, therefore, Breeders can select for those traits because of their

genetic merits.
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CHAPTER ONE
1.0 INTRODUCTION

Japanese quail (Coturnix coturnix japonica) has become a pilot animal in the field of
research. This is due to its fast growth rate, early sexual maturity, high rate of egg
production, short generation interval, less feed and space requirement, easy maintenance,
resistance to many avian diseases and potential source of meat and egg (Ajay-Kurma et al.,
2000; Akpa et al., 2008). However, despite the numerous advantages over other poultry
birds, its breeding programme has not been fully exploited in Nigeria. In order to establish a
breeding programme, it is essential to estimate genetic parameters for improving traits that
are of economic value. The scale of the genetic parameters could show the amount of

improvement deriavable by selection.

Some estimates of genetic parameters for various traits of domestic Japanese quail
have been reported by several workers (Kawahara and Saito, 1976; Toelle et al., 1991;
Minvielle et al., 1999; 2000; Akpa et al., 2006; 2008). Knowledge of the heritability of traits
is essential for understanding how individual characteristics change from one generation to
another in response to selection (Falconer and Mackey, 1996). Studies of heritability have
mostly focused on the estimation of genetic parameters for growth, especially under different
selection environments (Anthony et al., 1996; Marks, 1996; Saatci et al., 2003). However
selection rarely operates on only one trait at a time hence, if there is a genetic correlation
between traits under selection, the overall response to selection will change according to the
heritability of the traits examined, and strength and sign of the genetic covariance among

them (Jensen et al., 2003).



The Japanese quail is a sexually dimorphic bird with females having a larger body
size than males, unlike other poultry species; and females require more time to reach sexual
maturity than males (Reddish et al., 2002). The differences in growth pattern between the
sexes are also a well- known phenomenon (Balcioglu et al., 2005; Sezer and Tarhan, 2005).
Sexual dimorphism is believed to evolve under the pressure of natural sexual selection,
which implies that genes controlling sexually dimorphic characteristics differ between
females and males (Mignon-Grasteau et al., 2004). Therefore, it has been suggested that
genetic parameters for male and female Japanese quails be estimated separately (Sefton and
Siegel, 1974), otherwise, it would be assumed that genetic correlations between male and
female traits are equal to one and variances of both traits are equal, which is not often the

case.

Variations in live body weights of Japanese quail at 35, 42, 49 and 63 days of age
showed that females had heavier body weight than males (Kawahara and Saito, 1976; Caron
and Minvielle, 1990; Baumgartner, 1994; Minvielle et al., 2000). Carcass weight, breast
weight, breast percent and thigh weight are higher in females than males (Caron and
Minvielle, 1990; Toelle et al., 1991; Minvielle et al., 1999; 2000). Males showed higher
percentage of carcass weights than females (Caron and Minvielle, 1990; Minvielle, et al.,
2000). Birds slaughtered at 63 days of age had higher carcass weight compared to those
slaughtered at 46 days but breast weights and breast percentage were not affected (Vali et al.,

2005).

Meat pH is one of the major contributing factors to poultry meat colour. Research
conducted by Oguz et al. (2004) showed that animal model heritability estimate for pH in
Japanese quail was 0.48. The authors equally indicated that the heritability of colour
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characteristics in Japanese quail, namely Brightness (I), Redness (a) and Yellowness (b),
estimated from animal model was 0.23, 0.45 and 0.22, respectively. Variation in pH
significantly affected the storage and processing quality of poultry meat by modifying its
water holding capacity and properties (Kijowski and Niewiarowicz, 1978; Daum- Thunberg
and Sales et al., 1997; Barbut, 1997). Low pH meat is characterized by low water-holding
capacity and poor quality and is usually referred to as pale, soft and exudative (PSE) meat
(Barbut, 1997; Kijowski and Niewiarowicz, 1978). High pH meat, known as dry, firm and
dark (DFD), presents poor storage quality due to faster rate of off- odor production and

accelerated microbial growth (Allen et al., 1997).

Carcass composition of Japanese quail is known to be influenced by dietary protein
(Kim and McGinnis, 1976; Annaka et al., 1993; Marks, 1993; Hussein et al.,1996;
Hashiguchi et al., 1998). Lilburn and Mayer-Miller (1990) suggested that body fat and
protein deposition increased and decreased, respectively by decreasing dietary protein level
in broiler breeder hens. Kilkpinar and Oguz (1995) stated that feeding low protein diets

increased carcass fat content and decreased carcass protein content in female quails.

1.2 Justification of study

The awareness on quail meat is beginning to gain the interest of quail producers in
Nigeria, but most producers find it difficult to obtain superior quality parents to establish an
outstanding breeding programme. This is a big set back to the quail industry and a challenge
to Nigeria whose population is geometrically growing with low dietary protein intake. This
research was therefore geared towards estimating genetic parameters for improving the
carcass, meat traits and the scale of genetic parameters that will determine the amount of

improvement necessary to predict response to selection.
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1.3 The Specific objectives

The effect of selection on age and body weight at sexual maturity in Japanese
quail.

Effect of generations, sex and age on growth of body weight, body length, egg
quality characteristics, egg production and carcass weight in Japanese quail.

The effect of sex and age on breast meat quality of Japanese quail.

The rate of genetic improvement in reproductive traits, body weight, egg traits,
carcass traits, mineral and chemical composition of meat in Japanese quail.

The heritability (h?%) based on individual selection for body weight at different

ages, egg production, mineral, chemical, and carcass traits of Japanese quail.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1  Japanese Quial

The Japanese quail is now a well-established animal model in biology and a bird used
for intensive egg and meat production mainly in Asia and Europe, in the Middle East and
America (Baumgartner et al.,1990). Studies in quails have been aimed at increasing meat and
egg production. With this goal, new breeds of quails have been obtained for meat and egg
type. Body weight is considered an important trait in poultry industry. Pullets of quail as
meat production type for renewal of the flock or for other industries purposes should be
improved to possess large body weight in order to supply a new sort of animal protein. Marks
(1989), reported that selection for high 4-week body weight had positive effects on adult
body weight. Egg production is of critical importance in birds not only for their reproduction
but also for human consumption as the egg is a highly nutritive and balanced food.
Consequently, laying in poultry has been improved through selection to increase the total
number of eggs laid per hen. Studies have been published on egg production in Japanese
quail. Production performance of the Japanese quails can be improved by increasing their
genetic potential and favorable management conditions. Quail meat is preferred to chicken
meat because of its less fat content (low calorific value), taste and delicacy. It demands a
little resources to produce more quail meat in a shorter period. It can be achieved by a
specific selection program for higher body weight at specific age (Kumar et al., 2000). Short-
term experiments can be used to estimate genetic variances and covariance, test their
consistency from different sources of information, and estimate the magnitude of the initial
rates of response to selection (Jaap, 1963; Siegel and Dunnington, 1987). Selection

experiments for body weight may provide the framework for the study of the inheritance of
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complex traits and allow the evaluation of theoretical predictions by testing observations

against expectations (Jaap, 1963; Siegel and Dunnington, 1987).

2.2 Sexual Maturity Characteristics of Female Japanese Qualil

Reddish et al. (2002) and Oruwari and Brody (1988) stated that there are relationships
between chronological age, body weight, body composition and sexual maturity which are
complex processes in determining body weight of traits within generations or lines. Magda
et al. (2010) stated that the age at sexual maturity differed significantly among generation
being 56.04, 54.38, and 45.58 day, for base, second and third generations, respectively.
Similar values were reported by Lilburn and Nestor (1994) and Wilson et al. (1962), but less
value of 48.7, 49.6 and 45.2 day than the age reported by Gebhardt-Henrich and Marks
(1995), Gildersleeve et al. (1987), Darden and Marks (1988); El-Ibiary et al. (1966) and Cerit
(1997). Reddish et al. (2002) and Oruwari and Brody (1988), stated that chronological age
alone is not a primary effectors of sexual maturity but other factors such as

enviromental,factors may have contributed too.

2.3 Sexual Mayurity Characteristics of Male Japanese Quail

Reddish et al. (2002) and Oruwari and Brody (1988), reported that lean body weight
is not critical for initiation of selection in sexual maturity. Abdominal fat pad weight,
however, when expressed as the absolute weight or as a percentage of body weight, was
significant with sexual maturity in the generations. They stated that there is a minimum body
fat threshold needed for sexual maturity in male quails. Other similar studies (Zelenka et al;
1984; Yannakopoulos et al. 1995) showed that fat deposition is an important factor in the
process of sexual maturation. This same relationship was observed in selection for high body

weight by Akbas et al. (2004) which suggested that selection for body weight increases the
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complexity with respect to the mechanisms needed to initiate sexual development in females
and males Japanese quail. Due to selection for high body weight, quail would reach their
adipose threshold well before other physiologic systems involved in sexual maturation which
reach the minimal stage of development needed for the onset of egg production. This is
consistent with the concept of multiple thresholds (Reddnesh et al. 2002; Zelenka et al.,
1984) in which body weight and selection aspects of body composition must exceed a
threshold value in order for sexual development to proceed (Dunnington and Siegel, 1984;

Soller et al., 1984).

2.4  Carcass Traits of Japanese Quail

The percentages of carcass components were higher in females than males in
Japanese quail (Minvielle et al., 2000; Vali et al., 2005; Saatci et al.,2006; Shokoohmand et
al., 2007; Khaldari et al.,2010; Narinc et al., 2010). The large reproductive organs in
females, such as ovaries and oviducts, appear to be the main reasons behind higher body
weight in females than males (Marks, 1993) apart from abdominal fat which as percentage
of body weight is also greater in females (Fisher, 1984). Leenstra et al. (1986) also found that
between 3 and 10 weeks of age, fat made from 10 to 19% of body weight in females, whereas
it increased from 10 to 13% in males. Vali et al. (2005) reported that females (41.55%) had
significantly higher breast percent of bodyweight than the males (41.65 vs 38.98%).
However, Yalcin et al. (1995) reported that the difference between the females (30.6%) and
males (32.1%) for breast as percent of body weight was not significant. Genchev and
Mihaylov et al. (2008) and Aksit et al. (2003) also reported that the differences between

sexes in respect to breast percent of body weight was not significant.



Other similar findings (Nestor and Bacon ,1982) indicated that selection for 4 to 7
weeks males-body weight over seven generations resulted in 6, 10, 11, 11, 19, 20 and 369
increament in body weight per generation, respectively. Tozluca (1993) also reported from a
selection experiment that the increase in 4-weeks Body weight was 18.95g for males and
20.37g for females. Oguz and Turkmut (1999) and Baylan and Uluocak (1999) and obtained
similar results of 18.72 in maales and 20.48g in females related to body weight increase. Vali
et al. (2005) reported that there was no significant difference between the sexes in terms of
drum + thigh as percent body weight. In contrast, Genchev et al. (2008) reported significant

difference between the sexes with respect to relative proportion of thigh weight.

2.5 Bodyweight and Some Parts of Japanese Quail

Vali (2006) reported that body weight at 56 days of age in Japanese quail was 211.27
+ 2.38g. Vali (2006) also stated that, body weight of females at day 42, 56 and 63 of age
were significantly higher than males, but there were no significant differences between males
and females at at day 42, 56 and 63 for body weights in second experiment for body weight.
The average shank, thigh and keel lengths reported by Kumar et al. (2000) at 28d and 42d of
ages indicated that females had longer shank length than males at 28 days of age by 0.04cm,
0.04cm, 0.03cm and 0.04cm , respectively, in base population, Si, S; and C groups of first
generation (Gy). The respective corresponding increase at the 6™ week of age was noted as
0.08cm, 0.05cm, 0.07cm and 0.06cm. Thighs were also longer in females in all the groups
and in both sexes at day 28d and 42d of ages, respectively. The average thigh length of
females at 28 days of age in base population, S;, S, and C groups were significantly longer
than males by 0.04cm, 0.04cm, 0.03cm and 0.03cm, respectively. Kumar (2000) stated a

corresponding increases in thigh length at 42d of age in similar groups as 0.05cm, 0.07cm,



0.07cm and 0.05cm. On the average females, keels were longer in females than males by
0.03cm, 0.04cm, 0.04cm and 0.03 in base, S;, S; and C groups respectively at 28d of age.
However, the corresponding increase among females at 42d of age were observed to be
0.09cm, 0.04cm, 0.06cm and 0.05cm, respectively. Mandal et al. (1994) observed an increase
of 0.09cm, 0.22cm and 0.11cm in average shank, thigh and keel lengths, respectively at 28d
of age in females over males in females over males. The higher values reported by Mandal et
al. (1994) in relation to this study might be attributed to the difference in the genotype

between males and females Japanese quail.

2.6 Egg Weight and Yolk Characteristics of Japanese Quail

The least —squares means for egg weight at for day 35, 42, 49 and 63 day values were
8.1g, 8.3, 9.6 and 12g, respectively (Song et al.1999). Oroian et al. (2002) and Kul and
Seker, (2004). The values were higher than those reported by Chaudhary et al. (2001),
Nazliqul et al. (2001) and Dhaliwal et al. (2004), Akpa et al. (2006) and Punya- kumari
(2007) at day 35, 42, 49 and 63 days of age. Song et al. (1999) reported means for yolk

weight to be 3.25¢.

2.7 Egg Weight and Albumen Characteristics of Japanese Quail at Different
Generations

Studies Song et al. (1999) and Akpa et al. (2006; 2008) on albumen weight revealed
characteristics value ranging between 5.8 and 6.33g.The values reported were higher than
those reported by Altinel et al. (1996); Chaudhary et al. (1999), Nazliqul et al. (2001);
Oroian et al. (2002); Dhaliwal et al. (2004); Kul and Seker, (2004) and Punya-kumaris,

(2007).



2.8 Egg Production and Weight Traits in Japanese Qualil

Woodard et al. (1967), studied the challenges in production qualities along with aging
in quail. They reported that egg production decreased after 26 weeks of age Janda (1977) in a
similar study reported that there was a rapid decrease in egg production after 14 months and
therefore advised for flock recycling at 13 months. Gildersleeve et al. (1987) reported that
the daily egg production rate peaks at 9 weeks after the start of egg production and remains at
greater than 80% until the 20™ week. Sundarama (1989) having examined the egg production
qualities, reported the annual average egg production as 290 eggs, while Cerit (1997)

reported 282 eggs.

2.9  Effect of Age and Sex on Live Body Weight and Carcass Traits in Japanese
Quiail

Singh and Panda, (1981) and Mousa, (1993) studied live body weight at week 6 in
Japanese quail and found that the male average live body weight in male was 123.0 and
134.4g in female. Ajay-Kurma et al. (2000) stated that the means of various economic traits
in different lines of Japanese quail showed that females were significantly heavier in body
weights than males by 2.48g, 4.11g, 4.39g and 5.53g at 3", 4™ 5™ and 6™ weeks of age,

respectively.

2.10 Slaughter Weight and Carcass Percentage Characteristics of Japanese Quail

There are a lot of studies on the line of Japanese quail and results show that they have
significant effect on body weight for both sexes. The females showed a higher body weight
than the males (Minvielle, et al. 2000; Baumgartner, 1994; Toelle, et al.1991; Caron and
Minvielle, 1990; Tserveni-Gousi and Yannakopoulos, 1986; Kawahara, and Saito, 1976).

Line and sex of Japanese quail have significant effect on the carcass weight which females
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having higher carcass weight than males. However, sex as reported had significant effect on
the carcass yield and the males had higher carcass yield (71.2%), than the females (63.1%),
as reported (Sezar et al., 2010; Minvielle, et al. 2000; Caron, et al., 1990). However,
Minvielle, et al. (2000) also reported carcass yield values of 75.47% for females and 73.47%
for males. El-full et al. (2001) found that live body weight of Japanese quail slaughtered at 5

weeks of age was 155.2g; it was increased to 190.9¢ for birds slaughtered at 7 weeks of age

Vali et al. (2000) reported carcass weight for body weight in female quails at day 35,
42, 49 and 63 to be 133.32, 160.59, 187.13 and 213.32g, respectively, while the respective
values in males were 128.12, 150.96, 167.78 and 177.94g. Related report by Shrivastav and
Panda (1991) showed that liver weights for males and females at 42 days were 5.5 and 9.2.
Yalcin et al. (1995) found that sex had a significant effect on the weight of liver, which was
greater for females than males (4.3 and 3.9g, respectively). Mohammed (1990) reported that
giblet weight (intestine, liver, heart and lungs ) and its percentage to live weight obtained
during winter ranges between 10.3 and 11.6g. Bacon and Nestor (1983) investigated the
weight of edible viscera in Japanese quail (heart, liver and clean gizzard) and found that
carcass weight and all carcass composition were influenced by live body weight. The edible
parts contained heart, liver and gizzard which were estimated at 1.3, 2.9 and 4.1g,

respectively, at 5 weeks of age.

2.11 Effect of Sex and Age on Carcass Weight and Some Internal Organs in Japanese
Quail

Jones et al. (1979) reported an estimate of 113.69 for carcass weight of Japanese quail
slaughtered at 9 weeks of age without neck and shank. Chidananda et al. (1986) found that

the significance of meat to bone ratio in Japanese quail was apparent as birds advanced in
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age; the meat to bone ratio at 8 weeks of age (4.1%) was statistically not significant from
those at 7, 9 and/or 10 weeks of age (5.0, 4.6 and 4.40%, respectively). Bacon and Nestor
(1983) investigated the weight of edible viscera in Japanese quail (heart, liver and cleaned
gizzard) and found that carcass weight and all carcass composition was influenced by live
body weight. Sharaf and Mandear (1994) estimated carcass weight and giblet weights as 90.4
and 64.3gm in Japanese quail slaughtered at 6 weeks of age. Jones and Hughes et al. (1979)
reported an estimate of 113.6g for carcass weight of Japanese quail slaughtered at 9 weeks of

age without neck and shank.

2.12  Slaughter Age and Sex on Carcass and Some Inedible Traits in Japanese Quail

EL-full et al. (2001) found that live body weight of Japanese quail slaughtered at 5
weeks of age was 155.2¢g but increased to 190.99 for birds slaughtered at 7 weeks of age. The
inedible parts consisting of the blood, feather, head, leg and neck were estimated as 4.8, 6.6,

4.2, 2.3 and 4.2g at 5 weeks.

2.13 Effect of Age and Sex on Carcass and Live Body Length at Different
Generations of Japanese Quail.

The increase in average body weight in the females over males were reported to be
1.55¢g at 4 weeks of age by Ghany et al. (1996), 9.3g at 6 weeks of age by Sato et al. (1974),
1.12g, 2.82g, 5.20g and 8.71g at 3,4,5 and 6 weeks of ages, respectively (Prakash-Babu et al.

1980) and 2.3g at 6 week of age (Thomas et al.1996).

Ajay- Kumar et al. (2000) reported on the average shank, thigh and keel Length at 4
and 6 weeks of age. It was observed that females had significantly longer shank length over
males at 4 weeks of age by 0.04cm, 0.03cm and 0.04cm respectively in base population, S,

S, and C groups, in the first generation. The corresponding increases at 6 weeks of age were
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noted as 0.08cm, 0.05cm, 0.07cm and 0.06cm. Average female keels bone length were
significantly longer by 0.03cm, 0.04cm, 0.04cm and 0.03cm than males in base S;, S; and C
groups respectively at 4 week of age. The corresponding increases among females at 6 weeks
of age were observed to be 0.09cm, 0.04cm, 0.06cm and 0.05cm, respectively Mandal et al.

(1994) observed 0.11cm as in keel length at 4 weeks of age.

2.14 Effect of Age and Sex on Live Body Weight and Dimensions at Different
Generations In Japanese Quail

Prakash-Babu et al. (1980), Arjun Kumar et al. (1990), Praharaj et al. (1990),
Shrivastav and Panda, (1995) and Shokoohmand et al. (2007) reported lower body weights at
the same ages. The average shank and thigh lengths at 4 and 6 weeks of ages were studied by
Ajay-Kumar et al. (2000) who observed that females had significantly higher shank length
over males at 4 weeks of age by 0.05cm,0.05cm, 0.04cm and 0.05cm, respectively in base
population, Sy, S,, and C groups of the first generation. The corresponding increases at 6"
week of age were noted as 0.09cm, 0.05cm, 0.08cm and 0.07cm. Thighs were also longer in
females in all the groups both at 4 and 6 weeks of age. The average thigh length of females at
4 weeks of age in base population, S;, S,, and C groups were significantly longer than males
by 0.04cm, 0.04cm, 0.03cm and 0.03cm, respectively. The corresponding difference

increases at 6 weeks of age were noted as 0.01cm, 0.04cm, 0.01cm and 0.02cm.

Body weights of Japanese quail at 35, 42, 49 and 63 days showed that body weight at
day 35, 42 and 49 differed significantly except at day 63 (Vali et al. 2006). further—more
studies conducted on sex of Japanese quail at day 35, 42,49 and 63 showed that females have
higher body weight than males (Kawahara and Saito, 1976; Caron and Minvielle, 1990;

Toelle et al., 1991; Baumgartner; 1994; Minvielle et al., 2000).
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2.15 Effect of Age and Sex on Breast Meat Acidification in Japanese Quail

Riegel et al. (2003) stated that in freshly slaughter birds, meat pH is near to the
neutral but when rigor mortis occurs, it decreases to 6.02-6.11. Breast mean pH at the 20"
minute post mortem (pHy) ranged between 6.2-6.36. They also observed that muscle tissue
contains about 75% water but only 10-15% of it is chemically bound to proteins. The other
amount is retained by the spatial structure of proteins as “free water”. Therefore, Water
Holding Capacity (WHC) is the highest immediately after slaughtering, prior to rigor mortis
occurrence (Valkova-Yorgova et al., 2000). After rigor mortis resolution, the WHC of meat
is reduced. Several re ports have provided evidence for water losses in Japanese quail meat
to vary from 28 to 33.9% (Baumgartner et al., 1987; Drbohlav and Metodiev, 1997). Low
meat pH values decreases the WHC and tenderness of meat and increases the cooking loss
percentage (Northcutt, 1994; Van-Laack, et al., 2000). According to most investigators, meat
pH is not sufficient to characterize meat quality as meat technological properties are largely
dependent on colour characteristics of breast meat, its structure and water holding capacity
(VanLaack et al., 2000; Qiao, et al., 2001; Barbut et al., 2005; Fraqueza; 2000; 2006;

Lonergan, et al, 2003; Owens et al., 2000).

2.16  Effect of Age and Sex on Breast Meat Colour in Japanese Quail

Riegel et al. (2003) stated that meat colour depends on numerous factors, including
the proportion of tissue that builds up the muscles. The higher tenderness of the pectoral
muscle in female quails could be attributed to the slightly higher percentage of dark muscle
fibres, whose diameter is smaller than that of light ones (Riegel et al. 2003; Van Laack, et al.
(2000), as well as to the higher content of connective and especially intramuscular fat tissue

(Valkova- Yorgova et al., 2000).
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The high relative proportion of oxidative type muscle fibres in breast meat of quails
influences positively the other two colour characteristics, redness(a*) and yellowness(b*)
(Riegel et al.2003). The values obtained for Japanese quail breast meat range from 10.9 to
12.4, and are considerably higher than values obtained in broiler chickens — from 2.2 (Allen,
et al., 1997) to 5.45 (Qiao, et al.,2002) and in turkeys: 4.9-5.5. Fraqueza, et al.(2006). Qiao,
et al, (2002) found significant differences in breast meat colour in the red/green and
yellow/blue spectra between Japanese quails vs chickens and turkeys thus they attributed to
the different morphological structure of the pectoral muscle. The dark muscle fibres, rich in
myosin that build up the breast muscles in Japanese quails, give a more saturated colour in
both the red and yellow zone of the spectrum. Sex-related differences of average values was
5%. The coordinates in the red/green spectrum (a*) varied from 5.1 to 14.4, and in the
yellow/blue spectrum (b*) — from 7.9 to 13.4. Breast meat redness and yellowness accounted
for the excellent chroma (15.09+0.15) of the meat of the studied Japanese quail breed. With
advancing slaughter age in males, a tendency towards increased chroma of meat from
14.6+0.4 to 16.2+0.4 was observed. In females, age-related changes were not demonstrated.
At the age of 35 days, the pectoral muscle of Japanese quails was composed from 95.7-96.4
% dark muscle fibres. The percentage of light muscle fibres varied within 2.9 and 5.2%. In
male quails, pectoral muscle was built from 98.37+0.18% muscle tissue, 1.36+0.14%
connective tissue and 0.28+0.05% intramuscular fat tissue. In female quails, the respective
values were 97.61+0.20%, muscle tissue, 1.79+0.22%, connective tissue and 0.59+0.04%

intramuscular fat tissue.
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2.17 Rate of Genetic Improvement from Selection for Body Weight and Shank length

Ajay Kumar et al. (2000) stated that females were significantly heavier in body
weight than males by 2.48, 4.11, 4.39 and 5.53g at 2.1, 28, 35 and 42 days of age,
respectively, in the base population. The increase in average body weight in females over
males which were reported to be 1.55¢ at 4 weeks of age by Ghany et al. (1996), 9.3g at 6
weeks of age by Sato et al. (1974), 1.12, 2.82, 5.20 and 8.71g at 3, 4, 5 and 7 weeks of age,
respectively, by Prakash-Babu et al. (1980) and 2.3g at 7 weeks of age by Thomas et al.

(1996).

In a growth rate study in Japanese quail by Balcioglu et al. (2005), it was reported
stated that growth rate in all the Japanese quail lines was significantly higher in males than in
females. There was however a significant increase in growth rate of the females selected for
increased 5-week body weight over the control females, as well as a significant decline in
growth rate of males selected for decreased 5-week body weight compared to unselected

control group in Japanese quail.

2.18 Genetic Improvement of Male Sexual Reproductive Traits

Hussien et al. (1996) reported that an increase in continuous selection for a traits
indicated that there was a remarkable improvement of those various traits. The genetic
improvement traits of the reproductive and egg in female Japanese quails were affected by
different factors such as: mating ratio, parental age, rate of laying, climatic and managerial

conditions (Narahari et al., 1988).
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2.19 Genetic Improvement of Some Reproductive and Egg Traits in Japanese Quail.

Studies by Saatci et al. (2005) showed that increase in body weight led to decrease in
egg number as a result of several factors such as age at sexual maturity, managerial and

climatic conditions.

Sachev et al. (1995) reported that ASM in selected line for body weight at 4 weeks of
age and control line of European quail to be 71.6 + 3.1 and 71.8 + 2.4. Hussien et al. (1996)
reported the results of continuous selection that showed marked improvement of the various
traits and stated that after 10 generations of selection, improvement in body weight caused
sexual maturity to delay by 3 days. Japanese quails were divergently selected for 5-week
body weight over 5 generation by Ina et al. (1996) with a random bred line maintained as a
control; they found the that, ages at 1% egg were 39.83 to 45.84, 42.10 to 51.10 and 40.11 to
46.05 days in selected and control line, respectively. Falconer, (1989) investigated the effect
of inbreeding on the initial and the next 3 generations; and observed age at the first egg was
51.5 days for the experimental groups and 54.6 days for controls. Marks (1975), in a random
bred population of Japanese quail observed body weight at hatch to range from 6.3 to 6.6g.
Higher estimates were reported for two sexes by Marks (1996) as 8.8g. Marks (1990) and
Oguz et al. (1996) reported higher estimates for these traits to be 9.3g for lines selected for
high body weight. Aboul-Hassan (1997) reported BW, as 8.6 and 8.3g for female and male

sexes respectively.

Falconer (1989) conducted a study on to determine the egg fertility for 4 generations
Japanese quail selected under experimental and control line.The result of control line showed
that generation 1, 2, 3 and 4 showed egg fertility of 71.0, 81.4, 64.9 and 76.6% , respectively

while for the experimental line were 84.0, 79.5, 75.9 and 74.2% for controls, respectively.
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Noda et al. (2003) reported that egg hatchability for quails selected for egg
production (Line E) or body weight at 5 weeks (Line M) for over 20 generations were 67.3
and 56.7% Vs 66.7 and 71.3% in 4 lines. A total of 256 quails were reared under each system
in each season for Hen-day egg production which percentages hatchability being higher

under pair- mating than under flock mating (75.29 vs 60.32%) and (70.91 vs 49.51%)..

2.20 Genetic Improvement in Egg Quality Traits

Egg quality is component of those characteristics of an egg that affect its acceptability
to consumers (Stadelman,1977). Among many quality characteristics that improve eggs
acceptability by consumers are cleanliness, freshness, egg weight and shell quality. Song et
al. (2000) stated that selection for body weight improved the egg albumen content of
moisture (87.46 — 87.99%), crude fat in albumen (0.09-0.13), yolk content (49.71-50.42%),

high levels of fat in yolk (31.48-32.32%) and crude protein (15.12 — 15.99%).

2.21  Genetic Improvement of Body Weight at Different Ages of Growth

Kesici et al. (1998) selected Japanese quail for high 5-weeks BW and found that there
was genetic improvement in the 1% generation of selection. Turedi and Duzgunes (1984)
reported that body weight increased by 5.25¢g in selection based on 6-weeks BW. Similar
results for BW increases were reported by Marks (1980, 1996). Collins and Abplanalp (1967)
reported that the BW of quail selected for 6-weeks BW was 20g higher than the base
population. Nestor and Bacon (1982) reported 7 generations of selection for 4-weeks BW
produced an increase of 6, 10, 11, 11, 19, 20 and 26g per generation, respectively. Tozluca
(1993) also reported that the increase in 4-week BW was 18.95¢g for males and 20.37g for
females. Oguz and Turkmut (1999) and Baylan and Uluocak (1999) obtained similar results

related to BW increase, but they obtained negative values for some groups.
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2.22 Response to Genetic Improvement of Carcass Weight at Different ages of
Growth in Japanese Quail

The genetic improvement of carcass weight at different ages of growth in Japanese
quail shows that there was improvement in the carcass weight by 60% as stated by Singh et

al. (1981)..

2.23  Heritability Based on Individual Selection for Body Weight in Japanese Qualil

The study of Baylan et al. (2009) indicated that the realized h? for body weight (BW)
after selection for 2 generations was higher than in the first generation. Magda et al. (2010)

reported that h? estimate increased with generation of selection to the 3" generation.

A wide range of h? estimates for body weight has been reported at different ages, used
different methods to estimate the heritability (Tish et al., 1997; Kumar et al., 2001; Saatci et
al., 2002; Vali et al., 2005; Baylan et al., 2009; Akbas et al., 2004) and generations (Baylan

et al., 2009; Baylan and Uluocak 1999; Magda et al., 2010).

The heritability estimates based on individual selection for body weight for Japanese
quail in selected generations for h%, h?% and h%.p were 0.20, 0.45 and 0.32, respectively

when selection was applied for BWg (Aboul-Hassan, 1997 ; El-Fiky, 2005).

2.24 Heritability Estimates of Body Weight at Different Ages of Growth Japanese
Quiail

The heritability value for BW at day 35, 42, 49, 56 were 0.58, 0.71, 0.24 and 0.25 as
stated by Sefton and Siegel, (1974) , El-Fiky et al. (1994), Aboul-Hassan, (2000) and Abdel-
Mounsef (2005), respectively. Similarly, Minvielle (1998) reviewed reports from several
studies and stated that heritability estimates for body weight of Japanese quail at 4 and 8

weeks of age were 0.47 and 0.74, respectively. Lower estimates for body weight at 35 days
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of age (BW3s5) and body weight at 42 days of age (BW4,) were estimated as 0.30 and 0.25,
respectively by Vali et al. (2005). Collins and Abplanalp, (1965) and Collins et al., (1968)
found a realized heritability estimate of 0.14 for 8 weeks body weight. The uniqueness of the
population, the selection environment, and the period or length of selection (generations), all
can have a pronounced effect on the magnitude of the heritability estimates. Although these
estimates indicated considerable variation, heritability for body weight in Japanese quail
appeared to fall within the range of heritabilities found for body weight in chickens 0.2 — 0.4

(Siegel, 1962; Kinney, 1969; Siegel and Dunnington, 1987 and Saatci et al., 2002).

The h%of body weight reported by Adeogun and Adeoye (2004) ranged between 0.42
to 1.08. Akbas et al. (2004) and Baylan et al. (2009) estimates h*for body weight at different

ages to increase from week 1 to 5 and then decreased thereafter.

Also, Falconer, (1960) reported that h? for a particular trait can take different values
according to the population, environmental conditions surrounding the animals and the
calculation method. Some researchers reported negative values for h? posibly because of
population size (Kacak et al.,1995, Nestor et al., 1995; Baylan 2003), while others reported
moderate h? for body weight at various ages of growth (Tigali et al.,1997; Saatci et al., 2002;
Akbas et al., 2004 and Shokoohmand et al., 2007). The differences in the h? estimates might
be attributed to method of estimation, strain, environmental effects and sampling error due to

small data set or sample size (Prado-Gonzalez et al., 2003).

2.25 Heritability Estimates of Female Sexual Reproductive Traits

El-Fiky et al. (2000); Aboul-Hassan (2001); Abdel-Mounsef (2005) and Sezer et al.

(2006) reported heritability of age at sexual maturity in female Japanese quail at day 35, 42,
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49 and 63 to be 0.18, 0.11, 0.30 and 0.33, respectively. Abdel-Mounsef (2005) and Sezer et
al. (2006) reported heritability (h?) estimates for female age at sexual maturity (ASM) to be
0.30 and 0.33, respectively. However, El-fiky et al. (2000) and Aboul-Hussan (2001)

reported the value of age at sexual maturity for female as 0.19 and 0.11, respectively.

2.26  Heritability Estimates of Male Sexual Reproductive Traits

The heritability estimates for male reproductive traits by Marks and Kinney (1964),
El-Fiky (1991), Bahie El-Deen,(1994); Shebl et al. (1996) and Sezer.et al. (2006) for age at
sexual maturity were be 0.48, 0.42, 0.31, 0.28, and 0.24, respectively. While Marks and
Kinney (1964); Wilhelmson, (1979); Bahie El-Deen, (1991) stated the heritability value
higher. The h? value for age at sexual maturity for males were 0.31, 0.28 and 0.24 as reported
by El-Deen (1994), Shebl et al. (1996) and Sezer et al. (2006), respectively. However, the
value of Age sexual maturity for males was 0.42 as reported by El-fiky (1991). Magda et al.
(2010) and Bahie El-Deen et al. (2008) reported that h for age at sexual maturity ranged

from 0.07 to 0.44, respectively.

2.27 Heritability Estimates of Egg Quality Traits in Japanese Qualil

Sezer, (2007) stated that heritability estimates of egg weight, egg width, egg height,
shell thickness and shell weight were 0.83,0.68,0.72,0.53 and 0.08, respectively. Saito et al.
(1989) stated that heritability estimates of egg characteristics were high and ranged from 0.02
to 0.84. The result indicated that individual selection should be the most efficient method of
improving egg characteristics and that consideration should be given to the interrelationships

of characteristics to accomplish genetic improvement because of their genetic merits.
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2.28 Heritability for Egg Production in Japanese Quail

Abdoul-Hassan (1995); Helal (1995); Abdel-Mounsef (2005) and Tawefeuk (2001)
reported heritability estimates for egg production (hnumber and weight) at different periods of
laying in quail to be 0.31, 0.57, 0.75 and 0.46 for day 35, 42, 49 and 56, respectively. The
heritability (h?) estimates for egg weight reported by Kacak et al. (1995) and Saatci et al.
(2005) were 0.48, 0.48 and 0.25, respectively, Francesch et al. (1997) reported the range to
be 0.48 to 0.59. Saatci et al. (2008) reported h? of egg length and egg width to be 0.18 and
0.22, respectively. Saatci et al. (2005) reported low h? for egg quality characteristics (0.18 to
0.22. The values of h? estimates for egg weight (0.69), egg width (0.61), egg height (0.51),
shell thickness (0.75) and shell weight (0.60) in this study are comparable to the values of
egg weight (0.83), egg width (0.68), egg height (0.72), shell thickness (0.53) and shell weight

(0.08) reported by Sezer (2007).

2.29 Heritability Estimates of Carcass Weight at Different Ages of Growth in Male
Japanese Quail

Kawahara and Saito (1976), EI-Fiky (1991), Mousa (1993), El-Full et al. (2001) and
Abdel-Mounsef (2005) reported heritability estimates for carcass traits in Japanese quail to
range from 0.06 to 0.78. The observed increase in the h? estimates of carcass weight with age
indicated that the genetic variance increased considerably with increment in age of the birds
(Akbas et al., 2004). Vali et al. (2005) reported h?® for carcass weight of 0.43 for Japanese
quails. Other researchers reported moderate to high h? for carcass traits in Japanese quails

(El-Fiky, 1991, Mousa.,1993; El-Full et al., 2001 and Mounsef, 2005).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1  Experimental Site

The study was conducted at the Poultry Unit of Animal Science Department, Faculty
of Agriculture, Ahmadu Bello University, Samaru —Zaria. Zaria is within Northern Guinea
Savannah zone of Nigeria, latitude 11> 12'N and longitude 7° 33'E at an altitude of 610M
above sea level. The climate is relatively dry, with mean annual rainfall of 700-1400mm,
occurring between the Month of April and September. The dry season begins around the
middle of October, with dry cold weather that ends in February. This is followed by relative
hot, dry weather from March to April, when the rain begins. The mean minimum and
maximum daily temperature is about 14” and 24°C during the cool season and 19 and 36°C
during the hot season. The relative humidity varies between 19% in the dry season and

between 63% and 80% in the wet season as stated by Akpa et al., (2002).

3.2  Mating Plan

Artificial selection was carried out on the birds at day 35, 42, 49 and 56 after
weighing all the birds. Those with the highest weight were chosen for breeding consisting of
50 males and 150 females. The selected birds were mated in a constructed cage at the ratio of
1 male to 3 females (1:3) in constructed caged of 10cm x 10cm x 10cm to determine the BW,
carcass weight, Body Length traits, minerals and chemical composition of meat. Mating ratio
in separate caged of 1:1 was used to determine Age at sexual maturity in females and males,
egg quality and egg production in the two generations. For the study that utilized mating ratio
1:3, all the birds were wing banded in accordance with the families and 1500 fertile eggs

were hatched.

23



3.3 Management of Fertile Egg

Eggs were collected daily after the birds had reached maturity, as from at each of day
35, 42, 49 and 56 days of age. Eggs were identified by their sire families (28), stored at room
temperature lower than 20°C and 65% relative humidity (RH) for a week, and then
disinfected with tetra hydroxyl (TH4) mixed with 1 liter of water for spraying on egg surface.
Pedigreed eggs were set in the setting trays, depending on their sire families and arranged in
a forced draft incubator with temperature of 37.5C and 65% RH. Eggs were turned
automatically every three hours. At the end of the 14th day of incubation, eggs were
transferred into pedigree hatching baskets and moved into the hatcher where the temperature

was 37.5 C and RH was 70%.

3.4 Incubation and Hatching of Fertile Eggs

Pre-incubation of the fertile egg collected was made by storing them at a temperature
of 15°C. Fumigation was done 12 hours before placing them in the incubator. When eggs
were set in the incubator, temperature requirement was put at 37.5 'C with humidity of 60%
and turning of eggs was at an angle of 45 for 4-6 times a day and the chicks were hatched at

day 18 of incubation.

3.5  Experimental Birds and their Management

The research work started with a foundation stock of 784 Japanese quails at 21 days
of age, purchased from National Veterinary Research Institute (NVRI), Vom, Plateau State.
The management of the young chicks included the provision of supplementary heat for 4
weeks under 24 hours lighting, and thereafter 13 to 16 hours light and 6 to 8 hours dark
cycle. Indoor air temperature for the chicks was 36 C. Birds were allowed ad libitum access

to food and water. They were fed with starter and grower diet containing 24% crude protein
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(CP) and 2904ME, Kcals/kg between 1-35 days of age. Thereafter a breeder diet containing
23% CP and 2800, Kcals/kg ME was fed. The same diets were provided to birds on the
selection process across various generations. The minerals and vitamins were adequately

supply to cover the requirements according to NRC (1994).

3.6 Data collection

Three generations namely base population, G; and G,. The following data were

collected on each generations:

3.6.1 Body Weight

Seven hundred and eighty four birds were used to study the body weight (g) traits of
the birds. The birds were sexed at day 21 at which point they were feathered. The birds were
housed in 56 constructed cages with 28 cages each for male and female quails, and each cage
housed 15 quails.The dimension for the cages was 60cm x 45cm x 45 cm ( length breath
height). The birds were separated by sex to avoid indiscriminate mating. Three (3) birds from
each cage were randomly picked at day 35, 42, 49 and 56 in each generation Gy, G;, G, to

determine the live body weight (g) respectively.

3.6.2 Measurement of the Live Body Changes (9):

After sexing at day 21, 28 male and 28 female birds from both the parents of base
generationg (Go), Generation; (G1) and Generation , (G;) each at day 35, 42, 49 and 56 were
randomly selected and body weight increment recorded for each generation and the record
were used to estimate growth rate. The increase in body size was measured to the nearest

0.1g.
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3.6.3 Sexual Maturity

One hundred chicks from base generation (Go) at 21 days of age were feather sexed
and the males separated from the females. Paired mating was used to obtain G; and G,. After
sexing at day 21, the birds were housed separately in a consructed caged size 5cm x 2.5cm x
2.5cm to monitor sexual maturity using 50 females and 50 males the monitoring started and
at day 35. They were monitored for females, when they dropped the first egg and males
when they produced the first proctodeal gland. Monitoring was from 07.00 to 11.00am and
01.00 to 05.00pm (8hours) daily. At sexual maturity the following traits were measured:
Body weight at 35d, age, body weight (g), egg weight, follicle number (n), follicle size (cm),
oviduct weight (g), pectoral major weight (g) and abdominal fat weight (g) for the females.
In the male, sexual maturity traits determined were: Body weight at 35d, age, body weight

(9), testicular weight (g), pectoral major weight (g), abdominal fat weight (g).

3.6.3.1 Female Sexual Maturity Traits

These were determined as follows:

Body weight at day 35(g): The weight of birds taken at 35 day of age.

Age (d) at sexual maturity: The age at which the first egg was laid.

Body weight (g) at sexual maturity: Weight of birds at first egg.

Egg weight (g) at sexual maturity: Weight of each first egg laid measured
by using a digital weighing machine.
The birds were sacrificed to determine the following:

Ovary weight (g): Weight obtained using digital weighing machine.
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Follicle number (n) at sexual maturity: The number of yellow follicle
present was observed compound microscope magnify x 40 and matured
follicle counted.

Follicle weight (g) at sexual maturity: determine by measuring the length of
the follicle using Vernier caliper

Oviduct weight (g) at sexual maturity: The oviduct weight was obtained
using digital weighing machine.

Pectoral major (g): Obtained using digital weighing machine.

Abdominal fat weight (g): obtained by using digital weighing machine.

3.6.3.2 Male sexual maturity

This was determined as the period when the male first produced proctodeal gland

foam.

The following measurements were taken at this point:

Body weight at day 35: The weight of birds determined when they were 35
days old.

Age (d) at sexual maturity: The age at the start of proctodeal gland
production.

Body weight (g) at sexual maturity: Weight of bird at start of proctodeal

gland foam Production.

The birds were sacrificed to obtain the following measurements:

Testicular weight (g) at sexual maturity: Weight of testes at start of

proctodeal gland foam production.
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Pectoral major (g): Obtained using digital weighing machine.
Abdominal fat weight (g): Weight known by using digital weighing

machine.

3.6.4 Live Body Length Measurement (cm):

Seven hundred and eighty four birds used for Live body weight measurement and
live body length measurement traits of the were taken on the 784 birds used in 3.3.1

measurements were taken after sexing at day 21 (point when birds were feathered).

Back length (cm): Obtained by using a cloth tape to measure from tail to the
last cervical point of the neck.

Pelvis Width (cm): measured by using vernier caliper across the pelvis.
Breast Length (cm): Obtained by using a tailors tape, measured from the
back bone to the last cervical vertebra round the body.

Shank Length (cm): Obtained by using a tailors tape from the hock joint to
the base of the 3toes.

Drumstick +Thigh length (cm): Determined by using the tailors tape from
the pelvis joint down through the thigh drumstick to the hock joint

before shank.

Wing length (cm): Determined by placing tailors tape across from the tip to
the point of attachment of wing to the body of the bird.

Abdominal fat circumference (cm): Vernier caliper was used to determine
the thickness of the abdominal fat, corrected to the nearest 0.01mm.

Large Feather length (cm): Determined by placing tailors tape across the

length of the wing.
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Breast width (cm): Obtained by placing tailors tape round the body girth.

3.6.5 Carcass Trait Measurement :

Twelve hours prior to slaughter live weight (g), 56 birds were deprived of feed and
after slaughter they were defeathered to determine the: Carcass Weight (g), dressing
percentage (DP %), Head Weight (g), Leg Quarter Weight (g), Wings Weight (g), Internal
Contents Weight (g), Breast weight (g), Drum stick+ Thigh weight (g), Neck weight (g),

Back weight (g), Feather weight (g) and Shank weight (g).

The following carcass traits were measured to the nearest 0.1gm:

Live weight (g): The weight of each live birds was obtained before slaughter
using digital weighing machine.

Carcass Weight (g): Determined as the difference between the live weight
and the weight after bleeding, defeathering and evisceration.

Dressing percentage (DP %): Calculated using the following formula:

Carcass

DP 100

~ Live body weight %
Each carcass was cut into retails :

Head Weight (g): Determined by removing the head from the neck at the first
cervical bone after birds were slaughtered and the weight measured.

Wings Weight (g): Determined after removing them from the body of the
bird after birds were slaughtered and the weight measured.

Internal Contents Weight (g): Determined after slaughtering the birds the
the were dissected and the weight of intestine, liver, heart, lungs, gizzard,

kidney, testis and abdominal fat measured
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Breast weight (g): Determined after slaughtered the birds the thigh, head,
wing, back and neck were removed from the carcass and weight using digital
weighing machine.

Drum stick + Thigh weight (g): Determined by placing the drum stick and
thigh on digital weighing machine

Neck weight (g): Obtained after slaughtered using digital weighing machine.
Back weight (g): Weight of the back was measured on digital weighing
machine.

Feather weight (g): After defeathering the weight of live bird was taken
minus weight defeathering using digital weighing machine.

Shank weight (g): Separated at the hock joint and weight measured.

3.6.6 Body weight gain:

Daily body weight gain during the different growth periods after sexing from day 28
to 35, 35 to 42, 42 to 49, and 49 to 56 were calculated using the improvement body weight

gain and percentage improvement body weight gain as follows:

W, —W;

AGg =

£

%AGg =
Where:
AGg = Improvement gain
%AGg = Percent of improvement gain
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W3 = Initial body weight, W, = Final body weight

3.6.7 Egg Production Traits:

Three hundred and ninety two females quails were distributed in to 28 cages
constructed 60cm x 45cm x 45 cm ( length breath height ) to study the number of eggs
produced in the morning and afternoon. The eggs produced in the morning were picked at
10.00am and afternoon at 4.00pm daily and result recorded per week. The following were

determined:

Egg production/day/week: Determined by collecting and recording the egg

collected morning and afternoon daily andsumming the total weekly.

Number of egg laid (n): Total number of eggs produced by the birds in a given

period in a given generation..

3.6.8 Egg Quality Traits

Three eggs from each of the 28 cages housing 15 females each were randomly
picked on a specific day of the week to determine the egg quality traits for each generation 0,
1 and 2 at day 35, 42, 49 and 56 for Gy, G;, G,. Each of the eggs picked was broken into a
known weight of clean smooth paper that does not absorb liquid immediately and the

following measurements obtained:

Egg weight (g): Weight of egg, known using digital weighing machine after
breaking up.

Egg length (cm): Measured to the nearest 0.01mm, using vernier caliper

Egg width (cm): Determined using vernier caliper corrected to the nearest

0.01mm.
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Yolk weight (g): Obtained by separating the yolk from the albumen and
weight of yolk obtained using digital weighing machine

Yolk length (cm): Obtained by using vernier caliper, corrected to 0.01mm.
Yolk height (cm): determined using venier caliper, corrected to the nearest
0.01mm.

Albumen Weight (g): By separating the albumen from the yolk and weight of
albumen obtained by using digital weighing machine.

Albumen Length (cm): Vernier caliper was used to obtain the length,
corrected to 0.01mm.

Albumen Width (cm): was obtained by using vernier caliper across the yolk,
corrected to 0.01mm.

Shell + Membrane Weight: The shell alone with membrane of each egg
were collected and air dried for one hour and weight of each was determined.
Shell + Membrane Thickness: Micrometer screw gauge was used to

determine the thickness of the dried shell +membrane corrected to 0.01mm.

3.6.9 Reproduction Traits:

About 1000 eggs were collected from mated birds of 1:3 male to female ratio in a
cage from groups of 28 families on daily basis for 15 days for Gy, G1 nd G,. The collected
eggs were stored in a cool room every 6 days of collection before setting them for hatching.
The following measurements were made out of 362 females Japanese quail for each of G;

and G, from the set eggs: Fertility, Hatchability, Number of Dead in shell and Dead embryos.
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The following measurement were made:

Egg set: Total number of eggs set in an incubator

Fertility: Total number of eggs that were fertile from the set egg

oy Number of hatched chicks
Fertility % = x 100

Number of fertile eggs

Hatchability = Total number of eggs that were hatch from the fertile egg

Number of eggs hatched
L 100

Hatchability % =

Total number of eggs set
Number of Dead in shell: number of fertile eggs that just started the process of
development but immediately died in shell.

Dead embryo: The number of mature chicks that failed to hatch

Infertile egg: Number of eggs that did not hatch and after breaking showed no

sign of development.

3.6.10 Quail Meat Proximate Composition:

Breast sample from 3 each from female and males birds were collected from breast
portion weekly at day 35, 42, 49, 56 for Gy, G1, G, after slaughter to determine moisture,
protein, fat, ash, and NFE contents. They were determined in accordance with the standards
of AOAC methods (AOAC, 2000). Protein determination involved a Kjeldahl assay (N X
6.25). Fat was determined by extracting samples in a soxhlet apparatus using petroleum ether
as a solvent. Moisture was quantified by oven-drying 10g samples at 100°C over night. Ash
was determined after incineration in a furnace at 550°C and carbohydrate content was

calculated by computing the difference.
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3.6.11 Mineral Composition of Quail Meat

Samples from 3 female and male birds were collected weekly at day 35, 42, 49, 56 for
Go, G1, G, after slaughter to determine mineral elements content after drying and ashing of
samples at 550°C and preparation of hydrochloric solution. The concentrations of K* and
Na* were assayed on a flame photometer spectrophotometrically by the molybdate-vanadate
method and the other elements such as Ca, Mg, Fe, Zn, Na, K and P were obtained by using

the atomic absorption spectrophotometer.

3.6.12 Rate and the Intensity of the Muscle Acidification during Post mortem:

Physical and chemical traits from the left side of the breast sample was taken from
the 10 male and 10 female birds at day 35, 42, 49 and 56 to determine breast muscle pHzomin
(pHzomin) post slaughter and pHasnour (PH2snr) post slaughter. At the 24th post mortem hour,
hydrophilic properties of meat were also determined as — water holding capacity (WHC) and

water absorption capacity (WAC) and colour characteristics of the meat were determined:

The breast muscles pH was determined with ten female and ten male birds were slaughtered
at day 35, 42, 49 and 56 after a 6-hour fasting period. After slaughter, evisceration and
defeathering, pHzomin and pHaanr Values were measured with a pH meter, equipped with glass
electrode and a temperature probe. The pH of a solution was taken the negative logarithm of
the hydrogen ion activity determined in breast portion of meat using standard buffer
solutions. They were prepared with carbon-dioxide-free water and stored in bottles of
chemically resistant glass. The apparatus was calibrated with standard buffer solutions to
check the linearity of the response of the electrode at different pH values and to detect a
faulty glass electrode. The standardization of the apparatus was calibrated with two standard

buffer solutions. After the apparatus has been calibrated, the electrodes and the cups were
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thoroughly washed. The cup were fill with a portion of the solution tested and preliminary
values were obtain before getting the actual value of the pH subsequently for each sample of

day 35,42,49 and 56 for the two sexes.

Water Holding Capacity (WHC) was determined with ten samples of approximate
size of 2.0x1.0x0.5 cm meat were obtained from the pectoral muscles. They were weighed
with a precision of 0.001 g, and put in tubes containing 15 ml saline. Samples were left for
24 hours at about 2-40°. After 24 h, meat pieces were removed from the tubes, carefully

dried on a filter paper and again weighed on the same scales.
The WHC of meat was calculated as: WHC = (b-a)x 17:

where: a — weight of the piece of meat prior to analysis(g), b - weight of the piece of

meat after a 24-stay in physiological saline(g).

The Water Absorbing Capacity (WAC) of meat was determined in saline. Two samples of
approximate size of 2.0x1.0x0.5 cm meat were obtained from the pectoral muscles. They
were weighed with a precision of 0.001 g, and put in tubes containing 15 ml saline. Samples
were left for 24 h at about 2-40°. After 24 h, meat pieces were removed from the tubes,

carefully dried on a filter paper and again weighed on the same scales.

The WAC of meat was calculated as: WAC =(b—a)x10/a (b-a)x %

where:
a — weight of the piece of meat prior to analysis, g;

b - weight of the piece of meat after a 24hr -stay in physiological saline, g;
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The muscles colour was determined by taken a sample of sliced meat from the
posterior part of the breast muscle was obtained from 10 female and 10 male Japanese quail
after slaughter to determine the colour of muscles set-up a spectrophotometer produced by X-
Rite incorporated. The values of L*, a* and b* colorimetric coordinates were determined on

scale (Riegel et al.,2003):
L"= corresponds to Lightness,
a' = corresponds to Redness,
b"= corresponds to yellowness
On the basis of a* and b* values were calculated as follows:
Chroma (C)=(a*"2+b*"2)"0.5 and the

Hue angle (h°), that specifies the site of cross point of coordinates a* and b*:

h°=tg1(b*/a*)

3.7 Estimation of Genetic Parameters

3.7.1 Realized Heritability:

AG
h? = —
I
AG - Response to selection, I-selection differential, AG= P1- Pg

Where:

AG- Response to selection
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P1 =Mean body weight of offspring, Po =Mean body weight of parents(unselected)

generation

Selection differencial:

| =Ps— P,

I= selection differencial , Ps = Mean body weight of selected from population,
P, = Mean body weight of population

Statistical analysis

Percentage fertility and hatchability were transformed to the corresponding arc sine

values according to Snedecor and Cochran, (1981).

Statistical analysis was done by the aid of SAS software (SAS, 2004) according to the

following Statistical models:
Yij=u + Gi + Hj+ s + GHjj+ GSik + €jji
Where:
Y;;= the observation of ijkI"™ bird.
p = overall mean.
G; = effect of i generation (1=0, 1, 2)
H;= effect of j" hatch (j=1,2)

s=  effect of k™ sex (k = male and female).
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GH;= Interaction between i" generation and j" hatch
GSi= Interaction between i™ generation and k " sex
gjj= random error.

Significant differences between means were ranked by using Duncan's Multiple

Range Test ( Duncan,1955).
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CHAPTER FOUR
4.0 RESULTS
4.1  Sexual Maturity Characteristics of Japanese Quails
4.1.1  Sexual maturity characteristics in females

The least square means for sexual maturity in female Japanese quail are shown in
Table 4.1. The sexual maturity characteristics were significantly (P< 0.05) influenced by
generations of selection. Age and body weight at sexual maturity, weight of first, egg weight,
follicle size, oviduct weight, ovary weight, pectoral major weight and abdominal fat weight
improved with increasing generations of selection. Age at sexual maturity was earliest in G;

(P< 0.05) and similar (P0.05) between Gy and G,

4.1.2  Sexual Maturity Characteristics in males

Table 4.2. Shows the least square means of sexual maturity characteristics of male
Japanese quail by generations. The sexual maturity characteristics of the male Japanese quail
differed significantly ( P< 0.05), by generations. Body weight at day 35, age at sexual
maturity in male, body weight at matirity, testicular weight and pectoral major improved.

Abdominal fat weight also increased but was similar for G; and G, ( P< 0.05).
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Table 4.1: Least square means for sexual maturity characteristics of females

Japanese quail by generations ( n =50)

Traits Go G, G, LoS
M+SE M+SE M+SE
Body Weight at 35(d) 150.7+1.43° 160.0+1.60° 161.1+1.26° *
Age at Sexual Maturity 42.3+0.95°  40.9+0.97° 42.6+0.64° *
Body Weight(g) at sexual 162.4+1.39° 172.841.25"  173.1+1.53*  **
maturity
Egg Weight of first egg(g) 8.4+0.22° 9.9+0.22° 10.1+0.93*  *
Follicle Number (n) 20.740.67*  15.5+0.53" 14.8+0.47¢ *
Follicle weight (g) 2.9+0.19° 7.4+0.25° 8.7+0.26% *k
Oviduct Weight(g) 57+0.23°  7.8+0.31° 8.4+0.40° *
Ovary Weight(g) 5.2+0.23°  6.9+0.17° 7.4+0.35° *
Pectoral Major Weight(g) 63.241.54° 61.1+1.61° 66.9+1.36°  *
Abdominal fat Weight(g) 2.7+0.10° 3.440.04° 3.5+0.04° *

'Means within each generations raw with different superscripts differ*= (P<

0.05),**=(P < 0.01); NS = not significant, LOS= Level of significance,Go=Base population,

G;1=Generation one; G,= Generation two
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Table 4.2: Least square means for sexual maturity characteristics of males

Japanese quail by Generations

Traits Go G G, LoS
M+SE M+SE M+SE

Body Weight at 35(d) 136.6+1.32° 153.5+1.47° 155.5+0.57% **

Age at sexual maturity male 40.7+0.71° 37.9+0.45° 39.6+0.69° *

Body weight at sexual maturity 156.7+1.54°  169.4+1.10*  169.0+0.60% **

(@)

Testicular Weight(g) 3.1+0.18° 5.3+0.84" 5.4+0.14°  **

Pectoral Major Weight(g) 52.0+0.92° 59.2+1.71° 62.8+1.49°  *

Abdominal fat Weight (g) 2.8+0.11° 3.3+0.06° 3.3+0.06° *

Means within each generations row with

different superscripts differ*= (P<

0.05),**=(P< 0.01); LoS= Level of significance, GO =

Generation one; G2 = Generation two.
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4.2 Carcass Traits, Body length and Body Parts of Japanese Quail
4.2.1 Carcass traits of Japanese quail by generations and sex

The least square means of carcass traits of Japanese quail by generations and sex is
shown in Table 4.3. The carcass traits in male and female generations differed significantly
(P< 0.05). Body weight at day 35, 42, 49 and 56 in males were less than in females. Also at
day 56 carcass weight, breast weight, drumstick + thigh weight, % drumstick + thigh weight,
back bone weight and % back bone weight were also less in males than in females.
However, males had higher % carcass weight, abdominal fat weight, % abdominal fat weight
and % breast weight (P>0.05).While there was increase in generations selected for other

traits.

4.2.2 BWS56 Body length and some parts of Japanese quail

Table 4.4. Shows the least square means for Body weight at day 56 Body length and
some parts for the males and females and also generations Gy, G1, G, The result indicated
that at day 56 males had higher (P< 0.05) keel bone length, breast length shank length and
wing length while females had higher toe and feather length. Pelvic width, thigh length,
abdominal fat and breast width were similar ((P< 0.05) in both sexes. The result indicated
that at day 56 there was an increase in body length, keel bone length, breast length, shank
length, wing length and feather length for both males and females. Body length at day 49 and
at day 56 body weight, keel bone length, pelvic width also length, abdominal fat length and

breast width increased with generations.

42



Table 4.3: Least square means of carcass traits of Japanese quail by generation and sex

Traits Sex Generation
Males Females Go G, G,

N MzSE M=SE LoS M4SE MzSE MzSE LoS
Body Weight 35d (g) 56  145.0+1.73" 147.841.65° **  134.3+167°  147.241.54° 157.842.28°  *
Body Weight 42d (g) 56  164.0+1.83" 176.5+1.80° * 1485+1.73°  176.5+1.78° 185.9+3.18°  *
Body Weight 49d (g) 56  181.2+1.82° 203.6+1.92° * 178.841.34°  191.1+2.10°  207.24¢2.17°  *
Body Weight 56d (g) 56 207.3%2.37° 235.8+2.02°0  * 202.0+2.76°  2185+2.56° 244.1+267°  *
DAY 56
Carcass Weight(g) 56  185.9+1.41° 207.6+1.92° * 182.41+2.32°  195.9+2.10° 211.8+2.32°  *
% Carcass Weight 56  89.7+0.62° 88.1+#0.92°  **  90.3+1.72° 89.6+0.72°  88.9+1.67° *x
Abdominal Fat Weight(g) 56  7.2+0.15° 6.9+0.08" * 7.0+0.08" 6.7+0.12° 7.3%0.13° *x
%AbdominalFat Weight 56 3.9+0.09% 3.3x0.08° ** 39+0.05° 3.4+0.42° 3.540.52° *x
Breast Weight (g) 56  70.4+0.36" 7784023  * 60.8+0.42° 75.5+0.56"  85.9+0.46° *
%Breast Weight 56  37.7¢0.12° 37.240.28"  **  33.4+0.44° 38.5+0.21"  40.6+0.38 *x
Drumstick+ThighWeight( 56  44.2+0.24° 57.5+0.25°  * 35.0+0.53° 53.740.35"  63.9+0.58 *
9)
% Drumstick+ Thigh 56  23.6+0.21° 27.3+0.18°  * 19.2+0.39° 27.24¢0.32°  30.0+0.22° *x
Weight
BacK Bone Weight (g) 56  57.4+0.74° 66.3+0.82%  * 49.040.95° 61.3+1.89"  75.4+1.28° *
% BacK BoneWeight 56 30.7+1.42° 31.740.62°  **  28.8+1.28° 31.3+1.32°  355+1.62° *

Means within each row for the sexes and generations with different superscripts differ*= (P<
0.05),**=(P< 0.01); LoS= Level of significance,GO = Base population;G1= Generation one; G2 =

Generation two.

43



Table 4.4: Least square means for some parts of Japanese quail of different generations and sex

Traits Sex Generation

Males Females Go G, G,

M=SE MzSE LoS M+SE Mz=SE M=SE LoS

N

Body length35(cm) 56  14.1+0.37°  14.0+0.67° **  13.74¢0.53° 14.1¥0.32°  14.2+0.81® *
Body length42(cm) 56  14.8+0.32°  15.0#0.27*° * 145+0.45° 15.9+0.42°  1550.24°  *
Body length49(cm) 56  14.620.34°  14.9+0.26° * 14.240.42° 14.8+0.31°  15.2+0.22%°  *
Body length56(cm) 56  15.24¢0.21°  15.74#0.16* * 15.240.54° 15.4+0.16°  15.74¢0.32°  *
Body Weight 56(g) 56  207.3%+2.76" 235.8+23% * 202.1+2.94 218.5+2.12° 244.142.52°  **
DAY 56:
Keel bone Length 56  9.3+0.09° 9.240.08"  * 9.0¢0.41°  9.2+0.21° 9.5+0.14° *
(cm)
Pelvic Width (cm) 56  3.2+0.08" 3.2¢0.07* Ns  2.8+0.28°  3.2+0.82" 3.5+0.08° *
Breast Length (cm) 56  13.240.29°  12.24#0.28° **  126+0.18" 12.620.31°  12.9+0.23*  *
Shank Length (cm) 56  3.2+0.14° 3.1+0.30° = 2.9+0.08°  3.2+0.07" 3.4+0.08° *
Toe Length (cm) 56 3.4+0.02° 3.5+0.03*  **  32+0.07°  3.5x0.05" 3.6+0.62° *
Thigh Length (cm) 56  8.3+0.14° 8.3+0.15° Ns  8.1+0.22°  8.30.12" 8.6+0.14° *
Wing Length (cm) 56  11.6+0.03°  11.3%0.02° =* 11.240.04° 11.3+0.06"  11.840.07° *
Abdominal ~ Fat 56  0.6+0.02° 0.640.01° Ns  0.4%0.23°  0.6+0.02" 0.7+0.08" *
(cm)
Feather =~ Length 56  10.74¢0.22°  11.0+0.12* * 10.6+0.42°  11.0+0.53*  11.24¢0.01° *
(cm)
Breast Wide (cm) 56  3.1+0.05° 3.1+0.02° = 2.940.22°  3.1%0.01° 3.3+0.02° i

Means within each row for the sexes and generations columns with different superscripts differ*=

(P< 0.05),**=(P < 0.01); NS = notsignificant, LS= Level of significance, G, = Base

population; G;= Generation one; G, = Generation two.
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4.3 Egg Characteristics of Japanese Quiail.
4.3.1 Egg weight, yolk and albumen characteristics of Japanese Quail.

The least square mean for egg quality characteristics of Japanese quail in different
generations and age are shown in Table 4.5 All the egg quality characteristics improved
(P< 0.05) with generation except shell weight which was lowest (P< 0.05) in G, quail and
shell thickness which was highest (P< 0.05) in G, and shell thickness was highest (P< 0.05)
in Go Egg weight, egg length, egg width, yolk weight, yolk length and shell thickness
improved as the birds advanced in age.However, both shell weight and thickness decreased

with age.

There was increase in albumen weight and albumen width with increasing age. The
three albumen characterisyics differed significantly (P< 0.05) across generation. Albumen
weight decreased significantly(P< 0.05) with generation while albumen width increased
significantly (P< 0.05). However value aloumen length was highest (P< 0.05) in generation

of base population and similar in G; and G..
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Table 4.5: Least square means for egg weight and yolk characteristics of Japanese quail at

different generations and age

Traits Generations LoS Age(9) LoS
Go G, G, Dss D Dao Dss

Egg weight(g) 56  8.3+1.21° 95+1.22°  10.2+#1.23% = 7540619  8.7+0.82° 10.1+1.32° 10.9+0.17° =
Egg length(cm) 56 2.9+0.11° 3.4#0.18°  3.8+0.22%  * 2.8+0.14°  3.1+0.08°  3.6+0.11°  3.9+0.13° *
Egg width(cm) 56 2.4+0.18° 2.6+0.18°  2.9+0.24°  * 2.3+0.21°  25+0.31°  2.3+0.09°  3.1#0.15° o
Yolk weight(g) 56 3.7+0.25°  4.1+0.26°  4.4#0.23°  * 3.1+0.32¢  3.8+0.24°  45+0.21°  4.8+0.31° *
Yolklength (cm) 56 1.3+0.12° 1.6+0.21°  16+0.13°  * 1.3+0.12%  1.4+021°  1.6+0.32°  1.7#0.11° o
Yolk width (cm) 56 2.240.13° 2.3+0.13°  23#0.14°  * 2.240.13°  2.3+0.22%  2.2+40.14°  2.3+0.13° *
Albumen weight 56  3.24¢0.12° 3.3%0.12° 3.6+0.13* **  3,0%0.11° 3.2+0.34° 3.4%0.14° 3.50.13* *
Albumen length 56  1.0+0.22° 0.3+0.15° 0.3+0.09" * 0.3+0.02° 0.3+0.12° 0.3+0.11° 1.2+0.17*%  *
Albumen width 56  3.0+0.04° 3.1+0.13° 3.3%0.22° = 2.5+0.04" 2.9+0.23° 35+0.22*° 3.4+0.13" *
Shell weight(g) 56 0.4+0.02* 0.4+0.02°  0.30.09°  * 0.4+051°  0.420.11°  0.3+0.02°  0.3+0.05° *
Shell thickness 56 0.3+0.04% 0.240.02°  0.240.04*  * 0.4+#0.04%°  0.3#0.02°  0.24¢0.04"  0.1+0.02° *x

Means for each trait within generations and ages with different superscripts differ*= (P< 0.05),**=(P<
0.01); LoS= Level of significance,Gy=Generation of unselected parent; G;=Generation one, Generation two
N=number of birds observed.
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4.3.2 Performance Characteristics of Quial Hens

The least square means for egg production, egg weight and body weight of Japanese
quail hens at different ages are shown in Table 4.6. All the traits were significant (P< 0.05)
affected by age. The egg production and egg weight in Japanese quail by age differed
significantly (P< 0.05) . As birds advanced in age, there was significanly (P< 0.05)
increase in the following traits: with age from day 35 to 56 in all the generations except Base
population generation (Gp) in which the egg production increases in day 49 and then
decreases thereafter.Also the females body weight in both base population generation (Go) ,
selected generation one (G3) and selected generation two (G,) increase with increase in the

ages of the birds from day 35 to 56.

4.4 Carcass Traits as Influenced by Sex, Age and Generations in Japanese Quail.
4.4.1 Carcass parts traits

Table 4.7 shows least square means for carcass traits in generations of Japanese quail
as influenced by sex and age. Generally, Sex, Generation of selection and Age of the birds
had significant (P< 0.05 — 0.01) effect on the carcass characteristics.The females had
superior carcass characteristics than the males.The carcass characteristics increaseed with
generations of selection with G, having higher characteristics than Gy and G;. The carcass
characteristics of the bird increase with increase in the ages of birds except the internal

organs; liver, heart and lungs weight.
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Table 4.6: Least square means for egg production and weight traits in Japanese quail by age

Traits Age @ LoS
D35 D42 D49 D56
Average  weekly  egg 1221+3.67" *
production Gg 165+7.19° 952+1.92° 1382+3.23
Average  weekly  egg 1197+4.06" ok
production G 266+2.29" 915+48.88° 1318+3.95%
Average  weekly egg 1219+27.70° 1162+9.86" *
production G, 242+6.15¢ 870+4.86°
Body Weight female G, 135.9+1.59° 160.1+1.65 184.6+1.79" 212.9+2.37° *
C
Body Weight female G, 148.5+1.63° 180.6+1.73 202.5+2.31° 223.8+2.84° *
C
Body Weight female G, 159.1+2.34° 188.9+3.32 231.6+2.94° 262.9+3.52° *
C
Egg Weight G, 9.6 £0.80° *
6.70.81°  7.6£1.04°  9.2+0.97°
Egg Weight G, 11.3+1.34° *
7.8:0.67°  8.8+0.97°  10.2+0.97°
Egg Weight G, 11.9+1.17° *
8.4+1.02°  9.6£0.91°  10.0+0.96"

means of each traits within each generation with different superscripts differ*= (P< 0.05),

**=(P< 0.01); LoS = least of significant,, Go= Base population, G;= generation of selected 1,

G,= generation of selected 2.
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Table. 4.7: Least square means for carcass traits in generations of Japanese quail as influenced by sex and age

Characteristics Sex LoS Generations LoS Age(d) LoS
Males Females Gy G, G, D3s D4, Dag Dse

Livebody 56 174.6+3.12° 1885+2.45° * 167.0£2.95 182.5+2.40 195.0+3.84 * 14644372 171.7#3.42 191.3+2.48° 181.5+4.12° *=*

We|ght(g) c b a d c

(S

Carcass weight(g) 6 155.8+256° 169.1+2.82%  * 152.843.21 164.9+4.24 169.6£3.86 ** 134.3+2.45 156.3+2.88  171.7+#2.48°  187.5+4.24% *
c b a d c

Breast weight(g) 56 58.2+0.74°  62.2+0.82®  **  48.8+124° 615+143° 70.4+128 * 4414121 56.7+1.02° 66.1+2.36°  74.0+1.38%  *

Drumstick+Thigh 56  37.9+0.28" 45.1+0.242 * 29.441.41°  43.4+1.32° 517+1.12% = 295+0.24%  39.8+1.41° 45.8+1.02° 50.9+1.38%  *

weight(g)
%Carcass weight 56 105.4+0.23°  108.8+0.03% * 94.7+1.24° t2)[00.111.36 126.5+1.23 * 91.5+0.06° 99.5+1.42° 108.8+1.23° 128.7#1.22% =
a

% Breast weight ~ 56  36.9+1.32°  36.5#142°  * 315+0.12° 37.7+¢1.02° 409024 *  32620.12° 355+1.02° 38.4+0.24°  404%1.02°  *
Neck weight(g) 56  6.4+1.42 6.6+1.23" **  44+0.09°  7.0:0.08"  81#0.32° *  6.0+0.10"  6.3:0.15°  7.0%0.13" 6.7+0.42° ok
Back weight(g) 56 44.8+1.12°  534%1.24%  * 39.3+1.28°  49.7+41.49° 582+127% **  367+1.04° 453+1.34° 526+126°  61.8+1.27%°  *

Intestine 56 7.4%1.13 9.3+1.12° * 5.540.23° 9.9+0.14° 9.8+0.36b *x 6.2+1.12° 7.0+0.81° 8.1+1.22° 8.4+1.32° xx

weight(g)
Liver weight(g) 56  3.7+0.08" 5.5+0.02° * 2.6+0.23" 5.6+0.26° 5.6+0.24a * 3.740.14¢ 3.8+0.24° 4.9+0.16° 4.6+1.34° il

Heart weight(g) 56  3.5+0.11° 4.3+0.01° * 1.24#0.02°  57#0.32®  4.9+0.06b  * 4.040.12°  4.440.32°  4.240.05 3.9+0.02¢ ok
Lung weight(g) 56  2.4+0.04° 2.5+0.02° **  11+0.10°  2.520.02°  4.1+0.18a  * 2.0+0.05°  1.6+0.18°  2.6+0.03" 2.5+1.23° i

Means within each generations columns with different superscripts differ*= (P< 0.05),**=(P< 0.01);,LoS= Level of significance,Gy=Generation of unselected parents,G;=Generation
one., G,=Generation two,
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4.4.2 Carcass weight and some internal organs and inedible traits

The least square means for carcass weight and some internal organs and inedible
traits of Japanese quail as influenced by sex, generation and age are shown in Table 4.8. The
results shows generally that sex, generation and age of birds had significant (P< 0.05 —
0.01) effect on carcass weight, internal and inedible traits but the females has higher carcass
weight, internal and inedible weight than males except kidney weight and testicular
weight.The carcass, internal and inedible weight with selection in generations and also with

age of the birds.

4.4.3 Carcass and live body dimensions

Table 4.9. shows the least square means for carcass and live body dimensions of
Japanese quail as influenced by sex, generation and age. Live body dimensions of Japanese
quail were influenced by sex, generation and age significantly (P< 0.05 — 0.01) except keel
bone length, abdominal fat width in sex of Japanese qauil. Female quails performed better
than males in carcass weight, live body weight and feather length. Equally, increasing
generation of selection and advance in the ages of these birds improved performance in these

characteristics.
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Table 4.8: Least square means for carcass weight and some internal organs and inedible traits of Japanese quail as influenced by sex,
generation and age

Characteristics Sex LoS Generations Lo Age(d) LoS
S

Males Females Go G; G, Dss Dy Dyg Dsg

Carcass weight(g) 56 155.7+2.83°  169.1¥3.42 * 152.7+3.86° 164.9+324° 169.6+2.13% * 1343£324 15624289 17174124 18744324 *
a C a

Gizzard 56 4.7+1.23° 4.44303°  * 3.241.20° 4.9+0.81° 5.6+0.73 * 4341029  45+0.89°  4.6+0.81°  4.8+052°  *
weight(g)
Kidney weight(g) 56  0.8+0.02° 0.8+0.16°  * 0.5+1.02° 1.1+0.42° 0.8+0.89" ** 0740.21°  0.6+0.27°  0.7#0.67°  1.2+#092°  *
Testicularweight 56 2.4+0.02 Nil Ns  2.4+0.82° 4.9+0.42° 5.1+0.29° **16+0.12%  2.040.45° 224018 = 2.1+0.16°  *
(@

Head weight(g) 56  6.3+2.88" 6.6+3.26°  * 4.6+3.24° 7.042.42° 7.7+2.83° *  509+120%  6.240.72°  6.5+0.02°  7.241.34%  **
Neck weight(g) 56  6.2+2.48° 6.6+2.84°  * 4.4+0.83° 6.9+0.72" 8.0+0.68° * 5940129  6.2+40.38°  7.0£0.62°  6.6+0.14°  *
Leg weight(g) 56  3.4+4.21° 46+2.07%  * 2.2+0.06° 4.5+0.82° 5.3+0.05° * 3340.02%  3.6+0.01°  3.9+0.73°  53+1.20° s
Wing weight(g) 56  8.1+2.87° 8.8+3.14%  * 6.7+2.45° 8.9+0.50° 9.7+1.28° *  86+0.14°  8.7+0.34°  7.8+0.79"° 88073  *

Abdominal 56  5.4+2.46° 5.6+2.24° * 5.0+2.84° 5.240.02° 6.4+2.01° *  3.7+0.08¢ 5.0+0.04° 6.3+0.53° 7.0+1.09% *
weight(g)
Feather weight(g) 56  16.5+4.32° 17.9+3.86° * 15.0+3.76° 18.6+0.78° 17.9+0.78°  *  11.9+0.14% 14.840.83° 19.7+0.72° 22.4+1.02° *

Means within sex generations and age with different superscripts differ*= (P< 0.05),**=(P< 0.01); LoS= Level of significance, Gy=Base population; G;=Generation one;
G,=Generation two.
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Table 4. 9: Least square means for carcass and live body dimensions of Japanese quail as influenced by sex, generation and age

Characteristics N Sex LoS Generations LoS Age(g) LoS
Males Females Gy G, G, D35 Dy, Dyo Dsg

Livebody weight(g) 56 17461307 1885:324 ** %C67.1¢2.2 182.543.21 195.0+1.72*  * 1464+271 17174128 1913t171 2168+282 *
Carcass weight(g) 56 b155.74;2.45 }69.112.83 *x é652.7¢2.4 364.913.75 169.643.62°  ** &34.311.21 C156.210.46 &71'712'17 }87.511.24 *
Body length(cm) 56 14.6+0.25° 14.9+0.34* * 14.3£0.15 14.840.83° 15240214  **  141+0.71° 14.9+0.32° 14.7+1.34" 154+1.72° *
Keel bone length(cm) 56  7.8+¢0.22°  7.8+0.23 Ns  7.5+0.67° 7.8x0.71"  8.1+0.12° * 5.9+1.62°  8.0+0.34°  8.1#1.72°  9.2+#0.89°  *
Pelvic width (cm) 56 2.440.08°  2.6+0.06%°  ** 24012 25+0.32%  2.6+0.26° * 0.342.34°  32+1.78%  324#024%°  33#2.17°  *
Shank length (cm) 56  3.04£0.31*  33#0.15%  * 2.840.12° 3.0+0.14*  3.1%0.22° * 2340.24°  3240.32%°  3.6+0.63%  4.040.81%  **
Thigh length (cm) 56  7.54#0.32%  7.6+0.25% @ * 7.240.52°  7.620.42°  7.9+0.28° * 6.540.67°  7.4+1.24°  7.6+1.08°  8240.79% = **
Wing length (cm) 56  10.4+0.89" 10.5+1.45%  ** 10.2:027 10.5+0.89*  10.6+0.73*  * 9.6+40.62°  105+2.12° 105+1.73  11.4+1.34* *

Abdominal fat width(cm) 56  0.4+0.01° 0.4+0.02% Ns 0.2+¢0.08°  0.420.11° 0.6+0.09% * 0.2+0.71° 0.4+0.81° 0.4+0.24° 0.6+0.41° *

Feather length(cm) 56  9.3%0.18" 12.3+0.41*  * 8.9+1.12°  9.3+0.78" 9.8+1.23% * 7.0+1.34° 9.00.78° 10.1+¢1.22°  11.1#2.15* *

Means within sex generations and age with different superscripts differ*= (P< 0.05),**=(P< 0.01); NS = Not significant,LoS= Level of significance, G,=Base population; G,;=Generation
one; G,=Generation two.
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4.5 Breast meat quality of Japanese quail by age and sex

Table 4.10 shows the least square means (LSM) of breast meat quality of
Japanese quail as affected by age and sex. Sex had no significant (P>0.05) effect on the
breast meat quality except keel bone length and abdminal fat. The cooking loss and
Chroma of the males breast meat was higher than that of the females, while the females

breast meat had higher water holding capacity (Pectoralis major) and lightness.

Slaughter age had significant effect (P<0.01-0.01) on the breast meat quality. The
PH20mm, % drip loss, water holding capacity (pectoralis major) and lightness of the breast
meat decreased as the birds, were getting older, while cooking loss (breast muscle),

redness, Chroma and Hue increased significantly with slaughter age.

4.6  Response to Genetic Improvement in Traits of Japanese Quail

4.6.1 Response to Rate of genetic improvement for body weight and shank length
inJapanese Quail

The rate of genetic improvement for body weight and shank length of Japanese
quail by sex at different ages are shown in Table 4.11. Generally, there was improvement
in body weight across generation in all the ages (day 35 to 56). The rates of improvement
in body weight across generation one and two were 3.24¢g (0.05%) in day 35 day, -1.85
(0.87%) in day 42 day, 4.21g (49day), -19.4g (56day), for males and -4.72g (35day), -
5.92g (42day), 3.369 (49day) -14.95g (56day) for females. There was greater rates of

improvement in shank length of males across generations.
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Table 4.10: Least square means of breast meat quality of Japanese quail as influeced by

age and sex

Characteristics N Sex LoS Slaughter age (d) LoS
Males Females D5 Dy Dy Dsg

PHa0mins 10 6.1#022%  6.3#0.15%  * 6.5+0.18° 6.5+0.20° 6.05+0.19°  6.0+0.12" *
PHa4no0urs 10 5.9+0.11*  58#0.01° * 5.9+0.03° 5.8+0.02°  5.8+0.01° 5.30.05" *
% Drip loss 10 0.8+0.01*  0.8+#0.04° Ns 4.0+0.02° 0.840.02*  0.70.03" 0.620.0.05° *x
pectoralis 10 17.74¢0.62° 20.3+0.41*° * 17.9+0.41° 18.740.43"  19.7¢0.45%  19.8+0.0.46° *
major,water

holding capacity

Pectoralis major, 10 23.4+0.62° 23.4+1.75%* * 27.2+1.75° 23.7+¢1.91°  22.8+1.11° 19.9+1.89° *
water  absorbing

capacity

Cooking loss, 10 31.1+2.47%° 27.3+0.85° = 25.4+0.85¢ 26.6+156°  30.1+1.56°  34.9+0.78° *

breast muscle

Lightness(‘) 10 42.9+052° 44.4+0.83% ** 44.8+0.93° 43.7+0.85°  43.5+0.03°  42.7+0.56° *
Redness(®) 10 10.8+0.41* 10.7+0.40* * 10.1+0.41° 10.4+0.40°  11.0+0.48°  11.4+0.25° *
Yellowness(") 10  11.0£0.20° 11.440.32% = 11.1+0.32° 11.3+0.36°  11.1#0.31*  11.3+0.61° *
Chroma(C®) 10 15.2+0.46° 14.9+0.36° =* 14.4+0.17° 155+057°  155+0.42°  15.7+0.46° *
Hue(h°) 10 0.7#0.17%°  0.7#0.59° Ns 0.6+0.06° 0.74¢0.05*  0.80.02° 0.8+0.03° *

Means for each character within sex generations and age with different superscripts differ*= (P< 0.05),**=(P< 0.01); G,= Base population;

G,=Generation one, G,=Generation two, p"20min = p" value after 20min postmortem; p"24hr = p* value after 24hr postmortem
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Table 4.11: Response to genetic improvement for body weight and shank length in

generations of Japanse quail.

Traits Sex Generations Response to selection
Gy G G, AGR; AGR; %AGR; %AGR,
Body Weight 35d (g) Males  132.75 14579 159.07 13.04 13.28 10.00 9.10

Females 135.93 14854 156.43 1261 7.89 9.28 531
Overall 13434 147.17 157.75 12.83 10.58 9.55 7.88
Body Weight 42 d (g) Males  160.11 172.39 182.82 12.28 1043 7.66 6.05
Females 166.29 180.57 188.93 1437 8.36 8.64 4.63
Overall 163.20 176.48 185.88 13.28 9.40 8.13 5.33
Body Weight 49 d (g) Males  173.11 179.75 182.18 6.64 543  7.84 3.02
Females 184.57 20250 223.79 1793 2129 9.71 10.51
Overall 178.84 191.13 20299 1229 1186 6.87 6.21
Body Weight 56 d (g) Males  191.29 205.39 238.89 14.10 3350 7.37 16.31
Females 212.89 23157 22532 18.68 -6.25  8.77 2.70
Overall 202.09 21848 23211 16.39 13.63 8.11 6.24
Shank Length 35d (cm) Males 3.50 3.80 4.30 0.30 0.50 8.57 13.16
Females  3.50 3.90 4.00 040 010 1143 2.56
Overall 3.50 3.85 4.15 035 030 10.00 7.80
Shank Length 424 (cm) Males 3.10 3.10 3.40 0.10 0.20 3.23 6.25
Females  2.90 3.20 3.50 030 030 10.34 9.37
Overall 3.00 3.15 3.45 015 0.25 5.00 7.94
Shank Length 49d (cm)  Males 2.90 3.30 3.50 040 020 13.79 6.06
Females  2.90 3.20 3.40 0.30 0.20 6.90 6.06
Overall 2.90 3.25 3.45 035 0.20 1.21 6.15
Shank Length 56 (cm) Males 3.00 3.20 3.40 0.20 0.20 6.67 6.25
Females  2.90 3.10 3.40 020 0.30 6.90 9.68
Overall 2.95 3.14 3.40 019 0.26 6.44 8.28

Go= Base population; G;=Generation one, G,= Generation two,. AGR= reponse to change in growth

rate in generations; % AGR= percent reponse to change in growth rate in generations
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one and two were 19.4q, respectively, while the rate of improvement in shank length of
the females was -0.30g, 0.01g, -0.10g and 0.20g for age 35, 42, 49 and 56day,

respectively, the faster rate was at day 56

4.6.2. The rate of improvement for growth rate in body weight and shank length in
Japanese quail

Table 4.12 shows the rate of genetic improvement for growth rate in body weight
and shank length in generation of Japanese quails. There was improvement in growth rate
for body weight and shank length with selection. However, the rate of improvement
differs with sex. The rates of improvement in growth rate for body weight in males at
ages 35-42, 42-49, 49-56day were 1.39g (5.30%), 8.92g (4.45%) and 0.40g (-2.97%),
respectively, while for the fesmales the rate of genetic improvement was 2.08g (-4.94%),

9.269 (3.89%) and 9.28g (0.81%) for ages 35.42, 42-49 and 49.56 day respectively.

The genetic improvement in the growth rate of the shank length in males were

-0.01g (-2.50%), 0.03g (-9.08%) and -0.01g (2.00%) for age 35-42, 42-49 and 49-56day,
respectively, while for the females the genetic improvement was 0.11g (24.00% ) 0.01g (-

3.01%) and -0.01g (-1.00%) for ages 35-42, 42-49, and 49-56 day, respectively.

4.6.3. Estimated genetic improvement in female sexual reproductive traits of females

Table 4.13 showed the realized genetic improvement in the reproductive traits of
females quail at sexual maturity. The realized genetic improvement in selection for
improvement in female reproductive traits at age 35day of age was low but positive. The
realized genetic improvement ranged from 1.22g (1.12%) (Abdominal fat weight) to

6.72g (1.10%) (pectoralis major weight).
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Table 4.12: Rate of genetic improvement for growth rate in body weight and shank

length in generations of Japanese quail

Traits Sex Generations Response to selection
G, G, AGR; AGR; %AR; %AR;

Growth Rate Males 26.60 28.75 0.76 2.15 2.78 8.08
bodyweight 35-42d ()

Females 32.03 39.86 1.67 7.83 5.50 2.44

Overall 29.32 3431 122 4.99 1.59 1.70
Growth Rate Males 17.36 30.64 4.46 13.28 3.20 7.65
bodyweight 42-49 d (Q)

Females 21.93 3486 3.67 1293 201 5.90

Overall 19.65 32.75 4.02 13.10 257 6.67
Growth Rate Males 25.64 3350 7.46 7.86 4.10 3.07
bodyweight 49-56 d (Q)

Females 29.07 39.10 0.75 10.03 2.64 3.45

Overall 27.36 36.30 4.11 8.94 1.77 3.27
Growth Rate Shank Males 0.67 0.91 0.25 0.24 5.00 3.58
Length 35-42 d(cm)

Females 0.59 0.73 0.03 0.14 5.36 2.37

Overall  0.63 0.82 0.14 0.19 2.86 3.02
Growth Rate Shank Males 0.06 0.12 0.03 0.09 1.00 10.08
Length 42-49 d(cm)

Females 0.02 0.11 0.01 0.08 1.00 25.00

Overall 0.04 0.12 0.02 0.06 1.00 20.00
Growth Rate Shank Males 0.04 0.06 0.03 0.02 3.00 5.00
Length 49-56 d(cm)

Females 0.06 0.03 0.04 -0.03 2.00 1.00

Overall  0.05 0.05 0.04 0.03 2.00 15.00

Go= Base population; G;=Generation one, G,=Generation two,. AGr= response to
selection in growth rate ,AGg= reponse to change in growth rate in generations. 1=

selection differential.
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Table 4.13: Response to genetic improvement in female reproductive traits at sexual

maturity
Traits Ps Po Py | AGg % | %AGg
Bodyweight at 35(d) 150.68 160.00 161.08 1.08 10.40 0.01 0.65
Age at sexual maturity (d) 41.28 4262 4260 -0.02 132 0.00 0.31
Body weight(g) 162.44 17276 173.08 0.32 10.64 0.00 0.04
Egg Weight(g) 8.36 992 1012 020 1.76 0.02 1.77
Follicle number (n) 20.72 1552 1480 0.72 -592 0.35 3.81
Follicle size (cm) 2.94 7.36 8.68 1.32 574 445 7.80
Oviduct Weight(g) 5.68 780 840 060 272 1.06 3.49
Ovary Weight(g) 5.24 6.92 736 044 212 084  3.06
Pectoralis Major Weight (g) 60.20 61.08 66.92 584 6.72 0.97 1.10
Abdominal fat Weight (g) 2.68 340 370 030 102 112 3.00

AGg= response to selection; I= selection differentail % I= percent selection differencial;

% AGg= percent response to selection; Ps=mean body weight of selection; Po= mean

body weight of population;
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4.6.4 Estimated correlated correlated improvement in male sexual reproductive traits

The estimated genetic improvement in body weight and reproductive traits in
males at sexual maturity is shown in Table 4.14. Selection for improvement in male
sexual reproductive traits age 35 of age day showed positive response. The realized
improvements were 17.8g (1.10%) for body weight at age 35, and 2.35¢g (4.45%) for
testis weight, 10.88g (0.18%) for pectoralis major weight and 0.40g (1.49%) for

abdominal fat weight. However age at sexual maturity was delayed by 1.72 days (0.28%).

4.6.5 Correlated improvement in some reproductive and egg traits in Japanese quail.

The rate of genetic improvement in some reproductive and egg traits is shown in
Table 4.15. Improvement in egg number showed negative response in both the first (-
123) and second (- 283) generation. Also, selection for genetic improvement in age at
sexual maturity was better in both males and female (was negative) in the first generation
but was delayed in the second generation. Birth weight (combined sex) had low but
positive (0.90g) response (11.39%) to selection. The selection for improvement in the
percentage fertility and hatchability were negatively affected by body weight selection.

Percentage death in shell, percentage dead in egg and percentage infertility..
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Table 4.14: Response to genetic improvement in Male reproductive traits at sexual Maturity

Traits Po Ps P, | AG % | % AG

Body weight 35d(g) 146.64 15952 16420 468 1756 031  1.10

Age at sexual maturity(d) 40.72 37.92 39.64 1.72 -1.08 042 0.28

Body weight (g) 162.72 169.36 179.04  9.68 1632 059  0.96

Testis Weight (g) 305 528 540 012 235 039 445

Pectoralis Major Weight (g) 56.96 59.21 67.84 8.63 10.88 1.52 0.18

Abdominal fat Weight (g)  2.83 329  3.32 003 049 012  1.49

AGg= response to selection; I= selection differentail % I= percent selection differencial; % AGg=
percent response to selection; Ps=mean body weight of selection; Po=mean body weight of
population;
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Table 4.15: Correlated improvement in some reproductive and egg traits in Japanese quail.

Traits Sex Generations Rate of response
Go G G, AGR; AGR, %AGR; %AGR,
Egg Number - 3818 3695 3492 -123 -203 0.32 0.55
Age Sexual Males 40.72 3792 39.64 -28 1.72 6.88 0.43
Maturity male(d)
Age Sexual Females 42,28 4092 4260 -1.36 1.68 0.32 1.14
Maturity female (d)
Birth weignt (9) Combined - 790 8.80 - 0.90 - -
sex
% Fertility - 91.36 86.33 - -5.03 - 0.55 -
% Hatchability - 76.60 56.91 - - - 2.57 -
19.69
% Death in shell - 8.09 13.54 - 5.45 - 6.74 -
% Dead in Egg - 6.67 15.88 - 9.21 - 1.38 -
% infertility - 9.22 13.67 - 4.45 - 4.83 -

Go= Base population; G;=Generation one, G,=Generation two; AGR= response to change

in growth rate

61



4.6.6 Response to genetic Improvement in egg quality traits

The selection response for improvement in egg quality traits was low but positive
(Table 4.16) .The realized genetic improvement ranged from -0.06g (1.43%) shell

weight) to 1.569 (3.21%), response to genetic gain in egg weight.

4.6.7 Genetic improvement of egg production at different ages in Japanese quail

The estimated genetic response in egg production of Japanese quail at different
ages is shown in Table 4.17. The realized genetic improvement with age from day 35 to
49 and then decreased thereafter. The realized genetic improvement was 779 (3.40%), -

829 (0.90%), -163g (1.24%) and -59¢ (0.49%) at age 35, 42, 49 and 56 day, respectively.

4.6.8 Response to genetic improvement of body weight at different ages of growth

The genetic improvement in body weight at different ages of Japanese quail by
sex is shown in Table 4.18. There was a positive response in selection for body weight
from age 35 to 56 day. However, the rate of genetic improvement was higher in males
than females at 35 and 42 days of age, but beyond the 42 days of age, the females showed

superiority over the males.
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Table 4.16: Response to genetic improvement in egg quality traits for each generation

Traits Ps Po Py I AG % 1 % AG
Egg weight(g) 9.61 11.86 1342 156 381 162 321
Egg Length(cm) 3.06 4.38 5.05 0.67 1.99 2.19 4.45
Egg width(cm) 3.06 4.38 5.19 0.81 2.13 2.65 4.86
Yolk weight(g) 4.74 4.92 5.03 011  0.29 023 059
Yolk Length(cm) 1.33 221 2.23 0.02 0.90 0.15 0.41
Yolk width(cm) 2.26 2.33 2.47 0.14 0.21 0.62 0.90
Albumen weight(g) 3.19 3.37 3.97 0.60  0.78 1.88 2.31
Albumen Length(cm) 3.05 3.26 3.28 -0.02 0.23 0.07 0.68
Albumen width(cm) 3.13 441 4.44 0.03 131 0.10 2.97
Shell weight(g) 0.32 0.35 0.37 0.02 005 0.63 1.43
Shell thickness(cm) 0.28 0.17 0.11 -0.06 -0.17 2.14 1.00

AGg= response to selection; I= selection differentail % I= percent selection differencial; % AGg=
percent response to selection; Ps=mean body weight of selection; Po=mean body weight of
population
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Table 4.17: Response to genetic improvement of egg Production atdifferent

ages in Japanese quail

Egg Ps Po P; | AGg % | % AGg
Production

Egg 35 165 266 242 101 77 6.12 3.40
Egg 42 952 915 870 -82 -82  0.86 0.90
Egg 49 1382 1318 1219 -64 -163  0.46 1.24
Egg 56 1221 1197 1162 -24 -59  0.20 0.49

AGg= response to selection; 1= selection differentail % I= percent selection
differencial; % AGg= percent response to selection; Ps=mean body weight of
selection; Pp=mean body weight of population
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Table 4.18: Response to genetic improvement of body weight at different ages of

Japanese quail by sex

Traits Sex Ps Po Py | AGg % | % AGg
35d Body Weight  Males 132.75 145.79  159.07 13.28 26.32 1.00 181
Females 135.93 148.54 156.43 7.89 2050 058 138
Overall  134.34 147.17  157.75 10.59 2341 0.79 159
42d Body Weight  Males 160.11 172.39 182.82 10.43 2271 065 1.32
Females 166.29 180.57 188.93 8.36 2264 050 1.25
Overall  163.20 176.48 185.88 9.40 22.68 058 129
49d Body Weight  Males 173.11 179.75 182.18 2.43 9.07 0.14  0.50
Females 184.57 20250 223.79 21.29 39.22 015 194
Overall  178.84 191.13 202.99 11.86 2415 0.69 0.62
56d Body Weight  Males 191.29 208.84 208.89 0.05 1760 0.01 0.84
Females 212.89 23157 22532 -6.25 1243 029 054
Overall  202.09 220.21 21711 -3.10 15.02 0.15 0.68

AGg= response to selection; I= selection differentail % I= percent selection differencial; % AGg=

percent response to selection; Ps=mean body weight of selection; Po=mean body weight of

population
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4.6.9 Changes genetic improvement of carcass weight for different ages of growth in
Japanese quail

There was a positive response to selection for improvement in the carcass weight
of Japanese quails from age 35 to 56 (Table 4.19). However, the realized genetic
improvement in females was relatively higher 22.6g (1.67%), 22.3g (1.48%), 29.69g
(1.63%) and 35.5g (1.71%), respectively for days 35, 42, 49 and 56) than that of the
males; 20.00g (1.49%), 17.5g (1.49%), 17.59 (1.20%) and 23.49g (1.26%) for days 35,

42, 49 and 56, respectively.

4.6.10 Response to Mineral composition improvement in meat of Japanese quail

The selection response for improvement in the mineral composition of Japanese
quail meat was low but positive (Table 4.20). The rate of improvement was similar in
both males and females except Fe, Zn and P. The realized genetic improvement for males

was -0.03g (0.20%) for Fe while that of the females was -0.40g (1.55%) Fe.

4.6.11 Response to chemical composition improvement for meat of Japanese quail

The estimated improvement in the chemical composition of Japanese quails meat
by sex is shown in Table 4.21. The selection for improvement in the chemical
composition of the quails meat ranges from — 8.04g (1.03%) to 8.87g (3.93%). The males
showed higher improvement in the protein (CP) 8.87g (3.93%), Ash content in females

was 1.25g (1.71%). While females showed superior improvement on NFE than males.
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Table 4.19: Response to genetic improvement of carcass weight for different ages by sex in
Japanese quail

Traits Sex Ps Po P, | Gg % | % Gg
35d CarcassWeight(g) Males 220 1340 1420 200 20.0 0.66 149
Females 124.0 1350 1466 226 226 0.94 167
Overall 1230 1345 1443 213 213 0.80 1.73
42d CarcassWeight(g) Males 1455 1534 163 175 175 0.66 1.20
Females 150.3 162 1726 223 223 0.71 148
Overall 1479 1577 1678 199 199 0.68 1.26
49d CarcassWeight(g) Males 156 162.1 170 140 140 051 0.90

Females 163.0 1814 1926 29.6 29.6 069 163
Overall 1595 17175 1813 48 21.8 0.60 1.27
56d CarcassWeight(g) Males 1746 185.1 198 234 234 0.74 1.26
Females 190.2 206.8 2257 355 355 099 172
Overall 1824 19595 211.85 29.45 29.45 087 150

AGg =response to selection; I=selection differential; Ps=mean body weight of selection;
Po=mean body weight of population; % I= percent selection differencial; % AGg= percent
response to selection
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Table.4.20: Response to selection in Mineral composition in meat of Japanese quail

by sex
Traits Sex Ps Po P, [ AGg %l | %AGg
Ca Males 0.86 0.88 0.91 0.05 0.05 0.35 0.57
Females 0.82 084 0.88 0.06 0.06 0.49 0.71
Overall 0.84 0.86 0.90 0.06 0.06 0.48 0.70
Mg Males 0.66 0.67 068 0.1 0.02 0.15 0.30
Females 077 077 078 0.01 0.02 0.13 0.26
Overall 0.72 072 073 0.01 0.02 0.14 0.27
Fe Males 156 152 153 003  -0.03 0.06 0.20
Females 149 132 109 0.40 -0.40 1.54 0.30
Overall 153 142 131 021  -0.22 0.72 1.55
Zn Males 0.78 0.82 0.83 0.05 0.05 0.13 0.61
Females 0.34 0.35 041 0.07 0.07 1.76 2.00
Overall 056 059 0.62 0.06 0.06 0.54 1.02
Na Males 0.04 0.04 0.05 0.01 0.02 2.50 4.00
Females 0.06 0.06 0.07 0.01 0.02 1.67 2.86
Overall 0.05 0.05 0.06 0.1 0.02 2.00 3.33
K Males 2.03 2.06 2.08 0.05 0.05 0.10 0.24
Females 2.04 202 206 0.92 0.02 1.96 0.10
Overall 2.04 0.04 007 049  -0.97 0.15 0.05
P Males 0.80 076 071 0.09  -0.09 0.63 0.12
Females 071 0.80 0.79 0.08 0.08 0.14 1.00
Overall 0.76 078 075 009 -0.01 0.39 0.13

AGg =response to genetic improvement; I= selection differential; Ps=mean body
weight of selection; Po=mean body weight of population; % I= percent selection

differencial; % AGg= percent response to selection.
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Table 4.21: Response to chemical composition improvement for meat of Japanese quail by
Sex

Traits Sex Ps Po P, | AGg % | % AGg

DM Males 80.76 77.77 72.72 -2.99 -8.04  0.37 1.03
Females 83.33 84.61 86.47 1.28 3.12 0.15 0.37
Overall 82.05 81.19 79.60 -0.86 -245  0.10 0.30
Cp Males 20.56 22.56 29.43 8.87 8.87 431 3.93
Females 23.31 22.68 22.87 -0.63 -0.44  0.27 0.19
Overall 21.94 22.62 26.15 0.68 4.21 0.31 1.86
Oil Males 27.44 28.00 30.76 0.56 3.32 0.20 1.19
Females 27.45 30.76 32.00 3.31 4.55 1.21 1.48
Overall 27.45 29.38 31.38 1.93 3.93 0.70 1.34
Ash Males 6.10 6.77 7.43 0.67 1.33 1.10 1.96
Females 6.50 7.30 7.75 0.20 1.25 0.31 1.71
Overall 6.30 7.04 7.59 0.74 1.29 1.17 1.83
NFE Males 43.90 42.67 42.38 -1.23 -152 0.28 0.36
Females 41.74 42.26 43.38 1.52 1.64 0.36 0.31
Overall 42.82 42.47 42.88 -1.35 0.06 0.32 0.26

DM=dry matter; Cp=crude protein NFE= Nitrogen free extract, AGg =response to selection
for genetic improvement; 1= selection differential; Ps=mean body weight of selection;
Po=mean body weight of population; % I= percent selection differencial; % AGg= percent
response to selection, h *= heritability
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4.7  Realized Heritability in Traits of Japanese Quail

4.7.1 Heritability estimate based on individual selection for body weight in Japanese
quail.

The realized heritability based on individual selection for body weight in Japanese
quail (Table 4.22) was moderate (h’- 0.27-0.38) except in G, with the heritability

increasing with increase in the generation of selection.

4.7.2 Heritability estimates of body weight at different ages of growth in Japanese quail

The heritability estimates for body weight at different ages of growth in Japanese
quail (Table 4.23) was moderate to high (h*=0.25 - 1.08 ), and was observed to decrease

with increase in age of selection of the birds.

4.7.3 Heritability estimates of female sexual reproductive traits in female quail

The heritability estimates of reproductive traits in female quail is shown in Table
4.24. The h%estimates for reproductive traits ranged from low to high (h* = 0.11 to 0.87)

with egg weight having the lowest h? and pectoral major weight having the highest h?.
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Table 4.22: Realized Heritability based on individual selection for body weight in

Japanese quail in two generations

Generation [ AGg h?
Go 26.43 7.14 0.27
G, 20.67 7.93 0.38

AGg= response to selection; Go= base population, G1=generation of offspring, I=
selection differentail, h %= heritability
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4.23: Heritability estimates of body weight at different ages of growth in Japanese quail

Traits I AGg h?
Body Weight 35 13.04 13.28 1.08
Body Weight 4, 12.28 10.43 0.85
Body Weight 49 6.64 2.43 0.37
Body Weight s¢ 14.10 33.50 0.25

AGg= response to selection; I= selection differentail, h “= heritability
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Table 4.24: Heritability estimates of female sexual reproductive

traits in Japanese quail at sexual maturity

Traits I AG h*
35d Body weight (g) 10.40 1.08 0.10
Age (d) 1.62 0.68 0.42
Body weight (g) at sexual ~ 10.64 0.32 0.03
Egg Weight (g) 1.76 0.20 0.11
Follicle Number (n) 5.92 0.72 0.12
Follicle size (cm) 5.74 1.32 0.23
Oviduct Weight (g) 1.80 0.60 0.33
Ovary Weight (g) 2.12 0.44 0.21
Pectoral Major Weight (g) 6.72 5.84 0.87
Abdominal fat Weight (g) 0.82 0.30 0.37

AGg= response to selection; 1= selection differentail, h *=
heritability
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4.7.4 Heritability estimates of male sexual reproductive traits

Table 4.25 shows the heritability estimates for reproductive traits in male quail at
sexual maturity. The testicular weight and abdominal fat weight had very low heritability
(0.05 and 0.06, respectively, while the body weight at 35 days and at sexual maturity as

well as pectoral major weight had high heritability.

4.7.5 Heritability estimates of egg quality traits in Japanese quail

The h? estimates of egg quality traits was high (h? = 0.51 — 0.77) except for yolk

length and Albumen width which had (h? = 0.24) and low (h? = 0.04), respectively.

4.7.6 Heritability for egg production in Japanese quail.

The h? estimates for egg production increased with age of production to 49 day
and decreased slightly thereafter (Table 4.27). The h? were 0.31, 0.55, 0.61 and 0.59 for

age 35, 42, 49 and 56 day, respectively.
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Table.4.25: Heritability estimates of sexual reproductive traits in male Japanese quail

Trait | AG h*
35d Body weight(g) 8.88 5.68 0.64
Age at Sexual Maturity (d) 1.98 0.56 0.28
Body weight at SM (g) 16.32 9.68 0.59
Testicular Weight at SM (g) 2.35 0.12 0.05
Pectoral Major Weight at SM (g)  10.88 8.63 0.79
Abdominal fat Weight at SM (g)  0.49 0.03 0.06

AGg= response to selection; I= selection differentail, h “= heritability
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Table.4.26: Heritability estimates of egg quality traits in Japanese quail

Trait I AGg h?
Egg weight 2.25 1.56 0.69
Egg Length 1.32 0.67 0.51
Egg width 1.32 0.81 0.61
Yolk weight 0.18 0.11 0.61
Yolk Length 0.58 0.02 0.24
Yolk width 0.16 0.14 0.63
Albumen weight 0.78 0.60 0.77
Albumen Length 0.21 0.13 0.62
Albumen width 0.72 0.03 0.04
Shell weight 0.05 0.03 0.60
Shell thickness 0.08 0.06 0.75

AGg= response to selection; 1= selection differentail, h °= heritability
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Table 4.27: Heritability estimates for egg production at
different

ages in Japanese | AGg h?
quailEgg

Production

Egg 35 77 24 0.31

Egg 42 82 45 0.55

Eqg 49 163 99 0.61

Egg 56 59 35 0.59

AGg= response to selection; I= selection differentail, h *=
heritability
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4.7.7 Heritability of carcass weight at different ages of growth in male Japanese quail

The h? of carcass weight of male Japanese quail was high (Table 4.28), with
values heritability increasing with increase in age from 0.40 at day 35 to 1.81 at day 56 of

selection.

4.7.8 Heritability estimates of mineral composition in meat of Japanese quail

The h? estimates of mineral composition in meat of male Japanese quails are
shown in Table 4.29. The h? for the mineral composition was ranged low to high. The h?

of Mg and Na was perfect ( h?=1.0).

4.7.9 Heritability estimates of chemical composition for meat of Japanese Quail

Table 4.30. shows the heritability estimates of chemical composition of the meat
of male Japanese quail. The heritability estimates were high for DM, CP, Oil and Ash
(h*= 0.50 - 0.83) but low for NFE (h? = 0.19). The genetic improvement in the male quail
meat chemical composition was highest for CP (6.87) followed by DM (5.05).The

improvement was low for both Ash (0.66) and NFE (0.29).
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Table 4. 28: Calculated heritability of carcass weight at different

ages in male Japanese quail

Traits I AGg h?
Carcass Weightssg) 20.0 8.0 0.40
Carcass Weights (g) 17.5 9.6 0.55
Carcass Weightag(g) 14.0 7.9 0.56
Carcass Weightse(g) 23.4 12.9 1.81

AGg= response to selection; I= selection differentail, h “=
heritability
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Table 4.29: Heritability estimates of mineral composition

in meat of male Japanese quail

Traits I AGg h*

Ca 0.05 0.03 0.60
Mg 0.01 0.01 1.00
Fe 0.03 0.01 0.33
Zn 0.05 0.01 0.20
Na 0.01 0.01 1.00
K 0.05 0.02 0.04
P 0.09 0.05 0.56

AGg= response to selection; I= selection
differentail, h 2= heritability
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Table 4.30: Heritability estimates of chemical composition

of male Japanese Quail meat

Traits | AGg h?

DM 8.04 5.05 0.63
Cp 8.87 6.87 0.77
Oil 3.32 2.76 0.83
Ash 1.33 0.66 0.50
NFE 152 0.29 0.19

AGg= response to selection; I= selection differentail, h
2= heritability
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CHAPTER FIVE

5.0 DISCUSSION

5.1  Sexual Maturity Characteristics of Japanese Qualil

The age at sexual maturity in females of Japanese quail in this study was
significantly differet influence by generation of selection, with 42.3, 40.99 and 42.6 day
for the base, first and second, respectively. This value were lower than the 56.04, 54.38
and 42.56 day reported for base, first and second generation by Magda et al. (2010).The
first generation of selection in this study had relatively shorter age at sexual maturity than
the base and second generation. This suggested that selection for improvement in age at
sexual maturity was more effective at the first generation at selection. This was contrary
to the findings of Magda et al. (2010) who reported shorter age at sexual maturity in the
second generation of selection in females. Other researchers also reported significant
variation in age at sexual maturity across generations of selection (Lilburn and Nestor
1994; Gebhardt Heinrich and Mark, 1995; Tahar, 2009). The earlier age at the first
generation could probably be attributed to better body weight threshold requaired for

initation of egg production.

Age at sexual maturity in males also differed significantly amongst generation
like the females, the age at sexual maturity was relatively shorter in the 1% generation of
selection than the base and 2™ generation of selection. However, the age at sexual
maturity in males was lower than of the females. This suggested that the males matured
earlier than the females. Based on the findings, it could be deduced that age at sexual

maturity in both male and female Japanese quails differed significantly among generation
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for the base, first and second generation of selection. Birds of the first generation reached

sexual maturity earlier than those of the base and second generation.

Generally, generation of selection in this study increased both male and female
sexual maturity characteristics except follicular number which decreased with generation
of selection. Selection for increased in body weight resulted in increase in egg weight and
follicular size but decreased follicular number. This corroborates the report of Nestor et
al (2000) that selection for increased body weight resulted in decrease egg production. In
other study, Marks (1991) reported that selection for increased body weight under
different nutritional environment resulted in decreased abdominal and carcass fat. This is
contrary to the findings in this study in which selection for increased body weight
resulted in an increase in abdominal fat and pectoral major weight. It was also noted in
this study that there is a negative relationship between follicular number and follicular
size. This suggested that selection for increase egg number might result in decrease in

egg size.

The carcass characteristics of the Japanese quail varied significantly across
generations of selection, with the second generation having higher carcass characteristics

than the base at first generation of selection probably on extent of better body weight.

5.2  Effect of sex on bodyweight

There was sexual dimorphism in body weight of Japanese quail in this study with
the females been superior in body weight than the males. This agreed with previous
studies (Caron and Minvielle, 1990; Toelle et al., 1991; Minvielle et al., 2000, Vali et al.,

2005., Saatci et al., 2006; Khaldari et al., 2010; Niarinc et al., 2010). The mean values
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for body weight in this study were higher than those of Marks (1993); Syed et al. (1999)
and Vali et al. (2005) in selected groups of Japanese quails. The females were
consistently higher in body weight at 35, 42, 49 and 56 day of age. In all generations
corroborating probably on extent of better body weight. the findings of Vali (2009) and
Minviellle et al (2000) who reported that the body weight of female Japanese quails was
higher at day 49, 56 and 63 days of age than the males. The average weight gain of the
females ( 4.195g) was higher than that of the males (2.975g) from 35 to 56 days of age in

generation two.

The observed sexual dimorphism may be due to testosterone hormone that is
released at sexual maturity and is reported to cause decrease in growth rate of males
(Hyankova et al. 2001). Another possible reason that was advanced for the sexual
dimorphism in quails was that the large reproductive organs in females such as ovaries
and oviducts appears to be main reason behind higher body weight in females than the
males (Marks, 1993). However, Magda et al (2010) reported that body weight of males
and females within the same generation were not significantly different. Also, sexual
dimorphism was observed in carcass characteristics of the quails in this study The carcass
weight, breast weight, drumstick +thigh weight as well as backbone weight of females
showed higher figures than the males. This is consistent with other reports (Caron and
Minvielle, 1990; Toelle et al., 1991; Minvielle et al., 2000 and Vali et al., 2005).
However, the males showed higher percentages of carcass weight, abdominal fat and
breast weight. This agreed with the earlier findings of Minvielle et al, (2005) and Caron
and Minvielle, (1990). Contrary to the findings in this study, Yalcin et al (1995) reported

non significant difference between female and male for breast as percentage of body
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weight. Likewise, Genchev et al. (2008) and Aksit et al. (2003) reported non significant
different between sex in breast percentage of Japanese quails. Also, contrary to the result
of this study, Vali et al (2005) reported that females significantly had higher breast
percentage than the males and that there was no significant difference between sexes in

terms of drum + thigh percentage weight.

The increase in average body weights in females over males were 2.8, 12.5, 22.4
and 28.5g for 35, 42, 49 and 56 day of age, in G, respectively. This is comparable to the
findings of Kumar et al. (2000) who reported that females of Japanese quail were heavier
in body weight than males by 2.48, 4.11, 4.39 and 5.53g at 21, 28, 35 and 42 days of age,

respectively.

5.3 Effect of Generation of Selection and Sex on body weight and Carcass
Characteristics of Japanese Quails

Selection has an important role in genetic improvement in animal production.
Individual selection is particularly indispensable in selection experiments for body weight
(BW) in poultry (Baylan et al., 2009). Generations of selection for body weight at
different ages in Japanese quail have been studied by many authors; Camci (1992)
reported that five generations of selection for high 5-weeks BW resulted in increased in
body weight from the 1% and 3 generations, but this increase was steady during 3" and
then started to increase. Ulucak et al. (1997) also reported that five generations of
selection for 5 week body weight in Japanese quails led to higher body weight in the
following subsequent generations. Baylan and Uluocak (1999) explained that two
generations of selection for 3 -5™ week’s body weight in Japanese quail produced an

increase in body weight. The findings in the present study were not different as two
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generations of selection for 77 body weight significantly influence body of Japanese
quails from 35 to 56" day of age. The mean body weights of the selected response were
consistently higher than the unselected population from the day 35 to 56 studied. This
agreed with the findings of Sakunthala Devi et al. (2010) and Mohammed et al. (2006)
that generation of selection consistently influence body weight of Japanese quails from
day old to 16 weeks of age. The differences in the body weight across generation of
selection may be due to differential expression of genes in the different generations, since
the management conditions employed were similar across generation of selection. This
shows that Japanese quails responds very quickly to selection, especially for improve
body weight. In this study, selection for improved body weight at 35, 42, 49 and 56d in
the first generation resulted in an improvement of 11.33, 13.28, 12.29 and 16.39q,
respectively, while the improvement in the second generation was 10.59, 9.40, 11.87 and
18.63g, for day 35, 42, 49 and 56, respectively. Other earlier researchers reported varying
levels of genetic improvement on selection of body weight Khaldari et al. (2010)
recorded a genetic improvement at 4 weeks body weight as 9.6, 8.8 and 8.2g for
Generations 2, 3 and 4, respectively in Japanese quails. In the most recent studies, Akrum
et al. (2012) observed significant differences between two generations of Japanese quails
being selected for four week body weight through mass selection procedures. Hussain et
al. (2013) observed significant differences between four generations in selection of
Japanese quails with superior body weight observed on birds of generation 2 and beyond.
The different responses to selection in different experiments can be due to selection

intensity, accuracy of selection, genetic variance and different environmental conditions.
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There was also sexual dimorphism in body weight and carcass characteristics of
Japanese quails, with the females having higher body weight, carcass weight and breast
weight, as well as drumstick + thigh weight and % carcass weight, abdominal fat weight,
% abdominal fat weight and % breast weight. The observed sexual dimorphism in
Japanese quails in terms of body weight and carcass characteristics agrees with the
reports by many authors (Seker et al., 2007; Banos et al.,2010, Khaldari et al.,2010;
Alkan et al., 2010; Ojedapo and Amao, 2014). These authors reported superiority of
females in body weight and carcass weight than males. This divergence in body weight
and carcass composition between the two sexes may be attributed to acceleration of
weight gain by females just prior to laying their first egg (Ojedapo and Amao, 2014).
Also, Caron et al. (1990) indicated that females grow faster and yield large muscle and
more abdominal fat than males at the same age. The large reproductive organs in females,
such as ovaries and oviducts had been incriminated as the main reason behind higher
body weight in females than males (Mark, 1993; Chaudhary et al., 1994). In addition, the
growth and development of the two sexes at early ages and the functions of hormones
and other regulators systems could also be partly responsible for the observed sexual

dimorphism.

The significant higher breast weight and lower carcass % observed in females
than males is in consonance with the reports of other authors (Vali et al., 2005, Alkan et
al., 2010, Banos et al., 2010). However, the difference between males and females for
percentage breast weight were not significant. This agreed with the findings of Yalcin et
al.(1995), Aksit et al.(2003) and Genchev et al.(2008). Also, Vali et al. (2000) reported

body weight in female quails at day 35, 42, 49 and 63 to be 133.32, 160.59, 187.13 and
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213.32g, respectively and in the male 128.12, 150.96, 167.78 and 177.94g, respectively.
These values were similar to the ones obtained in this study. The findings in this study
showed that the average live weight of the males were lesser than those of the females.
This was similar to the findings of Vali et al. (2005) in range quails (Coturnix
ypisilophorus) and Japanese quail (Cortunix coturnix japonica), Salim Kul et al. (2000) in
Japanese quails Genchev et al. (2005) in farm and English- white breeds of quails and
Banerjee, (2010) on Japanese quails. On the contrary, Ibrahim et al.(2009) and Seker et
al. (2000) reported non significant difference in slaughter weight between sexes. The
values for intestinal weight, liver, heart and lungs were also higher in female birds than
males. This is in consonance with the findings of Salim Kul et al. (2000), Ozcelik et al.
(1998) and Ayasan et al. (2000) who reported higher live weight, intestinal weight and

lungs in females than males.

The average dressing percentage, that is the percentage of eviscerated carcass
with respect to the live weight, also suggested that the values were higher for male birds
in comparison to the female birds.This findings agree with that of Vali et al.(2005),
Minvielle et al. (2000) and Barnerjee (2010).The weight of the abdominal fat weight was
higher in females in comparison to that of the male birds in this study. However, the
values obtained in this study for the males (5.4g) and females (5.6g) agreed with
Barnerjee, (2010) who stated that abdominal fat weight in female was higher 8.89g

comparable to that of male 8.77g reported by Barnerjee, (2010).

It was also observed in this study that there were significant sex differences in the
visceral organs and other edible parts of the birds. Similar observation had earlier been
reported by Seker et al.(2005) who observed significant sex variation in the edible parts
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of Japanese quail with female birds having higher values then the males. Also, Mousa
(1993) and Mohammed (1990) reported higher meat and giblet percentage for females
than males. Ojedepo and Amao (2014) reported higher values for female quails with

respective to heart weight, gizzard weight and live weight than males.

5.4  Breast Meat Quality of Japanese Quail

The quality of meat with regard to storage and processing depends on pH values
and the water retention capacity. The pH of breast meat at 20min (pHzomins) pOst slaughter
was slightly higher in females than males and was observed to decrease with age post
slaughter. This agreed with the findings of Genchev et al. (2010).That pH at 20min post-
slaughter was higher than that of 24min post-slaughter. Decrease in pH values with time
had also been reported by Genchev et al. (2010) and is probably due to glycogen content
of the breast meat. It is acknowledged that the increased relative share of glycogen
muscle fibres in muscle bundles enhanced reduction in meat pH (Van-Lenlgerken et al.,
2002).This is probably so because subsequent to the post slaughter anaerobic metabolic
changes, the glycogen store of the muscles are gradually depleted, leading to lactic acid
accumulation and this leads to decrease in pH. The pH value of the breast meat at 20 min
post slaughter in this study was between 6.1 and 6.3.This agreed with the values of 6.2 —
6.3 reported by Riegel et al. (2003).The pH values determined 24 min (pH24 min) post-
slaughter varied between and 5 and 9, being slightly lower than the 6.1 and 6.3 reported
by Genchev et al. (2010).The pH value of meat depends on glycogen content in the
muscle, and glycogen is highly influenced by the locomotive activity and the presence of

stress factors in the pre-slaughter period (Genchev et al., 2010).
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The percentage drip loss obtained in this study did not differ significantly between
sex, and was observed to be lower at day 35 and higher at day 42 of age. This observation
contradicts the findings of Genchev et al. (2010) who reported decrease in % driploss
from day 31 to 42 in both sexes, with the values slightly higher in females than males.
The drip loss percentages of meat in this study varied from 0.4 to 0,8% and lower than
the 0.6 and 1.07% reported by Genchev et al. (2010). The quality of raw meat in terms of
storage and processing depends on its hydrophilic properties, such as water holding
capacity (WHC) and water absorption capacity (WAC) of the meat (Genchev et al.,
2010). The WHC of pectoral major in this study was significantly higher in females than
males, and was observed to increase with age of the birds. However, the WAC was
similar in both sexes and was observed to decrease as the birds were getting older. This
observation agreed with the report of Genchev et al. (2010) that the values of WHC were
higher in females than males with the WHC increasing with age while WAC decreases
with age. Also the values of the WHC and WAC in this study were within the values

reported by Genchev et al.(2010).

The good WHC of the breast meat guarantees excellent technological properties
of meat .The relatively lower WHC of the males pectoral muscles could be related to the
slightly lower pH values. It has been reported that poultry meat with lower pH are
characterized with lower WHC (Lonergan et al., 2003; Owens et al., 2000; Van Laack,
2000).The WHC of the pectoral major seems to increase with increase in the redness (a)
of the meat and as well as the decrease in the lightness (L) of the meat. This suggested
that the WHC is positively related to the Redness (a) and negatively related to the

lightness (L) of the meat. On the other hand, the water absorption capacity (WAC) of the
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pectoral major seems to be positively related to the lightness (L) and negatively related to
the Redness (a) of the meat. Contrary to the findings in this study, Genchev et al. (2010)

reported non relationship of WAC with lightness(L) of the meat.

The value of the lightness in female quail meat was higher than in the males. This
agreed with the finding of Genchev et al. (2010), through the values obtained in this
study were lower. Also, the decrease in the lightness of meat with age concord with the
earlier findings of Riegel et al. (2003) and Genchev et al. (2010). The values of redness
(a) of meat in this study were similar to the one reported by Genchev et al. (2010). Also
the observed increase in the redness (a) of the Japanese quails meat with age agreed with
the report of Genchev et al. (2010). However, the values of Redness in this study were

not different between sexes.

The lower breast meat lightness (L) value in this study compared favourablely
with other values obtained in literaturefor the same muscles in broiler chickens (Qiao et
al., 2001; Fletcher, 1999) and Turkey ( Fraqueza et al.,2000; Lesiow and Kijowski, 2003)
and could be explained with the morphological profile of the pectoral muscle in quails.
The obtained values of redness (a) and yellowness (b) in this study are comparable to
those published by Riegel et al. (2003) and Genchev et al. (2010) for Japanese quail
breast meat but were considerably higher than those obtained in broiler chickens (Allen et
al., 1997; Qiao et al., 2002). There was no variation in the yellowness and hue (h°) of the
breast meat in terms of sex and age. However, there was significant variation in the meat
chroma (C°) between sexes and ages of the birds. This agreed with the earlier reports of
Genchev et al. (2010) in Japanese quails. The breast meat chroma (C°) in this study
increased with the age of the birds. Contrary to the finding of Genchev et al.(2010).
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Cooking loss was significantly higher in males than females in this study. This agreed
with the report of Genchev et al. (2010). However, the values obtained in this study for
both males and females were lower than those reported by Genchev et al. (2010).
Similarly, observed increase in cooking loss with the age of the bird had seen reported by
Genchev et al. (2010), and is probably due to reduction in the chemical bonding between
muscle water and the proteins. It was reported that only 10-15% of muscle water is
chemically bond to protein and that the other amount (about 60-65%) is “ free water” that

is lost during cooking as a result of protein denaturation (Valkova-Yorgova et al.,2000).

5.5  Realized heritability estimates for body weight

Realized heritability (h?) is usually calculated as ratio of selection response to
selection differential. Improvement of response to selection depends on selection
intensity, selection accuracy and genetic variance; and optimal response to selection is
obtained by maximizing these factors, but it is not simultaneously possible (Varkoohi and
Kavian (2014). In this study, realized h? for body weight (BW) after selection for 77 body
weight over two generations was higher than in the first generation. This agreed with the
reports of Baylan et al (2009). Magda et al (2010) that h® estimate increased with

generation of selection up to the 3" generation.

A wide range of h? estimates for body weight has been reported at different ages
(Fisher et al., 1994; Kumar et al., 2001 Saatci et al 2002; Vali et al., 2005; Baylan et al.,
2009; Akbas et al., 2004) and generations (Baylan et al., 2009; Baylan and Uluocak
1999; Magda et al., 2010). These studies normally used body weight at different ages and

generations, and often used different methods to estimate the heritability.
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The h%of bodyweight in this study ranged from 0.25 at day 56 to 1.08 at day 35.
This is similar to the range of 0.42 to 1.08 reported by Adeogun and Adeoye (2004). The
h%of body weight in this study was highest at day 35 and then decreased with age. This
observation corroborate the findings of Akbas et al. (2004) and Baglan et al. (2009) that
h? estimates for body weight at different ages increase from week 1 to 5 and then
decreased thereafter. The variation of h® estimates with ages of the bird explains the
changes of genetic and phenotypic or environmental variance for weight over the ages.
Although, it was evident by the h? estimates that the body weight of the bird can be
improved through individual selection, however the suitable age in which high selection
response can be achieved is at the 35 day. The decrease in the h? of the body weight from
day 42 to 56 suggested that the phenotypic and environmental variances increased rapidly
than the genetic variance as the birds are getting older. However, the weight at day 35 to
42 reflected the genetics of the birds as the key element if feeding and health care

satisfactory.

The h? of body weight at day 35 and carcass weight at day 56 were 1.08 and 1.81,
respectively. These values were outside the theoretical range. The limits of deviation of
h? ranges between O<h®<1 (Duzgunes et al., 1996). If h? calculated according to
phenotype is outside this limits, the condition may occur either due to environmental
variation or inadequate representation of selected animals in the population (Baglan et al.,
2009). Also, Falconer (1960) reported that h? for a particular trait can take different
values according to the population, environmental conditions surrounding the animals
and the calculation method. In quail, Adeogun and Adeoye (2004) reported h? of 1.08 for

body weight; Baglan et al. (2009) reported an h? of 1.06 for female body weight. Some
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researchers reported negative values for h? (Kacak et al.,1995, Nestor et al., 1995; Baglan
2003), while others reported moderate h? for body weight at various ages of growth
(Tigali et al., 1997; Saatci et al., 2002; Akbas et al., 2004 and Shokoohmand et al.,
2007). The differences in the h? estimates might be attributed to method of estimation,
strain, environmental effects and sampling error due to small data set or sample size

(Prado-Gonzalez et al., 2003).

5.6  Heritability estimates for egg production and quality traits

The heritability estimates for egg weight in this study (0.69) was higher than the
0.48 and 0.25 reported respectively by Kocak et al. (1995) and Saatci et al. (2005), and
the range of 0.48-0.59, reported by Francesch et al. (1997). Also the h? estimates of egg
length and egg width in this study were higher than the 0.18 to 0.22, reported by Saatci et
al., (2008). The high h? estimates for most of the egg quality traits suggest that the direct
genetic effect makes larger contribution to the variability of the egg traits than the
maternal permanent environmental effects. Therefore, egg quality of Japanese quails can
be improved through selection. Likewise, the variability in egg production of the
Japanese quails was more of genetic than environmental influences. However the
magnitude of the genetic effect increased with increase in age of production to day 49
and then declined thereafter. The relatively higher h? estimate for day 49 of production
might indicates an effective period in which high selection response for improved egg
production can be achieved. Contrary to the findings in this study, Saatci et al. (2005)
reported low h? of between 0.18 to 0.22 for egg quality characteristics. The values of h?
estimates for egg weight (0.69), egg width (0.61), egg height (0.51), shell thickness (0.75)

and shell weight (0.60) in this study are comparable to the values of egg weight (0.83),
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egg width (0.68), egg height (0.72), shell thickness (0.53) and shell weight (0.08)

reported by Sezer et al. (2007).

5.7  Heritability Estimates for Carcass Weight

The medium to high h? estimates for carcass weight suggested that the trait is
genetically influenced more than environmental and can be improved through individual
selection. However, the observed increase in the h? estimates of carcass weight with age
indicated that the genetic variance increased considerably with increment in age of the
birds (Akbas et al., 2004). This observation suggested that selection for improvement on
carcass weight in the birds should be made at the older age (day 56) than the younger age.
Vali et al (2005) reported h? for carcass weight of 0.43 for Japanese quails. This agrees
with the report of other researchers that h? for carcass traits in Japanese quails is

moderate to high (EI-Fikz 1991, Mousa; 1993 El-full et al., 2001 and Mounsef 2005).

5.8  Heritability Estimates for male and female reproductive traits

The heritability estimates for age at sexual maturity (ASM) for females in this
study (0.45) was slightly higher than the 0.30 and 0.33 reported by Abdel-Mounsef
(2005) and Sezer et al. (2006), respectively. But the value of ASM for females in this
study was far higher than the 0.19 and 0.11 reported by El-fiky et al (2000) and Aboul-

Hussan (2001).

The h? value for AMS (0.28) for males in this study was similar to the 0.31, 0.28
and 0.24 reported by El-Dean (1994), Shebl et al. (1996) and Sezer et al. (2006),
respectively. However, the value of Age sexual maturity for males in this study was
lower than the 0.42 reported by EI-fiky (1991). Magda et al. (2010) and Bahie El-Deen et

al. (2008) reported that h? for age at sexual maturity ranged from 0.07 to 0.44. Based on
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the findings in this study, it is evident that Age at sexual maturity is influence by both

genetic and environmental factors depending on the age and generation of selection.

Testicular weight at sexual maturity, abdominal fat weight at sexual maturity, egg
weight, follicle size, follicle number and oviduct weight low had h? estimates ranging
from 0.12 to 0.21. This suggested that environmental effects make larger contribution to
the variability on these reproductive traits than do the genetic effects. This implies that
direct selection for these traits might not yield appreciable progress, thus rearing of the
birds, health care and feeding management are very important determinants on these
reproductive traits. However, pectoral major weight is a reproductive trait with high h? in

both males (0.79) and females (0.87).

5.9 Heritability estimates of mineral and chemical composition of Japanese quail
meat

The h? estimates of mineral and chemical composition of Japanese quail meat
showed that the mineral and chemical composition of the meat the genetically driven
rather than environmental or management and are highly heritable. The h? estimates for
mineral and chemical composition in this study could not be compared with similar
studies, because no published result was found for these parameters. Generally, most of
the h? estimates in this study were within the biological limits except for some few
estimates which were out of these limits. This might be due to sample size and method of
estimation and environmental effects (Toelle et al., 1991; Prado-Gonzalez et al., 2003;

Varkoohi and Kaviani, 2014).

The h? estimates for egg production and carcass weight increased with age from

day 35, while the h? of body weight decreased from day 35, at the point when h? for egg
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production was maximum. This probably suggested that body weight has negative
genetic correlation with egg production and carcass weight. Therefore, selection for
improvement in body weight might negatively affect the egg production of the birds. A
study by Nester et al. (2000) reported that selection for increased body weight resulted in
decreased egg production. Also, Marks (1991) reported that selection for increased body
weight in Japanese quails under different nutritional environmental resulted in decreased
hatchability and egg production. Therefore, it is obvious that increased genetic merit for
body weight in quail is associated with reduced egg production. At the genetic level, two
possible explanations have been put forward for this relationship. First, the pleiotropic
gene effect suggest that gene could control more than one trait; such that genes that affect
body weight also affect egg production. The second explanation is the linkage between
genes, which suggest that genes which affect different traits are closely linked to each

other at the chromosomal level (Falconer and Mackein, 1996).
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CHAPTER SIX

6.1 CONCLUSION

The selection for 77 day body weight over two generations in the present study
led to increase in body weight, body parts and body dimensions in female and male
Japanese quail after selection at weekly interval .Body weight improvement was higher in

females than males.

The Sexual maturity in female and male Japanese quail were reached earlier
compared to other birds .Selection for high body weight led to increased egg weight but
decreases in egg number and shell thickness. When birds slaughter at pH,o mins meat is
near to neutral 5.0, but at pHasn, rigor mortis occured which decreased beyound 6.0.
Selection for body weight at day 56 lead to improvement in most of the economic

important traits.

There was high heritability estimates for body weight at day 35 and 42. Like-
wise for egg quality traits, egg production traits and chemical composition of Japanese
quailmeat .The heritability estimates ranges between 0.38 to 0.80 for body weight at day

35 and 42.

6.2 RECOMENDATION

The suitable age in which selection response can be achieved is at earier age ( day

35 and 42 d) for most of the economic traits in Japanese quail.

Further research on long time selection for body weight should be done to see the

effect of response on the economic important traits in Japanese quail.
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