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Abstract:Glutathione peroxidase (GPX) play a vital role in scavenging
oxidative radicals and are considered as markers for evaluation of oxidative
stress and in maintaining the health, productivity and reproductive
characteristics of the animals. Reliable estimates of heritability and
correlations are necessary to predict the direct and indirect selection
responses. Therefore. the present study was conducted to estimate the
heritability, genetic and phenotypic correlation coefficients of body weights
(BW). shank length (SL) recorded at different ages, growth rates (GR)
calculated during different growth periods. GPX. hemoglobin (Hb), red blood
cells count (RBCs).white blood cells (WBCs). platelet count (PC), haematocrit
(Ht), lymphocyte (Lymph), heterophils (Hetero). total protein (TP). albumin
(Alb). globulins (Glob). calcium (Ca). mean corpuscular volume (MCV). mean
corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) under prevailing conditions of Egypt. The previovus
parameters needed to determine the effective selection criteria for future
genetic improving in Japanese quail refine the breeding goal into a broader
perspective and consider changes in immunological and physiological traits in
the breeding program.

The obtained results indicated that:
1. The corresponding values of BW at two, four and six weeks of age for
combined sexes were 46.61, 108.02 and 158.14 g, respectively. Females

were significantly heavier than males at two. four and six weeks of age.

2. The fastest growth rate was shown during the period 2-6 weeks of age
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whereas: the slowest rate was obtained during the period 4-6 weeks of
age (1094 vs 38.82%) for the combined sexes. Sex significantly
influenced GR favoring males during all periods.

3. The corresponding values of SL at two. four and six weeks of age for
combined sexes were 25.21, 28.29 and 37.44 mm, respectively. Sex had
significant effect on SL at two and four weeks of age where female had
longer SL than males.

4. Sex insignificanily affected all studied hematological parameters except
Jor GPX and TP, where, females had significant higher values than
males.

5. Heritability estimutes for BW and SL ranged from low to high (0.22 and
0.95) regardless of the estimation method. BW, SL. and GR had higher
dam component heritability than sire heritability estimates.

6. Heritability estimates of GPX based on sire, dam and sire+dam variance
components were 0.45, 0.55 and 0.51, respectively.

7. Regardless of estimation method, heritability estimates of blood
constituents at six weeks of age ranged from 0.25-0.76. Also. heritability
estimates of GPX and most blood constituents based on maternal being
considerably larger than the paternal heritability estimate.

8. The phenotvpic correlations between BW. GR>_, and SL were positive and
high in magnitude.

9. GPX enzymes activity und most of blood constituents ure genetically and

phenotypically correlated with each other with high and significant
values. ’

10. Positive phenotypic and genetic correlations estimates were found
between GPX enzymes activity and Lymph at 6 weeks of age with each of
BW.. BW, BW, GR:, SL; SL, and SL, whereas. they negatively
correlated with GR..

11. Each of Hb, WBCs, PC, Hetero, Ht, MCV, MCH and Ca are positively
correlated with GR,.; and negatively correlated with BW,, BW, BWj,
GR>... SL>, SL, and SL;.

It could be concluded that most of these parameters had high heritability's
values and are genetically and phenotypically correlated with each other with high .
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and significant values. These results should emphasize the importance of the shank
length in the genetic manipulation of the structural material of the body, precisely
to avoid any unfavorable reduction in the body skeletal support like what happened
in broiler chickens. Also, either BW or SL can be used as criteria of selection to
improve growth performance and immunological and physiological traits of
Japanese quail since they had considerably higher heritability, genetic and
phenotypic correlations with growth rate, GPX enzymes activity and some blood
constituents. Correlation among previous blood parameters and GPX enzymes
activity indicated that, estimate of one of these parameters could be used as a good
indicator to the other parameters based on the high correlation values which
obtained in the results.

INTRODUCTION

Quail industry has been developed in many countries for both meat
and egg production (Risse, 1980). Also, quail is considered a good
economical source for producing animal protein (Singh er al., 1981).
Nowadays, Japanese quail become widely distributed in Egypt as a source
of meat production since their meat and eggs have become highly popular to
the consumers.

According to many authors, recent breeding work that focused on
improving production parameters is inversely correlated to some
physiological parameters in poultry. Thus, to prevent undesirable side
effects of selection in quail. like those that have occurred in broilers, we
must refine the breeding goal into a broader perspective and consider
changes in immunological and physiological traits in the breeding goal. So
that, the sciences of genetics and physiology provide the basic knowledge
required creating efficient genetic change in production and health traits
therefore, these disciplines are key components in developing improved
breeding programs. The physiological and hematological parameters are
good indicator to predict and estimate productive and reproductive
performance (Emmerson, 2003). Several investigations were conducted to
relate chicken performance with some parameters of blood (Attia, 2002 and
Alm E! Dein er al., 2008).

Glutathione peroxidase (EC 1. 11. 1. 9.) is a selenoenzyme, which is
part of the biological antioxidant defence mechanism. It plays an important
role in limited or preventing free radical initiated peroxidative damage by
catalysing the reduction of hydrogen peroxide and a wide range of lipid
hydroperoxides (Arthur, 2000). Glutathione peroxidase (GPX) scavenging
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oxidative radicals and are considered as markers for evaluation of oxidative
stress and in maintaining the health, productivity and reproductive
characteristics of the animals (Spurlock and Savage, 1993). There are
some observations about the correlation of antioxidant enzymes activities
and body weight, weight gain, growth rate and meat quality in chickens and
rabbits (Mézes et al., 1994; Farahat et al., 2008 a and b and Ragab et al.,
2010). Blood biochemical traits could be important as indicator traits in
breeding for high productivity. A wide range has been reported in Japanese
quail for some blood constituents (Avci ef al., 2007 and Bahie El Deen ef
al., 2009).

Commercial poultry breeding has amongst its objectives, the
improvement of production potential and disease resistance. Over the years
there has been much emphasis on growth improvement that is negatively
associated with some aspects of immunological performance of poultry as
reported by Yunis ef al, (2000) and Cheema ef al., (2003). Existence of
any significant relationship between blood biochemical features related to
health such as antioxidant enzymes activities and blood constituents with
performance are needed for the design of breeding programs aimed to
improve the balance between production and health traits. Estimation of
genetic parameters is primordial to the establishment of strategies to be used
in antmal breeding programs because with the study of these parameters, the
evaluation of response to selection for a trait and genetic associations among
traits become possible. Genetic correlations have an importance to animal
breeders because they represent the correlation between the breeding values
of two traits. A genetic correlation between traits will result in a correlated
response to selection (Falconer, 1989). A wide range of heritability
estimates for body weight has been cited by many researchers (Caron et al.,
1990, Abdel Fattah er al., 2006 and Szatci er al.,, 2006). These studies
normally used body weight at different ages and often used different
methods to estimate the heritability. The success of the breeder or
experimenter in changing the characteristics of the population can be
predicted only from knowledge of heritability. Although a few commercial
breeding programs have recently been initiated to develop Japanese quail
lines with rapid rates of growth, selection responses for growth in Japanese
quail will be viewed primarily from the results of experiments designed to
provide an understanding of the inheritance of body weight and rate of gain
and blood biochemical traits.

Genetic studies on Japanese quail in Egypt will enable breeders to
design suitable improvement programs . for this bird therefore, reliable
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estimates of genetic parameters (heritabilities and correlations) are
necessary to predict the direct and indirect selection responses. Therefore,
the present research was conducted to estimate the heritability, genetic and
phenotypic correlation coefficients of body weights (BW) and shank length
(SL) recorded at different ages, growth rates (GR) calculated during
different growth periods, glutathione peroxidase (GPX) of red blood cells
haemolycate, hemoglobin (Hb), red blood cells count (RBCs),white blood
cells (WBCs), platelet count (PC), haematocrit (Ht), lymphocyte (Lymph),
heterophils (Hetero), total protein (TP), albumin (Alb), globulins (Glob) and
calcium (Ca), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH). mean corpuscuiar hemoglobin concentration (MCHC)
under prevailing conditions of Egypt, which needed to determine the
effective selection criteria for future genetic improving in Japanese quail.

MATERIALS AND METHODS

The present experiment was carried out at El-Azab Poultry Research
Station, Animal Production Research Institute, Agricultural Research
Center, Ministry of Agriculture, Egypt. A number of 100 sires and 200 dams
(two dams were randomly assigned to each sire), were used to produce
pedigree progeny [800 chicks (4003 and 400Q)]. The chicks were marked
by wing-banded at hatch day and brooded on floor brooders at a starting
temperature of 38°C for the first week after hatching, and then decreased 2-
3°C each week thereafter. Feed and water were provided ad libitim. Diet
contained 24.20% crude protein with 2900 ME kcal./kg was fed. No
significant changes had been made in feed or management practices
throughout the experimental period.

Blood samples were obtained at 6 weeks of age from each
experimental bird, about 3 cm® of blood from the wing vein of each bird
were taken in the morning before feeding (between 8 and 10 o'clock) by dry
clean centrifuge tubes containing heparin and immediately centrifuged at
3000 rpm for 20 min. for separating plasma. Plasma samples were prepared,
stored at -20° till time of chemical analysis. Plasma total protein was
quantitatively measured based on colorimetric determination as described
by Cannon (1974). Albumin concentration was determined according to the
method of Doumas et al. (1977). Globulin concentration was estimated by
subtraction of albumin concentration from serum total protein value.
Calcium concentration was measured by the method of Jakubowski et al.
(1996). The levels of Hb, RBCs, WBCs, PC, Ht, Lymph and Hetero were
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determined by using ABX. Cell counter by Mieros 18. GPX was
determined in serum by enzymatic methods using suitable commercial kits.

The following traits studied were:

1- Individual shank length and body weight were recorded at two, four
and six weeks of age.

2. Growth rates (GR) during the periods (24 weeks), (4-6 weeks) and (2-6
weeks) of age were calculated according to the formula (Broody, 1945):

GR = [W2- W/ (W+W))] x100
Where, W,: the weight at beginning of the period.
W,: the weight at end of the period.

3. Glutathione peroxidase, Hb, RBCs, WBCs, PC, Ht, Lymph, Hetero, TP,
Alb, Glob, Ca, MCV, MCH, MCHC were determined of individual blood
samples from experimental birds at 6 wks of age.

Statistical analysis

Data were subjected to one- way analysis of variance to test sex
effect using the General Linear Model (GLM) procedure of SPSS User's
Guide, (SPSS, 1999) according to the following model:

Yii=p+Si+e;

where: Yj;: is the observed value of the i sex on the j™ chick, p: is the
common mean, S;: sex effect (i = | and 2) and e;;: is the residual error.

According to Becker (1985) data were computerized using the
hierarchical analyses of variance and covariance procedure of SAS (2000)
to compute the heritabilities of the characters (h’) and genetic (r)
correlations among them. The following random model was fitted, for all
studied traits to calculate the genetic parameters:

Yijk =n+ Si+ Dij + e
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where: Yiu: expresses the observation of the uk"' bird, p: the overall mean
S;: the effect of the i i™ sire, Dj;: the effect of the j ™ dam mated to the i sire,
and e the error term accounted for the k™ bird of the _|"' dam and i sire.

Estimation of heritabilities:

Heritabilities estimates were calculated according to Becker (1985)
as follows:

hzs = 40’25/ 0'25+ 62|)+ 0'2\\'
th = 40'23/ 025+ 0'2[)+ o’w
hisp = 202s;|)/ o’st o’pt o'
where: ozs: is the sire component of variance, 0'2|) is the dam component of

variance, ©’w. is the remainder of the genetic variance plus the
environmental variance.

Standard eirrors for heritabilities were calculated as follows:
Var (6%;) = 2/k2*L, MS,/f+2
S.E (6%) = SQRT Var (¢%)

where: K: coefficient of the variance component being estimated, MS, : the
th

g ' mean square used to estimated the variance component, f, : the degrees
of freedom of the g mean square.

Genetic correlations:

Genetic correlation (rg) between any two traits was calculated using
combined cotnponent of variance and covariance as follows:

2 2
rg = covy, /SQRT (6" (ny* 6" (y))
where: rg: is the genetic correlation coefficient, covxy : is the genetic

covariance between traits X and Y, o® x : is the variance component of trait
X. & vy : is the variance component of trait Y.
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Phenotypic correlations:

Phenotypic correlations (rp) between any two traits were estimated
according to Becker (1985) as follows:

2 2
ry = cov, /SQRT(6"px) * 6° piy)
where: Covp. the total covariance between x and y traits.

RESULTS AND DISCUSSION

Growth traits:

Least-squares means for two, four and six weeks body weight (BW)
and shank length (SL), growth rate (GR) at different periods for females,
males and combined sexes of Japanese quail are presented in Table 1.

The corresponding values of BW at two, four and six weeks of age
for combined sexes were 46.61, 108.02 and 158.14 g, respectively. These
results are in agreement with Abdel Fattah et al., (2006) and Bahie El
Deen et al., (2009) for BW2, Abdel Fattah ez al., (2006) for BW4. Higher
values for BW6 were reported by Abdel Fattah ef al., (2006) and Bahie El
Deen ef al., (2009). Sex differences in body weight were significant at two,
four and six weeks of age, females were significantly heavier than males
(Table 1), the same trend was observed in body weights estimated at these
ages by Abdel Fattah er al, (2006) and Bahie El Deen er al., (2009).
Caron ef al. (1990) indicated that females grow faster and yielded larger
muscles and more abdominal fat than males at the same age. Generally, the
reported estimates for body weight of Japanese quail recorded at different
ages indicate the high efficiency of this bird for growth. However, the
observed differences between the various estimates reported in the literature
for body weight of Japanese quail recorded at a particular age may be
possibly due to the differences in the climatic and managerial conditions
under which different flocks were reared and to the possible differences in
genetic make up of the different flocks.

The fastest GR was shown during the period 2-6 weeks of age
whereas, the slowest rate was obtained during the period 4-6 weeks of age
(109.4 vs 38.82) for the combined sexes. Sex significantly influenced GR
favoring males during all periods as shown in Table 1. These results agreed
with those obtained by Badawy (2008). While, Shalan (1998) and Abdel
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Fattah ef al. (2006) found lower growth rates during 2-4 and 4-6 weeks of
age. It seems, however, that growth rate in males and females of Japanese
quail should be considered distinct characteristic of population. This matter
should be taken into account in any breeding program aiming at improving
growth characteristics in Japanese quail.

Shank length as indicator of skeletal development for females, males
and combined sexes of Japanese quail are presented in Table 1. The
corresponding values of SL at two, four and six weeks of age for combined
sexes were 25.21, 28.29 and 37.44 mm, respectively. Sex had significant
effect on SL at two and four weeks of age where female had longer SL than
males as shown in Table 1. These results are in agreement with those
reported by Yannakopoulos ef al., (1995) and Farahat (1998). '

Glutathione peroxidase and blood constituents:

Least-squares means of GPX activity Hb, RBCs, WBCs, PC, Ht,
Lymph, Hetero, TP, Alb, Glob, Ca, MCV, MCH and MCHC are presented in
Table 2. Sex had significant influence on GPX and TP, females having higher
values than males. The same trend was found by Gedin ez al., (1995) that,
GPX activity in red blood cells is higher in females than in males of Japanese
quail. It can be seen that sex insignificantly affected all studied hematological
parameters except for GPX and TP (Table 2). Conversely, several investigators
reported that males had significantly higher Ht% than females in Japanese quail
(Mihailov ef al, 1999 and Abdel Azeem et al, 2001). Sex differences were
reported in the literature for TP (Ragab, 2001 and Abdel Kader, 2003), Alb,
Glob (Ragab, 2001). Also, these values of TP were around the range with
finding in Japanese quail by El Ghalid (2005) and Bahie El Deen et al., (2009)
while, higher estimate value for Ca was reported in Japanese quail by El Ghalid
(2005) and Bahie El Deen et al., (2009).

Heritability of growth traits:

Heritability estimates for BW, SL and GR obtained from paternal,
maternal half-sib and full-sib correlations (hzs, hZD and h25+D, respectively)
of Japanese quail at different ages are presented in Table 3. All estimates of
. heritability for BW, SL and GR showed considerable variations throughout
different ages or periods of growth, regardless of estimation method.

Heritability estimates for BW at different ages ranged from low to
high (0.34 and 0.95). Generally, the review of the reported estimates for
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heritability of body weight recorded at different ages in Japanese quail lead
to conclusion that a considerable improvement in this trait could be
achieved through efficient selection programs, however selection response
for body weight are expected to be large. The body weight at six weeks of
age seems to be highly heritable in quails as shown in Table 3. Similar
trends are reported by EL Fiky (1991).

Heritability estimates during different periods of GR ranged from
0.22 to 0.79 regardless of the estimation method. Growth rates during all
studied periods of growth had similar trend to body weight which had
higher dam component heritability than sire heritability estimates due to
non-additive effects. These estimates are within the range of heritabilities
for growth traits estimated by several investigators (Saatci er al., 2002 and
Abdel Fattah, 2006).

Heritability estimates of SL showed considerable variations
throughout different ages of growth, regardless of estimation method.
Regardless of estimation method, heritability estimates of SL at two, four
and six weeks of age ranged from 0.20-0.70. It can be seen that SLe had
relatively higher heritability than other ages. The dam component
heritability estimates shank lengths were generally higher than those of the
sire component heritability estimates, this may be due to non-additive
effects, primarilg' dominance and maternal, which is normally the reason for
the maternal (h“p) heritability being considerably larger than the paternal
heritability estimates (h%s), similar trends were reported by Farahat, (1998).

Heritability of GPX activity and blood constituents:

Heritability estimates of GPX activity and blood constituents based
on sire, dam and sire+dam variance components are presented in Table 4.
Heritability estimates of GPX based on sire, dam and sire+dam variance
components were 0.45, 0.55 and 0.51, respectively. The larger h’p estimates
than sire estimates suggested that GPX activity may be due to non-additive
effects, primarily dominance and maternal, which is normally the reason for
the maternal (h"p) heritability being considerably larger than the paternal
heritability estimates (). Lingaas et al., (1991) estimated the heritability
for GPX activity in pigs of 0.47, which indicated that, it is possible to
increase the levels of GPX in blood plasma of pigs by selection. Langlands
et al., (1980) have reported a significant variation in the GPX activity both
among the breeds of sheep and cattle and among the sires within breeds, the
latter resulting in an estimate of the heritability of GPX activity per gram
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haemoglobin of RBC haemolycate of 0.5. No available data about the
heritability for GPX activity was found for poultry.

Regardless of estimation method, heritability estimates of blood
constituents at six weeks of age ranged from 0.25-0.76. Also, heritability
estimates of most blood constituents based on maternal being considerably
larger than the paternal heritability estimates as shown in Table 4. The
present results are in agreement with those obtained in chickens by Abdel
Latif, (2001) and El Dlebshany ef al., (2009). The estimates for heritability
of GPX and blood constituents in Japanese quail iead to conclusion that a
considerable improvement in this traits could be achieved through efficient
selection programs, however selection response for GPX and blood
constituents are expected to be large. Based on the obtained heritability
estimates, the analyzed traits seemed to be able to respond to selection at
variable intensities.

Correlation coefTicients between traits:

The phenotypic (rp) and genetic correlation (rg) coefficients among
different traits are presented in Tables (5-8).

Correlations of growth traits:

The rp between BW, GR,4 and SL recorded at different ages and for
different growth periods studied were positive and high in magnitude (Table 5).
Also, the magnitude of the correlation fluctuated with decreasing time intervals
between weights. Similar trends were reported by Bahie El Deen (1994) and
Abdel Fattah (2006). BW; had positive significant r, with each of BW,, BW,,
SL2, SLa4 and SLe, while, the r, between BW; and each of GR4 and GR;. was
negative. BW, was positively correlated with each of BWs, GR24, SL,, SLy
and SL, and negatively correlated with each of GRy., and GRy4.. Significant
positive r, correlations estimates were found between BW, and GRy4, SL;, SLy
and SL, whereas it negatively correlated with GRy. GRy4 had positive
significant r, with each of GRys BWs, SLs and SLg, while, it negatively
correlated with GR44. GR4s had significant positive r, with GR2s, while, it
negatively correlated with SL at all ages. GR,., was negatively correlated with
. SL,, SL4 and SLs. Shank length at all ages study was positively correlated with
each other as illustrated in Table 5.

The genetic correlations for the same traits followed the same trends
as the phenotypic correlations. Most of ry estimates among body weight
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recorded at different ages and between different growths periods studied
were positive and high in magnitude (Table 5). The same trend was reported
by Abdel Fattah (2006). BW, was positively correlated with each of BW,,
BWs, SL2, SL4 and SLe, while, the r, between BW; and each of GR;.4, GR4.6
and GR,., was negative. Also, BW, was positively correlated with each of
BWs,, SL,, SLs and SLe and negatively correlated with each of GR,4, GR4s
and GRys. Positive ry correlations estimates were found between BW, and
SL,, SL4 and SLe, whereas negatively correlated with each of GR2.4, GR4
and GRj.6. GR24 had positive ry with each of SLy, SLs and SLe, while, it
negatively correlated with GRy., and GR,.s. GR4 was negatively correlated
with GR,, and SL at all ages. Shank length at all ages study was positively
correlated with each other as illustrated in Table 5. These results should
emphasize the importance of the shank length in the genetic manipulation of
the structural material of the body, precisely to avoid any unfavorable
reduction in the body skeletal support like what happened in broiler
chickens. It can be concluded that either BW or SL can be used as criteria of
selection to improve growth performance of Japanese quail since they had
considerably higher heritability, genetic and phenotypic correlations with
other traits of growth.

Correlations of GPX activity and blood constituents:

Little or no reported values were available for correlations between
each of GPX enzymes activity and blood constituents in Japanese quail.

GPX enzymes activity showed significant positive r, (P<0.01) with
LYMP, whereas significant negative r, (P<0.01) with Hb, WBCs, PC,
Hetero, Ht, MCV, MCH and Ca were found as shown in Table 6.
Significant positive r, (P<0.01) was found between Hb concentration and
each of RBCs, WBCs. PC, Hetero, Ht, MCV, MCH and Ca (Table 6). Red
blood cells were significant positive correlated with each of WBCs, PC,
Hetero and Ht, while the r, were negative with LYMP. White blood cells
positively correlated with PC, Hetero, Ht, MCV, MCH and Ca, while, the r,
is .negative with LYMP. Significant positive r, (P<0.01) were found
between PC and each of Hetero, Ht, MCV, MCH and Ca, however, it
negatively correlated with LYMP (Table 6). Highly negative r, estimates
were found between Heteroand LYMP, while the values are positive with
each of Ht, MCV, MCH and Ca as indicated in Table 6. Significant positive
r, was found between Ht and each of MCV and MCH. MCV had significant
(P<0.01) positive r, with each of MCH and Ca. MCH had significant
positive r, with Ca (0.33, P<0.05). Total protein positively correlated with
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each of Alb and Glob (0.89, P<0.01 and 0.30, P<0.05). Similar trend of
correlation coefficients among some blood parameters in chickens were
reported by El Safty ef al. (2004) and Abdel Azim and Farahat (2009).

GPX enzymes activity had positive ry with LYMP, whereas negative
rg with Hb, WBCs, PC, Hetero, Ht, MCV, MCH and Ca were found. Hb
concentration was positively correlated with each of RBCs, WBCs, PC,
Hetero, Ht, MCV, MCH, TP, Alb, Gilob and Ca, while negatively correlated
with LYMP and GPX enzymes activity (Table 6). Red blood cells were
positively correlated with each of WBCs, PC, and Ht, TP, Alb, Glob and Ca
while the r, was negative with other parameters. White blood cells
positively correlated with PC, Hetero, Ht, MCV, MCH, TP and Ca, while,
the ry is negative with LYMP, Alb and Glob. Positive ry was found between
PC and each of Hetero, Ht, MCV, MCH, TP and Ca, however, it negatively
correlated with LYMP, TP and Glob (Table 6). Negative r, estimates was
found between Hetero with LYMP and Alb while the values are positive
with each of other parameters as indicated in Table 6. Positive ry was found
between Ht and each of MCV and MCH. MCV. had positive r, with each of
MCH and Ca. MCH had positive r, with Ca (0.33, P<0.05). Total protein
positively correlated with each of Alb and Glob.

It could be concluded that GPX enzymes activity and most of blood
parameter are genetically and phenotypically correlated with each other with
high and significant values. Correlation among previous blood parameters and
GPX enzymes activity indicated that, estimate of one of these parameters could
be used as a good indicator to the other parameters based on the high
correlation values which obtained in our results. Also, this highly correlation
values may be attributed to the pleiotropic effects and consequently performing
selection in any of the two traits may lead to an improvement in the other trait,
but further research is needed to support that hypothesis.

Correlations between GPX enzymes activity and blood plasma
constituents with growth traits:

The phenotypic correlations between GPX enzymes activity and blood
plasma constituents with growth traits at 6 wks of age are presented in Table 7.

Significant (P<0.01) positive r, correlations estimates were found
between GPX enzymes activity and Lymph at 6 weeks of age with each of
BW,;, BWi, BWe, GRy4, SLy, SLs and SLe whereas, they negatively
correlated with GR4., (Table 7). Each of Hb, WBCs, PC, Hetero, Ht, MCV,

859



Gihan, S. Farahat. er al.

MCH and Ca are positively correlated (P<0.01) with GR4.c and negatively
correlated (P<0.01) with BW.. BW,, BWs GRz4, SL2, SL; and SLe.
Significant negative r, correlations estimates were found between TP and
Alb at 6 weeks of age with BW; and BW¢ as shown in Table 7. Similar
trend of significant phenotypic correlation coefficients between GPX
enzymes activity and blood plasma constituents with growth traits in
chickens were reported by Abdel Azim and Farahat (2009).

The genetic correlations between GPX enzymes activity and blood
plasma constituents with growth traits at 6 wks of age are presented in Table
8. Positive ry correlations estimates were found between GPX enzymes
activity and Lymph at 6 weeks of age with each of BW,, BW,;, BW,, GR,.,
SL,, SL,; and SL¢ whereas, they negatively correlated with GR4., (Table 8).
Each of Hb, WBCs, PC, Hetero, Ht, MCV, MCH and Ca are positively
correlated (P<0.01) with GR4¢ and negatively correlated (P<0.01) with
BWz. BW4. BW(,, GR2.4, SLz. SL4 and SL(,

The high correlations values between GPX enzymes activity and blood
plasma constituents with growth traits are of interest because they indicate
which measurements may be useful as genetic markers in breeding programs.

From the current results, it could be concluded that GPX enzymes
activity and blood constituents can be done as prediction indicators to
increase and improve growth traits and can be also used in selection
programs to improve production and immunological traits of Japanese quail.
Also, the highly heritability, genetic and phenotypic correlation values
obtained may be attributed to the pleiotropic effects and consequently
performing selection in any of the two traits may lead to an improvement in
the other trait. This finding indicates that these parameters are useful and
important with potential use in breeding programs as early predictors for
indirect selection or crosses which associated with disease resistance, highly
tolerance to oxidative stress and performance traits of Japanese quail.
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Table 1. Actual means and standard errors for body weight, growth rate and
shank length traits recorded for males, females and combined
sexes of Japanese quail.

Item Males Females Combined sexes |
BW, g 42.14° +0.60 53.54*4+0.79 46.61+0.53 ]
BW, g 101.66°+1.37 117.89° +1.33 108.02+1.04
BW, g 150.23° £1.42 170.41° =1.70 158.14+1.16
GRy.4% 81.81°+1.00 75.07°£1.35 79.17+0.82
GRy.s% 40.24° +1.04 36.61° £0.85 38.82+0.71
GR; 4 % 112.78+0.83 104.17° £1.22 109.4+0.72

SL, mm 24.89° +0.17 23.727+0.20 25.21£0.13

SLy mm 27.85°+0.17 28.96" +£0.18 28.29+0.13

SLs mm 37.17+0.15 37.85+0.11 37.44+0.10

> :Means within the same raw had different superscripts are significantly different
(P<0.05). BW,: body weight at two weeks of age, BW,: body weight at four weeks
of age, BW,: body weight zt six weeks of age, GR,.4: growth rate from two-four
weeks of age. GRy: growth rate from four-six weeks of age, GR,: growth rate
from_two-six weeks of age, SL,: shank length at two weeks of age, SL,: shank
length at four weeks of age, SL: shank length at six weeks of age.
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Table 2. Actual means and standard errors for glutathione peroxidase
activity and blood parameters recorded for males, females and

combined sexes of Japanese quail at six weeks of age.

Item Males Females Com. sexes
GPX gm 12.73° +0.12 13.74° £0.34 13.15+0.19
Hb g/dl 11.05+£0.60 11.71+0.52 11.44+0.39
Ht % 33.47+1.64 34.24+1.34 33.93+1.03
RBCs 1076/m! 2.630.10 2.84+0.13 2.75+0.09
WBCs 10°6/ml 10.12+1.39 10.59+1.04 10.40+0.83
PC 1076/mi 43.04+6.24 50.28+ 4.81 47.38+3.81
Hetero% 23.04+ 1.55 25.17+ 1.34 2432+ 1.02
Lymph % 68.33+1.47 66.64+1.33 67.32+0.99
MCV p3 127.81 +4.00 128.38 . £2.60 128.15 =+2.21
MCH pug 42.61+1.84 40.84%1.15 41.55+1.01
MCHC % 32.93+0.53 35.51£1.20 34.48+0.76
TP g/dl 3.76°+0.10 4.08%£0.05 3.95+0.06
Alb g/di 2.34 £0.10 2.57+0.05 2.48+0.04
Glob g/dl 1.42+0.04 1.50+0 .04 1.47+0.04
Ca mg/dl 8.43+0.14 8.36+0.10 8.39+0.08

®® :Means within the same raw had different superscripts are significantly different
(P<0.05). Glutathione peroxidase (GPX) of red blood cells haemolycate,
hemoglobin (Hb), red blood cells count (RBCs), white blood cells (WBCs), platelet
count (PC), haematocrit (Ht), lymphocyte (Lymph), heterophils (Hetero), total
protein (TP), albumin (Alb). globulins (Glob) and calcium (Ca), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC).
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Table 3. Heritability estimates+SE of body weight l(BW), growth rate (GR) and
shank length (SL) for combined sexes based on paternal (S), maternal
half-sibs (D) and full-sib (S+D) correlations in Japanese quail.

Trait h* 2 weeks 4 weeks 6 weeks
S 0.48+0.09 0.62+0.08 0.34+0.08

BW D 0.93£0.08 0.69+0.08 0.95+0.07
S+D 0.70+£0.06 0.64+0.06 0.70+0.05

S 0.22+0.12 0.21£0.09 0.65+0.05

SL D 0.65+0.05 0.68+0.07 0.712£0.08
S+D 0.50+0.06 0.55+0.05 0.7020.05

2-4 weeks 4-6 weeks 2-6 weeks

S 0.27+0.14 0.28+0.14 0.7210.11

GR D 0.22=0.17 0.23+0.19 0.791£0.13
S+D | 0.35=0.18 0.36+0.21 0.74+0.11

Table 4. Heritability estimates = SE of glutathione peroxidase aétivity and
blood parameters for combined sexes based on paternal (S),
maternal half-sibs (D) and full-sib (S+D) correlations in Japanese

quail at six weeks of age.

Item S D S+D

GPX gm 0.45 + 0.13 0.55+0.18 0.51£0.16
Hb g/d! 034 +0.12 0.44+0.12 0.38+0.15
Ht % 0.35£0.25 0.45 + 0.25 0.39% 0.19
RBCs 10°6/ml 025+ 0.17 033 0.22 0.28+ 0.20
WBCs 10°6/m] 0.35%0.12 0.55%0.18 043+ 0.17
PC 10°6/m] 0.25+ 0.21 0.55 % 0.21 0.40+ 0.15
Hetero% 027+ 0.11 047+ 0.14 0.35£0.19
Lymph % 039+ 0.15 0.48 £ 0.15 042+ 0.20
MCV o’ 0.38+0.16 0.58 £ 0.19 041£0.16
MCH ppg 045+ 0.15 0.55+0.15 0.48+0.18
MCHC % 0.44 % 0.19 0.54 + 0.21 048+ 0.22
TP g/dl 0.65% 0.15 0.76+ 0.18 0.71 + 0.25
Alb g/dl 0.52%0.12 0.68  0.09 0.59+0.15
Glob g/dl 0.66 = 0.13 0.75 £ 0.19 0.70 + 0.20
Ca mg/dl 0.36% 0.11 0.45 + 0.17 0.41£0.17

Glutathione peroxidase (GPX) of red blood cells haemolycate, hemoglobin (Hb),
red blood cells count (RBCs), white blood cells (WBCs), platelet count (PC),
haematocrit (Ht), lymphocyte (Lymph), heterophils (Hetero), total protein (TP),
albumin (Alb), globulins (Glob), calcium (Ca), mean corpuscular volume (MCV),

mean corpuscular  hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC).
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Table 5. Coefficients of genetic correlations (below diagonal) and
phenotypic correlations (above diagonal) between body weight,
growth rate and shank length of Japanese quail.

Trait BWz BW, BW6 GR1.4 G R4_(, G R1.6 SLz SL4 SL(,

BW, g 0.73**| 0.65**| -0.03 | -0.69** | -0.82*% 0.74** [ 0.70** | 0.37*

BW,g! 090 0.90** 0.63*% -0.93** | -0.32* | 0.68** | 0.94%* | (.56**

BW, g| 0.85 0.89 -0.69** | -0.12 | 0.63** | 0.85** | 0.67**
GRy4% | -0.50 | -0.30 | -0.25 -0.60** | 0.45**| 0.14 0.55** | 0.42**
GRys% | -0.64 | -047 | -0.59 | -0.55 0.44**| -0.64**| -0.88**|-0.43**
GR; % | -0.45 | -0.53 | -0.75 | -0.47 -0.30 -0.54**| -0.35* | -0.10
SL, mm | 0.65 0.53 0.50 0.35 -0.62 -0.43 0.70** | 0.46**
BLymm | 0.37 0.61 0.43 0.72 -0.52 -0.37 0.68 0.58** ‘
BL,mm | 0.54 0.65 0.64 0.32 -0.39 -0.25 0.62 0.42 |

BW,: body weight at two weeks of age, BW,: body weight at four weeks of age,
BW,: body weight at six weeks of age, GR:.;: growth rate from two-four weeks of
age, GRy.c: growth rate from four-six weeks of age, GR,.;: growth rate from two-
six weeks of age, SL,: shank length at two weeks of age, SL4: shank length at four
weeks of age, SLe: shank length at six weeks of age.
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Table 6. Coefficients of genetic correlations (below diagonal) and phenotypic correlations (above diagonal) between

glutathione peroxidase activity and blood parameters in Japanese quail.
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Trait GPX [Hb RBCs |WBCs | PC Hetero | Lymph | Ht MCV MCH TP Alb Gleb [Ca
GPX gm -0.52**] -0.12 | -0.55** | -0.52**]-0.54**] 0.51** -0.40** | -0.63** | -0.52** | -0.13 | -0.12 | -0.04 [ -0.30*
Hb g/di -0.42 0.65** | 0.85** | 0.82** ] 0.81**! -0.82** 0.84** 0.69** 0.57** 0.14 0.10 0.10 0.30*
Ht % -0.11] 0.55 0.38** | 0.43** [ 0.43**| -0.44** 0.47** 0.10 -0.01 0.11 0.12 -0.02 0.06
RBCs 10°6/ml | -042} 0.64 | 0.22 0.78%* | 0.80** | -0.84** 0.69** 0.73** 0.79** 0.06 0.07 -0.02 0.34*
WBCs 1076/ml | -0.39| 0.75 | 0.31 0.57 0.77** | -0.72** 0.63** 0.77*+ 0.60** 0.15 0.09 0.13 | 0.38**
PC 1076/ml -0.41] 052 | 0.25 0.63 0.46 -0.96** 0.64** 0.75** 0.67** 0.11 0.05 0.13 0.36*
Hetero% 0524 -022 |-021 | -0.55 -0.53 | -0.71 -0.66** | -0.70** | -0.69** | -0.f1 [ -0.07 | -0.08 | -0.33*
Lymph % -0.31] 036 | 031 0.63 0.53 0.43 -0.48 0.51%* 0.44** 0.07 -0.05 0.27 0.23
MCV ' -041] 039 1-0.07 | 059 046 | 052 -0.52 0.34 0.83** 0.21 0.15 0.13 | 0.46**
MCH ppug -0.341 031 |-0.06 | 0.46 044 { 039 -0.57 0.42 0.57 0.09 0.10 -0.02 0.33*
MCHC % 013 005 | 0.13 0.11 -0.13 | 0.09 0.13 -0.13 0.1 -0.14 0.89** | 0.30* 0.20
TP g/di 0014 011 {007 | -0.14 0.02 | -0.10 0.14 0.10 0.09 0.07 0.72 -0.16 0.26
Alb g/d! 0.13| 0.12 |-0.00 | -0.15 .10 | 0.08 -0.02 0.14 0.03 -0.01 0.21 -0.02 -0.11
Glob g/di -0.44] 0.27 | 0.05 0.22 0.28 | 0.3! ~0.21 0.11 0.28 0.23 0.15 -0.10 0.10

** Correlation is significant at P<0.01 level. * Correlation is significant at P-0.<0.05 level. Glutathione peroxidase (GPX) of red
blood cells haemolycate, hemoglobin (Hb), red blood cells count (RBCs), white blood cells (WBCs), platelet count (PC),
haematocrit (Ht), lymphocyte (Lymph), heterophils (Hetero), total protein (TP), albumin (Alb), globulins (Glob), calcium (Ca),
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC).
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Table 7. Coefficients of phenotypic correlations between growth traits and
glutathione peroxidase activity and blood parameters of Japanese quail.

rait BW2 | BW4 | BW6 |GR2-4 |GR4-6] GR2-6] SL2 | SL4 | SL6 |
GPX gm 0.41**| 0.58** | 0.52** [0.40** [-0.56** -0.20 [ 0.37* | 0.54** [ 0.35* |
Hb g/d) -0.51**[ -0.64** [-0.56** [-0.41** [0.64**| 028 [0.45**[-0.60**[-0.38**
Ht % 021 | -0.16 | -0.16 | -0.01 | 0.14 | 0.16 | -0.14 | -0.14 | -0.21

RBCs 1076/m1 [0.50**] -0.69** |-0.57** [-0.48** [0.71**] 0.28 [0.45**[-0.63**[-0.33*
WBCs 10°6/m1[-0.54**[ -0.76** |-0.67** [-0.52** [0.75**| 0.26 [0.49**][-0.70** |-0.39**
PC10°6/ml  |-0.56%*] -0.72** [-0.65** |-0.46** [0.70**] 0.28 [0.52**|-0.67**]-0.36*%
Hetero% 0.52**[ 0.67** | 0.57** [0.45** [-0.66** -0.26 [0.44** [0.62** | 0.28 |
Lymph %  |-0.42**[-0.52** [-0.41** [-0.34* [0.57**| 0.27 [0.48**[-0.49**|-0.38**
[mMcv -0.59%*] -0.79** [-0.71** |-0.50** |0.76**| 0.30* [0.48**[-0.76**] -0.31*
[MCH ppg  [-0.51**] -0.67** [-0.57** [-0.42** [0.67**[ 0.29* [-0.37* [-0.66** | -0.30*
MCHC % -0.35*] 024 [-030* | 002 [ 0.05 | 020 [-0.13 | -0.26 | -0.02

TP g/di -0.30*| -0.18 | -0.31* | 0.02 0.13 | 0.19 |-0.11 | -0.21 | -0.01
Alb g/d! -0.14 | -0.13 -0.21 -0.01 006 | 005 |[-004 | -0.12 | -0.05
Glob g/di -0.17 [ -0.41%* | -0.36* |-0.45** 041**| -0.04 | -0.14 | -0.37* | -0.30*

BW,: body weight at two weeks of age, BW,: body weight at four weeks of age,
BW,: body weight at six weeks of age, GR24: growth rate from two-four weeks of
age, GRy,: growth rate from four-six weeks of age, GR,: growth rate from two-
six weeks of age, SL,: shank length at two weeks of age, SL,: shank length at four
weeks of age, SL¢: shank length at six weeks of age Glutathione peroxidase (GPX)
of red blood cells haemolycate, hemoglobin (Hb), red blood cells count (RBCs),
white blood cells (WBCs). platelet count (PC), haematocrit (Ht), lymphocyte
(Lymph), heterophils (Hetero), total protein (TP), albumin (Alb), globulins (Glob),
calcium (Ca), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC).
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Table 8. Coefficients of genetic correlations between growth traits and glutathione
peroxidase activity and blood parameters of Japanese quail.

Trait BW2 BW4 BW6 GR2-4 GR4-6 IGR2-6 SL2 (S14 |SL6
GPX gm 0.39 (045 [0.57 [ 038 | -0.48 | -0.30 | 0.32 | 0.44 | 0.31
Hb g/dl -0.43 |-0.54 [-0.55 | -0.33 | 0.51 0.17 1-0.39(-0.64| -0.33
Ht % -0.22 1-0.17 |-0.19 | -0.11 | 0.16 | 0.19 |-0.20]|-0.24| -0.25

RBCs 1076/ml | -0.40 |-0.50 |-0.57 | 0.55 | 0.64 | 0.30 [-0.36]|-0.44| -0.23
WBCs 1076/ml| 0.45 |-0.45 |-0.41 | -0.44 | 0.53 031 |-0.25]-0.30| -0.41
PC 10"6/ml -0.601-0.80 |-0.45 | -0.22 | 0.58 | 0.29 |-0.41]-0.38| 0.23

Hetero% 0.32 |-0.56 |0.50 | 0.32 | -0.53 | -0.30 | 0.20 | 0.29 | 0.16
Lymph % -0.52 [-0.54 |-0.45 | -0.22 | 044 | 0.19 |-0.23]|-0.29| -0.22
MOV y° -0.47 |-0.68 |-0.55 | -0.56 | 0.63 0.26 |-0.52 | -0.50| -0.26
MCH ppg -0.41 |-0.59 |-0.44 [ -0.33 | 048 | 0.25 |-0.21-0.20| -0.16
MCHC % 0.15 [-0.25 |-0.20 | -0.12 | 0.11 0.10 10.10 [ 0.36| 0.10
TP g/dl 0.22 [-0.11 |-0.28 | -0.09 [ 0.09 | 0.18 [0.1910.19| -0.11
Alb g/dl -0.16/-0.09 [-0.22 | -0.11 | -0.05 | -0.10 ] 0.13 | 0.09 | 0.10
Glob g/di -0.22 [-0.33 |-0.46 [ -0.33 | 0.36 | -0.10 [-0.06 | -0.21]| -0.19,

BW,: body weight at two weeks of age, BW,: body weight at four weeks of age,
BW,: body weight at six weeks of age, GR,4: growth rate from two-four weeks of
age, GRy: growth rate from four-six weeks of age, GR,.: growth rate from two-
six weeks of age, SL,: shank length at two weeks of age, SL4: shank length at four
weeks of age, SLe: shank length at six weeks of age Glutathione peroxidase (GPX)
of red blood cells haemolycate, hemoglobin (Hb), red blood cells count (RBCs),
white blood cells (WBCs), platelet count (PC), haematocrit (Ht), lymphocyte
(Lymph), heterophils (Hetero), total protein (TP), albumin (Alb), globulins (Giob),
calcium (Ca), mean corpuscular volume (MCV), mean corpuscular hemoglobin
{MCH). mean corpuscular hemoglobin concentration (MCHC).
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