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ABSTRACT: The current study investigated the effect of selection for increased egg 

number during the 1
st
 90 days of laying on egg quality traits over four generations in 

Benha chickens. A total of 18 cockerels and 180 pullets were selected according to their 

BLUP values for egg number at the first 90 days of laying from Benha base population 

(control). Data of 4242 eggs produced by 756 pedigreed hens fathered by 69 sires and 

mothered 484 dams from four generations (base and three selected generations) were 

used to estimate heritability, genetic and phenotypic correlations for egg quality traits 

(Egg weight (EW), Albumen weight (AW),Yolk weight (YW), Shell weight (SW), 

Haugh unit (HU), Egg shape index (ESI), Albumen index (AI), Yolk index (YI) and 

Egg shell thickness (EST)). The selection effects, correlated responses and the genetic 

and phenotypic trends for egg quality traits across generations were quantified or 

clarified applying the updated approach of the animal model program of BLUPF90. 

Heritability estimates were moderate or low for all traits (h
2
 = 0.05 to 0.47). Also, 

genetic correlations for EW was closely positively genetically correlated with AW, YW, 

SW, with magnitudes of 0.99, 0.57, 0.69, respectively. The three selected generations 

were superior (P <0.05) in most egg quality traits than the base generation and the 

contrasts among estimates of these generations were significant (P<0.05). The 

phenotypic and genetic trend increased for all egg quality traits. While genetic trend 

decreased for AW. The accumulative correlated selection responses were 1.18 g for 

EW, 0.31g for SW, 5.27 for HU, and 0.06 mm for EST. Conclusion, these findings 

stated superiorities of selected generations indicating selection for egg number during 

the first 90 days of laying in Benha chickens was associated with an improvement in 

egg quality traits.   
 

Keywords: selection, egg quality traits, genetic and phenotypic trends, correlated  responses.  

 

  

mailto:iraqi@fagr.bu.edu.eg


El-Attrouny, M.M.
1
, et al. 

628 
 

INTRODUCTION 

Egg quality is one of the most important 

requirements of today's market to 

guarantee the integrity of the egg and to 

reduce the numbers of eggs lost on the 

way to the consumer. According 

to Harms et al. (1996), approximately 6 

to 8% of the total egg production is not 

usable or marketable due to the poor 

quality of shells. Hunton (1995) observed 

major financial losses during routine 

handling and transport from producer to 

retail outlets. Therefore, eggshell stability 

traits play a major role because only eggs 

with an intact shell are considered 

salable. Thus, if egg quality, and 

specifically, eggshell stability, is 

guaranteed, the layer industry could 

increase the number of salable eggs 

produced by each hen housed. 

Genetic selection helps to continuously 

improve the laying performance, 

efficiency, livability, and adaptability of 

the birds to different environments as 

well as egg quality (Preisinger and Flock, 

2000). For this purpose, more than 30 

different traits are included in the 

selection index of the laying hen breeding 

programs. All traits are closely monitored 

and their relations to each other are 

considered, making it possible for a 

balanced genetic progress and 

improvements in different traits even 

when they are negatively correlated with 

each other. Estimations of genetic 

parameters for different egg quality traits 

have been reported in literature(Dunn et 

al., 2005; Icken et al., 2006; Flock et al., 

2007; El-Attrouny and Iraqi, 2021). 

According to  Dunn et al. 

(2005) and Flock et al. (2007), 

heritabilities (h
2
) are ranged from 0.52 to 

0.64 for EW and vary from h
2
 = 0.33 to 

0.53 for Kdyn in brown and white egg 

layers. Egg weight (EW) is a major 

criterion in determining the market price 

system, and according to Flock et al. 

(2007), EW is easily adaptable to the 

requirements of the market thanks to its 

high heritability. The main objectives of 

the present study were: 1) Estimate the 

genetic parameters and BLUP estimates 

across three generations of selection for 

egg quality traits, 2) Effect of selection 

quantify and comparing the generation 

contrasts, 3) clarify the phenotypic and 

genetic trends across generations, and 4) 

Estimate the correlated responses in egg 

quality over the three generations of 

selection in Benha chickens. 

MATERIALS AND METHODS 

Breeding plane and management: 

A selection experiment was carried out at 

the Poultry Research Farm, Department 

of Animal Production, Faculty of 

Agriculture, Benha University, Egypt 

during the period from 2011 and 

terminated in 2015. A synthesized line of 

chickens, Benha line (Bl) was used in this 

study. This line has been developed from 

crossing Golden Montazah with White 

Leghorns chickens and using the BLUP 

estimates to select the birds for three 

generations (Iraqi et al., 2013).   

A total of 18 cockerels and 180 pullets 

were selected according to their BLUP 

estimates for egg number during the first 

90 days of egg production from Benha 

line base population. Data of 4242 egg 

collected on 756 hens produced by 69 

sires and 484 dams from four generations 

(base and three selected generations). Egg 

number (EN) was recorded for each hen 

by counting the number of eggs laid 

during the first 90 days after sexual 

maturity. Each selected cock was mated 

with 10 selected hens and housed 

separately in breeding pen to produce the 

first generation of selection (G1), 

consequently selection was practiced 

https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib14
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib15
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/laying-performance
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib18
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib18
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/laying-hens
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib11
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib11
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib16
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib12
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib12
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib11
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib11
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib12
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib12
https://www.sciencedirect.com/science/article/pii/S0032579119384913#bib12
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further for two generations to produce the 

2
nd

 (G2) and 3
rd

 (G3) generations of 

selection. The pedigreed eggs from each 

individual breeding pen for the three 

selection generations (G1, G2 and G3) 

were collected daily for 15 days and then 

incubated (El-Attrouny et al., 2019). The 

structures of data collected from all 

generations are presented in Table 1. 

Upon hatch, chicks produced from all 

generations were wing - banded and 

reared in floor brooder, then transferred 

to the floor pens. Chicks produced from 

all generations were fed ad libitum during 

growing (from hatch up to 8 weeks of 

age), rearing (from 8-20 weeks of age) 

and laying (more than 20 weeks of 

age)periods on diets containing 21% 

protein and 2950 kcal/kg, 18% protein 

and 2850 kcal/kg, and 16% protein and 

2700 kcal/kg, respectively. The feed 

requirements were supplied according to 

NRC (1994). All the birds were treated 

and medicated similarly throughout the 

experimental period.  

Data and model of analysis 

Records on 4242 eggs from different 

generations were collected to study egg 

quality traits. Which were egg weight 

(EW), albumen weight (AW), yolk 

weight (YW), shell weight (SW), Haugh 

unit (HU), egg shape index (ESI), 

albumen index (AI), yolk index (YI)and 

shell thickness (EST).  

Multi-trait animal model (in matrix 

notation) used to analyze egg quality 

traits (as characters of the hen) was as 

follows: 

y = Xb + Zaua +Zpup +e    

Where: y= n×1 vector of observation of 

the hen, n = number of records; X= 

design matrix of order n×p, which is 

related to the fixed effects of generation 

(four levels), month-year (12 levels); b= 

p×1 vector of the fixed effects of 

generation and month-year  Za= the 

incidence matrix relating records to the 

additive genetic effect of the hen; ua= the 

vector of random additive genetic of the 

hen; Zp= the incidence matrix relating 

records to random permanent 

environmental effect of the hen; up= the 

vector of random permanent 

environmental effect of the hen; and e= 

n×1 vector of random residual effects, 

NID  (0, ²e). 

Heritability estimates of egg quality traits 

were computed as:  

Where: sa
2
,
 
sp

2 
and se

2 
are variances due to 

the effects of direct additive genetic, 

permanent environment and random 

error, respectively.The genetic (rg) and 

phenotypic (rp) correlations between egg 

quality traits were also estimated. 

The BLUP were estimated using 

BLUPF90 Fortran program (Misztal et 

al., 2014). Bird solutions are computed 

from the pedigree file, one bird at a time 

(for both birds with and without records, 

i.e. hens, sires and dams). These BLUP 

estimates were calculated based on the 

theory of Kennedy (1989).  

The estimated (co) variances were used to 

estimate the fixed and the random effects 

by solving the corresponding mixed 

model equations using the BLUPF90 

software (Misztal et al., 2014). The 

estimates of the error (co) variance matrix 

were also obtained. Estimates of the 

differences between the four generations 

of selection were obtained by generalized 

least-squares analysis using the BLUPF90 

software. 

The phenotypic trend was measured as 

the regression of least squares estimates 

on generation number, while the genetic 

trend was measured by regressing the 

BLUP estimates on generation number. 

As stated before, the BLUP estimates of 
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the birds with and without records were 

estimated using the BLUPF90 program 

(Misztal et al., 2014). 

The correlated selection response (CRY) 

in each trait (Y) was calculated using the 

following equation of Falconar and 

Meckay (1996): CRY= (iX) (hX) (hY) 

(rGXY) (σPY); where: iX is the selection 

intensity assuming to be one for 

comparison only, hX and hY are the 

square roots of heritability estimates of 

the X and Y traits, respectively, rGXY is 

the genetic correlation between the two 

traits and PY is the standard deviation of 

phenotypic value of trait Y. 

RESULTS AND DISCUSSION 

Actual means and variations:  

The actual means for egg components, 

ESI and EST in Benha chickens were 

estimated and illustrated in Table 2. The 

means for EW, AW, YW and SW were 

48.3, 27.6, 14.6 and 6.1 g, respectively.  

El-Garhy (2004) found that the means for 

EW, AW, YW, SW and EST were 43, 24, 

13.4, 5.6 g and 0.31 mm in chickens. 

Khawja et al. (2013) found that the actual 

means of EW, AW and YW were 43.4, 

22 and 14 g in Fayoumi chickens. Khalil 

et al. (2013) showed that the averages of 

EW, AW, YW and SW were 44.0, 24.2, 

14.4 and 5.5 g, respectively in Golden 

Montazah chickens. Taha and Abd El-

Ghany (2013) reported that means of EW 

in Mandarah and EL-Salam strains were 

50.6 and 52.5 g, respectively. The actual 

means of HU, ESI, AI, YI  and EST 90.6, 

78.4, 8.0, 44.0 % and 0.33 mm, 

respectively (Table 2).The shell thickness 

means was 0.33 mm. Abd El-Latif (2001) 

reported that the means for HU was 69.2 

and 68.4 in Dandarawi and Golden 

Montazah chicken, respectively. Iraqi 

(2002) reported that the means of ESI, AI 

and YI were 77.5, 11.3 and 47.83 %, 

respectively in Mandara chickens, while 

they were 77.2, 47.5 and 86.6 % for the 

same traits in Matrouh chickens, 

respectively.  

The percentages of variation ranged from 

9.8 to 28.6 % for egg component traits 

and from 0.11 to 0.21 % for shape index 

traits (Table 2) and the variation for shell 

thickness was 0.12 %. Olawumi and 

Ogunlade (2008) found that the 

percentage of variation ranged from 7.8 

to 9.8 % for egg components and from 

3.7 to 9.0 % for shape index traits and 

12.6 % for EST in Brown layer breeds. 

Olawumi and Jobin (2013) reported that 

the percentages of variation were 9.6, 

22.1, 33.0, 11.4, 7.3, 7.8 and 5.4 % for 

EW, AW, YW, SW, EST, HU, ESI, 

respectively in Rhode Island White 

chickens. 

Variance components and heritability:  

Estimates of additive (σ
2

a), permanent 

(σ
2

PE) and residual (σ
2

e) variances for egg 

quality traits are given in Table (3). The 

estimates of σ
2
a were low and 

intermediate for egg components traits 

(ranged from 0.75 to 16.1g) compared to 

shape index trait (ranged from 0.07 to 1.7 

%) and EST (2.1 mm). These results 

indicate that egg components traits had 

high additive genetic variance 

comparable to shape indexes and shell 

thickness traits. Therefore, improving egg 

components traits by selection could be 

possible. These estimates of additive 

genetic variance are agreed with Iraqi 

(2002) using an animal model, while they 

are disagreed with those reported by 

Abou El-Ghar et al.(2011) and El-

Attrouny (2011).  

Egg components traits had intermediate 

estimate of h
2
, ranging from 0.17 to 0.47 

for egg components, 0.06 and 0.25 for 

shape indexes and 0.23 for shell thickness 

(Table 3).It seems that egg components 

are largely influenced by genes of 
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additive effect and thus these traits could 

be improved by selection. Based on 

multi-trait animal model, Iraqi (2002) 

found that heritability estimates were 

0.67, 0.50, 0.30 and 0.25 for EW, AW, 

YW and SW, respectively in Mandarah 

and Matrouh chickens. Zhang et al. 

(2005) found that estimates of h
2
 for EW, 

AW, YW, SW, HU and ESI in brown-egg 

dwarf layers were 0.63, 0.59, 0.45, 0.64, 

0.41 and 0.34, respectively. Dasari et al. 

(2013) reported that the estimates of h
2
 

ranged from 0.12 to 0.32 for egg 

components, from 0.10 to 0.23 for shape 

indexes, from 0.27 to 0.41for shell 

thickens in different strains of White 

Leghorns. On the other hand, Younis et 

al. (2014) found that estimates of h
2 

for 

ESI, AI, AI, HU and EST were 0.39, 

0.29, 0.46, 0.18 and 0.21, respectively in 

Dokki_4 chickens. Ashour et al. (2015) 

found that estimate of h
2
 for ESI, AI, YI, 

EST and HU were 0.45, 0.36, 0.18, 0.07 

and 0.15, respectively in El-Salam 

chickens. Also, Rath et al. (2015) 

reported that the estimates of h
2
 for egg 

components ranged from 0.14 to 0.57, 

from 0.40 to 0.59 for shape indexes and 

0.44 for shell thickness in White Leghorn. 

Genetic and phenotypic correlation  

Estimated of rG were positive and closely 

correlated between EW & AW (0.99), 

EW & YW (0.57) and EW & SW (0.69) 

are presented in Table (4). It seems that 

pullets giving high egg weight could have 

higher albumin, yolk and shell weights. 

Also, positive rG between AW&AI (0.59) 

and YW&YI (0.61) were recorded. 

Hanafi and El-Labban (1990) found that 

highly positive genetic correlation 

between EW & AW (0.69) and EW&SW 

(0.52) in Dokki-4 chickens. Zhang et al. 

(2005) found that rG recorded among EW 

and each of AW, YW, SW ranged from 

0.67 to 0.97 in brown-egg layer. El-

Attrouny (2011) found that highly 

positive rG among EW and each of AW 

(0.80), YW (0.70) and SW (0.53) in 

Golden Montazah and White Leghorn 

and their crosses. 

Estimates of rp presented in Table ( 4 ), 

the rG were positive and highly correlated 

between EW & AW, EW & YW and 

EW&SW; being 0.85, 0.63 and 0.54, 

respectively, while the correlations 

between AW&AI (0.02) and YW & YI  (-

0.26) were low and negative in Benha 

chickens. Udoh et al. (2012) indicted that 

correlations between EW & AW were 

positive and ranged from 0.68 to 0.79 and 

from 0.56 to 0.77 between EW & YW in 

three Nigerian chickens. Dasari et al. 

(2013) found that the estimates of rP 

between EW&AW ranged from 0.20 to 

0.76, from 0.89 to 0.96 between 

EW&YW, from -0.30 to 0.20 between 

AW & AI and from -0.07 to 0.21 between 

YW & YI in White Leghorn chickens. 

Selection effect and generation 

contrasts 

Estimates of the three generations of 

selection obtained by generalized least 

squares using BLUPF90 were superior 

(P <0.05) for most egg quality traits 

than the base generation (Table 5). 

Based on BLUPF90, the contrasts 

among estimates of these generations 

were significant (P<0.05). The third 

generation showed superiority in most 

egg quality traits compared to the 

average of the first and second 

generations. These results agree with 

Aly et al. (2010a), Abou El-Ghar et al. 

(2011), Khalil et al. (2013), Shalan et 

al. (2012) and Rayan et al. (2013). 

These superiorities indicted that 

selection for egg number during the 

first 90 days of laying in Benha 
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chickens was associated with 

improvement in egg component, ESI 

and EST traits. Shalan et al. (2012) 

found that EW was 42.3, 45.0 and 

47.9 g for the base, 1
st
 and 2

nd
 

generations in Baheij selected line and 

40.3, 42.9 and 44.0 g for the base, 1
st 

and 2
nd 

generations in Baheij control 

line. Younis et al. (2014) reported that 

the averages of EST in Dokki-4 

chickens for the base, first and second 

generations were 0.38, 0.35 and 0.35 

mm for the selected line and 0.37, 

0.35 and 0.34 mm for the control line, 

respectively. 
The phenotypic and genetic trends 

across generations:  

The phenotypic trends for egg quality 

traits across the generations are 

presented in Figure 1. The initial 

phenotypic values were 48, 26.8, 14.6 

and 6.0 g for EW, AW, YW and SW, 

respectively. While reached 48, 27.4, 

14.6 and 6.0 g in the first generation, 

48.5, 27.7, 14.6 and 6.1g in the second 

generation and 48.9, 28, 28.1, 14.6 and 

6.2 g in the third generation, 

respectively; indicating that egg 

components were improved by 

selection. These results fall within the 

ranges of 42.1 to 52.5 g for EW, from 

13.9 to 16.19 g for YW and from 21.6 

to 30 for AW as cited in literature (Aly 

et al., 2010b; Shalan et al., 2012; 

Alipanah et al., 2013; Taha and Abd El-

Ghany, 2013; Khalil et al., 2013; 

Younis et al., 2014).Phenotypic values 

of ESI, AI and YI were 76, 7.0 and 42 

% in the base generation, respectively 

(Figure 1). While the phenotypic values 

were 76.9, 8.0 and 43.0 % in the first 

generation, 77.4, 8.0 and 44 % in the 

second generation and 77.9, 9.0 and 

45.1% in the third generation, 

respectively. These results agree with 

shalan et al. (2012), Khalil et al. 

(2013) and Taha and Abd El-Ghany 

(2013).The initial phenotypic value for 

haugh unit was 87 in the base 

generation, while reached 89, 92 and 

94 in the first, second and third 

generation, respectively (Figure 1). 

These results fall within the ranges 

showed by Abd El-Latif (2001), Iraqi 

(2002) and Khalil et al. (2013). The 

phenotypic value for shell thickness 

initiated at 0.30 mm in the base 

generation, then increasing slightly till 

reached 0.31, 0.33 and 0.35 mm in the 

first, second and third generation, 

respectively (Figure 1). These trends 

agree with Samak (2001) and Khalil et 

al. (2013). 

The genetic trends across the 

generations for egg quality traits are 

presented in Figure 2. The initial 

BLUP for EW, AW, YW and SW 

were 0.1, 0.43, -0.19 and 0.09 g in the 

base generation, while reached 0.4, 

0.36, 0.05 and 0.11 g in the first 

generation, 0.7, 0.30, 0.08 and 0.12 g 

in the second generation and finally 

reached 1.0, 0.24, 0.22 and 0.13 g in 

the third generation, respectively. The 

BLUP estimates initiated with 0.46, -

0.02 and 0.04 % for ESI, AI and EST 

in the base generation (Figure 2), 

while reached 0.81, 0.03 and 0.20 % 

in the first generation, 1.16, 0.07 and 

0.35 % in the second generation and 

1.52, 0.12 and 0.05 in the third 

generation, respectively. 
Correlated selection responses  

Selection for improving egg number at 

90 day increasing EW after three 
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selected generations since the 

correlated response for EW was 0.44, 

0.25 and 0.49 g in the 1
st
, 2

nd
 and 3

rd
 

generation, respectively and 1.18 g as 

accumulative response (Table 6). The 

correlated response for AW was 0.11, 

0.26 and 0.50 g in the 1
st
, 2

nd
 and 3

rd
 

generation, respectively and 0.87 g 

with accumulative response, while the 

YW was 0.38, 0.32 and 0.08 g, in 

1
st
,2

nd
 and 3

rd
 generation, respectively 

and 0.78 g with accumulative response 

and the SW was 0.02, 0.27 and 0.02 g 

in the 1
st
, 2

nd
 and 3

rd
 generation, 

respectively with a ccumulative 

response of 0.31g ; these results 

indicated that the genes that affect the 

egg number at 90 days are the same  

genes affecting EW. These results are 

in agreed with those obtained by 

Cavero et al. (2001) and Shalan et al. 

(2012). Response in HU was -1.11, 

5.64 and 0.74 in the 1
st
, 2

nd
 and 3

rd
 

generation of selection, respectively 

and 5.27 as accumulative response. 

The improvement in the HU in the 

three generations may be due to the 

increasing in EW and AI values. The 

correlated response to selection for 

ESI was -0.42, 2.12 and 0.13 % in the 

1
st
, 2

nd
 and 3

rd
 generation, respectively 

and 1.83 % with accumulative response. 

Response in AI was 0.47, -1.55 and 

2.45% in the 1
st
, 2

nd
 and 3

rd
 

generation, respectively with 

accumulative response of 1.37 %). 

These results may be due to that 

increasing EW after three generations 

of selection was associated with 

improvement in egg components. 

Yolk index was 0.24, 0.75 and 0.96 % 

in the 1
st
, 2

nd
 and 3

rd 
generation, 

respectively with accumulative 

response of 1.95%. This result in 

accordance with Younis et al. (2014). 

The responses in EST were 0.04, 0.01 

and 0.01mm in the 1
st
, 2

nd
 and 3

rd
 

generations, respectively and of 0.06 

as a cumulative response. Similar 

trend was observed by Younis et al. 

(2014) and Shalan et al. (2012). 
CONCLUSIONS 

1) The high estimates of BLUP for 

egg quality traits in the control and 

selected generations indicate that 

improvement of egg quality traits in 

Benha chickens could be achieved 

through more generations of selection 

for egg number during the 1
st
 90 days 

of laying 

2) Superiorities in the selected 

generations indicated that selection for 

egg number during the first 90 days of 

laying in Benha chickens was 

associated with an improvement in 

egg quality traits  

3) The genetic trends were slightly 

positive for most traits indicating that 

the selection program was performed 

correctly. 
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Table (1): Numbers (No.)  sires, dams,  pullets and eggs used.  

 

Generation
 No. 

of sires 

No. 

of dams 

No. 

of Pullets 

No. of 

eggs used 

Base (control) population 17 113 180 603 

1
st
 generation of selection 18 119 180 1476 

2
nd

 generation of selection 17 117 180 897 

3
rd

 generation of selection 17 135 216 1266 

TOTAL 69 484 756 4242 

 

Table (2):Actual means, standard deviations (SD), and percentages of variation (V%) 

for egg quality traits in Benha chickens. 

Trait Symbol Mean SD V% 

 

Egg weight (g) EW 48.3 4.7 9.8 

Albumen weight (g)  AW 27.6 3.4 12.5 

Yolk weight (g) YW 14.6 2.0 13.9 

Shell weight (g) SW 6.1 0.85 13.9 

Haugh unit  HU 90.6 26.0 28.6 

Egg shape index (%) ESI 78.4 0.17 0.21 

Albumen index (%) AI 8.0 0.02 0.24 

Yolk index (%) YI 44.0 0.05 0.11 

Egg shell thickness (mm)         EST 0.33 0.04 0.12 

 

Table (3): Estimates of additive genetic (
2

a), permanent environment (
2

PE), 

uncontrolled environment (
2

E) and phenotypic (
2

p) variances along with heritability 

estimates (h
2
±SE) for egg quality traits in Benha chickens. 

h
2
 ± SE 2 P 2 E 2 PE 2 a

 Trait 

0.47±0.02 34 9.5 8.4 16.1 EW (g) 

0.40±0.02 27.1 9.7 6.4 11 AW (g) 

0.36±0.02 3.0 1.0 0.97 1.1 YW (g) 

0.17±0.02 4.4 1.6 2.1 0.75 SW (g) 

0.06±0.02 74 44.3 25.1 4.5 HU 

0.25±0.01 6.9 2.9 2.2 1.7 ESI (%) 

0.11±0.01 5.1 2.7 1.8 0.6 AI (%) 

0.05±0.01 1.4 0.84 0.5 0.07 YI (%) 

0.23±0.01 9.1 4.2 2.8 2.1 EST (mm) 
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 Table (4): Estimates of genetic (rG), and phenotypic (rP) correlations among some egg quality traits in Benha chickens. 

        Traits correlated
 

rG rP 

EW & AW      0.99±0.01
 

0.85±0.17 

EW & YW 0.57±0.11
 

0.63±0.14 

EW & SW 0.69±0.13
 

0.54±0.16 

AW&AI 0.59±0.10 0.02±0.08 

YW&YI 0.61±0. 11 -0.26±0.13 

 

   Table (5): generalized Least-square means for egg quality traits in different generations along with all possible generation contrasts  

   and their standard errors (± SE) in Benha chickens.                                                           

Generations EW (g) AW (g) SW (g) HU ESI (%) STH (mm) 

Base generation (G0) 47.4±0.19
c 

27.3±0.14
b 

6.0±0.03
b
 88.5±1.05

b 
76.7±0.007

b 
0.27±0.01

b 

1
st
generation (G1) 48.1±0.12

b 
27.3±0.09

b 
5.9±0.02

b 
87.3±0.64

b 
76.3±0.005

b 
0.32±0.01

c 

2
nd

 generation (G2) 48.3±0.15
b 

27.5±0.11
b 

6.2±0.02
a 

92.9±0.86
a 

78.9±0.006
a 

0.33±0.01
a 

3
rd

 generation (G3) 49.1±0.13
a 

28.1±0.10
a 

6.2±0.02
a 

93.8±0.72
a 

79.1±0.005
a 

0.34±0.01
a 

G0VS G1 -0.7±0.22* 0.0±0.0 0.1±0.04 1.2±1.40 0.4±0.009 0.05±0.01- 

G0VS G2 -0.9±0.24* -0.2±0.18 -0.2±0.04* -4.4±1.36* -2.2±0.009* -0.0±0.03* 

G0VS G3 -1.7±0.23* -0.8±0.17* -0.2±0.04* -5.3±1.27* -2.4±0.009* -0.01±0.003* 

G1VS G2 -0.2±0.02 -0.3±0.14 -0.3±0.03* -5.6±1.09* -2.6±0.008* -0.01±0.002* 

G1VS G3 -1.0±0.18* -0.8±0.13* -0.3±0.03* -6.5±0.99* -2.8±0.007* -0.02±0.002 

G2VS G3 -0.8±0.20* -0.6±0.15* 0.0±0.0 -0.9±1.12 -0.2±0.008 -0.01±0.002 

 a, b, c, d Means with the same letters within each trait are not significantly different (P˂0.05). 

* Generation effect significantly different from 0, α = 0.05.
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Table (6): Realized correlated response for unselected egg components traits in Benha 

chickens through three generations of selection.                                                                                                                       

Correlated selection response as a result of selection for egg 

number during the 1
st
 90 day of laying (EN90D) 

Traits 

cumulative 3
rd

 generation  2
nd

 generation  1
st
  generation 

1.18 0.49 0.25 0.44 EW (g) 

0.87 0.50 0.26 0.11 AW (g) 

0.78 0.08 0.32 0.38 YW (g)  

0.31 0.02 0.27 0.02 SW (g) 

5.27 0.74 5.64 -1.11 HU 

1.83 0.13 2.12 -0.42 ESI (%) 

1.37 2.45 -1.55 0.47 AI (%) 

1.95 0.96 0.75 0.24 YI (%) 

0.06 0.01 0.01 0.04 EST (mm) 
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Figure (1): The phenotypic trend for egg quality traits in Benha chickens across the 

selected generations.    

 

Fig. 1-B 
 

Fig. 1-A 

Fig. 1-D Fig. 1-C 

Fig. 1-G Fig. 1-E 

Fig. 1-I Fig. 1-H 

 

  
Fig. 1-J 

  

Where : 1= control population, 2 = first selected generation, 3 = second selected 

generation, 4 = third selected generation 
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Figure (2): Genetic trend for egg quality traits in Benha chickens across the selected   

generations. 

 

 
Fig. 2-B 

 

 

 
 Fig. 2-A 

Fig. 2-D 
 

Fig. 2-C 

Fig. 2-G 
 

Fig. 2-E 

Fig. 2-I Fig. 2-H 

 
Fig. 2-J 

Where : 1= control population 2 = first selected generation, 3 =second selected 

generation, 4 = third   selected generation                                                                                                                                    
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 الملخص العرتّ

 

ثلاث اجيال مه الاوتخاب لعذد الثيض فّ دجاج تىٍاالاستجاتً المرتثطً لصفات جُدي الثيض تعذ   
 

محمُد مصطفّ الاطرَوّ
1

محمُد مغرتّ عراقّ، 
1
ماٌر حسة الىثّ خليل،  

1
، جيٍان محمذ المغازِ 

2
 

 
1

يصش -صايعت بُٓا  –قسى الإَخاس انحيٕاَٗ كهيت انضساعت بًشخٓش   
2

يصش –يشكض انبحٕد انضساعيت  –انًشكض الإقهيًٗ نلأغزيت ٔالاعلاف   
 

عهي  من الوضع يوم الاولى 09عدد البيض خلال ال نضيادة ْذفج انذساست انحانيت عهي دساست حأريش الإَخخاب 

دصاصّ غبقا نقيى أحسٍ يخُبئ  111ديك ٔ 11. حى إَخخاب فٗ دصاس بُٓاخلال أسبعت اصيال  صٕدة انبيطصفاث 

حى صًع . يٕو يٍ الإَخاس يٍ صيم الاساط )انكُخشٔل( 01نصفت عذد انبيط عُذ أل  BLUPخطٗ غيش يخحيض 

أو نلأسبع أصيال )صيم اساسي ٔرلاد اصيال  414ركش ٔ  60دصاصت َاحضت يٍ  656يٍ بيعت َاحضّ  4242عذد 

 BLUPخحيضالإسحباغ انٕسارٗ ٔانًظٓشٖ ٔقيى أحسٍ يخُبئ خطٗ غيش ي –نخقذييش انًكافئ انٕسارٗ إَخخابيت( 

ٔصٌ انبيعت ، ٔصٌ انبياض ، ٔصٌ انصفاس ، ٔصٌ انقششة ، ٔحذاث ْــــــٕ ، دنيم شكم )نصفاث صٕدة انبيعت 

حى حقذيش أٔحٕظيح أرش الإَخخاب ٔالإسخضابت انًشحبطّ عبش (. انبيعت ، دنيم انبياض، دنيم انصفاس ٔسًك انقششة

خذاو ًَٕرس انحيٕاٌ انًعشٔف بإسخ بُٓا فٗ دصاس انبيط صٕدة الاصيال ٔالإحضاْاث انٕساريت ٔانًظٓشيت نصفاث

حقذيشاث انًكافئ انٕسارٗ قيًا يخٕسطت أ يُخفعت نصفاث صٕدة انبيط كاَج  . BLUPF90 Programبإسى 

أظٓشث الإسحباغاث انٕسارىت قيى يٕصبت بيٍ صفت ٔصٌ انبيط ٔكلاً يٍ ايعا  . 1.46اني  1.15بيٍ حيذ كاَج 

عهٗ انخٕانٗ.. أظٓشث الأصيال   1.60،  1.56،  1.00انصفاس ٔٔصٌ انقششة حيذ كاَج ٔصٌ انبياض ، ٔصٌ 

انزلارت الإَخخابيت حفٕقا نًعظى صفاث صٕدة انبيط عٍ صيم الأساط ٔكاَج انفشٔق يعُٕيت عُذ يسخٕٖ يعُٕيت 

(P<0.05) كًا أظٓشث انخعاداث انًسخقهت .Contrasts ُاثٕياً .أظٓش الإحضاْبيٍ الإصيال انًخخهفت اخخلافاً  يع 

فٗ انقيى انًظٓشيت نًعظى صفاث صٕدة انبيط . بيًُا اَخفط نصفت ٔصٌ انبياض . إصدياداً  ت ٔانٕساريتانًظٓشى

أظٓشث الإسخضابت الإَخخابيت انًحققت ٔانًصاحبت بعذ رلاد أصيال إَخخابيت صيادة حشاكًيت نكلاً يٍ انصفاث انخانيت: .

يههيًخش(  1.16سًك انقششة )ٔ( 5.26صشاو ( ، ٔحذاث ْٕ ) 1.31صٌ انقششة )صشاو( ، ٔ 1.11ٔصٌ انبيعت )

 خلال انبيط عذد اَخخاب أٌ إنٗ يشيش انًُخخبت الأصيال حفٕق أٌ إنٗ انُخائش ْزِ حشيش ، انخلاصت عهٗ انخٕانٗ.

 .انبيط صٕدة صفاث بخحسٍ يشحبطًا كاٌ بُٓا دصاس انٕظع في يٍ الأٔنٗ يٕيًا انخسعيٍ
 


