
175                                       Trakia Journal of Sciences, Vol. 11, № 2, 2013 

 

 

Trakia Journal of Sciences, No 2, pp 175-180, 2013 

Copyright © 2013 Trakia University 

Available online at: 

http://www.uni-sz.bg 
ISSN 1313-7050 (print) 

                                                                 ISSN 1313-3551 (online) 
 

                         Original Contribution    

HERITABILITIES AND GENETIC AND PHENOTYPIC CORRELATIONS 

OF EGG QUALITY TRAITS IN KHAZAK LAYERS 
 

M. Alipanah
*
, J. Deljo, M. Rokouie, R. Mohammadnia 

 

University of Torbat e Heydarieh, University of Zabol, Iran 
 

ABSTRACT 

The aim of this study was to investigate the genetic and phenotypic correlations of egg quality traits in 

Khazak chicken. Albumen height (AH), albumen weight (AW), eggshell color (ESC), yolk color (YC), 

eggshell index, long length of egg (ELL), short length of egg (ESL), eggshell weight (ESW), egg 

weight (EW), Haugh units, and yolk weight (YW) were measured in 201 eggs collected 6 d sequentially 

from 85 Khazak layers caged individually. The ASReml was applied to estimate heritabilities and 

genotypic and phenotypic correlations for these egg quality traits. Heritabilities of AH, AW, ESC, YC, 

eggshell index, ELL, ESL, ESW, EW, Haugh units, and YW were 0.42, 0.61, 0.15, 0.19, 0.30, 0.36, 

0.49, 0.54, 0.50, 0.46, and 0.32, respectively. The genetic correlations between EW and AW, YW, and 

0.89. Thus 

although heritabilities for these traits were moderate to high, genetic correlations with EW were high, 

suggesting a major relationship between EW and ESW as well as internal egg quality in Khazak layers. 
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INTRODUCTION 

The Khazak is an Iranian native chicken which 

comes from the Sistan region in eastern of Iran.  

It rear as a native chicken for egg production in 

Institute of Damhae Khas (University of Zabol).  

People of Sistan region were used widely for egg 

production. The chickens had never been 

properly defined; they were morphologically 

more heterogeneous than Part. In 2006, chickens 

from these breeds were sampled among those 

still maintained in traditional farms in order to be 

incorporated within the Poultry genetic 

conservation program. Their genetic 

characteristic, as well as the process followed to 

purify them in relation to some traits, has been 

presented previously (1, 2). 
 

Khazak chicken has short leg and very light 

weight as dwarf layers.  Feed consumption is an  

important cost in the production of eggs. In 
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general, the dw gene depresses growth in layer-

type stocks by approximately 30% (3) and 

reduces egg size primarily due to the reduction 

in body size (4). Facing a global lack of animal 

and poultry feedstuffs, the potential in using the 

Khazak chicken to reduce feed intake may once 

again gain importance in certain areas of the 

Iran. Therefore it is important to characterize the 

Khazak chicken on egg production and egg 

quality. Although there is considerable literature 

on genetic parameters of egg characteristics, 

most are base on simple model (5). Moreover, 

eggs have to be broken to measure their internal 

egg quality, and information on genetic 

parameters of interior and exterior egg quality 

traits may allow for selection via sib 

relationships. The restricted maximum likelihood 

(REML) method (6), allows for more accurate 

estimates of genetic parameters and estimates of 

breeding values. Studies related to the egg 

quality traits of nondwarf chicken have been 

reported (7, 8, 9, 10, 11). There is no information 

on genetic parameters for interior and exterior 

egg quality of Khazak chicken. 
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MATERIALS AND METHODS 

Stock, Husbandry, and Traits Measured 

Khazak layers that developed at Institute 

Damhae Khas University of Zabol was used for 

the current study. Eggs obtained from these 

chickens with full pedigree were incubated at the 

same time. Chicks were hatched and were vent 

sexed, pedigreed, wing banded, and vaccinated 

against Marek's disease. The period of light was 

gradually decreased from 24 h to 22 h during the 

first 2 wk, and then birds were continued on 

natural light until transferred to single-hen cages 

at 16 wk of age, when the daily length of natural 

light was approximately 8 h. Then the 

photoperiod was increased by 1 h/wk until 17 h 

of light was achieved. All pullets were kept in 

the same laying house to minimize 

environmental effects. The laying mash 

consisted of 19% CP and 2,750 kcal of ME/kg. 

Eggs (n = 201) were obtained from 85 hens on 6 

d consecutively when hens were 40-65 week of 

age. Data were obtained daily for the eggs laid 

on that day with the average for the 6 d used as 

the value for each hen. Cracked, soft-shell, and 

double yolk eggs were not used. External and 

internal egg quality traits including egg weight 

(EW), eggshell index (ESI), long length of egg 

(ELL), short length of egg (ESL), eggshell color 

(ESC), eggshell weight (ESW), albumen height 

(AH), yolk color (YC), albumen weight (AW), 

Haugh units (HU), yolk weight (YW), and yolk 

color (YC) were measured. The procedure 

followed was to weigh the egg to the nearest 

0.01 g. Then shell color was measured on the 

blunt region, equatorial region, and sharp region, 

respectively using an EQ-Reflectometer 2 and 

the average of the 3 considered as the value for 

the egg. Then its length and width at midpoint 

were measured in millimeters using Veterinary 

and Livestock Instruments 2 (VLI) for ESI and 

ELL. The shell of the egg was then weighed 

(0.01 g), and AH was measured (mm) using VLI 

for AH. Yolk and albumen were then separated 

and weighed (0.01 g), and YC was measured 

using Roche Yolk Color Fan. Haugh units were 

calculated. The ESI was calculated by the 

formula ESI = ESL/ELL, where ESL is the short  

 

 

length of an egg, and ELL is the long vertical 

length of an egg. The albumen ratio (AR, %), the 

eggshell ratio (ESR, %), and the yolk ratio (YR, 

%) were expressed as AW/EW100, ESW/EW 

100, and YW/EW 100, respectively. 

 
Statistical Analysis  

The units for analysis were the average of the 

values for eggs from each hen over the 6 d. The 

means of egg quality traits were calculated with 

the MEANS procedure of the SAS software 

package (12). An animal model was constructed 

as follows:  

 
Yij = µ + a i + eij 

 
Where Yij is the ijth average phenotypic record of 

the egg quality trait, µ is the common mean, ai is 

the ith individual breeding value, and eij is the 

error. The REML procedure was applied to 

estimate heritabilities and phenotypic and 

genotypic correlations using the ASReml 9.0 

software package. The procedures were run 

following the manual for ASReml.  Pedigree 

information for one generation of ancestors was 

included in the relationship matrix. Heritabilities 

were estimated using single-trait analysis. Initial 

values of genetic and environmental variances 

were the value of variance for corresponding 

trait and random values, respectively. Genetic 

and phenotypic correlations between pairs of 

traits were estimated using a 2-trait analysis. The 

genetic and environmental variance estimates 

from the results of single-trait analyses and 

random covariance values were set as initial 

values.  

 
RESULTS AND DISCUSSION 

Descriptive Statistics of Egg Quality Traits  

Means and standard error of the traits measured 

in the current experiment are presented in Table 

1. Means for EW, ESI, ESL, ELL, ESC, ESR 

and ESW were 43.04 g, 0.77, 3.9 cm, 5.08 cm, 

1.52, 1.18, and 4.41 g, respectively. Means for 

AH, AW, HU, YC, YW, AR and YR were 5.94 

mm, 23.41 g, 81.36, 8.72, 14.20 g, 53.73 % and 

32.88 percent respectively.  

 

 



ALIPANAH M., et al. 

177                                       Trakia Journal of Sciences, Vol. 11, № 2, 2013 

 

 

Table 1. Descriptive statistics of egg quality traits 

Mean ±SE Trait
1
 

External egg quality 

43.04±6.02 EW (g) 

3.9±0.18 ESL (cm) 

5.08±0.29 ELL (cm) 

1.52±0.60 ESC 

4.41±0.69 ESW (g) 

1.18±1.08 ESR (%) 

0.77±0.03 ESI 

Internal egg quality 

5.94±1.37 AH (mm)  

23.41±4.18 AW (g)  

53.73±3.65 AR (%)  

81.36±9.96 HU  

14.20±1.90 YW (g) 

32.88±3.19 YR (%) 

8.72±1.5 YC 
1
EW = egg weight;  ESL = short length of egg ;  ELL = long 

length of egg;  ESC = eggshell color;  ESW = eggshell weight;  

ESR%= eggshell ratio;  ESI = eggshell index;  AH= albumen 

height;  AW= albumen weight;  AR= albumen ratio;  HU= Haugh 

unit; YW= yolk weight; YR= yolk ratio; YC= yolk color; 

 

 

Heritabilities and Genetic and Phenotypic 

Correlations  

Heritabilities ranged from 0.15 for ESC to 0.61 

for AW (Tables 2 and 3), and few values were 

low. The genetic and phenotypic correlations 

among external and internal egg quality traits are 

summarized in Tables 2 and 3, respectively. The 

highest genetic and phenotypic correlations 

between external egg quality traits were between 

EW and ESL (0.96 and 0.91, respectively). The 

highest genetic and phenotypic correlations 

between internal egg quality traits were AW and 

HU (0.99 and 0.97, respectively). The genotypic 

and phenotypic correlations were estimated 

between internal and external traits (Tables 4 

and 5). The highest genetic and phenotypic 

correlations between internal and external egg 

quality traits were between EW and AW, ESC 

and HU (0.93 and 0.95, respectively). 
 

This is the first time that genetic parameters have 

been estimated in Khazak chicken and their 

genetic potential estimated accurately for egg 

quality, egg weight and eggshell color.  

Heritabilities of EW from many reports ranged 

from 0.48 (13) to 0.71.  The value of the current 

estimation was 0.50. These high values suggest 

that simple mass selection for this trait could 

achieve rapid improvement. The estimations of 

heritability for AW were similar to previous 

reports (14, 15). The heritability for ESW 

estimated by Francesch et al. (1997) was similar 

to the present study. Heritabilities for HU and 

AH were approximately similar other report (5), 

however this heritability is higher from report on 

two Leghorn Strains (16). The genetic 

correlation of EW with ESC for Khazak layers  

(-0.19) was differ out from those for Catalan 

layers (0.00 – 0.30) (13). It could be argued that 

essentially Khazak chicken is white color egg 

layer. Study with populations of Rhode Island 

Reds and Light Sussex breeds selected for 

several years for egg production show that there 

is a positive genetic correlation between light 

reflection and egg production, which is 

equivalent to the negative values for Egg shell 

color with egg production (3). The genetic 

correlation of ESC for Khazak layers with other 

external traits was between -0.40  and +0.75.  
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Table 3. Heritabilities  and genetic and phenotypic correlations among, internal egg quality traits 

 

1
Heritabilities are given on diagonal, genetic correlations above diagonal, and phenotypic correlations below 

diagonal. 
2
Standard errors of the estimates are in parentheses. 

3
YW = yolk weight; AW = albumen weight; AH = albumen height; YC = yolk color; YR = yolk ratio; HU = Haugh 

unit; AR = albumen ratio. 

 
 

Table 2. Heritabilities and genetic and phenotypic correlations among, external egg quality traits 
 

 

1
Heritabilities are given on diagonal, genetic correlations above diagonal and phenotypic correlations below 

diagonal. 
2
Standard errors of the estimates are in parentheses. 

3
EW = egg weight; ESW = eggshell weight; ESI = eggshell index; ESC = eggshell color; ESL = short length of egg; 

ELL = long length of egg  
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Table 4. Genetic correlations between external and internal egg quality traits
 

 

1
Standard errors of the estimates are in parentheses. 

2
EW = egg weight; ESW = eggshell weight; ESI = eggshell index; ESC = eggshell color; ESL = short length of egg; 

ELL = long length of egg  
3
YW = yolk weight; AW = albumen weight; AH = albumen height; YC = yolk color; YR = yolk ratio; HU = Haugh 

unit; AR = albumen ratio. 

 

Table 5. Phenotypic correlations between external and internal egg quality traits 

 

1
EW = egg weight; ESW = eggshell weight; ESI = eggshell index; ESC = eggshell color; ESL = short length of egg; 

ELL = long length of egg  
2
YW = yolk weight; AW = albumen weight; AH = albumen height; YC = yolk color; YR = yolk ratio; HU = Haugh 

unit; AR = albumen ratio. 

 

 



ALIPANAH M., et al. 

Trakia Journal of Sciences, Vol. 11, № 2, 2013                                                    180 

 

 

 

REFERENCES 

1. Alipanah,  M., Torkamanzehi, A., Amiri Z., 

Rabbani, F.,  Study of Genetic diversity of 

Dashtiari and Khazak breeds using 

microsatellite markers. Trakia. J. Sci., 9(2): 

76-81, 2011. 

2. Omrani, J., Alipanah, M., Torkamanzehi, 

A., Hosseini, S. A., Nasiri, M. R., 

Polymorphism in the PEPCK-C gene of 

Sistan and Baluchestan native chicken 

breeds. Modern Genet. J., 15(4):98-104, 

2010. 

3. Hutt, F. B., Sex-linked dwarfism in the 

fowl. Heredity, 50:209–221, 1959. 

4. Benofff, F. H., Renden. J. A., Maternal 

determinants of egg size in dwarf Leghorns 

differing in adult body size. Poult. Sci., 59: 

1582–1583, 1980. 

5. Zhang, C., Ning, ZH., Xu, GY., Hou, ZC 

and Yang, N., Heritabilities and Genetic and 

Phenotypic Correlations of Egg Quality 

Traits in Brown-Egg Dwarf Layers.  Poult. 

Sci., 84:1209–1213, 2005. 

6. Boldman, K. G., Kriese, L. A., van Vleck, 

L. D., van Tassell, C. P., Kachman. S. D., A 

manual for use of MTDFREML. A set of 

programs to obtain estimates of variances 

and covariances. USDA-ARS, Washington, 

DC, 1995. 

7. Bell, D. D., Patterson, P. H.,  Koelkebeck, 

K. W.,  Anderson, K. E., Darre, M. J., 

Carey, J. B., Kuney, D. R., Zeidler. G., Egg 

marketing in national supermarkets: egg 

quality—Part1. Poult. Sci., 80: 383–389, 

2001. 

8. Buitenhuis, A. J., Rodenburg, T. B., 

Wissink, P. H., Visscher, J., Koene, P., 

Bovenhuis, H., Ducro, B. J.,  van der Poel. 

J. J., Genetic and phenotypic correlations 

between feather pecking behavior, stress 

response, immune response, and egg quality 

traits in laying hens. Poult. Sci., 83:1077–

1082, 2004. 

9. Curtis, P. A., Gardner, F. A., Mellor. D. B., 

Acomparison of selected quality and 

compositional characteristics of brown and 

white shell eggs. I. Shell quality. Poult. Sci., 

64:297–301, 1985. 

10. Kumar, J., Kapri. B. D., Genetic studies on 

internal egg quality and its relationship with 

other economic traits in White Leghorn 

birds. I. Heritability and repeatability of egg 

quality. Indian Vet. J., 43:825–829, 1966. 

11. Marks, H. L., Kinney. T. B., Measures of 

egg shell quality. Poult. Sci., 43:269–271, 

1964. 

12. SAS Institute. SAS/STAT User’s Guide: 

Statistics. Release 8.2. SAS Institute Inc., 

Cary, NC, 2001. 

13. Francesch A., Estany, J., Alfonso, L., 

Iglesias, M., Genetic parameters for egg 

number, egg weight, and eggshell color in 

three Catalan poultry breeds. Poult. Sci., 

76:1627-1631, 1997. 

14. Hartmann, C., Johansson, K., Strandberg, 

E., Rydhmer, L., Genetic correlation 

between the maternal genetic effect on 

chick weight and direct genetic effects on 

egg composition traits in a White Leghorn 

line. Poult. Sci., 82:1–8, 2003. 

15. Rodda, D. D., Friars, G. W., Gavora, J. S., 

Merritt. E. S., Genetic parameter estimates 

and strain comparisons of egg 

compositional traits. Br. Poult. Sci., 18:459–

473, 1977. 

16. Sakunthala Devi, K., Prasad, V. L. K., 

Heritability estimation of internal egg 

quality traits in two strains of white leghorn 

layers. Indian. Journal. Anim. Res., 

39(2):153-154, 2005. 

 

 


