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ABSTRACT 
 
 The experiment was conducted to investigate the differences in the components of egg white proteins 
between three different breeds of poultry (Dandarawi, Fayoumi as local breeds and Lohmann Selected Leghorn 
as standard breed) and attempt to find a relationship between these proteins and productive traits and egg 
quality.  

The results showed differences among breeds in egg production variables where Leghorn reached to 
the puberty age significantly (P ≤ 0.05) earlier than the local breeds. Egg weight and egg output were also 
significantly (P ≤ 0.05) higher in Leghorn breed compared with Fayoumi and Dandarawi breeds. The obtained 
results of breed differences in egg quality variables showed that Leghorn breed was significantly (P≤0.05) 
higher in all components of egg quality compared to Fayoumi and Dandarawi breeds except for egg specific 
gravity and shell percent which was significantly (P≤0.05) lower compared with other breeds. 
         The results of correlation coefficients of egg white PAGE protein band densities with egg production and 
egg quality variables in three breeds of chickens displayed that there were significant negative and positive 
correlations among densities of some bands with egg production and egg quality variables in the three breeds of 
chickens. 
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Introduction 
 

Selection, in animal breeding, refers to the choice of parents for desirable characteristics in future 
generations (Nesheim, et al., 1979; Rose, 2001). Commercial layer chickens have been selected for higher egg 
production, egg and shell quality. (Soike and Bergmann, 1998; Dransfield and Sosnicki, 1999; Rose, 2001).  

Performance of layer chickens has been improved since the 1940s. This improvement can be part 
ascribed to progress in nutrition and management programmes. However genetic factors are also an important 
component of this improvement (Stevens, 1991). The characteristics that have been improved are the rate of egg 
production, the size and quality of eggs, eggshell strength and colour, sexual maturity, disease resistance and the 
feed efficiency (Nesheim et al., 1979; Stevens, 1991; Gowe et al., 1993; Rose, 2001). 

Quantitative genetics has been applied in the poultry industry since 1950. After thirty generations to 
effect an improvement, there have been some dramatic improvements in the performance of strains. For 
example, great and rapid progress in egg production of layer chickens has been made in twentieth century using 
genetic selection and result in that hens egg production increased from 200 to 300 eggs or more per year 
(Stevens, 1991).  At the present time new sub scientific disciplines had been developed to study gene expression 
of an individual. These new sciences end with (-omic) namely, genomic, transcriptomics, proteomic, 
metabolomics, and finally the function of specific protein. These sciences are following up the pass of genetic 
information from genome to transcriptome to protein to metabolite to function (or phenotype). Poultry breeding 
companies use these new advances to synthesize new strains of chicken to achieve a new breakthrough in 
poultry industry (Halley, 2014). 

SDS-PAGE is currently the most commonly used electrophoretic technique to analysis of proteins or 
proteome. Barker et al., (1970 and 1971) studied egg white proteins using electrophoretic technique and found 
that egg white proteins could be used as fingerprint to identify wild bird species and families.  To improve the 
knowledge of this biological fluid, the most usual and recently developed electrophoretic methods have been 
used (Mann, 2007: Mann and Mann, 2011). In this context, the phenotype frequencies of fast–migrating 
prealbumin, transferrin and ovalbumin, ovoglobulins: G3, G4 and G2 and conalbumin were obtained from the 
electrophoregrams of horizontal polyacrylamide gel electrophoresis (Brodacki et al., 2001: Desert et al., 2001).    

Genetic variation, both within and between breeds, is essential for the genetic improvement of 
domestic animals. Loss of variation will restrict the selection for desirable economic characteristics within 
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current commercial lines. The genetic variation is one of the bases to know the change of selection value in the 
population (Zang et al., 2002ab; Miguel et al., 2005; Li-Chan and Kim, 2008). The genetic variation can show 
with allele characters from the specific locus of body tissue like blood, egg white and yolk (Mahfudz et al., 
2011). Blood and egg white have different locus of protein (Mahfudz et al., 2011). The protein loci from egg 
white are ovalbumin, conalbumin and lysozim and there are still many others which could be used to study the 
genetic variation (Mahfudz et al., 2011 and Abeyrathne et al., 2013).   

The goal of this work was to study the differences in the components of egg white proteins between 
different breeds of poultry and attempt to find a relationship between these proteins and egg production and 
quality, which could help in develop selection programs to improve productive traits of poultry special Egyptian 
local strains. 

 

Materials and Methods 
 
Location, Experimental Birds and Management of the Flock 
 

The study was performed at Poultry Experimental Station, Animal Production Department, Faculty of 
Agriculture, Al-Azhar University, Cairo, Egypt. Dandarawi and Fayoumi as local strains and LSL as synthetic 
(commercial) strain were used in this study. The experiment was lasted from hatch to 3 months after the first 
egg laid. A standard photoperiod was performed during experimental period. Birds were housed on the floor 
pens until 16 weeks of age. Then 30 birds form each strain were randomly selected and transferred to separate 
pens in battery cages until the end of experiment. 

Hens had free access to feed and water allover the experimental period. The conditions of housing and 
management of birds for all groups were similar during the experimental period and all birds were healthy and 
clinically free from disease. The experimental diets were isocaloric and isonitrogenous and were formulated to 
meet the requirement of growing and laying periods according to National Research Council, 1994 (NRC, 
1994). The compositions of the experimental diet and calculated analysis are presented in Table (1). 

 
Experimental design and procedures: 
 

A total number of 180 birds (60 birds from each strain) were used in the present study. The birds were 
randomly housed on floor pens and then in battery cages as previously mentioned.  
 
Experimental data 
  Egg production data 

 
Egg production was recorded daily for each breed from the onset of egg production until 3 months of 

egg production.  Egg was weighed and egg output per hen per week was calculated. 
 

Egg quality measurements 
  

Egg quality was done using 30 eggs representing 30 birds of each breed at the end of the experiment.  
All eggs were weighed individually and immediately after the egg was laid then specific gravity was measured 
according to Hamilton (1982). The egg was broken at its equator and the internal contents were poured in a 
beaker for subsequent measurements. The yolk was separated from the albumin. Yolk, albumin and shell were 
weighed separately to the nearest 0.1gm. Then the albumin of each egg was stored individually at -20oC untill 
used.  

 
Electrophoresis method  
    Chemicals, equipment and reagents 

 
All chemicals that used in the present study were purchased from Sigma Chemicals Co. Apparatus used 

in this study was from Cleaver Scientific Ltd, UK, Model V10-WCDC, size 20x10cm dual slab cell (SDS -
PAGE). All reagents used in this study were prepared according to electrophoresis instruction manual of Bio-
Rad Com and Laemmli (1970). 

 
Sample preparation 

Egg white (Albumin) samples were taken from the chosen breeds after measuring egg quality traits. 
Then the egg white was mixed with distilled water at ratio of 1:10 v/v (1v egg white: 9v H2O) for each egg 
separately then the samples were homogenized using MSE sonicator at 28 db for 10 minutes. Subsequently the 
samples were aliquoted in tubes and stored at -20 °C until used. 
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Running sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS- PAGE) 
   

SDS polyacrylamide gel electrophoresis was carried out according to Laemmli (1970) and Bio-Rad 
instruction manual. The detailed method was described by Shoukry et al., (2014) 

 
Statistical analysis  
 

Data were subjected to analysis of variance using General Linear Models procedure of SAS software 
program package (SAS, 1988). Significant differences among means were separated by Least Squares Means. 
Data were analyzed by one way ANOVA using the following model.  
Yij = u + Ni + eij Where Yij = the observed value, u = population means, Ni = the effect of strain, eij = the 
standard error. 

Proc Corr was used to test the correlation relationships among variables. Proc Tabulate were also used 
to compare the frequency of different protein bands among strains. Chi2 was used to test the significance of 
frequency differences among strains. 

Table 1: Composition and calculated analysis of the layer diet for different breeds of chickens.  
Ingredients 1 – 8 weeks 9 – 17 weeks 18-35 weeks 
Ground yellow corn 8.8% 56.5 59.5 62.42 
Soybean meal 44% 14.5 21.1 14.3 

Corn gluten meal 60% 14.5 5.39 10 
Wheat bran 15.7% 10 10 2 

Dicalcium phosphate 1.91 1.72 2.5 
Limestone 1.47 1.41 8 
Vitamin and mineral premix* 0.3 0.3 0.3 
Sodium Chloride (NaCl) 0.3 0.3 0.3 
DL-methionine 0.06 0.09 0.02 
L-lysine-HCl 0.46 0.19 0.16 
Total (Kg) 100 100 100 
Calculated analysis    
Crude protein% 21.03 18.54 18.00 
ME. Cal/Kg feed 2903 2804 2807 
C/P ratio 138.04 151.24 155.94 
Calcium% 1.05 1 3.85 
Available Ph.% 0.48 0.45 0.45 
Lysine% 1.2 1.03 0.85 
Methionine% 0.47 0.4 0.36 
Methionine + Cystin% 0.85 0.74 0.69 

*Composition of vitamins and minerals premix. Each 3Kg of vitamin and minerals mixture contain: Vit. A 10000000 IU, Vit. D3 2000000 

IU, Vit. E 10000 mg, Vit. K3 1000 mg Vit. B1 1000 mg, Vit. B2 5000 mg, Vit. B6 1500 mg, Vit B12 10 mg, Niacin 20000 mg, Pantothenic acid 

10000 mg, Folic acid 1000 mg, Biotin 50 mg, Choline chloride 500000 mg, Copper 4000 mg, Iodine 300 mg, Iron 30000 mg, Manganese 

60000 mg, Zinc 50000 mg, Cobalt 100 mg and Selenium 100 mg. 

 

Results and Discussion 
 
Description of electrophoretic PAGE egg white proteins profile of different breeds 

SDS-PAGE analysis of egg white protein of three breeds of chicken  
 

The results of the analysis of the migration of the egg white proteins appeared from Dandarawi (DB), 
Fayoumi (FB) as local breeds and Lohmann Selected Leghorn (LSLB) as standard breed on the gel showed that 
there are many protein bands were separated in each lane of each sample of the different breeds. Some of these 
protein bands were heaver (thicker) or abundant proteins than other which were less abundant inside the same 
breed such lane number 28 in LSLB. It's clear to see three protein bands between size of 84 to 45 kDa. 
However, some samples contained more protein bands than other especially in the top of lanes, which mean that 
some protein bands were absent and other were present. Nevertheless, all lanes approximately contain the same 
numbers of protein bands. This gel contains some faint bands in the top of the gel and some also in the bottom. 
In the middle region of the gel there are some heavier bands between 84.0 kDa to 29.0 kDa (Fig. 1).  There are 
some samples were repeated such as samples number 25 and 29 in DB, samples number 30 in FB and LSLB. 
These repetitions indicated that the gel reflects a good reproducibility. Also this gel reflected a good separation 
of egg white proteins from the hens. 
The differences in protein bands between samples within the same breed and between breeds may be due to the 
genetic variation between the breeds and within the breed. Moreover, it appears that further investigation (using 



Middle East J. Appl. Sci.., 5(1): 236-246, 2015 

 

239 

proteomic analysis with 2D gel electrophoresis) is needed to clearly identify all the polypeptides evidenced in 
these electrophoregrams. 
 
 Egg white PAGE protein band densities 
   

The separation of egg white proteins for three different breeds (Dandarawi, Fayoumi  and Lohmann 
Selected Leghorn) revealed breed differences in protein band percent densities (Table 2) and figure (1). The 
obtained results showed that in DB and FB chicken have significantly (P ≤ 0.05) higher densities of 184.3 kDa 
band compared to LSLB. Meanwhile, DB showed significantly (P ≤ 0.05) higher band densities of 128.3 and 
59.8 kDa than those of FB, however, band densities of 128.3 and 59.8 kDa in LSLB did not differ significantly 
compared with either DB or FB. Density figures of LSLB concerning the former bands laid between figures of 
DB and FB. Concerning the following band 157.1, 107.7, 51.0, 46.3, 43.0 and 20.7 kDa no significant 
differences were found among the three breeds. Band densities of 31.1, 24.6 and 21.0 kDa in LSLB were 0.113± 
0.079, 0.320± 0.291 and 0.077± 0.077 %, respectively.  However, these three bands are completely absent from 
DB and FB samples.  

The most prominent  feature  of band densities of egg white proteins of the three  breeds studied are 
relatively lower densities of egg weight proteins of LSLB compared with local breeds specially DB. Meanwhile, 
LSLB showed the presence of light molecular weight proteins compared to the absence of these proteins namely 
31.1, 24.6 and 21.0 kDa in local breeds. The change of egg white proteins band densities during this study may 
be due to the differences between these breeds in genotype and phenotype variations. 
 

Fig. 1: SDS-PAGE analysis of hen egg white proteins of DB, FB and LSLB breeds of chicken.  

Samples were taken from the chosen breeds. The egg white was mixed with distilled H2O at ratio of 1:10 v/v (1v 

egg white: 9v H2O) for each egg separately then the samples were homogenized using Sonicator at 28 db for 10 

minutes. Then one volume from sample was mixed with three volumes of sample buffer then 15µl was loaded for 

each lane. Following the electrophoresis, the proteins were visualised by staining in Coomassie blue R-250 for 

2h and destained overnight with the destaining solution.  The first lane from right side is broad range of 

molecular weight standard (MW STD), ranged between of 205 to 6.5 kDa. The first 8 lanes beside the MW STD 

were for LSLB, then 7 lanes for FB and 8 lanes for DB as shown on the gel of Fig. 1. The gel reflects a good 

reproducibility with samples repeated. 

 
Frequency percent of PAGE protein bands in chicken breeds  
 

 Table (3) shows that the PAGE protein bands 128.3, 107.7, 51.0 and 46.2 are significantly available in 
100% of samples in the three breeds. Concerning the bands 31.1, 24.6 and 21.0 are completely absent in DB and 
FB (100%) and very high frequency of absent bands in LSLB (93.33%) of 31.1, 24.6 kDa and 96.67% of 21.0 
kDa. The differences in the three breeds in the former bands are insignificant. Concerning 157.1 kDa band is 
available in all birds of DB and FB (100%) and available in high frequency (93.33%) in LSLB. There were no 
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significant differences among the three breeds in protein bands 59.8 and 43.0 kDa where the frequency of 
available bands higher than the frequency of absent bands of the three breeds; however the differences are not 
significant. The bands 184.3 and 20.7 kDa are available in high frequency in the three breeds compared to the 
frequency of absent bands and the differences are significant.The differences among breeds in the frequency 
percent of PAGE protein bands are consistent.  

The significant differences found in protein band densities of these breeds may be refer to genetic 
variation between the breeds and may be relevant to the evolutionary history of the breeds. Also, different 
phenotypes of breeds and protein experessed observed in this study may reflect the diffrences of genotypes of 
these breeds.  Among other applications, protein polymorphism can be used in phylogenetic studies or to create 
genetic characteristics of herds and breeds of animals (Brodacki et al., 2001).  Furthermore, all the studied hen 
stocks were in the state of genetic equilibrium in respect to the frequencies of the genes that encode the egg 
proteins of yolk or white (Brodacki et al., 2001). In addition to, one way to increase genetic quality is continuing 
selection of chicken by choosing the high potential to improve. High or low egg production depends on genetic 
variation, because productivity of animals depends on environment and genetic factors (Mahfudz et al., 2011). 
This is very important to know, because it can help to select the highly productive animal and low productivity 
of chicken (Mahfudz et al., 2011). The genetic variation is one of the bases to know the change of selection 
value in the population (Zang et al, 2002ab; Miguel et al., 2005; Li-Chan and Kim, 2008). The genetic variation 
could be noticed from the specific locus through analyzing blood serum, egg white and yolk (Mahfudz et al., 
2011). Genetic variation, both within and between breeds, is essential for the genetic improvement of domestic 
animals. Loss of variation will restrict the selection for desirable economic characteristics within current 
commercial lines. Therefore poultry breeders have an interest in maintaining or increasing genetic variation 
within and between commercial lines or exotic populations. 
 
Table 2: Breed differences of egg white PAGE protein bands densities (%).  

1MW 
(KDa) 

 

184.3 157.1 128.3 107.7 59.8 51.0 46.3 43.0 31.1 24.6 21.0 20.7 

DB 2 0.960 A 
±  
0.124 

1.917 A 
±  
0.209 

2.397 A 
± 
 0.248 

33.107A 
±  
1.145 

1.460A 
± 
 0.229 

2.893A 
± 
0.295 

42.453A 
±  
2.493 

7.587A 
±  
0.969 

Nil Nil Nil 7.233A 

± 
1.345 

FB 0.867 A 
± 
 0.116 

1.850 A 
± 
 0.291 

1.670 B 
±  
0.213 

33.077A 
± 
 1.251 

0.667B 
±  
0.139 

2.973A 
± 
0.308 

46.133A 
± 
  2.305 

6.990A 
±  
1.017 

Nil Nil Nil 5.817A 
± 
1.454 

LSLB 0.421 B 
± 
 0.094 

2.100 A 
± 
 0.218 

2.193 
AB± 
0.223 

35.920A 
±  
1.096 

1.050AB 
±  
0.177 

2.870A 
± 
0.345 

39.463A 
±  
2.785 

7.990A 
±  
1.424 

0.113 
± 
0.079 

0.320  
± 
0.291 

0.077  
± 
0.077 

7.457A 
± 
1.116 

1Molecular weight (kDa) of eggwhite proteins analyzed by SDS-PAGE. 
2 Least squares means ± pooled standard error.                                                                       

  A,B, Means having different letter exponents among rows within columns are significantly different (P≤0.05). 
DB = Dandarawi Breed.    FB = Fayoumi Breed.   LSLB = Lohmann Selected Leghorn Breed.  

 
Table 3: Frequency percent of PAGE protein bands in Dandarawi , Fayoumi and  Lohmann Selected Leghorn breeds. 

Chi2 LSLB  FB  DB  1MW (KDa) 
 P 1 0 1 0 1 0 

*** 63.33 36.67 96.67 3.33 96.67 3.33 184.3 
NS 93.33 6.67 100.00 0.00 100.00 0.00 157.1 
*** 100.00 0.00 100.00 0.00 100.00 0.00 128.3 
*** 100.00 0.00 100.00 0.00 100.00 0.00 107.7 
NS 70.00 30.00 56.67 43.33 76.67 23.33 59.8 
*** 100.00 0.00 100.00 0.00 100.00 0.00 51.0 
*** 100.00 0.00 100.00 0.00 100.00 0.00 46.3 
NS 86.67 13.33 100.00 0.00 96.67 3.33 43.0 
NS 6.67 93.33 0.00 100.00 0.00 100.00 31.1 
NS 6.67 93.33 0.00 100.00 0.00 100.00 24.6 
NS 3.33 96.67 0.00 100.00 0.00 100.00 21.0 
** 96.67 3.33 66.67 33.33 86.67 13.33 20.7 

1Molecular weight (kDa) of eggwhite proteins analyzed by SDS-PAGE. 
0 Band is not available.   1 Band is available.           
 ** (P≤0.01).      * **  (P≤0.001)           NS =  Non – Significant.                                                      
 DB = Dandarawi Breed.    FB = Fayoumi Breed.   LSLB = Lohmann Selected Leghorn Breed.  

 
The relationship between egg white PAGE bands with egg production performance:  

Breed differences of egg production variables:  
The results of differences between breeds in egg production variables are shown in Table (4). Age in days 

at the puberty for three different breeds showed that LSLB reach to the puberty significantly (P ≤ 0.05) earlier at 
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143 days compared to 157 and 160 days for DB and FB, respectively. The mean of egg weight in grams of 
LSLB was significantly (P ≤ 0.05) higher (56.75g) compared with FB (42.20g) and DB (41.69g), respectively.  

The results of table (4) may be refer to the LSLB as synthetic (commercial)  breed has been selected to 
improve numerous traits such as egg production, productive and reproductive traits so it became as specialized 
or standard breed. While local breeds such as FB and DB are not submitted for any programs to improve their 
productivity. Also, selection, in animal breeding, refers to the choice of parents for desirable characteristics in 
future generations (Nesheim, et al., 1979; Rose, 2001). Layer chickens have been selected for higher egg 
production, egg and shell quality (Rose, 2001). In this regard quantitative genetics has been applied in the 
poultry industry since 1950. After thirty generations, there have been some dramatic improvements in the 
performance of strains. On the other hand, great and rapid progress in egg production of layer chickens has been 
made in twentieth century using genetic selection and result in that hen eggs production increased from 200 to 
300 eggs or more per year (Aberle and Stewart, 1983; Stevens, 1991).    

Egg output (eggs/hen.week) was significantly (P ≤ 0.05) elevated for LSLB compared to DB. Egg 
output was higher in LSLB than FB but the difference was not significant. No significant difference was also 
noticed between FB and DB. There were no big differences in egg output between these breeds under the study. 
These observations may be due to that the LSLB was hatched from parents stock were present in the poultry 
experimental station during the process of this study (as 2nd generation, F2).  These results could be attributed to 
that LSLB is a standard breed and has been selected for high egg production rate (Aberle and Stewart, 1983; 
Rose, 2001) but the FB and DB are local strains and are not subjected to any program for improvement of their 
egg production.  

On the other hand, performance of layer chickens has been improved since the 1940s. This 
improvement can be part ascribed to progress in nutrition and management programmes. However, genetic 
factors are also an important component of this improvement (Stevens, 1991). The characteristics that have been 
improved are the rate of egg production, the size and quality of eggs, eggshell strength and colour, sexual 
maturity, disease resistance and the feed efficiency (Nesheim et al., 1979; Stevens, 1991; Gowe et al., 1993; 
Rose, 2001).  Improvements in many aspects of egg production have been accomplished and optimised by 
selection between pure strains, strain replacement and finally selection within the strains (Stevens, 1991). The 
commercial strains of egg-laying poultry are produced from selection between three or four pure lines for that 
purpose as shown in review of (Rose, 2001). 

A major genetic selection also effects age of the first egg laid (sexual maturity); the average age at the 
beginning of production is now less than 150 days compared with 170-180 days previously. This effect 
increases the lifetime performance and subsequently increases the cycle of egg production (Ledur et al., 2000).    

The obtained results indicate that polymorphic forms of egg white proteins can be used in selection of 
laying hens. The applicability of genetic markers is determined by a number of factors, such as polymorphism 
degree of the marker, genetic distance between the marker gene and the genes of the given quantitative trait, the 
proportion of the marked genes in the variability of the trait (Geldermann, 1975; Gryzinska, 2003). 

Genetic markers may represent an efficient tool for reading genetic information that is many ways 
applicable in breeding programs (Wezyk, 1996). An analysis of the markers may be carried out as early as in the 
initial period of egg production. This allows early selection, reducing costs of raising and evaluation. In this 
case, marker information has a double importance; it reduces the duration of the selection process and improves 
the precision of the appraisal of the animal breeding value (Szydłowski, 1994). A characteristic of selected 
markers allows tracking how the selection influences the genetic structure of the given population, and which 
genes are being eliminated along with the specific traits (Kurył, 1992). 

In this case, it should be kept in mind that collecting information on marker loci in order to improve the 
precision of genetic evaluation of animals represents just one of the ways they can be used in selection. In 
comparison with new genetic engineering techniques, analysis of marker loci opens new prospects for 
improvement of animal products and their quick differentiation according to consumers' needs and, in the future, 
for creating new traits. Marker studies that lead to reading animal genome contribute to creating new breeding 
methods (Gryzinska, 2003). 

It could be concluded that the study of electrophrogram of egg white proteins is a prospective approach 
as genetic markers to be used as a tool for genetic improvement of productive traits.  

 
       Table 4: Breed differences of egg production variables. 

Egg output (egg/hen.wk) Egg weight (g) Age at puberty (days) Breed 
4.07B ±0.174 41.69B ±0.564 156.97A ±2.058 DB 
4.48AB ±0.171 42.20B ±0.501 159.70A ±2.10 FB 
4.84A ±0.157 56.75A ±0.886 143.10B ±2.026 LSLB 

1 Least squares means ± pooled standard error                                                                  

 A,B,C, Means having different letter exponents among rows within columns are significantly different (P≤0.05).                                                                                                                
DB = Dandarawi Breed.    FB = Fayoumi Breed.   LSLB = Lohmann Selected Leghorn Breed.  
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Correlation coefficients of egg white PAGE protein band densities with egg production variables in chicken 
breeds 
 

        The results of correlation coefficients of egg white PAGE protein band densities with egg production 
variables in three breeds of chickens are shown in Table (5). The results of age of puberty indicated that there 
was significant positive correlation (SPC), (P≤0.01) between densities of bands 184.3 and 51.0 kDa and the 
puberty age of LSLB. While FB showed significant negative correlation (SNC) and SPC (P≤0.01) between 
densities of bands 46.3 and 43.0 kDa and the age in days at the puberty, respectively. Further, there was SNC 
(P≤0.05) between densities of bands 157.1 and 128.3 kDa and the age at puberty in days of DB.   

The results of correlation coefficients of egg white PAGE protein band densities with egg weight and egg 
output are given in Table (5). The results showed that there was SNC (P≤0.01) between density of bands 107.7 
kDa and egg weight (g) of LSLB compared to other breeds. On the other hand, SPC (P≤0.05) could be also 
notated between density of band 157.1 and egg weight of FB compared to other breeds.  

The results of egg output displayed that there were no SNC or SPC watched between egg output and 
densities of molecular weight bands of egg white PAGE proteins for the three breeds of chicken in this study.  

 It could be suggested that the phenotypes of the protein band densities were connected with age at puberty 
and egg weight but not with egg output. The results showed that the correlations between some of the studied 
traits were significant, which means that selection for specific band density may improve it. The obtained results 
indicated to the importance of polymorphic protein forms in the egg white to improve productivity of egg laying 
strains. It could be also used as a part of selection index. 

 
Breed differences of egg quality variables 
  
 The obtained results of breed differences in egg quality variables are presented in Table (6). The 
achieved results of egg weights (g), long and short axes of egg showed the same trend where LSLB was 
significantly (P≤0.05) heaver in egg weight and was significantly (P≤0.05) longer in long and short axes, 
respectively compared to the other breeds in this study.  On the contrary, FB and DB were significantly (P≤0.05) 
higher in specific gravity compared to the LSLB. This result may confirm the results of Shoukry (1988) where 
found that the specific gravity of Fayomi eggs was higher than that of LSL. The higher specific gravity of an 
egg indicates that the egg can resist shocks and exhibits low egg broken percentage. From these results it can be 
suggested that the eggs of LSLB had lower specific gravity thence more fragile than the eggs of FB and DB that 
had higher specific gravity.  

The results of albumin weight (g), albumin percent (%) and yolk weight (g) showed that LSLB was 
significantly higher in these parameters than that found with the FB and DB.  However, there were no 
significant differences in yolk percent (%) and shell weight (g) among the three breeds of this study. On the 
other hand, FB and DB were significantly (P≤0.05) higher in shell percent (%) compared to the LSLB Table (6). 
The whole egg, white, and yolk were significantly affected by the strain of hens (Ahn et al., (1997). In this 
context, Silversides et al., (2006) observed significant differences in performance and egg quality among the 
strains. Egg quality has a genetic basis and the parameters of egg quality vary among strains of hens (Pandey et 
al., 1986; Silversides et al., 2006; Mousavi et al., 2013). Curtis et al., (1985) found that different strains of 
laying hens vary significantly in egg shell quality. Singh et al., (2009) found interactions between environments, 
strains, and ages on hen-day egg production and egg quality over a period of time.  

The aspect of internal quality is significantly more difficult to observe or evaluate in the intact egg even 
with use of candling. In addition to, internal egg quality is extremely important because of its many function 
properties (Chukwuka, et al., 2011). 

As a result of genetic selection, different strains of laying hens vary significantly in egg shell quality, 
egg size and production. Also, there are clear differences between modern commercial birds and traditional 
breeds of laying fowl (Hocking et al., 2003). In this subject, selection for one characteristic such as production 
or egg weight can affect other characteristics of the hen such as egg shell quality (Poggenpoel et al., 1996). 
Genetic selection programs need to monitor a range of characteristics to ensure that improvement of one 
characteristic is not at the expense of other equally important traits (Roberts, 2004).  
 
Correlation coefficients of egg white PAGE protein band densities with egg quality variables in three breeds of 
chickens: 

The results of correlation coefficients of egg white PAGE protein band densities with egg quality 
variables in LSLB, FB and DB of chickens are given in Table (7).  The results of long axis showed SPC 
(P≤0.05) between densities of both bands 31.1 and 21.0 kDa and the long axis of LSLB. While there was no 
positive or negative significant correlation between the rest of band densities and long axes of three breeds 
under the study. Also, there was no positive or negative significant correlation between the band densities and 
short axes of three breeds of chickens.  
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Table 5: Correlation coefficients of egg white PAGE protein bands density with grow-out performance and egg production variables in 
three breeds of chickens.  

  *(P≤0.05).  **(P≤0.01).  ***(P≤0.001).    DB = Dandarawi Breed.    FB = Fayoumi Breed.   LSLB = Lohmann Selected Leghorn Breed.  

  Table 6: Shows breed differences of egg quality variables.  
Breed Egg 

weight 

(g) 

Long 

Axis 

(cm) 

Short 

Axis 

(cm) 

Specific 

gravity 

(SPG) 

Albumin 

weight 

(g) 

Albumin 

percent 

(%) 

Yolk 

weight 

(g) 

Yolk 

percent 

(%) 

Shell 

weight 

(g) 

Shell 

percent 

(%) 

DB 141.824B 

±0.566 

3.958B 

±0.031 

2.843B 

±0.028 

1.081A 

±0.001 

22.048B 

±0.388 

52.693B 

±0.508 

13.600B 

±0.263 

32.538A 

±0.505 

6.440A 

±0.150 

14.770A 

±0.309 

FB 42.227B 

±0.497 

3.898B 

±0.028 

2.864B 

±0.031 

1.082A 

±0.001 

21.877B 

±0.288 

51.864B 

±0.543 

13.987B 

±0.294 

33.086A 

±0.499 

6.176A 

±0.156 

15.241A 

±0.297 

L S L B 56.743A 

±0.886 

4.590A 

±0.034 

3.197A 

±0.016 

1.077B 

±0.002 

31.880A 

±0.380 

56.440A 

±0.807 

18.527A 

±0.798 

32.358A 

±0.930 

6.337A 

±0.171 

11.202B 

±0.300 

1 Least squares means ± pooled standard error.    
A,B,C, Means having different letter exponents among rows within columns are  significantly different (P≤0.05).                                                                                                
DB = Dandarawi Breed.    FB = Fayoumi Breed.   LSLB = Lohmann Selected Leghorn Breed.  

Breed 
Molecular weight 
 

Age at puberty 
 

Egg weight 
 

Egg  output 
 

 
(KDa)  

  
(days) 

 
(g) 

 
(egg) 

 

DB  -0.340 -0.229 0.096 

FB 184.3 -0.097 0.046 -0.042 

LSLB  0.422* 0.172 -0.222 

DB  -0.385* -0.023 0.193 

FB 157.1 0.115 0.353* -0.089 

LSLB  0.040 0.300 -0.004 

DB  -0.351* -0.233 0.044 

FB 128.3 0.154 0.154 -0.138 

LSLB  0.001 -0.157 -0.030 

DB  -0.178 -0.133 -0.260 

FB 107.7 -0.020 -0.095 -0.238 

LSLB  0.202 -0.430** 0.140 

DB  -0.225 -0.228 -0.096 

FB 59.8 0.344 0.120 -0.039 
LSLB  0.080 0.092 -0.111 

DB  -0.145 0.021 -0.119 

FB 51 0.060 0.325 0.113 

LSLB  0.494** 0.008 0.094 

DB  0.335 0.082 -0.076 

FB 46.3 -0.446** -0.181 0.276 

LSLB  -0.329 0.122 0.140 

DB  -0.195 -0.101 0.223 

FB 43 0.516** -0.047 -0.202 

LSLB  0.230 -0.098 -0.213 

DB  - - - 

FB 31.1 - - - 

LSLB  -0.131 0.175 0.024 

DB  - - - 

FB 24.6 - - - 

LSLB  -0.023 0.054 -0.099 

DB  - - - 

FB 21 - - - 

LSLB  -0.206 0.240 0.189 

DB  -0.099 0.139 0.196 

FB 20.7 0.276 0.218 -0.071 

LSLB  0.148 0.140 -0.192 
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The results of specific gravity displayed that there was SNC (P≤0.01) between density of band 184.3 
kDa and specific gravity of the eggs of LSLB compared to the other bands. However, SNC was observed 
between density of band 43.0 kDa and specific gravity of DB Table (7). 
 
Table 7: Correlation coefficients of egg white PAGE protein bands density with egg quality variables in three breeds of chickens. 

Breed 

Molecular 

weight 

(KDa) 

Long Axis 

(cm) 

 

Short Axis 

(cm) 

 

Specific 

 Gravity 

 

Albumin weight 

(g) 

Yolk 

weight 

(g) 

Shell weight 

(g) 

        

DB   - 0.152 - 0.198 0.115 - 0.259 0.006 - 0.209 

FB 184.3 0.126 0.204 0.126 0.101 0.066 - 0.041 

LSLB  0.050 0.275 - 0.487** 0.178 0.100 0.025 

DB   - 0.149 0.014 0.205 - 0.118 0.169 - 0.072 

FB 157.1 0.250 0.297 - 0.056 0.538** 0.256 - 0.170 

LSLB  0.214 0.019 - 0.087 0.319 0.135 0.208 

DB   - 0.128 - 0.186 0.237 - 0.343 - 0.078 0.147 

FB 128.3 0.137 0.085 - 0.223 0.384* - 0.016 - 0.077 

LSLB  0.158 - 0.147 0.147 - 0.033 - 0.151 - 0.038 

DB   - 0.330 - 0.134 0.004 - 0.175 - 0.015 - 0.023 

FB 107.7 - 0.056 0.047 0.346 - 0.036 - 0.163 0.049 

LSLB  - 0.262 - 0.205 - 0.190 - 0.151 - 0384* - 0.102 

DB   - 0.306 - 0.284 - 0.030 - 0.293 - 0.015 - 0.080 

FB 59.8 0.173 0.059 - 0.107 0.294 0.220 - 0.117 

LSLB  0.128 0.060 - 0.082 0.060 0.087 - 0.062 

DB   0.087 - 0.145 0.001 0.036 0.035 - 0.076 

FB 51 0.193 - 0.159 0.185 0.254 0.106 0.341 

LSLB  - 0.075 0.123 0.081 0.033 - 0.024 0.081 

DB   0.074 0.107 - 0.295 0.113 - 0.010 0.034 

FB 46.3 - 0.154 - 0.066 - 0.110 - 0.183 - 0.323 0.071 

LSLB  - 0.190 - 0.240 0.314 - 0.168 0.204 0.055 

DB   - 0.012 - 0.107    0.353* - 0.113 - 0.077 0.046 

FB 43 0.044 - 0.060 - 0.114 - 0.103 0.256 - 0.119 

LSLB  0.248 0.292 - 0.227 0.174 - 0.182 - 0.046 

DB   - - - - - - 

FB 31.1 - - - - - - 

LSLB  0.350* 0.329 0.149 0.061 0.125 0.187 

DB   - - - - - - 

FB 24.6 - - - - - - 

LSLB  0.170 0.205 0.154 0.138 -0.018 0.059 

DB   - - - - - - 

FB 21 - - - - - - 

LSLB  0.390* 0.301 0.048 -  0.089 0.254 0.255 

DB   0.246 0.128 0.210 0.170 0.070 - 0.039 

FB 20.7     0.127 0.051 - 0.039 0.141 0.379* - 0.087 

LSLB  0.246 0.282 - 0.342 0.221 0.067 - 0.077 
*(P≤0.05).       **(P≤0.01).  DB = Dandarawi Breed.    FB = Fayoumi Breed.   LSLB = Lohmann Selected Leghorn. Breed.  

 

Concerning albumin, yolk and shell weights, there was SPC (P≤0.01) found between densities of bands 
157.1 and 128.3 kDa and albumin weight of FB. On the other hand, SNC was detected between density of band 
107.7 k Da and yolk weight of LSLB whilst SPC (P≤0.05) discovered between density of band 20.7 kDa and 
yolk weight of FB. 

In connection with the shell weight of LSLB, FB and DB there was no significant positive or negative 
correlation coefficients of egg white PAGE protein band densities with shell weights of three breeds of 
chickens. 

The correlation between egg white protein band densities and external and internal variables of the egg 
quality indicates that the pattern of these protein bands could be useful in improving shell quality and/or internal 
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quality without use destruction methods to measure internal quality variables. Further work is needed to give 
precise estimate of the validity of using egg white proteins as a selection index for improving egg quality.  

It could be concluded that the phenotypes of the protein band densities were connected with age at puberty, 
egg production and quality (egg weight, egg output, specific gravity albumin and yolk weights). This means that 
selection for specific band density may improve mentioned traits of layer chicken and could help in develop 
selection programs to improve productive traits of poultry special Egyptian local strains. The obtained results 
indicated to the importance of polymorphic protein forms in the egg white to be a part of selection index and are 
a potential approach as genetic markers to be used as a tool for genetic improvement of productive traits. 

Finally, this comparative work highlighted the interest of electrophoretic technique (SDS-PAGE) 
which is now widely used with Coomassie blue staining for egg white analysis. Thus, techniques for precise 
separation such as IEF and 2D gel electrophoresis are needed to visualize more proteins spots corresponding to 
egg white proteins. This observation led us to think for initiating a new work for identification and 
characterization of lot of proteins found in the egg white proteins. 
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