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Introduction 
Egg quality is an economically important trait for 
poultry breeding and industry because of its 
significant influence on the quality and growth of 
the chicks (McDanniel et al., 1978; Altinel et al., 
1996). Egg quality is  also associated with 
acceptability among the consumers. The egg 
weight and egg components are affected by 
genetic and non-genetic factors (Suk & Park, 2001; 
Tumova et al., 2007; Yakubu et al., 2008).  Local 
chicken breeds are important sources of protein for 
growing human populations and also contribute to 
repositories of unique genes that could be used in 
other parts of the world. Therefore, it is important 
to understand differences in egg weight and egg 
components between local genetic resources. Such 
comparisons could be used as basis for selection 
and improvement in programs.  

 
The inheritance of the shank feathering trait 

has been studied by many poultry researchers 
including chicken (Danforth, 1919; Lambert & 
Knox, 1929; Warren, 1949), pidgeon (Wexelsen, 
1933), and hawk (Ellis et al., 1999). Non-
feathering shank is a dominant trait in chicken 
and it has been proposed that two factors are 
responsible (pti-1L, pti-1B) (Somes, 1992).  Up to 
date, chromosomes 13, 15, and 24 (Moiseyeva et 
al., 2012) are the candidate chromosomal 
location for this trait.  

Principle Component Analysis (PCA) is a 
classic technique in data analysis and is the most 
used multivariate technique available for 
reducing the dimensionality of a data set. As 
Rotaru et al. (2012) reported, using PCA method 
in agricultural studies is useful. This method has 
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human population and also supply repositories of unique genes that 
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shell weight (r2=0.626, 0.225). The first two principal components 
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(85.6% of total variance) and non-feathering shank (76.5%). Therefore, 
differences in the component traits of the eggs between the two genetic 
lines may be influenced by the same gene actions as shank feathering 
trait. According to these results, the two genetic lines of Kurdish 
chicken yield significant differences in the internal traits of eggs. 
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been used by many researchers to study chicken 
performance (Pinto et al., 2006), characterization 
between breeds (Yakubu et al., 2009; Dorji et al., 
2012), strains (Udeh & Ogbu, 2011), and gene 
expression (Yeung & Ruzzo., 2001; Ghazalpour 
et al., 2005; Biswas et al., 2008). The objective of 
this study was to estimate the variation in egg 
weight and egg components using principle 
component analysis for two genetic lines of the 
Kurdish local chicken and their relationship 
with shank feathering.  
 
Materials and Methods 
The present study was carried out in the Poultry 
Production Division of the Agricultural 
Research Center (Sulaimani, Iraqi Kurdistan) in 
the Ministry of Agriculture and Water Resources 
in Kurdistan Government Region-Iraq. Two 
genetic lines – white with shank feathering (SF) 
and white with non-feathering shank (NFS) – 
were used. Chickens were managed under a 
semi-open system and received 110 g of feed 
each day. The chicken feed used is described by 
Abas et al. (2014). A total of 185 fertile eggs were 
collected under a mating ratio of 3 dams: 1 sire 
(i.e. 12 dams and 4 sires for NFS chicken; 3 dams 
and 1 sire for SF chicken), comprising 28 eggs 
collected from SF hens and 157 eggs collected 
from NFS hens. Eggs were collected when hens 
were 70-75 weeks of age. Immediately after 
collection, egg weight and the weights of the 
yolk, albumen and eggshell were measured for 
each egg in each genetic line using an electronic 
balance with 0.01 g sensitivity. After breaking 
the eggs, yolk was separated from albumen and 

each of them weighted. Eggshells of broken eggs 
were washed with water and dried at room 
temperature for 24 hours. Following this 
procedure, eggshell weight (with membrane) 
was measured. 

Means, standard errors, and coefficients of 
variation of egg weight and internal egg 
measurements were calculated using the 
descriptive statistic of SPSS /PASW statistics for 
Windows version 19. One-way analysis of 
variance was used to test the effect of genetic 
line on the traits. Pearson’s coefficients of 
correlation (r) among egg weight and the 
internal egg traits were estimated. From the 
correlation matrix, data were generated for the 
principal component factor analysis. Anti-image 
correlations, Kaiser-Meyer- Olkin measures of 
sampling adequacy rotation component matrix, 
and Bartlett’s Test of Spherity were computed to 
test the validity of the factor analysis of the data 
sets (Jolliffe, 2002). The appropriateness of the 
factor analysis was further tested using 
communalities which represent the amount of 
the variable that is accounted for by the 
component (Wuensch, 2005).  
 
Results and Discussion 
Egg weight and egg components of two genetic 
lines of white Kurdish local chicken are 
presented in Table 1. The weights of the egg, 
yolk, albumen, and eggshell were significantly 
greater in the NFS eggs compared to the SF eggs. 
Thus, the two genetic lines differing in shank 
feather appearance have genetically dimorphic 
egg sizes. 

 
Table 1. Egg weight and egg components of the genetic lines 

 Weights (g) 
Shank feathering 

N = (28) 
 Non-feathering shank  

N = (157) 
 

P-value 
Mean S.E. C.V.  Mean S.E. C.V.  

Egg  57.77 0.82 18.94  62.15 0.33 17.58  <0.0001 
Yolk  19.02 0.31 2.62  20.18 0.17 4.70  0.007 
Albumen 33.69 0.67 12.64  36.22 0.25 9.64  <0.0001 
Shell 5.07 0.14 0.53  5.76 0.07 0.68  <0.0001 

 
Egg weight was positively correlated with 

the egg components in both genetic lines (P < 
0.01). An increase of weight in any of the 
internal components will invariably lead to a 
corresponding increase in the total egg weight. 
According to Harms & Hussein (1993), albumen 
weight is more closely associated with egg 
weight than yolk weight because the yolk 

weight is affected more heavily by the 
environment rather than by genetics (Oluyemi & 
Roberts, 2000). Kaiser–Meyer–Olkin (KMO) 
measure of sampling adequacy was mediocre 
for both SF and NFS lines (0.558 and 0.535, 
respectively). While the overall significance of 
the correlation matrices tested by Bartlett test 
sphericity for egg internal traits of SF (chi-square 
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= 10.746, P < 0.05) and NFS (chi-square = 13.824, 
P < 0.01) were significant, this implied that PCA 
was applicable to the data sets.  

Table 2 presents the Eigen values, percentage of 
the total variance, and communalities of the egg 
component of the two genetic lines of Kurdish 
local chicken. The communalities represent 
estimates of variance in each variable accounted 
range (0.752-0.977, 0.598-0.946 in FS and NFS, 
respectively). The Eigen values showed the 
amount of variance out of the total variance 
explained by each factor. Two principal 
components were extracted from SF with Eigen 
values of 1.701 for the first principal component 

(PC1), and 0.845 for the second principal 
component (PC2), and together accounted for 
84.86% of the total variance. In NFS, the two 
principal components were extracted with Eigen 
values of 1.33 for PC1 and 0.934 for PC2 and 
together accounted for 75.46% of the total variance. 

The first two principal components explain a 
high percentage of the total variance (Table 2). 
Moreover, differences in egg components 
between the two genetic lines may be due to the 
genetic makeup. The first principal component 
(PC1) had the highest correlation with shell 
weight in SF eggs and albumen weight in NSF 
eggs (Table 2).  

 
Table 2. Eigen values and percentage of total variance along with the rotated component matrix and 
communalities of the egg components of the genetic lines 

 Traits 
Shank feathering  Non-feathering shank 

PC1 PC2 Communality  PC1 PC2 Communality 
Yolk weight (g) 0.589 0.793 0.977  0.688 -0.497 0.721 
Albumen weight (g) 0.788 -0.443 0.817  0.765 0.598 
Shell weight (g) 0.856 0.752  0.521 0.821 0.946 
Eigen value  1.701 0.845  1.33 0.934 
% of total variance 56.70 28.161  44.34 31.125 

 
Pearson’s coefficients of correlation between 

egg weight and egg internal traits for the two 
genetic lines are given in Table 3. The correlation 
coefficients ranged from 0.178 to 0.918 in FS 
genetic line and from 0.074 to 0.835 in NFS 
genetic line. The correlation between egg weight 
and all egg internal measurements were positive 
in both genetic lines. The highest correlation  

(P < 0.001)  was  observed  between  egg  weight  
and  albumen  weight  in  both  genetic  lines,  
while  correlation  between  albumen  weight  
and  yolk  weight  in  both  lines  were  low  
(0.178 in SF and 0.247 in NFS). Correlation 
coefficients  of  eggshell  weight  with  albumen  
weight  were  higher  than  yolk  weight  in  both  
genetic  lines.      

 
Table 3. Correlation coefficients between egg components 

Traits 
Shank feathering  Non-feathering shank 

EW YW AW SW  EW YW AW SW 
Egg weight 1     1    
Yolk weight 0.520** 1    0.704*** 1   
Albumen weight 0.918*** 0.178 ns 1   0.835*** 0.247** 1  
Shell weight 0.626*** 0.319 ns .523** 1  0.225** 0.074 ns 0.158* 1 

*** Correlation is significant at the 0.001 level; ** Correlation is significant at the 0.01 level; * Correlation is significant at the 0.05 
level; ns Correlation is not significant.  
EW= Egg weight; YW= Yolk weight; AW= Albumen weight; SW= Shell weight 
 
Conclusion 
We conclude that yolk, albumen, and shell 
weights are significantly different between the 
genetic   lines   of   Kurdish   local   chicken.  This  
finding can help us characterize these genetic 
lines and find the genes responsible for shank 
feather appearance.  

Acknowledgments 
The author acknowledges the financial 
assistance     provided      by     the    Agricultural 
Research Center in Sulaimani for the execution 
of this investigation, and special thanks for Dr. 
Hassan Abed Sultan for his support. 
 



4                                                                                                                                                        PCA for Internal Egg Traits 

Poultry Science Journal 2017, 5(1): 1-5 

References 
Abas KA, Hermiz HN, Al-Khatib TR, Amin SM, 

Ahmed AM & Hamad DA. 2014. 
Comparative production performance of 
local hens in Erbil-Kurdistan region. journal 
of zankoy sulaimani, 16: 203-206. 

Altinel A, Gunes H, Kirmizibayrak T, Corekci 
SG & Bilal T. 1996. The studies on egg quality 
characteristics of Japanese quails. Veteriner 
Fakultesi Dergisi Istanbul, 22: 203-213. 

Biswas S, Storey JD & Akey JM. 2008. Mapping 
gene expression quantitative trait loci by 
singular value decomposition and 
independent component analysis. BMC 
Bioinformatics, 9: 1-14. DOI: 10.1186/1471-
2105-9-244 

Danforth C. 1919. An hereditary complex in the 
domestic fowl. Genetics, 4: 587-596. 

Dorji N, Duangjinda M & Phasuk Y. 2012. 
Genetic characterization of Bhutanese native 
chickens based on an analysis of Red 
Junglefowl (Gallus gallus gallus and Gallus 
gallus spadecieus), domestic Southeast Asian 
and commercial chicken lines (Gallus gallus 
domesticus). Genetics and molecular biology, 
35: 603-609. DOI: 10.1590/S1415-
47572012005000039  

Ellis DH, Woffinden N, Whitlock PL & Tsengeg 
P. 1999. Pronounced variation in tarsal and 
foot feathering in the Upland Buzzard (Buteo 
hemilasius) in Mangolia. Journal of Raptor 
Research, 33: 323-326. 

Ghazalpour A, Doss S, Sheth S, Ingram-Dreke 
LA, Schadt EE & Lusis AJ. 2005. Genomic 
analysis of metabolic pathway gene 
expression in mice. Genome Biology, 6: 1-11. 
DOI: 10.1186/gb-2005-6-7-r59 

Harms RH & Hussein SM. 1993. Variations in 
yolk:albumen ratio in hen eggs from 
commercial flocks. Journal of Applied 
Poultry Research, 2: 166-170. DOI: 
10.1093/japr/2.2.166 

Jolliffe IT. 2002. Principal component analysis 
and factor analysis. Principal component 
analysis, pp.150-166. 

Lambert WV & Knox CW. 1929. The inheritance 
of shank-feathering in the domestic fowl. 
Poultry Science, 9: 51-64. DOI: 
10.3382/ps.0090051 

McDanniel GR, Roland DA & Coleman MA. 
1978.   The   effect   of    eggshell    quality   on  

 

 
hatchability embryonic mortality. Poultry 
Science, 58: 10-13. DOI: 10.3382/ps.0580010 

Moiseyeva IG, Romanov MN, Nikiforov AA & 
Avrutskaya NB. 2012. Studies in chicken 
genetics. commemorating the 120th 
anniversary of the outstanding soviet 
geneticist A.S. serebrovsky (1892-1948). 
Russian Journal of Genetics, 48: 869-885. DOI: 
10.1134/S1022795412090074 

Oluyemi JA & Roberts FA. 2000. Poultry 
prduction in warm wet climates (Vol. 3rd). 
London: Macmillan press Ltd. 

Pinto LFB, Packer IU, De Melo CMR, Ledur MC 
& Coutinho LL. 2006. Principle components 
analysis applied to performance and carcass 
traits in the chicken. Animal Research, 55: 
419-425. DOI: 10.1051/animres:2006022 

Rotaru AS, Pop ID, Vatca A & Cioban A. 2012. 
Usefulness of principal component analysis 
in agriculture. Bulletin UASVM Horticulture, 
69: 504-509. 

Somes RG Jr. 1992. Identifying the ptilopody 
(feathering shank) loci of the chicken. The 
Journal of Heredity, 83: 230-234. 

Suk YO & Park C. 2001. The effect of breed and 
age of hens on the yolk to albumen ratio in 
two different genetic stocks. Poultry Science, 
80: 855-858. DOI: 10.1093/ps/80.7.855 

Tumova E, Zita L, Hubeny M, Skrivan M & 
Ledvinka Z. 2007. The effect of oviposition 
time and genotype on egg quality 
characteristics in egg type hens. Czech 
Journal of Animal Science, 52: 26-30. 

Udeh I & Ogbu CC. 2011. Principal component 
analysis of body measurements in three 
strains of broiler chicken. Science World 
Journal, 6: 11-14. 

Warren DC. 1949. Linkage relations of autosomal 
factors in the fowl. Genetics, 34: 333-350. 

Wexelsen H. 1933. Types of legfeathering in 
pigeons. Hereditas, 18: 192-198. DOI: 
10.1111/j.1601-5223.1933.tb02610.x 

Wuensch KL. 2005. Principal Components 
Analysis-SPSS. Greenville, NC: East Carolina 
University. 

Yakubu A, Kuje D & Okpeku M. 2009. Principal 
components as measures of size and shape in 
Nigerian indigenous chickens. Thai Journal 
of Agricultural Science, 42: 167-176. 

Yakubu A, Ogah DM & Barde RE. 2008. 



 Shaker AS & Aziz SR, 2017                                                                                                                                                       5 

Poultry Science Journal 2017, 5(1): 1-5 

Productivity and egg quality characteristics 
of free range neck and normal feathered 
Nigerian indigenous chickens. International 
Journal of Poultry Science, 7: 579-585. 

Yeung KY & Ruzzo WL. 2001. Principal 
component analysis for clustering gene 
expression data. Bioinformatics, 17: 763-774. 
DOI: 10.1093/bioinformatics/17.9.763 

 


