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Abstract: This study was aimed at investigating the external and internal egg quality traits along with their correlation values of
an indigenous (Deshi), three exotics (Cobb 500 of Broiler, Fayoumi, and RIR) and a crossbred (Sonali derived from RIRJx
Fayoumi?) chicken breeds available in Rajshahi. From a total of 50 eggs (5 breeds x 10 replicates each), the external quality
traits such as gross egg weight (EW), egg length (L), egg width (W), egg volume (EV), shell weight (SW), shell ratio (SR) and
egg shape index (ESI), and the internal quality traits like yolk weight (YW), albumen weight (AW), yolk ratio (YR) and albumin
ratio (AR) were determined. Results showed that highly significant differences exist for both external and internal egg quality
traits between the genetic groups of chicken (P<0.001). Even though RIR showed the highest EW and EV and Fayoumi had the
lowest for both traits, AR was in the sequence of Cobb 500 > RIR> Indigenous> Fayoumi> Sonali. Phenotypic correlations
among the egg quality traits revealed that EV was not significantly correlated with EW except for Sonali (P<0.001). The
association between EW and ESI was negative in all the chickens except Sonali. However, EW was significantly correlated with
the AW in RIR (P<0.001), Cobb 500 (P<0.01) and Sonali (P<0.01). Moreover, the EW was significantly correlated with YW
only in Fayoumi and RIR (P<0.05). In view of the cholesterol, fat and antioxidant contents of the hen’s egg, a higher AR is
healthier than a higher YR. The present findings therefore suggest that Cobb 500, RIR and Indigenous eggs are healthier than
Fayoumi and Sonali eggs that contain higher YR.
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mvivsk: GB MielYuU ivRkinitZ mnRjF* GKIU 1™ kx, 1ZbiU 1et™kx Ges GKiU msKi RitZi giMi eun'K I ArF'SixY Wigi "elkd” ibtq Kiv niqiQ] tg
cAkil (51U RiZ x c1izli 10l tiictKkb) Wigi ewn’'K “erkd” thgb 1Rb, "N, ¢, Aigzb, tLimii IRb, tLimii AbciZ Ges AKIZ mPy I Arf SixY
“elkd” thgb Kmigi IRb, m™v Astki IRb Ges Kmigi AbciZ I mi™v Astki AbciZ 1bYq Kiv ng| MielYig t7Lv hig th, Wfgi emn'K 1 Arf'Sixy
“elkd™ 11 ¢ K" giMi fRibIUK RiZ Abmii AZ'S ZirchcYfite ie™"gb] hi” 1 RIR wWigi IRb 1 AigZb mie/'P Ges Fayoumi Wigi IRb I
AigZb meibg cii jif1Z nigiQ, Z_wc mvv Astki AbciZ Cobb 500 > RIR > t"kx > Fayoumi > Sonali GB chiquig cilagr hig] Sonali Qiov
AbW" RAZiI giMdZ Wigi Aigzb I IRb ZirchcYfite matiKZ] Avevi tmibwj Qiov Abvb™ mKj RiZi giMdZ Wigi IRibi mi% iWigi AKiZ mPri
FYvZK madK i1giQ] hiiniK, RIR, Cobb 500 Ges Sonali giMiZ Wigi IRb Ges mi™v Astki IRb ZirchcYfite metiKZ| ZQiov, Fayoumi Ges
RIR Wigi 1Rb Kmigi IRibi mi_ ZirchcYfite motiKZ | Wigi tKitji+ij, Pie I GoU-Ai- U Dervibi vRIESZ D'PZi miv Astki AbciZ D'PZi
Kmtgi AbcitZi tPtq v maiZ| eZgib djvdtji wfiEtZ ejv hig th, Cobb 500, RIR I t™kx giMi g Fayoumi I Sonali giMi wigi (th, 1jitz
D'PZi Kmigi AbciZ 1ie™"gib) tPiq AraK ~v 'meiZ|

It is obvious that beneficial egg quality traits are of
immense importance to poultry breeding industries
(Bain 2005). In addition, embryonic development of
hen’s egg is dependent on traits like egg weight, yolk
and albumen weights, genetic line and age of the hen
(Finkler et al. 1998; Onagbesan et al. 2007).
Subsequently, effects of feed (Adedeji et al. 2008;
Shapira 2010), hormone (Guzel et al. 2009) and housing
system (Pohle and Cheng 2009; Sossidou and Elson

Introduction

The knowledge and information on the structure of egg
and its various parameters are essential for an
understanding of egg quality, fertility, embryo
development and diseases of the poultry. Age, feed,
protein levels and temperature are some of the factors
that affect egg size in chickens (Banerjee 1992).
Economically important egg quality traits such as

weight, size, yolk and albumen contents are quantitative
traits with continuous variability (Das 1994). The
relationship between weight, length and width of eggs
has been reported by Danilov (2000) who also noted the
proportion of yolk, albumen and shell that contribute to
the egg weight increases with hen’s age, reaching a
plateau by the end of the laying cycle. Thus egg weight
is one of the important phenotypic traits which
influence egg quality and reproductive fitness of the
chicken parents (Islam et al. 2001; Farooq et al. 2001).

2009; Wang et al. 2009) on egg composition and its
quality have been investigated.

Previous studies with egg quality traits of various
chicken breeds by Finkler et al. (1998), Yeasmin and
Howlider (1998), Islam (2006), Silversides et al. (2006),
Chatterjee et al. (2006; 2007), Nahar et al. (2007),
Adedeji et al. (2008), Niranjan et al. (2008), Olawumi
and Ogunlade (2008), Wang et al. (2009), Boneckmp et
al. (2010), Jones et al. (2010) and Momoh et al. (2010)
revealed results that are important to poultry breeders.
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The present study was analyze genotype and statistical
measures of some vital external and internal egg quality
traits of the Indigenous (Deshi), exotic and crossbred
chickens and report the advantages of the most suitable
hen’s eggs that are available in and around Rajshahi.

Materials and Methods

Collection of the eggs: A total of 50 fresh eggs (5 breeds
x 10 replicates each) were collected from an Indigenous
(non-descriptive, Deshi), three exotics (Cobb 500,
Fayoumi and Rhode Island Red) and a crossbred (Sonali
= RIRZ x FayoumiQ) breeder hens. Indigenous hens
were reared on scavenging system at a domestic house
while Cobb 500, Fayoumi, RIR and Sonali hens were
raised on deep litter system at private owned Ali,
Aljami, Taki and United poultry farms, respectively
situated in Rajshahi City Corporation areas. However,
stocking density of different breeds at the farms were
500, 5500, 16000 and 6000 respectively.

External and internal egg quality traits: For this study
seven external egg quality traits viz. gross egg weight
(EW) in g, egg length (L) in cm, egg width (W) in cm,
egg volume (EV) in cm’, shell weight (SW) in g, shell
ratio (SR) in %, and egg shape index (ESI) in %, and
four internal egg quality traits viz. yolk weight (YW) in
g, albumin weight (AW) in g, yolk ratio (YR) in % and
albumen ratio (AR) in % were taken into account. The
eggs were numbered first and then weighed on an
electronic balance to determine their weights.
Subsequently, L and W of the eggs were measured by slide
calipers and the EV was determined using the formula, EV
=7 x L x W% 6 (cm”). Each egg was broken on a table and
its contents poured into a plate. Then the yolk was
separated from the albumen with the help of a spoon and
weighed while the AW was calculated by subtracting YW
and SW from the gross EW [i.e. AW = EW- (YW + SW)].
On the basis of the above measurements, the remaining egg
quality traits were obtained using the following formulae
(Olawumi and Ogunlade 2008): Shell ratio, SR (%) =
SW/EW x 100; egg shape index, ESI (%) = W/L x 100;
yolk ratio, YR (%) = YW/EW x 100; and albumen ratio,
AR (%) = AW/EW x 100. Moreover, the phenotypic
associations between the relevant external and internal egg
quality traits were determined by Karl Pearson’s product
moment co-efficient of correlation (r).

Statistical analyses: Mean, standard deviation (SD),
analysis of variance (ANOVA), least significant
differences (LSD) and co-efficient of correlation values (r)
were computed using the SPSS (version 11.0 for
Windows). Data on various external and internal egg
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quality traits were subjected to these statistical procedures
to detect the significance of difference between the genetic
groups of chicken under study.

Results and Discussion

External egg quality traits: Data on external egg quality
traits (Table 1) revealed that the gross EW differed
significantly among the genetic groups of chickens (F4.4s
= 24.40; P<0.001) where RIR had the highest and
Fayoumi the lowest values for the trait. However, EW
of the Indigenous and Fayoumi did not differ
statistically. The EV of the experimental chickens,
derived from their egg length and width parameters, also
showed highly significant difference between breeds
(F445 = 39.86; P<0.001), where RIR and Fayoumi had
the highest and the lowest volumes, respectively.
Similar to EW, difference in EV between Indigenous
and Fayoumi was not significant. The EV between Cobb
500 and RIR and that between Cobb 500 and Sonali also
did not differ significantly. Although the SW differed
significantly between the genetic groups (Fs45 = 4.65;
P<0.01), the SR of the chickens did not differ
statistically (Fs45 = 1.06; P>0.05). Notably, the SR
values of the Indigenous, Broiler and Fayoumi were
similar which differed significantly from both Sonali
and RIR. However, in apparent contrast to the egg
phenotypes, the present results clearly demonstrate that
the egg shape index (ESI) of the five chicken breeds
was in the following order: Fayoumi> Indigenous>
RIR> Sonali > Cobb 500 (Fig. 1).

It is an established fact that the weight of an egg is a
direct proportion of albumen, yolk and shell that it
contains and this varies significantly between strains of
hen (Pandey et al. 1986). This is due to the significant
effect of chicken genotype on specific gravity of the
eggs as reported by Yeasmin and Howlider (1998),
Nabhar et al. (2007), Onagbesan et al. (2007), Jones et al.
(2010) and Momoh et al. (2010). In contrast to these
findings, however, weights of egg, yolk and egg shell
did not vary between Plymouth Rock, RIR and their
hybrids (Garcaoa-Lapez et al. 2007), and egg mass of
the brown heavy breed and the white light breed laying
hens was not found to differ significantly (Bonekamp et
al. 2010). The present results on egg weight conform to
those reported earlier by Islam (2006), Chatterjee et al.
(2006; 2007), Niranjan et al. (2008), Olawumi and
Ogunlade (2008) and Jones et al. (2010). As regards the
other external egg traits, age and strain of the chicken
(Finkler et al. 1998; Yeasmin and Howlider 1998;
Silversides et al. 2006), feed (Adedeji et al. 2008,
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Table 1. Descriptive statistics of egg quality traits in different
genetic groups of chicken in Rajshahi

Traits IND BRO FAY RIR  SON
(N= 10)

Age 6.22+ 110f  192= 189 180t
(month)  1.24 0.07 1.19 061 1.16
External egg quality traits

Egg 40.04+ 46.80+ 39.83+  56.50+ 43.80+
weight (g)  2.52¢  3.55°  2.66° 7200 424°
Egg 483+ 569+ 477+ 578+ 546+
length 0.35°  020° 0.44° 029*  0.18°
(cm)

Eggwidth 3.71+ 422+ 3.72+ 443+ 412+
(cm) 0.15°  0.08° 0.23° 0.13*  0.12°
Egg 3499+ 53.09+ 3495+  59.52+ 48.60+
volume  5.72°  3.66® 7.35° 6.26°  4.06°
(cm?’)

Shell 641+ 680+ 6.14+  9.10+  7.90+
weight (g) 1.97°  1.23° 2.02° 223* 129
Shell 16.10+ 1454+ 1553+ 1613+ 18.13+
ratio (%) 5.07°  235%  5.18° 3.62°  2.98°
Internal egg quality traits

Yolk 14.65+ 9.60+ 1488+ 1120+ 16.40+
weight (g) 3.48°  1.58° 401*  239°  241°
Albumin  18.92+ 3040+ 1851+ 36.10& 19.50+
weight(g) 1.66°  3.24° 1.50° 4.46°  4.40°

IND = Indigenous; BRO = Broiler (Cob 500); FAY = Fayoumi; RIR =
Rhode Island Red; SON = Sonali; Values are mean+SD with different
superscript letters for a parameter in the same row differ significantly
by LSD at P<0.05.

Table 2. The phenotypic correlations between external quality
traits of eggs from five genetic groups of chickens in Rajshahi.

Breeds EW vs. EWvs EWvs. SW s
EV SW ESI SR
Indigenous 0.48ns -0.10ns  -0.17ns  0.97*%**
Cob 500 0.26ns 0.37ns -0.21ns  0.90%**
Fayoumi 0.43ns -0.2ns  -0.21ns  0.97%**
RIR 0.62ns 0.47ns -0.49ns  0.85**
Sonali 0.93%** 0.24ns  0.05ns  0.82**

EW = Egg wt.; EV = Egg volume; SW = Shell wt; ESI = Egg Shape
index; SR = Shell ratio; vs. = versus; ns = not significant; ** = P<0.01
and *** = P<0.001.

Table 3. The phenotypic correlations between internal quality
traits of eggs from five genetic groups of chicken in Rajshahi.

Breeds YWvs YWys YW vs AW vs
AW YR AR AR
Indigenous -0.31Ins  0.97***  -0.76** 0.75*
Cob 500 - 0.20ns  0.89%*%*  .0.70* 0.72*
Fayoumi -0.5Ins  0.98%%** -0.87***  0.76*
RIR 0.65* 0.77** -0.24ns 0.11ns
Sonali -0.39ns  0.82%* -0.60ns 0.95%**

YW = Yolk weight; AW = Albumin weight; YR = Yolk ratio; AR =
Albumin raio; vs. = versus; ns = not significant; * = P<0.05; ** =
P<0.01 and *** = P<0.001.
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Table 4. The phenotypic correlations between external and
internal quality traits of eggs from five genetic groups of
chicken in Rajshahi
Breeds EWvs EWvs EwW EwW ESIvs ESIvs

YW AW vsYR vsAR YW AW
IND 0.59ns  0.45ns 0.37ns -25ns  -0.21ns  0.27ns
BRO 0.28ns  0.82%** -19ns  0.19ns -0.38 0.10ns
FAY 0.66* 0.13ns 0.49ns  -.55ns  0.00lns -.15ns
RIR 0.72%* 0.96*%**  0.12ns -.17ns  -0.46ns  -.44ns
SON 0.12ns  0.70* -42ns  0.52ns -.006ns  -.13ns

IND = Indigenous; BRO = Broiler (Cob 500); FAY = Fayoumi; RIR =
Rhode Island Red; SON = Sonali; EW = Egg wt.; AW = Albumin wt.;
YR = Yolk ratio; AR = Albumin ratio; ESI = Egg Shape index; vs.
versus; ns = not significant; * = P<0.05; ** = P<(0.01 and ***
P<0.001.
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Fig. 1. Estimated egg quality traits viz. egg shape index (ESI), yolk
ratio (YR) and albumin ratio (AR) from five genetic groups of
chicken in Rajshahi

Shapira 2010) and housing system (Pohle and Cheng
2009; Sossidou and Elson 2009; Wang et al. 2009) have
been designated to cause significant variations. This
probably has exactly been the case for variations in EV,
SW, SR and ESI values obtained for the Indigenous,
exotic and crossbred chickens of the present study.

Internal egg quality traits: All the internal egg quality
traits ViZ., the YW (F4’45 = 948, P<0001), AW (F4’45 =
59.62; P<0.001), YR (F445 = 22.39; P<0.001) and AR
(Fs4s = 52.03; P<0.001) exhibited highly significant
differences between the breeds (Table 1). Contrary to
the apparent volume of the eggs, YW was the highest in
Sonali and the lowest in RIR whereas AW was the highest
in RIR and the lowest in Fayoumi. In terms of the YR,
Sonali showed the highest, followed by Fayoumi,
Indigenous, Cobb 500 and RIR; while the AR showed the
following sequence: Cobb 500> RIR> Indigenous>
Fayoumi> Sonali (Fig. 1).
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Among the internal egg quality parameters, YW, YR,
AW and AR are very important from nutritional (Bain
2005) and cholesterol content (Abdullahi et al. 2003;
Sparks 2006) viewpoints. Values for these traits
reported in the present study are comparable with those
obtained by Yeasmin and Howlider (1998), Chatterjee
et al. (2007), Olawumi and Ogunlade (2008), Wang et
al. (2009) and Momoh et al. (2010) for chickens of
Bangladesh, Andaman (India), Nigeria, China and
Nigeria, respectively. In contrast, however, EW, YW
and SW in Plymouth Rock, RIR and their hybrids
(Garcaoa-Lapez et al. 2007) and YW and yolk-albumen
ratio in Isa Brown (Adedeji et al. 2008) did not vary
significantly.

Associations between various egg quality traits: As
presented in Table 2, all chicken breeds showed
insignificant correlations for external egg quality traits
between EW and SW, EW and SI, and EW and EV
excepting Sonali (r = 0.93; P<0.001). However, highly
significant correlations were found to exist between SW
and SR for all genetic groups of chicken under study. The
correlation values for internal egg quality traits between
YW and AW were insignificant for all breeds except RIR
(r = 0.65; P<0.05) but those between YW and YR were
highly significant for all genetic groups. The YW and AR
showed significant correlations in the Indigenous, Cobb
500 and Fayoumi, while AW and AR showed significant
correlations in all chickens except RIR (Table 3). The
phenotypic associations between external and internal egg
quality traits in the chicken breeds revealed some
interesting findings (Table 4), where all the correlation
values were statistically insignificant except those
between EW and YW for Fayoumi (r = 0.66: P<0.05) and
RIR (r = 0.72; P<0.05); and those between EW and AW
for Cobb 500 (r = 0.82; P<0.01), RIR (r = 0.96; P<0.001)
and Sonali (r = 0.70; P<0.05).

As regards the significant correlations between various
external and internal egg quality traits, the present
findings on Indigenous, exotic and crossbred agree with
Isa Brown layers (Adedeji et al. 2008; Olawumi and
Ogunlade 2008) and the local chickens of Nigeria
(Momoh et al. 2010). Moreover, the negative
correlation values between EW and SI as well as YW
and AR of the present study agree with Pohle and
Cheng (2009) and Momoh et al. (2010), but disagree
with Olawumi and Ogunlade (2008), who obtained
significant correlation between YW and AR.

Since hen’s eggs contribute substantially to the human
diet, their nutritional profile including fat and
antioxidant contents in particular are important because
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yolk mass is related to the amount of cholesterol
(Abdullahi et al. 2003; Sparks 2006). Moreover, egg
molecules represent a major source of active principles
usable by medical, pharmaceutical, cosmetic as well as
biotechnological industries (Anton et al. 2006).
However, together with antioxidants, egg molecules
may be beneficial against cardiovascular disease risks
that are associated with oxidative stress, endothelial
dysfunction, dyslipidaemia, and inflammatory processes
in diabetics (Shapira 2010). Significantly higher AR
values in Broiler, RIR and Indigenous eggs compared to
those in Fayoumi and Sonali (having higher YR values)
indicate that the former genotypes would be
nutritionally potential and healthier than the later ones,
and therefore, can be recommended as better layer
varieties of chicken suitable for rearing and marketing
in Rajshahi. For improving these layers, however,
systematic breed evaluation and breeding, accompanied
by effective feeding, management and disease control
programmes at farm levels should be emphasized.

Conclusion

External and internal egg quality traits indigenous
(Deshi), Cobb 500 breed of Broiler, Fayoumi, RIR
Sonali chicken breeds available in Rajshahi were
studied. Results suggest that Cobb 500, RIR and Deshi
eggs are healthier than Fayoumi and Sonali eggs that
contain higher yolk ratio.

Acknowledgements: This forms a part of MSc thesis
by Ripon Kumar Dutta. The authors would like to thank
numerous poultry sellers and growers in the study areas
for their co-operation and sincere help in providing
information required for this research. Laboratory
technicians also deserve special mention for their
assistance in collecting egg quality traits.

References

Abdullahi AR, Ojedapo LO, Adedeji TA, Olayemi TB and
Adedeji OS. 2003. Influence of hens age on egg qualit%
parameters in Bovans nera black layer strain. Proc. 20
Ann. Conf. Nig. Soc. Anim. Prod. 28: 108-116.

Adedeji OS, Farinu GO, Olayeni TB, Ameen SA and
Babatunde GM 2008. Performance of egg quality
parameters of laying hens fed different dietary
inclusion levels of bitter Kola (Garcinia kola). Res. J.
Poul. Sci. 2(4): 75-77.

Anton M, Nau F and Nys Y. 2006. Bioactive egg components
and their potential uses. World's Poult. Sci. J. 62: 429-438.

Bain MM. 2005. Recent advances in the assessment of egg
shell quality and their future application. World's
Poult. Sci. J. 61: 268-277.

Banerjee GC. 1992. Poultry. Mohan Primlani for Oxford and
IBH Publ. Co. Pvt. Ltd. New Delhi, India. 191 pp.



Egg quality traits of chickens in Rajshahi

Bonekamp RPRT, Lemme A, Wijtten PJA and Sparla JKWM.
2010. Effects of amino acids on egg number and egg
mass of brown (heavy breed) and white (light breed)
laying hens. Poult. Sci. 89: 522-529.

Chatterjii RN, Sharma RP, Niranjan M, Reddy BLN and
Mishra A. 2006. Genetic studies on egg quality traits in
different White Leghorn populations. Indian J. Anim.
Genet. Breeding 27: 51-54.

Chatterjii RN, Rai RB, Kundu A, Senani S and Sundar J.
2007. Egg quality traits in indigenous breeds of
chicken of Andaman. Indian Vet. J. 84: 206-208.

Danilov RV. 2000. Effect of hens’ age on quality of hatching
eggs and embryonic development. Proce. 21% World’s
Poult. Congress. Montreal, Canada.

Das SK. 1994. Poultry Production. CBS Pub. and Distributor,
New Delhi, India. 232 pp.

Farooq M, Mian MA, Ali M, Durranim FR, Asquar A and
Mugarrab AK. 2001. Egg traits of Fayoumi bird under
subtropical conditions. Sarad. J. Agri. 17: 141-145.

Finkler MS, Orman JBV and Southerland PR. 1998.
Experimental manipulation of egg quality in chickens:
Influence of albumen and yolk on the size and body
composition of near-term embryos in a precocial bird.
J. Comp. Physiol. 168: 17-24.

Garcaoa-Lapez JC, Suarez-Oporta ME, Pinos-Rodraoguez JM
and Aolvarez-Fuentes GA. 2007. Egg components,
lipid fraction and fatty acid composition of Creole and
Plymouth Rock-Rhode Island Red cross hens fed with
three diets. World's Poult. Sci. J. 63: 473-479.

Guzel S, Gunes N, Yldz H and Yilmaz B. 2009. Effects of
amylin on bone development and egg production in
hens. Poult. Sci. 88: 1719-1724.

Islam MA. 2006. Comparative egg production and egg quality of
Indigenous full feathered and naked neck chicken at hot-
humid climate. Bang. J. Anim. Sci. 35(1-2): 99-105.

Islam MA, Bulbul SM, Seeland G and Islam AB. 2001. Egg
quality of different chicken genotypes in summer and
winter. Pakistan. J. Biol. Sci. 4: 1411-1414.

Jones DR, Musgrove MT, Anderson KE and Thesmar HS.
2010. Physical quality and composition of retail shell
eggs. Poult. Sci. 89: 582-587.

Momoh OM, Ani AO and Ugwuowo LC. 2010. Part-period
egg production and egg quality characteristics of two
ecotypes of Nigerian local chicken and their F, crosses.
Int. J. Poult. Sci. 9(8): 744-748.

Nahar K, Ahmed S, Monir MM and Rahman MS. 2007.
Comparative evaluation of egg quality characteristics

67

of broiler parent stock and synthetic broiler. Bang. J.
Anim. Sci. 36 (1 and 2): 82-87.

Niranjan M, Sharma RP, Rajkumar U, Chatterjee RN, Reddy
BLN and Battacharya TK. 2008. Egg quality traits in
chicken varieties developed for backyard poultry farming
in India. Livestock Res. Rural Dev. 20: 131-137.

Olawumi SO and Ogunlade JT. 2008. Phenotypic Correlations
Between Some External and Internal Egg Quality
Traits in the Exotic Isa Brown Layer Breeders. Asian J.
Poult. Sci. 2(1): 30-35.

Onagbesan O, Bruggeman V, Desmit L, Debonne M, Witters
A, Tona K, Everaert N and Decuypere E. 2007. Gas
exchange during storage and incubation of Avian eggs:
effects on embryogenesis, hatchability, chick quality and
post-hatch growth. World's Poult. Sci. J. 63: 557-573.

Pandey NK, Mahapatra CM, Verma SS and Johari DC. 1986.
Effect of strain on physical egg quality characteristics
in White Leghorn chickens. J. Poult. Sci. 21: 304-307.

Pohle K and Cheng HW. 2009. Comparative effects of
furnished and battery cages on egg production and
physiological parameters in White Leghorn hens.
Poult. Sci. 88: 2042-2051.

Shapira N. 2010. Every egg may have a targeted purpose:
toward a differential approach to egg according to
composition and functional effect. World's Poult. Sci.
J. 66: 271-284.

Silversides FG, Korver DR and Budgell KL. 2006. Effects of
strain of layer and age at photostimulation on egg
production, egg quality, and bone strength. Poult. Sci.
85: 1136-1144.

Sossidou EN and Elson HA. 2009. Hens’ welfare to egg
quality: a European perspective. World's Poult. Sci. J.
65: 709-718.

Sparks NHC. 2006. The hen's egg — is its role in human
nutrition changing? World's Poult. Sci. J. 62: 308-315.

Wang XL, Zheng JX, Ning ZH, Qu LJ, Xu GY and Yang N.
2009. Laying performance and egg quality of blue-
shelled layers as affected by different housing systems.
Poult. Sci. 88:1485-1492.

Yeasmin T and Howlider MAR. 1998. Comparative physical
features on egg production and egg quality
characteristics of normal and dwarf indigenous (Deshi)
hens. Bangladesh J. Anim. Res. 13: 191-196.

Manuscript received on 25 October 201 and revised on 14
December 2010.



