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ABSTRACT Blue-shelled eggs are gaining popularity
as the consumption demand diversifies in some coun-
tries. This study was carried out to investigate the lay-
ing performance and egg quality of the blue-shelled egg
layers as well as the effects of different housing sys-
tems on egg production and quality traits. One thou-
sand pullets from Dongxiang blue-shelled layers were
divided into 2 even groups and kept in different housing
systems (outdoor vs. cage). Daily laying performance
was recorded from 20 to 60 wk of age. External and
internal egg quality traits were examined at 26, 34, 42,
and 50 wk. Yolk cholesterol concentration and whole
egg cholesterol content were measured at 40 wk of
age. Average laying rate from 20 to 60 wk for the cage
(54.7%) was significantly higher than that of outdoor
layers (39.3%). Among all of the egg quality traits, only

eggshell color was affected by housing system. Interac-
tion between housing system and layer age was found
in egg weight, eggshell color, eggshell ratio, yolk color,
and yolk weight. Meanwhile, cholesterol concentra-
tion in yolk was 8.64 £+ 0.40 mg/g in the outdoor eggs,
which was significantly lower than that of eggs from
the cage birds (10.32 + 0.48 mg/g; P < 0.05). Whole
egg cholesterol content in the outdoor eggs (125.23 +
6.32 mg/egg) was also significantly lower than that of
eggs from the caged layers (158.01 + 8.62 mg/egg).
The results demonstrated that blue-shelled layers have
lower productivity in the outdoor system than in the
cage system. Blue-shelled layers have lower egg weight,
larger yolk proportion, and lower cholesterol content
compared with commercial layers. In a proper market-
ing system, lower productivity could be balanced by a
higher price for the better quality of blue-shelled eggs.
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INTRODUCTION

Eggshell color (ESC) is an important external char-
acteristic of eggs. White and brown are 2 main ESC in
the poultry industry around the world. In North Amer-
ica, most consumers prefer white eggs, whereas brown
eggs are more popular in Asia, Asia Pacific, and Eu-
rope (Hooge, 2007). Furthermore, there are other ESC,
such as blue. Araucana is a well-known blue-shelled egg
layer that has been very well documented (Somes et
al., 1977; Peterson et al., 1978). A Chinese indigenous
chicken breed named Dongxiang, which originated from
Jiangxi Province, also lays blue-shelled eggs and has
been used for commercial egg production recently.

Biliverdin, an important pigment in the eggshell of
chickens and other avian species, accounts for the blue
shell. Zhao et al. (2006) speculated that biliverdin was
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most likely synthesized in the shell gland and then de-
posited onto the eggshell in blue-shelled layers. In ad-
dition to its special ESC, the blue-shelled egg is popu-
lar in the market for another reason—the absence of
trimethylaminuria resulting from the mutation of the
flavin-containing monooxygenase 3 gene (Zhang, 2007).
Previous studies showed that the Araucana egg has a
larger yolk:albumen ratio, lower protein, and higher
cholesterol content compared with commercial layers
(Somes et al., 1977; Peterson et al., 1978). However, the
productivity and egg quality of Dongxiang blue-shelled
layers have not been systematically investigated. Be-
cause blue-shelled eggs are increasingly popular and
blue-shelled layers are widely raised, the first objective
of the present study was to measure the productivity
and egg quality of the breed.

With the development of the poultry industry, the
preference of consumers for chicken eggs is gradually
shifting from quantity to quality, and the free-range
system has been gaining popularity because of its natu-
ral production pattern. Dongxiang layers are histori-
cally raised in a free-range system. As the production is
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scaled up, they have been caged for economic and man-
agement benefits. The main disadvantages of the free-
range system are more energy expenditure (AI-Rawi
et al., 1976) and more feed consumed due to wastage
or changes in nutritional requirements as a result of
increased physical activity (Hill, 1986). Additionally, a
high incidence of bacterial, parasitic, and viral disease,
as well as cannibalism, was found in both litter-based
housing systems and free-range systems compared with
cage systems (Fossum et al., 2009). However, laying hens
in conventional cages are subjected to restricted move-
ment and cannot fulfill most of their natural behaviors
(Vits et al., 2005). Cage hens are prevented from dust
bathing and roosting because they are deprived of litter
and perches. Nest motivation is thwarted by no access
to nest sites. Restriction of movement induces bone dis-
ease, particularly in legs and wings (Baxter, 1994). In
the European Union, all conventional cages will be pro-
hibited from 2012 and replaced with outdoor systems
or enriched cages (Horne and Achterbosch, 2008).
Previous studies reported the effect of housing sys-
tem on laying performance and egg quality (Mench et
al., 1986; Carey et al., 1995; Vits et al., 2005; Benyi
et al., 2006) and the effect of layer age on egg quality
(Rossi and Pompei, 1995; Silversides and Scott, 2001;
Suk and Park, 2001). Nevertheless, those studies were
performed with commercial layers. The second objec-
tive of the study was to investigate the effect of housing
system on the laying performance and egg quality for
blue-shelled layers. Detailed performance information
of this specific breed raised in different housing systems
will be very useful for poultry breeders and producers.

MATERIALS AND METHODS

Bird Management

Blue-shelled layers from the Dongxiang conservation
zone in Jiangxi Province were used for this study. The
birds were vaccinated against Marek’s disease, New-
castle disease, avian influenza, infectious bronchitis, in-
fectious laryngotracheitis, and infectious rhinitis after
a conventional vaccination program. All of the birds
were kept together in brooding and rearing cages from
hatching to 14 wk of age, and then 1,000 pullets were
divided into 2 groups with 500 individuals each. One
group was housed in battery cages, with 3 birds per
cage and 520 cm? of floor space per layer, and the other
was kept in a large shelter (10 m x 3 m) in access to a
pasture of about 300 m”. The experiment was carried
out from March to December 2007. In both groups, the
birds received approximately 10 h of natural light daily
at 14 wk of age, and the photoperiod was then increased
by 1 h/wk until 16 h of light per day was achieved. No
extra heating was provided to both groups, with daily
average temperatures ranging from 5 to 30°C. Fifty nest
boxes were provided to the outdoor layers. The brooder
diet contained 20% CP and 2,850 kcal of ME/kg and
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was used before 14 wk of age. Then, a layer diet with
16% CP and 2,550 kcal of ME/kg was provided. Eggs
from both systems were collected and counted daily.

Egg Quality Measurements

Freshly laid eggs were collected at 26, 34, 42, and
50 wk. For each examination, 60 eggs were randomly
selected from each group to measure the internal and
external characteristics. Time interval between the eggs
being laid and measured was less than 24 h. The eggs
were stored at room temperature before measurement.

The length and breadth of the eggs was measured
with the FHK egg shape determinator (Fujihira Indus-
try Co., Tokyo, Japan) and the egg shape index (ESI)
was calculated (breadth/length x 100). Eggshell color
was measured with the EQReflectometer (Fujihira In-
dustry Co.) at 3 places (blunt region, equatorial re-
gion, sharp region) with the average calculated. Eggs
were tested on the EggShell Force Gauge (Robotmation
Co. Ltd., Tokyo, Japan) to determine eggshell strength
(ESS; Er et al., 2007). Egg weight (EW), albumen
height (AH), Haugh unit (HU), and yolk color (YC)
were measured with the Egg Multi Tester EMT-5200
(Robotmation Co. Ltd.; Asli et al., 2007). Then the
yolk and albumen were separated and weighed to de-
termine yolk weight (YW) and albumen weight (AW).
Eggshell was weighed with eggshell membranes giving
eggshell weight (ESW). Eggshell thickness without in-
ner and outer membranes was measured at the blunt,
equatorial, and sharp regions to get the average value
(Van Den Brand et al., 2004). The yolk ratio (YR, %),
the albumen ratio (%), and the eggshell ratio (ESR,
%) were expressed as YW/EW x 100, AW/EW x 100,
and ESW/EW x 100, respectively.

Cholesterol Examination

Twenty eggs for each housing system were collected
to measure cholesterol content at 40 wk of age. All of
the eggs were examined for yolk cholesterol concentra-
tion and whole egg cholesterol content by gas chroma-
tography on an HP6890 gas chromatography system
(Hewlett-Packard, Palo Alto, CA) installed with a
Chrompack capillary column (HP column, 30 m x 320
pm x 0.25pm, Varian Inc., Palo Alto, CA). Approxi-
mately 0.2 g of yolk was accurately weighed and added
to a sample preparation tube with 5 mL of methanolic
KOH solution. The tubes were capped tightly and vor-
texed for 15 s. Treated yolk was then immersed in an
80°C water bath for 15 min with a vortex for 10 s every
5 min. After the water bath, the tube was cooled with
tap water and then 1 mL of water and 5 mL of hexane
were added. The contents were vortexed vigorously for
1 min and then centrifuged at 2,000 x ¢ for 1 min. The
upper phase was transferred into the autosampler of
a gas chromatograph and analyzed (Fletouris et al.,
1998).
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Statistical Analysis

All the data were analyzed using the GLM procedure
of SAS software (Version 8.0, SAS Institute Inc., Cary,
NC). In the model, age and housing system were the
main effects and the 2-way interaction between these
factors was also considered. Least squares means were
used when the main effects were significant.

RESULTS

Laying Performance

Weekly laying rates of blue-shelled layers over the
whole laying period in the 2 housing systems are shown
in Figure 1. The 2 groups of blue-shelled layers started
laying at a similar age. After the first egg, the laying
rate increased quickly and reached the peak at about
25 wk of age, with a laying rate of 63 and 55% for the
caged and outdoor layers, respectively. Layers in the
cages maintained a peak for about 15 wk before de-
creasing gradually to 40% of laying rate at 60 wk. The
outdoor birds, however, had only a short laying peak
and then the laying rate decreased constantly down to
the lowest production rate of about 15% at 60 wk, ap-
parently affected by the cold weather in winter. For the
whole laying period, productivity of the caged layers
was higher than that of the outdoor layers. Average
laying rate of the outdoor layers (39.3%) was signifi-
cantly lower than that of the cage layers (54.7%) from
20 to 60 wk. Over 41 wk of laying period, the average
egg production per caged and outdoor layers was 157.0
and 112.8, respectively.

Egg Quality

External egg qualities for blue-shelled layers under
different housing systems and at various ages are shown
in Figure 2. All traits except ESI varied with age of lay-
ers. Only ESC was affected by housing system. The EW
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Figure 1. Egg production (%) profile of the outdoor and cage lay-
ers from 20 to 60 wk of age. n = 500.
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increased significantly with layer age in both housing
systems. Average EW of the outdoor and cage eggs was
46.11 £+ 0.33 g and 46.42 + 0.34 g, respectively, which
was not significantly different (P > 0.05). The ESC was
significantly affected by housing system (P < 0.05),
with 52.33 + 0.37 for the outdoor eggs and 50.49 4 0.39
for the cage group. Eggshell strength increased with
layer age and reached the peak at about 40 wk, with a
subsequent decrease, which showed a similar tendency
to laying performance. Variation of eggshell thickness
was the same as ESS. The ESR varied with age. Nei-
ther housing system nor layer age affected ESI.
Internal egg qualities for blue-shelled layers under
different housing systems and at various ages are shown
in Figure 3. No significant difference was found between
the 2 housing system for any of the traits. However,
YR varied. The AH of the outdoor eggs decreased with
the layer age but was variable for the cage layers. Dur-
ing the laying period, HU decreased in both housing
systems. Yolk color in both housing systems fluctuated
over the laying period. Yolk weight increased with layer
age with a higher rate than EW, which resulted in an
increase of YR. It was interesting to note that hous-
ing system affected YR and the differential between
2 housing systems increased with layer age. At 50 wk
of age, YR was significantly different between the out-
door (30.83%) and cage (30.04%) housing systems (P <
0.05). Albumen ratio decreased because of the increase
of YR during the laying period and showed no signifi-
cant difference between the 2 housing systems.
Interactions between layer age and housing system
were found for several traits (Table 1). The EW of the
outdoor layer increased during the laying period, but
for the caged layers, there was almost no change before
34 wk but a more rapid increase of EW in the last lay-
ing period than the outdoor layers. The ESC of the out-
door layer was darker than for the caged layers at the
first examination (26 wk), but the reverse was found in
the following 3 examinations (34, 42, 50 wk). Eggshell
ratio of the outdoor layers decreased before 40 wk and
then increased but fluctuated for the caged layers. Yolk
color in both housing systems was lighter until 34 wk
and then became darker. It was darker for the cage
system than the outdoor system in the last 3 examina-
tions. The YW of the cage system was higher than the
outdoor system at 26 wk, but the outdoor layers had a
rapid increase in the YW during the last laying period,
which resulted in a heavier yolk (34, 42, and 50 wk).

Cholesterol Content

Results of cholesterol examination for both housing
systems are shown in Figure 4. Yolk cholesterol concen-
trations in eggs from the outdoor and caged layers were
8.64 + 0.40 and 10.32 £+ 0.48 mg/g, respectively, and
the concentration of the cage group was significantly
higher than the outdoor eggs (P < 0.05). Whole egg
cholesterol contents for the outdoor and cage groups
were 125.23 + 6.32 mg/egg and 158.01 + 8.62 mg/
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Figure 2. Effects of housing system and layer age on external egg qualities including egg weight (A), eggshell color (B), eggshell strength (C),
eggshell thickness (D), eggshell ratio (E), and egg shape index (F). n = 60. Values are means. Vertical lines represent the SEM. Values without
the same letter are at a significance of P < 0.05. Data for the outdoor layers are presented in darkened bars and the cage layers in light bars.

egg, respectively. Eggs laid by the cage layers contained
significantly more cholesterol than those laid by the
outdoor layers (P < 0.05).

DISCUSSION

Laying rate of the blue-shelled layer in both housing
systems was significantly lower than commercial lay-
ers such as White Leghorn (Tanaka and Hurnik, 1992)
in the corresponding housing systems. In the present
study, the lower performance of blue-shelled layers in
an outdoor system was similar to the result reported
for rock partridges reared under different conditions

(Ozbey and Esen, 2007). Compared with the commer-
cial layers, blue-shelled layers have been found to show
more movement including running, nesting, and dust
bathing, which could require more energy (AI-Rawi et
al., 1976) and reduce the productivity of layers. Broodi-
ness might also be a reason for the low productivity.
Blue-shelled layers in both production systems laid
smaller eggs, but with a larger yolk proportion, than
Hy-Line (Hussein et al., 1993) and ISA Brown layers
(Suk and Park, 2001). The AH of blue-shelled layers
was lower than ISA Brown layers (Suk and Park, 2001).
Mertens et al. (2006) reported that eggs from an aviary
system were stronger than cage eggs, and outdoor eggs
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were weaker than others. However, Vits et al. (2005)
found lower ESS in the high-density housing system.
In the present study, ESS increased before 40 wk and
decreased thereafter. Eggshell strength was not influ-
enced by housing system. No effect of housing systems
was found on ESR, which was similar to the results of
O’Sullivan et al. (1991) and Peebles et al. (2000). Only
ESC was affected by different housing systems and the
color of the outdoor eggs was lighter than that of the
cage eggs. Gosler et al. (2005) assumed that protopor-
phyrin pigments might compensate for reduced ESS,
which was caused partly by calcium deficiency. Egg
shape index was not affected by housing system in this
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study. However, Pavlovski et al. (1981) and Van Den
Brand et al. (2004) found longer eggs in cage than in
outdoor layers. The different breed used in our study
could account for this difference.

Albumen height and HU decreased with layer age in
agreement with other studies (Williams, 1992; Silver-
sides and Scott, 2001). Van Den Brand et al. (2004)
reported that outdoor layers showed more variable AH
with layer age and housing system had no effect on AH
and HU. However, Pavlovski et al. (1981) found that
AH of outdoor eggs was higher than cage eggs. In the
present study, no difference was found in AH between
the 2 housing systems. The increased ratio of the yolk
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Figure 3. Effects of housing system and layer age on internal egg qualities including albumen height (A), Haugh unit (B), yolk color (C), yolk
weight (D), yolk ratio, (E) and albumen ratio (F). n = 60. Values are means. Vertical lines represent the SEM. Values without the same letter are
at a significance of P < 0.05. Data for the outdoor layers are presented in darkened bars and the cage layers in light bars.



1490

12

104

Yolk concentration (mg/g)
>
1

Outdoor Cage

WANG ET AL.

B
200
1801 b
5160+ T
140 4 a

40+

Outdoor Cage
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to albumen with the laying period was consistent with
the results found by Hussein et al. (1993) and Silver-
sides and Scott (2001). Van Den Brand et al. (2004)
reported a clear effect of housing system on YC, and
a darker yolk in outdoor system was expected. How-
ever, we did not find significant differences in YC be-
tween the 2 housing systems. It was reported that YC
was mainly determined by xanthophylls (Karunajeewa,
1978) because feedstuffs play an important role in the
pigment deposition in yolk. In the present study, the
same feed was provided to layers for both housing sys-
tems, and few additional feedstuffs were available in
the pasture to the outdoor layers in the long produc-
tion period. Therefore, similar feed intakes could be an
explanation for the similar YC between the 2 housing
systems in our results.

Chicken eggs are well established as an excellent
source of almost all essential nutrition for people of
all ages (Salma et al., 2007). There is some argument
about the relationship of yolk cholesterol and cardio-

Table 1. Effect of housing system and layer age

vascular disease. Recent studies, however, have found
that there is no association between egg consumption
and cardiopathies, and egg can be part of an overall
heart-healthy diet (Novello et al., 2006; Eckel, 2008).
However, many consumers still regard low-cholesterol
eggs as a beneficial food for health. Strain was found to
have a significant effect on cholesterol content per gram
of yolk and per egg (Sheridan et al., 1982), and the
average yolk concentration and whole egg content of
cholesterol in blue-shelled eggs (9.48 mg/g and 141.62
mg/egg) were significantly lower than those found in
conventional eggs (12 mg/g, Ingr et al., 1987, and 213
mg/egg, USDA, 1991). Low-cholesterol content in blue-
shelled eggs would attract more consumers, and pro-
ducers will benefit from that. We also found that the
outdoor eggs had significantly lower yolk cholesterol
concentration and whole egg content than those of the
cage eggs (Figure 4), which could be attributed to the
larger YR and more activities of the outdoor birds. It
was reported that cholesterol could be metabolized by

on internal and external egg qualities’

Source of variation (P-value)

Traits® Outdoor Cage Age Housing Age x housing
EW (g) 46.42 + 0.34 46.11 + 0.33 <0.0001 0.44 0.006
ESC 52.33 + 0.37" 50.49 + 0.39" 0.0002 0.0005 0.006
ESS (kgf) 3.56 + 0.06 3.51 + 0.06 0.0003 0.50 0.91
EST (mm) 0.33 £ 0.01 0.33 £ 0.01 <0.0001 0.41 0.23
ESW (g) 6.19 + 0.05 6.30 + 0.05 <0.0001 0.09 0.06
ESI 73.82 £ 0.22 74.23 £ 0.23 <0.0001 0.21 0.53
ESR (%) 13.45 £ 0.07 13.61 + 0.08 0.0018 0.14 0.01
AH (mm) 5.34 £ 0.07 5.34 £ 0.08 <0.0001 0.99 0.06
HU 76.75 £ 0.50 76.15 £+ 0.62 <0.0001 0.42 0.06
YC 8.08 £+ 0.08 7.98 £+ 0.09 <0.0001 0.34 <0.0001
YW (g) 13.68 £+ 0.13 13.57 £ 0.12 <0.0001 0.38 0.01
YR (%) 29.63 £+ 0.16 29.28 £+ 0.17 <0.0001 0.09 0.56
AR (%) 64.55 + 0.82 75.26 £ 1.18 <0.0001 0.42 0.92

*PMeans in the same row with no common superscript differ significantly at P < 0.05.

Walues are mean + SEM. n = 240.

’EW = egg weight; ESC = eggshell color; ESS = eggshell strength; EST = eggshell thickness; ESW = eggshell
weight; EST = egg shape index; ESR = eggshell ratio; AH = albumen height; HU = Haugh unit; YC = yolk color;
YW = yolk weight; YR = yolk ratio; AR = albumen ratio.
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many pathways. Most cholesterol was transported to
yolk with very low density lipid, and for the others,
some was transported to tissue to construct cells, some
converted to cholesterol ramification, and some was di-
gested in the intestines (Hargis, 1988; Griffin, 1990).
The metabolism of the outdoor layers might be faster
than the cage layers because of the frequent movement.
It could be speculated that more movement consumes
more energy, and cell construction and digestion used
more cholesterol than has been synthesized. Therefore,
for the blue-shelled layers, cholesterol deposited to yolk
would be less in the outdoor egg than in cages.

In conclusion, productivity of Dongxiang blue-shelled
layers was lower than that of conventional layers, es-
pecially in the outdoor systems. However, blue-shelled
eggs had larger yolk and lower cholesterol content, and
their egg quality was generally better than commercial
layers. In the outdoor system, blue-shelled layers had
a larger yolk proportion and lower cholesterol content
than that of the cage birds. The disadvantage of low
productivity could be redeemed by a higher price of
blue-shelled eggs, which makes their production eco-
nomically feasible.
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