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Abstract. The aim of the study was to evaluate the usefulness of hybrids derived from Greenleg Partridge
cocks and Rhode Island Red (GPR) hens for an extensive rearing system (RS), with special emphasis on high-
quality table eggs. Newly created hybrids were compared to Hy-Line Brown (HLB) hens. The experiment was
carried out with a total of 2400 hens. Both hybrid types (H’s) were divided into two equal groups according
to the rearing system: intensive (I) and extensive (E). The traits analysed in hens were body weight at the 8th,
16th, and 33rd weeks of age; laying production; and feed intake. At the 33rd week of a bird’s age, egg quality
was evaluated. The results of the study showed different reaction of the hybrids to the rearing system. This
may confirm better usefulness of GPR for extensive farming and HLB hens for intensive methods of rearing.
Furthermore, it can be concluded that the extensive system had a positive impact on the productivity of GPR
birds.

1 Introduction

The quality of table eggs may depend on many factors, such
as genotype, age (Zita et al., 2009; Sarica et al., 2012), envi-
ronmental conditions, feed supplements (Safaa et al. 2008),
or rearing system (RS) of hens (Ðukić-Stojčić et al., 2009;
Batkowska et al., 2014). Due to a higher level of welfare
and consumer preferences, the so-called organic, free-range,
backyard, and extensive methods of poultry housing have be-
come increasingly popular (Ferrante et al., 2009; Krawczyk,
2009; Tůmová et al., 2009). However, in the market there are
still only a few gene sets of laying bird hybrids that would
provide satisfactory production results in such kinds of hous-
ing systems. Additionally, because of the opinion that typical
commercial laying hybrids under extensive housing condi-
tions are not able to fully exploit their genetic potential, the
use of local breeds and their hybrids for organic farming is
suggested because of their better adaptation to changeable
environmental conditions (Rizzi and Chiericato, 2005; Zita
et al., 2009).

The aim of this study was to evaluate the usefulness of
hybrids derived from Greenleg Partridge cocks and Rhode
Island Red hens (GPR) for an extensive RS with special em-
phasis on obtaining high-quality table eggs.

Greenleg Partridge is the oldest native Polish breed of hen,
developed at the end of the 19th century, and due to their oc-
currence mainly in south-eastern Poland, they were called
“Galician hens”. The breed was first exhibited with the name
of Greenleg at a show in Lviv (Ukraine) in 1894. The breed
standard was established in 1923 in Poland. Greenleg Par-
tridge chickens have been maintained in a conservation flock
since 1960 (Wójcik et al., 2012). Recently they have not been
subjected to selection for productive trait improvement. They
are characterized by low body weight (around 1700–1800 g),
green legs, and grey, partridge-like plumage. They produce
good-tasting eggs (≈ 56 g) with cream-coloured shells and
a high percentage of yolk content (Krawczyk et al., 2011).
Greenleg Partridge hens today are progressively used in free-
range and organic production systems, and their eggs are
marketed at high prices (Krawczyk and Sokołowicz, 2015).
The choice of Greenleg Partridge was also dictated by the
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Table 1. Nutritional value of feed in both systems of rearing used
up to the 16th week of the laying hens’ age.

Rearing system Intensive Extensive

Age of birds (weeks) 0–8 9–16 9–16
Ingredients

Dry matter (%) 89.0 88.0 88.1
Metabolic energy (MJ kg−1) 12.0 12.3 12.0
Total protein (g) 180.0 155.0 156.0
Crude fat (g) 30.0 28.0 23.3
Crude fibre (g) 40.0 48.0 57.0
Crude ash (g) 40.0 57.0 41.5
Calcium (g) 8.0 9.0 6.7
Phosphorus (g) 5.8 6.0 6.0
Magnesium (g) 1.5 1.5 2.37
Sodium (g) 0.8 1.64 1.16
Lysine (g) 1.1 0.75 0.76
Methionine (g) 0.42 0.34 0.36

fact that in popular opinion hens of this breed are charac-
terized by beneficial traits of eggs, better disease resistance,
and high resourcefulness in searching for food. All of these
features are important in the extensive rearing of laying hens.

The breed Rhode Island Red was also created in the second
half of the 19th century in the state of Rhode Island (USA)
by crossing different hen breeds with Asian birds such as
Cochins and Malay bantams and through selection for in-
creased egg production. The Rhode Island Red (R-11) line
was imported into Poland from Great Britain before 1939. As
a dual-purpose type, by the mid-1970s it accounted for 50 %
of the population of commercial farms and backyard flocks.
The birds are characterized by yellow skin and good dress-
ing percentage. Due to its genetically determined resistance
to Marek’s disease, the breed is especially suitable for back-
yard free-range farming (Połtowicz et al., 2004; Mohammed
et al., 2013).

Newly created hybrids were compared to Hy-Line Brown
(HLB) hens, which are currently the leading commercial hy-
brids in Poland, regardless of housing system.

2 Materials and methods

The research material consisted of 2400 laying hens: Green-
leg Partridge and Rode Island Red hybrids (GPR) and Hy-
Line Brown (HLB). Birds of both hybrid types (H’s) were
divided into two equal groups (four replications each con-
taining 150 layer hens) according to the RS – intensive (I)
and extensive (E). Up to the eighth week of age, the birds
were maintained on deep litter. After this time the birds from
E groups were transferred to special sheds with green runs
and reared at stock density of 6 hens m−2 of hen house (on
the run: 1 hen/4 m2). The natural length of daylight was used
(ca. 16 h). Microclimate parameters were not controlled in

Table 2. Nutritional value of feed in both systems of rearing used
after the 16th week of the laying hens’ age.

Rearing system

Ingredients Intensive Extensive

Dry matter (%) 87.7 87.4
Metabolic energy (MJ) 11.51 11.63
Total protein (%) 17.99 15.45
Crude fat (%) 3.80 2.98
Crude fibre (%) 3.90 3.88
Crude ash (%) 4.92 3.78

this system. The so-called intensive groups were maintained
on deep litter throughout the whole rearing period, at stock
density of 9 hens m−2, under regulated environmental param-
eters: temperature (21 ◦C), humidity (40–60 %), and lighting
program (16 h of light, 5 lx).

The nutritional value of the feed used for birds in both
housing systems up to the 16th week of age is shown in Ta-
ble 1. From the 9th to the 16th weeks of rearing the hens kept
extensively received additionally green fodder in the amount
of 20 g/bird/day. From the 17th week of age the hens from
E groups were given fodder in the following proportions:
60 % of balanced mixture (composed of wheat – 40 %, corn –
30 %, wheat bran – 10 %, soya meal – 21 %, limestone – 8 %,
and premix – 1 %), 30 % of crushed wheat, 10 % of wheat
bran, and 5 % of green forage of alfalfa, calculated on the
basis of dry matter. Nutritional composition of green fodder
was as follows (per 1000 g): dry matter 186.4 g, metabolic
energy 259.6 kcal/1.09 MJ, crude protein 42.8 g, crude fat
7.2 g, crude fibre 40.5 g, and crude ash 23.4 g. The chemical
composition of other feed is presented in Table 2. Feed was
analysed according to procedures carrying out by National
Laboratory of Feedingstuffs (National Research Institute of
Animal Production, Balice near Kraków, Poland).

The following productivity traits were analysed in hens:
body weight at the 8th, 16th, and 33rd weeks of age (50 birds
per group were weighted individually), as well as the num-
ber of eggs, laying production percentage, and feed intake
per 1 egg and per 1 hen day−1. At the 33rd week of the birds’
age, the evaluation of egg quality was performed. For this
purpose, 60 eggs were collected from each replication group
for 3 consecutive days. All eggs were collected at the same
time (in the morning) from all groups. They were chosen ran-
domly and evaluated on the same day. The following traits
were evaluated: shape index, egg weight, and specific grav-
ity (calculated on the basis of Archimedes principle), fea-
tures describing the shell (colour, strength, weight, thick-
ness, and density), albumen (weight, height, Haugh units),
and yolk (colour, weight). Proportions of particular elements
of eggs were calculated as well. The evaluation of the egg
traits was performed using electronic-set egg quality mea-
surements (TSS®) and an Instron Mini 55 device.
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Table 3. Effect of the hybrid type (H), rearing system (RS), and their interaction (H×RS) on the productivity traits in laying hens (values
presented as means).

Rearing system (RS) E I SEM Probability

Hybrid (H) GPR HLB GPR HLB H RS H×RS
Trait

Body weight at 8th week of life – – 646.2a 720.0b 6.643 0.006 – –
Body weight at 16th week of life 1710b 1396a 1733b 1375a 17.70 0.008 0.695 0.241
Body weight at 33rd week of life 1872 1778 1899 1920 17.26 0.458 0.255 0.785
Average laying production (%) 79.8b 80.4b 72.9a 84.7c 0.842 0.000 0.340 0.000
Average feed conversion per 1 egg (g) 141.8a 148.4a 162.1b 147.8a 1.673 0.182 0.001 0.000
Average feed conversion per 1 hen day−1 (g) 113.0a 116.3b 116.5b 109.6a 4.912 0.160 0.202 0.001

RS is rearing system. E is extensive. I is intensive. H×RS is the interaction effect of hybrid type and rearing system. GPR is the newly created hybrid Greenleg
Partridge×Rhode Island Red. HLB is the commercial hybrid Hy-Line Brown. a, b, c, d show values that are significantly different.

During the whole experiment principles of ethics and the
welfare of the birds were maintained. Experimental proce-
dures were approved by the III Local Ethics Committee for
Experiments on Animals in Warsaw (approval no. 27/2009 of
16 April 2009). The data collected were analysed using the
statistical package SPSS V21.0 (IBM, 2011). The normal-
ity of data was verified using the Kolmogorov–Smirnov test.
Further two-way ANOVA was applied to assess the effect of
the RS, H, and their interaction on the productivity and egg
traits in the hens. Survivability of birds was statistically eval-
uated by a nonparametric χ2 test.

3 Results

During the trial, 33 cases of death in birds were registered
and the survivability in the groups was calculated as follows:
98.7 and 99.0 % in GPR E and GPR I and 98.3 and 98.5 %
in HLB E and HLB I respectively. The dependence of this
parameter on experimental groups was not statistically con-
firmed (χ2P = 0.790). This showed that uncontrolled and
non-optimal environmental conditions of the extensive RS
did not result in deterioration of the birds’ health status re-
gardless of hybrid type.

Table 3 shows the effect of the RS, H, and their interac-
tion on the growth performance of the laying hens. Consid-
erably higher body weight (approximately 10 %) at 8 weeks
of age was displayed in HLB in comparison to GPR pullets.
At 16 weeks of life these relations were reversed and higher
body weight was achieved by GPR birds, regardless of the
housing system (P ≤ 0.008). The body weight of birds at the
33rd week of age was almost equal in all groups. There was
no interaction between the experimental factors in regard to
the body weight of the hens.

The average laying percentage ranged from 72 to 84 % and
depended on the genotype and housing system of the birds.
Birds from the different genotypes responded differently to
extensive maintenance conditions (P ≤ 0.000). GPR hybrids
from the E group demonstrated a significantly higher value of

Figure 1. Laying curves of hens according to the hybrid type and
rearing system (E is the extensive system of rearing, I is the inten-
sive system of rearing, GPR is the newly created hybrid Greenleg
Partridge×Rhode Island Red, and HLB is the commercial hybrid
Hy-Line Brown).

egg production than birds in the I group, while in HLB hens,
opposite relations were recorded. This could result from dif-
ficulties in adaptation to a closed housing system in GPR hy-
brids.

The average feed conversion per 1 egg (Table 3) was the
lowest in GPR hens kept extensively and HLB birds main-
tained intensively. The value of this parameter indicates that
the GPR hens are most suitable to keep under extensive con-
ditions. HLB layers in both intensive and extensive RSs con-
sumed a similar amount of feed per egg (148 g). Similar pat-
terns were recorded for feed conversion per 1 bird day−1. The
lowest values of this indicator were noticed in GPR E and
HLB I hens. Both parameters connected with feed conver-
sion remained under the interactional influence of both ex-
perimental factors.

Figure 1 illustrates laying curves of hens depending on H
and RS. The achieved body weight did not have a big im-
pact on sexual maturity of birds; regardless of the group, first
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Table 4. Effect of the hybrid type (H), rearing system (RS), and their interaction (H×RS) on the external traits and proportions of egg
elements.

Rearing system (RS) E I SEM Probability

Hybrid (H) GPR HLB GPR HLB H RS H×RS
Trait

Egg weight (g) 53.7b 59.0d 50.8c 60.6a 0.196 0.000 0.090 0.000
Egg specific gravity (g cm−3) 1.088a 1.083b 1.082b 1.089a 0.000 0.000 0.874 0.000
Shape index (width to length, %) 75.4a 77.6b 77.1b 75.1a 0.278 0.030 0.168 0.000

Proportions yolk 29.2c 24.0b 23.0a 28.8c 0.135 0.000 0.000 0.000
(%) albumen 58.6a 62.6c 63.8d 59.5b 0.140 0.000 0.000 0.000

shell 13.1b 13.4b 13.2a 11.6a 0.085 0.000 0.003 0.000

RS is rearing system. E is extensive. I is intensive. H×RS is the interaction effect of hybrid type and rearing system. GPR is the newly created hybrid
Greenleg Partridge×Rhode Island Red. HLB is the commercial hybrid Hy-Line Brown. a, b, c, d show values that are significantly different.

eggs appeared in approximately the 19th week of the lay-
ers’ life. HLB E layers achieved 50 % egg production earli-
est, between the 20th and 21st weeks, followed by GPR E,
GPR I, and HLB I. This could result from a longer lighting
day, which was used for the groups kept extensively. HLB E
layers also reached the peak production earliest; their produc-
tivity amounted to 90 % in the 22nd and 23rd weeks of rear-
ing. In GPR hybrids the peak production was noticed slightly
later, between the 24th and 25th weeks, but their further egg
production did not differ from that recorded for commercial
laying hybrids. The worst production results were recorded
in GPR hens kept intensively, which can confirm poor adap-
tation of these birds for closed farming.

Table 4 shows the parameters characterizing the exter-
nal features and proportions of particular morphological ele-
ments of eggs obtained from each group of birds as affected
by the RS, genotype, and their interaction. The heaviest eggs
were obtained from commercial HLB I laying hens (60.6 g)
and the lightest ones from GPR hens kept under intensive
housing conditions (50.8 g). Similarly, the highest egg spe-
cific gravity was recorded in eggs from HLB I hens and the
lowest from GPR I; the difference amounted to more than
5 %. Both egg weight and egg density were influenced by
both experimental factors. On the basis of the proportion of
long and short egg axis, the egg shape index was calculated.
In intensive breeding, eggs from GPR hens were significantly
more elongated, while in extensive breeding, eggs from HLB
were more elongated. Both types of hybrids showed a diver-
sity of shape, depending on the RS.

The percentage of particular morphological egg elements
in the extensive RS varied, depending on the H. The biggest
proportion of egg content (88.3 %) and the smallest of shell
(11.6 %) were observed in the eggs from HLB I birds. It
should be emphasized that the GPR E hybrids obtained a
substantially higher percentage of yolk (29.2 %) than other
groups of layers. GPR E hybrids also had the biggest yolk
content, 0.4–6.2 % in absolute values. The difference was
higher by 21.2 %, in relative values, than in eggs from the

same hybrids kept intensively. In HLB layers these differ-
ences were slightly lower and amounted to 4.8 (in abso-
lute values) and 16.6 % in relative values, but in favour of
group I birds. For a proportion of all morphological elements
of eggs, interaction of experimental factors was significant
(P ≤ 0.000).

Table 5 presents the characteristics of particular egg ele-
ments: yolk, albumen, and shell, depending on H and their
RS. The farming system did not induce significant differ-
ences in the yolk weight within commercial HLB hybrids.
GPR layers dominated in the extensive system in terms of
this parameter. The yolks from GPR E hens were consider-
ably darker in the intensive system. They were also darker
than yolks in eggs from HLB birds, regardless of the RS. This
could result from using Greenleg Partridge cocks in creating
these hybrids. Hens of this breed are very resourceful in find-
ing food, and darker colour of yolk may be the result of in-
tensive foraging and thus consuming more carotenoids from
green fodder and plants available on the fowl run. Hybrids
from GPR E were characterized by a lower albumen weight
than commercial HLB layers. The greater average height of
albumen was observed in HLB eggs, probably due to higher
albumen content. Eggs from extensively reared birds also
showed the highest number of Haugh units (86.7), which
may indirectly be indicative of albumen quality. Generally,
both the housing system and H considerably modified the pa-
rameters of egg albumen. The significance of the experiment
factor interaction was also demonstrated in all the analysed
characteristics of egg shell. The smallest shell weight was
found in eggs from HLB I hybrids (6.03 g). It was signifi-
cantly lower (34 %) than in eggs from hybrids held exten-
sively and in eggs from GPR hens (P ≤ 0.000).

The eggs from GPR E hens were characterized by the
highest percentage of reflected light, i.e. they had substan-
tially lighter shell colour (51.82 %) than in other groups. The
shell strength of eggs was similar (43 N) and it was not influ-
enced by the RS. In the case of HLB layers, group I eggs re-
quired significantly greater force to crush the shell (49.4 N),
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Table 5. Effect of the hybrid type (H), rearing system (RS), and their interaction (H×RS) on the internal traits of egg elements.

Rearing system (RS) E I SEM Probability

Hybrid (H) GPR HLB GPR HLB H RS H×RS
Trait

yo
lk weight (g) 15.32c 14.52b 13.78a 14.90b 0.058 0.000 0.000 0.000

colour (pts) 9.31c 8.56b 8.00a 8.55b 0.037 0.000 0.000 0.000

al
bu

m
en weight (g) 30.79a 38.05b 38.32b 30.86a 0.164 0.000 0.587 0.000

height (mm) 5.52a 7.64c 6.89b 5.47a 0.058 0.000 0.001 0.000
Haugh units 76.14a 86.71c 80.59b 74.50a 0.379 0.000 0.000 0.000

sh
el

l

strength (N) 43.45a 46.32b 43.75a 44.38a 0.326 0.003 0.279 0.138
colour (%) 51.82d 29.26a 31.99b 49.40c 0.409 0.000 0.799 0.132
weight (g) 6.37b 8.09c 7.90b, c 6.03a 0.061 0.000 0.000 0.000
thickness (mm) 0.284a 0.319c 0.331d 0.316b 0.002 0.000 0.001 0.000
density (g cm−3) 97.8c 112.4b, c 110.6b, c 93.5a 0.751 0.000 0.000 0.000

RS is rearing system. E is extensive. I is intensive. H×RS is the interaction effect of hybrid type and rearing system. GPR is the newly created
hybrid Greenleg Partridge×Rhode Island Red. HLB is the commercial hybrids Hy-Line Brown. a, b, c, d show values that are significantly
different.

which was not confirmed in the thickness or density of shell;
therefore, it may result from a more spherical shape of the
eggs in comparison to the eggs from the other groups. The
thickest shell was noticed in eggs laid by GPR I hens. The
eggs from the laying hybrids reared under extensive housing
conditions were characterized by a greater density than those
from hens kept intensively.

4 Discussion

The observations concerning body weight of layers (espe-
cially in HLB hens) made in this study were opposed to
those reported by Küçükyılmaz et al. (2012), who showed
that birds from an extensive RS were slightly heavier than
birds reared conventionally, while this parameter depended
more on the genotype than the RS. However, in the studies
of Singh et al. (2009), the birds kept less intensively were
characterized by higher body weight. Also, the main cause of
variation was the origin of hens. Miao et al. (2005) noticed
that layers from open housing were lighter than those from
intensive housing because of higher energy output associated
with motor activity of birds kept with green run access.

When comparing the productivity of birds in two different
housing systems, contradictory opinions can be found in the
available references. Lukanov and Alexieva (2013) and Ar-
bona et al. (2009) concluded that egg production is greater in
an intensive RS in comparison to an extensive one. Şekeroğlu
et al. (2010) stated that hens kept intensively reached sex-
ual maturity 2 days earlier than birds in environmentally
friendly farming. The observations made in this study are
completely different and more compatible with those pre-
sented by Gerzilov et al. (2012). Despite the fact that con-
ventionally reared hens finished the maturation process about

2 weeks earlier than the birds maintained extensively, they
reached the period of maximum production more or less at
the same time (23 weeks), regardless of the housing system.
The egg production in an intensive system between 30 and
33 weeks of age was significantly lower than in extensive
rearing and evened out in the following weeks. Birds kept
extensively, regardless of the hybrid type, started to lay eggs
earlier than I groups; therefore, the length of lighting day, dif-
ferent in these two RSs, seems to be fundamentally important
in this case.

Similar to Tauson et al. (1999), in our study the differ-
ent reaction of various hybrids to the maintenance of sys-
tem intensity was observed in the case of production param-
eters. These authors also noticed an increase in egg numbers
and laying production (%), as well as better feed intake and
conversion, with increased rearing intensity. Englmaierová
et al. (2014) found that the daily feed consumption and feed
conversion ratio increased in aviary or litter systems in com-
parison with cages. Also, hen egg production per day was
better in an intensive system than in alternative systems. Ac-
cording to Luiting (1990), the RS does not influence feed in-
take and the differences probably result from genetics, phys-
ical activity and condition, metabolic rate, and temperature.
However, the above-mentioned factors might be due to the
housing system.

Our results differ from the study of Golden et al. (2012),
who found no effect of housing system on egg weight.
Krawczyk (2009) indicated a 1.3 % difference in favour of
extensive farming, but it was not statistically confirmed. In
the research of Singh et al. (2009), the difference in favour of
the floor system, in relation to hens kept in cages, amounted
to more than 7 %. Similar results were reported by Pištěková
et al. (2006), analysing hens in litter and cage RSs. Egg
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weight increased with the age of birds during the 9 months of
the experiment in almost all terms of analysis (except the first
and last month of rearing); considerably bigger eggs were
laid by hens kept on the litter.

A statistically significant effect of RS on egg weight,
egg shell, and albumen weight was shown by Farrante et
al. (2009). The eggs from Hy-Line Brown hens kept on lit-
ter were characterized by a higher weight, heavier shell, and
higher albumen content than eggs from hens raised in an or-
ganic system. Ðukić-Stojčić et al. (2012) also evaluated the
impact of various cage types on laying hens and the H on egg
quality. They did not show any statistically significant inter-
actions between the analysed experimental factors. However,
genotype of birds considerably modified the number of eggs,
shell strength, albumen height, and Haugh units. The types
of cage also affected the number of eggs, shell thickness, and
colour of yolk.

Comparing the impact of various RSs on egg quality pa-
rameters, Ahammed et al. (2014) noted the best technolog-
ical characteristics of albumen in eggs from cages, which
is the most intensive maintenance system for laying hens.
However, the strongest shell and the best-stained yolk char-
acterized eggs from hens kept in an aviary system. Roll et
al. (2009) demonstrated changes in egg quality traits under
the influence of RS in the case of yolk colour and shell char-
acteristics, such as thickness, density, and mass, but they
were statistically significant only in the period from the 60th
to 78th weeks of the hens’ lives. Eggs from hens kept in a
floor system had a darker colour of yolk and characteris-
tics of shell were better than in the eggs from hens kept in
cages. Also, in a paper of Şekeroğlu et al. (2008), the ef-
fect of the free-range system was manifested only in darker
stained yolks compared to eggs from the litter system.

According to Lewko and Gornowicz (2011), eggs from
free-range rearing are characterized by the heaviest and
thickest shell, while the shell was lightest and thinnest from
the litter. Özbey and Esen (2007) did not confirm any differ-
ences in the shell thickness in eggs from the litter and cage
systems; however, they showed that the mass of shell was sig-
nificantly bigger in eggs from cages. Comparing the param-
eters of egg shell from layers kept under free-range and cage
conditions, van den Brandt et al. (2004) and Ðukić-Stojčić
et al. (2009) did not find any differences between the sys-
tems in weight and thickness of shells. In the present study,
the impact of housing system on the shell characteristics was
clearly visible and statistically significant.

5 Conclusions

The results clearly show a completely different reaction of
both types of laying hybrids to the applied extensive and
intensive RSs. Most of the parameters that were decreased
in the birds created by crossing Greenleg Partridge cocks
and Rhode Island Red hens showed an increase in Hy-Line

Brown hens and vice versa. This may confirm more useful-
ness of GPR birds for extensive farming and HLB hens for
intensive methods of rearing.

The results of the study showed that the newly created hy-
brid Greenleg Partridge×Rhode Island Red is suitable for
rearing under an extensive system. This was evidenced by
such characteristics as maturity age, the average percentage
of egg production, feed conversion per 1 egg, and the quality
of egg traits. Based on the assessed traits, it can be concluded
that the extensive RS positively influenced the birds and their
production characteristics. We recommend using Greenleg
Partridge×Rhode Island Red crosses for this system as a
source of good-quality table eggs.
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quality of table eggs produced in different housing systems,
Biotechnol. Anim. Husb., 25, 1103–1108, 2009.
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A.U., Bintaş, E. and Çöven, F.: Effects of rearing systems on per-
formance, egg characteristics and immune response in two layer
hen genotype, Asian Australas, J. Anim. Sci., 25, 559–568, 2012.

Lewko, L. and Gornowicz, E.: Effect of housing system on egg
quality in laying hens, Ann. Anim. Sci., 11, 607–616, 2011.

Luiting, P.: Genetic variation of energy partitioning in laying hens:
Causes of variation in residual feed consumption, World’s Poult.
Sci. J., 46, 132–152, 1990.

Lukanov, H. and Alexieva, D.: Trends in battery cage husbandry
systems for laying hens. Enriched cages for housing laying hens,
J. Agr. Sci. Tech., 5, 143–152, 2013.

Miao, Z. H., Glatz, P. C., and Ru, Y. J.: Free-range poultry produc-
tion – A review, Asian Australas, J. Anim. Sci., 18, 113–132,
2005.

Mohammed, K. A. F., Sarmiento-Franco, L., Santos-Ricalde, R.,
and Solorio-Sanchez, J. F.: Egg production, egg quality and crop
content of Rhode Island Red hens grazing on natural tropical veg-
etation, Trop. Anim. Health Prod., 45, 367–372, 2013.

Özbey, O. and Esen, F.: The effects of different breeding systems
on egg productivity and egg quality characteristics of rock par-
tridges, Poult. Sci., 86, 782–785, 2007.
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