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†Department of Zootechnics, Faculty of Veterinary Medicine, Uludağ University, Bursa, Turkey 16059

ABSTRACT The aim of this study was to compare
egg production performance and welfare traits of lay-
ing hens kept in conventional cage (CC), enriched cage
(EC), and free range (FR). Lohmann Brown laying hens
(n = 480 with 160 per housing type) were studied across
a production cycle from placement at 17 wk until de-
population at 66 wk. The hens were randomly allocated
into cages or pens of housing system groups; within
each system there were four replicates with 40 hens
in each pen or cage. The hen day egg production
(P = 0.037), feed intake (FI) (P < 0.001), egg mass
(EM) (P < 0.001), and dirty egg ratio of hens were
higher in the FR system but similar in the CC and
EC systems. The highest mortality ratio was found in
EC system hens (P = 0.020). The best feather score
was found in FR system hens (P < 0.001). The worse

body wound score was found in EC system hens (P
= 0.038). On the other hand, the worse bumble foot
and footpad lesions were found in FR system hens (P
< 0.001). The highest tibia breaking strength was found
in FR system hens compared with in CC and EC system
hens (P < 0.001). The highest Heterophil/Lymphocyte
(H/L) ratio was found in CC system hens (P = 0.006)
but the blood phosphorus (P) level was higher in
FR system hens (P = 0.013). The tonic immobility,
blood glucose, total cholesterol, triglyceride, and Ca
values of hens were found to be similar in all systems
(P > 0.05). The hens in the FR system had addi-
tional space for optimum comfort and better feather
and bone traits, but the dirty egg ratio, feed consump-
tion, and foot lesions were higher than in CC and EC
systems.
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INTRODUCTION

Conventional cage systems were developed in the
1930s and used in traditional egg production since the
1950s. These systems have been around a long time and
their sole purpose was to maximize profit and produc-
tivity with more hens being housed in a small area and
higher egg production (Sosnowka-Czajka et al., 2010;
Jones et al., 2014). However, in Europe during the
1960s, welfare of animals gained importance and con-
ventional cage systems were questioned for restriction
of movement, and certain behavior patterns of laying
hens are affected by the small space and bare environ-
ment (Mench et al., 2011).

Enriched cages were first developed in Germany dur-
ing the 1980s and have since been improved (Appleby,
1998). These cages are different from conventional cages
which provide more space for each hen (750 cm2 space
per hen) and are equipped with a perch, nest, scratch-
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ing area, and nail shortener (Lay et al., 2011). Fol-
lowing public concern about conventional cage systems
for laying hens they were banned in the EU in 2012
and only enriched cages systems or noncage systems,
such as aviaries, barn, free range, and organic sys-
tems are allowed in the European Union (EU Directive
1999/74/EC).

European animal welfare organizations have been
campaigning against the enriched cages because hens
are still in cages and do not have enough area for nat-
ural behavior, and some EU countries are considering
banning also enriched cages in a near future (Mench
et al., 2011). Also there is an interest in free range
poultry farming in developed countries. One reason
for this is welfare concern associated with farming of
poultry under intensive conditions and the other rea-
son is consumer concern. Today most consumers pre-
fer to eat healthy eggs and there is a perception that
free range eggs are healthier than those are obtained
from cage systems (Miao et al., 2005). The free range
system, known as a backyard system, was dominantly
used before the cage was invented until the 1920s. These
systems are floor systems, which provide access to the
outdoors and also provide more space for behavioral
freedom to the hens (Mench et al., 2011).
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According to EU Directive (EU Directive
1999/74/EC) new trends in housing systems are
becoming more common (Asselt et al., 2015) and
researchers are evaluating different housing systems
for production performance (Tactacan et al., 2009;
Karcher et al., 2015) and health (Rodenburg et al.,
2008; Lay et al., 2011) of hens. Therefore, the aim of
the current study was to describe and compare egg
production performance and welfare traits, such as
body score, blood, and bone parameters of hens kept
in different housing systems (conventional, enriched
cage, and free range) systems.

MATERIALS AND METHODS

The study was carried out on 480 layers (Lohmann
Brown) between 17 and 66 wk of age, when hens were
placed and depopulated, respectively. Three different
housing systems (HS); conventional cage (CC), en-
riched cage (EC), and free range (FR), were used in
this study. Practices regarding the care and use of ani-
mals for research purposes were in accordance with the
laws and regulations of Turkey and approved by the An-
imal Use and Ethical Committee of Uludağ University
(Approval Number 2013-01/07).

Housing Systems and Description

The CC, EC, and FR systems were located on the
same research unit of Uludağ University. The CC and
EC systems were installed in a windowed and fan ven-
tilated cage hen house and both cage types placed in
the same room. The FR system was located 120 m from
the cage hen house. The physical characteristics of the
housing systems are given in Table 1.

The CC system consisted galvanized wire cages with
a nipple drinker, troughtype galvanized feeder, egg belt,
and manure belt. A total floor area of 562.5 cm2 was
provided per hen in each CC cage.

The EC system cage units met the requirement of the
EU Directive 1999/74/EC. These systems consisted of
galvanized wire cage with nipel drinkers (8 nipples per
cage), troughtype galvanized feeder (12 cm of feeder
per hen), egg belt, and manure belt. The systems also
had nail shorteners (8 nail shortener per cage), perches
(18 cm of area per hen), nesting areas surrounded by an
orange curtain (102 cm2 per cage), and a green artificial
turf scratch pad area (45.92 cm2 per cage). A total floor
area of 750 cm2 was provided per hen in each EC cage.

The FR system had an indoor and pasture area. The
floor was covered with wood shavings as a litter materal
in the indoor area. The circular galvanized feeders and
plastic drinkers were used in the indoor and pasture
areas. The FR indoor area also had perches (15 cm of
area per hen) and nest box (4 hens per nest). A total
7 hens per m2 was provided in the FR system indoor
area. The FR system pasture area was enclosed by wire
fences to keep out predators and had a shelter. A total
of 60% perennial ryegrass (Lolium perenne), 10% white
clover (Trifolium repens), and 30% alfalfa (Medicago
sativa) were sown in the pasture area. A total 8 hens
per m2 was provided in the FR system pasture area.

The photoperiod at the time of laying was 16L:8D in
all of the systems. A standard commercial layer diet was
used (17% CP and 2,750 ME kcal/kg for 18 to 40 wk;
16% CP and 2,700 ME kcal/kg; 0.7% P and 3% Ca for
41 to 66 wk) in all systems. The diets were formulated to
National Research Council specifications (NRC, 1994).
Feed and water were offered adlibitum to all hens. The
minimum and maximum mean temperature and humid-
ity values were 8.03 to 26.61◦C and 57.46 to 81.71% in
the FR system throughout the study period. The room
temperature was between 18 and 23◦C and humidity
was 60 to 70% in the CC and EC system.

Management and Data

Hens were randomly allocated into cages or pens of
CC, EC, and FR system groups then weighed with a
digital scale with a ± 0.1 g precision and wing numbers
were attached. The body weights among groups were
found to be similar (P > 0.05). A total of 160 hens
were placed in each housing system with 4 sub-groups
(n = 40 hen) defined as the replicates of each system.
The laying hens were weighed individually at 17 wk of
age and 66 wk of age.

All eggs were collected from each group daily and
the hens were monitored until the end of the experi-
ment. The hen daily egg production, number of dam-
aged eggs, number of dirty eggs, and mortality were
recorded daily. Feed intake (FI) and egg weight (EW)
were recorded weekly. Egg production (EP) was cal-
culated by dividing the number of daily eggs by the
number of hens on the same day. Based on daily egg
production; the 5%, 50%, and peak hen day egg pro-
duction reach age of hens were determined. The ratio of
damaged eggs in each group was calculated by dividing
the number of damaged eggs by total eggs. The ratio of

Table 1. The physical characteristics of the housing systems.

Characteristics CC EC FR indoor FR pasture area

Floor area 562.5 cm2/ hen 750 cm2/ hen 7 hens / m2 8 hens / m2

Egg Belt Yes Yes No No
Perch No Yes Yes No
Nest No Yes Yes No
Nail shortener No Yes No No
Scratching area No Yes Yes Yes
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dirty eggs in each group was calculated by dividing the
number of dirty eggs by total eggs. Egg mass (EM) was
calculated as EM = (EP∗EW)/100. The FCR was cal-
culated as FCR = FI/EM. The data for EP, ratio of
damaged and dirty eggs, FCR, and FI were calculated
at 20, 30, 40, 50, and 60 wk of age.

Welfare Traits

At 66 wks of age, 40 hens were randomly selected
from each housing system and were inspected for
feather condition, body wounds, bumble foot, foot pad
lesions, and claw length. The feather condition, body
wounds, and bumble foot were scored according to
Tauson et al. (2005) and footpad lesions were scored
according to Ekstrand et al. (1998) by the same per-
son. The claw length on 4 toes of each foot was de-
termined using a measuring tape. The 8 claw length
measurements per hen were averaged to calculate the
mean claw length (Hester et al., 2013).

Bone properties (weight, length, cortical area, break-
ing strength, weight length index of the left tibia, and
dry matter, ash, Ca, and P content of the right tibia)
were measured at the end of the trial. A total of 24 hens
were randomly selected and weighed. The body weights
among groups were found to be similar (P > 0.05). The
hens were sacrificed through cervical dislocation; then,
the tibiotarsus of both legs were removed and dissected.
The left and right tibiotarsus bones were coded and
kept frozen in at −20◦C until measurement and analy-
sis. The frozen left tibiotarsus bones were later placed
at room temperature for 1 hour (Crenshaw, 1986). After
thawing, the bones were checked for any residue of soft
tissues and then held at 22◦C for 7 d to allow for dry-
ing. After drying, the bone weights were measured with
a digital scale (Model XB 4200C, Precisa Corp, Zurich,
Switzerland), and the bone length was measured us-
ing a digital caliper (Model CDN-20C, Mitutoyo Corp,
Aurora, IL). Physical bone characteristics were deter-
mined by a compression test to assess the bone strength
(Crenshaw et al., 1981). Thus, the diaphyseal shaft was
divided into 3 sections (proximal, mid, and distal) with
a thickness of 1 cm using a fret saw. The cortical areas of
each section were measured using the ImageJ (National
Institutes of Health, Bethesda, MD) Image Process-
ing and Analyzing Program. Compression tests were
performed using a fully computerized UTEST tensile
and compression testing machine (Model 7014, UTEST
Corp, Ankara, Turkey) that was fitted with a 250 kN
load cell. The crosshead movement was at 10 mm/min.
The ultimate bone breaking force (Newtons, N) and
stress (Megapascals, MPa) were determined for each
tibiotarsus. The tibia weight index (WLI) was calcu-
lated by the following formula: WLI (mg/mm) = tibia
weight (mg) / tibia length (mm). The right tibiotarsus
bones were subsequently thawed, subjected to a tem-
perature of 105oC for six hours and then defatted with
hexane in a Soxhlet apparatus (Model SER148, Şimşek

Laborteknik, Ankara, Turkey) for four hours. After the
extraction of fat, the bones were dried once more in
a forced-ventilation oven at 105oC for 16 hours to ob-
tain the dry and defatted weights. Then, the bones were
crushed and calcined in a muffle furnace at 600◦C for
two hours in order to determine the ash content. The
percentage of tibia dry matter and ash calculations were
based on the fat-free dry weight by the AOAC method
932.16 (AOAC International, 2005). Approximately 1 g
of ash sample was then dissolved in 10 mL of HNO3
and 10 mL of HCl and boiled for 10 min. The sam-
ple was filtered and diluted into a 50 mL flask. The
ash was used to prepare a mineral solution by dissolv-
ing in an HNO3 and HCl solution in its purest form
(1:1) for concentrates. After obtaining this solution,
the calcium and potassium contents in the tibias were
obtained through Optical Emission Spectrometry with
an Inductively Coupled Plasma source (ICP-OES) (Op-
tima 2100 DV, Perkin Elmer Inc, Shelton, CT) (Araujo
et al., 2012).

Tonic Immobility (TI) and Blood Parameters

A total of 36 hens (12 hens per housing system) were
tested individually for a tonic immobility (TI) reac-
tion at 66 wk of age. To measure the duration of TI,
hens were caught randomly and carried in to a seperate
room. A few seconds after the hen was caught, a TI test
was induced according to Ghareeb et al. (2014), and a
maximum score of 600 seconds was given for the dura-
tion. The day after the TI test, blood samples were col-
lected from each group (n = 12). One milliliter of EDTA
blood samples were taken, and 2 blood smears per hen
were collected immediately after drawing blood. After
air drying, the slides were stained with May Grünwald
and Giemsa stain (Clark et al., 2009). A total of 100
leucocytes (heterophils, eosinophils, basophils, mono-
cytes, and lymphocytes) were counted once on each
slide using a microscope with 100× magnification and
oil immersion. The means of 2 slides were calculated for
each hen. The H/L ratios were calculated using H/L
= number of heterophils / number of lymphocytes. At
66 wk of age, blood samples were taken from 12 hens
from each housing system to determine the serum to-
tal cholesterol, triglyceride, glucose, Ca, and P levels.
Blood samples were taken from the wing vein and cen-
trifuged at 3,000 rpm for 15 min, and the serum was
removed in vacutainer tubes. The serum levels of total
cholesterol, triglyceride, glucose, Ca, and P were deter-
mined using a Roche autoanalyzer (Cobas 6000 series
C501 module, Roche Diagnostic, Indianapolis, IN) and
Roche kits.

Statistical Analysis

The parametric data (EP, FI, EM, and FCR) were
analyzed with ANOVA using the PROC GLM proce-
dure of statistical analysis software (SAS, 2013). The
housing system and age were the main effects. The EP,
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Table 2. The effect of the housing system and hen’s age on hen day egg production, feed intake, egg mass,
feed conversion ratio, damaged and dirty egg ratios.

Housing Hen day egg FI FCR, EM Damaged egg ratio Dirty egg ratio
system (1HS) production (%) (g) (g feed/g egg) (g) (%) (%)

CC 87.10b 117.06b 2.08b 56.80b 0.79b 0.68b

EC 87.26b 118.06b 2.11a,b 56.66b 1.20a 0.83b

FR 89.27a 124.58a 2.17a 59.76a 0.35c 3.30a

SE 0.87 0.56 0.02 0.34 0.07 0.15

Age, wks of age (A)
20 wk 70.98d 107.51d 2.36a 48.57c 0.83b 1.29b

30 wk 96.59a 116.32c 1.95d 59.67a,b 0.45b 1.82b

40 wk 94.57a,b 123.60b 2.03c,d 61.16a 0.63b 2.65a

50 wk 91.93b 127.36a 2.13b 60.02a,b 0.74b 1.87a,b

60 wk 85.30c 124.73a,b 2.11b,c 59.28b 1.25a 0.39c

SE 1.12 0.73 0.02 0.44 0.10 0.20

HS × A
CC 20 wk 69.15 96.51e 2.11b–e 47.75e 0.58c–e 0.98d,e

30 wk 96.55 112.50d 1.91e 58.90c,d 0.38d,e 1.16d,e

40 wk 94.79 123.87a,b 2.04b–e 60.96a–c 0.68b–e 0.62d,e

50 wk 90.39 126.81a 2.18b 58.30c,d 0.86b–e 0.44d,e

60 wk 84.61 125.64a,b 2.16b–d 58.11c,d 1.45a,b 0.22e

EC 20 wk 74.14 101.70e 2.19b 49.13e 1.23a–c 0.81d,e

30 wk 97.00 116.38c,d 1.97d,e 59.24b–d 0.66b–e 1.33c–e

40 wk 92.89 121.76a–c 2.06b–e 59.31a–d 1.01b–e 0.98d,e

50 wk 91.06 127.31a 2.17b,c 58.76c,d 1.17a–d 0.79d,e

60 wk 81.18 123.19a,b 2.18b 56.87d 1.93a 0.22e

FR 20 wk 69.66 124.31a,b 2.84a 48.85e 0.69b–e 2.05c,d

30 wk 96.20 120.09b,c 1.98c–e 60.88a–c 0.31e 2.97b,c

40 wk 96.03 125.19a,b 1.99b–e 63.20a 0.21e 6.34a

50 wk 94.35 127.96a 2.03b–e 62.99a,b 0.18e 4.38b

60 wk 90.12 125.37a,b 2.00b–e 62.88a,b 0.37d,e 0.74d,e

SE 1.93 1.26 0.04 0.77 0.17 0.34

P-value
HS 0.037 <0.001 0.006 <0.001 <0.001 <0.001
A <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

HS × A 0.062 <0.001 <0.001 0.010 0.012 <0.001

a–evalues within columns with different superscripts are significantly different (P < 0.05).
1HS: Housing System, A: Age of hen, HS X A: Housing system and age of hen interaction.
CC: Conventional Cage, EC: Enriched Cage, FR: Free Range system.

FI, EM, and FCR values during the laying period were
analyzed using the mixed model (PROC MIXED) pro-
cedure for repeated measurements, and the number of
cages/pens (replicate of each system) was determined
as the random factor in the model. The data of the 5%,
50%, and peak hen day egg production reach day, body
weight, bone, and blood parameters were analyzed with
a one-way ANOVA (Minitab, 2010) to assess the main
effects of the housing systems. Analyses for percent-
age data were conducted after square root of arc sine
transformation of the data. Differences were considered
significant at P ≤ 0.05. Significant differences among
treatment means were determined by Duncan’s multi-
ple range test. The non-parametric data (feather, body,
and foot score) were analyzed with Wilcoxon scores
(Rank Sums) using the PROC NPAR1WAY procedure
of SAS (SAS, 2013), and the Kruskal Wallis test was
used to determine the differences among housing the
systems. The total mortality data was analyzed using
chi-square tests to determine the differences among the
housing systems. Data are presented as the means ±
SE in all of the tables.

RESULTS

The effects of the housing system and the hen’s
age on egg production, FI, EM, FCR, and damaged
and dirty egg ratios are given in Table 2. The hen
day egg production (P = 0.037), FI (P < 0.001), EM
(P < 0.001), and dirty egg ratio of hens were higher in
the FR system but were similar in the CC and EC sys-
tems. The damaged egg ratio was higher in EC system
than CC and FR system (P < 0.001). The FCR was
found higher in the FR system but was lower in the CC
system (P = 0.006).

As expected, the investigated values changed
throughout the laying period; the age of hens effected
hen day egg production, FI, EM, FCR, damaged egg
ratio, and dirty egg ratio in all systems (P < 0.001,
Table 2). The hen day egg production increased with
the age of the hen until 30 wk but then decreased
(P < 0.001). The lowest EM, FI and highest FCR were
found at 20 wk of age (P < 0.001). The highest dam-
aged egg ratio and lowest dirty egg ratio were found at
60 wk of age (P < 0.001).
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Table 3. The mean values of body weight, hen day egg production age parameters, and mortality of hens
in different housing systems.

Parameters Housing System1 P

CC EC FR

Initial body weight (kg) 1.41 ± 0.01 1.42 ± 0.00 1.40 ± 0.00 0.178
Final body weight (kg) 1.95 ± 0.03b 1.94 ± 0.03b 2.09 ± 0.02a <0.001
5% HD egg production age (d) 140.0 ± 0.00a,b 138.3 ± 1.75b 145.3 ± 1.75a 0.018
50% HD egg production age (d) 154.0 ± 0.00b 154.0 ± 0.00b 159.25 ± 1.75a 0.007
Peak HD egg production age (d) 199.5 ± 3.50 192.5 ± 8.33 203.0 ± 9.04 0.609
Mortality (%) 1.25b 6.25a 1.88b 0.020

a,bwithin row, values with different superscript letters differ significantly (P < 0.05).
1CC: Conventional Cage, EC: Enriched Cage, FR: Free Range System.

Table 4. The mean values of feather, body, and foot score of hens in different housing systems.

Parameters Housing system1 P

CC EC FR

Feather score2

Neck 1.73 ± 0.12c 2.33 ± 0.17b 3.28 ± 0.12a <0.001
Breast 2.08 ± 0.15b 2.03 ± 0.15b 2.78 ± 0.11a <0.001
Vent 3.80 ± 0.09a 3.38 ± 0.15b 3.75 ± 0.09a,b 0.021
Back 3.20 ± 0.15a 2.55 ± 0.19b 3.23 ± 0.13a 0.003
Wings 2.58 ± 0.11b 2.60 ± 0.09b 3.40 ± 0.12a <0.001
Tail 2.53 ± 0.12b 2.78 ± 0.12b 3.75 ± 0.07a <0.001
Total 15.90 ± 0.51b 15.65 ± 0.68b 20.18 ± 0.32a <0.001
Mean 2.59 ± 0.09b 2.66 ± 0.12b 3.45 ± 0.06a <0.001

Body score
Body wound3 2.81 ± 0.06b 2.64 ± 0.06a 2.80 ± 0.03b 0.038
Bumble foot3 2.98 ± 0.02a 3.00 ± 0.00a 2.50 ± 0.09b <0.001
Footpad lesions4 3.00 ± 0.00a 3.00 ± 0.00a 2.78 ± 0.07b <0.001
Claw length (mm) 16.31 ± 0.22a 15.01 ± 0.30b 12.59 ± 0.15c <0.001

a–cwithin row, values with different superscript letters differ significantly (P < 0.05).
1CC: Conventional Cage, EC: Enriched Cage, FR: Free Range System.
2score for feather condition ranged from 1 to 4, with 4 signifying no damage to feathers and 1 signifying severe damage.
3score for body wound and bumble foot ranged from 1 to 3, with 3 signifying no lesions on body and foot and 1

signifying severe damage.
4score for footpad lesions ranged from 1 to 3, with 3 signifying healthy, normal feet and 1 represented severe hyperk-

eratosis.

The interaction (housing system × hen age) was sig-
nificant for FI, FCR, dirty egg ratio (all in P < 0.001),
EM (P = 0.010), and damaged egg ratio (P = 0.012,
Table 2). The housing system and age interaction re-
sulted in a higher FI of hens in the FR system at 20 wks
of age (P < 0.001). The highest EM was found in FR
hens at 50 and 60 wk of age (P = 0.010). The highest
FCR was in the FR system at 20 wk of age (P < 0.001).
The damaged egg ratio was low in FR system at 60 wk
of age (P = 0.012). On the other hand, the dirty egg
ratio was higher in the FR system at 40 and 50 wk of
age (P < 0.001).

The mean body weight, hen day egg production age
parameters, and mortality of layers in different housing
systems are given in Table 3. The final body weight and
EM were higher in the FR system hens and similar in
the CC and EC system hens (P < 0.001). The earli-
est 5% egg production age occured in the EC system
hens but was latest in the FR system hens (P = 0.018),
and the 50% egg production age was similar in the CC
and EC system hens and earlier than the FR system
hens (P = 0.007). However, the peak egg production

age was similar in all of the system hens (P > 0.05). The
mortality ratio was higher in EC system hens (6.25%)
than in the CC (1.25%) and FR (1.88%) system hens
(P = 0.020).

The mean values of feather, body, and foot scores of
layers in different housing systems are given in Table 4.
The mean feather score values were similar in the CC
and EC system hens, but the best feather score was
found in the FR system hens (P < 0.001). Hens in the
EC system had more body wounds than in the other
systems (P = 0.038). The bumble foot and footpad le-
sions were similar in the CC and EC system hens, but
were the worst in the FR system hens (P < 0.001). The
shortest claw length was in the FR systems hens (P
< 0.001).

The effects of different housing systems on the val-
ues of tibia parameters are given in Table 5. The tibia
weight was significantly different among hens from the
3 housing systems. The lowest tibia weight was found
in the CC system hens (P = 0.021). The tibia length
was similar in the CC and EC systems but was shorter
in the FR system hens (P < 0.001). The highest tibia
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Table 5. The mean values of tibia parameters of hens in different housing systems.

Housing system1

Parameters CC EC FR P

Weight (g) 8.62 ± 0.16b 9.15 ± 0.15a,b 9.29 ± 0.19a 0.021
Length (mm) 127.85 ± 0.65a 128.60 ± 0.5a 125.76 ± 0.39b 0.001
Cortical area (mm2) 1.26 ± 0.05 1.33 ± 0.07 1.33 ± 0.09 0.730
∗WLI (mg/mm) 67.36 ± 1.00b 71.13 ± 1.14a,b 73.82 ± 1.48a 0.002
Tibia breaking strength (kg) 8.59 ± 0.63b 8.63 ± 0.73b 12.23 ± 0.57a <0.001

Dry matter (%) 76.19 ± 1.19 78.75 ± 1.79 79.75 ± 1.58 0.252
Ash (%) 55.31 ± 0.82 55.42 ± 0.62 56.40 ± 0.76 0.523
Ca (%) 22.66 ± 0.54 23.32 ± 0.37 22.98 ± 0.39 0.568
P (%) 9.57 ± 0.20 9.89 ± 0.18 9.74 ± 0.16 0.464

a,bwithin row, values with different superscript letters differ significantly (P < 0.05).
1CC: Conventional Cage, EC: Enriched Cage, FR: Free Range System.
∗WLI: Tibia Weight Length Index.

Table 6. The mean values of tonic immobility and blood parameters of hens in different housing systems.

Housing system1

Parameters CC EC FR P

Induction number 2.58 ± 0.21 2.50 ± 0.20 2.08 ± 0.23 0.236
Tonic immobility 152.0 ± 67.69 217.4 ± 75.29 215.1 ± 50.95 0.727

H/L (%) 0.61 ± 0.06a 0.46 ± 0.03b 0.41 ± 0.04b 0.006
Heterophil (%) 34.20 ± 2.40a 29.00 ± 1.24a,b 26.67 ± 1.40b 0.014
Lymphocyte (%) 58.80 ± 2.21b 64.50 ± 1.46a,b 66.50 ± 1.56a 0.012
Monocyte (%) 3.60 ± 0.33 3.33 ± 0.28 3.50 ± 0.43 0.867
Eosinophil (%) 1.60 ± 0.33 1.33 ± 0.28 1.83 ± 0.30 0.516
Basophil (%) 1.80 ± 0.30 1.83 ± 0.17 1.50 ± 0.26 0.582

Glucose (mg/dL) 222.3 ± 8.90 217.8 ± 5.86 239.7 ± 4.69 0.064
Total cholesterol (mg/dL) 136.1 ± 13.16 133.3 ± 12.05 122.4 ± 9.51 0.686
Triglyceride (mg/dL) 905.5 ± 60.26 1,043.3 ± 23.44 931.3 ± 54.83 0.122
Ca (mg/dL) 26.28 ± 1.04 26.80 ± 0.44 27.98 ± 0.63 0.270
P (mg/dL) 5.59 ± 0.35b 5.94 ± 0.33b 6.98 ± 0.27a 0.013

a,bwithin row, values with different superscript letters differ significantly (P < 0.05).
1CC: Conventional Cage, EC: Enriched Cage, FR: Free Range System.

breaking strength was found in FR system hens com-
pared with in CC and EC system hens (P < 0.001).
The WLI of the tibia was lower in the CC system hens
(P = 0.002). The tibia cortical area, dry matter, ash,
Ca, and P contents were found to be similar in all hous-
ing systems hens (P > 0.05).

The mean values of TI and blood parameters of lay-
ers in different housing systems are given in Table 6.
The highest H/L ratio was found in the CC system
when compared to EC and FR system hens (P = 0.006).
The highest blood P level was found in the FR system
(P = 0.013). But the tonic immobility, blood glucose,
total cholesterol, triglyceride, and Ca values of hens
were found similar in CC, EC, and FR systems hens
(P > 0.05).

DISCUSSION

In poultry rearing today, in addition to high produc-
tion values, housing the hens while promoting good wel-
fare is becoming mandatory. Growing consumer percep-
tion for healthy eggs laid by free range or organic reared

hens should also be taken into account. Therefore, stud-
ies on the effects of new housing trends both for hen wel-
fare and production parameters are continuing. Many
researchers have reported that egg production of hens
in conventional cage, enriched cage, aviary, and barn
systems were found to be similar (Neijat et al., 2011;
Ahammed et al., 2014) and some have reported that
egg production was higher in conventional cage systems
than in aviary, floor management, or free range systems
(Tauson et al., 1999; Leyendecker et al., 2001). In the
present small scale study, hen day egg production was
found to be higher in the FR system but was similar in
the CC and EC systems.

According to Leyendecker et al. (2001), white layer
(Lohmann LSL) and Brown layer (Lohmann LT) hens
in free range system had a poorer feed conversion in
comparison with cage and aviary pens. Also the com-
parison of conventional and enriched cage systems had
a significant effect on FCR results. Different studies
with Hisex Brown hen layers (Englmaierova et al., 2014)
and with Lohmann LSL and Lohman Brown Classic
hen layers (Onbaşilar et al., 2015) also adressed the
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effect of housing system on FCR results. Ahammed
et al. (2014) observed that Lohmann Brown hens in
a barn system had a higher feed intake and feed con-
version ratio than conventional cage and aviary sys-
tem. In the present study highest FI and FCR were
found in the FR system and it is possible that the
hens in the FR system had higher locomotor activity
and as a result of this activity, might have consumed
more feed.

The previously published results have reported that
egg mass is affected by the rearing systems (Hidalgo
et al., 2008; Tactacan et al., 2009; Onbaşilar et al.,
2015). The body weight of hens in the floor system were
found to be higher compared to the ones in the caged
systems (Singh et al., 2009). In the present study, hens
reared in the FR system had higher final body weight
than the CC and EC reared hens and they laid larger
eggs. Thus, there is a positive correlation between body
weight and egg weight of layers (Zhang et al., 2005).

Some researchers reported that the ratio of damaged
egg was higher in furnished/enriched cages than in con-
ventional cages (Abrahamsson and Tauson, 1997; Wall
et al., 2002). However, Hidalgo et al. (2008) found that
the damaged egg ratio was not different in cage, free
range, barn, and organic systems. In the present study,
the damaged egg ratio was the highest in the EC sys-
tem eggs. This might be a result of the fact that egg
collection occured once a day and the distance between
the nesting area and egg belt may have increased the
risk of collisions of eggs.

The dirty eggs were a problem in the free range sys-
tems, and the main factors affecting this results are
the soiling of nests or egg laying on a litter (Leyen-
decker et al., 2001; Sosnowka-Czajka et al., 2010). In
the present study, the dirty egg ratio was higher in the
FR system than in cage systems, especially in the last
stage of the production period of the hens. It is possi-
ble that rainy weather conditions during this produc-
tion period increased the ratio of dirty eggs in the FR
system.

Sherwin et al. (2010), with a commercial scale re-
search project, reported that the mortality rate was
lower in enriched/furnished cages than in barn, free
range, and conventional cage systems. There is an as-
sociation between perches in furnished/enriched cages
and increased cloacal cannibalism risk for ISA brown
layers (Moinard et al., 1998). In the present study mor-
tality ratio was higher in the EC system hens than in
the CC and FR system hens, and deaths in the EC
system were mostly due to cloacal cannibalism of hens.

The hens in furnished/enriched cages have better
feather conditions than those in conventional cage sys-
tems (Tauson and Abrahamsson, 1997). However, Tac-
tacan et al. (2009) observed that the feather condi-
tion of Shaver White layer strain hens did not differ
in the conventional cage and enriched cage systems. In
the present study, the best feather score was found in
the FR system hens but the hens housed in the CC and
EC systems appear to have similar feather cover. This

result is similar to the findings reported by Blatchford
et al. (2016).

The housing conditions and litter quality are impor-
tant factors for bumble foot and footpad lesions (Wang
et al., 1998) and foot health is better in cage systems
than in litter or free range systems (Tauson et al., 2005;
Blatchford et al., 2016). Also excessive claw length and
broken claws can be a problem for hens and can oc-
cur without access to nail trimming material in cages
(Hester et al., 2013; Blatchford et al., 2016). In the
present study, bumble foot and footpad lesion values
were similar in the CC and EC system hens, but higher
bumble foot and footpad lesions were found in the FR
system hens. The longest claw length was found in the
CC system hens when compared to EC and FR system
hens. This is in agreement with the findings of Blatch-
ford et al. (2016) who observed that conventional cage
system hens had longer claws than those in enriched
cage and aviary systems.

The bone breaking strength, bone ash weight, and
bone mineral content in general are used to evaluate
the bone status (Park et al., 2003). Bone weakness is
an important issue for the egg layer industry because of
the consequent pain for hens and it is also negatively af-
fects the egg production performance (Webster, 2004).
In the aviary system, hens had shorter tibia, greater
bone width and cortical thickness compared to those
kept in a conventional cage system (Regmi et al., 2015).
In the present study the highest tibia weight, shortest
tibia length, and stronger tibia were found in the FR
system hens. It is possible that hens in the FR systems
had higher locomotor activity and their bones might be-
come stronger, as supported by Silversides et al. (2012)
who found higher bone strength in floor pen reared hens
compared to cage reared hens. Also there were no dif-
ference for tibia ash weight and the percentage of the
Ca and P contents of Shaver White layers in the CC
and EC systems (Tactacan et al., 2009), but hens that
are housed in floor pens have a higher tibia weight,
ash weight, and ash percentage compared to those were
housed in cage systems (Silversides et al., 2012). How-
ever, in the present study, tibia dry matter, ash, Ca,
and P contents of hens in the CC, EC, and FR systems
were found to be similar.

The TI, a reliable measure for the fear level of hens,
can be used as an indicator of the welfare status of
hens in different housing conditions (Ferrante et al.,
2009). If a certain housing style provides a more or less
stressful environment this is reflected in the hematology
results, such as an increased H/L ratio of birds (Davis
et al., 2008). Thus, Shini (2003) observed a higher H/L
ratios of hens in conventional cage compared to hens
in modified cage and free range systems. In the present
study, although tonic immobility durations of hens were
found to be similar in all housing systems, the highest
H/L ratio was found in the CC system when compared
to EC and FR systems.

The blood glucose, cholesterol, and triglyceride lev-
els are used for stress indicators of hens and there have



HOUSING SYSTEMS AND PRODUCTION, WELFARE 1571

been studies on blood glucose, cholesterol, and triglyc-
eride levels, as well as Ca and P contents of hens in
different housing systems (Pavlik et al., 2007; Pavlik
et al., 2009). In the present study, the blood glucose,
total cholesterol, triglyceride, and Ca contents of hens
were found to be similar in CC, EC, and FR systems.

The development of housing systems, such as en-
riched cages or free range systems, for layers has led to
improvements, and welfare issues are the main impetus
behind this development (Lay et al., 2011). The alterna-
tive housing systems, designed to allow hens to express
more natural behavior and have more freedom of move-
ment, are becoming widespread. Experimental studies
allow us to understand the effects of housing systems
on the performance and welfare of hens. In conclusion,
based on the results of this small scale experimental
study, the production performance, final live weight,
tibia breaking strength, mean feather score, and foot
lesions of laying hens were found to be similar between
the conventional and enriched cages, but were different
in the free range system. In the free range system, hens
had better feather and bone traits, but the dirty egg
ratio, feed consumption, and foot lesions were higher
than in the cage systems. On the other hand, hens in
the FR systems had more additional space for optimum
comfort and welfare.
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