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Comparison of cage versus floor rearing systems on broiler performance,
welfare and behavioral parameters

B. Yilmaz Dikmen*®, M. Giindiiz®

Department of Animal Science, Faculty of Agriculture, Bursa Uludag University, 16059, Bursa, Tiirkiye

ABSTRACT: This study was carried out to determine the effects of the floor type (litter rearing and sledge cage
system) on the performance, welfare, and behavior parameters of broilers. A total of 240 one-day-old Ross 308 male
broilers were reared in two different rearing systems; sledge cage system (CS) and litter floor system (FS) until 42 days
of age. The final body weight and body weight gain between 1-42 days of age tended to be higher in FS than in the
CS system (P=0.060). The cumulative feed consumption was similar between the rearing systems at 1-21, 1-28, 1-35,
and 1-42 days of age periods (P>0.05). The feed conversion ratio was lower in FS than in the CS system (P<0.01).
The productivity index was higher in FS than CS system at 1-42 days of age period (P<0.01). The plumage cleanliness
score was higher and foot pad dermatitis was lower in FS than in CS (P<0.05 and P<0.001). The gait score was found
similar in both rearing systems but a numerically lower gait problem was found in FS than CS system (P>0.05). The
tonic immobility duration and induction number were found similar in both rearing systems (P>0.05). The higher
eating, scratching, wing clap-body shaking, spot pecking; and lesser sleeping behavior were observed in FS than in
CS (P<0.05, P<0.01, P<0.05, P<0.01 and P<0.01; respectively). The drinking, walking, standing, and sitting behavior
of broilers were found similar in both rearing systems (P>0.05). The wing-leg stretching, feather maintenance, and
pecking each other behavior of broilers were found similar in both rearing systems (P>0.05). The aggressive pecking
behavior tended to be observed more in FS than in the CS system (P=0.062). It has been determined that broilers had
better performance, welfare, and behavior parameters in the floor-rearing system when the litter condition is good.
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INTRODUCTION
B roiler farming is a widespread poultry production
area that is developing rapidly with the adapta-
tion of technological knowledge and selective breed-
ing around the world (Fortomaris et al., 2007; Sogun-
le et al., 2008; El-Deek and El-Sabrout, 2019). Broiler
production is an advantageous and profitable animal
production method because of the short production
period, and low labor requirements. Broiler meat has
both industrial and commercial importance, and also
it has an important place in the nutrition of the grow-
ing human population (Rudra et al., 2018; Azeez and
Akbay, 2021).

In modern animal production systems, increased
productivity has a detrimental effect on animal
well-being (Clark et al., 2016). Appropriate hous-
ing arrangements that prioritize the welfare of the
animals lead to improved behavior patterns and in-
creased productivity (El-Deek and El-Sabrout, 2019).
Commercial broiler production is mostly carried out
in controlled poultry houses on the ground with deep
litter (Van Horne and Achterbosch, 2007). The phys-
ical activities of birds have changed as a result of
genetic selection for rapid growth in broilers, espe-
cially in terms of behavior (Schiitz and Jensen, 2001)
and due to their heavy bodies, six-week-old broilers
spend most of their time lying on the ground. Poor
litter conditions or unsuitable litter materials result in
dermatitis, oedemas on the breast, burns on the knees,
and lesions on the foot as a result of bird inactivity in
broilers (Haslam et al., 2006; Buijs et al., 2009). In
particular, foot lesions are a major concern in broiler
production, as animals whose walking activities are
affected, have difficulty accessing food and water, ul-
timately affecting bird welfare and their product qual-
ity (Michel et al., 2012; Haslam et al., 2007).

Today, after the pandemic, the worldwide econom-
ic crisis dictates that the energy and production costs
must be cheaper in poultry production, as in many oth-
er fields. The low energy costs are of great importance
for operating profitability and sustainability in many
developing countries. The use of cages in broiler breed-
ing started to reduce the cost and economic pressure
on producers (Prabakaran, 2003; Shields and Greger,
2013). Cage broiler production is carried out in China,
Russia, India, the Middle East, Africa, Eastern Europe,
and many Asian countries (Shields and Greger, 2013).
Multilayer cage systems have become prevalent in in-
tensive farming, effectively preventing broilers from
coming into close touch with their droppings, conserv-

ing resources, and allowing automated control (Yan
et al., 2021). Thus, some researchers reported that the
intestinal bacterial load in cage systems is less than in
floor systems (Willis et al., 2002). The injuries such as;
dislocations, ruptured liver, trauma, wounds, scratches,
and bruises occur on broilers before slaughter in hous-
es during catching, handling, and putting to transport
boxes (Cockram and Dulal, 2018). Related that in auto-
matic broiler cage systems, at the end of the production
period, the drawers/sledges on the floor of each cage
floor are opened and the birds are dropped on the ma-
nure belt and sent to the carriers (Shields and Greger,
2013), this reduces the stress of catching and problems
caused by catching confusion. While a lot of work has
been done on the welfare of cage-raised layers, less
emphasis has been placed on the welfare of cage-raised
broilers (Zulkifli et al., 2021).

Foot lesions in turkeys are associated with im-
paired gait as well as discomfort and pain (Weber
Wyneken et al., 2015). There is ample evidence from
research on the reliability and advantages of behav-
ior as an indicator of welfare (Broom and Johnson,
2000). The rearing systems have a significant impact
on avian comfort, welfare, behavior, and productiv-
ity (Willis et al., 2002; Sans et al., 2021; Zulkifli et
al., 2021). In practice, behavioral measurements are
frequently the place to start when evaluating an ani-
mal’s reaction to its surroundings and, consequently,
its welfare. Especially, understanding why birds be-
have in certain ways in intensive production systems
can help with welfare assessments (Dawkins, 2003;
Jhetam et al., 2022).

Numerous research assessed the impact of vari-
ous rearing methods on the productivity of broilers
(Thamilvanan et al., 2001; Fouad et al. 2008; Santos
et al., 2012; Wang et al., 2015). However, several
studies that investigated the welfare and behavior of
broilers raised in sledge cage systems are quite lim-
ited (Fortomaris et al., 2007; El-Kazaz, 2018; Ab-
del-Azeem et al., 2020). This study, it was aimed to
determine the effects of the floor with litter rearing
system and sledge cage system on the performance,
welfare, and behavior of broilers.

MATERIALS AND METHODS

This study was carried out in Bursa Uludag Uni-
versity Faculty of Agriculture Research and Applica-
tion Unit. In the study, two different rearing systems;
sledge cage system (CS) and litter floor system (FS),
were used. A total of 240 one-day-old Ross 308 wing
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feather sexed male broilers were used in a complete-
ly randomized design a 2x4 factorial arrangement
of treatments, with 4 replicates in each treatment. In
each replicate for CS and FS, there were 30 birds.
Practices regarding the care and use of animals for
research purposes were in accordance with the laws
and regulations of Turkey and approved by the Ani-
mal Use and Ethical Committee of Uludag University
(Approval Number 2022-08/01).

Management

All Ross 308 male chicks were weighed with +
0.01 g a digital scale and randomly placed into cag-
es or pens of rearing systems, with 30 chicks in each
group on the initial day of study. During the study,
similar standard broiler care management procedures
were used in both rearing systems (Aviagen, 2018).
A standard broiler starter diet was used for 1 to 10 d
(23% CP and 3000 ME kcal/kg), a grower diet was
used for 11 to 25 d (21% CP and 3100 ME kcal/kg),
then a finisher diet was used for 26 to 42 d (19% CP
and 3200 ME kcal/kg). The diets were formulated ac-
cording to National Research Council specifications
(NRC, 1994). Feed and water were offered ad libitum
to all birds. The photoperiod was applied for the first
four days 24L:0D, then 18L:6D until the end of the
study. A standard broiler vaccination program applied
Newcastle+Infectious Bronchitis (ND-+IB, Intervet
International, Holland) at 10 day, Gumboro (Intervet
International, Holland) at 15, and Newcastle (ND, In-
tervet International, Holland) at 21 day of age applied.

The sledge cage system (CS) consisted of two
tiers, and each tier consisted of two cage units (4 cag-
es). The cage unit dimensions were 240 x 150 ¢cm and
0.5 m in height. Each cage unit provided a total of 3.6
m2/ unit/30 bird floor area. A floor area of 1200 cm?2
was provided per bird in each cage unit. A cage unit
consisted of 8 nipple drinkers and 2 round feeders.
The cage system had a manure belt and plastic mesh
floor. A floor-rearing system (FS) dimensions parallel
to the CS system. The FS consisted of four same-sized
floor units. As a litter 8-10 cm high wood shaving was
used in each floor unit. Similar feeding and drinker
area provided to birds in both rearing systems.

Performance parameters

All birds were weighed individually with + 0.01
g, a digital scale on a weekly basis. The mortality
was recorded daily. Feed consumption was recorded
weekly. According to the data weekly body weight
gain, feed consumption, feed conversion ratio (FCR),

and cumulative feed consumption were calculated.
Productivity index value was calculated by using the
followingformula:

Productivity Index = (Body weight/ (FCR *age,
d)) * (100-mortality ratio) *100

Welfare parameters

A total of 80 broilers were used for welfare traits.
Ten broilers from each group were randomly selected
at 6 weeks of age for welfare parameters (n=10). Scor-
ing of welfare parameters was performed by the same
person. The welfare parameters were based on the ex-
ternally visible characteristics of the birds. The body
feather condition, plumage cleanliness, body wound,
hock burn (HB), and footpad dermatitis (FPD) scoring
according to Welfare Quality (2009). The body feath-
er condition was scored in 4 categories; 4: represented
no feather damage; 1: represented severe feather dam-
age. For the plumage cleanliness score, the dirt condi-
tion of the feathers on the breast area was scored in 4
categories; 0: clean; 1: slightly yellowing stained; 2:
brownish large dirt; 3: body breast area is completely
dirty. The body wound lesions were scored in 3 cate-
gories; 0: no lesions on the body and 2: severe body
damage. The HB lesions were scored in 5 categories;
0: no inflammation, 1: initial stage, 2: moderate in-
flammation, 3: crusting, dark-colored inflammation,
and 4: advanced and widespread inflammation. The
FPD lesions were scored in 5 categories; 0: no lesion;
1: very small superficial lesion; 2: mild lesion, very
small superficial lesions; 3: footpad discoloration, su-
perficial lesions, dark papillae; 4: severe lesion; ulcers
or crusting, signs of bleeding or swelling.

A total of 80 broilers were used for lameness (gait
score; GS). Ten birds from each group that were not
used in the measurement of FPD and HB were ran-
domly selected and observed for gait scoring. The GS
of the broilers was evaluated individually according
to (Welfare Quality, 2009; Costa et al., 2014) by cre-
ating a walking corridor with a portable wire fence in
the poultry house. The GS was scored in 6 categories;
0: Normal walk; 1: Slightly irregular gait but no ab-
normality; 2: Irregular gait; slightly unsteady move-
ment of the body; 3: Significant walking problem and
limping; 4: Gait is severely affected; moves slowly
and has obvious difficulty walking, limping, can take
few steps; 5: Severe difficulties in walking and stand-
ing and inability to walk.

A total of 40 broilers (5 broilers per group) were
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tested individually for tonic immobility (TI) reaction
at 6 wk of age. To measure the duration of TI, broil-
ers were caught randomly and carried into a separate
place. A few seconds after the broilers were caught,
a TI test was induced according to Ghareeb et al.
(2014). For the TI test, birds were placed on their back
on a cloth-covered table, and their head and abdomen
were pressed for 15 seconds. It was thought that TI
was achieved in birds that did not turn to their right
side within 10 seconds after being released, and the TI
time was recorded by the observer standing approxi-
mately 1 m away from the bird. If the TI could not be
induced after 5 repeated interventions, the bird was
considered susceptible and scored 0. The test period
was limited to a maximum of 10 minutes, and the TI
time was evaluated as 600 seconds in birds that could
not turn to their right side at the end of this period.
In addition, the induction number was determined for
each individual.

Behavioral Parameters

Behavioral parameters of the broilers at the 4th
and 60 weeks of age were observed by scan sam-
pling method in 3 periods (9:00-10:00 in the morn-
ing, 13:00-14:00 in the afternoon and 17:00-18:00 in
the evening) (Lehner, 1992). The same cage and floor
system groups were observed for 3 consecutive days
at each age period. Before starting the measurements,
the observer dressed in a white dress sat in front of
the unit for 10 minutes and the chickens were adapted
to the human presence. Each observation was made
for 1 minute every 10 minutes. (n=6/hour). During
the observation, the number of birds showed eating,
drinking, sitting, walking, standing, sleeping, scratch-
ing, leg-wing stretching, feather maintenance, wing
flap-body shake, spot pecking (ground and objects),
pecking (each other), and aggressive pecking were
recorded as behavioral parameters (Fortomaris et al.,
2007).

Statistical Analyses

The study was conducted on a completely ran-
domized design and performance data was analyzed
by analysis of variance using General Linear Mod-
els (Minitab, 2013). Differences in performance and
welfare parameters according to the type of rearing
systems were analyzed by two sample T-test.

The behavioral data was analyzed with using
PROC GLIMMIX procedure of SAS Statistical anal-
ysis program (SAS, 2020; Gebhardt-Henrich et al.,
2021). The model included the fixed effects of the

system (cage and floor), age (4th and 6th week), and
replicate (1-4) (May et al., 2022).

The mortality ratio was analyzed using chi-square
tests (Minitab, 2013). Data were presented as mean =+
standard error (SE) in all the tables. Differences were
considered significant at P < 0.05 and the statistical
difference at P < 0.10 was described as a tendency.

RESULTS

Performance parameters

The effect of the rearing system on broiler per-
formance parameters are presented in Table 1. The
body weight was found similar between the rearing
systems at the initial day, 14, 28, and 35 days of age
(P>0.05). The effect of the rearing system on body
weight was found significant at 7 and 21 days of age
(P<0.05), and it tended to be significant at 42 days of
age (P=0.060). A higher body weight was found in FS
than CS system at 7 and 21 days of age, and final body
weight tended to be higher in FS than CS system. The
effect of the rearing system on body weight gain was
found significant between 1-7, 14-21, and 35-42 days
of age (P<0.05, P<0.05, and P<0.01; respectively).
The higher body weight gain was found in FS than CS
system between 1-7, 14-21, and 35-42 days of age.
The effect of the rearing system on body weight gain
between 1-42 days of age tended to be higher in FS
than CS system (P=0.060).

The feed consumption in the FS rearing group tend-
ed to be higher than in the CS group at 1-7 and 7-14
days of age period (P=0.062 and P=0.087, respective-
ly). However, feed consumption was similar between
the rearing systems at 14-21, 21-28, 28-35, and 35-42
days of age periods (P>0.05). The cumulative feed
consumption in the FS group tended to be higher than
in the CS group at 1-7 and 1-14 days of age period
(P=0.062 and P<0.05, respectively). However, cumula-
tive feed consumption was similar between the rearing
systems at 1-21, 1-28, 1-35, and 1-42 days of age peri-
ods (P>0.05). The effect of the rearing system on FCR
was not significant between the 1-7, 1-14, 1-21, 1-28,
and 1-35 days of age period (P>0.05). However, the
effect of the rearing system on FCR was found signif-
icant at 1- 42 days of age period, and FCR which was
lower in FS compared to the CS system (P<0.01). The
effect of the rearing system on the productivity index
was found significant and the productivity index was
higher in FS than in CS (P<0.01). The mortality ratio
was found similar between the rearing systems during
to study (P>0.05) (Table 1).
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Table 1. Effects of rearing system on broilers performance

Variables Rearing Age (day)
Systems 1 7 14 21 28 35 42
Body weight, (g/bird) CS 44.07+0.70 158.5+5.10° 4598 +6.17 870.2+25.7° 1549.8+65.9 2238+ 148 2755+ 189
FS 4438 +0.55 168.6+7.34% 468.8+18.70 931.9+59.92 1561.4+£89.8 2360+ 131 3037+ 149
P Value NS 0.024 NS 0.034 NS NS 0.060
1-7 7-14 14 -21 21-28 28 -35 35-42 1-42
Body weight gain, (g/ CS  11443+530° 3013+1.70 410.4+23.7° 679.5+403 688.0+103 517.0+47.6° 2711+ 190
bird)
FS 12425 +7.36% 300.1+12.1 463.1+46.2% 629.5+33.0 798.4+44.4 676.7+472% 2992 + 148
P Value 0.030 NS 0.028 0.085 NS 0.002 0.060
1-7 7-14 14 -21 21-28 28 -35 35-42
Feed consumption, (g/ CS 116.02 +1.31 409.95+9.40 5909+169 939.1+£49.6 1116.0+83.2 1272+ 107
bird)
FS 121.12+£6.39 425.0+17.70 608.7 +48.1 912.2+54.7 1189.8 +66.1 1328 +86.4
P Value 0.062 0.087 NS NS NS NS
1-7 1-14 1-21 1-28 1-35 1-42
Cum Feed consumption, CS 116.02 £ 1.31 525.97 +9.87° 1116.87 + 7.88 2055.9+57.0 3172+ 110 4444 +204
(g/bird)
FS 121,12+ 6.39 546.10 = 18.6% 1154.8 £59.8 2067.0£87.2 3257+130 4585+ 186
P Value 0.062 0.037 NS NS NS NS
1-7 1-14 1-21 1-28 1-35 1-42
Feed conversion ratio CS 0.73 £ 0.03 1.14 £ 0.04 128+0.03 1.33+0.03 1.42+0.05 1.62+0.042
FS 0.72 +£0.03 1.17 £0.06 1.24 £ 0.06 1324005 1384004 1.51+0.040
P Value NS NS NS NS NS 0.004
Productivity Index 42 day Mortality, % 1-42 day
CS  402.8+30.00 Cage 0.83
FS 477.1+32.82 Floor 0.83
P Value 0.008 P Value NS
Chi-square 0.000

a,b: values with different superscripts in the same column differ statistically (P < 0.05). NS: Not significant

CS: Cage rearing system, FS: Floor rearing system

Welfare parameters

The effects of the rearing system on the welfare
parameters of broilers are presented in Table 2. The
effect of the rearing system on body feather score
was found not significant, and body feather score was
found similar in both rearing systems (P>0.05). The
effect of the rearing system on plumage cleanliness
score was found significant, and it was higher in FS
than in CS (P<0.01). The plumage was dirtier in FS
than CS group. The effect of the rearing system on
body wound, HB, and GS was found not significant,
and body wound, HB, and GS were found similar in
both rearing systems (P>0.05). The effect of the rear-
ing system on FPD score was found significant, and
there was less FPD in FS than in CS (P<0.001). The
effect of the rearing system on TI duration and induc-
tion number were found not significant, they were
found similar in both rearing systems. But numeri-
cally lower TI duration and induction number were
found in FS than CS group (P>0.05).

Behavioral Parameters

The effects of the rearing system on the general
behaviors of broilers are presented in Table 3. The ef-
fect of the rearing system on the eating and sleeping
behavior of broilers was found significant, and high-
er eating and lesser sleeping behavior were observed
in FS than in the CS system (P<0.05 and P<0.01; re-
spectively). The effect of the rearing system on the
drinking, walking, standing, and sitting behavior of
broilers was found not significant, these behaviors of
broilers were found similar in both rearing systems
(P>0.05).

Also in the study, the effect of daytime on the gen-
eral behaviors of broilers was found not significant
(P>0.05); except for the eating and sleeping behaviors
of broilers (P<0.001 and P=0.058; respectively). The
higher eating behavior was observed in the morning
and higher sleeping behavior was observed at noon
and in the afternoon. In the study the effect of age on
the general behaviors of broilers was found not signif-
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icant (P>0.05); except for walking behavior (P<0.01),
higher walking behavior was observed at 4th weeks
of'age (P<0.01) (Table 3).

The effect of the rearing system on the comfort
behaviors of broilers is presented in Table 4. The
scratching and wing clap-body shake behaviors of

Table 2. Effects of rearing system on broilers welfare parameters

broilers were significantly different among rearing
systems, and higher scratching and wing clap-body
shake behavior were observed in FS than in the CS
system (P<0.01 and P<0.05; respectively). The wing-
leg stretching and feather maintenance behaviors of
broilers were found similar in both rearing systems
(P>0.05).

Feather score! CS FS P - Value
Neck 4.00 £0.00 4.00 £0.00 NS
Breast 2.53+£0.55 2.33+£0.53 NS
Vent 2.98 + 0.66 3.13+0.76 NS
Back 4.00 +0.00 4.00 +£0.00 NS
Wings 4.00 £0.00 4.00 £0.00 NS
Tail 4.00 +0.00 4.00 £0.00 NS
Total 21.50 +0.99 2125+ 1.41 NS
Mean 3.58+0.17 3.54+£0.24 NS
Plumage Cleanliness? 1.38+0.81P 1.88 £ 0.882 0.010
Body wound? 0.58 +0.55 0.60 + 0.50 NS
Hock burn? 130+ 0.61 1.20 +0.52 NS
Footpad dermatitis? 2.60 + 0.872 0.95 + 1.32b 0.0001
Gait score” 2.08 + 1.47 1.70 + 1.04 NS
Induction number 1.55+0.76 1.35+0.59 NS
Tonic immobility 205 + 157 170 £ 126 NS

,b: Values with different superscripts in the same column differ statistically (P < 0.05). NS: Not significant
CS: Cage rearing system, FS: Floor rearing system

I NS R N

Table 3. Effects of rearing system on general behaviors of broilers (%) (mean + SEM)

score for feather condition ranged from 1 to 4, with 4 signifying no damage and 1 signifying severe damage.
score for plumage cleanliness ranged from 0 to 3, with 0 signifying clean and 3 signifying very dirty.

score for body wounds ranged from 0 to 2, with 0 signifying no lesions on the body and 2 signifying severe damage.

score for hock burn and footpad dermatitis ranged from 0 to 4, with 0 signifying no lesions and 4 representing severe lesions.
score for gait ranged from 0 to 5, with 0 signifying normal walking and 5 representing incapable walking.

General Behaviors

Eating Drinking Walking Standing Sitting Sleeping
System CS  2628+1.67° 1125+0.80 533+0.81 033+0.16 32.71+2.65 27.94+1.752
FS  33.99+1.678 11324080 677+081 0.56+0.16 33.64+2.65 1827+1.75b
P 0.011 NS NS NS NS 0.003
Time M 3859+2.148 1251+1.08 662092 067020 3249+257 1931+2.13P
N 2600213 1042+1.08 567+092 025+020 31.72+£2.58 23.00+2.12ab
A 2883+214b  1093+£1.08 586+092 042£020 3531£257 27.01+2.132
0.0001 NS NS NS NS 0.058
Week 4 3116£1.70  10.73£0.81 7.94+0.828 050+0.16 33.12+£2.70 20.83+1.76
6th  2011+1.70 11.84+081 4.16+0.820 039+£0.16 3324+£270 2538+ 1.76
P NS NS 0.009 NS NS 0.097

a,b: Values with different superscripts in the same column differ statistically (P < 0.05). NS: Not significant
CS: Cage rearing system, FS: Floor rearing system
M: Morning, N: Noon, A: Afternoon
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Also in the study, the effect of daytime on the
comfort behaviors of broilers was found not signif-
icant (P>0.05); except for scratching and wing-leg
stretching behaviors of broilers (P<0.05 and P<0.001;
respectively). The higher scratching and wing-leg
stretching behaviors were observed at noon and in the
afternoon. The effect of age on the comfort behaviors
of broilers was found not significant, the comfort be-
havior of broilers was found similar in both age peri-
ods (P>0.05) (Table 4).

The effect of the rearing system on the pecking be-
havior of broilers is presented in Table 5. The effect
of the rearing system on spot-pecking behavior was
found significant, and higher spot-pecking behavior
was observed in the FS system (P<0.001). The effect
of the rearing system on pecking each other behav-
ior was found not significant, pecking each other

behavior was found similar in both rearing systems
(P>0.05). The effect of the rearing system on the ag-
gressive pecking behavior of broilers tended to be
significant, and numerically higher aggressive peck-
ing behavior was observed in FS compared to the CS
system (P=0.062).

Also in the study, the effect of daytime on the peck-
ing behaviors of broilers was found not to be signifi-
cant (P>0.05); except for aggressive pecking behaviors
of broilers (P<0.05). The higher aggressive pecking
behavior was observed in the morning. The pecking
each other, and aggressive pecking behavior of broil-
ers were found similar in both age periods (4'[h Vs
6th week; P>0.05). However, the effect of age on the
spot-pecking behavior of broilers tended to be signif-
icant, and numerically higher spot-pecking behavior
was observed at 6th week of age (P=0.061) (Table 5).

Table 4. Effects of rearing system on comfort behaviors of broilers (%) (mean + SEM)

Comfort Behaviors

Scratchin; Wing-leg Stretching  Feather maintenance Wing clap body shake
System CS 0.34 £ 0.91 12.44 +£0.88 16.56 +£0.92 2.35+0.330
FS 4.54+0912 11.49 £0.88 18.22+£0.92 3.38+0.332
P 0.009 NS NS 0.047
Time M 0.07 +1.12b 6.83 +1.15P 18.59 +£1.36 2.83 £0.56
N 433+1.112 16.00 £ 1.154 18.67 £1.36 3.13+0.55
A 2.92 +1.122b 13.07 +1.152 1491 £1.36 2.64 +0.55
0.037 0.0001 NS NS
Week 4th 3.00+0.92 11.83 £ 0.89 18.15+0.93 2.93+0.34
6th 1.88 £0.92 12.11 £0.89 16.63 £0.93 2.80 +0.34
P NS NS NS NS

a,b: Values with different superscripts in the same column differ statistically (P < 0.05). NS: Not significant

CS: Cage rearing system, FS: Floor rearing system
M: Morning, N: Noon, A: Afternoon

Table 5. Effects of rearing system on pecking behaviors of broilers (%) (mean + SEM)

Pecking Behaviors
Spot Pecking Pecking each other Aggressive pecking
System CS 3.48 +0.86° 0.70 £0.31 0.23 +£0.28
FS 10.85 + 0.862 0.35+0.31 1.09 +0.28
P 0.001 NS 0.062
Time M 6.42 £ 0.85 0.74 +0.29 1.42+0.33@
N 7.18+0.86 0.18 +0.29 0.41 +0.33b
A 7.90 + 0.85 0.64 +0.29 0.14 +0.33b
NS NS 0.024
Week 4th 5.83 +0.87 0.92 +0.32 0.80 + 0.29
oth 8.50 +£0.87 0.13+£0.32 0.52+0.29
P 0.061 NS NS

L5 Values with different superscripts in the same column differ statistically (P < 0.05). NS: Not significant

CS: Cage rearing system, FS: Floor rearing system
M: Morning, N: Noon, A: Afternoon
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DISCUSSION

Performance parameters

There were no differences in the body weight of
FS-reared broilers to CS-reared ones in middle and
late age periods but, the final body weight of broil-
ers’ tended to be higher in FS compared to CS sys-
tem. Thus, some authors reported that broilers reared
on a floor system had higher body weight than those
reared in a cage system (Tolon and Yal¢in, 1997;
Fouad et al., 2008; Yan et al., 2021; Zulkifli et al.,
2021), with this, Fortomaris et al. (2007) reported that
there were no differences for cobb 500 strain broil-
ers’ body weight at 28 and 35 days of age on different
housing system (deep litter versus cage system). In
general, body weight gain was found higher in the FS
system than CS system also, body weight gain tend-
ed to be higher in the FS system between 1-42 days
of age. In accordance with our results, some authors
reported that broilers reared on a floor system had
better weight gain than those reared in a cage sys-
tem (Santos et al., 2012; Yan et al., 2021). However,
some studies reported that there were no differences
in body weight gain between broilers reared in floor
systems and cage systems (Swain et al., 2002; Sogun-
le et al., 2008; Wang et al., 2015). Also, Abdel-Azeem
et al. (2020) reported a higher body weight and body
weight gain in the cage system than floor system at
35 days of age. The inconsistency of most of the find-
ings in these studies with each other may be caused by
many factors such as; genotype, slaughter age, cage
system type, housing type, litter materials, density,
and climatic environment in the housing.

There were no differences in feed consumption
and cumulative feed consumption of FS-reared broil-
ers to CS-reared ones in middle and late age periods.
Similar to our results there was no difference in feed
intake of broilers reared in cage or floor systems re-
ported by several others (Swain et al., 2002; Fortom-
aris et al., 2007; Ebrahim et al., 2013; Wang et al.,
2015; Abdel-Azeem et al., 2020). However, a high-
er feed intake in broilers reared on the floor system
than in the cage system was also reported by (Fouad
et al., 2008; Yan et al., 2021; Zulkifli et al., 2021).
Sogunle et al. (2008) reported that higher feed intake
for Anak titan strains of broilers reared in the cage
than in the floor system. FCR was found better in FS-
reared broilers than in CS-reared ones at 1- 42 days
of age period. Similar to our results Sogunle et al.
(2008) for Anak titan strains of broilers, and Santos
et al. (2012) reported that broilers reared in floor sys-

tem had better feed conversion ratio than those reared
in cage system. However, caged broilers had a better
feed conversion ratio than floor-reared ones reported
by several authors (Abdel-Azeem et al., 2020; Zulkifli
et al., 2021). And, there were no differences for cage
and floor rearing systems on FCR in broilers reported
by (Ebrahim et al., 2013; Wang et al., 2015; Yan et
al., 2021).

There were no differences in the mortality ratio of
FS-reared broilers to CS-reared ones. Similar to our
results some researchers reported that there was no
difference in the mortality ratio of broilers reared be-
tween floor systems and cage systems (Fouad et al.,
2008; Sogunle et al., 2008; Wang et al., 2015; Yan
et al., 2021; Zulkifli et al., 2021). In contrast to our
findings, Thamilvanan et al. (2001) and Abdel-Azeem
et al. (2020) reported that a higher survival rate was
found in cage reared system when compared floor
reared system.

Performance index is a metric parameter that in-
dicates the rate of success rate of maintaining broiler
chicken production output over time. This parameter
is one of the criteria taken as a standard in broiler
production (Farida et al., 2022). A higher productiv-
ity index was found in the FS system than CS sys-
tem. Similar to our findings Santos et al. (2012) re-
ported that floor reared system had better production
efficiency than cage reared system. However, Ab-
del-Azeem et al. (2020) reported a higher European
performance efficiency index in cage-reared systems
than in floor-reared systems. As a matter of fact, in
the current study, the slaughter age was determined
as 42 days, but it is observed that there is a decrease
in the movements due to the increased body weight
and limited space in the cage system group as the age
progresses, and accordingly, there is a decrease in the
performance parameters. For this reason, it may be
recommended to prioritize the early slaughter age for
in cage production systems.

Welfare parameters

Caged broilers were frequently linked to welfare
issues such as feather loss, low bone strength, and
restrictions on normal behavior (Shields and Gre-
ger, 2013). In the study, there were no differences
in body feather score and body wound score in both
rearing systems. However, according to Edens et al.
(1999), floor raised broilers had superior feather con-
ditions than those raised in cages. And also Wang et
al. (2021) reported that the feather quality of yellow
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feather broilers was better in the floor system than in
the cage system. The plumage cleanliness score was
higher in the FS system and it was dirtier in the FS
than CS group. This is due to the fact that the birds
are in constant contact with manure and litter in the
ground-rearing system.

Poor litter quality in floor pens may increase the
incidence of pododermatitis and hock burn in broil-
ers (Berg, 2004). In the production of broilers, hock
burns and footpad dermatitis (FPD) are both signif-
icant welfare factors that cause pain (Shepherd and
Fairchild, 2010; Bassler et al., 2013). There were
no differences in HB scores in both rearing systems.
However, the FPD score was lower in the FS than
in the CS group. The FPD lesions were in the initial
stages, thus, the score values were quite low (2.60 +
0.87 in CS and 0.95 = 1.32 in FS). As a matter of fact,
footpad dermatitis manifests itself as small erosions
and skin discoloration in the early stages, while in the
advanced stages, it is seen as areas of inflammation
and necrosis on the epidermis and dermis of the toes
and foot (Micheal et al., 2012). Gait and skeletal ab-
normalities have been linked to inactivity (Thorp and
Duff, 1988). Thus, according to Fouad et al. (2008),
cage-raised broilers were more prone to gait issues,
leg deformities, and reduced walking ability than
floor-raised ones. The lameness - GS was found sim-
ilar in both rearing systems, but a numerically lower
gait problem was found in FS than in CS. Thus, these
findings were also associated with good litter quality
throughout the study. However, Wang et al. (2021) re-
ported that rearing systems (floor versus cage) not af-
fected gait scores of yellow feather broilers. The wire
floors might be stressed or bother the caged broilers,
which might lead to weaker legs (Fouad et al. 2008).
However, according to Zulkifli et al. (2021) incidence
of foot pad dermatitis on broilers was negatively im-
pacted by the floor system.

According to Jones (1997), fear is a potent and
harmful stressor as well as an unwelcome condition
of suffering. The environment in which birds live can
alter tonic immobility length as a measure of fear
(Bilcik et al., 1998). Thus, Fouad et al. (2008) report-
ed that broilers reared in cages were more afraid than
those reared on floors. In the study, TI duration and
induction number were found similar in both rearing
systems; but numerically higher TI duration and in-
duction number were found in CS than in FS. Simi-
lar to our findings Zulkifli et al. (2021) reported that
there was no difference in TI duration of the broiler

in both rearing systems but, the number of inductions
was higher in the cage system than in the floor system.
A higher tonic immobility duration is reasonable to
assume that there is a higher level of stress in caged
birds and thus lower welfare in poultry in caged sys-
tems. Thus, El-Kazaz (2018) reported that broilers
showed a higher tonic immobility duration in the cage
system than the floor system.

Behavioral parameters

The higher eating and aggressive pecking be-
haviors were observed in the morning. The higher
sleeping, scratching, and wing-leg stretching behav-
iors were observed at noon and in the afternoon. In
general, the birds show feeding activity and related
locomotor activity behaviors in the cool hours of the
morning, and in the hot hours of noon, and later they
are busy with maintenance, resting, and comfort be-
haviors.

The higher walking behavior was observed at 4th
week of age. Similar to our results Fortomaris et al.
(2007) reported that walking decreased with age in
broilers. The eating, drinking, standing, sitting, sleep-
ing, comfort behaviors, and pecking behaviors of
broilers were found similar in both age periods. In
broilers, increasing body weight with age resulted in
a decrease in locomotor activity.

Environmental and husbandry circumstances have
been discovered to be extremely crucial aspects of
chicken production since they directly affect chick-
en behavior (El-Deek and El-Sabrout, 2019). The
higher eating behavior was observed in FS than in
CS. Similar to our findings Fouad et al. (2008) and
El-Kazaz (2018) reported that higher feeding behav-
ior was observed in the floor system than cage system
in broilers. There were no differences in the drinking,
walking, standing, and sitting behavior of broilers in
rearing systems. Similar to our results Fortomaris et
al. (2007) reported that there were no differences in
walking and immobility (sitting, lying, or sleeping)
behaviors of broilers reared in deep litter and cage
housing systems. However, El-Kazaz (2018) reported
that higher drinking, walking, and crouching behav-
iors were observed in the floor system than cage sys-
tem. Also; contrary to our findings, Sosnowka-Cza-
jka and Muchacka (2005) reported that cage-reared
broilers were less lying than floor-reared broilers, and
Fouad et al. (2008) reported that standing and drink-
ing behaviors more often in cage-reared broilers than
floor reared ones. Birds housed in cages generally ex-
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hibit inferior behavioral patterns since they are unable
to move around due to the tiny surface area availa-
ble and the low height of the cages (Hansen, 1994).
Thus, compared to floor-reared broilers, caged broil-
ers showed more sleeping behavior. We hypothesized
that caged broilers did not have a chance to walk or
stand on the wide-area due to limited cage space and
they spent most of their time lying and sleeping. In
fact, this behavioral situation of caged birds may also
indicate that they were in a stressful environment.

Tolon and Yal¢in (1997) reported that the differ-
ences in the wing bones of broilers to the inability of
birds to perform normal wing-related behaviors such
as flapping their wings in the cage environment. Thus,
higher wing clap-body shake behavior was observed
in FS than in CS. The higher scratching behavior was
observed in FS than in CS. Raising the birds in cag-
es may prevent them from showing their natural be-
haviors such as scratching and dust bathing (Shields
and Greger, 2013). However, during to study another
comfort behavior of dust bathing behavior was not
observed in both rearing systems.

There were no differences in wing-leg stretch-
ing and feather maintenance behavior of broilers in
rearing systems. Contrary to our findings, El-Kazaz
(2018) reported that higher wing stretch, leg stretch,
and wing & leg stretch behavior were observed in
the cage system than floor system. Fortomaris et al.
(2007) reported that a higher preening behavior was

observed in the deep litter system than cage system.

Fouad et al. (2008) reported that higher pecking
behavior was seen in floor-reared broilers than cage
cage-reared ones. Compared to caged broilers, floor-
reared broilers exhibited more spot-pecking behavior.
There were no differences in pecking each other and
aggressive pecking behavior of broilers in rearing
systems. But, numerically higher aggressive pecking
behavior was observed in FS than in CS. Fortomaris
et al. (2007) reported that there were no differences in
the pecking behaviors of broilers in different housing
systems (deep litter versus cage system), but they also
reported that aggressive behavior was higher in broil-
ers reared in deep litter than cage-reared ones.

CONCLUSIONS

Companies that produce cage systems for broilers
claim to have generally overcome problems with leg
and carcass defects. However, our study has demon-
strated that the floor-rearing system appeared to be
more beneficial for body weight gain, feed conversion
ratio, incidence of foot lesions, and locomotor activ-
ity in broilers. Raising broilers on floor systems im-
proves broilers’ performance and welfare compared
to caged broilers.
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