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Effect of Perch Cooling and Litter Thickness on Leg Health

and Bone Characteristics in Broilers
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ABSTRACT

The study was aimed at assessing the leg health variables (footpad dermatitis, hock
burn, tibial dyschondroplasia, gait score), tarsometatarsus asymmetry, and physical
properties of tibiatarsus of broilers reared with perch application and different litter
thicknesses. A total of 459 one-day old Ross-308 broiler chicks were allocated into 27
pens, each containing 17 chicks, in a 3 (perch treatments)x 3 (litter treatments)
experimental design with three replications. The position of both cooled and non-cooled
perches was set to make animals pass over the perch for feeding and drinking. The perch
temperature was set to 10°C for cooled perches while litter thicknesses were 1, 7, and 14
cm. Results showed that cooled perches decreased the severity of footpad and gait score,
and tibial dyschondroplasia in broilers. Footpad dermatitis and hock burn score
decreased in broilers reared at 14 cm litter. It was determined that the length and width
of tarsometatarsus at 42 day of age was increased in cooled perch and 1 cm litter group.
Tibia length and robustness index in cooled perch group was found higher than those in
non-cooled and no-perch groups. The perch application has no effect on the weight-length
and tibio-tarsal indexes. Tibia lengths in 1 cm (103.81 mm) litter thickness group were
higher than in both 7 and 14 cm groups. The bones from 1 cm litter thickness group were
found heavier (21.55 g) than in 7 cm litter group. These results indicated that cooled
perch and 14 cm litter thickness has a beneficial effect on broilers’ well-being in hot
weathers.
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INTRODUCTION

Intense genetic selection and strict
management practices have led to a fast gain
of muscle weight and this excessive load on
tibial bones makes them prone to various
disorders (Charuta et al., 2011; Azizian et
al., 2013). The strength of leg bones is not
only genetically determined but it also
depends on the sex, age, health, nutrition,
and environment (Rath et al., 1999; Cook,
2000; Mabelebele et al., 2017; Karaarslan
and Nazligul, 2018; Kwiatkowska et al.,
2018; Suzer et al., 2019). Intensive genetic
selection may have increased the broilers

sensitivity to heat stress. In a previous study,
it was demonstrated that broilers exposed to
acute heat stress and decreased feed intake
(FI) had a physiological response in order to
decrease metabolic heat production and to
maintain body homeostasis, which resulted
in a significant decrease in Body Weight
(BW) (Mello et al., 2015). In this context,
cooled perch usage is attracting attention as
a new alternative system in hot weathers. Hu
et al. (2016) determined that cooled perches
reduced thermoregulatory behaviors during
heat stress, but did not affect BW, FI, and
physiological traits in laying hens reared at
ambient temperature imposed during the
study.
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Broiler chickens are generally reared on
floors covered with litter, and birds spend
most of their lifetime in contact with litter.
Therefore, litter thickness on floors is
another important factor that affects broilers’
welfare and performance (Nagaraj et al.,
2007). Shao et al. (2015) found that broilers
reared on thicker litter scored better on hock
swelling and Footpad Dermatitis (FPD).
Broiler chicken welfare audits generally
include leg health problems such as FPD and
Hock Burn (HB), Tibial Dyschondroplasia
(TD), and lameness [as defined by Gait
Score (GS)], and asymmetry [Fluctuating
Asymmetry (FA)] and relative Fluctuating
Asymmetry (rFA) (Cook, 2000). The rFA
provides information on the level of
responses of birds to non-optimal
environmental conditions. The genetic and
environmental stress factors may also
increase the asymmetry of bilateral traits in
poultry species (Yalcin et al., 2003).
Kaukonen et al. (2017) recently assessed leg
health of broilers to gait scoring, as the
presence and severity of TD, and as bone
ash and mineral contents.

This study was designed to determine the
effects of litter thickness and the provision
of a perch cooling on leg health parameters,
asymmetry of tarsometatarsus (FA and rFA
of tarsometatarsus), and physical properties
of tibiatarsus (the weight, length, diameter,
Robustness Index (RI), and weight-length
index, tibio-tarsal index, total, medullar and
cortical areas, moment of inertia,
Mediolateral (ML) and Craniocaudal
(CrCau) cortical thicknesses) within the
scope of welfare in broilers. Besides, the
correlations among live BW and bone
properties in broilers were also investigated.

MATERIALS AND METHODS
Birds and Husbandry

This study was conducted at the Poultry
Breeding Unit of the Department of Animal
Science, University of Adnan Menderes,
Aydin. The climate during the period of
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study was characterized by dry to hot
season. Aydin district is situated at 37° 51
27" N latitude and 27° 51 14" E longitudes
with an altitude range between 50-200 m
above sea level. Aydin has the
Mediterranean  climate  (Kirmaci and
Agcagil, 2009). A total of 459 one-day-old
Ross 308 male broiler chickens were
purchased from a local commercial
hatchery. Broiler chicks were randomly
assigned to perch and litter thickness
treatments with three replications with 3x3
factorial arrangement of 3 perch treatments
(no perch, non-cooled perch i.e. the same
temperature with the ambient temperature,
and cooled perch) and 3 litter thickness
treatments (1, 7, and 14 cm litter thicknesses
of pine wood shavings). Chicks of each
treatment were placed in separate floor pens
(in a total of 27 pens (3x3= 9 main groups,
9x3 Replicates= 27 pens)) measuring
110x%150 cm, widthxlength, respectively. A
total of 27 pens were settled in the same
room. All chicks were fed with complete
diets (1-14 days; 3,050 kcal ME kg™, 23.5%
crude protein, 15-28 dayd; 3,150 kcal ME
kg', 22% crude protein, and 29-42 days;
3,200 kcal ME kg, 21% crude protein).
Feed and water were ensured ad libitum
throughout the study. According to the
recent EU guidelines (EU Council Directive,
2007), photoperiod lengths were applied
24:0 (L:D) from 1 to 7 days, 18:6 (L:D)
from 8 to 39 days, followed by 24:0 (L:D)
from 40 to 42 days. The brooding
temperature was 34°C for the first 3 d and
was reduced gradually to around 30°C at 1
week of age. Then, all the birds were
subjected to ambient temperatures, which
were recorded daily. The humidity varied
from 50 to 60%. The experiment lasted for
42 days.

Experimental Design

Before conducting the experiment, ethical
clearance was obtained from the Institutional
Animal Ethics Committee of Adnan
Menderes University (File No:
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64583101/2017/049). In terms of perch
application, 18 galvanized steel perches (110
mm length and 30 mm in diameter) were
horizontally attached 10 cm above the pen
litter as experimental design. For the
motivation of birds, the position of both
cooled and non-cooled perches was set to
make chicks to pass over the perch for
feeding and drinking (Figure 1). However,
in two weeks of their life, because of their
small bodies, all chicks had a chance to
reach drinkers and feeders without passing
over the perches. For cooling treatment, 9
out of the 18 perches were connected to the
water cooler (Cihso 2000, Cihan Cooling
Ltd. Co., Turkey), which cooled the water to
10°C and circulate 5 L min™ through the
pipes. Water temperature in cooled perches
was kept between 9.8-10.2°C by
thermosensors and controlled twice daily
with gauges installed in the system. Because
of the height of the pen ceiling (4.0 m), there
was a little possibility that cooling perches

533

Figure 1. Schematics of pen with perch layouts (non-cooled and cooled perch): d= Drinker, f= Feeder, p= Perch.

cooled the pen at the same time. Chickens
were exposed to perches from 1% day, and
the cooling process was initiated on the 14"
day and lasted until end of the experiment.

Traits Measured

At 42 day, for each pen, seven randomly
selected broilers (a total of 189 broilers)
were assessed for FPD, HB and GS (Welfare
Quality®, 2009). The FPD was assigned to 0
of 4 scores: 0= Footpads with no visible
lesions, 1 and 2= Footpads with mild
superficial lesions, 3 and 4= Footpads with
severe ulcerative lesions. HB mild
superficial lesions (score 1 and 2) were
judged having no trouble or disorder and
were combined with category 0 (not
affected). The ulcerative lesions (score 3 and
4) were assigned as a painful condition. Gait
score was determined by using the 0-to-5
scale (0: Excellent gait and 5: Deficiency
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stand). Also, same birds were used for the
measurement of claw length, FA and rFA of
tarsometatarsus. Additionally, selected birds
were weighted individually for live BW.
Length and width of the left and right
tarsometatarsus were measured with a digital
caliper for calculation of FA and rFA of
tarsometatarsus length and width (Moller et
al., 1999). FA was defined as the absolute
difference between the Left (L) and Right
(R) tarsometatarsus. The rFA was obtained
by dividing FA with the mean of length and
width of L and R tarsometatarsus. Mean rFA
was defined as the mean rFA of the
tarsometatarsus different traits (Moller et al.,
1999). Claw length was measured with a
digital caliper. Chickens randomly selected
for leg health variables, GS, and symmetry
measurements were checked for TD and
physical properties of tibiotarsus when
slaughtered by cutting the jugular veins at 42
days of age. Left tibias were collected,
surrounding tissues were dissected, tibia
bones were weighed, and stored at —20°C
until analysis. The head of the tibiotarsal
bone was cut with a sharp knife horizontally
from the midpoint on proximal tibiotarsus,
and scoring the amount of cartilage tissue on
the cut (0= No cartilage, 1= Some to one
third of the cut with cartilage, 2= From a
third to half of the cut with cartilage, 3=
More than a half of the cut consisting of
cartilage) (Moller et al., 1999). Tibia bone
weight was measured by using 0.01 ¢
sensitive digital scale (Scaltec, SBP 52,
Germany). Other physical properties of tibia
bones i.e. tibia weight, tibia length, the
medullar canal (intracortical) and diaphysis
(extracortical) diameters were measured
using a digital caliper (Mitutoyo, Model:
CD-15CP, Code: 500-181 U, Japan).
Robustness index, weight-length index, and
tibio-tarsal index were calculated as
described by Kara (2002). The RI
(Robustness Index): Bone length/cubic root
of bone weight, Weight-length index: Bone
weight/bone length (mg mm™), and Tibio-
tarsal index (Cortical index) (%):
[(Diaphysis diameter-Medullar canal
diameter)/Diaphysis diameter]x100 were
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calculated. In this study, the area values
were calculated according to Vitorovic et al.
(2009). Also, the cross section of the bone
was accepted as a hollow ellipse and the
moment values of inertia were calculated
according to Lopez and Markel (2000). TA-
Total area (cross sectional diaphyseal area)=
/4 (DDcrcayDDwmi), MA-Medullar area
(cross sectional medullar canal area)= n/4
(MD¢icauXMDy), CA-Cortical area (cross
sectional medullar canal area)= TA-MA, and
I-Moment of inertia= /64
[(DDMLXDDCrCaug)'(MDML MDCrCauS)]-

Broiler chicken behaviors were evaluated
by using a video recording program. Daily
perching behaviors of birds were monitored
and recorded with this program from the day
of 22 to 42 with cameras that were placed on
the top of each pen. In this assessment, if the
bird was standing, sitting, or walking with
both feet on the perch and staying at least 2
s, it was defined as perching behavior (Zhao
et al., 2013). However, if the chicken was
not perching, but was in physical contact
with the perch (perch-contacting), these
animals were evaluated as animals being in
contact with the perch. No perching and
perch-contacting behaviors were accepted as
other behaviors (e.g. eating, drinking,
walking, and resting on the floor).

Statistical Analyses

Data were analyzed using the Statistical
Package for the Social Sciences for
Windows (SPSS) 22.0 (SPSS Inc, Chicago,
IL. USA). Analysis of variance was
performed with GLM procedure to reveal
the effects of cooled perch and litter
thickness on footpad and hock health, GS,
TD, FA and rFA of tarsometatarsus, claw
length, physical properties of tibiotarsus, and
tibia robustness, weight-length, and tibio-
tarsal indexes. The interaction among perch
and litter thickness was not significant for
the investigated traits and, therefore, it was
excluded from the analysis. Comparisons
among subclass means were carried out by
Duncan’s multiple range test. FPD, HB, GS,
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Figure 2. Tibia bones without TD lesion (A; Score 0), with mild TD lesion (B; Score 1), and severe TD lesion
(C; Score 2).

and TD scores were square root transformed,
and significant values were calculated using
square root transformed data. Chi-square test
was performed for perching behaviors. The
correlations between live BW and tibia bone
properties were calculated using the Person's
correlation coefficients.

RESULTS

In the study, maximum average diurnal
temperatures in the house was 33.4°C from
3 to 6 weeks of age, daily mean ambient
temperature ranged from 30.4 to 31.9°C, and
maximum diurnal ambient temperatures
were in the range of 31.4 to 34.2°C for dry
bulb in the house from 3 to 6 weeks of age,
which are characteristic for Aydin region in
Turkey. The effects of perch and litter
thickness in broilers on FPD, HB, GS, and
TD scores and claw length, measurements of
tarsometatarsus are represented in Table 1.
Perch had a significantly positive effect on
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FPD, GS, and TD (Table 2). The provision
of a perch cooling reduced the score and
severity of TD in broiler chickens (P< 0.01)
compared to those without perch and non-
cooled perch (Figure 2). Tarsometatarsus
length and width was greater (P< 0.05) in
broiler chickens subjected to the cooled
perch compared to no perch. However, there
was no effect of perch on the FA and rFA of
the tarsometatarsus. Tibia length and RI
were measured higher in the cooled perch
group than no perch and normal perch
groups (P< 0.001) (Table 2). The weight and
length of tibia and RI were found the highest
in 1 cm litter thickness group. The litter
thickness had no statistically significant
effect on the medullar canal and diaphysis
diameters of tibia, weight-length index, and
tibio-tarsal index. The effects of perch and
litter thickness in broilers on total area,
medullar area, cortical area, the moment of
inertia, ML cortical thickness, and CrCau
cortical thickness of tibiotarsus are
represented in Table 3. The increase in total
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Table 3. Effects of perch and litter thickness on total area, medullar area, cortical area, the moment of inertia,
ML cortical thickness, CrCau cortical thickness of tibiotarsus in broilers.?

[ Downloaded from jast.modares.ac.ir on 2024-11-10]

[ DOR: 20.1001.1.16807073.2021.23.3.6.3 ]

Treatment main Total area Medulla Cortical area Moment of ML cortical  CrCau cortical
effects r area inertia thickness thickness
Expected mean (u) 52.52 19.62 32.90 153.17 1.92 131
Perch treatment
No perch 51.272 18.962 32.04 144.81% 1.88 1.29
Non-cooled perch 51.77% 19.23%® 32.80 148.20° 1.92 1.30
Cooled Perch 54.52° 20.66° 33.86 166.49° 1.95 1.33
Litter thickness
lcm 52.881 20.312 32.569 155.818 1.879 1.275
7cm 52.381 18.950 33.432 150.401 1.984 1.330
14 cm 52.307 19.600 32.708 153.286 1.890 1.318
SEM 0.58 0.32 0.74 3.71 0.03 0.02
Treatment effects
Perch 0.042 0.048 0.290 0.039 0.524 0.773
Litter thickness 0.909 0.228 0.728 0.837 0.187 0.618

area and the cortical area was 6%, the
medullary area was increased by 9%, and
the cortex thickness increased by only 3% at
both axes. In addition, the lengths, areas and
diameters of the bones showed alterations as
no perch< non-cooled perch< cooled perch.
The largest values were observed in the
cooled perch group while the smallest values
were seen in the no perch group. Although
there was no statistical difference, cross-
sectional parameters increased with the
increase in litter thickness. It is noteworthy
that the length of the tibia and the medullar
diameter were found largest at the 1 cm
height of litter and the smallest on the 7 cm
thick litter. The RI, which is an index based
on diameter and length, showed similar
results.

In this study, perching frequency in non-
cooled and cooled perch treatments were 7.5
and 5.3%, respectively. However, the perch-
contact frequency was greater in the cooled
perch group (39.2%) than non-cooled perch
(13.7%) at 6 weeks of age (y2= 882.980, df=
2), (P< 0.001). The frequency of perching
increased in broiler chickens subjected to 1
cm litter thickness in comparison with those
subjected to 7 and 14 cm litter thickness (7.9
vs. 5.4% and 1.5%) at 6 wk. The perch-
contacting frequency was higher (P< 0.001)
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® Data presented as the least square means. SEM: Standard Error Mean; ML: Mediolateral, CrCau: Craniocaudal.
(a-b) Values with different superscripts in a column differ significantly (P< 0.05).

in broiler chickens subjected to the 14 cm
litter thickness (59.1%) compared to 1 and 7
cm litter thicknesses (25.2 and 35.4%,
respectively) (y2= 294.764, df= 2), (P<
0.001). In this study, live BW had generally
highly significant (P< 0.01) positive
correlations with length and thickness of
tarsometatarsus, weight, length, medullar
and diaphysis diameters of the tibia, and
weight-length index (0.388, 0.434, 0.721,
0.577, 0.194, 0.387, and 0.594,
respectively). However, low, positive and no
significant correlations were shown between
live BW and RI (0.074) and tibio-tarsal
index (0.089).

DISCUSSION

In this study, results revealed that perch
cooling resulted in decreased FPD and GS
and TD conditions. In a study about the
effect of perches and platform on leg health,
Kaukonen et al. (2017) reported better GS
for birds with access to platforms. Zhao et
al. (2012; 2013) reported that cooled perch
decreased the incidence of FPD and HB and
improved welfare. It was determined that
non-cooled perches increased these lesions
and affected welfare, therefore, perch type is
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quite important. These results were similar
to other studies performed with a different
type of perches by Pettit-Riley and Estevez
(2001), Ventura et al. (2010), and Bailie and
O’Connell (2015). This can be explained by
the fact that the use of cooled perch
decreased foot and leg disorders, indicating
improved bird’s welfare. It can be also said
that perch cooling would increase the perch-
contact frequency, and bird’s welfare.
Accordingly, our findings suggest that poor
leg health could be increased with
decreasing litter thickness. Another study
has reported similar results that the best
scores occur in pens with 12 cm of litter
(Shao et al., 2015). Haslam et al. (2007) and
Shao et al. (2015) reported that broilers
reared on thicker litter had lower FPD, HB,
hock swelling and breast blister scores.
Previous research has shown that high litter
moisture increases the score of footpad
lesions (Dozier et al., 2006). It was thought
that there was a developing trend in foot and
leg lesions related to decreasing litter
thickness. When broilers had prolonged
contact with thinnest litters, their feet health
was affected and increased sensitivity to
litter thickness, which could probably
increase footpad and hock scores.

In this study, average tarsometatarsus
length and width was affected by the perch
and litter thickness. Likewise, Bizeray et al.
(2002) reported birds maintained in pens
provided with barriers had wider tibias
compared with the controls. Length and
width of tarsometatarsus of birds reared
under the cooled perch were significantly
longer and wider than the no perch birds.
Cooled perches had a beneficial effect on
FA and rFA of tarsometatarsus, suggesting
that greater FA and rFA of tarsometatarsus
may serve birds to maintain developmental
stability under the environmental stress
factors. Perch and litter thickness did not
have statistically significant influence on the
FA, rFA and mean rFA of tarsometatarsus
length and width and claw length. Similarly,
Ventura et al. (2010) found that the
difference in the level of FA and rFA
between barrier perch groups (simple,

JAST

539

complex, and no barriers (control)) were not
statistically significant. In contrast, Moller et
al. (1999) reported that environmental
factors (e.g. inadequate food intake, poorer
health and diseases, stocking density, and
photoperiod) increased levels of rFA in the
chickens. Moller et al. (1999) also indicated
that rFA was positively related to the
increasing score of TD and GS and thus may
ensure lameness sign.  In  the  present
study, the TD score of broilers reared under
the cooled perch was significantly lower
than the non-cooled and absence of perches
birds. Similarly, Kaukonen et al. (2017)
reported a significant decrease in the
incidence and severity of TD in broiler
chickens subjected to platform-equipped
houses. On the other hand, some studies
reported that different perch treatments did
not significantly affect the TD score in
broilers (Bizeray et al., 2002; Tablante et al.,
2003). It is suggested that perch cooling can
help to improve leg health as an indicator of
welfare in broiler chickens.

The physical inspection of tibia revealed
that broilers in cooled perch groups had
heavier, longer, and wider in diameter tibia
bones than non-used and non-cooled perch
counterparts, while perch cooling has a
significant effect on tibia length but not
significant effect on tibia weight,
medullar canal and diaphysis diameters.
Similarly, Tolon and Yalcin (1997) reported
that caged systems did not affect tibia weight.
Gonzalez-Ceron et al. (2015) reported the
weight, length and diameter of the tibia as
13.14 g, 100.26 mm and 7.49 mm for
Arkansas random-bred chicken population,
respectively. In another study, Harvey et al.
(2015) reported that average tibia length at
the 42™ day was 120.0 mm for the control
group in broilers. Kwiatkowska et al. (2018)
also reported the range of tibia length and
weight as 110.5 mmto 112.1 mm and 21.91 g
to 23.45 g, respectively, in a study on the
effect of Fe-Glycinate chelate in the diet for
broiler chickens. However, the same results
were not obtained for tibia weight (18.0 g)
and diameter (10.9 mm). Rath et al. (1999)
reported that diaphyseal diameter was 8.50


https://dorl.net/dor/20.1001.1.16807073.2021.23.3.6.3
https://jast.modares.ac.ir/article-23-33961-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-10]

[ DOR: 20.1001.1.16807073.2021.23.3.6.3 ]

L

Dereli Fidan et al.

and 7.49 mm for male broilers at the 7" week
of age. In the present study, tibia length was
affected by the perch treatment. Our results
suggested that bone development was
significantly affected by the housing system
because the chickens were kept in cooled
perch, so, they had better growing condition.
In terms of the physical properties of the tibia,
it can be said that if the bone length continues
to grow without the increase in bone width,
this could make bones prone to breakage. In
the present study, Rl was greater in broilers
subjected to cooled perch compared to no-
perch and non-cooled perches. There were no
effects of perch treatment on weight-length
and tibio-tarsal indexes. Mabelebele et al.
(2017) reported the RI and weight-length
index as 4.35-254.84 for male, respectively.
The difference between the two studies could
arise from the age of animals. Similar to the
results of this study, Karaarslan and Nazligul
(2018) reported that perch usage had no
significant effects on the weight-length index
(189.0 for perch, 186.89 for non-perch). In
addition, they reported that perch usage had no
significant effects on RI (4.10 for perch, 4.11
for non-perch). Yildiz et al. (2003) suggested
that significant differences were observed in
cortical areas of the humerus between caged,
aviary, perchery and litter housing systems.
That study stated the larger cortical area in
aviary, perchery and litter was caused by the
greater activity of birds in these housing
systems. Reiter and Bessei (1995) also
reported that active birds had a thicker and
denser cortical bone in the tibiotarsus than less
active controls. Siizer et al. (2019) reported
that there was no significant difference in
terms of the cortical area among housing
systems, whereas fast-growing broilers had
significantly larger cortical area than slow-
growing broilers. However, similar movement
possibilities of the chickens in experimental
housing systems did not significantly affect the
tibio-tarsal index (bone cortical development).
In Church and Johnson (1964) studies, the BW
in chickens showed a significant increase from
4-5 to 15-16 weeks of age. They also stated
that the development of tibia was quite fast in
the first three weeks. The growth plate of the
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tibia in the proximal region closed at the age of
18 weeks, and the growth plate in the distal
region closed at the 14" week of age, while the
diameters of the bone in the mid-shaft
increased at similar periods with the
elongation of the bone. Thus, it is seen that the
tibia grows both in length and diameter in a
similar time span. In this study, animals were
weighed because they were euthanized on day
42 and, according to the Church and Johnson
(1964) study, bone growth continues as the
growth plate is not yet closed in the bones on
the 42™ day. Besides, there is a positive
correlation between the BW, the bone weight
and the morphometric characteristics. The
weights of the bones differ in both groups of
the perch and the litter thickness groups. In
parallel to this, the length and diameter of the
bones also showed similar differences.

There are some limitations in this study. The
most important one is that only the robusticity
index was used to calculate the bone strength.
Therefore, it could not be discussed in detail. It
needs application of mechanical testing
techniques for the exact measurement of bone
strength. In this study, the bone weight was
highest in the groups of cold perch and the
group having 1 cm litter thickness.
Furthermore, the bone length and diameter
values were the largest in the same groups.
The primary role of the long bones is to bear
skeleton loads (Van Der Meulen et al., 2001).
In order to compensate for the bone load, it
increases in diameters (Masse et al., 2003).
Thus, structural integrity is ensured by
increasing the dimensions of the bone (Van
Der Meulen et al., 2001). Mabelebele et al.
(2017) stated that if bone length grows and
continues to grow without increasing bone
width, susceptibility to increased leg health
problems in animals would increase.

CONCLUSIONS

In conclusion, perch cooling was very
beneficial for FPD, GS, and TD in broilers.
The thicker litter reduced the development
of FPD and HB. The results indicate that 14
cm litter thickness has a favorable effect on
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leg health of broilers reared at high
temperatures. It can be said that if litter
thickness was set properly, perch application
and perch cooling have great advantages for
the motivation of fast growing broilers for
activity, which are prone to bone disorders.
It can be also said that the morphometric
properties of the bone were much more
affected by the litter than the perch
characteristics. Potential beneficial effects
on Dbirds’ welfare status and bone
morphometric properties of cooled perch in
broilers raised in thicker litter need to be
further investigated.

ACKNOWLEDGEMENTS

The authors would like to thank the Adnan
Menderes University Research Foundation
(ADU-BAP) for financial support of this
work (grant number VTF 17-053).

REFERENCES

1. Azizian, M., Rahimi, S., Kamali, M. A,
Karimi Torshizi, M. A. and Zobdeh, M. R.
2013. Comparison of the Susceptibility of
Six Male Broiler Hybrids to Ascites by
Using Hematological and Pathological
Parameters. J. Agr. Sci. Tech., 15: 517-525.

2. Bailie, C. and O’Connell, N. 2015. The
Influence of Providing Perches and String
on Activity Levels, Fearfulness and Leg
Health in Commercial Broiler Chickens.
Animal, 9: 660-668.

3. Bizeray, D., Estevez, I., Leterrier, C. and
Faure, J. M. 2002. Influence of Increased
Environmental ~ Complexity on  Leg
Condition, Performance and Level of
Fearfulness in Broilers. Poult. Sci., 81: 767-
773.

4. Charuta, A., Dzierzecka, M., Majchrzak, T.,
Czerwinskie, E. and Cooperrr, G. 2011.
Computer-generated Radiological Imagery
of the Structure of the Spongious Substance
in the Postnatal Development of the Tibio-
Tarsal Bones of the Peking Domestic Duck
(Anas platyrhynchos var. domestica). Poult
Sci., 90: 830-835.

5. Church, L. E. and Johnson, L. C. 1964.
Growth of Long Bones in the Chicken:

JAST

541

10.

11.

12.

13.

14.

15.

Rates of Growth in Length and Diameter of
the Humerus, Tibia, and Metatarsus. Am. J.
Anat., 114: 521-538.

Cook, M. E. 2000. Skeletal Deformities and
Their Causes. Poult. Sci., 79: 982-984.
Dozier, W. A., Thaxton, J. P., Purswell, J.
L., Olanrewaju, H. A., Branton, S. L. and
Roush, W. B. 2006. Stocking Density
Effects on Male Broilers Grown to 1.8
Kilograms of Body Weight. Poult. Sci., 85:
344-351.

EU Council Directive, 2007. Laying Down
Minimum Rules for the Protection of
Chickens Kept for Meat Production. EUCD
2007/43/EC 28 June 2007. Official Journal
of European Union L 182, 19-28.
Gonzalez-Ceron, F., Rekaya, R. and Aggrey,
S. E. 2015. Genetic Analysis of Bone
Quality Traits and Growth in a Random
Mating Broiler Population. Poult. Sci., 94:
883-889.

Harvey, B. M., Eschbach, M., Glynn, E. A,
Kotha, S., Darre, M., Adams, D. J.,
Ramanathan, R., Mancini, R. and Govoni,
K. E. 2015. Effect of Daily Lithium
Chloride Administration on Bone Mass and
Strength in Growing Broiler Chickens.
Poult. Sci., 94: 296-301.

Haslam, S. M., Knowles, T. G., Brown, S.
N., Wilkins, L. J., Kestin, S. C., Warriss, P.
D. and Nicol, C. J. 2007. Factors Affecting
the Prevalence of Foot Pad Dermatitis, Hock
Burn and Breast Burn in Broiler Chicken.
Br. Poult. Sci., 48: 264-275.

Hu, J. Y., Hester, P. Y., Makagon, M. M.,
Vezzoli, G., Gates, R. S., Xiong, Y.J. and
Cheng, H. W. 2016. Cooled Perch Effects on
Performance and Well-Being Traits in
Caged White Leghorn Hens. Poult. Sci., 95:
2737-2746.

Kara, M. E. 2002. Ratlarda Gelisme
Doneminde Sigara Inhalasyonunun Iskelet
Sistemi  Uzerine Etkisinin  Morfometrik
Yontemlerle Belirlenmesi. PhD  Thesis,
Istanbul University, Graduate Institute of
Health Sciences, Istanbul, Turkey.
Karaarslan, S. and Nazligul, A. 2018.
Effects of Lighting, Stocking Density, and
Access to Perches on Leg Health Variables
as Welfare Indicators in Broiler Chickens.
Livest. Sci., 218: 31-36, 2015.

Kaukonen, E., Norring, M. and Valros, A.
2017. Perches and Elevated Platforms in
Commercial Broiler Farms: Use and Effect
on Walking Ability, Incidence of Tibial


https://dorl.net/dor/20.1001.1.16807073.2021.23.3.6.3
https://jast.modares.ac.ir/article-23-33961-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-10]

[ DOR: 20.1001.1.16807073.2021.23.3.6.3 ]

Dereli Fidan et al.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Dyschondroplasia and Bone  Mineral
Content. Animal, 11: 864-871.

Kirmaci, M. and Agcagil, E. 2009. The
Bryophyte Flora in the Urban Area of Aydin
(Turkey). Int. J. Bot., 5: 216-225.
Kwiatkowska, K., Winiarska-Mieczan, A.
and Kwiecien, M. 2018. Effect of
Application of Fe-Glycinate Chelate in Diet
for Broiler Chickens in an Amount Covering
50 or 25% of the requirement on Physical,
Morphometric and Strength Parameters of
Tibia Bones. Biol. Trace. Elem. Res., 184:
483-490.

Lopez, M. J. and Markel, M. D. 2000.
Bending Tests of Bone. In: “Mechanical
Testing of Bone and the Bone-Implant
Interface”, (Eds.): An, Y. H. and Draughn,
R. A. Section Il, Capter 12, CRC press,
Boca Raton, p. 207-217.

Mabelebele, M., Norris, D., Siwendu, N. A,
Ng’ambi, J. W., Alabi, O. J. and Mbajiorgu,
C. A. 2017. Bone morphometric parameters
of the tibia and femur of indigenous and
broiler chickens reared intensively. App.
Eco. Env. Res., 15: 1387-1398.

Masse, P. G., Boskey, A. L., Ziv, I,
Hauschka, P., Donovan, S. M., Howell, D.
S. and Cole, D. E. C. 2003. Chemical and
Biomechanical Characterization of
Hyperhomocysteinemic Bone Disease in an

Animal Model. BMC  Musculoskelet.
Disord., 4: 1471-2474.

Mello, J. L. M. , Boiago, M. M,
Giampietro-Ganeco, A., Berton, M. P,

Vieira, L. D. C., Souza, R. A., Ferrari, F. B.
and Borba, H. 2015. Periods of Heat Stress
During the Growing Affects Negatively the
Performance and Carcass Yield of Broilers.
Arch. Zootec., 64: 339-345.

Moller, A. P., Sanotra, G. S. and
Vestergaard, K. S. 1999. Developmental
Instability and Light Regime in Chickens.
(Gallus Gallus). Appl. Anim. Behav. Sci., 62:
57-71.

Nagaraj, M., Wilson, C. A. P,
Saenmanhayak, B., Hess, J. B. and Bilgili, S.
F. 2007. Efficacy of a Litter Amendment to
Reduce Pododermatitis in Broiler Chickens.
J. Appl. Poult. Res., 16: 255-261.
Pettit-Riley, R. and Estevez, I. 2001. Effects
of Density on Perching Behavior of Broiler
Chickens. Appl. Anim. Behav. Sci., 71: 127-
140.

Rath, N. C., Balog, J. M., Huff, W. E., Huff,
G. R., Kulkarni, G. B. and Tierce, J. F. 1999.

542

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Comparative Differences in the Composition
and Biomechanical Properties of Tibia of
Seven and Seventy-Two-Week-Old Male
and Female Broiler Breeder Chickens. Poult.
Sci., 78: 1232-1239.

Reiter, K. and Bessei, W. 1995. Influence of
Running on Leg Weakness of Slow and Fast
Growing Broilers. In: Proceedings of the
29th International Congress of the
International Society of Applied Ethology,
Exeter, UK.

Shao, D., He, J., Lu, J., Wang, Q., Chang,
L., Shi, S. R. and Bing, T. H. 2015. Effects
of Sawdust Thickness on the Growth
Performance, Environmental Condition, and
Welfare Quality of Yellow Broilers. Poult.
Sci., 94: 1-6.

Stizer, B., Tiifekci, K., Arican, 1., Petek, M.,
Abdourhamane, 1. M. Ozbek, M. and Yildiz,
H. 2019. Effects of Genotype and Housing
System on Some Bone Biomechanical
Characteristics in Broiler Chickens. Ankara
Univ. Vet. Fak. Derg., 66: 237-245.
Tablante, N. L., Estevez, I. and Russek-
Cohen, E. 2003. Effect of Perches and
Stocking Density on Tibial
Dyschondroplasia and Bone Mineralization
as Measured by Bone Ash in Broiler
Chickens. J. Appl. Poult. Res., 12: 53-59.
Tolon, B. and Yalcin, S. 1997. Bone
Characteristics and Body Weight of Broilers
in Different Husbandry Systems. Br. Poult.
Sci., 38: 132-135.

Van Der Meulen, M. C. H., Jepsen, K. J. and
Mikic, B. 2001. Understanding Bone
Strength: Size Isn’t Everything. Bone, 29:
101-104.

Ventura, B. A, Siewerdt, F. and Estevez, I.
2010. Effects of Barrier Perches and Density
on Broiler Leg Health, Fear, and
Performance. Poult. Sci., 89: 1574-1583.
Vitorovi¢, D., Pavlovski, Z., Skrbi¢, Z.,
Lukié¢, M., Petricevi¢, V. and Adamovié, |.
2009. Morphometric and Mechanical
Characteristics of Leg Bones in
Autochtonous Naked Neck Breeds of
Chickens in Serbia. Biotech. Anim. Husb.,
25: 1033-1038.

Welfare Quality. 2009. Welfare Quality®
Assessment Protocol for Poultry (Broilers,
Laying hens). Welfare Quality®
Consortium, Lelystad, The Netherlands.
Yalcin, S., Ozkan, S., Cabuk, M. and Siegel,
P. B. 2003. Criteria for Evaluating
Husbandry Practices to Alleviate Heat Stress


https://dorl.net/dor/20.1001.1.16807073.2021.23.3.6.3
https://jast.modares.ac.ir/article-23-33961-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-10]

[ DOR: 20.1001.1.16807073.2021.23.3.6.3 ]

Effect of Cooled Perch on Bone Traits in Broilers

36.

37.

in Broilers. J. Appl. Poult. Res., 12: 382-
388.

Yildiz, H., Petek, M., Gunes, N. and Polat,
U. 2003. Effects of Different Housing
Systems on Various Parameters of the
Humerus and Tibiotarsus in Chickens (Tetra
SL). Turk. J. Vet. Anim. Sci., 27: 979-982.
Zhao, J. P., Jiao, H. C,, Jiang, Y. B., Song,
Z. G., Wang, X. J. and Lin, H. 2012. Cool

JAST

38.

Performance and Welfare Status of Broiler
Chickens in Hot Weather. Poult. Sci., 91:
1775-1784.

Zhao, J. P., Jiao, H. C., Jiang, Y. B., Song,
Z. G., Wang, X. J. and Lin, H. 2013. Cool
Perches Improve the Growth Performance
and Welfare Status of Broiler Chickens
Reared at Different Stocking Densities and
High Temperatures. Poult. Sci., 92: 1962-

Perch Availability Improves the 1971.

& 299k Cadlw (595 yuu & pdY Caled 9 gub ol (gl 00 TS 50
Wy S 49> 13 Olgsuinl Sy

hock burn= faie Kot sy C5leys) b Cudlw sla ize b5l 2as3 cal o

S el 5 S Gl Uy oy b a b Slal s (650558
L ool yer (PEICN)OE ois 355 Ll ,d j3 wil s, 285 sl > Tibiatarsus
YV 3 R0SS-308 o35 S5 ax s F08 (IS 13 5 (lIttEN) ey o 5V Calises gls Cuslinss
o s Sl YU ilesT 5 A osls 515 Cils am o VY Pl s 8 (PEN) (55l I Kl
St ol e 55 n Camdan A Ll 5 b LSS a5 e 68N Culs Jls ¥ X
O 535 3 e 310l ST Ohd s 5 (o5 10E (sl W 4 g 5 3 (65 5b ol & 5 0l
VO 8N Cales 535318 sloam s Ve 6Kt o et 61 b 8 a5 i
4 by e skl 5 (fOOtPAD) L Sl s 6K o i o 5l 0L mls 2 (SLeVF
b sl ol mals 258 gls a5 1) L (655, Ks s 5 (QaIE SCOTE b, ol 5 b
S il 13 i 68 Y g Sl VP Calhs jlas 5 oS ol a3 haie (S5 e
FY o 5> (tArSOMEtatarsus Jb oS 5 ze Ol (o0 5 Jsb o i Jaseie 55 .23k
b Jsb ails SIp) e 68N 2 b)) Cubes 5 oSt o et bl )3 65,
Ko lajles Sl i oK o anis shyls 05 8 s (robustness index) sl asLs
5o L Job cslus tibio-tarsal s Jsb-05s sle Lasls a5 6,50 o e 1 oslizal 3y
Sl VF 5V Gl s 1 xiaCre e VWA Ll ) e Sle V6B Y Calhs bl

Sl Vol 51 (S 11/00) 28 (6 e (Sla ) ey Sl (1l e 3 Ll gzl 3 5 e

543


https://dorl.net/dor/20.1001.1.16807073.2021.23.3.6.3
https://jast.modares.ac.ir/article-23-33961-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-10]

[ DOR: 20.1001.1.16807073.2021.23.3.6.3 ]

Dereli Fidan et al.

Sl b o Lan &S5 o8 et (p S (slsn Ll b 55 &5 Sl 0T 51 S s opl 3 6

.bjl:&ﬂjfdu&ﬁuywdj)éw\:ﬁxjunglﬂgﬁb\?gﬁ.&y

544


https://dorl.net/dor/20.1001.1.16807073.2021.23.3.6.3
https://jast.modares.ac.ir/article-23-33961-en.html
http://www.tcpdf.org

