
Summary
This study was conducted to investigate the effects of stocking density and litter type on growth performance of broiler chickens 

as well as dressing percentage and some litter quality indicators. 684 male broiler (Ross PM3) was used for a 6 weeks period in the 
experiment. The day-old chicks were randomly assigned in two litter groups: Rice hulls and wood shavings.  Each litter group was further 
divided in three stocking density (15, 19 and 23 chicks/m2).  Chicks in the each group were randomized into three replicates at hatch 
and they were housed in a deep litter pens (1x2 m, each) in an environmentally controlled house. The litter type and stocking density 
had significant effect on the final body weight of broiler (P<0.05, P<0.001), lenght of foot pad lesions of the birds (P<0.001, P<0.001), 
litter moisture (P<0.01, P<0.05) and litter pH contents (P<0.05, P<0.05). The results of this study suggest that greater stocking density 
more than 15 chicks per square meter and rice hull adversely affects live body weight of broilers and main litter quality indicators. But 
up to a critical point, profitability increases with increased stocking density because of the reduction of fixed cost and more kilograms 
production of broiler per area. Depends on the price and availability rice hull can be used as litter material instead of wood shaving.
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Etlik Piliçlerde Yerleşim Sıklığı ve Altlık Türünün Altlık Kalitesi ve 
Büyüme Performansı Üzerine Etkileri

Özet
Bu çalışma etlik piliçlerde yerleşim sıklığı ve altlık tipinin büyüme performansı, karkas randımanı ve altlık kalite parametreleri 

üzerine etkisini araştırmak amacı ile yapılmıştır. Çalışmada Ross PM3 genotipi 684 adet erkek etlik civciv kullanılmış ve çalışma 6 hafta 
sürmüştür. Çevre kontrollü bir kümeste yer alan deneme ünitesinde; pirinç kavuzu ve odun talaşının kullanıldığı  gruplar ile herbir altlık 
grubu üzerinde; metrekare alanda 15, 19  ve 23 adet civcivin yer aldığı (2x3=6) altı ana grup oluşturulmuş ve her ana grupta 3 tekrarlı 
grup yer almıştır. Altlık türü ve barındırma yoğunluğunun canlı ağırlık (P<0.05, P<0.001), ayak tabanı lezyonu (P<0.001, P<0.001), altlık 
rutubet (P<0.01, P<0.05) ve pH (P<0.05, P<0.05) üzerine etkisi önemli bulunmuştur. Çalışmada birim metrekare alanda onbeşten fazla 
hayvan sayısı ve pirinç kavuzunun canlı ağırlık ve altlık kalitesini olumsuz etkilediği sonucuna ulaşılmıştır. Ancak birim alandaki sabit 
masrafların azalması ve üretim miktarının artmasından dolayı kritik bir noktaya kadar yerleşim sıklığı artırılabilir. Fiyat ve elde edilme 
imkanlarına bağlı olarak odun talaşı yerine pirinç kabuğu da altlık olarak kullanılabilir.

Anahtar sözcükler: Etlik piliç, Yerleşim sıklığı, Altlık tipi, Altlık kalitesi, Büyüme performansı
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Great number of research paper about broiler stocking 
density and litter are focused on growth and economic 
performance, carcass quality and in recent period, poultry 
welfare. One of the major welfare concerns in broiler 
production is detrimental effects of high stocking density, 
especially in the final weeks of growing period [1,2]. Bokkers 

et al.[3] showed that a stocking density in large flocks 
exceeding 16 birds/m2 leads to compression of birds. 
But the correlation between broiler welfare and stocking 
density are not so clear [4]. A large-scale study in Europe 
on broiler welfare has shown that stocking density did  
not affect bird behavior [5]. 
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One of main factor influencing litter quality in broiler 
production is litter or bedding material and providing 
high litter quality. An ideal litter material should be dry 
with high water absorption capacity, but should also be 
able to release the absorbed moisture quickly [6]. Litter 
material and therefore the quality of litter directly affects 
the performance, health, carcass quality, and welfare of 
poultry [7-9]. 

There is an important relationship between stocking 
density and litter quality in broiler production. Especially in 
high stocking density conditions litter material had been 
disturbed faster than low density and higher levels of litter 
moisture may result with some leg problems such as angle-
out legs and unblemished hocks [10]. Litter quality also has 
a direct influence on skin condition of birds and carcass 
quality. In that reason controlling the environment of the 
birds, particularly in house humidity and ammonia along 
with litter moisture is crucial to provide good welfare. 
Litter materials with high water-holding capacity, such as 
wood shavings, are believed to result in better litter quality 
than litter materials with poorer absorption capacity such 
as straw [11]. Torok et al.[12] showed that litter choice may 
have an important role in poultry gut health particularly in 
the absence of in-feed antibiotics. Much attention should 
be given to create good growing conditions to reducing 
adverse effect of high stocking density [13]. This could be 
performed by using the most ideal litter material and more 
bedding material per unit area in high stocking density 
conditions. Additionally, the bedding or litter material 
must be readily available in sufficient quantities and most 
importantly, it must be economical [14]. 

Within the last several years, economic and practical 
conditions in Turkey have led to a shortage of wood 
shavings conventionally used as poultry litter. Limited 
supplies, higher cost, and unavailability of suitable material 
have encouraged the search for alternative litter materials. 
As a result of this effords the use of rice hull is being 
becoming very popular as litter material in broiler 
production in Turkey. But its quality and effects on 
performance and bird welfare is very questionable. 
Therefore, the objective of this study was to evaluate 
effects of rice hull compared to wood shavings on main 
litter quality indicators and growth performance in broiler 
production in three different stocking density conditions. 

MATERIAL and METHODS

The experimental procedures conducted in this study 
were in accordance with the principles and guidelines 
set out by the Committee of the Faculty of Veterinary 
Medicine. 684 day-old male chicks (Ross PM3) obtained 
from a commercial hatchery were reared in a deep litter 
pens (in total 18 pens, 1x2 m each) in an environmentally 
controlled house (Faculty farm) in spring season until they 
were six weeks old. The day-old chicks were randomly 

assigned in two litter type groups as rice hulls and wood 
shavings. Each litter groups were further divided into three 
stocking density (15, 19 and 23 chicks/m2). Chicks in the 
each litter type x stocking density treatment groups were 
randomized into three replicates (Table 1). 

Management

All chicks were brooded and reared at 32-33 °C from 
hatch to 7 d of age, 28-30°C from 8 to 14 d of age, 24-26°C 
from 15 to 21 d of age, and 21-24°C from 22 day of age 
to the end of the experiment. Standard commercial broiler 
feed (220 g protein/kg diet and 3.000 kcal metabolisable 
energy/kg diet from 1 to 14 d of age, 200 g protein/kg 
diet and 3.050 kcal metabolisable energy/kg diet from 
15 to 35 d of age, 180 g protein/kg diet and 3.100 kcal 
metabolisable energy /kg diet from 36 to 42 d of age) were 
used used for each group [15]. Starter feed was provided 
as crumples, and subsequent feeds were pellets. All birds 
had ad libitum access to feed and water. Chicks received 
vaccinations for Newcastle, Infectious Bronchitis and 
Gumboro diseases ones for each. Each pen was equipped 
with fresh litter material as 8 kg/m2 (thickness of litter 
was 15 cm, approximately), two tube feeders and two bell  
drinkers. Intermittent lighting program with 2 h Light:2 h 
Dark was given to both treatment groups during the whole 
experiment, except first seven days of age. Continuous 
light was provided for first seven days of the 42-days of 
study. Feed was withdrawn eight hour before slaughter. 
All birds were evaluated for carcass weight by neckcutting. 

Data

Individual body weight of birds in all groups are 
measured at the beginning and the end of the experiment. 
Feed consumption and mortalities were recorded as it 
required or occurred throughout the experiment and total 
consumption was measured at the end of experiment. Feed 
convertion ratio in replicates was calculated by total feed 
consumed by the birds/total weight gain. Carcass weight 
(dressing percentage) was determined after chilling and 
calculated as a percentage of live body weight of all bird  
in all replicate groups. 

Welfare was assessed with the length of foot pad 
lesions (None:no lesion present; Mild:lesion<7.5 mm; 

Table 1. The bird number in each replicate in the treatment groups

Tablo 1. Deneme gruplarında her tekerrürde yer alan hayvan sayıları
Treatment Groups

(Litter type x stocking 
density, bird number/m2)

Number of 
Replicate

Bird Number in 
Each Replicate

Rice hull x 15 3 30

Rice hull x 19 3 38

Rice hull x 23 3 46

Wood shavings x 15 3 30

Wood shavings x 19 3 38

Wood shavings x 23 3 46
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Severe: lesion>7.5 mm), litter moisture and pH which are 
the main indicator of litter quality at the end of growth 
period [16,17]. All birds were scored for foot pad lesion. 

Litter samples were collected from four locations 
within each pen (four peripheral, equidistant from each 
pen corner) and thoroughly mixed to obtain material 
representative of the entire pen. At least 200 g of litter  
were placed in a plastic container and a subsample was 
taken for further analysis at the laboratory. The litter 
moisture samples were collected by compositing litter 
from four locations in each pen, mixing, and obtaining  
a 100 g litter subsample was placed in 15 x 30 cm tray and 
oven-dried for 48 h at 60°C. The percentage of moisture 
was calculated by using the weight loss between initial 
and dried litter [18]. The upper 10 cm of the litter was 
collected at each sample position and transported back 
to the laboratory for determination of pH. The pH of each 
litter type was measured after litter samples of nearly 5 
g were suspended for 30 min in 25 mL of distilled water  
and stirred for 5 min using a pH meter (Mettler Toledo, 
GmbH, Switzerland) [19]. 

Statistical Analysis

The live body weight, dressing percentage and food 
pad lesions were analyzed by ANOVA with three levels of 
stocking density and two levels litter material [20]. Multiple 
comparison of means was performed using the Duncan 
test. Arc sine transformation was performed on dressing 

percentage data prior to analysis and then analysed. Non-
parametric Kruskall-Wallis and Mann-Whitney U tests 
were used for the rest of the data. All statistical tests were 
analyzed in SPSS® computer software 13.00 [21]. 

RESULTS

The effect of litter type and stocking density on the final 
performance of broilers are summarized in Table 2. The 
litter type and stocking density had significant effect on 
the final body weight of broiler (P<0.05, P<0.001). The final 
live weight of broiler in the wood shaving and the lowest 
stocking density group were found to be 2757 and 2.946 
g., respectively. There were no significant differences for 
the feed conversion ratio (P>0.05), mortality (P>0.05) and 
dressing percentage (P>0.05) neither in stocking density 
nor litter type. It was observed no significant stocking 
density x litter type interactions for the traits related  
with the growth performance (P>0.05). 

The moisture content and pH of the litter at the end 
of the experiment are given in Table 3, along with the foot 
pad lesions of birds in the main and interactive groups. 
Both of the main factors investigated in the experiment 
were significantly affected the foot pad lesions of the birds 
(P<0.001, P<0.001). Greater stocking density had a negative 
effect on the foot health of the broiler. Also birds raised 
in the rice hull litter group had a greater foot pad lesions 
than birds raised in the wood shaving. Litter moisture 

PETEK, ÜSTÜNER
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Table 2. Performance traits in the experimental groups

Tablo 2. Denemede yer alan hayvanların performans özellikleri

Treatments Body Weight1 g Feed Conversion Ratio, g/g Mortality % Dressing Percentage1*

Litter type

Wood shaving 2757±42 1.76 2.10 77.3±0.1

Rice hull 2589±43 1.65 2.31 78.8±0.1

Stocking density (chicks/m2)

15 2946±56a 1.59 1.94 77.1±0.2

19 2638±49b 1.71 2.01 79.2±0.1

23 2436±45c 1.82 2.71 77.9±0.2

Litter type x Stocking density

W x 15 3000±79 1.59 1.66 77.1±0.3

W x 19 2748±70 1.76 1.75 77.1±0.2

W x 23 2524±64 1.92 2.89 79.4±0.3

R x 15 2891±80 1.58 2.22 79.0±0.3

R x 19 2528±68 1.65 2.19 75.5±0.2

R x 23 2347±62 1.71 2.53 80.3±0.3

ANOVA

Litter type 0.05 n.s. n.s. n.s.

Stocking density 0.001 n.s. n.s. n.s.

Litter type x Stocking density n.s. n.s. n.s. n.s.

a-c: within rows, values with different superscript letters differ significantly (P<0.05, P<0.001), n.s.;no significant; * As a percentage of live weight; 1 Mean ± SE
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content of the groups were significanly affected by litter 
type and stocking density (P<0.05, P<0.05). It was 58.16 
and 57.42% in litter type group, 57.42, 57.89 and 58.43% 
in three different stocking density groups, respectively. 
There were significant differences for the pH value of the  
litter in both main groups (P<0.01, P<0.05). The pH value 
of wood shaving and rice hull were 8.52 and 8.86, while it 
were 8.58, 8.70 and 8.76 in stocking density group of 15, 19  
and 23 chicks per square meter, respectively. No significant 
stocking density x litter type interactions were calculated 
for the litter quality indicators investigated in this study 
(P>0.05). 

DISCUSSION

In comparison to rice hull group, broiler raised 
in wood shaving group had significantly better live 
body weight at the end of this experiment (P<0.05). There 
were no significant differences for the feed conversion 
ratio, mortality and dressing percentage between the 
main groups. In terms of performance data, our findings 
agreed with those of earlier studies, except the live body  
weight [22,23]. Numerous studies in which alternative 
materials have reported that the type of litter material 
used does not affect the broiler performance [8,24,25]. The 
observed differences in body weight in our study may be 
attributed to depression of feed intake associated with 
litter consumption in birds reared on the rice hull. As birds 

can eat some litter particle, the base material must be 
free of any harmful contaminants. Litter materials should 
also be free of other substances-including chemicals, 
disease organisms and moulds-that may damage the 
birds’ health. A good litter material should be dust free 
not cake or compact into layers. Take into account of the 
growing conditions of rice hull, these adverse effects  
may be observed more in rice hulls than in wood shavings. 

As reported by Petek et al.[13], Uzum and Oral [23], 
Skomorucha et al.[26] the final body weight of broiler 
raised in this experiment significantly worsened with 
increasing stocking density (P<0.001). But the total live 
weight in per square meter area was found to be highest 
in greater stocking density group. Similar with some 
findings [27] there were no significant differences for the 
feed conversion ratio and survival rates in stocking density 
groups at the slaughter age. As previously showed by 
Skrbic et al.[28] rearing of broilers in lower stocking density 
provides better body development, more intensive growth 
and higher absolute yield of processed carcass parts which 
contain more meat, especially in breast.

We found that foot pad lesions in broilers were increased 
when stocking density increased from 15 to 19 and 23 
birds/m2. Similar with the findings of Ferrante et al.[29] 
and Petek et al.[13] stocking density could have negatively 
affected foot pad lesions and wood shaving resulted to  
be the better solution for foot condition compared to 

Table 3. Some litter quality traits and foot-pad lesions in the groups

Tablo 3. Gruplarda bazı altlık kalite özellikleri ve ayak tabanı lezyonları            

Treatments Length of Foot Pad Lesion (mm) Litter pH Litter  Moisture %

Litter type

Wood shaving 2.19 8.52 58.16

Rice hull 2.99 8.86 57.46

Stocking density (chicks/m2)

15 0.89a 8.58a 57.42a 

19 2.80b 8.70b 57.89b

23 4.08c 8.76b 58.13b

Litter type x Stocking density

W x 15 0.77 8.35 54.04

W x 19 2.18 8.55 59.75

W x 23 3.65 8.58 60.70

R x 15 1.03 8.81 55.10

R x 19 3.43 8.84 55.55

R x 23 4.52 8.93 61.75

ANOVA

Litter type 0.001 0.01 0.05

Stocking density 0.001 0.05 0.05

Litter type x stocking density n.s. n.s. n.s.

None: no lesion present; Mild: lesion<7.5 mm; Severe:lesion>7.5 mm; a-c: within rows, values with different superscript letters differ significantly (P<0.05, 
P<0.01, P<0.001); n.s.: no significant
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rice hull. The incidence of foot pad lesions was positively 
correlated with increasing humidity and pH as previously 
identified as main factor for foot pad dermatitis by 
Ekstrand et al.[30]. Moisture content of litter was significantly 
greater in high stocking density (P<0.05). As a result of this 
high moisture content resulted in poor litter quality. The 
decrease of litter quality with increasing stocking density 
can be explained by different effects. Petek et al.[13] and 
Ravindran et al.[31] reported that litter quality was poorer 
at high population densities, but there were no welfare 
implications as indicated by the lack of effect of density 
on gait scores and the incidence of hock and foot pad 
burns. The more birds in the same area mean more manure 
production. Also, the quality of the in-house environment 
is highly dependent upon the litter quality. One of the 
management factors affecting broiler welfare is those 
relating to good ventilation and air quality such as the type 
of ventilation, type of drinker and litter type. The type of 
the watering system we used (bell drinker) may be showed 
a negative effect on the poor litter quality and greater 
foot pad lesions. The wetter the litter, the more likely it 
will promote the proliferation of pathogenic bacteria and 
moulds. The litter is ideal for bacterial proliferation and wet 
litter is also the primary cause of high level of ammonia, 
one of the most serious performance and environmental 
factors affecting broiler production today. Controlling 
litter moisture is the most important step in avoiding 
ammonia problems [32]. To limit ammonia production, 
the litter pH should be below 7.0; litter moisture below 
30%; and temperature at the level of the broiler’s comfort 
demands. In this study, both of these parameters were 
greater than this ideal condition. In a well-managed 
broiler house, litter moisture averages between 25 to 35  
percent [14]. Interestingly, as reported by Asaniyan et al.[33] 
thickness of the litter layer might be increased the foot pad 
lesions score in the groups as thin layers of litter resulted 
in lower levels of foot pad dermatitis than thicker layers 
probably because the chickens are less prone to peck, 
scratch and turn the litter particles over, and thereby help  
to ventilate the litter, if the layer of litter is thick and 
compact. Litter that is too dry and dusty can also lead 
to problems such as dehydration of new chicks and 
respiratory disease. 

The water absorption capacity of wood sawing better 
than the rice hulls and it is required more effort to stable 
the litter moisture content of litter rice hull.  Similar with 
our findings Sreehari and Sharma [34] reported that the 
most suitable litter type and stocking density according 
to net profit per kilogram body weight was wheat straw 
litter and 0.18 sq m./bird. Stocking density is important 
for better welfare quality, but it is not sufficient. The real 
improvements in broiler welfare will come from establish 
production standards that combine stocking density 
and good environment. As reported by Feddes et al.[35] 
and Jones et al.[8] the control of environment particularly 
good ventilation, to control temperature and humidity 

is a key factor in improving broiler welfare. A significant 
improvement in performance can be obtained by 
significantly lower litter moisture [36]. Because chickens 
spend all their life in contact with litter, therefore if litter 
conditions are not optimal there is a considerable risk 
that the birds will develop contact dermatitis on their 
feet and breast. In several experiments the prevalence of  
contact dermatitis in broilers is related to litter quality [30,37] 
when the litter is wet, sticky and compact, dermatitis are 
commonly present.

In this study, greater stocking density and litter material 
of rice hull were adversely affected live body weight 
of broilers and main litter quality indicators. But high 
stocking densities contribute to reduce the fixed costs of 
production and produce more kilograms of broiler per 
area. Therefore, up to a critical point, profitability increases 
with increased stocking density. Depends on the price and 
availability rice hull can be used as litter material instead 
of wood shaving. Also, better litter management is very 
crucial to provide good litter quality and broiler welfare  
in high stocking densities and rice hull litter condition. 
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