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A B S T R A C T 
 

This study was conducted to evaluate the effect of the litter type (wheat straw, wood shavings and 

sugarcane bagasse) on broiler behavior (feeding, drinking, resting, feather preening, dust bathing and 

agonistic behaviors) and performance (body weight, weight gain, relative growth rate, feed 

consumption, feed conversion and mortality). The birds reared on different litter materials showed no 

significant differences in the broiler behavior (feeding, drinking, resting, feather preening, dust 

bathing and agonistic behaviors) and performance (body weight, weight gain, relative growth rate, 

feed consumption, feed conversion and mortality). There were significant differences in the 

percentage of moisture content, total bacterial counts and mold population counts of different litter 

materials; these differences did not adversely affect the bird performance. It is concluded that 

sugarcane bagasse is potentially as useful as the other materials and would be cheaper than either. 
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1.  I N T R O D U C T I O N

 

ehavior is a part of an animals' 

interaction with its environment and 

it means of using available 

resources. Behavioral data have 

supplemented the evaluation of welfare 

and contributed to explain the more 

traditional data on production, health and 

economy [28]. Under intensive housing, 

the deep litter system was traditionally 

found suitable for broiler production. The 

rapid development of the poultry industry 

has resulted in an increase in the demand 

for poultry litter material. Cost of litter is 

therefore becoming an increasingly 

important item in the cost of chicken 

production. Among the different types of 

litter materials used in poultry production, 

wood shavings are most commonly used. 

The effect of different types of litter 

material depends on the physical and 

microbiological characters of the materials 

used. Sugarcane bagasse was investigated 

as a potential source of litter materials due 

to its availability at a low cost [10]. 

Assessment of the materials was based on 

behavior and broiler performance (body 

weight, weight gain, relative growth rate, 

feed consumption, feed conversion and 

mortality). The performance of different 

behavioral patterns (feeding, drinking, 

resting, feather preening, dust bathing and 

agonistic behaviors) in birds reared on 

different litter materials did not influenced 

by the type of litter [3, 13]. The standing 

and lying behaviors were not affected 

significantly by litter type and there was a 

significant difference in feeding, drinking, 

preening, dust bathing and sitting 

behaviors on the different beddings [27]. 

The litter type had no significant effect on 

the broiler performance (body weight, 

weight gain, feed consumption, feed 
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conversion and mortality) [11, 23]. On the 

contrary, the type of litter had a significant 

effect on body weight and feed 

consumption [1, 27]. The weight gain and 

feed conversion were significantly 

influenced by the type of litter [4, 18]. 

Although there were physical and 

chemical differences between different 

litter materials, these differences did not 

adversely affect the bird performance [20]. 

The objective of this study was to 

investigate the effect of the litter materials 

on broiler behavior (feeding, drinking, 

resting, feather preening, dust bathing and 

agonistic behaviors) and performance 

(body weight, weight gain, relative growth 

rate, feed consumption, feed conversion 

and mortality). 

 

 

2. MATERIAL AND METHODS 

 

This study was conducted at the 

Department of Animal Hygiene, Behavior 

and Management, Faculty of Veterinary 

Medicine, Benha University, Egypt 

through the period from September to 

November 2010. 

2.1. Experimental birds and management: 

Two hundred day old broiler chicks of the 

Dokki-4 breed obtained from "EL-Azab 

Hatcheries Company, EL-Fayoum, Egypt" 

were brooded together in one compartment 

of the house during the first two weeks of 

age. Chicks were reared in well ventilated 

house and the temperature was maintained 

on 33±1°C, and gradually decreased every 

3 days by 1°C eventually to a constant 

temperature of 20±1°C. Continuous light 

regime 23L:1D was implemented. Feed 

was provided ad libitum. The chicks were 

fed on a starter ration at the form of 

crumble containing about 24% crude 

protein up to 4 weeks of age. There after 

they were given a grower ration at the 

form of pellet containing about 22% crude 

protein until the end of experiment. At two 

weeks of age, 150 chicks were selected 

randomly from the main flock then divided 

into 3 groups; each group consists of 50 

chicks with stocking density of 10bird/m2. 

Chicks were reared on 3 different litter 

materials (wheat straw, wood shavings and 

sugarcane bagasse) thorough 3 to 10 weeks 

of age. The litter was placed on the floor to 

a thickness of 10 cm. Some behavioral 

patterns were recorded as: feeding, 

drinking, resting, feather preening, dust 

bathing and agonistic behaviors at 

different ages. Direct observations of bird's 

behavior used scanning technique. 

Productive performance (body weight, 

weight gain, relative growth rate, feed 

consumption, feed conversion and 

mortality) were recorded throughout the 

experiment. The litter samples were taken 

to determine the moisture content, total 

bacterial count and mold population 

counts. 

 

2.2. Measurements: 

 

2.2.1. Behavioral observations: 

Direct observations of bird's behaviors 

were done by using scanning technique 

according to [14]. Behavioral observations 

were performed as follow: each group was 

observed three times a day (20 min/time) 

(8.00-10.00 A.M, 12.00-2.00 P.M and 

3.00-5.00 P.M) for three days weekly at 

circularly determined time from 8 A.M to 

5 P.M for recording the different 

behavioral patterns. The observer stood 

directly in front of the pen and waited five 

minutes before recording to avoid any 

disturbance in the behaviors. 

 

2.2.2. Live bird performance: 

2.2.2.1. Live body weights. 

2.2.2.2. Body weight gain. 

The body weight gain between two 

successive weeks was individually 

calculated according to the following 

formula: Body weight gain (g) = W2 – W1 
Where: W1= Body weight at the beginning of 

the week. W2= Body weight at the end of the 

week. 
2.2.2.3. Relative growth rate. 

It was calculated according to the 

following formula [7]. 
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 ×100 

Where: W1= Body weight at the beginning of 

the week. W2 = Body weight at the end of the 

week. 

2.2.2.4. Feed consumption (FC). 

2.2.2.5. Feed conversion ratio (FCR). 

It was calculated by dividing the amount 

of feed consumed in grams (by a chick) 

during the week by the weight gain in 

grams (of the same chick) during the same 

week according to the following formula 

[19]. 

 
 

2.2.3. Mortality rate. 

It was calculated according to the 

following formula: 

×100 

Where I= Initial number of the birds and E= 

number of the live birds at the end of 

experimental period. 

 

2.3. Litter materials characters. 

2.3.1. Litter sampling. 

From each of the three different litter 

groups a composite sample of litter was 

collected from five different locations of 

each pen prior to the arrival of the chicks 

(day zero) and every two weeks 

throughout the experiment. The five 

locations of each pen included the four 

corners and the center according to [15]. 

2.3.2. Litter moisture content. 

It was determined as follow: 100 g of each 

litter sample was placed in a drying oven 

at 60 °C for 48 hours and then weighed 

after cooled according to [29]. 

2.3.3. Litter microbiology. 

2.3.3.1. Total bacterial counts. 

It was carried out according to pour-plate 

method described by [9] as follow: 1g was 

taken from each litter treatment and placed 

in a sterile tube containing 9 ml sterile 

physiological saline, then 10 fold serial 

dilutions up to 10-12 were aseptically 

prepared. 1ml from each dilution was 

aseptically transferred into sterile Petri 

dish (2 dishes were used for each dilution). 

10 ml of plate count agar melted and 

cooled to 45-50°C were aseptically poured 

into each Petri dish and mixed carefully in 

horizontal position. After solidification, 

the plates were incubated at 37°C for 24 

hr. Plates having from 30-300 colonies 

were counted. Total bacterial count in one 

gram of litter sample was obtained by 

multiplying the average number of 

colonies in both respective plates by the 

respective reverse of dilution. 

 

2.3.3.2. Mold population counts. 

From the previously prepared 10 fold 

dilutions, one ml quantities were 

transferred into duplicates sterile Petri 

dish. Ten ml of melted sterile Sabouraud's 

dextrose agar at 40°C were aseptically 

poured into each dish. After thorough 

mixing, the inoculated plates were allowed 

to solidify and incubated at 25°C for 3-5 

days in the dark. The plates were examined 

to estimate the mold count. The total mold 

count per gram of sample was then 

calculated and recorded. 

 

2.4. Statistical analysis. 

Data were collected, arranged and then 

analyzed statistically using the computer 

programs SPSS/PC+ "version 16" [26]. 

The collected data were introduced on the 

computer through SPSS/PC+ program by 

the researcher. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Broiler behavior: 

The performance of different behavioral 

patterns (feeding, drinking, resting, feather 

preening, dust bathing and agonistic 

behaviors) in birds reared on different litter 

materials did not influenced by the litter 

type (Table 1). These results agreed with 

earlier findings [3, 13] and contradicted 

previous authors [27] who stated that a 

significant difference in feeding, drinking, 

preening and dust bathing behaviors on the 

different beddings. 
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Table 1 Effect of litter materials on broiler behavior 

Litter groups 
Item 

Sugarcane bagasse Wood shavings Wheat straw 

67.24±1.96
a 69.01±1.59

a 68.03±1.46
a Feeding behavior 

60.33±1.94
a
 61.66±1.67

a
 60.64±1.68

a
 Drinking behavior 

34.49±1.07
a
 36.64±1.01

a
 35.51±1.27

a Resting behavior 

20.95±1.30
a
 21.60±1.67

a
 22.21±1.70

a
 preening behavior 

8.01±0.83
a
 9.80±0.76

a
 8.62±1.09

a
 Dust bathing behavior  

8.26±1.25
a
 9.60±1.41

a
 10.24±1.22

a
 Agonistic behavior 

     Means (±S.E.) with the same letter in each row are not significantly different (p ≤ 0.05). 

 

3.2. Broiler performance: 

3.2.1. Body weight: 

The analysis of variance for the effect of 

the litter type on the broiler body weight 

was non-significant (Table 2). It is clear 

that at the end of the 10th week of rearing 

period of the birds the highest mean of 

body weight was recorded in the birds 

reared on wood shavings (1227.0 g), 

followed by those reared on wheat straw 

(1202.0 g) while, the lowest one was given 

by those reared on sugarcane bagasse 

(1199.5 g). The results agreed with those 

of earlier reports [11, 23]. Contradicted 

results were obtained by others [1, 27] who 

found that the type of litter had a 

significant effect on body weight. 

 

3.2.2. Weight gain: 

The analysis of variance for the effect of 

the litter type on the broiler weight gain 

was non-significant (Table 2). It is clear 

that the highest mean of body weight gain 

was recorded in the birds reared on wood 

shavings (131.44 g), followed by those 

reared on wheat straw (128.94 g) while, 

the lowest one was given by those reared 

on sugarcane bagasse (128.50 g). The 

results agreed with those of previous 

studies [11, 23]. Contradicted results were 

obtained by earlier studies [4, 18] who 

stated that the type of litter had a 

significant effect on weight gain. 

 

3.2.3. Relative growth rate: 

The analysis of variance for the effect of 

the litter type on the relative growth rate 

was non-significant (Table 2). It is clear 

that the relative growth rate was recorded 

in the birds reared on wheat straw 

(24.19%), wood shavings (24.35%) and 

sugarcane bagasse (24.09%). The results 

agreed with those of previous studies [8, 

16]. Contradicted results were obtained in 

earlier report [2] who stated that the 

growth of bird was significantly affected 

by litter type. 

 

3.2.4. Feed consumption: 

The analysis of variance for the effect of 

the litter type on the feed consumption was 

non-significant (Table 2). It is clear that 

the feed consumption was recorded in the 

birds reared on wheat straw (514.80 g), 

wood shavings (519.57 g) and sugarcane 

bagasse (521.57 g). The results agreed 

with those of [11, 23]. Contradicted results 

were obtained by earlier studies [1, 27] 

who stated that the type of litter had a 

significant effect on feed consumption. 

 

3.2.5. Feed conversion ratio: 

The analysis of variance for the effect of 

the litter type on the feed conversion ratio 

was non-significant (Table 2). It is clear 

that the feed conversion ratio was recorded 

in the birds reared on wheat straw (3.99 g 

feed/g gain), wood shavings (3.95 g feed/g 

gain) and sugarcane bagasse (4.06 g feed/g 

gain). The results agreed with those of 

earlier studies [11, 23]. Contradicted 

results were obtained by previous authors 

[9, 18] who stated that the feed conversion 

was significantly influenced by the type of 

litter. 
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3.2.6. Mortality rate: 

The analysis of variance for the effect of 

the litter type on the mortality rate was 

non-significant (Table 2). It is clear that 

the mortality rate was recorded in the birds 

reared on wheat straw (3.33%), wood 

shavings (3.05%) and sugarcane bagasse 

(2.77%). The results agreed with those 

obtained by others [1, 11, 23]. 

 
     Table 2 Effect of litter materials on broiler performance  

Litter groups 
Item 

Sugarcane bagasse Wood shavings Wheat straw 

171.50±4.71
a
 171.00±4.13

a
 170.50±4.17

a
 Initial body weight  at  2wk  

1199.5±43.10
a
 1227.0±43.22

a
 1202.0±43.00

a
 Final  body weight at 10wk 

128.50±16.42
a
 131.44±16.62

a
 128.94±16.59

a
 Weight gain (g)  

24.09±3.81
a
 24.35±3.72

a
 24.19±3.74

a Relative growth rate 

521.57±72.82
a
 519.57±58.41

a
 514.80±59.88

a
 Feed consumption  

4.06±1.47
a
 3.95±1.00

a
 3.99±1.07

a
 Feed conversion ratio 

2.77±0.74
a
 3.05±0.73

a
 3.33±0.48

a
 Mortality rate % 

        Means (±S.E.) with the same letter in each row are not significantly different (p ≤ 0.05). 
 

3.3. Litter materials characters: 

 

3.3.1. Litter moisture contents: 

The moisture content percentage in 

different litter materials was significant at 

different litter ages (Table 3). It is clear 

that, at zero day litter age the highest 

moisture content % was recorded in 

sugarcane bagasse (22.79%), followed by 

wheat straw (15.90%) while, the lowest 

one was recorded in wood shavings 

(10.76%). Similar results were obtained by 

[5, 17, 25]. Different sources and kinds of 

litter have different moisture content. 

These differences may be due to that each 

type of litter generally has unique physical 

characteristics as reported by earlier 

authors [6]. It is clear that in all litter 

groups, with advancing age of litter, the % 

of moisture content increased gradually 

from the initial values and the highest 

moisture content % recorded in each litter 

material at 8 weeks litter age. This gradual 

increase in the % of moisture content in all 

litter materials depended on increased 

waste deposition and respiration in 

growing birds rather than on the nature of 

the litter material as reported in previous 

studies [6, 21]. The highest moisture 

content % was recorded in sugarcane 

bagasse at 8 weeks of litter age (36.94%), 

followed by wheat straw (34.53%) while, 

the lowest one was recorded in wood 

shavings (30.58%). Similar results were 

obtained by previous author [24]. 

 

3.3.2. Total bacterial counts: 

The total bacterial counts in different litter 

materials were significant at different litter 

ages (Table 3). It is clear that, the highest 

mean of T.B.C. was recorded in wheat 

straw at zero day of litter age (4.69 log/g), 

followed by sugarcane bagasse (4.57 

log/g) while, the lowest one was recorded 

in wood shavings (3.83 log/g). It is clear 

that in all litter groups, with advancing age 

of litter the T.B.C. increased progressively 

and the highest count in all litter groups 

was recorded at 4 weeks of litter age. The 

highest mean of T.B.C. was recorded in 

wheat straw at 4 weeks of litter age (9.95 

log/g), followed by sugarcane bagasse 

(9.77 log/g) while, the lowest one was 

recorded in wood shavings (9.25 log/g). 

Similar results were obtained by earlier 

studies [20, 25]. It is clear that with 

advancing litter age beyond 4 weeks the 

T.B.C. in all litter groups decline slightly 

and remain constant when the age of litter 

ranged from 6-8 weeks. This decline in the 

T.B.C. in all litter groups may be due to 

changing in litter ammonia level or 

compaction and resulting lower oxygen 

levels as reported by previous author [21]. 

The presence of a greater concentration of 

lignin in wood shaving reduced the ability 
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to use wood shaving as a substrate for 

microbial growth [12]. 

 

3.3.3. Mold population counts: 

The total bacterial counts in different litter 

materials were significant at different litter 

ages (Table 3). It is clear that, the highest 

mean of the mold population count was 

recorded in sugarcane bagasse at zero day 

of litter age (4.15 log/g), followed by 

wheat straw (3.95 log/g) while, the lowest 

one was recorded in wood shavings (3.44 

log/g). Similar results were obtained by 

earlier authors [20, 22]. It is clear that in 

all litter groups, with advancing age of 

litter the mold population count increased 

progressively and the highest count in all 

litter groups was recorded at 6 weeks of 

litter age. The highest mean of the mold 

population count was recorded in 

sugarcane bagasse at 6 weeks of litter age 

(10.5 log/g), followed by wheat straw 

(10.2 log/g) while, the lowest one was 

recorded in wood shavings (10.0 log/g). 

The differences in the mold population 

count between different litter materials 

may be due to difference in the moisture 

and ammonia content in different litter 

materials leading to difference in the mold 

population count. Similar results were 

reported by earlier author [25]. It is clear 

that with advancing litter age beyond 6 

weeks the mold population count in all 

litter groups decline slightly at 8 weeks of 

litter age. This decline in the mold 

population count in all litter groups may be 

due to changing in litter ammonia level or 

compaction and resulting lower oxygen 

levels as reported by previous author [21]. 

 

Table 3 Physical properties and microbiological characters of the litter materials 
 

     Means (±S.E.) with the same letter in each row are not significantly different (p ≤ 0.05). 
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 تأثير مكونات الفرشة عمى سموك وأداء دجاج المحم
 1ى يوسفىدى ابواليد ،1عصام عمى احمد  ،1، سعاد عبدالفتاح أحمد 2ابراىيم منيح ،1محمد مرسى رمضان
 ،جامعة بنيا-الطب البيطرى كمية -قسم الصحو وسموكيات ورعاية الحيوان 1

 جامعة الاسكندرية -الطب البيطرى كمية -قسم الصحو وسموكيات ورعاية الحيوان 2 
 

 العربى الممخص
اجةرا  التجربةة عمةى بةدارى  تةم .2010أجريت ىذه الدراسة في كمية الطب البيطري، جامعةة بنيةا، لةال الفتةرة مةن سةبتمبر إلةى نةوفمبر

و تم الحصول عمييا من مشروع العزب لمتفريخ التابع لمحافظة الفيوم عمى ثاثةة أنةواع ملتمفةة مةن الفرشةة  4-التسمين من سالة دقى
وجةةد أن أدا  السةةموكيات  أسةةابيع مةةن عمةةر الطيةةور. 10 – 2)تةةبن الحمةةح و نشةةارة اللشةةب و مصاصةةة الحصةةب  لةةال الفتةةرة مةةن 

فة )سموك التغذية و الشةرب و سةموك الراحةة و تطميةر الةريل و الحمةام الترابةى و السةموك العةدوانى  فةى الطيةور التةى تةم تربيتيةا الملتم
لةم تسةجل فةروع معنويةة فةى حةدوث سةموك التغذيةة و الشةرب و سةموك الراحةة و  عمةى أنةواع ملتمفةة مةن الفرشةة لةم يتةعثر بنةوع الفرشةة.

 10 – 2تطمير الريل و الحمام الترابى و السموك العدوانى بةين الطيةور التةى تةم تربيتيةا عمةى أنةواع الفرشةة الملتمفةة لةال الفتةرة مةن 
ور التةى تةم رعايتيةا عمةى أنةواع مةن الفرشةة الملتمفةة لم تسجل فروع معنوية فى متوسط وزن الجسم بين الطية أسابيع من عمر الطيور.

جةةرام/ طةةابر  بينمةةا  1221أسةةابيع ) 10حيةةث أعطةةت المجموعةةة التةةى تةةم تربيتيةةا عمةةى نشةةارة اللشةةب أعمةةى متوسةةط وزن حةةى عمةةر 
لحمةةح جةةرام/ طةةابر  أمةةا التةةى ربيةةت عمةةى تةةبن ا 1111أعطةةت الطيةةور التةةى تةةم تربيتيةةا عمةةى مصاصةةة الحصةةب أقةةل متوسةةط وزن حةةى )

لةم تسةجل فةروع معنويةة فةى متوسةط الزيةادة المكتسةبة فةى وزن الجسةم و معةدل النمةو و الكميةة الكميةة   جةرام/ طةابر . 1202أعطةت )
سةجمت فةروع  لإستياك العمف و معامل التحويل الغذابى و نسبة النفوع بين الطيور التى تم رعايتيا عمى أنواع مةن الفرشةة الملتمفةة.

وى الرطوبة و العدد الكمى البكتيرى و العدد الكمى لمفطريات بين النشارة و التبن و مصاصة الحصب لال فترات معنوية فى نسبة محت
التجربةةةة الملتمفةةةة. بةةةالردم مةةةن وجةةةود إلتافةةةات فةةةى الصةةةفات الفيزيابيةةةة و الميكروبيولوجيةةةة بةةةين أنةةةواع الفرشةةةة الملتمفةةةة الا أن ىةةةذه 

  و أدا  الطيور. الإلتافات لم تؤثر سمبيا عمى إنتاجية
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