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 Two hundred, day-old Cobb chick were allotted into five litter treatments 

(n=40) each treatment two replicates (n=20). The litter treatments were wood 

shavings, ground rice straw, ground rice straw + sand, ground corn stalks straw, 

and rice hulls, to investigate the effect of litter material on behavioral perception 

(twice daily, two days a week for six sequential weeks); productive 

performance (body weight, feed intake, weight gain and feed conversion ratio); 

welfare indices (fear, stress, fluctuating asymmetry, plumage score, leg health 

and abnormalities); some carcass traits; litter quality; immune response against 

Newcastle diseased virus at 21 and 29 days of age and, mortalities rate. 

The obtained results data cleared that birds reared on various litter 

exhibited non-significant changes in feeding, drinking, and standing, preening 

and scratching behaviors. While, birds reared on rice hulls exhibited 

significantly higher walking behavior and significantly lower sitting and dust 

bathing behaviors. Litter type had no obvious effect over body weight, weight 

gain, feed conversion ratio and mortality rate. Moreover, welfare indices were 

not affected by type of bedding substances. The litter quality parameter revealed 

that moisture content and compactness score of litter were not affected by litter 

type while; cleanliness score of litter was lower in ground rice straw than wood 

shavings. In addition, immune response against Newcastle diseased viruses was 

not affected by type of litter.  

It could be concluded that, litter type affect broiler behaviors also, ground 

rice straw, ground rice straw + sand, Rice hulls and ground corn stalks straw 

could be used as alternative bedding materials to wood shavings with no effect 

on performance, welfare, health and immune response of broilers. 
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1. INTRODUCTION 

As poultry industry develops, the convenience 

and expense of conventional bedding substrates have 

become a great concern which increased the attention 

to unconventional bedding materials. Wheat straw 

and wood shavings are most appropriate traditional 

bedding materials. As a result of broilers 

intensifications, these materials are becoming 

increasingly scarce, expensive which have 

supporting the look for different litter materials. In 

Egypt there is progressively need to test and utilize 

untraditional different litter materials particularly 

sand and some plant residues (corn stakes, rice straw 

and rice hulls) not only for economy but also for 

health hazard and to reduce environmental pollution. 

Sand gives off an impression of being a standout 

amongst the most less complex and more practical 

potential substrate (Shields et al. 2005) that may be 

to urge broiler to show typical locomotion activities, 

dust bathing as well as litter scratching and foraging  

behaviors and consequently reduced leg problems 

(Arnould et al. 2004).   

Rice husk was more appropriate bedding 

material for productive performance of broiler chicks 

compared to sawdust, paddy straw and sand 

(Anisuzzaman & Chowdhury 1996), while, Swain & 

Sundaram (2000) found no differences between rice 

husk, saw dust or choir dust bedding material on feed 
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consumption, body gain, feed conversion and 

mortalities of broilers, similarly, rice straw bedding 

materials did not differ from wood shavings and saw 

dust on bird's performance (Benabdeljelil and Ayachi 

1996), and corn stalks straw did not differ from wheat 

straw and clover straw in performance, carcasses 

traits, leg problems, contact dermatitis of local 

turkeys and litter quality (Farghaly, 2012). 

In modern poultry production, different 

management of straw is required to remove the 

effects of litter on behavior, welfare as well as 

performance of broilers (Hester et al. 1987). The 

most commonly used routine to increase the value of 

bedding is grounding straw, which can resulted in 

reduction in the moisture content of the litter and 

decreased microbial growth, which in turn  improved 

the condition of the environment (Bjedov, et al. 

2013). 

Leg problems are one of the greatest dangerous 

welfare problems in intensive commercial broiler 

production (Scahaw, 2000). Poor Litter materials 

considered as one of the major important factor 

causing these problems. Both high moisture content 

and too dryness of bedding material had harmful 

effects and health hazard of the bird.  Wetness 

resulted in litters decomposition, ammonia 

production, hazard for foot pad dermatitis, hock 

burns, breast blisters and necrosis and pathogenic 

microbial populations, while, too dryness of the litter 

increased the level of dust in the pen and increased 

the risk of respiratory diseases.  

Fluctuating asymmetry (FA) could be measured 

to provide good indicators of leg condition and 

welfare of broilers (Møller et al. 1999) and 

considered as another dimension to understanding 

the bird's response to interact with environmental 

conditions (Ventura et al. 2010). More asymmetry of 

the tibia is an indicator of inability of the animal to 

maintain developmental stability due to stress in the 

environment (Palmer and Strobeck, 1986). It was 

reported that FA correlated with bird's fearfulness, 

gain and survival (Møller et al. 1999)  

From behavioral and performance point of view, 

fear is undesirable in broiler because it can resulted 

in reducing the bird's capability to cope with 

environmental conditions, productive indices. 

Moreover, severe injury or even death may be 

resulted from sudden escape reactions (Hogan 1965; 

Jones 1986, 1987, 1996). Indeed, decreasing the 

levels of bird's fear thought to be very important to 

improve both productivity and adaptability of the 

birds to environmental condition under intensive 

production (Faure and Mills 1998). Fearfulness level 

can be measured by tonic immobility (duration and 

number of inductions). Short duration indicates less 

fearfulness and long duration indicate more 

fearfulness (Jones, 1986, 1996). Stress reduced 

individual fitness and increased mortality (Fraser and 

Broom 1990). Maxwell (1993) noted that, 

differential leucocytic count is a good indicator to 

identify symptoms of stress and heterophil: 

lymphocyte response is consistent indicator of stress 

compared to cortisone hormone in the animal plasma. 

The goal of the presented study was to assess the 

appropriateness of using alternative poultry bedding 

substrates on the behavior, welfare, productivity, and 

immune response of broilers as well as the quality of 

litter substrates. 

 
2. MATERIALS AND METHODS 

2.1 Experimental design and bird management: 

Two hundred day-old chicks (Cobb) were 

assigned into five treatments in floor pens of 20 

chicks (10 birds/ m2) with two replicates for each 

treatment. The treatment consists of five different 

litter materials (5 cm depth): wood shaving, ground 

rice straw (straw was chopped 4-7 cm), ground corn 

stalks straw, rice hulls, and ground rice straw + sand 

(2.5 cm depth for each layer with no mixing of litter 

substrates). Chicks were reared for 6 weeks of age; 

no other litter management was performed 

throughout the course of experiment.  

Water and food were offered ad-libitum. Starter 

diet was offered for the first fifteen days and then, 

finisher diet was offered to the end of trial. Diets were 

prepared to meet the requirements of NRC (1994). 

Lighting was provided for 23 h/day throughout the 

experimental period. Temperature of the house at 

chick's back was 31oc at the first day and then 

decreased by 1oc every two days until 21oc was 

reached. A standard vaccination program was applied 

during the whole period for all groups.       
 

 

2.2 Measurements: 

2.2.1 Behavioral observation:  

Behavioral observation was conducted two days 

per week, twice per day once during morning (8:00-

10:00) and another during afternoon (13:00-15:00) 

for consecutive 6 weeks. Each pen was observed for 

15 minutes each time by instantaneous scanning 

observations according to Lee and Criag (1990). The 

feeding, drinking, standing, walking, sitting, 

foraging, preening, bathing, scratching, and pecking 

behaviors were scanned every one minute. Data of 

scanning was calculated and articulated as a 

percentage of birds engaged in each measured 

behavior.  
  

2.2.2. Productive performance and carcass traits: 



      Ramadan1 and El-Khloya 2017. AJVS. 52 (1): 133-141. 

136 

Live body weight and feed intake per pen were 

weekly recorded then weight gain and feed 

conversion ratio calculated.  At the end of this trial, 

four birds per pen were randomly chosen (eight 

birds/treatment), weighed slaughtered and their 

carcass, bursa of fabricius, liver, gizzard, heart and 

spleen were weighed and calculated as a percentage 

of bird's live body weight. 
 

2.2.3 Welfare indices: 

a. Fearfulness: 

Duration of tonic immobility was used to 

measure the bird's fearfulness, (Forkman et al. 2007). 

Six birds from each pen were tested during 6th week 

of age, where each bird was sited its back in a U-

formed wooden expedient and controlled for ten 

seconds. By stop watch, the amount of time up to the 

bird stand on its feet was recorded, with maximum 

duration of 300 sec.  
 

b. Hematological stress indicator (Heterophils / 

lymphocytes ratio, H/L) 

At the last days of this trial, blood samples from 

wing vein were collected then direct blood smears 

was done for differential leukocytic count (4 

chicks/pen; 8 birds/treatment). May-Gunwald-

Giemsa stain was used and one hundred leucocytes 

were counted using light microscope with an oil 

immersion lens x 40. Heterophils to lymphocytes 

ratio was counted. 
 

c. A latency- to-lie (LTL) test: 

LTL test was designed to evaluate the health 

condition of the leg, by calculating the time at which 

the bird can persist stay abstain from taking a seat in 

shallow, fortunes warm water (5 minutes test period). 

This test is correlated to locomotion capability of the 

bird (Berg and Sanotra 2003). Five birds from each 

pen were used in this test at the end of the experiment 

in completely isolated room. 
d. Fluctuating asymmetry (FA).  

The difference between right and left diameter of 

tibia (Fluctuating asymmetry) was recorded using a 

digital caliper as described by (Villagra et al. 

2011). Diameter of tibia was measured twice on 

each leg to decrease the error. 
 

e. Footpad lesion score and hock burns score. 

Five birds from each pen that evaluated for FA 

were also examined for Footpad lesion score and 

hock burns score. A scale ranged from 0= health foot 

to 3= severely affected foot was used to evaluate 

footpad (Pagazaurtundua and Warriss 2006). A scale 

ranged from 0= health hock to 2= severely affected 

hock (Kjaer et al. 2006) was used to asses hock 

condition. Both legs were examined for footpad and 

hock condition. 

 

2.2.4 Plumage covers score  

At the last week of this trial 5 chicks per pen 

were exposed to feather scoring of back, rump, 

breast, wing and total feather score. The score ranged 

from 1= good plumage to 3= worst plumage 

according to Benabdeljelil and Ayachi (1996). 
 

2.2.5 Litter quality (Moisture content, Cleanliness 

scores and Compactness scores)     

At 42 days of age, samples of bedding substrates 

were composed from five sites of each pen (one from 

the center and four from the corners). At least 200g 

of litter sample were taken from each location in a 

plastic container. Each sample was thoroughly 

mixed. A 100 gm sample (five samples/ pen) was 

weighed and dried in hot air oven at 65°C for 72 

hours and then weighed. The weight difference was 

used to determine moisture content according to 

Medeiros et al., (2008). 

A Score from 1 to 5 was used to determine litter 

cleanliness score and Litter Compactness score 

(Benabdeljelil and Ayachi 1996) as following: 

 Litter cleanliness:- Litter cleanliness score: 1= 

clean litter to 5= worst 

 Litter compactness:- Litter compactness score: 1= 

litter height similar to first day  to 5= litter height 

decreased by more than half 
 

2.2.6 Immune response: 

Antibody titer against Newcastle diseased virus 

was determined at 21 and 29 days of age. Randomly 

blood samples were obtained from 6 chicks per pen 

from the wing vein. Clean sera were harvested and 

kept at -20 ºC until assay. HI test was used to 

determine the antibody titer which was expressed as 

the log2. 
 

2.3 Data analysis: 

The collected data were analyzed with SAS 

(2001), proc GLM one way analysis of variance and 

immune response data were transformed to log2 

before analysis. 

3. RESULTS AND DISCUSSION. 

3.1 Behavioral patterns. 

The effect of different litter types on chicks 

behavior presented in Table (1a) showed that litter 

types had no significant effect  on  feeding and 

drinking behaviors which in turn was reflected on 

final live body weight and weight gain of chicks as 

bedding types had no effect (p>0.05) on BW and 

BWG. These results were in close agreement with 

Benabdeljelil and Ayachi (1996) who found that feed 

consumption not significantly differed between birds 

reared on ground rice straw, wood shavings and rice 

hulls. Similarly, Farghaly (2012) found no difference 
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of feed consumption in turkey raised on wheat straw 

litter, clover and corn stalks straw. Contrarily, 

Toghyani et al  (2010) stated that feeding and 

drinking behaviors were significantly higher 

(p<0.05) on rice hulls than on wood shavings when 

the birds were given a choice in pens divided into 

four parts covered with sand,  rice hulls, wood 

shavings and paper roll bedding materials. 

Using rice hulls significantly improved walking 

activities and decreased percentage of birds engaged 

in sitting behavior (p<0.05) compared to other litters 

(Table 1b). Dust bathing behavior was significantly 

lower on rice hulls (p<0.05) compared to wood 

shavings. Birds preferred wood shavings, ground rice 

straw, ground rice straw + sand and ground corn 

stalks straw for sitting behavior. In the same trend, 

Toghyani et al (2010) found significantly low 

walking behavior and higher sitting behavior on 

wood shavings and sand compared to rice hulls. 

There may be a difference in the feel of bird's foot 

and feather to litter substrates. Shields et al. 2005 

indicated that, lower depth temperature of the litter as 

well as degree of cleanliness, and may be further litter 

properties essential for bird's resting behavior. 

Dust bathing data (table 1b) indicated that rice 

hulls are inferior bedding substrates for dust bathing. 

Toghyani et al. (2010) found that dust bathing was 

higher (p< 0.05) on wood shavings than on rice hulls. 

Also, Shields et al. (2004) recorded no dust bathing 

in rice hulls. It is known that from behavioral point 

of view, rice straw is an inferior litter material, but 

chopping straw in our experiment or covering 

chopped straw with a layer of sand resulted in 

improving its bedding quality which in turn reflected 

on the behavior of birds, moreover, birds prefer to 

dust bath in sand than wood shavings or straw 

(Sanotra et al., 1995).  

No significant differences of litter types on the 

percentage of birds engaged in standing, foraging, 

preening, scratching and pecking behaviors (Table 

1b). However, Toghyani et al (2010) stated that, 

foraging and preening behaviors were significantly 

decreased on rice hulls compared to wood shavings. 

Our result from behavioral observation was agreed 

with Arnould et al. (2004); Shields et al. (2005) and 

Toghyani et al. (2010), they indicated that broiler 

behaviors affected by bedding types. Contrarily, 

Karousa et al. (2012) denoted that the litter types had 

no effect on broiler behaviors.  

 

3.2 Productive performance. 

In the current study, a non-significant difference 

was observed in the body weight (BW), BWG, 

mortality rate percentage and FCR among chicks 

raised on different types of bedding (Table 2a&b). 

These results were in agreement with Mizu et al. 

(1998) who concluded that rice husk can be used as 

litter for broiler with no effect on bird's health and 

productivity.  In the same trend, Farghaly (2012) 

found no differences in all productive performance of 

turkey raised on wheat straw litter, clover and corn 

stalks straw.  Similarly, Benabdeljelil and Ayachi 

(1996), Monira et al. 2003,  Atapattu and 

Wickramasinghe (2007), de Avila et al.( 2008), 

Bilgili et al. (2009),  Davis et al. (2010), Villagra et 

al. (2011),  Karousa  et al. (2012) reported that, type 

of litter had no influence on broilers performance 

including BW, BWG and FCR. Contrarily, Toghyani 

et al., (2010) and Mihai et al. (2013) showed 

significantly decreased body weight of birds grown 

on rice hulls compared to wood shavings. 
 

3.3 Carcass traits. 

Carcass traits of broiler chicks at 42 days of age 

(Table, 3) revealed that percentage of live boy 

weight, percentage of heart to live weight, Percentage 

of gizzard, Percentage of spleen, and bursa was not 

significantly different in birds reared on different 

types of litter. Similarly, carcass traits were not 

affected by bedding types in broilers (Davis et al., 

2010) and in turkeys (Farghaly, 2012). Also, 

Toghyani et al. (2010) found no difference of carcass 

traits in birds reared on rice hulls and wood shavings. 

Contrary, Malone et al. (1993) and Bilgili et al. 

(1999a) found that broilers chicks raised on pine 

shaving, wood shavings or sawdust had greater 

gizzards than those raised on other bedding materials.  
 

3.4 Welfare indices. 

With respect to effect of litter type on which 

broilers raised and welfare indices the data presented 

in Table (4a&b) indicated that litter type had no 

effect on fear, fluctuating asymmetry, plumage cover 

scores, footpad lesion scores, hock burns scores, 

latency to-lie-test and stress (heterophils to 

lymphocytic ratio), these results agreed with 

Farghaly (2012) who noted that foot pad burns, hock 

discoloration and breast blisters scores were not 

significantly affected in turkeys reared on wheat 

straw litter, clover and corn stalks straw, while, 

Asaniyan et al (2007) noted that litter depth and litter 

type had no significant influence on haematological 

values. Also, Benabdeljelil and Ayachi (1996) found 

no effect of bedding types on plumage scoring, breast 

blisters, leg abnormalities and footpad lesions of 

broiler chicks reared on ground rice straw, wood 

shavings, sawdust or rice hull. Moreover, Villagra et 

al. (2011) indicated that, bedding type not affect 

welfare indices; however, the incidence of hock 

burns was higher in birds reared on sludge from paper 

http://www.sciencedirect.com/#bib18
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recycling compared to birds reared on wood 

shavings. In contrary Shanawany (1992) and Ferrante 

et al (2006) reported that plumage cover score and 

footpad lesions were bad for straw litter compared to 

wood shavings.  
 

3.5 Litter quality. 

The moisture content and compactness scores at 

42 days of age were not differed (p> 0.05) among 

different litter materials (table 5). However, 

cleanliness scores were better (p <0.05) in wood 

shavings than ground rice straw. Wood shavings are 

a superior litter material compared to straw due to its 

high water-holding capacity (Ferrante et al 2006). 

Rice straw has low water holding ability, but 

chopping straw or covering it with a layer of sand in 

the current study resulted in improving its bedding 

quality prosperities as it not differed from wood 

shavings at least in its moisture content as well as in 

litter compactness scores.  Sǿrensen et al. (2002) 

indicated that straw had poorer retention limit and it 

should be ground very short to increase its water-

holding capacity. Results from litter quality was 

agreed with Farghaly (2012) who concluded that corn 

stalk straw litter slightly decreased the airborne dust 

and litter moisture, which positively reflected on 

immunity and health condition of birds so he 

recommended that corn stalks straw is economical 

alternative materials for local turkey. Also, 

Benabdeljelil and Ayachi (1996) found no effect of 

litter materials composed of rice hulls, ground rice 

straw and wood shavings on moisture content at 43 

days of age, they added that cleanliness scores were 

not differed among litters at 22 days of bird's age, but 

at 43 days of bird's age cleanliness scores was worst 

in ground rice straw compared to wood shavings.  

Almeida Paz et al. (2010) found that new wood-

shavings were the best litter materials to avoid 

movement problems compared to rice husks (either 

new or reused). But, when locomotion abnormalities 

were related to bird's strain or its gender, less leg 

problems were observed when male Ross birds strain 

grown on new litters of rice husks, then wood 

shavings. 
 

3.6. Immune response: 

Effect of alternative litter materials on antibody 

titer against ND (table 6) cleared that antibody titer 

against ND at 21 and 29 days of age was not affected 

by litter type. This finding was in close agreement 

with Toghyani et al.  (2010) who found that antibody 

titer against ND at 18 and 28 days of age when birds 

reared on rice hulls or wood shavings was not 

affected. 

  
4. CONCLUSIONS 

It could be concluded that different bedding types 

affect behaviors of broiler chicks. Ground rice straw, 

ground rice straw + sand, rice hulls and ground corn 

stalks straw could be used as economical alternative 

litter materials to wood shavings without effect on 

performance characteristics, immune response, 

welfare and health of broilers. Moreover, chopping 

the rice straw or covering chopped rice straw with 

sand improving its bedding quality which in turn was 

reflected on the health and welfare of the bird. 

 

Table (1a) Means and their standard errors of the effect of litter type on behavior of broiler chicks. 
Standing Walking Sitting Drinking Feeding Group 

6.98± .94 3.86b± .61 58.95a± 1.80 1.99± .61 11.70± 1.23 Wood shaving 

6.03± 1.09 3.77b± .71 58.84a± 2.58 3.24± .93 13.06± 1.70 Ground rice straw 

8.66± 1.08 3.33b± .69 59.23a± 1.65 2.65± .66 10.68± 1.39 Ground rice straw + Sand 

6.86± 1.16 3.49b± .73 60.88a± 2.46 2.73± .71 11.38± 1.58 Ground  corn stalks straw 

7.68± 1.09 9.27a±1.24 51.94b± 1.84 2.56± .87 13.70± 1.44 Rice hulls 

Ns 0.001 0.030 Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 

 

 

Table (1b) Means and their standard errors of the effect of litter type on behavior of broiler chicks. 
Bathing Pecking Scratching Preening Foraging Group 

1.57a± .45 .44± .25 2.09± .49 6.60± 1.37 5.80± 1.04 Wood shaving 

.62ab± .30 .13± .12 2.41± .61 6.08± .98 5.79± 1.03 Ground rice straw 

.80ab± .31 .71± .36 2.03± .52 6.78± .85 5.11± .88 Ground rice straw + Sand 

1.05ab± .12± .12 2.03± .52 5.77± 1.06 5.68± 1.01 Ground  corn stalks straw 

.13b± .13 .33± .33 2.38± .64 6.46± .91 5.53± 0.99 Rice hulls 

0.045 Ns Ns Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 
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Table (2a) Means and their standard errors of the effect of litter type on body weight of broiler chicks 
Week 6 Week 5 Week 4 Week 3 Week 2 Week 1 Group 

2017.29± 46.73 1654.41± 42.48 1119.41± 35.19 677.94± 15.34 372.64± 12.99 164.11± 4.77 Wood shaving 

1880.17± 41.98 1471.47± 62.74 1085.05± 32.09 687.94± 21.00 369.05± 18.34 165.29± 5.15 Ground rice straw 

1970.47± 57.50 1621.17± 46.63 1076.17± 25.84 674.41± 25.69 400.00± 17.24 157.64± 5.52 Ground rice straw + Sand 

2002.70±46.62 1619.11± 44.13 1190.00±47.03 717.35± 17.10 396.47± 12.20 162.35± 5.65 Ground  corn stalks straw 

1950.23± 50.14 1553.82± 50.38 1101.76± 27.39 652.94± 19.37 382.64± 13.19 171.17± 4.36 Rice hulls 

Ns Ns Ns Ns Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 

 

Table (2b) Means and their standard errors of the effect of litter type on weight gain, feed conversion ratio and 

mortality rates of broiler chicks 

Mortality rate  Feed conversion Weight gain (g) Group 

0.00 2.03± .04 1969.34± 46.53 Wood shaving 

1.96 2.21± .05 1832.18± 42.29 Ground rice straw 

0.00 2.18± .07 1922.23± 57.25 Ground rice straw + Sand 

0.00 2.09± .05 1954.51± 46.51 Ground  corn stalks straw 

1.96 2.21± .06 1903.08± 50.42 Rice hulls 

Ns Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 

 

Table (3) Means and their standard errors of the effect of litter type on carcasses traits of broiler chickens (42 

days of age). 
Bursa % Heart % Gizzard % Spleen % Liver % Carcass % Group 

.12± .01 .56± .08 3.15± .33 .13± .01 2.35± .20 75.21± .25 Wood shaving 

.10± .00 .64± .05 3.06± .56 .14± .01 2.41± .12 73.29± .34 Ground rice straw 

.09± .01 .69± .11 2.85± .30 .12± .00 2.40± .22 76.65± .40 Ground rice straw + Sand 

.10± .01 .75± .17 3.43± .40 .14± .00 2.45± .08 77.12± .58 Ground  corn stalks straw 

.11± .01 .54± .04 2.89± .56 .13± .01 2.39± .26 71.79± .28 Rice hulls 

Ns Ns Ns Ns Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 

 
Table (4a) Means and their standard errors of the effect of litter type on welfare indices of broiler chicks (42 

days of age). 

Fluctuating  

asymmetry 

Total 

 Feather 

 score 

Wing  

feather 

score 

Breast 

feather 

score 

Rump 

feather 

score 

Back  

feather 

score 

Group 

.28± .08 6.00± .31 1.40± .24 2.60± .24 1.00± .00 1.00± .00 Wood shaving 

.44± .15 6.80± .48 1.40± .24 2.40± .24 1.40± .24 1.60± .24 Ground rice straw 

.42± .09 6.40± .24 1.60± .24 2.20± .37 1.20± .20 1.40± .24 Ground rice straw + Sand 

.36± .05 5.60± .24 1.40± .24 2.20± .20 1.00± .00 1.00± .00 Ground  corn stalks straw 

.45± .08 6.50± 1.04 1.50± .28 2.25± .47 1.50± .28 1.25± .25 Rice hulls 

Ns Ns Ns Ns Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 

 

Table (4b) Means and their standard errors of the effect of litter type on welfare indices of broiler chicks (42 

days of age). 
Heterophil to 

lymphocyte ratio 

Tonnic 

immobility 

(sec) 

Latency to 

Lie (sec) 

Hock 

Burns 

score 

Footpad 

Lesion 

score 

Group 

.06± .01 108.33± 35.86 99.00±32.50 1.60± .24 1.00± .31 Wood shaving 

.09± .01 184.16± 30.02 174.33±46.65 2.20± .20 1.80± .58 Ground rice straw 

.07± .01 131.16± 33.37 116.33±47.795 1.40± .24 1.40± .40 Ground rice straw + Sand 

.04± .00 105.00± 36.25 78.00± 13.53 1.40± .24 1.20± .37 Ground  corn stalks straw 

.07± .01 144.66± 35.38 149.16± 49.89 2.00± .70 2.00± .40 Rice hulls 

Ns Ns Ns Ns Ns P-Value 
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Means within the same column carry different superscripts are significantly different. 

 
Table (5) Means and their standard errors of the effect of litter type on Litter quality 

Compactness score Cleanliness score Moisture Group 

2.60± .24 2.20± .20b 22.17± 4.72 Wood shaving 

3.00± .00 3.80± .20a 29.79± 3.66 Ground rice straw 

2.60± .24 3.00± .44ab 24.93± 2.67 Ground rice straw + Sand 

2.40± .24 3.00± .31ab 21.64± 2.33 Ground  corn stalks straw 

2.80± .200 3.20± .37ab 25.45± 1.28 Rice hulls 

Ns 0.037 Ns P-Value 

Means within the same column carry different superscripts are significantly different. 

 
Table (6) Means and their standard errors of the effect of litter type on antibody titer (log2 HI) against NDV. 

Day 29 Day 21 Group 

4.40± .50 2.60± .24 Wood shaving 

3.60± .40 2.40± .24 Ground rice straw 

3.60± .24 2.0± .31 Ground rice straw + Sand 

4.60± .50 2.80± .37 Ground  corn stalks straw 

3.40± .24 2.00± .44 Rice hulls 

Ns Ns P-Value 

Means within the same column carry different superscripts are significantly different. 
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