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ABSTRACT: The study was implemented at the National University of Lesotho with the aim to find a potential
litter material for use in broiler production. The study followed a completely randomized design with four litter
treatments replicated three times. A well ventilated house divided into 12 pans was used where each pan or a
replicate contain 15 birds with a total of (n=180) birds. Feeding and watering were done on ad libitum basis
while the normal routine for broiler production was followed. Litter treatments were made up of control
represented by wood shaving and it was compared to dried pine leaves, decomposed kraal manure and sand. All
litter materials were applied at the depth of 10 cm. Data was collected on the following parameters broiler
production, feet health and chemical and physical properties. Litter material treatment had no significant
influence on feed intake, body weight, body weight gain, and feed conversion ratio and mortality rate. Regarding
broiler feet health litter treatment had significant influence on foot pad dermatitis while hock burns and broiler
temperature were not statistically different amongst litter treatments. Litter evaluation results revealed that
different litter sources were differing significantly in terms ammonia emissions, water holding capacity. pH and
bulk density while litter temperature did not differ significantly between litter treatments. It was concluded that
both dried pine leave and decomposed kraal manure are potential sources that could replace wood shavings in
broiler production. Dried pine leaves ideal for improved production while decomposed kraal manure deemed fit
for ensure good feet health. It is therefore recommended that farmers in Lesotho can use both decomposed
kraal manure and dried pine leaves to replace wood shavings.
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INTRODUCTION

Litter quality is of great importance to the welfare of broiler chicken, as they generally spend their entire life in contact
with litter (Lonkar, et al., 2018 and Kryeziu et al., 2018). Litter serves several functions that include thermal insulation,
moisture absorption, protective barrier from the ground, and it also allows for natural scratching behavior. The quality of
the in-house environment is highly dependent upon litter quality (Rizt et al., 2017). An effective bedding material must be
readily available, absorbent, lightweight, inexpensive and non-toxic (Rizt et al., 2009; Waziri, Kaltungo, 2017 and Munir et
al., 2019). The litter environment is ideal for bacterial proliferation and ammonia production. The two factors that
influence litter conditions most are manure and moisture. The ideal litter material should have a moisture content of 20-
25%, a pH of 8-10, and ammonia content should not exceed 25 ppm (Dunlop et al., 2016 and Geng¢oglan and Gengoglan,
2017). Excess moisture in the litter increases the incidence of breast blisters, skin bums, scabby areas, bruising,
condemnations and downgrades (Hossain et al., 2018). Wet litter is the primary cause of ammonia emissions, one of the
most serious performance and environmental factors affecting broiler production today (Rizt et al., 2017). Controlling
litter moisture is the most important step in avoiding ammonia problems.

Pine shavings and saw dust have been the most preferred litter source for broilers in Lesotho but because of the
high demands, their prices and availability is now a big problem for farmers. In turn farmers are forced to use alternative
bedding materials such as dry grass, undecomposed kraal manure and shredded paper characterized by low moisture
holding capacity and this results in fungal growth which causes many diseases, increased mortality and welfare concerns
in the form of foot pad dermatitis (FPD). Contact dermatitis affects skin surfaces that have prolonged contact with wet
litter or other wet flooring surfaces. The condition is manifested as blackened skin progressing to erosions and fibrosis on
the lower surface of the footpad, at the back of the hocks, and sometimes in the breast area (World Organization for
Animal Health, 2018). If severe, the foot and hock lesions may contribute to lameness and lead to secondary infections
(Shepherd et al., 2017). Animal welfare audits in Europe often use foot, hock, and breast burn-lesions as an indicator of
housing conditions and the general welfare of the birds (Haslam et al., 2007). Therefore, the aim of this study is to
evaluate alternative bedding materials that are inexpensive but had the potential to give comparable results to those of
wood shavings under Lesotho condition.
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MATERIALS AND METHODS

Ethical approval
The scientific and ethics committee of the Faculty of Agriculture, National University of Lesotho approved the study
protocol.

Study area

The study was carried out at the National University of Lesotho, Faculty of Agriculture farm in Roma some 34
kilometers southeast of Maseru, the capital of Lesotho. The Roma valley is broad and is surrounded by a barrier of rugged
mountains which provide magnificent scenery. The university enjoys a temperate climate with four distinct seasons.

Experimental Design

Completely randomized design was used whereby four different sources of litter materials were used as treatments
and replicated three times. Wood shavings was considered as the control, while, decomposed kraal manure, sand and dry
pine tree leaves were considered as treatments 1, 2 and 3 respectively. Bedding material was laid at the depth of 10 cm.
On daily basis, patches of bedding that were too wet as a result of spills from the drinkers were removed from the pans
and at end of every week bedding was raked to reduce the caking effect and also to allow air circulation.

Birds and Management

One hundred and eighty (n=180) Ross 308 broiler chickens were reared under deep litter system. Before the arrival
of chicks, the house was cleaned thoroughly and disinfected to kill the micro-organisms that might harm the chicks. All
the birds were brooded together using a standard bedding material which is wood shavings for the first two weeks and
then at the start of growing period, they were randomly distributed into four bedding material treatments, each treatment
replicated 3 times with 15 birds per replicate. Birds were provided with continuous light for 24 hours. The three phase
feeding was used and the birds were each phase lasted for two weeks. Feeds and water were given ad libitum.

Data collection
Data was collected on daily basis on health related parameters and on weekly basis for production performance and
physical and chemical assessment of different litter sources.

Production

Feed intake was determined as the difference between total feed supplied and leftovers on weekly basis. Feed
conversion ratio was calculated as, feed intake (kg)/lives weight (kg). The body weight was measured using a measuring
spring balance scale. Growth rate was measured as the final weight minus initial weight divided by number of days.

Feed intake = total feed supplied- total feed left

Feed conversion ratio (FCR) = feed intake (kg)/live weight gained (kg)

Growth rate= final weight-initial weight/ number of days

Average body weight=total body weight/number of birds

Feet health parameters

Data was collected on the following parameters: mortality rate, signs of illness due to litter material emissions, body
temperatures, hock burns and footpad dermatitis. Body temperature was measured using the digital thermometer at the
end of each week. The hock burn were scored in six birds per replicate at six weeks of age using a 3 point scoring system
(0= no burns; 1 = mild burns and 2= severe burns). The hock burns were assigned to one of three score. The mean score
of hock was calculated as the cumulative total of the lesion scores divided by the total number of birds examined.
(Thomas et al., 2004) Footpad lesions were assessed by eye and scored according to the protocol of Berg (1998) at the
end of every week as follows;

> Class 0 = lesions absent or minor

» Class 1 = medium or mild lesions

» Class 2= severe lesions.

Litter material assessment

A number of laboratory tests were done to assess the quality of litter materials and they included dry matter
content, pH, Bulk density, water holding capacity, water releasing capacity and ammonia emitted by litter material. Litter
samples were collected at the beginning and at the end of every feeding phase from five locations within each pen and
thoroughly mixed. Subsamples were submitted to the Animal Science Laboratory for chemical analysis. Chemical analysis
was performed according to Brake et al. (1992) and AOAC International (1995) guidelines. Bulk density was expressed as
the weight of 1 litre of as-is litter material. Litter moisture was measured after drying for 24h at 105°C. The pH was
recorded using an electronic meter after 30grams of macerated litter were added to 250 milliliter of deionised water,
agitated for 5 minutes, and suspended for 30 minutes.
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Water-holding capacity was determined as follows: Litter samples were dried until constant weight and 50grams of
litter was placed in a 500 milliliter beaker, the beaker was filled with water and left to stand for 30 minutes, excess water
was then drained for 3 minutes and the sample was weighed again; the percentage of water absorbed was calculated on
a DM basis.

To determine the water-releasing capacity, each litter sample was placed in a 3-cm-deep pan; the pan was filled with
water and allowed to stand for 30 minutes; after draining the excess water for 3 minutes, the litter sample was weighed,
the pan was then weighed 5 and 24 hours after draining, moisture loss at each time point was expressed as a percentage
of the initial wet weight of the sample.

Determination of NH3 emissions was based on the micro-diffusion method as follows: 100 g of fresh litter was
weighed, placed in a 500-millilitre cylindrical flask, and leveled. A 50-millitre beaker containing 10 millilitre of 2% (m/v)
boric acid was placed on top of the litter; the flask was closed and incubated for 20 h at 30°C; the boric acid solution was
then titrated against sulphuric acid 0.1 N with metal orange and bromocresol green; volatilized NH3 (in milligrams per
100 grams of litter) was calculated by multiplying the amount of sulphuric acid used (A) by its normality and the
molecular weight of ammonia: NH3 =A x 0.1 x 17.

Data analysis

Data was analyzed using IBM SPSS version 20 (2011) package and data was subjected to Analysis of Variance
(ANOVA) to determine the differences among different litter materials.

Statistical model used is as follows; Yij=p + Bj + €ij

Where;

Yij =ith observation of jth bedding material

u=O0verall mean (mean effect)

Bj=Effect due to bedding material

€ij=Experimental or random error

RESULTS AND DISCUSSIONS

Production parameters

The litter material treatments had no significant (P 20.05) influence in all broiler production parameters such as-
feed intake, feed conversion ratio, body weight, growth rate and mortality. However, with the comparison to the control,
broilers that were reared on dry pine leaves had closest performance in terms of feed intake, feed conversion ratio, body
weight, and growth rate. In terms of mortality decomposed kraal manure gave similar results to control.

The results of the current study are in agreement with the findings of Hafeez et al. (2009); Davis et al. (2010);
Mendes et al. (2011); Villagra et al. (2011); van Harn et al. (2012); Bjedov et al. (2013); Taherparvar et al. (2016) and
Shepherd et al. (2017) who reported that different litter material sources had no effect on feed intake, weight gain,
efficiency of feed conversion and growth rate. On the other hand these results are in contrast with the results of
Anonymous (1992); Asaniyan et al. (2007); Toghyani et al. (2010), and Lonkar et al. (2018) who reported that the litter
material had a significant (P<0.05) influence on body weight, body weight gain and feed conversion ratio. Based on feed
intake and growth rate dried pine leaves were found to be the closest potential litter to wood shavings in terms of
production performance.

Table 1 - The effects of litter material on broiler production

Parameters Litter treatments Significance
Control | T1(DPL) | T2(DKM) | T3(SAND) Pt | CV2
Feed intake (g/week) 580 581 637 633 0.975 27.8
FCR3 1.6 1.7 1.84 177 0.946 15.9
Live weight (grams) 2380 2340 2420 2470 0.997 40.9
Mortality 0.000 0.333 0.000 0.333 0.588 27.3
Growth rate (grams) 87 89 81 80 0.401 51.9

1 Probability level at 0.05 percent; 2 Coefficient of Variation; 3 Feed Conversion Ratio (gram feed/gram weight gain), Control = Wood shavings;

T4 = Dried Pine Leaves; T2 = Decomposed kraal manure; T3 = Sand

Feet health

The influence of litter material on broiler feet health results are shown in Table 2. Litter material treatments had a
significant influence (P<0.05) on footpad dermatitis while hock burn and broiler body temperature were not statistically
(P=20.05) different amongst the litter treatments. The highest incidences of footpad dermatitis were found in sand,
followed by dry pine tree leaves while decomposed kraal manure had the lowest incidences. Hock burns results on the
other hand were highest in pine tree leaves and sand while decomposed kraal manure had no incidences of hockburns.
The findings of the current study are in agreement with the findings of Mendes et al. (2013) who compared wood shaving
and saw dust litter materials and observed significant differences between two sources whereby wood shavings had
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higher incidences than saw dust. Garcia et al. (2012) also reported that birds raised on litter made of 100% wood shaving
had no incidences of footpad dermatitis. Hock burn results are in line with the results of Varol Avcilar et al. (2018) that
compared wood shavings and rice hulls and reported that were no significant difference in hock burns between two litter
sources.

On the other hand, Bilgili et al. (2009), observed highest incidences of footpad dermatitis in wood shavings and dry
pine tree leaves, while mortar sand was ranked as the bedding material with the lowest severity. Lacy et al. (2002)
discovered that a problem with dry pine tree leaves is breast blisters and greater incidence of hock burns during the first
two weeks. Bilgili et al. (2000) and Chuppava et al. (2018) reported contrasting results and indicated that broilers raised
on sand performed as well as or better than those raised on pine shavings and it had the lowest incidences and severity of
hock burns and other skin lesions. Body temperatures of birds reared in wood shavings, which was the control, were
increasing gradually across the weeks while those reared in sand showed the least body temperatures of all litter
materials. These findings are in agreement with the report of Gernat (2009) stating that sand had the lowest
temperatures resulting in low body temperatures of the birds but that did not have a negative impact on productivity.
Decomposed kraal manure in terms of feet health gave similar performance to wood shavings and could be a potential
litter that can be used to improve broiler feet health.

Table 2 - The effects of litter material on birds feet health

e Litter treatments Significance
Control | T1(DPL) | T2(DKM) | T3(SAND) Pt | CV2
Incidence of FPD3 (%) 0.00a 16.25p 9.852 64.25¢ 0.01 13.73
Body temperature (°C) 40.75 40.93 40.76 40.46 0.46 0.33
Hock burns 2.50 8.25 0.00 4.00 0.12 15.5

abe Vleans within a row with different superscripts differ significantly (P< 0.05), 1 Probability level at 0.05 percent; 2 Coefficient of Variation; 3

Foot Pad Dermatitis. Control = Wood shavings; T1 = Dried Pine Leaves; T2 = Decomposed kraal manure; T3 = Sand

Physical and chemical evaluation

The comparison of physical and chemical properties of different litter materials results are shown in table 3.
According to these results there were significant differences among different litter treatments in physical and chemical
properties with the exception of litter temperature. According to mean comparison test there was no significant difference
between control, dry pine leaves and sand in terms of ammonia emission. In terms of water holding capacity, there was
no significant difference between the control and dry pine leaves. With regard to litter pH, there was no significant
difference between control, dry pine leaves and decomposed kraal manure. Lastly mean comparison test result shows
that there was no significant difference between wood shavings and decomposed kraal manure in terms of bulk density.

These results are in agreement with the findings of Brake et al. (1993) and Kuczynski and Slobodzian (2002) who
noticed that there were no a significant difference (P20.005) in physical and chemical properties between different litter
sources while comparing wood shavings with wheat straw, rice straw and sand. Farhadi (2014) used both wood shavings
and saw dust as control in the study that seeks to find a potential litter material for broiler and compared them to wheat
straw, sugarcane bagasse, sugarcane peat; rice hulls and the researcher found no significant difference between control
and the tested litter materials in terms of moisture content, pH, water holding and water releasing capacity and bulk
density. Ammonia emission results pointed out the use of kraal manure as litter material should be handled with extra
care especially if the substrate is not fully decomposed. Ammonia emissions in this study were higher than the
recommended threshold value of 25 ppm for broiler house. The higher values could be associated with poor level of litter
decomposition prior to its use as litter material. The higher bulk density also could have contributed significantly because
lower bulk density of a material shows high porosity and moisture absorbing capacity, air circulating and moisture
releasing capacity than high bulk density (Ataputta and Wickramasinghe, 2007). Litter pH was similar between dried pine
leaves and decomposed kraal but they were significantly higher than the control. It was reported that the low pH level of
litter material has an advantage because in acidic pH of litter, the conversion of uric acid to ammonia will be reduced
(Moore et al., 1996). The lower litter temperature observed under sand could be a contributing factor for higher feed
intake for birds under this treatment in an effort to maintain high metabolic activities to keep warm.

Table 3 - Physical and chemical properties of different litter materials

Parameters Litter treatments Significance
Control | T1 (DPL) | T2(DKM) | T3(SAND) Pt | CV2
Ammonia emissions (mg/L) 6.932 19.502 27.29b 17.25a 0.001 42.00
Water holding (%) 114.952 105.812 92.20k 56.94¢ 0.001 25.00
Litter temperature 17.35 17.96 17.84 16.90 0.681 7.36
pH 6.182 6.73p 6.75° 7.36° 0.001 10.00
Bulk density (g/cm3) 300.14= 205.06" 370.502 1788.75¢ 0.001 101.00

abc Means within a row with different superscripts differ significantly (P< 0.05), 1 Probability level at 0.05 percent; 2 Coefficient of Variation; 3

Foot Pad Dermatitis. Control = Wood shavings; T1 = Dried Pine Leaves; T2 = Decomposed kraal manure; T3 = Sand
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CONCLUSION AND REECOMMENDATION

In accordance with the findings of the current study, separated into production, feet health and chemical and physical
assessment, it can be concluded that both dried pine leaves and decomposed kraal manure can be used as broiler litter
material. Kraal manure had been found to be a good source that can support proper feed health with the lowest incidence
of feet pad dermatitis and hock burns. Dried pine tree leaves proved to be a good source that can maintain production in
the similar manner to wood shavings. The use of kraal manure needs full decomposition in order to reduce the incidences
of ammonia emissions. The two litter sources are therefore recommended for farmers who want to use them because
they are readily available in Lesotho.
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