CHAPTER ONE

INTRODUCTION

In Bangladesh, the peoples are facing a nutritional deficiency due to unavailability
of a sufficient animal protein. Mutton (sheep meat) can play an important role to
meet up the deficient amount of animal protein with comparatively lower prices.
However, farmers who keep a significant number of sheep that are not ideally
productive due to poor genetic merit (Rahman et al.,, 2014), indiscriminate
breeding, poor nutrition and management (Alam et al., 2006), seasonal fluctuations
of feed resources and diseases. On the other hand, feed unavailability is one of the
most important constraints to the development of ruminant production in the
developing countries in Asia, where the ruminant animals are usually raised on
natural pastures, crop residues, agro-industrial by-products. These feeds are
deficient in protein, energy, minerals and vitamins. Animals fed on these feeds fail
to get adequate nutrients for their maintenance and production. These low quality
roughages require supplementation with concentrates as sources of protein, energy
and macro and micro minerals to support improved their performance. However,
concentrates are expensive and may not be accessible to small holder farmers.
There is a general shortage of concentrate feed in the Asian countries which is
partially meet by importation. Imported feed ingredients lead to a higher production
cost of livestock products. Therefore, strategies need to be developed through
enhancing the production of indigenous feed resources and their efficient utilization
for ruminants (Makkar, 2012).

A wide variety of multi-purpose tropical trees grown at the farmers’ field can be used
as nitrogen sources in supplementary feeds (Ondiek, Tuitoek, Abdulrazak, Bareeba
& Fujihara, 2000). Tree forages specially Azadirachta indica not only provide a
cheap source of nitrogen, energy and micro-nutrients but have also many other
advantages like their wide spread on-farm availability and easy accessibility to
farmers and their anthelminthic and laxative properties influence on the alimentary
system which can replace commercial concentrates at a lower price (Ondiek et al.,
2000). Muhammad et al., (2015) and Rahman et al., (2015) are reported 25.01 and
23.51% CP content of neem leaves respectively. Gowda and Sastry (2000) also

pointed out that, neem tree is a drought tolerant plant known to perform well in areas
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with long dry seasons, even with rainfall as low as 130 mm per annum. In addition,
neem tree is often available evergreen throughout the year when pastures and crop
residue are depleted. Therefore, proper use of naturally available neem leaves as
source of protein in critical periods of the year seems to be of particular benefit to
poor small holder farmers. However, there are no any literatures that compare on
supplementary value of sole and mixture of Azadirachta indica leaf with commercial
concentrate. Therefore, this study was conducted to evaluate the feeding values of
different proportions of neem tree leaves with/without concentrate mixture on the
feed intake, digestibility, body weight gain, carcass parameters, as natural

anthelmintic and meat quality of sheep.

1.1 Objectives of the study:

The main objective of this study was to evaluate the effect of neem leaf meal as feed
supplement on intake, growth and in vitro digestibility of indigenous Sheep. The
specific objectives of this study are as follows:

1. To know the chemical composition of Neem leaves (Azadirachta indica).

2. To use them in ration of animals as protein supplement as well as Anthelminthic.
3. To evaluate the effect of neem leaf meal on growth performance, digestibility and

meat quality of sheep.



CHAPTER TWO

LITERATURE REVIEW

2.1 Availability of Neem leaves

Neem (Azadirachta indica) is a tropical evergreen tree believed to be native to the
Indian subcontinent (Girish and Shankara 2008) and also been introduced into several
countries across the globe, including 46 African countries (Orwa et al., 2009).
According to Streets (1962) the plant was introduced in Ghana in 1915.

2.2 Neem as feed supplement

Neem biomass yield is estimated to be 0.35 tonnes per mature tree per annum
(Panhwar 2005) and 5 to 50 tonnes/ha (Girish and Shankara 2008). Neem leaves can
therefore be a potentially valuable alternative feed resource for small holder ruminant
producers. However, there is a widely held perception that neem leaves are not
accepted by ruminants (Nanang et al.,1997) because of their bitter taste. Some reports
indicate a contrary view. Leaves of the neem tree are reported to be fed to ruminants
in India and other parts of Asia during the dry season (Shukla and Desai 1988). The
neem tree is listed among fodder trees in India (Singh 1982) due to its use in animal
feeding. Neem leaves are reported to be palatable to sheep (Chandrawathani et al.,
2006) and goats (Seresinhe and Marapana 2011).

Neem leaves as supplement to basal diets of crop residues have been shown to
improve feed utilization and animal performance in ruminants. In a study in which
30% of mustard straw was replaced with either neem or Albizzia lebbek leaves, both
dry matter and crude protein intakes were increased to similar levels with a
consequent increases in volatile fatty acid production (Raghuvansi et al., 2007),
indicating that neem leaves supplied critical nutrients needed to enhance ruminal
microbial growth and fermentation of feed. Bais et al., (2002) offered a sole diet of
neem leaves to goats and observed a high voluntary intake of 3.12% of body weight.
Other studies such as that of Paengkoum (2010) have shown that neem leaves can
replace up to 50% of soya bean meal in ruminant diets with no negative effects on

feed intake, dry matter and fibre digestibility as well as body weight gain.



2.3 Chemical composition of Neem leaves

The neem plant (Azadirachta indica) is a non-leguminous multi-purpose tree which
belongs to the family Meliceae. It has been used in Ayurvedic medicine for more than
400 years due to its medicinal properties. Moreover, Neem leaves are high in crude
protein. There are, however, wide variations in the reported values. Crude protein
concentrations between 17.5% and 18.7% have been reported (Bais et al., 2002;
Bhowmik et al., 2008). A few authors have reported values lower or higher than
these. For instance, Ramana et al., (2000) reported crude protein content of neem
leaves as 9.7% whereas Ogbuewu et al., (2011) reported a higher value of 20.9%. The

variation in crude protein values may be due to varietal differences in the neem plant.

Available reports indicate neem leaves have low fibre content. Neutral detergent fibre
(NDF) and acid detergent fibre (ADF) levels of 38.0% and 27.0% respectively have
been reported (Ramana et al., 2000). Similarly, Bhowmik et al., (2008) reported a
crude fibre level of 11.3% for neem leaves. These are low compared with NDF and
ADF ranges of 27.40 to 55.23 and 18.87 to 46.30 respectively for 15 tropical fodder
trees (Kumar and Sharma 2003). Low fibre content of neem, coupled with the
reported high nitrogen free extract (NFE) level of 53.9% (Bhowmik et al., (2008) may

make it an important source of readily fermentable carbohydrates in ruminant feed.

There are few reports on the mineral content of neem leaves. Some available data on
minerals reported in the literature are summarised in Table 2.1. The content of
calcium, which ranges between 1.48 to 1.53 %, is similar to the value of 1.51%
reported for seshania leaves (Ngamsaeng et al., 2006). Neem leaves are reported to be
deficient in copper, manganese (Niranjan et al., 2008), zinc and phosphorus (Rao et
al., 2011). Levels of minerals, especially trace minerals, are expected to vary widely

due to differences in the mineral content of the soil in which the trees grow.



Table2.1: Mineral profiles of Neem leaves

Macro minerals Micro minerals References

(% DM) (ppm in DM)

Ca P Mg Cu Fe Mn Zn Co Cr

1.48 0.11 1.26 5.24 304 47.7 Bhowmik et al., (2008)
0.71 0.28 0.75 34.0 745 60 18.0 10.0 0.80 Ansarietal., (2012)
1.47 0.12 0.40 Ngamsaeng et al.,(2006)
1.53 0.25 8.90 566 23.5 Niranjan et al., (2008)

Neem leaves as supplement to basal diets of crop residues have been shown to
improve feed utilization and animal performance in ruminants. In a study in which
30% of mustard straw was replaced with either neem or Albizzia lebbek leaves, both
dry matter and crude protein intakes were increased to similar levels with a
consequent increases in volatile fatty acid production (Raghuvansi et al., 2007),
indicating that neem leaves supplied critical nutrients needed to enhance ruminal
microbial growth and fermentation of feed. Bais et al., (2002) offered a sole diet of
neem leaves to goats and observed a high voluntary intake of 3.12% of body weight.
Other studies such as that of Paengkoum (2010) have shown that neem leaves can
replace up to 50% of soya bean meal in ruminant diets with no negative effects on
feed intake, dry matter and fibre digestibility as well as body weight gain.

Neem leaves have a relatively low nutritional value. In India, an estimated ME of 8.0
MJ/kg DM was reported (Ranjhan, 1980 cited by Puri, 1999). In Sudan, the in vitro
OM digestibility of neem leaves was 51%, comparable to that of a local sorghum hay,
but the estimated ME was much higher (10.0 vs. 7.8 MJ/kg DM) (Webb, 1988). In
another in vitro study, the DM digestibility of neem leaves was 50% (Amanullah et
al., 2006).

In a trial in Thailand, neem foliage was included at 20% in the diet of growing goats
as a partial substitute for soybean meal without affecting productive performance,

rumen fermentation and N balance (Srisaikham, 2009). In India, Sheep fed on
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multinutrient blocks that contained 30% neem leaves, as a supplement to a sorghum
stover-based diet, increased intake and digestibility while blood parameters remained

unchanged (Raghuvansi et al., 2007a; Raghuvansi et al., 2007b).

2.4 Anti-nutritional factors in neem leaves

The presence of some anti-nutritional factors such as tannins, phenolic compounds
and oxalates have been identified in neem leaves. But tannin concentration in neem
leaves is less than in Leucaena leucocephala and below the level that will depress
feed intake (Niranjan et al., 2008). The bitter taste in neem leaves is conferred by the
presence of triterpenoids, particularly azadirachtin. However, ruminants, especially
goats and sheep are known to tolerate bitter taste due to their ability to detoxify
secondary plant compounds through allelochemical-type reactions that take place
within them (Lu, 1988). Azadirachtin concentration in neem leaves varies with season

and ecotypes (Dhaliwal et al., 2004).

The concentrations of these compounds in neem leaves are similar to what have been
reported for other ligneous fodder species. For instance, tannin concentration in neem
leaves is less than in Leucaena leucocephala and below the level that will depress
feed intake (Niranjan et al., 2008). Lignin level in neem leaves fall within the range of
4.2 to 11.7 reported for Leucaena (Garcia et al., 1996).

Table 2.2: Some anti-nutritional compounds identified in neem leaves

Anti-nutritional factors Concentration (%o) Source
Condensed tannins 9.38 Ramana et al., (2000)
114 Ngamsaeng et al., (2006)
Crude saponins 2.80 Ngamsaeng et al., (2006)
Oxalate 0.63 Niranjan et al., (2008)
Lignin 10.2 Ramana et al., (2000)
Azadirachtin 0.024 Radhakrishnan et al., (2007)
0.002 Ghimeray et al., (2009)
Total phenolics 6.53 Ramana et al., (2000)




There is a scarcity of information on the effects of anti-nutritional factors in neem
leaves on ruminants. Bais et al., (2002) offered a sole diet of neem leaves to goats and
observed no adverse effects. Even in monogastrics, neem leaves feeding has not
shown any deleterious effects. In poultry, inclusion of neem leaf meal up to 3g/kg did
not affect the weights of the liver, spleen and heart but had an inconsistent effect on
the bursa (Manwar et al., 2007). Sonaiya (1993) fed a higher level of 10% neem
leaves in poultry diet and did not observe any adverse effects.

2.5 Acceptability of Neem leaves by a livestock farmer

The production of neem biomass is about 0.35 tons per year per mature neem tree
(Panhwar, 2005) & 5 to 50 tons /ha (Girish & Sankara, 2008). So neem leaves would
be a source of potential feed for small ruminant holder producers.

However, there is a widely held belief that ruminants do not accept neem leaves
because of its bitter taste. The presence of triterpenoids particularly azadirachtin in
neem is responsible for bitter taste. However, ruminants can tolerate bitter taste as
having ability to detoxify secondary plant compounds through alleolochemical-type
reactions that take place within them (Adjorlolo et al., 2016). But neem leaves are
reported palatable to sheep (Chandrawathani et al., 2006) and also to goats (Seresinhe
and Marapana, 2011). In this study, it was observed that as the sheep were hungry and
the neem leaves powder when mixed with the concentrate mixture then it was easily

accepted by the sheep.

2.6 Effect of Neem leaves on growth and production of Animals

The proteins that are derived from the plant source are termed plant proteins. It is the
cheapest and most abundant source of protein. Neem leaf is one of the sources of
plant protein that can be used in animal feed. Feed costs are reduced and net return is
increased when solitary neem leaf is added in place of commercial concentrate mix
(Patil et al., 2021). Neem leaf & Pigeon Pea mixture at different levels replaced the
highly prized commercial concentrate feeds without impairing the growth and
productive performance of goats (Dida et al., 2019). In ruminant diets, neem leaves
may replace 50% of soya bean meals without hampering the feed intake, dry matter
and fiber digestibility as well as body weight gain (Paengkoum et al., 2010). Neem

leaf feeding improved ruminant performance may be due to the effects of the



bioactive chemicals in the leaves effects on intestinal worms. In another study, 30%
of mustard straw was replaced by neem leaves as intakes of dry matter and crude
protein were raised to comparable amounts, and synthesis of volatile fatty acids also
increased at the same time. A sole diet of neem leaves is offered to goats and founded
a high voluntary intake of 3.12% of body weight (Bais et al., 2002).

So in conclusion, neem leaves may be fed as a supplement to animals to boost feed

intake and diet quality.

2.7 Anthelmintic properties

The roundworm Haemonchus contortus is responsible for 80% of worm
infections in small ruminants causing heavy economic losses especially to
poor farmers in India. Presently, this infection is treated by giving synthetic
chemical compounds (anthelmintics), which are costly, causing drug residues
in food products. Studies on neem in animal production are mostly focused on its
medicinal uses; mostly as an anti-helminthic agent (Chandrawathani et al., 2006;
Tiwary and Pandey, 2010).

Improved performance of ruminants fed neem leaves may be partly attributable to the
effects of the bioactive compounds in the leaves on intestinal parasites. There is
abundant literature on the effect of neem leaves and extracts on intestinal worms
(Chandrawathani et al., 2006; Tiwary and Pandey, 2010). According to
Chandrawathani et al., (2006) Haemonchus contortus appears particularly sensitive to
the intake of fresh neem leaves by the animal. Improved performance on neem leaves

has also been reported for poultry (Sonaiya, 1993).

Thus they indirectly affect the health of the human beings. Further, over
dependence on these anthelmintics has resulted in drug resistance in animals.
To overcome these situations, several plants have been investigated for their
anthelmintic properties. Significant decrease in faecal egg counts
of Haemonchus contortus was recorded in Boer goats fed with Acacia
karoo diets (Kahiya et al., 2003).



Anthelmintic efficacy of some medicinal plants, especially neem (Azadirachta indica)
seeds and leaves has been evaluated against gastro-intestinal nematodes of ruminants
in Bangladesh (Ahmed et al., 1994, Mostafa et al., 1995, Rob et al., 2004; Khalid et
al., 2005). Rob et al., (2004) observed that water extracts of neem was 53.72%
effective against hemonchosis in sheep. Brelin (2002) found that fresh neem leaves
significantly reduced H. contortus in the abomasum of the treated sheep. Arunachal et
al., (2002) noted that neem leaves, seeds and bark were 53%, 49% and 38% infective
against gastrointestinal helminths in sheep respectively. Rahman (2002) found the

effects of water extract of neem leaves was 62% in goat.



CHAPTER THREE
MATERIALS AND METHODS

3.1 Location of the study

The experiment has conducted at Chattogram Veterinary and Animal Sciences
University. The research station was located at 23°42°0”N, 90722°30”E and at an

altitude of 4 meters above sea level.

3.2 Neem leaf Collection

Azadirachta indica were collected from different locations of Chattogram. This
selection point was based on the activities being carried out within and around the
sampling point. Collected samples were wrapped in a black polythene bag and
properly labeled before transporting to the laboratory for further analysis.

® ]
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Neem tree Neem foliage Neem leaves

Image 3.1: Different parts of neem
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3.3 Neem leaf preparation

Hybrid neem leaves has harvested mostly from 1to 3 years old trees. After collection
of leaf the fresh samples were dried at sunlight and then grounded into powder using a
laboratory grinder to reduce particle size and then kept in plastic bags for Laboratory

analysis and further use as Animal feed in experimental diet.

Neem leaves Ground leaves Ground leaves foliage

Image 3.2: Neem leaf preparation

3.4. Chemical analysis of Neem leaves

The proximate analysis of the samples (neem Leaves) for moisture, total ash, crude
fibre, crude protein were carried out in triplicate using methods described by AOAC
(AOAC, 2005).

3.5. Experimental animals

A total twelve male indigenous sheep with initial body weight Approximate 12 + 1.0
kg (means + standard deviation) were selected from a flock of 30 animals of the
CVASU animal farm and these animal were used in the experiment. The animals were
quarantined for seven days to get them used to their new environment and to observe
their health condition. At the end of the quarantine period, the sheep was randomly
allocated into four dietary treatments. All sheeps were treated with anthelmintics
(Endex, Novertis, India limited) prior to feeding experimental diets. The selected
sheeps were gradually adjusted to feeding with neem leaves and paddy straw before
the start of feeding the experimental diet.
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3.6. Experimental diet and management

The collected Azadirachta indica consisted of leaves, petioles and soft rachis. The
hard woody rachis was removed from the foliage. The whole foliage was chopped and
sun dried on thick plastic sheets for three to five days, then grind and stored in bag
until further use. The concentrate ingredients such as broken maize, rice polish, wheat
bran, soybean meal were purchased from the local market chattogram and the mixed
dietary concentrate were prepared according to Table 3.1 as weekly basis for feeding
the sheep. The concentrate mixture (supplement feed) were offered at 300 g DM/
(animal/d) and this concentrate mixture was replaced gradually using dry neem
foliage according to Table 3.2. All animals were free access to water. Before the
experiment starts, samples of supplement ingredients were analyzed for chemical
composition of DM content. The total concentrate mixture and dry neem foliage for
each treatment were weighed once a day. They are divided in to two parts. One part
was offered at 08:00, another part was given at 14:00. The feeder and water buckets
were cleaned daily before the fresh feed and water were offered. The feed offered and
refusals were recorded on a daily basis throughout the experimental period to estimate
voluntary dry matter intake. The feeding experimental trial was lasted for 60 days. All
animals were weighed before morning feeding at the start of the experiment and each
week interval. The average daily live weight gain was calculated by regressing
cumulative live weight on the days of feeding during the experimental period. The
feed conversion efficiency was calculated as a proportion of live weight gain to feed

intake for the whole experimental period.

Table 3.1. Composition of basal diet (concentrate Mixture)

Name of ingredients Amount of ingredients (kg)
Maize 52
Rice police 18
Wheat bran 15
Soybean meal 12
Di-calcium phosphate 1.5
DL methionine 0.5
Vitamin Mineral premix 0.5
Salt 0.5
Total 100
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3.6.1 Experimental design

The selected sheep were distributed into four equal groups each containing three
animals, and the following four diets were randomly allocated to four dietary groups
of animals in a Completely Randomized Design (CRD) with three replications.
Concentrate mixture was replaced with neem foliage at 0, 50, 100 and 150g among

remaining 300g of diet and four experimental treatment were as follows according the

Table 3.2.

T1 =300g concentrate mixture

T2 = 250 g concentrate mixture + 50g Dry neem foliage

T3 =200 g concentrate mixture + 100g Dry neem foliage

T4=150g concentrate mixture + 150g Dry neem foliage

Table 3.2 : Treatment arrangement

Treatments | Rhodes Feed offered, g/d
grassand | concentrate Mixture (Wheat | Neem Leaf | Total
Straw bran, Rice polish, Soybean | Meal Supplement
meal or till oil cake)

T1 Ad 300 - 300
libitum

T2 Ad 250 50 300
libitum

T3 Ad 200 100 300
libitum

T4 Ad 150 150 300
libitum

3.7 In-vitro dry matter and organic matter digestibility

In-vitro dry matter and organic matter digestibility of the neem leaf meal and other

four diet samples will be measured according to the modified technique where the feed

samples in the serum bottles were incubated using a rotary incubator. When a feed is

incubated in vitro with buffered rumen fluid, the amount of gas produced reflects the

production of VFA, which are a major source of energy for ruminants.
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3.7.1 Rumen fluid collection

Ruminal contents were obtained from the 8 month aged slaughtered sheep. The rumen
fluid was collected early in the morning. The collected ruminal fluid was squeezed
and the extracted fluids was strained through cheese cloth that had been folded four
times and was placed in a glass bottle with cap. The bottles were subsequently capped
and immediately transported to the laboratory while maintaining the temperature at

39°C in a water bath in the laboratory.

SRR . X A
Collection of rumen fluid Measuring pH after 24h  Gas production estimation
In-vitro digestion

Image 3.3 : Different stages of estimation of gas production

3.7.2 Preparation of buffered solution

The medium was prepared following the method described by Asanuma et al., (1999)
with the following composition in mg/L: Dipotassium phosphate(KoHPO,), 450;
Monopottasium  phosphate(KH2PO4), 450; Magnesium sulfate heptahydrate
(MgS04.7H20), 190; Calcium chloride dehydrate (CaCl2.2H20), 120; Sodium
chloride (NaCl), 900; Cysteine hydrochloride (C3H7NO2S.HCI), 600; Ammonium
sulfate ((NH4)2S04), 900; Trypticase peptone (BBL; Becton Dickinson, Cockeysville
MD), 1000 and Yeast extract, 1000. The chemicals were poured in distilled water of
one liter. Firstly, all the chemicals were poured and a very small amount of distilled
water was put for the solution to mix evenly. Yeast extract and trypticase peptone

were dissolved by hands since they clump immediately when these come in contact
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with air. Thereby, immediate mixture of these chemicals were needed. In this process,
a certain p" is required for the efficient function of in vitro test which is 6.9.The p"
was balanced by adding one to two drops of Sodium Hydroxide (NaOH) and
Hydrochloric Acid (HCI). Afterwards, the buffer was dispensed with 100% Nitrogen
(N2) gas for creating anaerobic condition. Lastly, the buffer was autoclaved at 121°C
for 15 minutes. Finally, the buffer was collected collected after almost one hour when
the buffer was cooled after autoclaving and preserved till the next day for mixing with
freshly slaughtered rumen fluid.

3.7.3 Preparation of buffered rumen fluid

The rumen fluid was mixed with the buffer the next day collection of freshly
slaughtered cow and rumen fluid. The upper residue of the rumen fluid was removed
fluid was removed while the middle portion was collected and used in the experiment.
The pooled and particle free rumen fluid was transferred to a buffer medium bearing
pH 6.9 (Hino et al., 1992) in a 1:3 rumen fluid : buffer ratio. 4000 ml of total liquid
was required, but excessive 500 ml was prepared in order to prohibit shortage of

liquid in case liquid is lost while pouring in serum bottles.

3.7.4 Preparation of serum bottles

50 ml of buffered rumen fluid was anaerobically transferred under a constant flow of
N2 gas atmosphere in order to make it oxygen free as per suggested by Asanuma et
al.,(1999) to 100 ml serum bottles containing the 0.5 g concentrate feed. Finally, the
prepared rumen fluid buffer was poured in different serum bottles for the ultimate in
vitro experiment. Sealing with rubber septum stopper and aluminium cap (Asanuma et
al.,1999) of the bottles containg the feed samples and buffered rumen fluid will
follow which will then be incubated subsequently at 39°C for 6, 12, 24 and 48§ h in a
shaking incubator with 120 rpm (Hattori and Matsui,2008).

The final bottle set up was made according to the following treatments : treatment
1(T1)treatment 2 (T2), treatment 3 (T3), treatment 4 (T4) and keeping five
replication of each treatment. Thereby, the incubation times were 6 hours, 12 hours,
24 hours and 48 hours. There were 5 bottles fixed for every 6, 12 and 24 h at each

treatment group. Finally, all the bottles of both control and treatments group were put
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into shaking incubator at 39°C temperature for in vitro gas production with 120 rpm

(Hattori and Matsui, 2008).

3.7.5 In-vitro dry matter (IVDM) and organic matter (IVOM) digestibility

Neem leaves dry matter (DM) and organic matter (OM) were determined by drying it
at 105°c for 20-24 hours and ashing it at 550°c for 6 hours, respectively. The obtained
DM% and OM% were used to calculate the substrate's initial DM (DMI) and initial
OM (OMI) in grams. After the designated incubation period, fermenta samples from
each serum bottle were drained into dried, pre-weighed nylon bags and knotted using
nylon thread, then splashed with flowing water for 15 minutes or until the turbidity of
the water caused by washing dissipated. After that, the approach of Van soest and
Robertson (1985) for determining actual digestibility was used, which involved
refluxing the incubated residues for 1 hour and then filtered in pre-tarred crucibles to
recover the based on incubated samples minus oven dried samples and the ivom was

estimated using incubated samples minus the residue of ash.

3.8. Laboratory Analysis for Faecal egg counting
Daily faecal samples (2 days / week) were collected from each animal in the morning

and this was continued for 6 weeks. These samples were subjected to the McMaster

faecal egg counting technique, using 3 g individual faecal samples (Christopher et al.,
1992).

Examining fecal egg using Worm’s Egg in fecal sample
Mcmaster technique

Image 3.4 : Fecal egg examination
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3.9. Slaughter procedure and carcass sampling

At the end of the feeding trial, two sheep were randomly selected from each treatment
for slaughtering. All Eight selected animals were fasted for twenty four hours and
slaughtered according to the ‘Halal’ method. The live weight of fasted animals was
recorded before slaughtering, and immediately after evisceration each hot carcass
weights were recorded. Non-carcass components (skin, head, feet, lung, heart, liver,
spleen, kidneys, kidney fat, and gastro-intestinal tract fat) were removed and weighed
individually. The stomach (rumen, reticulum, omasum and abomasum) and post-
ruminal tract (small intestine, large intestine and caecum) were removed and weighed
separately. Dressing percentage was calculated as hot carcass weight relative to fasted
body weight. The carcasses were divided into equal halves along the midline using a
carcass saw. The left half was used for the determination of meat quality and chemical
composition, while the right half was assigned for determining carcass composition
(lean, bone and fat) and carcass cut. Approximately 150 g of both Longissimus dorsi
(LD) and Semitendinosus (ST) muscles were sampled from the left side of the carcass
and store at -20°C for further analysis of chemical composition and fatty acid and

amino acid analysis.

Image 3.5 : Skinning and evisceration of the carcass
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3.10 Meat quality

3.10.1 Measurement of pH

The pH of sheep muscles at 24 h post slaughter was measured using a transportable
pH meter (Mettler Toledo, AG 8603, Switzerland) following the procedure of Bendall
(1975). The pH meter was standardized at 4.0 and 7.0 buffers before the use.
Immediately after the animals were dressed, about 10 g of meat was taken from the
longissimus dorsi muscle. Then 1 g of meat sample was placed into a blender beaker
and 10 ml deionized water was added. The sample was allowed to blend for 10 sec at
maximum speed. During analysis, the solution was continuously stirred on a stirrer
plate to ensure that accurate pH values were obtained. All samples were measured in

duplicate.

3.10.2 Measurement of drip loss and Cook loss

The fresh sub-samples of Longissimus dorsi (LD) were weighed (approximately 20 g)
and recorded as initial weights (W1). The samples were then kept in polyethylene
plastic bags and sealed it, vacuumed, and then put on a tray in a chiller at 4 °C. After
specific time (3, 5, 7 days) of storage, the samples were taken from the chiller and
immediately removed from the bags, gently blotted to dry, weighed and weights
recorded as W2. The percentage of drip loss was calculated and expressed as the
percentage of differences of sample initial weight and sample weight after specific

days storage divided by the sample initial weight (Honikel, 1998).

Drip loss (%) = [(W1- W2) + W1] x 100
Where,
W1 (g) = sample initial weight

W2 (g) = sample weight after 3, 5 and 7 days storage
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3.10.3 Measurement of cooking loss

The frozen sub-samples of muscles (LD) were removed from a -80°C freezer into a
4°C chiller overnight to thaw. The thawed samples were weighed individually and
recorded as initial weight (W1), and placed in water-impermeable and sealed plastic
bags. The muscles were then cooked in a water bath set at 80°C for 30 minutes.

The cooked samples were removed from the water bath, allowed to adjust at the room

temperature and removed from the bag, blotted to dry without squeezing, and re-
weighed (W2). The cooking loss percentages were calculated using the following
equation (Honikel, 1998).

Cooking loss (%) = [(W1- W2) + W1] x 100
Where,
W1 (g) = initial sample weight
W?2 (g) = cooked sample weight

3.12 Statistical analysis

The analysis of variance will be done on the data on feed intake, growth performance,
proximate analysis, IVOMD, fatty acid profile meat quality of sheep using the one
way ANOVA in the SAS 9.2 software (2007). The differences in the means will be
compared by Duncan's multiple range tests at 5% level (P<0.05).
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CHAPTER FOUR
RESULTS

4.1 Chemical composition different parts of Azadirachta indica (Neem)

The Chemical composition different parts of Azadirachta indica (Neem) leaf are
presented in Table 4.1. In our study DM% of neem foliage, leaf, stem are 34.79%,
32.42%, 37.87% respectively. It is observed that neem stem contents more dry matter
than leaf and foliage. Moisture contents are respectively 65.21%, 67.58%, 62.13%
which shows neem leaf has more moisture content than foliage and stem. Ash content
of neem is 8.815% in foliage, 9.82% in leaf, 6.33% in stem which means leaf content
more ash. CP% of foliage is 12.75%, leaf is 14.07%, stem is 5.28%. Leaf content
more protein than other part of plant. CF% of foliage is 19.33%, leaf is 12.50%, stem

is 42.95%. Here stem content more fiber.

4.2 Chemical Composition of Supplements Used in Growth and Digestibility
Study

The proximate composition of the different experimental diet that used in the growth
trial are shown in Table 4.2. Treatments 1 had DM, Ash, CP, CF values of 90.62%,
30.50%, 15.31%, and 6.0%. The DM content of dietary group did not differ. The
crude protein content of dietary supplement decreased slightly with increased of dry
neem leaves in to the diet however there were no significant difference among the
dietary group. However , CF content of supplement increased significantly (P<0.05)
with increased of dry neem leaf into the diet where the lowest value was in treatment
T1(6.0%) and highest values was in T4(8.25%) whereas, there were no differences
among the treatment T1,T2 and T3. The Ash content decreased with increased of

neem leaf in diet.
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Table 4.1: Chemical composition of different parts of Azadirachta
indica (Neem) (Mean £SE; n = 3)

Variables Neem tree P value Level of
significance
Foliage Leaf Stem
DM (%) 34.79° 32.42° 37.87° 0.01 *
Moisture (%) | 65.21% 67.58? 62.13° 0.01 *
a

Ash (%) 8.81" 9.82 6.33¢ 0.001 ox
CP (%) b 14.078 0.001

12.75 5.28¢ fakad
CF (%) 19.33" 12.50°¢ 42 958 0.001 o

C

OM (%) 91 19 90.17 93,672 0.001 ox

abc Means in the same row and in each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

Table 4.2: Chemical Composition of the Experimental Supplement

Nutrient Treatments SEM P value
(%)

Tl T2 T3 T4
Dry matter | 90.62 91.51 90.00 91.29 0.27 0.08
Crude 15.31 13.65 13.65 14.05 0.33 0.24
protein
Crude fiber | 6.0 6.12° 6.45° 8.25% 0.41 0.03
Ash 30.502 26.83° 21.17° 20.67¢ 1.48 0.003

abc Means in the same row and in each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

*T1 = 300g concentrate mixture,T2 = 250 g concentrate mixture+ 50g Dry neem

foliage, T3

200 g concentrate mixture+ 100g Dry neem foliage, T4= 1509

concentrate mixture+ 150g Dry neem foliage.
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4.3 Effect of dietary Neem foliage on growth performances of sheep

The weight gain and feed conversion efficiency of the Sheep are represented in Table
4.3. The initial weights of the sheep were ranged from 12.10 to 12.50 kg. The average
daily weight gain of sheep increased significantly with when animal fed increased
amount of dry neem leaf and significantly higher live weight were found sheep fed T3
and T2 diet. The feed conversion efficiency of sheep on the basal diet (Treatment 1)
and Treatment 4 were similar (P>0.05) but significantly (P<0.05) higher than sheep
on Treatments 2 and 3 diets. Sheep on Treatments 2 and 3 were however similar
(P>0.05).

Table 4.3: Effect of dietary Neem foliage on growth performances of sheep

*Variables Treatments P value Level of
T1 T2 T3 T2 significance
12.10 12.17 12.50 12.33 0.75 NS

Initial BW

(kg)

Final BW 16.30 16.73 17.17 16.80 0.28 NS

(kg)

Average 70.00° |76.11% | 77.78% | 74.44® |0.01 *

daily live

weight gain

(gd?)

FCR 857 | 7.89* | 7.72° 8.06®  |0.008 *

abc Means in the same row and in each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

FCR= Feed conversion efficiency. *T1 = 300g concentrate mixture,T2 = 250 g
concentrate mixture+ 50g Dry neem foliage, T3 = 200 g concentrate mixture + 100g

Dry neem foliage, T4= 1509 concentrate mixture + 150g Dry neem foliage.

4.4 Faecal egg Counts (FEC) and FAMACHA estimations

The mean FEC of the Neem treated diet and control groups was higher amount of
EPG and almost the same all of the group until day 14 of the experiment ranging from
30000 e.p.g to 34000 e.p.g. However, after 14 days the EPG decreased rapidly in

Neem treated group and had lower mean e.p.g in sheep those fed neem treated diet
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compared to those fed control diet. Week 4" onwards the e.p.g in neem treated group
decreased gradually and lowest value was obtained in week 8 which was ranges 500

to 600 (Figure 4.1).
40000 -

——T1 ==T2
T3 ==T4

35000 -

30000 -

25000 -

20000 -

EPG

15000 -

10000 -

5000 -

O T T T T T T ﬂ_|
1st 2nd 3rd 4th 5th 6th 7th 8th

Weeks

Figure 4.1 Mean nematode faecal egg counts (e.p.g.) of the Control and Neem
fed (Treated) group.

*T1 = 300g concentrate mixture, T2 = 250 g concentrate mixture + 50g Dry neem
foliage, T3 = 200g concentrate mixture + 100g Dry neem foliage, T4 = 150g

concentrate mixture + 150g Dry neem foliage.

4.5 Carcass characteristics, internal and lymphoid organs of Sheep fed different
dietary treatments

The effects of dietary supplementation different level of neem foliage on carcass
characteristics, internal and lymphoid organs of sheep are presented in Table 4.4. The
sheep fed dietary supplements using 50 to 100g dry neem foliage had significantly
(P<0.05) higher hot carcass percentage and numerically higher breast yield compare
to those fed other diets. The head stomach, loin and heart percentage differ
significantly among the treatments. The internal organs (liver, kidney, spleen)

percentage did not differ (P>0.05) among the dietary treatments.
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Table 4.4: Effect of neem leaf on carcass characteristics of sheep

Parameter Supplements SEM P value
T1 T2 T3 T4
Slaughter | 15.45° 18.732 17.53 15.90° 0.53 0.03
weight

Hot carcass | 95.95% 96.95° 98.752 92.76" 0.90 0.05
(%)
Dress 48.87 51.66 52.02 46.90 0.95 0.15
percentage
Skin (%) | 10.20 12.28 10.96 8.8 1.50 0.72
Head(%) 8.05° 8.28%® 8.7 9.112 0.18 0.01
Hind limb | 2.57 2.36 2.37 2.20 0.07 0.30
(%)
Loin (%) 5.21% 5.792 450 4.35¢ 0.06 0.02
Heart (%) | 0.700 0.580 0.800 0.937 0.06 0.01
Liver (%) | 4.26%® 4.19% 4.16° 4532 0.23 0.12
Kidney (%) | 1.47% 1.35P 1.6522 1.95 0.05 0.14
Spleen (%) | 0.49 0.443 0.466 0.512 0.06 0.17
Viscera (%) | 18.99 16.56 18.83 20.60 0.03 0.34

abc Means in the same row and in each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

*T1 = 300g concentrate mixture, T2 = 250 g concentrate mixture + 50g Dry neem
foliage, T3 = 200g concentrate mixture + 100g Dry neem foliage, T4= 150g

concentrate mixture + 150g Dry neem foliage.
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4.6 Drip loss and pH of meat at different postmortem aging periods of sheep fed
dietary treatments

The muscle pH and drip loss values of breast muscle in broiler chickens fed different
dietary treatments is shown in Table 4.5. Dietary treatments had no effect (P> 0.05)
on the pH value of muscle in sheep at 1 and 3 days of postmortem aging. At 7 days
pH of muscle increased in treatment group T3 however, no differences observed
among the other treatment group. Regardless dietary treatments, pH at 7days
significantly increased in treat T3 whereas, pH did not differ (P> 0.05) among other
treatments.

At day 1 and 7 postmortem, drip loss of sheep muscle was influenced (P> 0.05) by
dietary treatments and drip loss decreased (P< 0.05) in treatment groups sheep fed dry
neem leaves group. The drip loss of muscle in sheep fed T2, T3 and T4 was lower (P<
0.05) compared with those fed control diet (T1). Irrespective of the dietary treatments,
drip loss of meat increased with increase of postmortem ageing period, whereas no
further changes of drip loss observed from 5 to 7 postmortem storage days dietary
treatments supplied 100 to 150 g neem leaves (T3 to T4).
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Table 4.5: Drip loss and pH of meat at different postmortem aging periods of
sheep fed dietary treatments

Parameter | Post- Treatments P
mortem value
days T1 T2 T3 T4

Drip loss 1 0.75%+0.02 | 0.66"+0.04 | 0.63»+0.013 | 0.62*+0.02 | 0.01

9
oo 3 2.08% +.02 | 1.78%+0.02 | 1.80*+0.06 1.812*+0.016 | 0.18
7 455>+ .02 | 3.18”+0.2 2.59"+ 0.027 | 3.35™+0.118 | 0.004

P value 0.001 0.001 0.01 0.003

pH of 1 5.25+0.155 | 5.63¥+0.015 | 5.65+0.09 5.03+0.09 0.76

et 5 5.35+0.024 | 5.79%+0.08 | 5.81+0.015 5.87+0.055 0.13

7 5.85°+0.05 |5.91%*+0.1 | 5.93%+0.05 5.91%+0.02 0.04

P value 0.237 0.237 0.05 00.07 0.49

abc Means in the same row and in each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

X,y,Z Means in the same column and each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

*T1 = 300g concentrate mixture,T2 = 2509 concentrate mixture + 50g Dry neem

foliage, T3 = 200g concentrate mixture + 100g Dry neem foliage, T4= 150g

concentrate mixture + 150g Dry neem foliage.
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4.7 Cook loss of meat sheep fed different level of neem leaves

The cooking of muscle of sheep fed different dietary treatments are presented in Table
4.2. At day 1 postmortem the cook loss of meat increased with increase of dry neem
foliage in the basal diet and significantly (P<0.05) higher cook loss was obtained
sheep fed 100 to 150g dry neem foliage used in dietary treatments that is T3 and T4.
However no significant differences (P> 0.05) were observed in the cooking loss of

meat among the dietary treatments among the treatment T2, T3 and T4.

Cooking loss %

IS

o

o
o

ab b

w
o

Percentage
5 3

o

T1 T2 T3 T4

Treatments*

Figure. 4.2 Cooking loss of meat sheep fed different level of neem leaves
*T1 = 300g concentrate mixture, T2 = 250 g concentrate mixture+ 50g Dry neem
foliage, T3 = 200 g concentrate mixture + 100g Dry neem foliage, T4= 1509
concentrate mixture + 150g Dry neem foliage.

4.8 Chemical composition of sheep meat

The chemical composition of meat sheep fed different level dry leaf with basal diet is
represented in Table 4.6. The percentage of moisture, ash and CP content of meat
were unaffected across the dietary treatments. The ether extract content of meat of
sheep fed increased proportion of neem leaf in basal diet decreased numerically both
CP and EE than those of control diet.
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Table 4.6 Chemical Composition of the Experimental Meat

Nutrient Supplements SEM P value
(%)
Tl T2 T3 T4

Dry matter 24.10 23.6 23.9 23.9 0.16 0.27
Crude 23.8 22.93 22.84 21.26 0.59 0.82
protein

Ether 1.05 1.00 1.00 0.96 0.03 0.83
extract

Ash 1.14 1.21 1.08 1.07 0.03 0.59

4.9 Invitro gas production and pH

The total gas production increased with increased neem leaf leaves in the diet but no
significant difference were observed among the treatment all the incubation period.
However, the total gas production were increased significantly (p<0.05) with
increased of incubation period and difference was observed 3, 6 and 24 h of
incubation period. Total gas production was higher at 24h compared to 12h and 6h
(Table 4.7).

The in-vitro rumen fluid pH at 24 hours incubation period is represented in Figure 4.3.
From the figure it was observed that at 24 hours incubations there was significant
difference in pH among different dietary supplements. At 24 h incubation period
significantly (p<0.05) highest pH was observed in diet containing 150gm dry neem
foliage (T4) and lower pH were obtained in diet containing 50 gm dry neem foliage
(T2).
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Table 4.7: Total gas production of different dietary supplements at different
incubation period

Parameter | Hour of Treatments P value
Incubation
T1 T2 T3 T4
Total gas 6h 26.40°+4.0 | 262+0.004 | 30.50¥+0.5 | 31.5°*1.5 0.48
production
(ml) 12h 39.5Y+4.5 40Y +£3.0 39.5%+0.5 44.5Y+0.5 0.55
24h 56.0%+4.0 50.50*+4.5 | 52.50*+2.5 | 56.50*+1.5 | 0.58
P value 0.03 0.04 0.04 0.02

X,y,Z Means in the same column and each treatment with different superscripts differ

significantly among cutting interval at P<0.05 level; n= observation numbers.

*T1 = 300g concentrate mixture, T2 = 250 g concentrate mixture + 50g Dry neem

foliage, T3 = 200g concentrate mixture + 100g Dry neem foliage, T4= 150g

concentrate mixture + 150g Dry neem foliage.

6.4 -

5.6 -

54 -

5.2

Rumen fluid pH

Treatments

B Rumen fluid pH

Figure 4.3 In-vitro rumen fluid pH at 24h incubation

*T1 = 300g concentrate mixture, T2 = 250 g concentrate mixture + 50g Dry neem

foliage, T3 = 200g concentrate mixture + 100g Dry neem foliage, T4= 150g

concentrate mixture + 150g Dry neem foliage.
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4.10 Dry Matter and Organic Matter and ash digestibility

There was no significant difference on DM, OM and ash digestibility in among the
different dietary supplements but tended to highest DM and OM digestibility was
observed in using supplements used 50 to 100gm dry neem leaves. Similarly, the ash
digestibility was higher 94.75 % than DM and OM digestibility for all treatments
(Table 4.3).

H DM digestibility B OM digestibilt = Ash digestibility

120 +

100 -

o]
o

Percentage
(o]
o

40
20
0
T1 T T3 T4
Treatments

Figure 4.4 Invitro digetibility of dietary treatments using different level of neem

leaves

*T1 = 300g concentrate mixture, T2 = 250 g concentrate mixture + 50g Dry neem
foliage, T3 = 200 g concentrate mixture + 100g Dry neem foliage, T4= 1509

concentrate mixture + 150g Dry neem foliage.
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CHAPTR FIVE

DISCUSSIONS

5. 1. Chemical composition of Neem foliage, leaf and stems

In other study Moisture, Ash, CP, CF of neem plant shows result 14.30 £+ 0.02%, 4.03
+ 0.10%, 1.22 £ 0.22%, 10.86 = 0.11% (A.Otache.et al.,2017) which are much lower
than the value we found. These values are also lower than the values of 13.42%
protein, 11.93% ash and 5.7% fiber recorded in other study (Atangwho et al., 2009).
The dry matter composition of the neem leaves was lower than the value 93.50%
reported by Paengkoum (2010). Raghuvansi et al., (2007) reported a dry matter
content of 95.16% for neem leaves which were higher than the current study. The
difference in dry matter content can be attributed to method of drying the leaves and
stage of harvesting the leaves. The dry matter content of neem leaves in the present
study compares favourably with other tree leaves and browses. The high dry matter
content of neem leaves makes it a good source of feed for animals in the dry season.
The high dry matter of the diet will help the animal to take in more of the diet which

will lead to nutrient intake. This will also lead to increase in productivity.

The CP content of the Neem leaves was higher than the 9.7% stated by Ramana et al.,
(2000) but lower to the values of 20.9% found by Ogbuewu et al., (2011). The
variation in CP values can be attributed to changes in the variety of the neem plant.
High percentage of CP in the Neem foliage diet means there will be additional protein
made available to the rumen microbes which should lead to increase in digestibility of
the feed resulting in increase in productivity especially when fed to sheep in the dry
season. The Ash content of neem leaves was 8.81% to 9.82 % which were almost
comparable to the value of 7.1% reported by Ogbuewu et al., (2011). High ash
content is an indication of high concentration of minerals (Kwabiah et al., 2003).
Therefore, the variation of ash content might be due to the composition of soil in
which the plants grew. The higher level of ash in the neem foliage means higher
amount minerals will be accessible to the sheep which will help improve productivity
of the sheep.
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5.2 Growth performance and Feed conversion Efficiency of Sheep

The initial and final body weight of the sheep was almost similar. Sheep fed on T2
and T3 (50g and 100 g Neem foliage) diet had higher daily weight gains than those on
control and T4 (150q) diet. The higher daily body weight gain among the treatments
T2 and T3 might be due to the differences in daily DM, and CP intake as well as DM
and CP digestibility between treatment groups. Despite neem leaves superior in
nutritional quality, weight gain trends do not follow the increasing proportion of neem
leaves in supplementary feed (T4) and this might be associated with due to higher
amount of fibre content and lower amount CP content in T4 which might be not apt

for the activity of rumen microorganisms.

Significant difference of FCR for Treatments 2 and 3 followed by Treatments 1 and 4
can be attributed to the numerically higher digestibility of neem foliage (Table 4.2)
due to the lower amount of parasites in rumen for sheep on that treatment. Also the
neem foliage could have improved the rumen environment which helped in quicker
digestion of diet for sheep on Treatment 2 and Treatment 3 which helped them make

better use of their diet.
5.3 Faecal egg Counts (FEC) and FAMACHA estimations

The mean FEC of the Neem treated diet almost the same all of the group until day 14,
after that the EPG decreased rapidly in Neem treated group compared to those fed
control diet. Week 4th on wards the e.p.g in neem treated group decreased gradually
lowest value was obtained in week 8 which was ranges 500 to 600. A study conducted
by Khadijah et al., (2005) and Wong et al., (2005) on the use of fresh Neem, and
pelleted Neem, observed no significant difference in faecal egg counts, compared

with control sheep, although the control sheep had higher mean faecal egg counts.

5.4 Carcass characteristics, internal and lymphoid organs of Sheep fed different
dietary treatments

In the present study the sheep fed dietary supplements using 50 to 100mg dry neem
foliage had significantly (P<0.05) higher hot carcass percentage and numerically
higher breast yield compare to those fed other diets. This observation is comparable to
Faji Dida et al., (2019) observed that supplementation of sole neem leaves had higher

dressing percentage than sole pigeon pea and mixture of neem leaves and pigeon pea.
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The internal organs (liver, kidney, spleen) percentage did not differ (P>0.05) among
the dietary treatments of the present study is similar to many researcher findings
(Ahamefule et al., 2006; Assefa., Kijora, Kehaliew, Bediye & Peters,2008 and
Freweini, 2014) who observed liver was not affected by neem leaves, which could be
an indicative of low level of anti-nutritional compounds in the leaves used in the
current study that could otherwise have demanded the liver to grow to undertake

detoxification.

5.5 Effect of neem leaves on meat quality

Water-holding capacity (WHC) of meat is the important tool for evaluating meat
quality for both the industry and purchaser (Modzelewska-Kapituta et al., 2015). The
heme pigment and soluble flavour component of meat could be loss during loss of
moisture from meat (Savage et al., 1990; Luciano et al., 2009). In the current study,
dietary supplementation of neem leaves decreased drip loss and cook loss compared
to control this result might be due to the phenolic compound presence in neem leaves.
Demiray et al. (2009) stated that the neem is medicinal plants in disease prevention or
control has been attributed to antioxidant properties of their constituents usually

associated to wide range of polyphenolic compounds.

5.6 Influence of dietary inclusion of neem leaf meal on in-vitro digestibility

The sheep fed 50 to 100g neem foliage tended to highest DM and OM digestibility
compared to control and higher dose (150mg) neem leaves. The high dry matter
digestibility of the diets fed to sheep in the current study could be attributed to the
ability of the neem supplements to have had an influence on the rumen microbes to
increase digestion. Other studies have indicated significant increase in dry matter
digestibility between goats fed graded levels of cassava leaf meal with corn bran
based diet (Yousuf et al., 2007).
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CHAPTER SIX

CONCLUSION & RECOMMENDATION

6.1 Conclusion

From the aforesaid results and discussion, body weight gain and carcass parameters
values in the present finding outlined that, neem leaf as sole supplement is
comparable to the supplementary value of concentrate mixture to improve sheep
performance. The addition of neem leaf on diet of sheep found positive effect on
growth performance and increased digestibility and dress percentage when dry neem
foliage was used 50g to 100g. In addition to, it was observed that neem leaf also has
positive effect on reducing parasitic load of sheep. The average daily weight gain was
higher in neem fed group (T1&T2) compared to control group. FCR value also
indicated positive impact on neem fed group. Moreover, dietary supplementation of
neem leaves at a level 50gm to 100gm decreased drip loss and cook loss compared to
control this result might be due to the phenolic compound presence in neem leaves.
Supplements containing up to 30% (100gm) Neem leaf meal can be fed to sheep
without deleteriously affecting their dry matter intake, digestibility and meat quality
and to reduce feed cost and increase of net return. However further study is
recommended with large number of sheep to make final conclusion on different
cultivars and times of harvesting of Neem leaves to determine whether the results
reported in this investigation are consistent.

6.2 Recommendation

1. It can be recommend that supplement containing up to 30% (100g) neem leaf meal
can be used to feed sheep in the dry season.

2. Further research should be conducted to determine the effect of neem leaf meal on
rumen microbial population and intestinal specific helminthic.

3. Further research should also be conducted to determine the effect of neem leaf meal
on detail of meat quality.

4. In addition, the determination of the effect of neem leaf meal on the biochemical

parameters of ruminants is being suggested.

34



REFERENCES

Ademosun, A. A., Bosman, H. G. and Jansen, H. J. (1988). Nutritional Studies with
West African Dwarf Goats in the Humid Tropics. In: Smith, O. B. and Bosman, H.
G. (editions), Goat Production in the Humid Tropics. Centre for Agricultural
Publishing and Documentation, Wageningen, the Netherlands.

Adjorlolo, L. K., Timpong-Jones, E. C., Boadu, S. and Adogla-Bessa, T. (2016).
Potential Contribution of Neem (Azadirachta indica) Leaves to Dry Season
Feeding of Ruminants in West Africa. Livestock Research for Rural
Development. Volume 28, Article #75. Retrieved July 20, 2017, from
http://www.lrrd.org/lIrrd28/5/adjo28075.htm

Ahmed, N.U., Mostofa, M., Awal, M. A. and Alam, M.N. (1994). Comparative
Efficacy of Modern Anthelmintics with that of Neem Seeds Against

Gastrointestinal Nematodiasis in Sheep. Bangladesh Veterinary Journal 28: 21-23.

Allen, M. S. (1996). Physical Constraints on Voluntary Intake of Forages by
Ruminants. Journal of Animal Science 74: 3063-3075.

Amanullah, M.M, Somasundaram E., Alagesan, A., Vaiyapuri, K., Pazhanivelan, S.,
Sathyamoorthi, K., (2006). Evaluation of some tree species for leaf fodder in Tamil
Nadu. Res. J. Agric. Biol. Sci., 2 (6): 552-553.

Anandan, S., Sastry, V. R. B., Katiyar, R. C. and Agrawal, D. K. (1999). Processed
Neem Kernel Meal as a Substitute for Peanut Meal Protein in Growing Goat Diets.
Small Ruminants Research 32(2): 125-128.

Ananthasubramaniaam, C. R., Menacherry and Devasia, P. A. (1979). Studies on the
Feeding Value of Neem (Azadiracta indica) Seed Cake for Cattle. Kerala Journal
of Veterinary Science 10: 182-185.

Ansah T. and Nagbila D. A. (2011). Utilization of Local Trees and Shrubs for
Sustainable Livestock Production in the Talensi-Nabdam District of the Upper East
Region of Ghana. Livestock Research for Rural Development 23 (4). Retrieved
Janruary 25, 2017, from http://www.Irrd.org/lrrd23/4/ansa23075.htm

Arora, S. P., Singhal, K. K. and Ludri, R. S. (1975). Nutritive Value of Neem Seed
Cake (Melia indica). Indian Veterinary Journal 52:867-870.

35


http://www.lrrd.org/lrrd28/5/adjo28075.htm

Arunachal P.K., Karunanithi K. and Narendrababu R. (2002). Comparative study on
anthelmintic efficacy of neem products and praziplus in sheep. Ind. J. Small Rum.
8:131-132.

Asanuma N, Iwamoto M, Hino T. (1999). Effect of the addition of fumarate on
methane production by ruminal microorganisms in vitro.Journal of Dairy Science.
82: 780- 787.

Attoh-Kotoku, V. (2011). Feeding Two Nerica Rice Straw Varieties to Sheep: Effects
of Supplementation with Leguminous Foliage on Digestibility, Nutrient Utilization
and Growth Performance. PhD Thesis. Kwame Nkrumah University of Science

and Technology, Kumasi, Ghana.

Babayemi, O. J., Bamikole, M. A., (2006). Nutritive Value of Tephrosia candida Seed
in West African Dwarf Goats. Journal of Central European Agriculture 7 (4): 731-
738.

Bais, B., Purohit, G. R., Dhuria, R. K. and Pannu, U. (2002). Nutritive Value of Sares
and Neem Leaves in Marwari Goats. Indian Journal of Animal Nutrition 19 (3):
266-268.

Baumer, M. (1992). Trees as Browse and to Support Animal Production. In: Speedy,
A. and Pugliese, P. (Eds). Legume Trees and other Fodder Trees as Protein
Sources for Livestock. Proceedings, FAO Expert Consultation, Malaysian
Agricultural Research and Development Institute (MARDI), Kuala Lumpur,
Malaysia 1-10.

Bedi, S. P. S., Vijjan, V. K., Ranjhan, S. K. (1975). Utilization of Neem (Azadirachta
indica) Seed Cake and its Influence on Nutrients Digestibility in Buffaloes. Indian

Journal of Dairy Science 28: 104.

Bhandari, D. S. and Joshi, M. S. (1974). The Effect of Feeding Deoiled Neem Cake
on Health of Sheep. Indian Veterinary Journal 51:659-660.

Bhattacharyya, K. G. and Sharma, A. (2004). Azadirachta Indica Leaf Powder as an
Effective Biosorbent for Dyes: A Case Study with Aqueous Congo Red solutions.

Journal of Enviromental Management 71: 217-229.

36



Bhowmik, S., Chowdhury, S. D., Kabir, M. H. and Ali, M. A. (2008). Chemical
Composition of Some Medicinal Plant Products of Indigenous Origin. The
Bangladesh Veterinarian 25(1): 32-39.

Brahmachari, G. (2004). Neem - An Omnipotent Plant: A Retrospection. Chemical
Biochemical 5: 408-421.

Chandrawathani P., Chang, K. W., Nurulaini, R., Waller, P. J., Adnan, M., Zaini,
C.M., Jamnah, O., Khadijah, S. and Vincent, N. (2006). Daily feeding of fresh
Neem leaves (Azadirachta indica) for Worm Control in Sheep. Tropical
Biomedicine 23(1): 23-30.

Chari, M.S., (1996). Neem and Transfer of Technology. In: Neem and Environment,
Sinh, R.P., Chari, M.S., Raheja, A.K. and Kraus, W. (Eds). Volume 1. Oxford and
India Book House Publishing Company. Private Limited, New Delhi, India 27-38.

Christopher, J. (1970). Neem-Seed Cake is also Good for Cattle. Indian Farming 20:
38

Delgado, C., Rosegrant, M., Steinfeld H., Ehui, S. and Courbois, C. (1999). Livestock
to 2020: The Next Food Revolution. Food, Agriculture, and Environment
Discussion Paper 28. Washington, DC: International Food Policy Research

Institute.

Dhaliwal G S, Arora R and Koul O 2004: Neem research in Asian continent: present
status and future outlook. In: Koul O and Wahab S (Eds). Neem: Today and in the
New Millennium. Kluwer Academic Publishers, New York, Boston, Dordrecht,

London, Moscow.

Gajalakshmi, S. and Abbasi, S. A. (2004). Neem leaves As a Source of Fertilizer-

CumPesticide Vermicompost. Bioresource, Technology 92: 291-296.

Gangopadhyay, P., Pyne, A. K., Moitra, D. N. and Mazumdar, S. (1981). Studies on
the Biochemical Constituents of Blood with the Incorporation of Neem Seed Cake
in the Ration of Milk Murrah Buffaloes. Indian Journal of Animal Health 20: 61-
63.

37



Garcia G W, Ferguson T U, Neckles F A and Archibald K A E (1996): The nutritive
value and forage productivity of Leucaena leucocephala. Animal Feed Science
and Technology, 60 (1-2): 29-41.

Garg, A. K. (1989). Studies on Deoiled neem (Azadirachta indica) Seed Cake as a
Cattle Feed. Ph.D. Thesis, IVRI, Izatnagar, India 129-175.

Girish, K. and Shankara, B. S. (2008). Neem — A Green Treasure. Electronic Journal
of Biology, Volume 4(3): 102-111.

Gowda, S. K., Elangovan, A. V. and Verma, S. V. S. (1997). Metabolisable Energy
Value of Neem Kernel Meal for Poultry. Indian Journal of Poultry Science
32(2):179-181.

Grant, I. F., Tirol, A. C., Aziz, T. and Watanabe, 1. (1983). Regulation of Invertebrate
Grazers to Enhance Biomass and Nitrogen Fixation of Cyanophyceae in Wetland
Rice Field. Journal of Soil Science 47: 669-675.

Gupta, R. S. and Bhaid, M. V. (1980). A Study on the Effect of Feeding Different
Levels of Deoiled Neem fruit Cake in the Concentrate Mixture on Water

Consumption in lambs. A Review of Agro-Animal Science and Health.

Hattori k, Matsui H. (2008). Diversity of fumerate reducing bacteria in the bovine
rumen revealed by culture dependent and independent approaches.Anaerobe.14:
87-93.

Hegde, N.G. (1995). Neem and Small Farmer’s Constraints at Grass Root Level.
Indian Forest 121: 1040-1048.

Hennessy, J. T., Gibbens, R. P., Tromble, J. M. and Cardenas, M. (1983). Vegetation
Changes from 1935 to 1980 in Mesquite Dunelands and former Grasslands of

Southern New Mexico. Journal of Range Management 370-374.

Holmes, C.W. and Hoogendoorn, C.J. (1983). Some Effects of Grazing Management
in Early Lactation and of Topping on the Growth and Quality of Pasture. In:
Wilson, G.F. edition. Dairy Farming Annual, including the Proceedings of the
35th Meeting of Dairy Farmers Conducted by Massey University. Massey
University, Palmerston North 36-43.

38



Jattan, S. S., Shashikumar, M. and Pujar, G. (1995). Perspectives in Intensive
Management of Neem plantations. Indian Forrest 121: 981-988.

Kahiya, C., S.Mukaratirwa and S.M. Thamsborg, 2003. Effects of Acacia
nilotica and Acacia karoo diets on Haemonchus contortus infection in goats. Vet.
Parasitol., 115: 265-274.

Karbo, N., Avornyo, F. K. and Apiiga, S. Y. (2002). Preliminary Studies on The
Pattern and Causes of Guinea Fowl (Numida melegris) Keet Losses in Garu,
Bawku East District. The Savanna Farmer (July) 1: 15— 17.

Ketkar, C.M. (1983). Crop Experiments to Increase the Efficacy of Urea Fertilizer
Nitrogen by Neem By-products. Proceedings of the 2nd International Neem

Conference, Germany 507-518.

Kumar, A. and Sharma, S. D. (2003). Nutritive Evaluation of Some Fodder Tree
Leaves for Ruminants in Tarai Region of Uttaranchal. Indian Journal of Animal
Nutrition, 20(2): 161-167.

Ludri, R. S. and Arora, S. P. (1977). Versatile Neem (Azadirachta Indica) — A
Review. Agriculture Review (4): 1-10.

Luginbuhl, J. M., Green, J. T., Muller, J. P. and Poore, M. H. (1998). Forage Needs
for Meat Goats and Sheep In: “ Production and Utilization of Pasture and Forage”
Technical Bulletin 305 North Carolina Agricultural Research service, North
Carolina State University, Raleigh EAH Webmaster, Department of Animal
Science, NCSU.

Manwar S J, Thirumurugan P, Konwar D, Chidanandaiah and Karna D K
(2007): Effect of Azadirachta indica leaf powder supplementation on broiler
performance. Indian Veterinary Journal, 84 (2): 159-162.

Maroyi, A. (2006). The Utilization of Moringa oleifera in Zimbabwe: A Sustainable
Livelihood Approach. Journal of Sustainable Development in Africa 8(2):161—
169.

Nanang, D. M., Day, R. J. and Amaligo, J. N. (1997). Growth and Yield of Neem
(Azadirachta indica A. Juss.) Plantations in Northern Ghana. Commonwealth
Forestry Review 76(2): 103-106.

39


http://localhost:49000/Citation.aspx?recid=333821
http://localhost:49000/Citation.aspx?recid=333821

Nath, K., Vijjan K. V. and Ranjhan S. K (1978). Alkali Treated Neem Seed Cake as a
Livestock Feed. Journal of Agricultural Science 90:531-535.

Ngamsaeng, A., Wanapat, M. and Khampa, S. (2006). Evaluation of Local Tropical
Plants By in vitro Rumen Fermentation and Their Effects on Fermentation
EndProducts. Pakistan Journal of Nutrition 5 (5): 414-418.

Nigam, S. K., Misra, G. and Sharma, A. (1994). Neem: A Promising Natural
Insecticide. Applied Botany Abstract 14: 35-46.

Niranjan, P. S., Udeybir, S. J. and Verma, D. N. (2008). Mineral and Antinutritional

Factors of Common Tree Leaves. Indian Veterinary Journal 85: 1067-10609.

Nwokeabia, O. D., (1994). Annual report. Federal Department of Forestry, Federal
Ministry of Agriculture, Abuja, Nigeria 46.

Ogbuewu, 1. P. (2008). Physiological Responses of Rabbits Fed Graded Levels of
Neem (Azadirachta indica) Leaf Meal. Master of Science. Thesis. Federal

University of Technology, Owerri, Nigeria 200

Ogbuewu, 1. P., Odoemenam, V. U., Obikaonu, H. O., Opara, M. N., Emenalom, O.
O., Uchegbu, M. C., Okoli, I. C., Esonu, B. O. and lloeje, M. U. (2011). The
Growing Importance of Neem (Azadirachta indica A. Juss) in Agriculture,
Industry, Medicine and Environment: A review. Research Journal of Medicinal
Plant 5(3): 230-245.

Ohabuike, J. E. (1995). Geographical Distribution of Neem Scale Insect in the
Subregion. Proceedings of the International Workshop on Neem Scale Insect and
Neem Diseases, July 25-27th, Lake Chad Research Institute LCRI, Maiduguri,
Borno State, Nigeria 354-359.

Olanite, J. A., Tarawali, S. A. and Aken’ova, M. E. (2004). Biomass Yield, Quality
and Acceptability of Selected Grass-legume Mixtures in the Moist Savanna of
West Africa Tropical Grasslands 38: 117-128.

Onwuka, C. F. I., Adeliyi, G. O., Biobaku, W. O., Adu, I. F. (1992). Leucaena
leucocephala Leaves in Rabbit Diets. Leucaena Research Reports 13: 65-67.

40



Osemeobo, G. J. (1996). Natural Resources Management and in situ Plant Genetic
Conservation in Nigerian Arid Zones International. Plant Genetic Resources
Institute Kenya 144.

Otchere, E. O., Dadzie, C. B. M., Ayebo, D. A. and Erbynn, K. G. (1977). Ghana
Journal of Agricultural Science 10:61-66.

Paengkoum, P. (2010). Effects of Neem (Azadirachta indica) and Leucaena
(Leucaena leucocephala) Fodders on Digestibility, Rumen Fermentation and
Nitrogen Balance of Goats Fed Corn Silage. Journal of Animal and Veterinary
Advances 9 (5): 883- 886, 2010.

Panhwar, F. (2005). The Neem Tree (Azadirachta indica A. Juss), A Natural Pesticide
Practice in Pakistan. Diditalverlag Gesellschaft mit beschréankter Haftung Gmbh,
Germany 1-9.

Peters, M. (1992). Evaluation of Tropical Pasture Legumes for Fodder Banks in

Subhumid Nigeria. PhD Thesis. Justus-Liebig-Universitat, Giessen, Germany.

Puri, H. S. (1999). Neem: the Divine Tree (Azadirachta indica). Harwood Academic
Publishers http://books.google.fr/books.

Pyne, A. K., Moitra, D. N. and Gangopadhyay, P. (1979). Studies on the Composition
of Milk with the use of Neem Seed expeller Cake in Lactating Buffaloes. Indian
Veterinary Journal 56:223-227.

Raghuvansi, S. K. S., Prasad, R., Mishra, A. S., Chaturvedi, O. H., Tripathi, M. K.,
Misra, A. K., Saraswat, B. L. and Jakhmola, R. C. (2007). Effect of Inclusion of
Tree Leaves in Feed on Nutrient Utilization and Rumen Fermentation in Sheep.

Biological Resource Technology 98: 511-517.

Rahman, M. (2002). In vitro and in vivo anthelmintic effects of some plants against
gastrointestinal nematodes of goats. M.S. Thesis, submitted to the Department of

Parasitology, Bangladesh Agricultural University, Mymensingh.

Rajgopal, S. and Nath, K. (1981). Note on the Nutritive Value of Cake of Neem
SeedKernel. Indian Journal of Animal Science 51(6): 661-66.

41


http://books.google.fr/books

Ramana, D. B. V., Singh, S., Solanki, K. R. and Negi, A. S. (2000). Nutritive
Evaluation of Some Nitrogen and Non-nitrogen Fixing Multipurpose Tree

Species. Animal Feed Science and Technology 88: 103-111.

Ranjhan, S. K. (2001). Animal Nutrition in the tropics, 6th Edition. Vikas Publishing
House. PVT Ltd., New Delhi 209-466.

Rao, B. S. and Nath, K. (1979). Alkali Treated Neem Seed Cake as a Cattle Feed.
Indian Journal of Animal Science 49(3): 170- 174.

Rao, S. B. N., Radhika, V., Singh, N. and Dutta, T. K. (2011). Evaluation of Mineral
Adequacy of Natural Browse Species and Concentrate Ingredients for Goats.
Livestock Research for Rural Development 23(8). Article #166. Retrieved January
20, 2016, from http://www.Irrd.org/lrrd23/8/ra023166.htm

Rembold, H. (1996). Neem and Its General Development for Pest Control. In: Neem
and Environment, Singh, R. P., Chari, M. S., Raheja, K. and Kraus, W. (Eds).
Oxford and India Book House Publishing Company Private. Limited, New Delhi,

India.

Rob, S., Mostofa, M., Awal, M.A., Shahiduzzaman, M. and Sardar, S.A. (2004):
Comparative Efficacy of Albendazole (Endokil) and Neem (Azadirachta indica)
Leaves Extract against hemonchosis in sheep. Progressive Agriculture 15(2) 33-
39.

Rose Innes R (1977): A Manual of Ghana Grasses. Surrey: Land Resources Division,

Ministry of Overseas Development.

Sateesh, M. K. (1998). Microbiological Investigations on Die-back Disease of Neem
(Azadirachta indica A. Juss.). Ph.D. Thesis, University of Mysore. Mysore, India.

Schmutterer, H. and Singh, R. P. (1995). List of Insects Susceptible to Neem
Products. In: Schmutterer, H. (Ed). The Neem Tree: Sources of Unique Natural
Products for Integrated Pest Management, Medicine, Industry, and other Purposes,
VCH, Publishers, New York 87.

42


http://www.lrrd.org/lrrd23/8/rao23166.htm

Seresinhe, T. and Marapana, R. A. U. J. (2011). Goat Farming Systems in the
Southern Province of Sri Lanka: Feeding and Management Strategies. World
Journal of Agricultural Sciences 7 (4): 383-390.

Shukla, P. C. and Desai, M. C. (1988). Neem (Azadirachta indica, Juss.) as a Source
of Cattle Feed. International Tree Crops Journal 5(3): 135-142.

Singh, R. V. (1982). Fodder Trees of India. Oxford and India Book House Publishing
Company, New Delhi, India.

Sinha, N. P. and Gulati, K. C. (1964). Neem Seed Cake as a Source of Pest Control
Chemicals — An Aphicidal Factor Pesticides. In: Pesticide symposium. Academy
of Pest Control, Mysore, India 215 — 220.

Smith, O. B. (1992). Fodder Trees and Shrubs in Range and Farming Systems in
Tropical Humid Africa. In: Speedy, A. and Pugliese, P. (Eds). Legume Trees and
other Fodder Trees as Protein Sources for Livestock. Proceedings, Food and
Agriculture Organisation Expert Consultation, Malaysian Agricultural Research

and Development Institute (MARDI), Kuala Lumpur, Malaysia

Smith, O. B., Osafo, E. L. K. and Adegbola, A. A. (1988) Studies on the Feeding
Values of Agro-industrial By-products: Strategies for Improving the Utilisation of
Cocoapod Based Diets by Ruminants. Animal Feed Science and Technology
20:1189- 1201.

Sonaiya E B (1993): Evaluation of non-conventional feed ingredients as supplements
for scavenging chicken. Proc. VII World Conf. Anim. Prod., Edmonton, Canada,
p. 28-29.

Speedy, A. and Pugliese, P. (1992). Legume Trees and other Fodder Trees as Protein
Sources for Livestock. Proceedings, Food and Agriculture Organisation Expert
Consultation, Malaysian Agricultural Research and Development Institute
(MARDI), Kuala Lumpur, Malaysia

Srisaikham, S. (2009). Effect of neem (Azadirachta indica A. Juss.
var. siamensis Valeton) foliage utilization in meat goat diets on rumen
fermentation and productive performances. PhD Thesis, Technol. Univ.

Suranaree, Thailand.

43



Streets R J (1962): Exotic Forest Trees in the British Commonwealth. Clarendon
Press,Oxford.

Tanzubil, P.B. (1996). Potential for Neem (Azadirachta indica A. Juss.) in Army
worm Control in Africa. In: Neem and Environment, Singh, R.P., Chari, M. S.,
Raheja, K. and Kraus, W (Editions). Volumel. Oxford and India Book House
Publishing Company, Private Limited, New Delhi, India.

Tewari, D. N. (1992). Monography on Neem (Azadiracta indica A. Juss),

International Book Distributors, Dehradun, India.
Thakkar, P.S., (1997) Editorial notes. Global Neem Update 2: 1.

Tiwary M K and Pandey A (2010): Feeding neem (Azadirachta indica) products to
small ruminants as anthelmentics. Food Science and Technology Letters, 1(1): 10.

Verma, A. K., Sastry, V. R. B. and Agrawal, D. K. (1995). Feeding of Water Washed
Neem (Azadirachta indica) Seed Cake for Growing Goats. Small Ruminants
Research 15:105-111.

44



BIOGRAPHY

The author Dr. Mahbubur Rahman, son of Maksudur Rahman and Lacky Akter hailed
from Sandwip upazilla under Chattogram district of Bangladesh. He passed the
Secondary School Certificate Examination in 2010 from South Sandwip High School,
Sandwip, Chattogram and then Higher Secondary Certificate Examination in 2012
from Chattogram University College. He obtained her B.Sc.(Hons.) in veterinary
medicine from the faculty of veterinary medicine at Chottagram Veterinary and
Animal Sciences University (CVASU). At this time he is a candidate for the degree of
Master of Science in Animal and Poultry Nutrition under the Department of Animal
Science and Poultry Nutrition, Chattogram Veterinary and Animal Sciences
University (CVASU). He has a keen interest to work in flourishing the health status of
people through proper guidance and suggestions and to create awareness among
people about food safety and nutrition as well as Animal welfare. With his best
knowledge and experience he dreams to deliver competent veterinary medical

treatment and sustain the norms of professionalism in the future.

45



