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ABSTRACT
The feasibility of using Moringa oleifera leaf meal (MOLM) as an ingredient in basic
diets fed to commercial egg laying and meat purpose strains had been investigated.
Different experiments with successive increase of MOLM in feed were conducted to
evaluate the potentials of this diet on selected birds. Adequate group of meat purpose and
laying birds were assigned to five dietary treatments and the diets were comprised of
various MOLM combinations. Diet 1 (T1), which was designated to serve as the control
diet and contained basic meal as the main feed source with no MOLM. In addition to
other ingredients, Diet-2 designated as T2; Diet-3 as T3; Diet-4 as T4 and Diet-5 as T5
contained MOLM at the rate of 5%, 10%, 15% and 20% respectively. For data collection,
different growth enhancement and egg laying parameters were studied. In each pen, 2025% more feed by weight was provided to cover the dietary losses during feed intake.
Data were collected on daily and weekly basis and analyzed by using CRD statistical
design. In all experiments, birds in T2 (5% MOLM) and T3 (10% MOLM) fed on
Moringa based diet performed significantly (P < 0.05) better than the birds of the control
T1 group in terms of higher feed intake. This result also suggests that the addition of
MOLM at levels up to 10% does not negatively affect the feed intake. In egg laying birds,
laying percentage significantly increased in birds fed on 5% (T1) and 10% (T2) MOLM.
The layer birds in T2 and T3 also excelled (P<0.05) in terms of egg mass production,
albumen proportion, Roche colour fan score, egg shape index and egg shell percentage as
compared to control treatment while birds in T4 and T5 fed on 15 and 20% MOLM diets
performed significantly better in terms of shell thickness and Roche colour fan band
number and got higher numerical mean values of yolk index percentage among all
treatments. The FCR values of layer birds in T2 and T3 for egg production were
significantly better than control which was a desirable trait that’s why egg laying birds
grouped under T2 and T3 performed economically and significantly better and generated
more profit than all other treatment groups. Data regarded to haematological indices of
layer birds showed that there was no statistical difference (P>0.05) in mean values of
Eosinophils, Lymphocyte, Monocyte, Blood glucose, Serum albumen and Serum globulin
ratios while addition of MOLM in diets of layer birds significantly (P<0.05) effected
mean values of RBC, WBC, Haemoglobin, Total protein, A/G ratio, Cholesterol,
Triglyceride, HDLC, LDLC and VLDL concentrations. In case of broiler birds there was
no statistical difference in mean values of Eosinophils, Lymphocyte and Monocyte Blood
glucose, Total protein, Serum albumen, Serum globulin and A/G ratio while addition of
MOLM in diets of layer birds significantly affected mean values of RBC, WBC,
Haemoglobin, Cholesterol, Triglyceride, HDLC and LDLC. In other experiments
performed on meat purpose bird it was found that the birds in T2 and T3 treatment group
recorded the highest final body weights followed by other treatments. The FCR values of
meat purpose birds (broiler and quail) were significantly better in T2 and T3. Addition of
MOLM in diets of birds significantly reduced per Kg feed cost and increased (P<0.05) net
profit. There was non-significant effect of MOLM inclusion in diets birds on CP, CF and
ME of diets in all experiment but the values of crude protein, crude fat and moisture
contents (%) in thigh meat were significantly affected by addition of MOLM in diets of
layer and broiler birds. It was concluded that MOLM should be incorporated in diets of
egg laying and meat purpose avian strains up to 5-10% for accelerating egg and meat
production and for generating more profit from flocks. There are not any ill effects of
MOLM at any inclusion level, higher levels only reduces performance of chicken birds in
terms of growth parameters.
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CHAPTER-1
INTRODUCTION
Moringa oleifera (Moringa) is a multipurpose tree which is grown in many countries of Asia.
Taxonomically Moringa oleifera belongs to Moringaceae family. It consists of fourteen
species and one genera only. It is native species of Bangladesh, Pakistan and India (Fugile,
1999). It is well adopted to wide range of climatic and soil conditions because it can be
grown in areas receiving annually 150-400 mm rainfall and tolerates pH from 4-9. It has
ability to tolerate temperature ranging from 18 to 480C (Ramachandran et al., 1980; Booth
and Wickens, 1988; Francis and Lioger, 1991; Odee, 1998; Viegas et al., 2004; Abdulkarim,
2007; Oliveira et al., 2009).
Almost all parts of moringa plant are nutritionally valuable or for other properties. Its
branches, pods, leaves and roots are rich in nutrients, amino acids, antioxidant, antiaging and
anti-inflammatory substances and hence are used for nutrition and in medicines. Due to its
unique properties it is also known as “Miracle Tree” and “Mother’s Best Friend”.
Nutritionally and medicinally its all parts are of utmost importance that’s why World Health
Organization suggested this plant as a solution of food deficiency (Johnson, 2005; Manzoor
et al., 2007; Sreelatha & Padma, 2009; Leone et al., 2015; http://www.treesforlife, 2005).
Okereke et al. (2013) analyzed root, seed and leaf of moringa plant and listed 17 amino acids
in these parts. The concentrations of protein in leaf, seed and root were 13.53, 14.76 and
15.14 g/100g respectively. They also reported that moringa plant contains very important and
essential amino acid lysine (62.61%) which is famous in aiding digestion in animals
(Onyimonyi and Ugwu 2007). The results of chemical analysis showed that seed, leaf and
root of moringa plants are excellent source of amino acid for both human and animals.
Moringa which is known as miracle tree is a rich source of many amino acids, antioxidants,
minerals and Vitamins. Nutritionally it famous because contains all the essential nutrients
which are required both for livestock and human beings (Fahey, 2005). Dry leaves of this
plant have vitamin C seven times more than orange, 10 times more vitamin A than carrot, 17
times more calcium than milk, 15 times more potassium than bananas, 25 times more iron
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than spinach and 9 times more proteins than yogurt (Fuglie, 1999). On other hand it also
contains vitamin B-Complex, Cr, Cu, Mg, Mn, P and Zn (Fuglie, 2000, 2001). It is reported
that this parts of this plant have ability to overcome the problem caused due to deficiency of
vitamin A and other micronutrients (Nambiar, 2006).
Moringa (drumstick tree) has been providing numerous benefits to human beings since
centuries both for nutritional and medicinal purposes. Its use cures illness of cold and flu
because it contains vitamin C which has ability to fight against causative agents of cold and
flu. It contains vitamin A, which is beneficial for diarrhea, skin disease, eyes and heart
disorders and many other numerous infections. Calcium strengthens bones, teeth and
supports to preclude osteoporosis while potassium accelerates the brain functioning along
with nervous system and also the most important element of Proteins, which builds our all
body cells. One of the important properties of moringa leaves is that these are the source of
all essential amino acids which are known to be the building units of proteins. It is not very
common in a vegetable to comprise all of the amino acids while moringa incorporates good
balance of these amino acids which are very useful to bodies of human beings as well as
animals. These leaves could be a great alternate of meat protein to people. Moringa also
comprises of two very important amino acids, arginine and histidine, which are very
beneficial for infants. These both amino acids, arginine and histidine, are very important for
infants because these accelerate growth in infants by fulfilling their protein requirements.
Thus moringa could be of great importance as a source of food and food fortification (Duke,
1987; Mahatab et al., 1987; Babu, 2000; Fugile, 1999, 2000, 2001; Lockett & Calvert, 2000;;
Manzoor et al., 2007; Leone et al., 2015).
Moringa comprises variety of distinctive phytochemicals including simple sugars. It is also a
rich source of utmost important compounds known as glucosinolates and isothiocyanates. It
is rich in such six types of phytochemicals which are famous for anticancer, antibacterial and
hypotensive

activities

and

have

4-(a-Lrhamnopyranosyloxy)

benzyl

glucosinolate,

niazimicin, benzyl isothiocyanate, benzyl isothiocyanate and pterygospermin,

(Faizi et

al.,1998; Fugile, 1999, 2000, 2001; Fahey et al., 2004; Costa-Lotufo et al., 2005). Many
researches carried out on moringa shows that this tree possesses the variety of detoxication as
well as biomarkers and antioxidant enzymes while on other hand the results of its treatment
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for disease with its isolated phytochemicals have shown their effects on spasmolytic
activities, immune response, antibacterial activity, effects for hypercholesterolemia and
antiulcer activity (Talreja, 2010). Some researchers reported its antiviral activity and
sympatholytic activity against herpes simplex virus type-1 (Gilani et al., 1994; HameedunNisa et al., 1998; Ghasi et al., 2000; Galan et al., 2004; Haristoy et al., 2005).
The extract from moringa leaves have effect on free radicles because these are reported to
have antioxidants thus provide protection to living beings against infection and degenerative
diseases. Therefore moringa has its importance of preventing against oxidative damage
(Yongbai, 2005; Sreelatha and Padma, 2009). Moringa has been used for curing number of
diseases since centuries like headaches, swelling, fever, ear infections,

glandular, skin

infections, anxiety, asthma, anemia, blood impurities, conjunctivitis, cough, diarrhea, eye
infections, bronchitis, blackheads, chest infection congestion, cholera,

hysteria, pain in

joints, abnormal blood pressure, pimples, scurvy, semen deficiency, psoriasis, respiratory
disorders, tuberculosis, for intestinal worms, sore throat, sprain, lactation, pregnancy and
diabetes . In acient culture it is documented that moringa oil has healing property and it has
tremendous cosmetic value because it is used as hair moisturizer and skin conditioner.
Egyptian has also been using moringa oil for preparations of skin and lotions since long time
(Ramachandran, 1980; Sairam, 1999; Fugile, 2000; Monica, 2005).
Among the different parts, leaves of moringa are the most nutritious having most of its
medicinal and health improving properties (Leone et al., 2015). Its leaves powder can be
consumed in situations of immense starvation. It was estimated that 840 million people on
the globe have insufficient food whereas about 7 million pregnant women and 100 million
children deficit of vitamin A. About 2 billion were malnourished (Fahey, 2005).
Leaves of Moringa are rich source of CP (crude protein), ash, CF (crude fibre), crude fat
carbohydrates, calcium & Iron which are essential for healthy body. Therefore Moringa
leaves added in diet can fulfil the daily requirements of human body. Many researchers have
suggested that Moringa leaves are beneficial for all living beings (Oduro et al., 2008).
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It was investigated that fresh, dried and powdered forms of moringa leaves contain all
essential amino acids, vitamins and minerals therefore these can be fed to humans, livestock
and avian species (Fahey, 2005; Kakengi et al., 2007; Okereke et al., 2013).
Due to its rich nutritional values, fresh and dried leaves of moringa had been used as animal
feed. Sarwatt et al. (2002) fed Moringa oleifera leaf meal (MOLM) to goats at the rate of 25
and 50% in actual feed and found that the goats fed on MOLM shoed better growth rate as
compared to control due to high protein values in MOLM. Reyes-Sanchez et al. (2006)
mixed MOLM in Cynodon dactylon and fed to bullocks and cows. They observed an
increased in milk production in cows fed on MOLM versus control group. On other hand
bullocks offered MOLM excelled in weight gain from those who were fed on control diet.
Odeyinka et al. (2008) supplemented MOLM along with Centrosema pubescens to rabbits
and reported increase in weight gain and litter size of rabbits. Rabbits which were only on
Centrosema pubescens showed lowered values of weight gain and litter size.
High nutritional values of MOLM got attention of researchers to substitute it in avian feed.
Zanu et al. (2012) and Gadzirayi et al. (2012) incorporated MOLM in feed of broiler birds to
replace fish meal and soyabeen meals from their diets and observed that MOLM in diets of
broiler birds did effect the health birds adversely. On other hand MOLM accelerate the value
of FCR (Feed Conversion Ratio) in birds.
Olugbemi et al. (2010) added MOLM along with cassava chips in diets of egg laying birds.
The study resulted that layer birds fed on diets containing different concentrations of MOLM
performed better in terms of FCR, laying percentage and Roche color score. Similarly
Kakengi et al. (2007) found that 10% substitution level of MOLM is optimum for better
performance of egg laying strains. On other hand Abou-Elezz et al. (2011) reported an
accelerated FI (feed intake) and egg mass of laying birds.
Poultry is very important sector of agriculture because this industry provides Protein (eggs
and meat) in least days. In Pakistan poultry sector contributed 1.3 percent in GDP of country
(GOP, 2013-2014). In Pakistan poultry industry provides income to 1.5 million people. The
share of poultry in gross domestic production (GDP) of Pakistan is about 1.12%. Poultry
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contributes up to 28.4% in total meat production of the country. Poultry is industry which
produce meat in least days. The broiler birds mature only in forty two days. This industry is
progressing. The major cost (expensis) of production in poultry is of feed and diseases
control. The ingredients used in the preparation of poultry feed (corn, rice, sorghum, wheat,
canola etc.) are also consumed by human which exerts pressure on the price of said food
items. Ultimately, it increases the rate of poultry feed and disturbs the economics of poultry
production. In order to reduce the feed cost in of poultry birds, alternate sources should be
searched. Foliage of Moringa oleifera may prove useful for this purpose because its leaves
and pods are reported to be very nutritious in nature. Moringa leaves are easily available and
free of cost. By the use of Moringa oleifera leaves as diet, growth acceleration in animals and
birds is reported by many researchers (Sutherland et al., 1990; Makkar and Becker, 1997;
Sarwatt et al., 2002) therefore it should be incorporated in poultry feed to reduce the cost of
poultry production.
Moringa leaves are easily available and are cheap source of protein. No any information is
present on effect of MOLM as feed constituent in egg laying poultry birds of breed Tetra
Blanca (species Gallus gallus) and for meat purpose bird i.e., quail (Coturnix coturnix) but
little information on this aspect is present on Hubbard broilers (Gallus gallus). A little
information is present about using MOLM as protein source for meat and egg producing
avian strains. Avian feed formulation is not much reviewed in previous studies. MOLM can
be added as protein source

 To examine the effects of different feed formulations prepared from Moringa oleifera
leaves on egg and meat production in avian species.
 To calculate the economics of poultry production using MOLM as diet components.
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CHAPTER-2
RVIEW OF LITERATURE
2.1

Moringa oleifera Lam.

Moringa oleifera locally known as Suhanjna (English: Drumstick tree) is a God gifted plant.
It surprised many researchers due to its enormous benefits to human beings that’s why many
scholars say that it is a Miracle Plant. Most of the aspects of Moringa oleifera have been
studied but in Pakistan the effects of its leaves feed on egg production, meat quality and
blood chemistry of laying birds have not been investigated (Breed: Tetra Blanca) till now.
2.1.1 Native regions
Moringa oliefera is one of the thirteen species of family Moringaceae which is deliberately
found in sub-Himalayan tracts. It is reported as native species of Pakistan, India, Bangladesh
and Afghanistan. It can be grown easily on wide varieties of soil therefore it is becoming
naturalized in tropical regions (Fuglie, 1999).
2.1.2 Climatic conditions
Moringa oliefera bears quality of long range climatic adaptation. It and can be grown well in
drought condition but the best growing climate is semiarid tropical i.e., areas receiving less
than 400 mm mean annual rainfall. It grows rapidly with rainfalls of 250-2200 mm. It can
tolerate temperature about 18-48 0C. It acquires height more than 7m in on year. The soils
which have best drainage ability i.e., clay (slightly alkaline) and sandy loam are good for its
cultivation. Moringa oliefera can tolerate pH ranging from 4 to 9 (Ramachandran et al.,
1980; Booth and Wickens, 1988; Francis and Lioger, 1991; Odee, 1998; Abdulkarim, 2007;
Oliveira et al., 2009).
2.2 Different uses of moringa
Leaves and treated seed-cake of moringa are used as animal food. Its leaves are utilized for
producing biogas while crushed leaves are very helpful as a domestic cleaning agent. Seed
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cakes of Moringa oleifera are good as fertilizer for crops and blue dye is made from its
wood. Its trunk exudate gum. Crushed seeds of Moringa oleifera are used as clarifying agent
of honey and sugarcane juice. Its leaves are mixed in soil to prevent damping off. Special
ropes are made from its bark. It provides very useful product i.e. tannin which helps in
tanning hides. Its powdered seeds are very useful for purifying water. Its seeds are also used
for oil extraction (known as Ben oil) which is used for lubricating high quality machines
(Tsaknis, 1999). It is cultivated in many tropical countries and is grown as a crop in the field
in in many countries like Ethiopia, India, Sudan and Philippines. It is also being used in
traditional medicines by Egyptians. Most of its parts e.g. leaves, flowers and pods are edible.
It also provides timber, fuel wood and forage (Fahey, 2005).
2.3 Calculated Nutritive Values of Moringa oleifera
Leaf extract of moringa contains amino acids, calcium, potassium, iron, ascorbic acid and
zeatin, an important growth regulator which enhances growth in plants (Makkar and
Becker1996). Zeatin is naturally occurring growth regulator (cytokinin) found in moringa
plant and it is an effective antiaging and protective agent in plants (Marcu, 2005). On other
hand Moringa Leaf Extract (MLE) has proved an excellent seed priming agent. In a study
Nouman et al. (2012) concluded that MLE is a good alternative source of priming seed as
equated to synthetic chemicals used for seed priming.
Moringa seed powder (MSP) act as water cleaning agent. MSP contains a natural absorbent
and anti-microbial agent polyelectrolyte. The concentration of active polyelectrolyte in MSP
is 1%. Moringa seeds also has antimicrobial properties because its extract act against wide
range of viral and fungal species (Madson et al., 1987). Its seed is comprised much quantity
of benzyl isothiocyanate and benzyl glucosinolate which serve as antibiotic (Eilert et al.,
1981). Similarly Mangale Sapana et al. (2012) reported that MSP shows properties of
coagulant, flocculants, absorbent when added in ground water. It improves water quality by
lowering the chloride contents, alkalinity, acidity, hardness and Turbidity of water. It does
not effect the health negatively.
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According to Anwar et al. (2007) different parts of moringa plant i.e., pods, flowers, bark.
Seed and root are used for ailments of cardiac and circulatory diseases. These plant parts also
have antihypertensive, diuretic, antitumor, antispasmodic, antiulcer and anti-inflammatory
properties. On other hand these lower cholesterol level in blood and act as anti-oxidant and
antidiabetic agent. This multipurpose tree has numerous medicinal properties.
Previous research shows that moringa has ability to mitigate malnutrition due to its high
nutritional values. 8 gram leaf powder of moringa provide whole day nutrition to children
and its 100 g leaf powder is sufficient for pregnant women for one third day nutrition because
its leaf powder is rich source of vitamins, protein, calcium, iron and other nutrients (Subadra
et al., 1997; Fugile, 2005).
Leaves and fruit of Moringa oleifera are rich source of nutrients. In an analysis it was found
that hundred grams of Moringa oleifera leaves contain water 78.70 g, energy 268 kJ, protein
9.4 g, fat 1.40 g, carbohydrates 8.30 g, TDF (total dietary fibre) 2.0 g, Ca 185.00 mg, Mg
147.00 mg, P 112.00 mg, Fe 04.00 mg, Zn 0.60 mg, 7564 IU vitamin A, thiamine 0.30 mg,
riboflavin 0.70 mg, niacin 2.20 mg, 40 μg folate, & ascorbic acid 51.70 mg (Grubben and
Denton, 2004) and hundred gram fruit had: 88.2 g water, 155 kJ energy), protein 2.10 g, Fat
0.20 g, total dietary fiber (TDF) 3.2 g, 30 mg Ca, Mg 45.00 mg, P 50.00 mg, 0.400 mg Fe,
0.4 mg Zn, 74 carbohydrates 8.50 g, IU of vitamin A, 0.070 mg of riboflavin, 0.05 mg
thiamin, 0.60 mg of niacin, 44 μg folate, and 141.0 mg ascorbic acid (Bosh, 2004).
2.3.1 Composition of amino acids in different parts of Moringa oleifera
Moringa oleifera proved a rich source of amino acids. Table 2.2 given below shows
numerical values of amino acid determined in grams per sixteen grams (g) of nitrogen (N) in
100 g edible portion.
2.4 Effect of drying methods on nutritional values of Moringa oleifera
A study was conducted by Glover-Amengor and Mensah (2012) who evaluated the effect of
various drying methods on nutritional values of Moringa oleifera. The findings were also
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compared as nutrients values calculated in dried leaves and fresh leaves. The comparison is
shown in Table 2.4:
Table-2.1: Calculated values of amino acids in grams per sixteen grams of N in 100 g edible
portion
Pods
Leaves
Leaf Powder
Arginine
3.60
6.00
1.33 (%)
Histidine

1.10

2.10

0.61 (%)

Lysine

1.50

4.30

1.32 (%)

Tryptophan

0.80

1.90

0.43 (%)

Phenylanaline

4.30

6.40

1.39 (%)

Methionine

1.40

2.00

0.35 (%)

Threonine

3.90

4.90

1.19 (%)

Leucine

6.50

9.30

1.95 (%)

Table 2.2: Composition of vitamins in Moringa oleifera
Vitamins↓
Pods
Leaves
A
0.11 mg
6.80 mg

LM (Leaf Meal)
16.3 mg

B

423 mg

423.0 mg

---

B1

0.05 mg

0.21 mg

2.64 mg

B2

0.07 mg

0.05 mg

20.50 mg

B3

0.20 mg

0.80 mg

8.20 mg

C

17.30 mg

220.0` mg

120.0 mg

E

---

---

113.0 mg
(Ayssiwede et al., 2011)
Table 2.3: Effect of different drying methods on nutritional values of Moringa oleifera
Drying method
Moisture
Proteins Vitamin C β-carotene α-tocopherol L+Z*
(mg/100g DM)
(mg/100g DW)
(g/100g)
(g/100g DM) (g/100g DM)
(μg/100g
used
DW)
Solar Drying
5.5
Mechanical
6.4
Drying
Room Temp.
11.2
Fresh Leaves
72.6
*Lutein+zeaxanth-in

25%
26%

14
15

31
30

153
102

1620.6
2527

26%
31%

21
57

43
181

111
692

1688
3317.2
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It was investigated that fresh and dried leaves of Moringa oleifera contain all vitamins,
protein (14%), calcium (40%) and Iron (23%). Therefore Moringa oleifera leaves can be fed
to both children (8 g) and pregnant women (100g). In children 8g Moringa leaf powder
provides the nutrition of whole day and in women it’s above given amount provides nutrition
for one third day (Fugile, 2005). It has been reported that 60-80% nutrients from the leaves of
Moringa oleifera become lost when these were dried in direct sunlight and 30-50% in case of
shade drying (Subadra et al., 1997).
2.5

Moringa oleifera as animal feed

Due to rich nutritional values, fresh leaves of moringa can be served as forage to animals.
Moringa plant contains iron, protein, carotene and ascorbic acid in leaves while pods have
amino acid lysine (CSIR, 1962). To check the suitability of moringa leaves as animal feed,
extracted and un-extracted moringa foliage were analyzed. In this analysis values of nutrients
and anti-nutrients were calculated. The crude protein in extracted leaves was 43.5% and in
un-extracted leaves it was 25.1%. This result showed that Moringa leaves were excellent
protein source for livestock whether these were extracted or un-extracted because there were
higher percentage of crude protein and fiber contents in them. These values were relatively
lower in un-extracted leaves due to loss of cell soluble and lipids when these were treated
with 80% ethanol (Makkar and Becker, 1997).
In an experiment (Sarwatt et al., 2002) Moringa oliefera Leaf Meal (MOLM) was fed to
goats. MOLM was mixed at the rate of 25% and 50% in actual feed. Same feed formulation
was prepared with LLM (Leucaena leaf meal), GLM (Grilicidia leaf meal) to compare the
effects of MOLM. The goats fed on MOLM showed better growth rate than LLM and GLM.
This increase in growth rate was referred to be due to high percentage of crude protein in
leaves of Moringa oleifera (Sutherland et al., 1990; Makkar and Becker, 1997; Sarwatt et al.,
2002).
Moringa oleifera leaves accelerated body weight gain in goats when incorporated at the
levels of 9, 27 and 36% in diets. The treatment in which higher levels Moringa leaves were
mixed resulted in higher dry matter intake (Sarwatt et al., 2002). On the other hand goats fed
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on 20% and 50% moringa leaves showed increase in their body weight as compared to
control. Therefore incorporation of moringa leaves in diets of goats proved beneficial
(Aregheore, 2002).
In another trial with bullocks, the inclusion of moringa leaves in Cynodon dactylon resulted
in body weight gain. Same mixture was fed to cows supplemented with moringa leaves
increased milk volume compared to that of un-supplemented. It enhanced concentration of
protein and total solids and lowered fat levels with the increased in concentration of Moringa
oleifera leaves in ration. It was concluded that supplementing cows with moringa leaves
increased yield, fat and protein in milk. Moringa inclusions in diets of cows had no adverse
effect on milk quality (Sánchez et al., 2006).
Leaves of Moringa oleifera and Centrosema pubescens were mixed in the diets of rabbits at
the rate of 0%, 25%, 50%, 75% and 100%. When these diets were fed to rabbits, it was
observed that diets containing MOLM performed better as compared to C. pubescens leaf
meal in terms of dry matter intake, weight gain per animal and litter size. It was observed that
MOLM is good alternative of C. pubescens leaf meal because it had no negative effect on the
reproductive routine of animal (Odeyinka et al., 2008).
2.6 Moringa oleifera as avian feed
The possibility of incorporating MOLM (Moringa oleifera leaf meal) as a constituent in diets
having CC (cassava chip), offered to layers (egg laying) birds of poultry industry and
examined its effect on their egg qualities and meat were examined. 80 egg laying poultry
hens containing ten pullets in each replicate, two replicates in each treatment, were fed to 4
feed formulations. The diets were prepared by mixing different levels of CC and MOLM like
CC0M0 contained 0% CC and 0%MOLM which served as control diet as basic meal of birds
while CC20M0 was formulated by adding 20% CC and 0%MOLM. The other diets CC20M5
contained 20% CC+5%MOLM and CC20M10 was prepared by substituting 20% CC and
10%MOLM along with other nutrients. Incorporating MOLM did not affect feed
consumption, Kg eggs per Kg feed (FCR) and percentage of egg laying of birds. Maize based
group shoed the lowest egg weight. Addition of MOLM reduced FC (Feed cost) and FC/Kg
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eggs laid. Eggs obtained from the bird fed on 10% MOLM varied in Roche colour score
(7.79) as compared to other treatments. Also the cooked eggs of 10% MOLM were most
acceptable than other groups. The findings of trial revealed that CC can be offered
completely to laying birds. The substitution of 10% MOLM in CC based feed offered to egg
laying avian species is suitable. It had no any adverse effect on quality factors of egg
(Olugbemi et al., 2010).
Kakengi et al. (2007) studied the effect of mixing MOLM to replace of SSM (sunflower seed
meal) as protein on laying poultry birds. The effects of MOLM incorporation on EMP (egg
mass production), FCR (feed conversion ratio) FI (feed intake), DMI (intake of dry matter),
EWT (egg weight) and LP (Laying percentage), were studied. Four different diets based on
MOLM and sunflower seed meal (SSM) as a source of protein were prepared. While MOLM
mutually removed sunflower seed meal at grades of 20.00%, 15.00%, 10.00% and 0.00%
which gave rise to diets having 0.00%, 10.00% 15.00% and 20% MOLM rates in order to
make four treatments. A total of ninety six birds of 21 weeks old, were offered formulated
diets. Treatments were replicated thrice containing eight birds per replicate. The layer birds
in MOLM-0 gained the highest EWT and MOLM-10 showed minimum values of EWT
among all treatments. On other hand MOLM-0 and MOLM-5 were significantly different in
terms of EMP while MOLM-10 and MOLM-20 showed high numerical values for DMI and
DFI. These findings indicated that MOLM could be substituted to remove sunflower seed
meal up to 20% without a single adverse outcome in diets of laying birds and 10%
substitution level of MOLM is optimum for better performance of egg laying strains.
Abou-Elezz et al. (2011) prepared feed of Rhode Island Red (RIR) hens by mixing leaves of
Moringa oleifera at different levels i.e., 0.00%, 5.00%, 10.00% and 15.00%. Birds were
offered feed after dividing them in four groups. The 36 weeks old hens were fed for thirty
five days. The result of experiment indicated quadratic effect on egg laying, feed conversion,
egg mass and feed intake but as the percentage of MOLM was increased in diet, it enhanced
yolk colour in egg.
During a study fish meal was replaced by substituting 0.00%, 5.00%, 10.00% and 15.00%
MOLM from broiler diet. The birds were fed for six weeks. It was observed that MOLM had
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not affected health of birds adversely. It was suggested that Moringa oleifera leaves should
be incorporated in diet of broiler birds to reduce feed cost (Zanu et al., 2012).
Gadzirayi et al. (2012) examined effect of MOLM on performance of broiler chicks. Five
treatments of MOLM were prepared to check MOLM as protein supplement to replace soya
bean meal. The Hubbard broiler chicken at age of 25 days were allocated to five dietary
treatments. The diet containing 0% MOLM was labelled as T1 which served as control diet.
In addition to other ingredients in T2, T3, T4 and T5 MOLM was added to replace soya bean
meal at the rate of 25%. 50%, 75% and 100%. The chicks were fed for 6 weeks. The quantity
of feed consumed was non-significant among treatments. It was further concluded that
MOLM effect FCR (Feed Conversion Ratio) significantly in broiler chicken when soya bean
meal was replaced with MOLM.
In a trial a study was carried out to evaluate the effect of MOLM on broiler chickens. For this
purpose, one hundred and sixty birds were divided in four groups. In each group birds were
further subdivided in three replicates. The broiler chickens were offered diets containg
graded levels of Moringa oleifera leaf meal. Treatment one (T1) had 0.0% MOLM in feed
while T2, T3 and T4 contained 3%, 5% and 7% MOLM in diets respectively. During feeding
trial of seven weeks it was observed that final increase in weight, feed consumption and FCR
were superior in treatments containing MOLM over control which had no MOLM (El-Tazi,
2012).
The possibility of adding MOLM as a feed source in diets of broiler containing cassava (CC)
was assessed. Seven treatments of isonitrogenous and isocaloric diets denoted as T1
contained maize meal based (control) diet while T2, T3 and T4 had 20% cassava in addition
with 0%, 5% and 10% MOLM. The other treatments like T5, T6 and T7 were prepared by
mixing 30% Cassava and 0%, 5% and 10% MOLM respectively. These formulated feeds
were offered to broiler chicks for 49 days. Haematological and growth parameters were
studied.

Higher

levels

only

reduce

performance

of

chicken

birds

in

terms of growth parameters. It was observed that by increasing level of MOLM more than
5% reduced performance of chicks. Birds in T3 were not significantly different in terms of
increase in weight and FCR at 8th week & FC/Kg as compared to control. In T3 the feed
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intake was high. It was determined that birds could be safely offered cassava based diets
having Moringa oleifera leaf meal not more than 5% without any harmful effect (Olugbemi
et al., 2010).
On other hand Abou-Elezz et al. (2011) prepared feed of Rhode Island Red (RIR) hens by
mixing leaves of Moringa oleifera at different levels i.e., 0.00%, 5.00%, 10.00% and
15.00%. Birds were offered feed after dividing them in four groups. The 36 weeks old hens
were fed for thirty five days. The result of experiment indicated quadratic effect on egg
laying, feed conversion, egg mass and feed intake but as the percentage of MOLM was
increased in diet, it enhanced yolk colour in egg.
Ologhobo et al. (2014) substituted MOLM in basic diets of broiler birds by removing
Oxytetracycline from their feed to evaluate the effect of MOLM on different body parts of
birds. The experimental diets were mixed 250g oxytetracycline/100kg of basic meal which
gave rise to treatment 1 (T1) while 200g, 400g and 600g MOLM/100kg of basal meal were
substituted for second(T2), third (T3) and fourth (T4)treatment respectively. The results
indicated that the substitution of MOLM in feed of the birds effected significantly breast,
drumstick, spleen and heart only. Body weights were higher for broiler chicken nourished on
feed containing MOLM. Moringa leaves incorporated in broiler diets had not any adverse
effect on health of birds therefore MOLM can be added in diet of broilers as an ingredient.
Ayssiwede et al. (2011) evaluated effects of MOLM addition in diets on body growth,
Characteristics of carcass and their economics results on chickens. Ninety six birds of similar
body weight were randomly divided into four groups. There were twenty four chicks in each
group which were 35 days old. Each group further divided in two replications of twelve
chicks. The birds were fed on diets having 0%, 8%, 16% and 24% MOLM in MO0, MO8,
MO16 and MO24 respectively. The groundnut cake was replaced to incorporate MOLM. At
the end of the twelve weeks study it was observed that MOLM effected LBW (live body
weights), ADWG (daily increase in weights of birds), DFC (Daily Feed Consumption) and
gram feed per gram increase in weight significantly. 24% MOLM substitutions in the feed
had not shown any negative effect on live body weight, daily increase in weight, Kg feed per
Kg weight gain, mortality and characteristics of carcass of birds. The best growth and
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economic results were obtained from the treatment containing 8% and 16% MOLM in diet.
Thus these MO8 and MO16 were the only most sparingly cost-effective compared to the
control.
2.7 Plant leaves incorporated in avian feed other than Moringa oleifera
Different studies had been carried out in which plant leaves were added in feed of birds to
check their effects on performance of egg laying and meat purpose birds. A brief review is
given below:
2.7.1 Cassava (Manihot esculenta) leaf meal (CLM)
Different plants leaves were also incorporated in diets of broiler birds. In an experiment
Anak broilers were divided in four groups. The birds were five weeks old. These were
offered Cassava leaf meal (CLM). The mixture contained 0, 5, 10 and 15% Cassava leaves.
CLM non-significantly effected feed consumption per day, increase in body weight and ratio
of feed conversion. But the birds fed at 0 and 5% CLM were best in terms of total serum
protein, albumen and haemoglobin. It was concluded that 5% Cassava leaves could be
incorporated in diets of broilers. Five percent Cassava leaves had not any adverse effect on
blood and meat parameters of broilers (Iheukwumere et al., 2007).
In another study Cassava leaves were mixed in diets of egg laying birds and observed that
inclusion of CLM more than 20% adversely effected weight gain and feed efficiency of
birds. CLM up to 10% had not any effect in production of eggs, feed efficiency and egg
mass. For better performance of laying bird, methionine (0.15-0.30%), and corn oil (3.0%)
should be mixed in diets along with CLM. Cassava leaves also enhanced yolk color of eggs
therefore it can be an alternate of alfalfa (Ross and Enriquez, 1969).
2.7.2 Leucaena leucocephala leaf meal (LLM)
Abou-Elezz et al. (2011) prepared feed of Rhode Island Red (RIR) hens by mixing leaves of
Leucaena leucocephala at different levels i.e., 0.00%, 5.00%, 10.00% and 15.00%. Birds
were offered feed after dividing them in four groups. The 36 weeks old hens were fed for
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thirty five days. The result of experiment indicated quadratic effect on egg laying, feed
conversion, egg mass and feed intake but as the percentage of LLM was increased, it
enhanced yolk colour in egg.
2.7.3 Gliricidia (Gliricidia sepium) leaf meal (GLM)
In an experiment, laying hens were fed on four diets in which Gliricidia leaves were
incorporated at levels of 0, 5, 10 and 15%. Feed intake was decreased in all groups having
Gliricidia leaf meal (GLM) except control. Increase in weight and feed conversion ratio was
adversely effected at levels of 10% and 15% GLM. GLM proved good for enhancing yolk
color and yolk index. Overall results indicated that 5% incorporation of GLM didn’t effect
feed intake and egg production in layers (Odunsi et al., 2002).
2.7.4 Siam (Chromolaena odorata) weed leaf meal (SWLM)
An eight week feeding trial was conducted on laying hens in which layers were fed on Siam
weed leaf meal (SWLM). For studying effect of SWLM, four diets were formulated
containing 0%, 2.5%, 5.0%, and 7.5% SWLM respectively. In this trial haematological and
biochemical indices were studied. It was observed that there was no any statistical difference
for haematological and biochemical parameters among first three treatments. Only treatment
four was statistically different. The volume of packed cells, Red blood cells and
Haemoglobin contents were more in treatment 1, 2 and 3 respectively. In fourth treatment
PCV, RBC count and Hb contents were lesser than other treatments. It was concluded that
treatment 2 which contained 5% SWLM could be used for better results without effecting
health of layers (Fasuyi and Aletor, 2005).
2.8 Effect of MOLM on blood chemistry of avian species
During a study fish meal was replaced by substituting 0.00%, 5.00%, 10.00% and 15.00%
MOLM from broilers’ diet. The birds were fed for six weeks. It was analyzed that MOLM
affected Mean Corpuscular Hemoglobin (MCH) significantly as in four groups. MOLM
lowered values of LDL (Low Density Lipoprotein), Triglycerides and Very Low Density
Lipoprotein (VLDL) at substitution level of 5%. It was also observed that MOLM also
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effected the crude fat, moisture and crude protein of the meat significantly (Zanu et al.,
2012).
A trial was conducted to assess the effect of MOSM (Moringa oleifera seed meal) on broilers
in terms of metabolic nutrients utilization, changes in biochemical and haematological
parameters. The diets were prepared by mixing 2.5% and 7.5% MOSM in feed to compare
with control. The results proved that by increasing the MOSM level in fowl diet, the values
of RBC (red blood cell) and Hb (haemoglobin) would also increase. No disease was observed
during trial in any treatment (Annongu et al., 2013).
Ebenebe et al. (2012) carried out an experiment to assess the consequence of MOLM on
blood chemistry and weight gain in broiler chickens. The control treatment contained no
MOLM and hence referred as T1 while T2 and T3 had 10% and 15% MOLM respectively.
One hundred and eight broiler birds of two weeks old were randomly divided in in three
groups. In each treatment birds were sub-divided to give rise to three replicates per treatment.
The birds were fed for five weeks. The results indicated that T2 was best in terms of weight
gain among all treatments. . During haematological studies, it was analyzed that RBC,
Packed Cell Volume (PCV) and Hb were increased more significantly in T2 as compared to
other treatments. It was observed that MOLM should be mixed at rate of 10% in diet of fowls
to get best results.
2.6 Spectrum of Moringa oleifera for treating poultry diseases
Moringa oleifera proved helpful for treating poultry diseases. The rate of infectious
pathogens had increased in our world. These micro-organisms had threatened life of animals
and humans. These pathogens increased mortality rate in developing states of world (Al-Bari
et al., 2006). Many strains of pathogens had become fatal because they had developed
immunity against those antibiotics which were used regularly for their treatment. This
resisting phenomenon of micro-organisms forced the researchers to find other sources or
ways for treating bacterial and viral infections (Zy et al., 2005; Rojas et al., 2006).
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2.9.1 Treatment of bacterial infections in chicks
Dougnon et al. (2011) extracted moringa leaves in ethanol for curing diseases caused by
Staphylococcus aureus in chicks. In this study chicks were inoculated 0.50 grams/L and 1.50
grams/L moringa leaves. This experimentation revealed that moringa leaf extracted in
ethanol had potential as antibacterial effect against infections caused by Staphylococcus
aureus in chicks. They suggested that Moringa oleifera leaf extract could be used for
manufacturing medicines in pharmaceutical industries for bacterial remedies.
2.9.2 Treatment of viral infections in chicks
Newcastle disease, a major threat to poultry industry, had infected many flocks in past. The
bio-security and vaccination are two ways to control this disease (Pandey 1992; Spradbrow,
1994; OIE, 2005).
Eze., et al. (2012) treated chicks infected with NDV (Newcastle disease virus) Kudu 113
with methanolic leaf extract of Moringa oleifera. In the trial birds were subjected to daily
oral treatment of Moringa oleifera methanolic leaf extract for 56 days at the rate of 200
mg/Kg body weight. The treated birds were compared with control group. The results
revealed that Moringa oleifera methanolic leaf extract cured NDV in chicks.
2.9.3 Acute and sub-acute toxicity in chickens
Moringa oleifera roots were extracted in aqueous solution of ethyl acetate. For acute toxicity
trial, the extracted roots were administered to chickens orally at the rate of 25 hundred
milligram, 5 thousand milligram, 75 hundred milligram and 10 thousand milligram per
thousand gram body weight. The birds were observed for whole day up to 24 hours period.
The mortality rate was zero in all treatments. During sub-acute toxicity trial, the birds were
given dose of 100, 200, 300 and 400 mg per thousand gram body weight for twenty eight
days.

The extract did not affect the body organs adversely in any treatment. The

haematological indices were studied after collecting 5mm of blood from birds. It was
concluded from experiment that aqueous extract of Moringa oleifera significantly effected
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erythropoiesis, white blood cell counts and have high safety margin for chickens (Furo and
Ambali, 2011).
2.9.4 Poultry ethnomedicine
Nalubega et al. (2011) extracted eleven plants to evaluate their effect on bacterial strains
(gram +ve and gram -ve). During study it was observed that aqueous extract of moringa plant
had shown its more effect on bacterial strains (both gram +ve and gram –ve) than all other
extracted plants.
2.9.5 Effect of moringa leaves as antibiotics for broilers
A trial was conducted on chicks in which an antibiotic was replaced with Moringa oleifera
leaves. Four dietary treatments were prepared. In control treatment (CTL) chickens were fed
a basic diet containing no MOLM and were treated orally with Enrofloxacin (antibiotic). In
other treatments MOLM was mixed in feed of birds at rate of 200 g/100 kg (MO1); 400g
/100kg (MO2) and 600g/ 100kg (MO3) giving rise to second, third and fourth treatment
respectively. The birds were fed on these prepared formulations for twenty eight days. It was
analyzed from experiment that the birds offered diets substituted with Moringa oleifera leaf
meal compared well as antibiotic with control treatment. Moringa oleifera could be good
natural anti-pathogenic agent for regulatory disease caused by bacteria in animals production
if its pathogenic activity is further tested. Substitution of MOLM also lowered feed cost per
bird (Makanjuola et al., 2014).
An experiment was conducted to evaluate the efficacy of poly herbal aqueous extracts of
Moringa, wild Ganoderma lucidum, antibiotic and Gum Arabic on growth and
haematological indices of broilers birds. Each poly herbal mixtures was extracted in hot
water at ratios of 5% weight (w)/Volume (v), 10% w/v and 20% w/v. For treating broiler
chickens orally at 2, 4 and 6 weeks the volume of mixtures was prepared at ratio of 1:1%
w/v. Group A contained all three extracted poly herbs while group B had moringa along with
wild Ganoderma and group C was formulated by mixing Gum Arabic with wild Ganoderma.
Group D was prepared with aqueous extract of moringa with Gum Arabic and E with
(tetracine) antibiotic. Birds in group E, D and B showed higher (FI) feed intake. Group E, D
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and B gained more weight as compared to other treatments. It was concluded that above
mentioned three different poly herbs could be a good alternative to antibiotics because these
did not adversely effected the carcass and organs of birds (Ogbe and Affiku, 2012).
2.10 Plant leaves fed to animals other than Moringa oleifera
In an experiment five diets were prepared by mixing Mulberry leaves at different ratios in
basic feed of rabbits. Thirty rabbits were divided into five groups. The chemical analysis of
diets showed that the values of ether extract, nitrogen free extract and ash were lowered when
percentage of Mulberry leaves were increased in diets but crude fibre and crude protein
intakes were higher. From this study trial it was suggested that Mulberry leaves were
beneficial alternative of costly concentrates. Mulberry leaves increased both digestibility and
feed consumptions of rabbits which led to body weight gain (Bamikole et al., 2005).
The leaf extract of Moringa oleifera contains anticholestrolic agents. One milligram leaf
extract per gram body weight was given to Wister rat for 30 days. It was observed that
moringa leaf extract lowered cholesterol level in kidney, liver and serum (Ghasi et al., 2000).
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CHAPTER-3
MATERIALS AND METHODS
Present research was conducted at “Bashir Gujjar Poultry Farm” situated in the area of chak59 J.B (Nathu Chak) Faisalabad to investigate the effect of Moringa oleifera leaf meal
(MOLM) on egg production, blood haematology, body organs and economics of egg
production in egg laying birds. The second trial was conducted on broiler bird to investigate
the effect of (MOLM) on meat production, blood haematology and economics of broiler
production. Similarly in third trial the quail birds (Coturnix coturtnix) were fed on ration
containing MOLM to study its effect on meat production.
3a. Preparation of Moringa oleifera leaf meal
The plot of suitable size was prepared for growing moringa plants at the experimental area of
“Department of Crop Physiology” in University of Agriculture Faisalabad, Pakistan. Leaves
of these plants were used for experimentation. The biomass of moringa plant (i.e. leaves)
were collected from this plot, for future experiments.
3b. Processing of moringa leaves
The harvested moringa (5 year old plants) leaves were dried in sun until they become crispy
to touch retaining their greenish coloration. The leaves were then ground using a hammer
mill (Kakengi et al., 2007) to obtain herein the referred product as MOLM powder. It was
stored in polythene bags without refrigeration until needed for the experimentation (Potisate
et al., 2015). The research trials were conducted in winter season 2014. The weight of 100g
leaves was measured before and after drying. The moisture percentage found in leaves was
10% after drying. The moisture percentage was obtained by subtracting dried leaves weight
from fresh leaves’ weight as described below:
Moisture % =

Weight of fresh leaves(g) − Weight of dried leaves(g)
× 100
Weight of fresh leaves (g)
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3c. Biosecurity
Biosecurity measures were strictly followed during the research experiments. Entrance of
persons or predators like mice, cat, dog and wild birds was prohibited in the research room
except researcher and coworkers. All the feeders were washed daily. Accordingly the
drinkers were also washed with clean water two times in a day i.e., during morning and
evening. A foot dip having KMnO4 solution was placed all the time at the entrance of
research room to control any contamination.

3.1

Evaluation of Moringa oleifera leaf meal inclusions in commercial

diet fed to egg laying birds
Experimental birds and their management
One hundred and fifty egg laying birds of breed Tetra Blanca and specie Gallus gallus at the
age of 20 weeks (Kakengi et al., 2007) were purchased from the Al-Noor Chicks located at
Jaranwala road near Taizab Mill Chowk, Faisalabad and were kept in the pens. After that all
layer birds were randomly divided into fifteen replicates containing 10 birds per replicate.
These layer birds were randomly allotted to five treatments (T1, T2, T3, T4 and T5) in such a
way that each treatment had three replicates. In each treatment and replication, birds were
assigned identification numbers and wing banded with tags. Each group of birds was placed
in separate pen of approximately 4 m x 4 m x 1.5 m size.
Sunlight was used as light source during the day and fluorescent tubes were used to
illuminate the pens at night. The birds were kept under deep litter management system and
rice husks was used as litter to cover the floor. At the beginning of study, there was a
preliminary period of 14 days before data collection to allow acclimatization of the birds with
experimental diets and then data were collected on daily basis till the completion of
experiment. Birds in each replicate were group fed and watered daily. Birds were provided
with ration twice a day in the morning and in evening.
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Table 3.1.1: Composition of the experimental diets containing different levels of MOLM
offered to egg laying birds
Diet 1(T1)
Diet2(T2)
Diet3(T3)
Diet4(T4)
Diet 5(T5)
Ingredients %

Control 0%

5%

10%

15%

20%

MOLM

0.00

5.00

10.00

15.00

20.00

Sorghum

61.23

60.34

58.43

56.52

54.41

Soya bean meal

19.30

15.96

12.63

9.30

5.96

CaCO3 (38%)

9.00

8.67

8.34

8.00

7.68

Canola meal

5.00

5.00

5.00

5.00

5.00

Soya oil

2.83

3.23

3.62

4.02

4.41

Di-Cal-phosphate

1.52

1.52

1.52

1.52

1.52

Lysine

0.11

0.11

0.11

0.11

0.11

Methionine

0.17

0.17

0.17

0.17

0.17

NaCl

0.30

0.30

0.30

0.30

0.30

Flavomicine (4%)

0.25

0.25

0.25

0.25

0.25

Mycosorb

0.10

0.10

0.10

0.10

0.10

Funginat 42

0.05

0.05

0.05

0.05

0.05

Choline chloride

0.05

0.05

0.05

0.05

0.05

Minerals premixa

0.05

0.05

0.05

0.05

0.05

b

0.03

0.03

0.03

0.03

0.03

Anti-oxidant

0.01

0.01

0.01

0.01

0.01

Total

100

100

100

100

100

Vitamins premix

Chemical Composition
Crude protein (%)

17.07

17.22

17.31

17.37

17.45

Crude fibre (%)

3.03

3.17

3.26

3.48

3.65

Metabolizable
2580
2750
2814
3041
3058
energy,ME
(kcal/kgDM)
a: Content kg-1 of diet: Manganese, 65 mg; iodine, 1 mg; iron, 55 mg, copper, 6 mg; zinc, 55
mg; selenium, 0.3 mg; b: Content kg-1: vitamin A, 8000 UI; vitamin D, 2500 UI; vitamin E,
8 UI; vitamin K, 2 mg; vitamin B12, 0.002 mg; riboflavin, 5.5 mg; pantothenate of calcium,
13 mg; niacin, 36 mg; choline, 500 mg; folic acid, 0.5 mg; thiamine, 1 mg; pyridoxine, 2.2
mg; biotin, 0.05 mg.
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Experimental diets and their feeding plan
Five experimental diets were formulated containing different levels of Moringa oleifera leaf
meal mixed in basic diet for selected poultry birds. Diet 1, which were designated as T 1
served as the control diet and contained basic meal as the main feed source with no added
Moringa leaf meal. Whereas diet 2 designated as T2; diet 3 as T3; diet 4 as T4 and diet 5 as T5
contained Moringa oleifera leaf meal (MOLM) at the rate of 5, 10, 15 and 20%, respectively.
A weighed amount of rations was offered to birds twice a day (early morning and late
evening) and left over feed was collected to calculate feed consumption of the birds.
Feed formulation
The feed for layer birds was formulated as described by Abou-Elezz et al. (2011) who mixed
MOLM in diets of birds up to 15%. But in this experiment, MOLM was mixed up to 20% i.e.
MOLM was incorporated in T1, T2, T3, T4 and T5 at the rate of 0, 5, 10, 15 and 20%
respectively. Composition of the experimental diets containing different levels of MOLM
offered to egg laying birds is shown in table 3.1.1.
Mortality data
A complete record of bird’s mortality in each replicate was maintained throughout the
experimental period.
Data collection
3.1.1 Production parameters
3.1.1.1 Feed intake (g)
During the entire study period, feeds provided and refusals were recorded daily in each
treatment replicate using a Mettler DT 150 electronic balance with an inbuilt weighing
programme with an accuracy of ±20 g. The differences between feed given and left over was
used to calculate feed intake (FI) (grams). Then, calculated daily intakes in each treatment
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replicate were used to calculate daily and weekly intake per bird in each dietary treatment
(Kakengi et al., 2007).
Feed intake (g) = Feed provided (g) − Feed refused (g)
3.1.1.2 Average egg weight (g)
Eggs were collected three times a day at 9h, 13h and 16h (Kakengi et al., 2007). All the eggs
and their weights in each treatment replicate were recorded daily. Three eggs were randomly
collected from each replicate and weighed to calculate average egg weights of replicate.
Average egg weight (g) =

Weight of eggs per replicate (g)
Total number of eggs per replicate

3.1.1.3 Egg mass production (EMP)
A random sample of three eggs produced per replicate was weighed daily on the basis of
which average egg mass per replicate per day was calculated as:
EMP = ⟦The average ELR (%) ∗ The average egg weight (g)⟧ ÷ 100
(Abou-Elezz et al., 2011)
3.1.1.4 Feed conversion ratio (FCR):
Feed conversion ratio (kg feed/kg eggs) was calculated by dividing the average daily FI
(g/hen/d) by the average daily EM (g/hen/d) and FCR was also calculated for per dozen of
eggs on weekly basis for each experimental unit, by using the following formulas:
g
g
FCR = Average daily feed intake ( hen ) ÷ Average daily EM ( hen )
day
day

(Yasmeen et al., 2008)
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FCR
dozen

eggs =

[Weekly feed consumption per replicate ÷
Weekly number of eggs produced per replicate] × [1/10]
(Ahmad et al., 2009)
3.1.1.5 Egg production (%) (EP)
The daily egg production was recorded for each experimental unit by using following
formula:
EP (%) =

Number of eggs produced on each day
× 100
Number of hens alive on each day
(Ahmad et al., 2009)

3.1.2 Egg parameters
From the start of experiment, 3 eggs per replicate were randomly selected. These eggs were
broken one by one and their material was poured into a separate petri dish to determine
following characteristics as described by Abou-Elezz et al. (2011).
3.1.2.1 Shell (%):
Three eggs per replicate were weighed and broken separately in petri dish. The egg shell and
yolk were weighed separately. The obtained values were used to calculate percentages of
shell, yolk and albumen.
Weight of shell
Shell (%) = (
) × 100
Weight of egg
3.1.2.2 Yolk (%)
The percentage of egg yolk was calculated as
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Weight of yolk
Yolk (%) = (
) × 100
Weight of egg

3.1.2.3 Albumen (%)
Albumen percentage was calculated as difference of shell and yolk percentages from hundred
as formulated below
Albumen (%) = 100 − {Shell(%) + Yolk(%)}
(Abou-Elezz et al., 2011)
3.1.2.4 Shell thickness (mm):
Egg shell thickness was measured with micrometer screw gauge correctly up to 0.01
millimeter from samples. Shell membranes of broken egg were removed manually and then
shell thickness was measured by taking one reading each from broader end, narrow end and
girth of shell. Average of thus three values obtained was taken as final reading.
Average shell thickness (mm) =

a+b+c
3

Where,
a = reading taken at broader end of shell
b = reading taken at narrow end of shell
c = reading taken at girth of shell
3.1.2.5 Yolk color
Egg yolk colour was measured with traditional Roche Colour Fan of Vuilleumier (1969). The
fan had 15 colour ranges (1= Light Yellow to 15= Deep Orange).
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3.1.2.6 Shape index
The length and width of each egg produced per pen was measured using a Vernier caliper on
a daily basis for a period of one week with fortnight repetitions in order to calculate the shape
index as outlined by North (1990).
Shape index =

Transverse diameter
× 100
Length

3.1.2.7 Yolk index
Diameter of yolk was determined by using Vernier caliper and yolk height was measured
with tripod micrometer. Whereas to get yolk height needle provided with movable loop was
dipped into center of yolk. The lower end of yolk was adjusted and the dipped portion of
needle was measured in millimeters on a scale. Yolk index was calculated by following
formula:
Yolk index =

Yolk mean width
Yolk mean height

3.1.2.8 Mortality (%):
Mortality and any abnormality were recorded throughout the entire experimental period.
Mortality rate was calculated as:
Mortality(%) =

Number of birds died
× 100
Total number of birds

3.1.3 Economics of egg production
The economics of the study was also calculated on the basis of production cost and cost of
MOLM as method described by Onyimonyi and Ugwu (2007).
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3.1.4 Slaughter data
The experiment was terminated at 40th week’s age of birds. At the least day of experiment,
three birds per replicate were slaughtered by cutting their throat (hallal method) followed by
complete bleeding. The slaughtered birds were scalded by immersing into the hot water at
temperature ranging from 180-190 0F (Jull, 1976). Thereafter, the birds were manually
plucked by hanging them on shakes by their feet and obtained the following data:
i.

Live weight

ii.

Dressed weight

iii.

Crop weight

iv.

Heart weight

v.

Proventriculus weight

vi.

Spleen weight

vii.

Liver weight

viii.

Gizzard weight

ix.

Kidney weight

The data thus obtained were used for the calculation of relative weights of above mention
body parts.

3.1.4.1 Relative organ weight
After evisceration, absolute weights of various internal organ such as heart, liver, gizzard,
spleen and kidney etc. of slaughtered birds were recorded. After that relative weight of these
organs was calculated using formula:
Relative organ weight =

Weight of organ
× 100
Live weight of bird

3.1.5 Blood collection and analysis
At the end of the feeding trial, two birds were randomly selected from each replicate, making
a total of 10 birds. The sampled birds were bled using a sterilized disposable syringe and
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needle between 6.30 and 7.30 am from punctured vein to aspirate 7mls of blood from each
bird from which 2mls of each was collected into bijon bottle treated with ethylene diamine
tetra acetic acid (EDTA) for haematological assay. The remainder of each blood sample was
allowed to coagulate to produce sera for blood chemistry measurements. Blood samples were
sent to Al-Khidmat Laboratories Faisalabad Pakistan within 3 hours of their collection for
determination of below listed haematological indices according to methods described by
Allain et al. (1974); Lopes-Virella et al. (1977); Peter et al., (1982); Werner et al. (1984);
Kohn and Allen (1995); Ajagbonna et al. (1999); Ewuola and Egbunike, (2008).
i.

Erythrocyte (RBC) Count

ii.

Leucocyte (WBCs) Count

iii.

Eosinophils

iv.

Lymphocytes

v.

Monocytes

vi.

Haemoglobin

vii.

Blood glucose concentration

viii.

Total serum protein (TSP)

ix.

Albumin percentage

x.

Globulin (Gb) percentage

𝐺𝑙𝑜𝑏𝑢𝑙𝑖𝑛% = 𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 − 𝐴𝑙𝑏𝑢𝑚𝑒𝑛
xi.

A/G ratio

A
ratio = Albumen ÷ Globulin
G
xii.

Cholesterol

xiii.

Triglycerides

xiv.

High density lipoprotein (HDL) Cholesterol

xv.

Low density lipoprotein (LDL) cholesterol

xvi.

Very low density lipoprotein (VLDL)
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3.1.6 CHEMICAL ANALYSIS
Chemical analysis of three samples of thigh meat (crude protein, crude fat and moisture
contents) and diets (crude protein and crude fibre) for each treatment was conducted in the
laboratory of Nutrition PCSIR (Pakistan Council of Scientific and Industrial Research)
Laboratories Complex Lahore. The procedure for chemical analysis was followed as
described by AOAC (1990).
3.1.6.1 Crude protein percentage:
To determine crude protein Kjeldahl’s method was used. Air dried samples were digested
with concentrated H2SO4 by using K2SO4 and HgSO4 as catalyst. The digestions were diluted
to specific volume aliquot and were mixed with forty percent NaOH solution to excess
alkaline reaction. The liberated ammonia was collected in 10ml N/10 HCl having methyl red
as indicator. The excess of acid was measured by titrating against standard N/20 NaOH
solution. Nitrogen contents were determined by multiplying 0.05 ammonia with 0.0007 and
crude protein was worked out as N × 6.25.
3.1.6.2 Crude fat (Ether extract)
Five gram of dried and ground materials samples were taken in thimble plugged with cotton
and placed soxhlet apparatus. Petroleum ether was used as solvent. The rate of condensation
of ether was fixed at 90-100 drops per minute and the practice was continued for about 6
hours. The ether extract was calculated in petri dish and again weighed after oven drying at
600C. Percentage of ether extract was calculated with help of following formula:
Ether extract(%) =

WE − WP
× 100
WS

WE = Weight of ether extract plus petri dish
WP = Weight of petri dish
WS = Weight of Sample
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3.1.6.3 Crude fibre (%):
Fat free samples (1g) were heated at 80 0C with 1.25 percent 200 ml H2SO4 solution for ½
hour. The volume of boiling medium was maintained by adding hot water frequently. The
beaker was covered with 500 ml round bottom flask containing cold water. The mixtures
were filtered immediately under vacuum. The residual contents were mineral contents four
times with 100 ml hot water and then digested with 200 ml 1.25% NaOH solution for half an
hour similar to acid digestion. It was air dried to a constant weight in an oven and weighed.
The mineral contents weight was recorded. The fallowing formula was to calculate crude
fibre %.
Crude fibre(%) =

a−b
× 100
w

Where
a= dry weight after digestion
b = weight of mineral contents
w = weight of the sample
3.1.6.4 Moisture (%)
The moisture contents of weighed quantity of materials was determined by drying it in oven
maintained at 1050C for 24 hours to constant weight. After 24 hours samples were taken out
from oven and kept in desiccator for 5-10 minutes. Weights of samples before and after
drying was recorded. The moisture percentage was calculated by following formula.
Moisture(%) =

W1 − W2
× 100
W1

Whereas:
W1 = weight of sample before drying
W2 = weight of sample after drying
Dry matter (%) = 100-moisture (%)
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3.2 Experiment-II:Effect of Moringa oleifera leaf meal on
meat production in Broiler Birds
3.2.1 Experimental birds
Two hundred Hubbard birds were randomly divided into five groups each of forty birds. The
birds were reared in a group on commercial broiler starter ration for one week (adaption
period). At day 8, these chicks were individually weighed and 150 chicks of middle weight
range were selected to be used as experimental birds. These broiler birds were randomly
divided into fifteen replicates containing 10 chicks per replicate. These replicates were
further allotted to five treatments (T1, T2, T3, T4 and T5) in such a way that each treatment
had three replicates. During this time commercial starter ration was replaced by experimental
ration.
3.2.2 Experimental diets and their feeding plan
Five experimental diets were prepared by adding 0%, 5%, 10, and 15% MOLM which gave
rise to T1, T2, T3, T4 and T5 respectively. The prepared diets were fed ad libitum to
experimental birds from day 8-42 days of age. However weighed amount of formulated feed
was offered to birds twice a day (early in the morning and late evening). The left over feed
was used to calculate feed consumption of birds. The detail of experimental diets and feeding
plans are shown in respective table 3.2.1.
3.2.2.1 Composition of experimental diet
The table-3.2.2 shows composition of experimental diets containing different levels of
MOLM in diets of broiler and quail birds. The feed for layer birds was formulated as
described by Ayssiwede et al. (2011) who mixed MOLM in diets of birds up to 24%. But in
current experiment MOLM was mixed up to 20% i.e. MOLM was incorporated in T1, T2, T3,
T4 and T5 at the rate of 0, 5, 10, 15 and 20% respectively which was offered to both broiler
and quail birds.
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Table 3.2.1: Feed formulation for experimental birds
MOLM
Commercial diet
0%
100

Total Quantity
100%

5%

95

100%

10%

90

100%

15%

85

100%

20%

80%

100%

Table 3.2.2: Composition of experimental diets containing different levels of MOLM
offered to both broiler and quail birds
Diet 1(T1) Diet2(T2)
Diet3(T3)
Diet4(T4)
Diet 5(T5)
MOLM

0.00

5.00

10.00

15.00

20.00

Yellow maize

24 (%)

23 (%)

22 (%)

21 (%)

19 (%)

White sorghum

16

15

14

14

13

Millet (%)

15.58

14.58

13.58

12.58

12.58

Groundnut oil (%)

0

0

0

0

0

Wheat bran (%)

17

16

15

13

12

cake 23

22

21

20

19

Groundnut
(%)
Fish meal (%)

0.10

0.10

0.10

0.10

0.10

CaHPO4 (%)

1.40

1.40

1.40

1.40

1.40

Food chalk (%)

0.30

0.30

0.30

0.30

0.30

Lysine (%)

0.32

0.32

0.32

0.32

0.32

Macrovitamix (%)

2

2

2

2

2

Liptol2 (%)

0.15

0.15

0.15

0.15

0.15

Fintox3 (%)

0.15

0.15

0.15

0.15

0.15

Total

100

100

100

100

100

Chemical Composition
Crude Protein (%)

19.05

19.22

19.32

19.35

19.44

Crude fibre (%)

3.13

3.25

3.3

3.45

3.55

ME kcal/kgDM)

3011

3070

3128

3134

3145

Liptol2: antifungal and antibacterial preservative. Fintox3: preservative absorbing mycotoxins
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3.2.3 Housing and management of chicks
A room and cages at poultry farm were thoroughly cleaned and disinfected by spraying with
32% formalin solution. The chicks in each replicate were reared in separate cage measuring
3x4 square feet. Each pen was provided with separate feeder and drinker. Immediately after
arrival of birds at poultry farm the chicks were checked for their physical health and were
counted. Weak, deformed, unhealthy and dead chicks (if any) were separated. The chicks
were offered 2.5% sugar solution for providing energy and to flush out meconium
(embryonic faeces).
As the chicks settled down in new environment which took about two hours, the chicks were
weighed individual to obtain their initial body weight. Thereafter, the chicks were offered
crushed maize as starter feed. It was also ensured that all birds are eating feed and drinking
water. Most of the birds started eating voluntarily however, those who did not start eating,
were introduced to feeder and drinker manually. The crushed maize was then replaced with
commercial chick starter mash gradually. The birds were kept in groups for one week as an
adaptation period and were fed ad libitum (without advance preparation).
A uniform range of temperature (35+2 0C) during the first week of brooding was maintained
in each pen. The temperature was reduced 2 0C per week. With increase in age of chicks until
it reached at 250 and the same was maintained till the birds reached to their market age. The
other management conditions like ventilation, floor space and light were also kept same
during rearing of birds. The cages were installed with electric bulbs of 100 Watts, however a
gas heater was also used to maintain temperature if needed. The cages were covered with
thick cloth to trap heat of electric bulbs. A thermometer was also hanged inside cages and
room to regulate temperature. Supply of fresh and clean water was also ensured throughout
the experimental period. Twenty three hours light was provided daily during the execution of
the project.
3.2.4 Vaccination of the experimental birds
The birds were vaccinated against Infectious Bronchitis (IB) disease (intra ocular) at 1 st day
of age. Whereas vaccination against Newcastle Disease (ND) was administered (intra ocular)
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at 4th day of age and the same was repeated through drinking water at 20th day of age of the
birds. Vaccine against Gumboro (IBD) was administered at 10th day of age through oral
drops and through drinking water respectively. The detail of vaccination schedule used has
been shown below:
Table 3.2.3 Vaccination schedule of experimental birds
Age (Days)

Vaccine

Route

1

IB

Intra ocular

4

ND-I

Intra ocular

10

IBD-I

Oral drops

16

IBD-II

Drinking water

20

ND-II

Drinking water

3.2.5 Data collection and analysis
3.2.5.1 Performance data
3.2.5.1.1 Parameters related to body parts
Following data was collected during the trial:
i.

Initial body weight (g)

ii.

Weekly feed consumption (g)

iii.

Weekly body weight (g)

iv.

Mortality (if any)

The data recorded were utilized to calculate growth rate and feed conversion ratio of the
treatment groups.
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3.2.6 Production parameters (in terms of body weight)
3.2.6.1 Feed consumption
A complete record of feed intake was maintained separately for each replicate throughout the
experimental period. Weekly feed consumption was calculated using the total amount of feed
offered to each replicate and amount of feed refused during that particular week. Feed intake
per replicate was recorded was used to compute weekly feed intake per bird using the
following formula:
𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔) =

𝐹𝑒𝑒𝑑 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 (𝑔) − 𝐹𝑒𝑒𝑑 𝑟𝑒𝑓𝑢𝑠𝑒𝑑 (𝑔)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑟𝑑𝑠 𝑝𝑒𝑟 𝑟𝑒𝑝𝑙𝑖𝑐𝑎𝑡𝑒

3.2.6.2 Weight gain (g)
Body weight of birds of all replicates was recorded individually at the start of experiment and
thereafter, at the end of every week. The birds in all replicates were weighed with the help of
an electric weighing balance. The data thus recorded was used for calculation of mean weight
of all groups separately.
3.2.6.3 Feed conversion ratio (FCR)
Feed conversion ratio was calculated on the basis of feed consumed per unit weight gain by
using the following formula:
𝐹𝐶𝑅 = 𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒(𝐾𝑔) ÷ 𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛(𝐾𝑔)
3.2.7 Slaughter data
Same as described under sections 3.1.4 and 3.1.4.1.
3.2.7.1 Dressing percentage
The slaughtered birds were cut opened and offal were removed. The rest was taken as
dressed weight. Dressing percentage was calculated by following formula:
37

𝐷𝑟𝑒𝑠𝑠𝑖𝑛𝑔 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =

𝐷𝑟𝑒𝑠𝑠𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑖𝑟𝑑𝑠
× 100
𝐿𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑖𝑟𝑑

3.2.8 Relative organ weights
Same method of data collection and analysis was as used described under section from 3.1.3
to 3.1.6.2. Experiment was terminated at 42 day age of birds.
3.2.9 Blood collection and analysis
Described under section 3.1.5.
3.2.10 Chemical analysis
Chemical analysis of feed and thigh meat was same as described in section 3.1.6.
3.3) Experiment-III:

Effect of Moringa oleifera leaf meal on Quail

Birds (Coturnix coturnix)
3.3.1 Experimental birds
Two hundred quail birds of week of age were randomly divided into four groups each of
twenty four birds. The birds were reared in a group on commercial quail starter ration for one
week (adaption period). At day 8, these chicks were individually weighed and 150 chicks of
middle weight range were selected to be used as experimental birds. These quail birds were
randomly divided into fifteen replicates containing 10 chicks per replicate. These replicates
were further allotted to five treatments (T1, T2, T3, T4 and T5) in such a way that each
treatment had three replicates. During this time commercial starter ration was replaced by
experimental ration.
3.3.2 Experimental diets and their feeding plan
Same as described under section 3.2.1
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3.3.3 Housing and management of quail birds
Same as described under section 3.2.1.1
3.3.4 Vaccination of the experimental birds
No vaccination was administered.
3.3.5 Performance data
Same method of data collection and analysis was used described under section from 3.2.5.1
to 3.2.6.3.
3.3.5.1 Slaughter data
The experiment was terminated at the age of 42 days of birds. At the least day of experiment,
three birds per replicate were slaughtered by cutting their throat (hallal method) followed by
complete bleeding. The slaughtered birds were scalded by immersing into the hot water at
temperature ranging from 180-190 0F (Jull, 1976). Thereafter, the birds were manually
plucked by hanging them on shakes by their feet and obtained the following data:
ii.

Dressed weight

iii.

Heart weight

iv.

Liver weight

v.

Gizzard weight

The data thus obtained were used for the calculation of:
i.

Dressing percentage

ii.

Relative weight of heart

iii.

Relative weight of liver
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iv.

Relative weight of gizzard

3.3.6 Economics of production
Economics of quail production was calculated at the end of experimental period using
expenditures incurred on various materials such as cost of chicks, feed, litter, vaccination and
medication etc. Production cost on basis of per Kilogram) Kg live weight was calculated
based on expenditures whereas birds were sold on per Kg live weight basis. Finally
profit/loss was calculated using these values on per kg live weight basis.
3.4 Statistical analysis
Data thus collected (from all experiments) were subjected to analysis of variance technique
using completely randomized design (CRD). The difference of variance in the means was
compared by least significant difference (Steel et al., 1996) test. Statistix 8.1 was used for
this purpose.
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CHAPTER 4
RESULTS AND DISCUSSION
The main objective of the study was to explore the potential of Moringa oleifera as avian
feed and its effect on meat and egg production. Ultimately, three experiments were
conducted to quantify the impact of adding MOLM in poultry feed on commercial egg
laying, meat producing and wild birds.
4.1 Experiment-I: Effect of Moringa oleifera leaf meal on egg laying and meat
production in layer birds
4.1.1 Production Parameters
In current study Moringa oleifera leaf meal inclusion had following effects on egg laying,
meat production and other related parameters in pet and wild birds:
4.1.1.1 Feed Intake (FI)
4.1.1.1.1 Results
Moringa oleifera leaf meal showed significant effect (P < 0.05) on over all daily FI. There
was consistent increase in feed intake of birds as level of MOLM was increased up to 10% in
diet afterward, the daily feed consumption in the birds was decreased when level of MOLM
inclusion increased further from 15-20%. The result showed that chicks in T2 and T3 fed on
MOLM diets significantly performed better as compared to the chicks of T1 group in terms
of feed intake (T3 88 g/bird, T2 85.23g/bird and T1 83.25 g/b) while the feed intake was
declined in T4 (83.25 g/bird) and T5 (79.25 g/bird). The result also shows that incorporation
of MOLM up to 10% does not found to negatively affect the feed intake.
4.1.1.1.2 Discussion
There was significant difference (P<0.05) between treatments in feed intake of the birds. FI
was significantly affected (P<0.05) by increasing the levels of MOLM in the diets of birds.
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However, there was clear decrease in the FI of the layers offered diets containing 15 and 20%
MOLM. This significant decrese in feed consumption might be due to reduction in
palatability of the feed (Kakengi et al., 2007; El-Tazi, 2014). On the other hand, this finding
was in contrast with Olugbemi et al. (2010). Probably, the contrast in findings might be due
to the breed and age of the chicks experimented in this study. Olugbemi et al. (2010) fed leaf
meal to layer birds aged 65 weeks (White Leghorn) while birds (Tetra Blanca breed) fed in
current study were 21 weeks old.
Though, progressive and significant acceleration in (FI) feed intake was noticed (Safwat et
al., 2015) in pullets offered diets containing 10% MOLM. Results got from this study in
terms of FI showed that MOLM was preferred and acceptable by layer birds of T3 groups.
This outcome was not in lines with the studies of other plant leaf meals (Vohra, 1972;
Ravindran et al., 1986; Osei et al., 1990; Bhatnagar et al., 1996; Kakengi et al., 2007) in
which it was observed that feed intake was reduced when pullets were offered diets having
leaves of Leucaena leucocephala at different rates. This difference shows a possibility of
lower antinutritional factors and less harmful substances in MOLM (Makkar and Backer,
1997) as compared to other leaves mixed in diets of birds. There is a mechanism of
compensation which is directly related with demand of energy which accelerates
consumption of feed (Smith, 1999) which suggests that MOLM should be incorporated in
diets of poultry birds along with materials of high energy for better consumption of diets
(Kakengi et al., 2007) which is good for better production. Ekenyem and Madubuike (2006)
also observed increase in FI when broiler birds were offered diets containing five and ten
percent IALM (Ipomoea asarifolia leaf meal) and feed consumption were reduced at fifteen
percent inclusion level. Nworgu and Fasogbon (2007), On the other hand, observed reduction
in consumption of feed in pullets reared on diets prepared by mixing 2%, 4% and 6% leaf
meal of Centrosema pubescens.
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Figure 4.1.1.1 Effect of Moringa oleifera leaf meal (MOLM) on mean values of feed intake
in egg laying birds. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.1.2 Effect of Moringa oleifera leaf meal (MOLM) on mean values of Laying
percentage in egg laying birds. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.1.3 Effect of Moringa oleifera leaf meal (MOLM) on mean values of egg weight
(g) in egg laying birds. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.1.2 Laying percentage (LP %)
4.1.1.2.1 Results
Highest laying percentage was recorded in T3 (84.41%) followed by T2 (80.25%), T1
(75.54%), T4 (70.33%) and T5 (64.66%). The percentage of egg laying showed significant
difference (P<0.05) among the treatments (Figure 4.1.1.2). The highest laying percentage
(LP) was recorded in T3 and T2 in which MOLM was added at rate of 10% and 5%
respectively. The lower values of LP were recorded when inclusion levels of MOLM was
increased up to 15% and 20% in T4 and T5 respectively.
4.1.1.2.2 Discussion
The similarity in this result was observed by Abou-Elezz et al. (2011) up to 5% inclusion
level of leaf meal while this result was not in lines with Kakengi et al. (2007) & Olugbemi et
al. (2010). The difference in results might be due to difference in age and breed of birds and
type of leaf meal offered to birds. Abou-Elezz et al. (2011) experimented on RIR (Rhode
Island Red) hens at 36th week of age while Kakengi et al. (2007) substituted MOLM to
remove SSM (Sunflower seed meal) and Olugbemi et al. (2015) offered layer birds different
ratios of MOLM along with Cassava chip based diet. On other hand all these researchers
observed a decline in feed intake which is another reason of layer birds in their study
performed poorly in terms of laying percentage.
As layer birds used in this study showed higher feed intake at 10% inclusion levels in T3
therefore birds in T3 outperformed in terms of laying percentage.
Generally the results of egg production listed in this experiment show that 5-10% MOLM
have better nutritional effect on egg laying bird as compared to 15 and 20% MOLM because
higher proprtion of MOLM resulted in reduced egg production in Tetra Blanca hens.
Similarly, researches carried out previously in this context also listed that 5-10 percent
inclusion of leaf meals is better for satisfactory or better performance of egg laying birds
without any adverse effct on laying percentage while including or mixing plant leaves at
higher rates may cause negative effect on laying percentage of pullets. As described
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previously that FI was reduced at higher inclusion levels thats why the laying percentage was
affected adversly. (Labadan, 1969; Vohra et al., 1972; D’Mello and Thomas 1978; Mutayoba
et al. 2003). Similarly Kakengi et al., (2007) reported that egg laying percentage in birds was
reduced in group fed on higher levels of leaf meal that is more than 10 %.
In addition, the digestive system of poultry birds is very simple as compared to ruminants
and it is not so efficient to digest feed containing higher levels of fibers because the enzyme
which aid digestion of fibrous food is not present in digestive system of hens (Son et al.,
2002; Esonu et al., 2006 and Ige et al., 2006). Therefore birds fed on higher levels of leaf
meal remained malnourished that’s why those birds showed negative egg laying rate as
compred to those nourished on lower levels of leaf meals (D’Mello, 1992; Ige et al. 2006;
Kakengi et al. 2007).
Similar result was observed by Olugbemi et al., (2010) who listed that MOLM can be added
in diets of egg laying birds safely up to 10% along with cassava which does not affect egg
laying rate negatively. MOLM is rich in nutrition and it also possess antimicrobial activities
(Sarwatt et al., 2004; Fahey et al., 2001; Kakengi et al., 2003) that might be possible reason
for egg acceleration rates at 10% inclusion. On other hand it is reported that moringa has an
enzyme which helps in digestion of fibers meal in animals (Greg, 2008).
On other hand, addition of dried leaves in feed of laying birds at higher levels results in an
increase in volume or bulkiness of diets which affects feed intake of birds, resulting
decreased feed consumption which effects egg laying rate negatively (D’Mello, 1992;
Kakengi et al. 2007). Therefore higher inclusion levels of dried leaves should be avoided for
better results of egg laying percentage in birds.
The accelerated LP at 5-10% MOLM was due to proper digestion and utilization of feed.
Therefore it is concluded that Moringa oleifera increases laying percentage in egg laying
birds up to incorporation level of 5-10% in hens feed.
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4.1.1.3 Egg weight (EW)
4.1.1.3.1 Results
The mean values of egg weights between treatment groups T1, T2, T3, T4 and T5 having 0, 5,
10, 15 and 20% MOLM were 51.26g, 53.2g, 56.28g, 50.16g and 50.96 g respectively. The
egg weights recorded between treatments were significantly different Figure (4.1.1.3) from
each other. The highest egg weight was recorded in T3 in which 10% MOLM was
incorporated followed by T2 (5% MOLM) and T1 (control treatment) while lowest egg
weights were produced in T4 and T5 having 15 and 20% MOLM respectively.
4.1.1.3.2 Discussion
Nutritional ingredients required or necessary for the formation of egg are received from the
feed ingested by bird therefore a change in consumption of feed would ultimately affect the
size of egg (Etches, 1996). Eggs bigger in size hold more calories and more energy is
required to produce bigger eggs hence it accelerates consumption of feed in egg laying birds
(North, 1990). Dietary treatments had significantly affected the egg weight. Highest egg
weight was observed in birds fed on diets comprising 10% MOLM while minimum weight of
egg was calculated in birds offered 20% MOLM in the diet. MOLM incorporation rates
affected EW (egg weight) at different scale in this study. The range of egg weights 50.96 to
58.28 g were observed in current experiment. This range was consistent with the reports of
Shenstone (1968) and it is also in lines with the range of egg weight values as observed by
Mellau (1999) when egg laying birds were offered leaf meal. Yet, the mean calculated values
of eggs in present experiment fluctuated little from standard egg weight (58g) as observed by
Shenstone (1968) and Katule (1989). The reason for fluctuation in the mean egg weight
observed in all treatments might be due to egg laying stage/age because birds experimented
currently was in first phase of egg laying. It is usual that smaller eggs are produced in first
phase if compared with second and third phase (North 1990). These changes point out that
egg weight is effect by many other factors like climate, genotype and phase of laying. Mellau
(1999) reported that egg weight increases by addition of LLM in feed of egg laying birds up
to inclusion level of 15%. On other hand, Bhatnagar et al. (1996) observed a non-significant
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effect of LLM at rate of different inclusion levels (0-10%) and reported that egg weight was
the lowest at 20% inclusion level. The decrease in weights of eggs at higher levels of MOLM
was might be due to increase in crude fiber in diets and it is also reported that MOLM
contains tannins in it that’s why by increasing levels of MOLM in feed also increase the
amount of fiber and tannins in the feed due to which birds consume less feed which leads to
low laying percentage and lower egg weights. Hence this fluctuation in egg weights in
different treatment seems linked with amount of feed intake and its utilization in body; it is
also linked with laying phase of birds (North 1990; Kakengi et al., 2007). On other hand egg
weight is also linked with type of feed, strain of birds and management system. In case of
present study it seems that MOLM increased nutrient level of feed at 5-10% inclusion levels
because chemical profile of MOLM is reported to be rich in nutrients. Addition of 5-10%
MoLM in feed increased digestion rate in bird due to lower fibre and tannin percentage and it
is also reported that MOLM contains a digestive enzyme lysine (Onyimonyi and Ugwu 2007)
in it that’s why the bird fed on 5-10 percent MOLM rates performed better as compared to
others.
4.1.1.4 Egg Mass Production (EMP)
4.1.1.4.1 Results
The egg mass production was significantly affected by addition of different levels of MOLM
among treatments. The layer birds fed on 5% and 10% MOLM produced eggs of higher
masses than the bird nourished on 0%, 15% and 20% MOLM. The highest egg mass
production was observed in T3 (47.33) and T2 (43.33) followed by T1 (40.33), T5 (37.33) and
T4 (38.66). It was also observed that by increasing level of MOLM more than 10% in diets of
egg laying birds (Tetra Blanca) the egg mass production was reduced linearly (Figure
4.1.1.4).
4.1.1.4.2 Discussion
MOLM up to 5 and 10% had shown positive effect on EMP. While, EMP increased with
increasing rate of MOLM in diets up to 10 and 20%. These results are in contradiction with
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Figure 4.1.1.4 Effect of Moringa oleifera leaf meal (MOLM) on mean values of egg mass
production in egg laying birds. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.1.5 Effect of Moringa oleifera leaf meal (MOLM) on mean values of Feed
Conversion Ratio in egg laying birds. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.2.1 Effect of Moringa oleifera leaf meal (MOLM) on mean values of shell
percentage in egg laying birds. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Kakengi et al. (2007) who observed decline in EMP at inclusion levels of 5 and 10 percent
MOLM in diet. On the other hand it was reported in their study that weekly egg mass
increases with increase in age of birds (Kakengi et al., 2007).
4.1.1.5 Feed Conversion Ratio (FCR)
4.1.1.5.1 Results
Addition of MOLM in diets of layers improved feed conversion ratio of birds (Figure
4.1.1.5). The best FCR was observed in treatment T3 among all treatments in which 10%
MOLM was included. The mean values of FCR observed in this study in T1, T2, T3, T4 and
T5 were 1.35, 1.28, 1.23, 1.34 and 1.34 respectively. The birds in T3 (10% MOLM)
performed best in terms of FCR followed by T2 (5% MOLM). It is worth to mention that feed
conversion ratio were effected similarly in control treatment (T1, 0% MOLM), T4 (15%
MOLM) and T5 (20% MOLM).
4.1.1.5.2 Discussion
It means that MOLM did not effected the performance of egg laying birds adversely and its
inclusions up to 15% and 20% are recommended for optimal performance of egg laying
strains in days of feed deficiency. Therefore, in areas where Moringa oleifera is available
free of cost, should be incorporated in feed of laying birds to reduce feed cost. It will
ultimately reduce the cost of production and will result in more profit generation from flocks.
Bhatnagar et al. (1996) offered LLM to layer birds observed non-significant effect of diets
among treatment on FCR in terms of Kg feed/Kg eggs at rate of 10% MOLM. Though, they
found higher FCR (p<0.05) values in birds fed on 20% leaf meal incorporation levels. They
also reported that FCR decreases as the age of birds increases. On other hand a linear but
negative relationship was observed among FCR and leaf meal inclusion levels in the diet and
this effect was in correspondence to our study that by increasing levels of MOLM in diets of
birds more than 10 % lowered FCR mean values which were negative impact of MOLM on
egg laying. Substitution of MOLM maintained better FCR up to 10% (Bhatnagar et al.,
1996). Decrease in FCR at higher MOLM inclusion levels might be impact of low available
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energy and crude protein. It was probably ascribed by low utilization of crude fibre present in
leaf meal. Bothe crude protein and energy have their effect on FI, LP, EMP and as well as on
FCR (Kakengi et al., 2007).
4.1.2 Egg Related Parameters
4.1.2.1 Shell Percentage
4.1.2.1.1 Results
Inclusions of Moringa oleifera leaf meal in feed of layers at different percentages effect the
shell percentage significantly (Figure 4.1.2.1). The mean values of shell percentage in
treatment groups were 11.19 % (T1), 12.56 (T2), 13% (T3), 10.80% (T4) and 10.33% (T5).
Data pertaining to shell percentage revealed that the numerical value of shell percentage
(13%) was greater in T3 containing 10% MOLM while T2 (5% MOLM) had its place after
T3. On other hand analysis of variance showed non-significant difference among T2 and T3.
But these values were statistically different from control T1, T4 and T5 having 0, 15 and 20%
MOLM respectively.
4.1.2.1.2 Discussion
Mean values of shell percentage in this study ranged approximately between 10-12.56%. In
previous research observed values in terms of shell proportion were 6-6.54 g (Onyimonyi and
Ugwu, 2007) 9-10% (Abou-Elizer et al., 2011) 8-9.30% (Olugbemi et al., 2010).
Egg shell percentage effected significantly with addition of MOLM in feed of layer birds.
This results was in correspondence with Olugbemi et al. (2010) when they fed layers diets
containing different levels of TBO (Toasted Bambara Offals) in which they found significant
effect of TBO on shell percentage at 20% inclusion levels. Contrary to it, Abou-Elezz et al.
(2011) did not observe any significant effects on the shell weight proportion (%) due to the
inclusion of both leaf meals i.e., LLM and MOM in treatments. On other hand they observed
that shell percentage increased linearly by increasing levels of MOLM in diets but difference
between treatment was not enough to produce significant effect. Increase in shell proportion
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is of great significance to transport and handle the eggs. They further concluded that LLM
and MOLM could be acceptable up to 10 % in layers' diets.
4.1.2.2 Yolk Percentage
4.1.2.2.1 Results
As shown in figure 4.1.2.2, addition of MOLM in diets of layers significantly lowered yolk
percentage in egg. The calculated mean values of yolk percentage in T1, T2, T3, T4 and T5
were 30.68%, 25.33%, 26.71%, 29.02% and 30.55% respectively. The lowest yolk
percentage was observed in T2 (5% MOLM) which is a good attribute of MOLM addition in
feed of egg laying bird. The highest egg yolk percentage was calculated in T1 (control, 0%
MOLM) which was significantly different from T1 and T2 while yolk percentages observed
in T4 and T5 showed non-significant difference from T1 (control group).
4.1.2.2.2 Discussion
Yolk percentage value ranged from 25-31% in this study. The observed values were close to
those described by Abou-Elizer et al. (2011) who listed yolk proportion 26-28%. Different
yolk percentage ranges observed by other researchers were 23-24.50 % (Odunsi et al., 2002)
and 24-25.50% (Olugbemi et al., 2010) and Onyimonyi and Ugwu (2007) listed yolk weight
approximately equal to 16-18 g out of 61-68.5 g of total egg weight obtained in their study
and further reported that egg yolk consists 30 to 33 percent and the albumen (White) is nearly
60% of the total egg weight (Onyimonyi and Ugwu, 2007).
The difference in values of egg yolk percentage observed by researchers might be due to age,
layer strain used in their study, type of feed formulated, laying phase or difference in
processing or composition of feed. Hence this fluctuation in egg weights in different
treatment seems linked with amount of feed intake and its utilization in body; it is also linked
with laying phase of birds (North 1990).
Onyimonyi and Ugwu, (2007) experimented the birds when these were in 8th week of lay and
incorporated TBO (Toasted Bambara Offals) in their feed at the rate of 0, 5, 10, 15 and 20%.
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Abou-Elizer et al. (2011) fed MOLM to RIR layer birds at thirty six weeks of age while
Odunsi et al. (2002) offered diets containing GLM (Gliricidia Leaf Meal) to layers but in
current experiment egg laying birds (Tetra Blanca) were nourished on diets having MOLM in
different proportions at 21st week of age which was their first laying phase.
In this experiment the proportion of egg yolk decreased linearly as the level of MOLM was
increased in diets of egg laying birds from 5-20%. These results are in lines with the report of
Kaijage et al. (2004), who observed that the yolk proportions decreased geometrically by
increasing MOLM levels. Interestingly, having eggs with less percentage of yolk shows that
these contain leower cholesterol level which is a good attribute of MOLM and it is beneficial
for consumers (Berry and D’Mello 1981;Kaijage et al., 2004; Abou-Elezz et al., 2011).
These results were against finding of Onyimonyi and Ugwu (2007) who found the trend that
yolk proportion increased with accelerating rates of Toasted Bambara Offals in feeds. Birds
fed on the increased percentage of TBO incorporation (20% in feed) had the excelled
significantly in yolk value than the others. The difference in results might be due to type of
feed offered.
If the percentage of yolk increases in egg it leads to decrease albumen proportion and vice
versa. Similar results were observed in terms of albumen percentage.
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Figure 4.1.2.2 Effect of Moringa oleifera leaf meal (MOLM) on mean values of yolk
percentage in egg laying birds. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.2.3 Effect of Moringa oleifera leaf meal (MOLM) inclusions in diets of egg laying
birds on mean values of albumen percentage. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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Figure 4.1.2.4 Effect of Moringa oleifera leaf meal (MOLM) inclusions in diets of egg laying
birds on mean values of shape index. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.2.3 Albumen Percentage
4.1.2.3.1 Results
Analysis of variance of data revealed that addition of MOLM in diets of layers effected
significantly the albumen percentage in egg. The calculated mean values of albumen
percentage in T1, T2, T3, T4 and T5 were 58.45, 62.10, 60.28, 60.17 and 59.11% respectively.
The highest albumen percentage was observed in T2 (5% MOLM) which is a good attribute
of MOLM addition in feed of layer birds (Figure 4.1.2.3). The lowest egg albumen
percentage was calculated in T1 (control, 0% MOLM) which was significantly different from
T1 and T2 while albumen percentages observed in T4 and T5 showed non-significant
difference from T1 (control group) when data was put to analysis of variance calculations.
4.1.2.3.2 Discussion
Onyimonyi and Ugwu (2007) reported that albumen weight fluctuated 37.78-43.09 g
between treatments and found significant effect of TBO inclusion at rate of 20% in egg
laying birds while Odunsi et al. (2002), Olugbemi et al. (2010) and Abou-Elizer et al. (2011)
observed no significant difference in treatment with respect to albumen percentage and listed
values ranged from 61-63%, 66-65% and 61-64% respectively but these values ranged
between 58-61% in current study which were approximately close to as reported by Odunsi
et al. (2002). Hence egg yolk consists 30 to 33 percent and the egg white is nearly 60% of the
total egg weight (Onyimonyi and Ugwu, 2007).
As described in previous section pertaining to yolk percentage that if the percentage of yolk
increases in egg it leads to decrease albumen proportion and vice versa. Similar effects were
noticed in terms of albumen percentage.
In this experiment the proportion of egg albumen increased linearly as the level of MOLM
was increased in diets of egg laying birds from 5-20%. These results are in lines with the
report of Kaijage et al. (2004), who observed that the yolk proportions decreased
geometrically by increasing MOLM levels. Interestingly, having eggs with less percentage of
yolk shows that these contain leower cholesterol level which is a good attribute of MOLM
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and it is beneficial for consumers (Berry and D’Mello 1981;Kaijage et al., 2004; Abou-Elezz
et al., 2011).
4.1.2.4 Shape Index
4.1.2.4.1 Results
The calculated mean values of shape index (Figure 4.1.2.4) were 65.88, 74.27, 66.39, 68.72
and 67.64 in T1, T2, T3, T4 and T5 respectively. MOLM inclusions in diets of egg laying birds
showed significant difference (P<0.05) between treatments regarding egg shape index.
Statistical analysis of data pertaining to shape index of egg revealed that the highest mean
value was observed in T2 (5% MOLM) which is a good attribute of Moringa oleifera leaf
meal addition in diets of egg laying bird. The lowest egg shape index was calculated in T1
(control, 10% MOLM) which was significantly different from T1 and T2 while shape index
values observed in T4 and T5 showed non-significant difference from T1 (control group).
4.1.2.4.2 Discussion
Similarly Abou-Elezz et al. (2011) did not observed any negative effects on the egg shape
index (%) due to the inclusion of leaf meals of Leucinia and moringa in treatments. MOLM
could be acceptable up to 10 % in layers' diets and increase in levels of leaf meal reduced
hens’ performance (Abou-Elezz et al., 2011).
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Figure 4.1.2.5 Effect of Moringa oleifera leaf meal (MOLM) inclusions in diets of egg laying
birds on mean values of shell thickness (mm). ± vertical bars represent standard errors.
Means for any trait not sharing common letter(s) in their respective group differ significantly
(P ≤ 0.05).

Roche colour fan
10
5

a
d

c

c

b

0
T1

T2

T3

T4

T5

Figure 4.1.2.6 Effect of Moringa oleifera leaf meal (MOLM) inclusions in diets of egg laying
birds on mean values of Roche colour fan score. ± vertical bars represent standard errors.
Means for any trait not sharing common letter(s) in their respective group differ significantly
(P ≤ 0.05).

Yolk index (%)
41
a

a

a

a

a

T1

T2

T3

T4

T5

39
37
35
Figure 4.1.2.7 Effect of Moringa oleifera leaf meal (MOLM) inclusions in diets of egg laying
birds on mean values of yolk index. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.2.5 Shell thickness (mm)
4.1.2.5.1 Results
The calculated mean value of shell thickness was 0.33, 0.33, 0.34, 0.35 and 0.36 mm in T1,
T2, T3, T4 and T5 respectively. Shell thickness increased by increasing levels of MOLM in
diets (Figure 4.1.2.5). MOLM inclusions in the feed of egg layer birds exhibited nonsignificant (P>0.05) difference between treatments regarding egg shell thickness. Moringa
oleifera leaf meal inclusions did not affect egg shell thickness negatively.
4.1.2.5.2 Discussion
In this experiment it an important finding that MOLM did not effect the thickness of egg
shell negatively in all treatments. Shell thickness up to 0.33 mm is normally required for
transportation of eggs without breaking. Shell thickness in current experiment is little more
than 0.33 mm i.e., 0.34-0.36 mm therefore there are minimum chances of egg breaking
through normal handling and transportation to market without breaking (Stadelman, 1997).
These results were in lines with Abou-Elizer et al. (2011) and Onyimonyi and Ugwu, (2007).
Similarly these findings were also in correspondence with Odunsi et al., (2002) who reported
non-significant (p>0.05) effect on mean values measured for shell thickness among
treatments and these values were close to as reported for egg laying birds (Oluyemi and
Roberts, 1981). The diets probably supported internal egg quality, calcium metabolism and
shell deposition (Odunsi et al., 2002).
4.1.2.6 Yolk Colour (Roche colour fan)
4.1.2.6.1 Results
The results obtained for Roche colour fan band number (yolk colour) after statistical analysis
were 2.5, 3.5, 4.33, 5.67 and 7.67 in T1, T2, T3, T4 and T5 respectively. Inclusion of MOLM
enhanced yellow colour to yolk because band number of Roche colour fan increased by
increasing rate of MOLM in diets as shown in figure 4.1.2.6.
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4.1.2.6.2 Discussion
Significant (P<0.05) peak Roche colour fan score was ascertained in the eggs got from the
layer birds fed on 10% MOLM diet which is a good quality attribute. These results were in
accordance with Kaijage et al. (2004) who reported that Roche color scores effected
significantly by inclusion of leaf meal. The increase in yolk colour score in MOLM
incorporated diets indicated the enhanced egg yolk colour because MOLM is rich in
xanthophyl contents. This is in lines with the finding of Kaijage (2004) and Olugbemi et al.
(2010). The egg yolk color number increased significantly and linearly by higher rate of
MOLM in diet. Egg yolks colours of control group were whiter as compared to the treatment
groups having MOLM. Berry and D’Mello (1981) found that leaf meal like L. leucocephala
an effective source of yolk colour enhancer if added at the rate of 10 – 25 g/kg in the feed of
layers and similar results were obtained in current study because yolk colour was enhanced at
10% incorporation levels in feed.
Abou-Elezz et al., (2011) and Kakengi et al. (2007) also reported similar results when they
experimented birds by feeding them LLM and MOLM. The range of carotene contents in
LLM is up to 227-228 mg/kg DM and xanthophylls pigment up to the range of 741-766
mg/kg DM (DMello and Taplin, 1978). The xanthophyll is colour enhancing pigment fount
in leaves of plant which is responsible for coloration of egg yolk and skin of birds. This
pigment is also present in alfalfa but its amount varies among plants species. Similarly,
moringa plant also contains carotene contents and Price (2000) reported that leaves of
moringa plant have 16.3 mg carotene/100 grams.
4.1.2.7 Yolk Index
4.1.2.7.1 Results
Statistical analysis of data revealed that incorporation of MOLM in diets of layers effected
yolk index non-significantly (Figure 4.1.7). The calculated mean values of yolk index in T1,
T2, T3, T4 and T5 were 39.53, 39.50, 39.63, 39.72 and 40.00 respectively. The highest
numerical value of yolk index was observed in T5 (20% MOLM) which was not statistically
different (P>0.05) from other treatments.
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4.1.2.7.2 Discussion
It was a good quality attribute of MOLM that it enhanced yolk index non-significantly. The
results observed in this study are in agreement with those reported by other researchers that
plant leaves (like Gliricidia sepium, Siam weed, Mangrof, Tephrosia bractereolata and
leucinia) incorporated in layers feed effect yolk index non-significantly (Odunsi et al., 2002;
Fasuyi et al., 2005; Al-Harith, 2006; Akande et al., 2008; Abou-Elezz et al., 2011). Similarly
yolk index remained unaffected by addition of MOLM in diets of egg laying birds.
4.1.3 Economics of Egg Production
4.1.3.1 Results
Analysis of variance of the data revealed that addition of MOLM in diets of layers
significantly affected the cost of feed for producing one dozen (12) eggs. The calculated
mean values of feed cost for producing one dozen eggs in T1, T2, T3, T4 and T5 were 94.91,
89.75, 86.15, 94.39 and 94.16 rupees (PKR) respectively. The lowest feed cost was observed
in T3 (10% MOLM) while the highest feed cost was calculated in T1 (control, 0% MOLM),
T4 (15% MOLM) and T5 (20% MOLM) which were significantly different from T1 and T2
while feed costs observed in T4 and T5 showed non-significant difference from T1.
Statistically there was a significant (P<0.05) difference across treatments in net profit from
one dozen eggs. The profit generated after selling a dozen eggs was 55.18, 60.24, 63.84,
55.60 and 55.83 rupees from T1, T2, T3, T4 and T5 respectively. The treatment in which 10%
MOLM was incorporated i.e., T3 showed itself most economically profitable among all
treatments followed by T2, T1, T4 and T5 respectively. Birds in treatments having 5% (T2) and
10% (T3) MOLM in feed excelled in terms of net profit while the performance of birds fed in
T1, T2 and T3 was not statistically different from each other.
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Table-4.1.3: Effect of Moringa oleifera leaf meal on economics of egg laying birds
Parameters
T1
T2
T3
T4
T5
SEM

Feed Cost/Kg

771.21

694.60

675.35

629.95

Total feed cost @ Rs. 716.94a
70/kg

694.60b

675.35c 629.95d

599.81e 0.9978

Miscellaneous*

100

100

100

100

Total expenses (Rs.)

816.21a

794.60b

775.35c 729.95d

699.81e 0.9978

Total salable eggs
produced in 120 days

96.440b

100.10a

100.80a 95.552b

90.776c 0.4327

Total return from the sale
of eggs @Rs. 10/egg

964.40 b

1001 a

1008 a

955.52 b

907.76c 4.32

Profit per bird (Rs.)

148.19

206.44

232.65

225.57

207.95

4.60

Income Generated (Rs.)

-1.6320c

25.57ab

37.04a

11.743bc

-3.66c

9.5315

100

599.81

-

-

* Miscellaneous includes cost of vaccination, labor, building and electricity etc.
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4.1.3.1.1 Discussion
The feed cost (PKR) decreased considerably (P<0.05) when the level of MOLM in the feeds
increased. An inverse relationship was observed between addition of MOLM and the cost of
feed consumed/bird (PKR). Feed cost was decreased by increasing levels of MOLM in the
diets of birds. The diet containing 10% of MOLM generated more profit among all
treatments. The effect of MOLM on economics of egg production is presented in Table 4.1.3.
The cost of one kilogram feed decreased linearly by the addition of MOLM in diets (0-20%).
Higher feed cost was calculated in control group in which MOLM was not incorporated. The
price of a 1 Kg of MOLM (PKR 20) was included in terms of its collection and processing
hence these were collected free of cost from the moringa orchard maintained by crop
physiology department of University of Agriculture Faisalabad Pakistan. This decrease in the
cost/kg of feed as level of MOLM in the diets increased, was in accordance with the reports
of earlier researchers that MOLM can lead to decrease in cost/kg of feed (Onyimonyi and
Onukwufor, 2003; Ekenyem and Onyeagoro, 2006). It also confirms the reports of early
researchers that the ingredients used in formulation of poultry feeds are also consumed by
human beings, animals and also in agro-based industries (Aletor, 1999) that is the main
reason due to which cost of poultry feed is increasing day by day. By addition of moringa
leaves in diets the feed consumed/bird decreased prominently (p<0.05). This decrease in cost
of feed consumed/bird is linked with addition of MOLM in diets because moringa leaves are
available at very low rates. By increasing levels of MOLM in diets of birds the number of
eggs laid per bird decreased. Birds fed on the control diet, 15 and 20 percent MOLM diets
differ from each other non-significantly in terms of total numbers of eggs laid but these three
groups are different from the groups of birds fed on treatments having 5 and 10% MOLM.
Profit showed a continuous increase up to the 5 percent level of MOLM diet where it
accelerated and ultimately became lower from the 15 percent MOLM containing diet. The
birds on the 10 percent diet showed significantly higher return as compared to other.
Addition of MOLM in diets of layer birds generated highest profit at the 10 percent inclusion
level.
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4.1.4 Effect of Moringa oleifera leaf meal on carcass characteristics of layer birds (Tetra
Blanca)
4.1.5 Slaughter Data
4.1.5.1 Dressing Percentage
4.1.5.1.1 Results
The Moringa oleifera leaves meal inclusion in the diets globally had significant (P<0.05)
effect on dressing carcass layer birds. Mean values of dressing percentage of layer birds fed
ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20%
MOLM (T5) were 61.02, 66.72, 62.46, 61.38 and 60.25 % respectively. Statistical analysis
of data showed significant effect between dressing percentages of layer birds under study.
Therefore it can be concluded that addition of MOLM in diets of egg laying birds affect
dressing percentage significantly.
4.1.5.1.2 Discussion
Dressing carcass calculated in this experiment 74.9-77.20% is in accordance to those
recorded in Congo (71.5%-78.4%) by Fulbert et al. (2010), in Senegal (67%-79%) by Ali
(2001), in Burkina (66%-80%) by Kondombo (2005), Buldgen et al. (1992) and (76.39%) by
Ayssiwede et al. (2011). But this observed percentage is higher than those reported in Nigeria
(54-68.5%) by Adebanjo and Oluyemi (1981) and Joseph et al. (1992) in Ethiopia and
Cameroon (62-64%) by Halima et al. (2007) and Fosta et al. (2008).
These results are in correspondence with El-Tazi (2014) who observed significant effect on
cold and eviscerated carcass of birds nourished on MOLM incorporated diets as compared to
control group having no MOLM in diets. Similarly, these findings were in agreement with
the accelerated growth level which ultimately resulted in heavier slaughter weight (El-Tazi,
2014). Hayse and Marion (1973) also reported similar results who described that heavy
weight birds at slaughter would have greater dressing percentage and their eviscerated yield
more as compared to the birds of low weight. These observations are in statement with those
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reported by Ologhobo et al. (2014) who described that heavier slaughter weights were
observed of birds fed on MOLM based diets as compared to the control birds having no
inclusions of Moringa oleifera leaf meal in their diets and they showed the lowest slaughter
weights as compared to 5-10 MOLM group. Similar trend was observed for dressed weight
of birds. Therefore, MOLM is suggested as a good ingredient of feed for commercial birds
(El-Tazi, 2014).
Ologhobo et al. (2014) observed that birds fed (200 g MOLM/100 Kg Feed) gained the
highest slaughter weight as compared to control diet and found similar effects of MOLM on
dressed weight. These observations were in agreement with present study in terms of layers'
dressing percentage. Ayssiwede et al. (2011) reported that MOLM incorporation in the feeds
of birds overall had no negative effect on dressing carcass.
4.1.6 Relative organ weights
The relative weights of organs (crop, heart, proventriculus, spleen, liver, gizzard, kidney etc
of layer birds were determined based on 100 g live weight of experimental birds. The results
about relative organ weight have been discussed below separately:
4.1.6.1 Relative crop weight
4.1.6.1.1 Results
The mean values of relative crop weight are shown in figure 4.1.6.1. Statistically nonsignificant effect was observed on relative crop weight of layer birds offered feed having
different levels of MOLM. Mean values of relative crop weight of layer birds fed ration 0%
MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5)
were 0.56, 0.57, 0.56, 0.56 and 0.56 % respectively. The layer birds fed in control treatment
(T1) performed well among all dietary treatments while birds in T4 and T5 showed lowest
performance compared to control treatment in terms of relative crop weight. However birds
offered feed in T2 and T3 showed optimal relative crop weight and followed T1 (control).
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Figure 4.1.5.1 Effect of Moringa oleifera leaf meal inclusion in diets of layer birds on
dressing percentage of layer birds. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.6.1 Effect of Moringa oleifera leaf meal inclusion in diets of layer birds on
relative crop weight. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.6.2 Effect of Moringa oleifera leaf meal inclusion in diets of layer birds on
relative heart weight. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.6.3 Effect of different levels of Moringa oleifera leaf meal on relative
proventriculus weight in layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05),
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Figure 4.1.6.4 Effect of different levels of Moringa oleifera leaf meal on relative spleen
weight in layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.6.5 Effect of different levels of Moringa oleifera leaf meal on relative liver weight
in layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.6.6 Effect of different levels of Moringa oleifera leaf meal on relative gizzard
weight in layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.6.7 Effect of different levels of Moringa oleifera leaf meal on relative kidney
weight in layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.6.1.2 Discussion
As shown in figure (4.1.6.1) there was no significant effect on relative crop weight between
all treatments. The mean values were within normal range as observed by other researchers
in different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative crop weight of birds fed on MOLM containing diet
were effected non-significantly by addition of MOLM and measured mean values for relative
crop weights of egg laying birds were within the range as listed by Asafa et al. (2012) and ElTazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
These fluctuation in organ weight measured could be due to the age, LBW (live weight),
carcass type, birds’ sex (Male or Female), chicken ecotypes or seasons. Cockerels (male
chicken) often having higher Dressing Carcass than hens, the preponderance of male birds in
groups can increase the dressing percentage and vice versa. Similarly organs development is
often related to live body weight or age of animals (Ayssiwede et al., 2011). Kondombo
(2005) had shown that the DC of birds slaughtered in dry season was higher as compared to
the birds killed in rainy season.
4.1.6.2 Relative heart weight
4.1.6.2.1 Results
Statistically the treatments showed non-significant effect (P>0.05) on heart as percentage of
body weight. The result showed that birds fed in T1, T2, T3, T4 and T5 showed mean values of
heart percentage as 0.51, 0.52, 0.49, 0.49 and 0.51 % respectively. There were slight
differences in heart as percentage of live body weight. Addition of MOLM did not show any
significant effect in term of heart percentage in layer birds.
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4.1.6.2.2 Discussion
El-Tazi (2014) fed broiler birds on different levels of MOLM in their diets and observed
values of heart percentage range between 0.50 to 0.51% and reported that there was not
significant effect of MOLM inclusions in diets of broiler birds on their heart percentages.
These results are in lines with present study but difference was observed between mean
values of heart percentages (0.35-0.36%) observed in present experiment and the values
listed by El-Tazi (2014). This fluctuation may be due difference in type of experimental birds
because in present study layer birds (Tetra Blanca) were offered different feed formulations
containing varying levels of MOLM in their diets while El-Tazi (2014) fed broiler birds.
As shown in figure (4.1.6.2) there was no significant effect on heart percentage between all
treatments. The mean values were within normal range as observed by other researchers in
different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative crop weight of birds fed on MOLM containing diet
were effected non-significantly by addition of MOLM and measured mean values for relative
crop weights of egg laying birds were within the range as listed by Asafa et al. (2012) and ElTazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
4.1.6.3 Relative proventiculus weight
4.1.6.3.1 Results
Mean values of relative proventriculus weight (Figure 4.1.6.3) of layer birds fed on different
levels of MOLM were 0.38 g (T1, 0% MOLM), 0.39 g (T2, 5% MOLM), 0.37 g (T3, 10%
MOLM), 0.38 g (T4, 15% MOLM) and 0.37 g (T5, 20% MOLM). Layer birds in T2 fed on
5% MOLM gained highest relative proventriculus weight (0.39 g) followed by T1 (0.38 g)
and T4 (0.38 g) while layer birds in T3 and T5 gained the lowest relative proventriculus
weight i.e., 0.37 g. Analysis of data statistically revealed non-significant (P>0.05) effect
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among relative proventriculus weight of layer birds nourished in different treatments.
Therefore it can be envisaged that incorporation of MOLM in diets of layer birds showed no
effect on the relative proventriculus weight of layer birds under study.
4.1.6.3.2 Discussion
As shown in figure (4.1.6.3) there was no significant effect on proventriculus percentage
between all treatments. The mean values were within normal range as observed by other
researchers in different experiments. This result is in agreement with the report of Zanu et al.
(2012) who described that the mean values of relative proventriculus weight of birds fed on
MOLM containing diet were effected non-significantly by addition of MOLM and measured
mean values for relative proventriculus weights of egg laying birds were within the range as
listed by Asafa et al. (2012) and El-Tazi, (2014). Similarly, Ayssiwede et al. (2011) reported
that MOLM improved whole organs weight (liver, heart, lungs and spleen) non-significantly
and increase in weight of organs among treatments were in corresponds to the mean live
weight of the experimental birds.
4.1.6.4 Relative spleen weight
4.1.6.4.1 Results
The mean values of relative spleen weight are shown in figure. The data was analyzed
statistically and revealed significant (P<0.05) effect on relative spleen weight of layer birds
offered feed incorporated with different levels of MOLM. Mean values of relative spleen
weight of layer birds fed ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15%
MOLM (T4) and 20% MOLM (T5) were 0.10, 0.11, 0.13, 0.12 and 0.10 g respectively. The
maximum value for relative spleen weight was observed in T3 containing 10% MOLM
inclusion in feed followed by T4 and T2 while T1 and T5 performed poorly in terms of relative
spleen weight.
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4.1.6.4.2 Discussion
This result was in lines with Ayssiwede et al. (2011) who also observed significant effect of
MOLM addition in diets of birds on mean values of spleen weights. The authors further
described that inclusion of MOLM had no negative effect on all organs weight ratios. On
other hand this finding was in contradiction with the report of the study by Zanu et al. (2012)
who stated that all parameters of carcass characteristics in birds fed diets incorporated
(MOLM) were affected non-significantly by MOLM inclusion. This difference in results
might be due to change of breed of birds experiment, ecotype or management system.
6.1.6.5 Relative liver weight
6.1.6.5.1 Results
Mean values of relative liver weight (Figure 6.1.6.5) of layer birds fed on different levels of
MOLM were 2.39 g (T1, 0% MOLM), 2.45 g (T2, 5% MOLM), 2.45 g (T3, 10% MOLM),
2.45 g (T4, 15% MOLM) and 2.44 g (T5, 20% MOLM). Statistical analysis of data revealed
non-significant difference (P>0.05) on relative liver weight of layer birds nourished in
different treatments. Data showed that incorporation of MOLM improved liver weight in all
treatments compared to control (T1).
6.1.6.5.2 Discussion
As shown in figure (6.1.6.5) there was no significant effect relative liver weight between all
treatments. This result is in accordance to the reports of Zanu et al. (2012). El-Tazi, (2014)
also observed non-significant effects of MOLM incorporation in diets of layer birds on
carcass characteristics.
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
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4.1.6.6 Relative gizzard weight
4.1.6.6.1 Results
Dietary treatments having MOLM at different rates showed significant (P<0.05) effect on
relative gizzard weight. Mean values of relative gizzard weight of layer birds fed ration 0%
MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5)
were 1.86, 1.86, 1.85, 1.85 and 1.85 g respectively. Data was analyzed statistically and it
showed non-significant difference (P>0.05) on relative gizzard weight of layer birds
nourished in different treatments. Data showed that incorporation of MOLM improved had
no adverse effect on gizzard weight in all treatments.
4.1.6.6.2 Discussion
As shown in figure (4.1.6.6) there was no significant effect relative gizzard weight between
all treatments. The mean values within normal range as observed by other researchers in
different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative gizzard weight of birds fed on MOLM containing
diet were effected non-significantly by addition of MOLM and measured mean values for
relative gizzard weights of egg laying birds were within the range as listed by Asafa et al.
(2012). El-Tazi, (2014) also listed similar results about organ weights.
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight nonsignificantly and increase of organs weight was corresponds to the live body weight of the
experimental birds.
These fluctuations in organ weight measured could be due to the age, LBW (live weight),
carcass type, birds’ sex (Male or Female), chicken ecotypes or seasons. Cockerels (male
chicken) often having higher Dressing Carcass than hens, the preponderance of male birds in
groups can increase the dressing percentage and vice versa. Similarly organs development is
often related to live body weight or age of animals (Ayssiwede et al., 2011). Kondombo
(2005) had shown that the DC of birds slaughtered in dry season was higher as compared to
the birds killed in rainy season.
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4.1.6.7 Relative kidney weight
4.1.6.7.1 Results
Data regarded to relative kidney weight were analyzed statistically. Mean values of relative
kidney weight (Figure 4.1.6.7) of layer birds fed on different levels of MOLM were 0.68g
(T1, 0% MOLM), 0.69g (T2, 5% MOLM), 0.70g (T3, 10% MOLM), 0.68g (T4, 15% MOLM)
and 0.68g (T5, 20% MOLM). Layer birds in T3 fed on 10% MOLM gained highest relative
kidney weight (0.70 g) but it was not statistically different from other treatment. Data was
analyzed statistically and it showed non-significant difference (P>0.05) on relative kidney
weight of layer birds nourished in different treatments. Data showed that incorporation of
MOLM increased relative kidney weight up to 10% incorporation levels.
4.1.6.7.2 Discussion
This result is in agreement with the report of Zanu et al. (2012) who described that the mean
values of relative kidney weight of birds fed on MOLM containing diet were effected nonsignificantly by addition of MOLM and measured mean values for relative kidney weights of
egg laying birds were within the range as listed by Asafa et al. (2012). El-Tazi, (2014) also
listed similar results about organ weights.
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight nonsignificantly and increase of organs weight was corresponds to the live body weight of the
experimental birds.
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4.1.7 Effect of Moringa oleifera leaf meal on Hematological Indices in egg laying birds
4.1.7.1 Red Blood Cells (RBC’s)
4.1.7.1.1 Results
The data was put to statistical analysis and showed non-significant (P>0.05) effect on red
blood cells of layer birds offered feed having different levels of MOLM. Mean values of red
blood cells of layer birds fed ration 0`% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) ,
15% MOLM (T4) and 20% MOLM (T5) were 1.52, 1.60, 1.72, 1.62 and 1.64 (x106 µL)
respectively. Layer birds in T3 fed on 10% MOLM showed highest red blood cells count
(1.72 x106 µL) followed by T5 (1.64 x106 µL) and T4 (1.62 x106 µL) while layer birds in T1
and T2 showed lower red blood cells count of 1.52 and 1.60 (x106 µL) respectively. Data
was analyzed statistically and it showed non-significant difference (P>0.05) on red blood cell
count of layer birds nourished on different levels of MOLM.
4.1.7.1.2 Discussion
Ebenebe et al. (2012) observed that birds fed on 10% MOLM gained the maximum RBC
value of (2.73 + 1.13 x106/mm) between treatments. The observed values were also within
the range for birds (Jain, 1986). The higher values obtained by inclusion of MOLM as
compared to control may be property of Moringa on the haematological parameters (Ebenebe
et al., 2012).
In body the red blood cells (RBC) are responsible for carrying O2 and transporting CO2 and
O2 as well as these play an important role in manufacturing haemoglobin. Therefore higher
values of RBCs shows that this ability is greater in the organisms having with more number
of red blood cells in their body. Higher RBCs values show better health condition of the
birds. The non-significant effect of MOLM on result obtained in terms of RBC's across
treatments shows that the diets did not alter this parameter negatively (Olugbemi et al.,
2010).
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The mean values of RBCs were lower significantly (P<0.05) for the birds fed on diets having
higher incorporation rates of MOLM as compared to lower inclusion levels. The lower RBC
mean values obtained in birds fed diet comprising higher rates of MOLM might be due to
increased concentration of tannin in diets by increasing MOLM percentage in it. Tannins are
associated to have negative effect on feed consumption (Knox and McNab, 1995) and it also
effects digestibility of protein and dry matter contents (Gualtieri and Rapaccini, 1990).The
observed mean values for RBC of experimental birds offered MOLM containing feed were
lower than 3.07 to7.50 x 106/mm3 as reported by Fudge (1999) but within range 5–8 x
106/mm3 with the report of Anon (1980). The improved values of RBCs in blood of birds
indicates that that MOLM possesses higher amount of proteins and improves the quality of
blood in poultry birds because Hackbarth et al. (1983) stated that higher RBC values were
linked with good quality of protein in the feed and also it indicates that animals are free of
disease. This finding is in lines with Onu and Aniebo, (2011).
4.1.7.2 White Blood Cells (WBC’s x 103 µL)
4.1.7.2.1 Results
The mean values of WBC’s in different treatments are shown in figure 4.1.7.2. The data
was put to statistical analysis and showed significant (P<0.05) effect on on WBC’s of layer
birds offered feed containing different levels of Moringa oleifera leaf meal. Mean values of
WBC’s of layer birds fed ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15%
MOLM (T4) and 20% MOLM (T5) were 13.00, 15.00, 18.00, 12.02 and 16.01 X 103 µL
respectively. Layer birds in T3 fed on 10% MOLM gained highest WBC’s (18 x 103 µL)
followed by T5 (16 x 103 µL) and T2 (15 x103 µL) while layer birds in T1 (control) and T4
gained the lower mean values of WBC’s 13.00 and 12.02 x 103 µL respectively. Data was
analyzed statistically and it showed significant difference (P<0.05) on WBC’s of layer birds
nourished in different treatments.
4.1.7.2.2 Discussion
The mean values of WBCs show that birds were healthy because the values were not lower
than the normal range of birds. WBCs values lower than normal range show that there is
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some infection, presence of some foreign particle, indication of allergic condition, parasitism
or anaphylactic shock in circulating system of the birds (Ahamefule et al., 2008). The general
difference among values of the WBC among treatments points out that the diets used in
current experiment neither enhanced nor impaired the ability of birds to wade off infection
(Olugbemi et al., 2010a; Onu and Aniebo, 2011).
White blood cells are intricate in preventing the body from infection and consist of
Lymphocytes, Monocytes, Neutrophils, Eosinophils and Basophils. They along with other
functions extinguish virus-infected cells, accelerate the production of antibodies and antigens
(engulf foreign materials) that get entry in the body. A higher concentration would therefore
imply a threat to normal health and hence the body develops its defense against such threats.
Moringa oleifera has been reported to boost immune systems (Jayavardhanan et al., 1994;
Fuglie, 1999). It is however most likely that such ability are contained and restricted to the
Moringa pods which have lectin (substance that regulates the immunity of animals). The
overall significance of the WBC between groups (apart from treatment T1 and T4) may
indicates that majority of the birds experimented neither enhanced nor impaired the ability of
birds to wade off infection.
Ahaotu et al. (2013) reported that values of WBC increased as the level of RMW (Raw
Moringa Seed Waste) incorporation in the diets increased up to 20%.
4.1.7.3 Eosinophils
4.1.7.3.1 Results
The calculated mean values of eosinophils were 1.51, 1.53, 1.53, 1.51 and 1.50 % in T1, T2,
T3, T4 and T5 respectively. MOLM inclusions in diets of egg laying birds showed nonsignificant (P>0.05) difference between the goups regarding values of eosinophils. Statistical
analysis of data pertaining to eosinophils revealed that the highest mean value was observed
in T2 and T3 (5 and 10% MOLM) which is a good attribute of MOLM addition in diets of egg
laying bird. The lowest value of eosinophils was calculated in T5 (20% MOLM).

74

RBC (106 uL)

2
c

b

T1

T2

a

b

b

T4

T5

1.5
1
0.5

0
T3

Figure 4.1.7.1 Effect of different levels of Moringa oleifera leaf meal on concentration of red
blood cells (RBC’s) in layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.2 Effect of different levels of Moringa oleifera leaf meal on concentration of
white blood cells (WBC’s) in layer bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
Eosinophils (%)
2
a

a

a

a

a

T1

T2

T3

T4

T5

1.5
1
0.5
0
Figure 4.1.7.3 Effect of different levels of Moringa oleifera leaf meal on ratio of eosinophils
in white blood cells (WBC’s) of layer bird. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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4.1.7.3.2 Discussion
These outcomes were in accordance to Ewuola et al. (2012) who fed diets containing
different levels of MOLM to rabbits and found non-significant effect on values of
eosinophils ratios in blood of rabbit. The eosinophil ratios observed in this study was
different as observed by Ewuola et al. (2012) while Du et al. (2007) listed these values
between (0.33-1.00). Difference between values observed in various studies may be due to
difference in type of animal used as Ewuola et al. (2012) experiment on rabbits and Du et al.
(2007) fed MOLM included diets to broiler birds while in present study egg laying birds
were fed on diets containing different levels of MOLM.
4.1.7.4 Lymphocytes
4.1.7.4.1 Results
Dietary inclusions of MOLM in ration offered to layer birds globally effected lymphocytes
values among treatments. Mean lymphocytes values of layer birds fed ration 0% MOLM
(T1), 5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were
36.77, 37.2, 36.33, 35.65 and 35.75 % respectively. There was non-significant effect of
MOLM incorporation in diets of egg laying birds on values of lymphocytes ratios.
4.1.7.4.2 Discussion
The lymphocyte values observed in this study were close in range between listed values of
Du et al. (2007) who observed these values between 31.00 - 37.67. The non-significant
results were also in lines with Du et al. (2007) and Ewuola et al. (2012).
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Figure 4.1.7.4 Effect of different levels of Moringa oleifera leaf meal on ratio of lymphocyte
in white blood cells (WBC’s) of layer bird. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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Figure 4.1.7.5 Effect of different levels of Moringa oleifera leaf meal on ratio of monocyte in
white blood cells (WBC’s) of layer bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.6 Effect of different levels of Moringa oleifera leaf meal on concentration of
haemoglobin in blood of layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.7.5 Monocyte
4.1.7.5.1 Results
Mean monocyte values obtained after putting data to statistical analysis were 11, 11.76,
12.36, 11.67 and 11.02 % in T1, T2, T3, T4 and T5 respectively. Haematological values
regarding to monocytes were effected non-significantly in all treatment groups but lower
numerical values were found in T1 (11%) and T5 (11.5%) while higher monocyte values were
obtained in T3, T2 and T4. Birds fed in T3 containing 10% MOLM inclusion showed highest
value among treatments and the birds fed in T1 having commercial diet only (control) had the
lowest monocyte value among all treatment groups.
4.1.7.5.2 Discussion
The results related to monocyte ratio were found non-significant and were lines with Du et al.
(2007) and Ewuola et al. (2012). The observed values were close to Du et al. (2007) but
different as observed by Ewuola et al. (2012).
4.1.7.6 Hemoglobin (Hb g/dl)
4.1.7.6.1 Results
Data regarded to haemoglobin were analyzed statistically. Mean values of haemoglobin
(Figure 4.1.7.7) of layer birds fed on different levels of MOLM were 7.83g/dl (T1, 0%
MOLM), 9.33g/dL (T2, 5% MOLM), 10.9g/dL (T3, 10% MOLM), 10.03g/dL (T4, 15%
MOLM) and 7.86 g/dL (T5, 20% MOLM). Layer birds in T3 fed on 10% MOLM gained Hb
value (10.9 g/dL) followed by T4 (10.03 g/dL) and T2 (9.33 g/dL) while layer birds in T5 and
T1 (control) gained the lowest Hb value i.e., 7.86 and 7.83 g/dL respectively. When data was
analyzed statistically it showed significant (P<0.05) difference on Hb value of layer birds
nourished in different treatments. Data showed that incorporation of MOLM increased Hb
value up to 10% incorporation levels.
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Figure 4.1.7.7 Effect of different levels of Moringa oleifera leaf meal on concentration of
glucose in blood of layer bird. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.8 Effect of different levels of Moringa oleifera leaf meal on concentration of
total protein in blood of layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.9 Effect of different levels of Moringa oleifera leaf meal on concentration of
serum albumen in e blood of layer birds. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.7.6.2 Discussion
Ebenebe et al. (2012) recorded highest Hb valu (17.32 + 0.70) for the birds offered diets
containing 10% MOLM and the least values were described when levels of MOLM increased
up to 10%, similar results were obtained in this study. These listed values were close to the
values reported for broiler birds by Sjaasted et al. (2005). The higher values observed in T3
may be property of Moringa on the haematological parameters (Ebenebe et al., 2012).
The addition of MOLM in the feeds up to 15 % showed higher and significant (p<0.05) Hb
values. Though plant materials in general and the addition of some leaf meals such as CLM
(chaya leaf meal) (Donkoh et al., 1999), Ipomoea asarifolia leaf meal (Madubuike and
Ekenyem, 2006) Telfaria occidentalis (Nworgu et al., 2007) in diets of broiler birds have
significantly affected Hb values, the results of this study tends to suggest that MOLM
possesses blood tonic effects.
4.1.7.7 Blood glucose concentration
4.1.7.7.1 Results
Mean values of haematological showed statistically non-significant (P>0.05) difference
among mean values of glucose in layer birds offered feed comprising various rates of leaf
meal of Moringa oleifera. Mean glucose values of layer birds fed ration 0% MOLM (T1), 5%
MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 226.66,
225.33, 225, 225.6 and 225.6 g/dL respectively.
4.1.7.7.2 Discussion
Ingestion of MOLM in diets at graded levels had numerically depressive effects on blood
glucose level. The depressive effect of the dietary MOLM could also be attributed to the
adverse influence of the Moringa phytotoxins namely lecthins, alkaloids like moringin,
moringinine, glucosinolates, phenols including tannins, nitrite, oxalate and phytate which
acted in concert with higher levels of the meal in diets to reduce the biochemical indices
(Fahey, 2005). Similar observations were made by Radovich (2011) and Annongu et al.
(2013).
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4.1.7.8 Total Protein
4.1.7.8.1 Results
Data regarded to total protein were analyzed statistically. Mean values of total protein
(Figure 4.1.7.9) in blood of layer birds fed on different levels of MOLM were 4.9 g/dl (T 1,
0% MOLM), 5.2 g/dL (T2, 5% MOLM), 5.2 g/dL (T3, 10% MOLM), 4.7 g/dL (T4, 15%
MOLM) and 4.6 g/dL (T5, 20% MOLM). Layer birds in T2 and T3 fed on 5 and 10 % MOLM
showed same value of total protein (5.2 g/dL) in their blood.
4.1.7.8.2 Discussion
These results were in accordance with the reports of Ewuola et al. (2011) and Du et al.
(2011) who observed non-significant effects of MOLM incorporations in diets of rabbits and
broiler birds respectively.
For serum biochemical indices, Onu and Aniebo, (2011) found significant deviation in the
mean values of total protein. As reported by Eggum (1970) that the total value of protein in
serum points out the quality of protein fed to the animal. The greater protein value was
calculated in the birds offered 5% MOLM diet shows the percentage of protein. It also
provide an evidence that the diets had not effected protein of serum (albumen and globulin)
in the birds negatively (Onu and Aniebo, 2011).
4.1.7.9 Serum albumen (g/dL)
4.1.7.9.1 Results
MOLM incorporation in the diets of egg laying birds effected serum albumen values nonsignificantly. Mean serum albumen values obtained in T1, T2, T3, T4 and T5 were 1.45, 1.46,
1.45, 1.45 and 1.45 g/dL. MOLM inclusion in diets of layer birds did not effected mean
values of serum albumen negatively.
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Figure 4.1.7.10 Effect of different levels of Moringa oleifera leaf meal on concentration of
serum globulin in blood of layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.11 Effect of different levels of Moringa oleifera leaf meal on A/G ratio in blood
of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.12 Effect of different levels of Moringa oleifera leaf meal on concentration of
cholesterol in blood of layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.7.9.2 Discussion
These results were same as observed by Du et al. (2007) when they fed broiler birds feed
containing different levels of MOLM. The observed serum albumen values were also in
range of Du et al. (2007) because in their study they observed serum albumen values between
1.33-1.47 g/dL. On other hand these listed values were different as observed (1.2-2.40%) by
Ewuola et al. (2012). The difference in values might be due to type of experimental animal.
The tested animal in their experiment was rabbit and they also found non-significant
difference of MOLM inclusion in diets of rabbit.
4.1.7.10 Serum globulin (g/dL)
4.1.7.10.1 Results
MOLM addition in diets of egg laying birds effected serum globulin values non-significantly.
Mean serum globulin values obtained in T1, T2, T3, T4 and T5 were 1.58, 1.58, 1.59, 1.59 and
1.59 g/dL. MOLM inclusion in diets of layer birds did not effected mean values of serum
albumen negatively.
4.1.7.10.2 Discussion
It was observed that by increasing levels of MOLM in diets of layer birds, numerically serum
globulin value increased linearly. The difference in mean values was not enough to produce
significant effect. Similar situation was observed by Du et al. (2007) during their study when
broiler birds were offered diet having different levels of MOLM. Corresponding to these
results Ewoula et al. (2012) also reported non-significant effect of MOLM inclusion in feed
of rabbits on serum globulin values.
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Figure 4.1.7.13 Effect of different levels of Moringa oleifera leaf meal on concentration of
Triglycerides in blood of layer bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.14 Effect of different levels of Moringa oleifera leaf meal on concentration of
HDL Cholesterol in blood of layer bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.15 Effect of different levels of Moringa oleifera leaf meal on concentration of
LDL Cholesterol in blood of layer bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.7.16 Effect of different levels of Moringa oleifera leaf meal on concentration of
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differ significantly (P ≤ 0.05).
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4.1.7.11 A/G Ratio
4.1.7.11.1 Results
Data regarded to A/G ratio were analyzed statistically. Mean values of A/G ratio (Figure) in
blood of layer birds fed on different levels of MOLM were 0.82 (T1, 0% MOLM), 0.82 (T2,
5% MOLM), 0.81 (T3, 10% MOLM), 0.81 (T4, 15% MOLM) and 0.82 (T5, 20% MOLM).
Layer birds in treatment groups showed same values of A/G ratio among all treatments which
means MOLM did not affect A/G ratio significantly.
4.1.7.11.2 Discussion
The result pertaining to A/G ratio was in lines with Du et al. (2007) who reported nonsignificant different of A/G values in their study in broiler fed varying levels of MOLM.
4.1.7.12 Cholesterol
4.1.7.12.1 Results
Haematological data was analyzed statistically and showed significant effect (P<0.05) on
mean values of cholesterol in in blood of layer birds offered feed substituted with different
rates of MOLM. Mean cholesterol values of layer birds fed ration 0% MOLM (T1), 5%
MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 139, 124,
119, 116 and 114 mg/dL respectively. Layer birds in T1 fed no MOLM showed highest value
of blood cholesterol followed by T2, T3, T4 and T5 respectively. By increasing levels of
MOLM in diets of egg laying birds, the cholesterol level in their blood decreased linearly.
4.1.7.12.2 Discussion
According to the results of this experiment it was revealed that addition of MOLM in diets of
birds lowered their cholesterol level in their serum. Infact MOLM effected the cholesterol
level significantly and proved itself as as a hypocholesterolemic agent. This result is in lines
with the observation of Ghasi et al. (2000). The difference in mean values with that of Ghasi
et al. (2000) might be due to the difference in the quantity and form of MOLM added in the
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feed, as crude extracts of the leaf added as well as the type of animal used or raw feed used in
the current study. In a same trial we carried on broiler birds, cholesterol level found to be
lower in birds fed on MOLM based diets. When higher concentration of fat accumulates in
body of an animal the higher cholesterol values were obtained (Tewe and Bokanga, 2001)
which are not desirable in egg laying birds. It is also reported that reduction of 25% blood
cholesterol in the blood plasma decreases the chances of coronary events up to 50% (Lipid
Research Clinics Program, 1984a and b) particularly as the eggs are chief source of
nutritional cholesterol. The mechanism of lowering cholesterol level is linked with lowering
LDL by Bsitosterol concentrations in the plasma of blood by the bioactive phytoconstituent
isolated from Moringa oleifera (Saluja et al., 1978; Kane and Malloy 1982 and Ghasi et al.,
2000). Fibre contents of MOLM are also responsible for lowering cholesterol levels
(Charina, 2006) in birds. In intestinal digestion, the cholesterol is main part of bile acids
exudate. In intestine, bile acid is coated with fibre and in such a way it eliminates from the
body which is an ultimate agent of taking cholesterol out of blood from the bile acid and
reduces its level in blood (Charina, 2006). It is proved that MOLM as hypocholesterolemic
agent. The most potential of moringa tree lies in the form of MOLM. MOLM powder can
accelerate its properties of hypocholesterolemic agent (Olugbemi et al., 2010).
4.1.7.13 Triglycerides
4.1.7.13.1 Results
Birds fed on different levels of MOLM showed different mean values of triglycerides which
were statistically different from each other as shown in figure. The mean triglyceride values
in T1, T2, T3, T4 and T5 were 196, 190, 156, 159 and 135 (mg/dL) correspondingly. The
highest triglycerides value was observed in T1 (contain no MOLM) which was statistically
different T3, T4 and T5 but its value was not found to be significantly different from T2
having 2% MOLM inclusions in diets of layer birds. It can be seen from figure that
triglycerides concentration in blood of layer birds decreased linearly by increasing levels of
MOLM in feed from T2 to T5.
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4.1.7.13.2 Discussion
In blood serum, Triglycerides values were different significantly between treatment groups.
The highest triglycerides values were observed in control group in which MOLM was not
added in diets of birds. This result was in agreement with Zanu et al. (2012) and Du et al.
(2007)
4.1.7.14 High Density Lipoprotein (HDL) Cholesterol
4.1.7.14.1 Results
Haematological data was analyzed statistically and showed significant effect (P<0.05) on
mean values of HDL cholesterol in layer birds offered feed having various amount of
MOLM. Mean HDL cholesterol values of layer birds fed ration 0% MOLM (T1), 5% MOLM
(T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 45, 39, 32, 30.33 and
26 respectively. Layer birds in T5 fed on 20% MOLM showed minimum value of HDL
cholesterol while maximum HDL cholesterol mean value was attained by the birds fed on
control diet (T1) followed by T2, T3, T4 and T5 respectively. It was observed that by
increasing incorporation of MOLM in feed of egg laying birds (Tetra Blanca) the levels of
HDL cholesterol were found to be decreased in descending order.
4.1.7.14.2 Discussion
In blood serum, HDL cholesterol values were different significantly between the groups of
treatments. The highest HDL cholesterol values were observed in control group in which
MOLM was not added in diets of birds. Similarly Zanu et al. (2012) observed decrease in
HDL cholesterol values in broiler birds fed on varying levels of MOLM in their diets. The
result was in lines with Zanu et al. (2012).
4.1.7.15 Low Density Lipoprotein (LDL) Cholesterol
4.1.7.15.1 Results
Mean LDL cholesterol values of layer birds fed ration 0% MOLM (T1), 5% MOLM (T2) ,
10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 106, 80, 50, 201 and 179
respectively. Haematological data was analyzed statistically and showed significant effect
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(P<0.05) on mean values of LDL cholesterol in layer birds offered feed incorporated
different levels of MOLM. Layer birds in T5 fed on 20% MOLM showed maximum value of
LDL cholesterol which was contrary to the results described in terms of HDL cholesterol
while minimum LDL cholesterol mean value was attained by the birds fed on 15% MOLM
(T3) followed by T1 and T2 in terms of lower LDL cholesterol values while T5 was followed
by T4 in terms of higher LDL cholesterol mean values.
4.1.7.15.2 Discussion
In blood serum, LDL cholesterol values were different significantly between the groups of
treatments. The LDL cholesterol values were found to be the lowest in birds of T3 group fed
10% MOLM in diets. Similarly Zanu et al. (2012) observed lowest HDL cholesterol value in
broiler birds nourished on 10% MOLM in their diets.
4.1.7.16 Very low density lipoprotein (VLDL)
4.1.7.16.1 Results
Birds fed on different levels of MOLM showed different mean values of VLDL which were
statistically different from each other as shown in figure. The mean VLDL values in T 1, T2,
T3, T4 and T5 were 193, 180, 131, 219 and 271 correspondingly. The highest VLDL value
was observed in T5 (containing 20% MOLM) which was statistically different from all
treatment groups and followed by T4, T1 and T2 respectively while layer birds in T3 showed
lowest VLDL mean value which was also statistically different among all treatments.
4.1.7.16.2 Discussion
In blood serum, VLDL values were different significantly between the groups of treatments.
Zanu et al. (2012) observed lowest VLDL values in birds fed 5% MOLM while lowest
VLDL values were observed in present study in birds fed 10% MOLM. This difference
might be due to type of birds used in studies.
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Figure 4.1.8.1 Effect of different levels of Moringa oleifera leaf meal on Moisture contents
in meat of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.8.2 Effect of different levels of Moringa oleifera leaf meal on crude protein (%) in
meat of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.8.3 Effect of different levels of Moringa oleifera leaf meal on Crude Fat (%) in
meat of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.8 Chemical analysis of meat
4.1.8.1 Moisture
4.1.8.1.1 Results
Data regarded to chemical analysis of meat were analyzed statistically. Mean values of
moisture (Figure 4.1.8.1) contents in meat of layer birds fed on different levels of MOLM in
T1 (0% MOLM0, T2 (55 MOLM), T3 (10% MOLM), T4 (15% MOLM) and T5 (20%
MOLM) were 72, 69, 61, 67.6 and 64 % respectively. Layer birds in T1 fed on 0% MOLM
gained higher mean values of moisture contents (72 %) followed by T2 (69%) , T4 (67.66%)
and T5 (64%) while layer birds in T3 gained the lowest moisture contents in their meat as
51.66% which was statistically different from T1 (control).
4.1.8.1.2 Discussion
The analyzed moisture contents of the meat were affected significantly (P<0.05) by the
addition of MOLM in the feeds of birds (Zanu et al., 2012). When the fat contents of the
meat increase the moisture contents become lowered and vice versa. This inverse relationship
of fat and moisture is also supported by other researchers (Mendes et al., 1995; Zanu et al.,
2012). Fat and moisture contents also depend on process of handling.
4.1.8.2 Crude Protein
4.1.8.2.1 Results
Mean crude protein values obtained after putting data to statistical analysis were 69, 71, 68,
51 and 63 % in T1, T2, T3, T4 and T5 respectively. Chemical analysis of meat regarding to
crude protein were effected in all treatment groups but minimum value was found in T4 (51
%) and maximum was in T2.
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4.1.8.2.2 Discussion
The observed crude protein values were different significantly due to the addition of MOLM
in the diets of birds as observed by Zanu et al. (2012) in their broiler study. It might be
possible that MOLM is rich in protein that’s why protein contents were effected significantly.
4.1.8.3 Crude Fat
4.1.8.3.1 Results
Layer birds fed on different levels of MOLM showed different mean values of crude fat
which were statistically different from each other as shown in figure. The mean crude fat
values in T1, T2, T3, T4 and T5 were 23.66, 29, 32.33, 34 and 36.67 correspondingly. The
highest crude fat value was observed in T5 (containing 15% MOLM) which was statistically
different from all treatment groups and followed by T4, T3, T2 and T1 respectively while layer
birds in T1 showed lowest crude fat mean value which was also statistically different among
all treatments.
4.1.8.3.2 Discussion
The observed crude fat values were different significantly due to the addition of MOLM in
the diets of birds. This result was in accordance as reported by Zanu et al. (2012). MOLM is
rich in fat contents, 2.23% (Odour et al., 2008) that’s why fat contents seem to be effected
significantly by its addition.
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Figure 4.1.9.1 Effect of different levels of Moringa oleifera leaf meal on Dry Matter (%) in
diets of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.9.2 Effect of different levels of Moringa oleifera leaf meal on Crude Protein (%)
in diets of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
Crude Fibre (%)
9
7
5
T1

T2

T3

T4

T5

Figure 4.1.9.3 Effect of different levels of Moringa oleifera leaf meal on Crude Fibre (%) in
diets of layer bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.1.9.4 Effect of different levels of Moringa oleifera leaf meal on Ash (%) in diets of
layer bird. ± vertical bars represent standard errors. Means for any trait not sharing common
letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.1.9 Chemical Analysis of Feed
4.1.9.1 Results
There was no statistical difference between mean values of dry matter (Figure 4.1.9.1)
contents of feed offered to egg laying birds containing MOLM inclusions at different rates.
Similar results were found in case of crude protein but it can be seen form figure that
numerical values of crude protein were higher in all treatments containing MOLM as
compared to control (T1).
Similarly there was non-significant effect of MOLM inclusions in diets of layer birds on
mean values of crude protein (Figure 4.1.9.2).
In case of crude fibre (Figure 4.1.9.3), data was put to statistical analysis. Analysis of
variance did not show significant difference among mean values of treatments.
On other hand ash contents (Figure 4.1.9.1) were also affected non-significantly by dietary
inclusions of MOLM in feed. Only lower numerical values of ash contents were found in
other treatments containing 5-20% MOLM than T1 having no any MOLM incorporation in
diets of layer birds.
4.1.9.2 Discussion
Our results confirmed the hypothesis that MOLM is a nutritional, healthy feed for poultry
birds. It was noted that MOLM contents exhibited nutritional status close to other poultry
leaf meals such as Gliricidia sepium, Sesbania sesban and Leucaena leucocephala which
indicate the nutritional importance of MOLM. However, we observed lower nutritional
values for DM (85%), CP (23%), CF (23) and Ash than those reported by Makkar and
Becker (1997) and Kakengi et al. (2007) which might be attribute to environmental factors
such as stage of maturity, geographical location, climatic conditions and season. Chemical
analysis shows that the feed components used in the preparation of experimental feeds were
within the ranges as stated by NRC (1994) and Mellau (1999). By increasing MOLM
contents in birds’ diet is in lines with the results of Abou-Ellez et al. (2011) and suggests that
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MOLM is a good natural source of CF that can be supplemented in poultry feeds to improve
their nutritional status.
4.1.10 Conclusions
 MOLM can be safely included in commercial diets fed to layers and its inclusion in
layer birds feed up to 10% increases egg productivity.
 Economically, 10% and 5% MOLM in diets of egg laying birds are more profitable.
 Inclusion of MOLM in diets of layer birds reduces egg and serum cholesterol values.
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4.2 Experiment 2: Effect of Moringa oleifera leaf meal on production
parameters and economics of Broiler birds
4.2.1 Production Parameters
4.2.1.1 Feed Intake
4.2.1.1.1 Results
Moringa oleifera leaf meal showed significant effect (P < 0.05) on over all daily FI. There
was a consistent increase in feed intake of birds as level of MOLM was increased up to 15%
in diet after it, the total feed consumed in 35 days was decreased when level of MOLM
inclusion increased up to 20%. Mean values of feed intake of broiler birds kept in T1, T2, T3,
T4 and T5 was 3252.66, 3674.35, 3454.65, 3383.66 and 3349.66 g/bird in 35 days. The result
showed that chicks in T2 and T3 fed on MOLM diets significantly performed better as
compared to the chicks of T1 group in terms of feed intake (T2, 3674.35 g/bird and T3,
3454.65 g/bird) while the feed intake was lower in T1 (3252.66 g/bird) and T5 (3383.66
g/bird) which was significantly different from the feed intake values of broiler birds fed in T 2
and T3. The result also shows that incorporation of MOLM up to 10% does not found to
negatively affect the feed intake.
4.2.1.1.2 Discussion
Feed consumption was significantly reduced in birds in control treatment. The observation is
in agreement with reports by (Herbert, 1998; Onwudike, 1995; Raharjo et al., 1988; Mishra
et al., 1977) on various animal species. The result showed that chicks in T2 and T3 fed on
MOLM performed significantly better (P < 0.05) as compared to the birds of control T1
(Safwat et al., 2015). This outcome was not in lines with the studies of other plant leaf meals
(Vohra, 1972; Ravindran et al., 1986; Osei et al., 1990; Bhatnagar et al., 1996; Kakengi et al.,
2007) in which it was observed that feed intake was reduced when pullets were offered diets
having leaves of Leucaena leucocephala at different rates. This difference shows a
possibility of lower antinutritional factors and less harmful substances in MOLM (Makkar
and Backer, 1997) as compared to other leaves mixed in diets of birds. There is a mechanism
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Figure 4.2.1.1 Effect of Moringa oleifera leaf meal (MOLM) on mean values of feed intake
in broiler birds. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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of compensation which is directly related with demand of energy which accelerates
consumption of feed (Smith, 1999).
In contrast findings of Gadzirayi et al. (2012) and Tesfaye et al. (2012) observed decrease in
feed intake of birds fed MOLM. Atuahene et al. (2008) also described non-significant effect
on feed intake of birds using various rates of MOLM in the ration. Difference in results of
these studies may be due to the difference to ingredients replaced in the experimental rations
and the levels of MOLM.
4.2.1.2 Weight gain (g in 35 days)
4.2.1.2.1 Results
Addition of MOLM in feed effected weight gain in broiler birds significantly. Mean values
obtained after applying statistics were 1675.66, 2216.66, 1818.33, 1471 and 1354 g/bird in T1
(0% MOLM), T2 (5% MOLM), T3 (10% MOLM), T4 (15% MOLM) and T5 (20% MOLM)
correspondingly. The effect of MOLM on weight gains of broiler birds per treatment was
significantly higher only for T2 (2216.66 g/bird) at the amount of 5% MOLM inclusion
compared to other dietary treatment groups followed by T3, T1, T4 and T5 respectively. The
broiler birds in T5 performed lower among all treatments. Overall, the birds in T2 treatment
group recorded the highest body weight gain followed by those of T3 treatment (1678.0 g).
Similar trends were observed in average daily and weekly weight gains of birds.
4.2.1.2.2 Discussion
The findings of Nworgu and Fasogbon (2007) are in lines with this study who observed
significant effect of C. pubescens leaf meal based diets on body weights of birds. Similarly
Omeje et al. (1997) listed similar results in terms of weight gain when he fed broiler birds 510% leaf meal of C. pubescens. Same is the case with Nworgu (2004) who observed
accelerated weight gain in the birds offered leaf meal of C. pubescens at the rate of 2.5-5%
as compared to control. On the other hand, Du et al. (2007) reported that MOLM did not
effect the growth rate of broiler birds significantly when incorporated at the range of 0.5-3%
in their diets. The growth rate was decreased when commercial birds were offered meal
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containing higher levels of leaf meal of Ipomoea asarifolia. (Ekenyem and Madubuike,
2006). On other hand, D’Mello and Acamovic (1989) in their research conducted on broiler
birds reported an increase in growth rate due to LLM. There was same observation
(accelerated weight) about RIR birds fed on diets containing moringa seed meal therefore
moringa powder is good source of alternative supplement for birds in peri-urban and rural
areas for poultry production where moringa is available and can be cultivated easily (Melesse
et al., 2011). Sarwatt et al. (2004) and Kakengi et al. (2003) reported that birds fed on 10%
and 15% moringa incorporated feed showed better (P < 0.05) as compared to the chicks of
control group having no MOLM in their diets. This correlates the findings of Fuglie (1999)
on enhanced growth rate in birds nourished on MOLM substituted diets. The presence of
antimicrobial properties and rich contents of nutrients (Sarwatt et al., 2004; Kakengi et al.,
2003) moringa (Fahey et al., 2001) might be responsible for these results. It is also reported
that Moringa oleifera have natural digestive enzyme lysine which helps to digest the fibrous
diet in animals (Greg, 2008). Therefore the performance of birds in terms of growth rate due
to presence of lysine in MOLM which accelerates feed intake and ultimately the growth rate
is boosted up. MOLM should be incorporated in diets of poultry birds to increase their
performance and for enhancing their growth rate.
Increase in growth rate of broiler birds offered diets having MOLM might be property of rich
protein percentage of feeds which capably metabolized the growth rate in birds. This finding
was in lines with the results of Kakengi et al. (2003); Olugbemi et al. (2010) and Banjo
(2012) who reported that the addition of MOLM in feed of birds efficiently augmented
weight gain when mixed 1% in their diets which was proportionally more as compared to
control. The birds fed on diets incorporated with 5% MOLM gained more weight as
compared to those fed on higher incorporation levels. This result may be assigned to higher
crude fibre percentage which may be responsible for absorption and nutrient digestion
(Aderemi, 2003; Onu and Otuma, 2008; Onu and Aniebo, 2011). Tannins are also
responsible for decreased body weight of birds when MOLM is incorporated at higher rates
in diets of poultry birds. Therefore MOLM should be incorporated in diets of poultry birds up
to 10% for better results.
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Figure 4.2.1.4 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on total
weight gain. ± vertical bars represent standard errors. .Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.1.5 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on
average daily weight gain. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.1.6 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on
average weekly weight gain. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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It is also reported that one kilogram of moringa leaves contain 1-23 g of tannin (Kakengi et
al., 2003). Tannin are associated with the restrict utilization lipids, carbohydrates and protein
lipids (Esonu et al., 2001). The birds fed on control diet showed lower weights as compare to
MOLM substituted group due to lower protein contents in diets which was not capable to
accelerate the growth rate of birds.
4.2.2 Feed conversion ratio (FCR)
4.2.2.1 Results
Addition of MOLM in feed offered to broiler birds improved feed conversion ratio of birds.
The best FCR was observed in treatment T2 among all treatments in which 5% MOLM was
included. The overall FCR of T1, T2, T3, T4 and T5 was 1.94, 1.65, 1.90, 2.30 and 2.47
respectively. Broiler birds in T2 (5% MOLM) performed best in terms of FCR followed by T3
(10% MOLM). The highest value of FCR was observed in T5 followed by T1 (control
treatment). It means that birds in T1 and T5 consumed more feed to produce one kilogram
meat compared to other treatments. The FCR value obtained in T2 was statistically different
from all treatment groups which was a good attribute of MOLM.
4.2.2.2 Discussion
It means that MOLM did not effected the performance of broiler birds adversely and its
inclusions up to 15% are recommended for optimal performance of poultry birds’ strains in
days of feed deficiency. Therefore, in areas where Moringa oleifera is available free of cost,
should be incorporated in feed of commercial birds to reduce feed cost. It will ultimately
reduce the cost of production and will result in more profit generation from flocks.
Fasuyi et al. (2008) observed reduced FER (feed efficiency ratio) in broiler birds fed the diets
having different rates of ACLM (Amaranthus cruentus leaf meal) as an alternative protein
source. Moreover, low FER was observed in broiler birds fed diets incorporated 5, 10 and 15
cassava (Iheukwumere et al., 2008) and IALM (I. asarifolia leaf meal), (Ekenyem and
Madubuike, 2006). Similarly, Kakengi et al. (2007) observed better feed conversion ratio in

100

layers fed 20% M. oleifera leaf meal. Ebenebe et al. (2012) observed better feed conversion
ratio in treatments having 10 and 15% leaf meals.
This correlates the findings of Fuglie (1999) on enhanced FCR in birds nourished on MOLM
substituted diets. The presence of antimicrobial properties and rich contents of nutrients
(Sarwatt et al., 2004; Kakengi et al., 2003) of moringa (Fahey et al., 2001) might be
responsible for these results. It is also reported that Moringa oleifera have natural digestive
enzyme lysine which helps to digest the fibrous diet in animals (Greg, 2008). Therefore the
performance of birds in terms of FCR improved due to presence of lysine in MOLM which
accelerates feed intake and ultimately the FCR is boosted up. MOLM should be incorporated
in diets of poultry birds to increase their performance and for enhancing their growth rate.Du
et al. (2007) also observed excellent (P<0.05) effect of mixing moringa leaf meal on feed
conversion ratio (FCR) recorded in their experiment and FCR was better for birds fed diets
having 750g/100kg MOLM and it decreased as the rate of MOLM in the diet lowered.
Findings of present experiment were in lines with Ash et al. (1992) who reported that
addition of leaf meals in broiler diets above 15% resulted in poor performance as was
observed in this study. The health condition of birds observed during the experiment had not
any adversely effected by incorporation of MOLM in diets of birds. There was a significant
(P<0.05) betterment in the feed conversion ratio of the birds offered MOLM incorporated
diets as compared to birds fed on commercial diet having no MOLM. This may be attributed
to that birds fed MOLM based diets properly utilized the nutrients of feed they used up. The
results correlate with the finding of Ebenebe et al. (2012) who found that birds fed on
Moringa based diets performed better (P<0.05) than the birds of control group in terms of
weight gain and improved FCR.
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Figure 4.2.2 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on feed
conversion ratio of birds. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.3.1 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on
dressing percentage of birds. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.2.3 Slaughter Data
4.2.3.1 Dressing percentage
4.2.3.1.1 Results
The Moringa oleifera leaves meal inclusion in the diets globally had significant (P<0.05)
effect on dressing percentage of broiler birds. Mean values of dressing percentage of birds
fed ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 4% MOLM (T4) and 20%
MOLM (T5) were 72.10, 78.57, 74.15, 68.50 and 65.99% respectively. Statistical analysis
of data showed significant effect between dressing percentages of broiler birds under study.
Maximum mean value of dressing percentage was obtained in birds fed in T2 containing 5%
MOLM in their diets which was statistically different and significant among all treatments.
Therefore, it can be concluded that addition of MOLM in diets of broiler birds affects
dressing percentage positively.
4.2.3.1.2 Discussion
Dressing carcass calculated in this experiment 74.9-77.20% is in accordance to those
recorded in Congo (71.5%-78.4%) by Fulbert et al. (2010), in Senegal (67%-79%) by Ali
(2001), in Burkina (66%-80%) by Kondombo (2005), Buldgen et al. (1992) and (76.39%) by
Ayssiwede et al. (2011). But this observed percentage is higher than those reported in Nigeria
(54-68.5%) by Adebanjo and Oluyemi (1981) and Joseph et al. (1992) in Ethiopia and
Cameroon (62-64%) by Halima et al. (2007) and Fosta et al. (2008).
These results are in correspondence with El-Tazi (2014) who observed significant effect on
cold and eviscerated carcass of birds nourished on MOLM incorporated diets as compared to
control group having no MOLM in diets. Similarly, these findings were in agreement with
the accelerated growth level which ultimately resulted in heavier slaughter weight (El-Tazi,
2014). Hayse and Marion (1973) also reported similar results who described that heavy
weight birds at slaughter would have greater dressing percentage and their eviscerated yield
more as compared to the birds of low weight. These observations are in statement with those
reported by Ologhobo et al. (2014) who described that heavier slaughter weights were
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Figure 4.2.4.1 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on
relative crop weight of birds. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.4.2 Effect of Moringa oleifera leaf meal inclusion in diets of broiler birds on
relative heart weight of birds. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.4.3 Effect of different levels of Moringa oleifera leaf meal on relative
proventriculus weight in broiler bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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observed of birds fed on MOLM based diets as compared to the control birds having no
inclusions of Moringa oleifera leaf meal in their diets and they showed the lowest slaughter
weights as compared to 5-10 MOLM group. Similar trend was observed for dressed weight
of birds. Therefore, MOLM is suggested as a good ingredient of feed for commercial birds
(El-Tazi, 2014).
Ologhobo et al. (2014) observed that birds fed (200 g MOLM/100 Kg Feed) gained the
highest slaughter weight as compared to control diet and found similar effects of MOLM on
dressed weight. These observations were in agreement with present study in terms of layers'
dressing percentage. Ayssiwede et al. (2011) reported that MOLM incorporation in the feeds
of birds overall had no negative effect on dressing carcass.
4.2.4 Relative organ weight
The relative weights of organs (crop, heart, proventriculus, spleen, liver, gizzard, kidney) of
birds were determined. The results about relative organ weight have been discussed below
separately:
4.2.4.1 Relative crop weight
4.2.4.1.1 Results
The mean values of relative crop weight are shown in figure 4.2.4.1. Statistically nonsignificant effect was observed on relative crop weight of layer birds offered feed having
different levels of MOLM. Mean values of relative crop weight of broiler birds fed ration 0%
MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5)
were 0.57, 0.59, 0.58, 0.57 and 0.56 g respectively. Broiler birds fed in T3 performed well
among all dietary treatments followed by birds of T2 and T1 respectively while birds in T5
showed lowest performance compared to T2 and T3 in terms of relative crop weight.
4.2.4.1.2 Discussion
As shown in figure (4.2.4.1) there was no significant effect on relative crop weight between
all treatments. The mean values were within normal range as observed by other researchers
105

in different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative crop weight of birds fed on MOLM containing diet
were effected non-significantly by addition of MOLM and measured mean values for relative
crop weights of egg laying birds were within the range as listed by Asafa et al. (2012) and ElTazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
These fluctuation in organ weight measured could be due to the age, LBW (live weight),
carcass type, birds’ sex (Male or Female), chicken ecotypes or seasons. Cockerels (male
chicken) often having higher Dressing Carcass than hens, the preponderance of male birds in
groups can increase the dressing percentage and vice versa. Similarly organs development is
often related to live body weight or age of animals (Ayssiwede et al., 2011). Kondombo
(2005) had shown that the DC of birds slaughtered in dry season was higher as compared to
the birds killed in rainy season.
4.2.4.2 Relative heart weight
4.2.4.2.1 Results
Statistically the treatments showed non-significant effect (P>0.05) on heart as percentage of
body weight of broiler birds experimented in current study (Figure 4.2.1.2). Mean values of
relative heart weight in T1, T2, T3, T4 and T5 were 0.49, 0.51, 0.5, 0.49 and 0.49 g
respectively.
4.2.4.2.2 Discussion
El-Tazi (2014) fed broiler birds on different levels of MOLM in their diets and observed
values of heart percentage range between 0.50 to 0.51% and reported that there was not
significant effect of MOLM inclusions in diets of broiler birds on their heart percentages.
These results are in lines with present study and no difference was observed between mean
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values of heart percentages observed in present experiment and the values listed by El-Tazi
(2014). But in previous experiment performed on layer birds, the different relative heart
weight observed might be due to difference in type/strain of experimental birds, live and
dressed weight of birds.
As shown in figure (4.2.4.2) there was no significant effect on heart percentage between all
treatments. The mean values were within normal range as observed by other researchers in
different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative crop weight of birds fed on MOLM containing diet
were effected non-significantly by addition of MOLM and measured mean values for relative
crop weights of egg laying birds were within the range as listed by Asafa et al. (2012) and ElTazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
4.2.4.3 Relative proventriculus weight
4.2.4.3.1 Results
Mean values of relative proventriculus weight (Figure 4.2.4.3) of broiler birds fed on
different levels of MOLM were 0.40, 0.41, 0.41, 0.40 and 0.40 g (T1, 0% MOLM), 0.35 g
(T2, 5% MOLM), 0.37 g (T3, 10% MOLM), 0.35 g (T4, 15% MOLM) and 0.34 g (T5, 20%
MOLM.

Analysis of data statistically revealed non-significant (P>0.05) effect among

relative proventriculus weight of broiler birds nourished in different treatments.
4.2.4.3.2 Discussion
As shown in figure (4.2.3.2) there was no significant effect on relative proventriculus weight
between all treatments. The mean values within normal range as observed by other
researchers in different experiments.
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Figure 4.2.4.4 Effect of different levels of Moringa oleifera leaf meal on relative spleen
weight in broiler bird. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.4.6 Effect of different levels of Moringa oleifera leaf meal on relative gizzard
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sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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This result is in agreement with the report of Zanu et al. (2012) who described that the mean
values of relative proventriculus weight of birds fed on MOLM containing diet were effected
non-significantly by addition of MOLM and measured mean values for relative
proventriculus weights of birds were within the range as listed by Asafa et al. (2012) and ElTazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
4.2.4.4 Relative spleen weight
4.2.4.4.1 Results
The mean values of relative spleen weight are shown in figure 4.2.4.4. The data was analyzed
statistically and revealed significant (P<0.05) effect on relative spleen weight of broiler birds
offered feed containing different levels of Moringa oleifera leaf meal. Mean values of
relative spleen weight of broiler birds fed ration 0% MOLM (T1), 5% MOLM (T2) , 10%
MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 0.12, 0.15, 0.13, 0.12 and 0.10 g
respectively.
4.2.4.4.2 Discussion
This result was in lines with Ayssiwede et al. (2011) who also observed significant effect of
MOLM addition in diets of birds on mean values of spleen weights. The authors further
described that inclusion of MOLM had no negative effect on all organs weight ratios. On
other hand this finding was in contradiction with the report of the study by Zanu et al. (2012)
who stated that all parameters of carcass characteristics in birds fed diets incorporated
(MOLM) were affected non-significantly by MOLM inclusion. This difference in results
might be due to change of breed of birds experiment, ecotype or management system.

109

4.2.4.5 Relative liver weight
4.2.4.5.1 Results
Mean values of relative liver weight of broiler birds fed on different levels of MOLM were
2.6 g (T1, 0% MOLM), 2.7 g (T2, 5% MOLM), 2.7 g (T3, 10% MOLM), 2.6 g (T4, 15%
MOLM) and 2.6 g (T5, 20% MOLM). Data showed that incorporation of MOLM had not
negative effect on relative liver weight of broiler birds in all treatments.
4.2.4.5.2 Discussion
As shown in figure (4.2.4.5) there was no significant effect relative liver weight between all
treatments. The mean values were within normal range as observed by other researchers in
different experiments. This result was in agreement to the report of Zanu et al. (2012) who
described that the parameter measured in term of relative organ weight of birds fed on
Moringa oleifera leaf meal containing diet was affected non-significantly. Similar results
were reported by Asafa et al. (2012) and El-Tazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase of organs weight was
corresponds to the live body weight of the experimental birds.
4.2.4.6 Relative gizzard weight
4.2.4.6.1 Results
Mean values of relative gizzard weight of broiler birds fed ration 0% MOLM (T1), 5%
MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 1.92, 1.94,
1.94, 1.94 and 1.92 g respectively. The result showed that birds fed in T2, T3 and T4
performed numerically (P > 0.05) better than the birds in T1 and T5.
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4.2.4.6.2 Discussion
As shown in figure (4.2.4.6) there was no significant effect relative gizzard weight between
all treatments. The mean values within normal range as observed by other researchers in
different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative gizzard weight of birds fed on MOLM containing
diet were effected non-significantly by addition of MOLM and measured mean values for
relative gizzard weights of egg laying birds were within the range as listed by Asafa et al.
(2012). El-Tazi, (2014) also listed similar results about organ weights.
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight nonsignificantly and increase of organs weight was corresponds to the live body weight of the
experimental birds.
These fluctuations in organ weight measured could be due to the age, LBW (live weight),
carcass type, birds’ sex (Male or Female), chicken ecotypes or seasons. Cockerels (male
chicken) often having higher Dressing Carcass than hens, the preponderance of male birds in
groups can increase the dressing percentage and vice versa. Similarly organs development is
often related to live body weight or age of animals (Ayssiwede et al., 2011). Kondombo
(2005) had shown that the DC of birds slaughtered in dry season was higher as compared to
the birds killed in rainy season.
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4.2.5 Effect of Moringa oleifera leaf meal incorporation in diets of broiler birds on their
haematological indices and serum biochemical response
4.2.5.1 Red Blood Cells (RBC’s)
4.2.5.1.1 Results
The data was put to statistical analysis and showed non-significant (P>0.05) effect on red
blood cells of broiler birds offered feed having different levels of MOLM. Mean values of
red blood cells of broiler birds fed ration 0`% MOLM (T1), 5% MOLM (T2) , 10% MOLM
(T3) , 15% MOLM (T4) and 20% MOLM (T5) were 3.1, 3.19, 3.16, 3.1 and 3.13 (x106 µL)
respectively. Broiler birds in T3 fed on 10% MOLM showed highest red blood cells count
(3.16 x106 µL) followed by T5 (3.13 x106 µL), T4 (3.1 x106 µL) and T1 (3.1 x106 µL)
respectively while broiler birds in T2 showed lower red blood cells count.
4.2.5.1.2 Discussion
This result is in lines with previous experiment performed on layer birds and described under
section 4.1.7.1. Moringa oleifera leaf meal inclusion in diets of layer and broiler birds
showed non-significant highest numerical RBC’s count at 10% inclusion levels. On other
hand no negative effect of MOLM incorporation was observed in other treatments in which
higher levels of MOLM were added. This shows that addition MOLM does not have any
harmful effect on RBC values of birds. Similarly Ebenebe et al. (2012) observed that birds
fed on diet containing 10% MOLM had the highest RBC value of (2.73 + 1.13 x106/mm)
between treatments. The observed values were also within the range for birds (Jain, 1986).
The higher values obtained by inclusion of MOLM as compared to control may be property
of Moringa on the haematological parameters (Ebenebe et al., 2012).
In body the red blood cells (RBC) are responsible for carrying O2 and transporting CO2 and
O2 as well as these play an important role in manufacturing haemoglobin. Therefore higher
values of RBCs shows that this ability is greater in the organisms having with more number
of red blood cells in their body. Higher RBCs values show better health condition of the
birds. The non-significant effect of MOLM on result obtained in terms of RBC's across
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treatments shows that the diets did not alter this parameter negatively (Olugbemi et al.,
2010).
The mean values of RBCs were lower significantly (P<0.05) for the birds fed on diets having
higher incorporation rates of MOLM as compared to lower inclusion levels. The lower RBC
mean values obtained in birds fed diet comprising higher rates of MOLM might be due to
increased concentration of tannin in diets by increasing MOLM percentage in it. Tannins are
associated to have negative effect on feed consumption (Knox and McNab, 1995) and it also
effects digestibility of protein and dry matter contents (Gualtieri and Rapaccini, 1990).The
observed mean values for RBC of experimental birds offered MOLM containing feed were
lower than 3.07 to7.50 x 106/mm3 as reported by Fudge (1999) but within range 5–8 x
106/mm3 with the report of Anon (1980). The improved values of RBCs in blood of birds
indicates that that MOLM possesses higher amount of proteins and improves the quality of
blood in poultry birds because Hackbarth et al. (1983) stated that higher RBC values were
linked with good quality of protein in the feed and also it indicates that animals are free of
disease. This finding is in lines with Onu and Aniebo, (2011).
4.2.5.2 White Blood Cells (WBC’s x 103 µL)
4.2.5.2.1 Results
The mean values of WBC’s in different treatments are shown in figure 4.2.5.2. The data
was put to statistical analysis and showed significant (P<0.05) effect on on WBC’s of broiler
birds offered feed containing different levels of Moringa oleifera leaf meal. Mean values of
WBC’s of broiler birds fed ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) ,
15% MOLM (T4) and 20% MOLM (T5) were 13.2, 15.17, 15.46, 12.1 and 11.53 (103 µL)
respectively. Broiler birds in T3 fed on 10% MOLM gained highest WBC’s (15.46 x 103 µL)
followed by T2 (15.17 x 103 µL) and T1 (13.2 x103 µL) while broiler birds in T4 (control) and
T5 gained the lower mean values of WBC’s 12.1 and 11.53 x 103 µL respectively. Statistical
analysis of data revealed significant difference (P<0.05) on values of WBC’s in broiler birds
nourished in different treatments.
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4.2.5.2.2 Discussion
The mean values of WBCs show that birds were healthy because the values were not lower
than the normal range of birds. WBCs values lower than normal range show that there is
some infection, presence of some foreign particle, indication of allergic condition, parasitism
or anaphylactic shock in circulating system of the birds (Ahamefule et al., 2008). The general
difference among values of the WBC among treatments points out that the diets used in
current experiment neither enhanced nor impaired the ability of birds to wade off infection
(Olugbemi et al., 2010a; Onu and Aniebo, 2011). White blood cells are intricate in
preventing the body from infection and consist of Lymphocytes, Monocytes, Neutrophils,
Eosinophils and Basophils. They along with other functions extinguish virus-infected cells,
accelerate the production of antibodies and antigens (engulf foreign materials) that get entry
in the body. A higher concentration would therefore imply a threat to normal health and
hence the body develops its defense against such threats. Moringa oleifera has been reported
to boost immune systems (Jayavardhanan et al., 1994; Fuglie, 1999). It is however most
likely that such ability are contained and restricted to the Moringa pods which have lectin
(substance that regulates the immunity of animals). The overall significance of the WBC
between groups (apart from treatment T1 and T4) may indicates that majority of the birds
experimented neither enhanced nor impaired the ability of birds to wade off infection.
Ahaotu et al. (2013) reported that values of WBC increased as the level of RMW (Raw
Moringa Seed Waste) incorporation in the diets increased up to 20%.
4.2.5.3 Eosinophils
4.2.5.3.1 Results
The calculated mean values of eosinophils were 0.51, 0.53, 0.53, 0.51 and 0.51 % in T1, T2,
T3, T4 and T5 respectively. Moringa oleifera leaf meal inclusions in diets of broiler birds
showed non-significant difference (P>0.05) between treatments regarding values of
eosinophils. Statistical analysis of data pertaining to eosinophils revealed that the highest
mean value was observed in T2 and T3 (5 and 10% MOLM respectively) which is a good
attribute of Moringa oleifera leaf meal addition in diets of birds.
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Figure 4.2.5.1 Effect of different levels of Moringa oleifera leaf meal on concentration of red
blood cells (RBC’s) in broiler bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.2 Effect of different levels of Moringa oleifera leaf meal on concentration of
white blood cells (WBC’s) in broiler bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.3 Effect of different levels of Moringa oleifera leaf meal on ratio of eosinophils
in white blood cells (WBC’s) of broiler bird. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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4.2.5.3.2 Discussion
These results were in agreement with Ewuola et al. (2012) who fed diets containing different
levels of MOLM to rabbits and found non-significant effect on values of eosinophils ratios in
blood of rabbit. The eosinophil ratios observed in this study was different as observed by
Ewuola et al. (2012) while Du et al. (2007) listed these values between (0.33-1.00).
Difference between values observed in various studies may be due to difference in type of
animal used as Ewuola et al. (2012) experimented on rabbits and Du et al. (2007) fed MOLM
included diets to broiler birds similarly in present study broiler birds were fed on diets
containing different levels of MOLM and the values of eosinophils are also within range of
Du et al. (2007).
4.2.5.4 Lymphocytes
4.2.5.4.1 Results
Dietary inclusions of Moringa oleifera leaf meal in ration fed to broiler birds globally
effected lymphocytes values among treatments. Mean lymphocytes values of broiler birds fed
ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20%
MOLM (T5) were 37.59, 38.17, 38, 38 and 37.66 % respectively. There was non-significant
effect of MOLM incorporation in diets of broiler birds on values of lymphocytes ratios.

4.2.5.4.2 Discussion
The lymphocyte values observed in this study were close in range between listed values of
Du et al. (2007) who observed these values between 31.00 -37.67. The non-significant results
were also in lines with Du et al. (2007) and Ewuola et al. (2012). These normal range of
lymphocytes in all treatments indicates that MOLM had not any negative effect on birds.

116

Lymphocyte (%)
50
40

a

a

a

a

a

T1

T2

T3

T4

T5

30
20

10
0
Figure 4.2.5.4 Effect of different levels of Moringa oleifera leaf meal on ratio of lymphocyte
in white blood cells (WBC’s) of broiler bird. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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Figure 4.2.5.5 Effect of different levels of Moringa oleifera leaf meal on ratio of monocyte in
white blood cells (WBC’s) of broiler bird. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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Figure 4.2.5.6 Effect of different levels of Moringa oleifera leaf meal on concentration of
haemoglobin in blood of broiler bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
117

4.2.5.5 Monocyte
4.2.5.5.1 Results
Mean monocyte values obtained after putting data to statistical analysis were 6.33, 6.6, 6.5,
6.00 and 6.00 % in T1, T2, T3, T4 and T5 respectively. Haematological values regarding to
monocytes were effected non-significantly in all treatment groups but lower numerical values
were found in T4 and T5 while higher monocyte values were obtained in T2, T3 and T1. Birds
fed in T2 and T3 containing 5% and 10% MOLM inclusion showed higher values among
treatments.
4.2.5.5.2 Discussion
The results related to monocyte ratio were found non-significant and were in lines with Du et
al. (2007) and Ewuola et al. (2012). The observed values were close to Du et al. (2007) but
different as observed by Ewuola et al. (2012).
4.2.5.6 Hemoglobin (Hb g/dL)
4.2.5.6.1 Results
Data regarding haemoglobin were analyzed statistically. Mean values of haemoglobin
(Figure 4.2.5.6) of broiler birds fed on different levels of MOLM were 13.66 g/dL (T1, 0%
MOLM), 18.33 g/dL (T2, 5% MOLM), 16.66g/dL (T3, 10% MOLM), 15.67g/dL (T4, 15%
MOLM) and 13.16 g/dL (T5, 20% MOLM). Broiler birds in T2 fed on 5% MOLM gained Hb
value (18.33 g/dL) followed by T3 (16.66 g/dL) and T4 (15.67 g/dL) while broiler birds in T5
and T1 (control) gained the lowest Hb value. Statistical analysis of data revealed significant
difference (P<0.05) on Hb value of broiler birds nourished in different treatments. Data
showed that incorporation of MOLM increased Hb value up to 15% incorporation levels.
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Figure 4.2.5.7 Effect of different levels of Moringa oleifera leaf meal on concentration of
glucose in blood of broiler bird. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).

4

c

ab

T1

T2

Total protein (g/dL)
a

bc

bc

T4

T5

3
2
1
0
T3

Figure 4.2.5.8 Effect of different levels of Moringa oleifera leaf meal on concentration of
total protein in blood of broiler bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.9 Effect of different levels of Moringa oleifera leaf meal on concentration of
serum albumen in blood of broiler birds. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.2.5.6.2 Discussion
Ebenebe et al. (2012) recorded highest Hb value of (17.32 + 0.70) for birds fed on diet
containing 10% MOLM and the least values were described when levels of MOLM increased
up to 10%, similar results were obtained in this study. These listed values were close to those
what was reported for broilers by Sjaasted et al. (2005). The higher values observed inT2 and
T3 may be property of Moringa on the haematological parameters (Ebenebe et al., 2012).
The inclusion of MOLM in the diets up to 5 and 10% showed higher and significant (p<0.05)
Hb values. Though plant materials in general and the addition of some leaf meals such as
CLM (chaya leaf meal) by Donkoh et al. (1999), Ipomoea asarifolia leaf meal (Madubuike
and Ekenyem, 2006) Telfaria occidentalis leaf meal (Nworgu et al., 2007) in diets of broiler
birds have significantly affected Hb values. The results of this study tends to suggest that
MOLM possesses blood tonic effects.
4.2.5.7 Blood glucose concentration
4.2.5.7.1 Results
Mean values of haematological data showed statistically non-significant (P>0.05) difference
among mean values of glucose in broiler birds offered feed comprising various rates of leaf
meal of Moringa oleifera. Mean glucose values of broiler birds fed ration 0% MOLM (T1),
5% MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 206.66,
214, 221, 208.67 and 209 g/dL respectively.
4.2.5.7.2 Discussion
Ingestion of MOLM in diets at graded levels had numerically depressive effects on blood
glucose level. The depressive effect of the dietary MOLM could also be attributed to the
adverse influence of the Moringa phytotoxins namely lecthins, alkaloids like moringin,
moringinine, glucosinolates, phenols including tannins, nitrite, oxalate and phytate which
acted in concert with higher levels of the meal in diets to reduce the biochemical indices
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(Fahey, 2005). Similar observations were made by Radovich (2011) and Annongu et al.
(2013).
4.2.5.8 Total Protein
4.2.5.8.1 Results
Data regarding total protein were analyzed statistically. Mean values of total protein (Figure
4.2.5.8) in blood of broiler birds fed on different levels of MOLM were 3.36 g/dL (T1, 0%
MOLM), 3.6 g/dL (T2, 5% MOLM), 3.76 g/dL (T3, 10% MOLM), 3.43 g/dL (T4, 15%
MOLM) and 3.46 g/dL (T5, 20% MOLM).
4.2.5.8.2 Discussion
This result was in accordance with Ewuola et al. (2011) and Du et al. (2011) who observed
non-significant effects of MOLM incorporations in diets of rabbits and broiler birds
respectively.
For serum biochemical indices, Onu and Aniebo, (2011) found significant deviation in the
mean values of total protein. As reported by Eggum (1970) that the total value of protein in
serum points out the quality of protein fed to the animal. The greater protein value was
calculated in the birds offered 5% MOLM diet shows the percentage of protein. It also
provide an evidence that the diets had not effected protein of serum (albumen and globulin)
in the birds negatively (Onu and Aniebo, 2011).
4.2.5.9 Serum albumen (g/dL)
4.2.5.9.1 Results
MOLM incorporation in the diets of broiler birds effected serum albumen values nonsignificantly. Mean serum albumen values obtained in T1, T2, T3, T4 and T5 were 1.60, 1.61,
1.61, 1.60 and 1.60 g/dL. MOLM inclusion in diets of broiler birds did not effected mean
values of serum albumen negatively.
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Figure 4.2.5.10 Effect of different levels of Moringa oleifera leaf meal on concentration of
serum globulin in blood of broiler bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.11 Effect of different levels of Moringa oleifera leaf meal on A/G ratio in blood
of broiler bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.12 Effect of different levels of Moringa oleifera leaf meal on concentration of
cholesterol in blood of broiler bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.2.5.9.2 Discussion
These results were same as observed by Du et al. (2007) when they fed broiler birds feed
containing different levels of MOLM. The observed serum albumen values were also in
range of Du et al. (2007) because in their study they observed serum albumen values between
1.33-1.47 g/dL. On other hand these listed values were different as observed (1.2-2.40%) by
Ewuola et al. (2012). The difference in values might be due to type of experimental animal.
The tested animal in their experiment was rabbit and they also found non-significant
difference of MOLM inclusion in diets of rabbit.
4.2.5.10 Serum globulin (g/dL)
4.2.5.10.1 Results
MOLM addition in diets of broiler birds effected serum globulin values non-significantly.
Mean serum globulin values obtained in T1, T2, T3, T4 and T5 were 1.85, 1.85, 1.86, 1.84 and
1.84 g/dL. MOLM inclusion in diets of broiler birds did not effected mean values of serum
globulin negatively.
4.2.5.10.2 Discussion
It was observed that by increasing levels of MOLM in diets of broiler birds, serum globulin
value increased non-significantly. The difference in mean values was not enough to produce
significant effect. Similar situation was observed by Du et al. (2007) during their study when
broiler birds were offered diet having different levels of MOLM. Corresponding to these
results, Ewoula et al. (2012) also reported non-significant effect of MOLM inclusion in feed
of rabbits on serum globulin values.
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Figure 4.2.5.13 Effect of different levels of Moringa oleifera leaf meal on concentration of
Triglycerides in blood of broiler bird. ± vertical bars represent standard errors. Means for any
trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.14 Effect of different levels of Moringa oleifera leaf meal on concentration of
HDL Cholesterol in blood of broiler bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.5.15 Effect of different levels of Moringa oleifera leaf meal on concentration of
LDL Cholesterol in blood of broiler bird. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.2.5.11 A/G Ratio
4.2.5.11.1 Results
Data regarding A/G ratio were analyzed statistically. Mean values of A/G ratio (Figure
4.2.5.11) in blood of broiler birds fed on different levels of MOLM were 0.86 (T1, 0%
MOLM), 0.86 (T2, 5% MOLM), 0.86 (T3, 10% MOLM), 0.87 (T4, 15% MOLM) and 0.87
(T5, 20% MOLM).
4.2.5.11.2 Discussion
The result pertaining to A/G ratio was in lines with Du et al. (2007) who reported nonsignificant different of A/G values in their study in broiler fed varying levels of MOLM. The
observed values A/G ratio was in normal range of birds which shows that MOLM did not
effect health of birds negatively.
4.2.5.12 Cholesterol
4.2.5.12.1 Results
Haematological data was analyzed statistically and showed significant effect (P<0.05) on
mean values of cholesterol in in blood of broiler birds offered feed substituted with different
rates of MOLM. Mean cholesterol values of broiler birds fed ration 0% MOLM (T1), 5%
MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 181, 169.33,
142, 136 and 131 mg/dL respectively. Broiler birds in T1 fed no MOLM showed highest
value of blood cholesterol followed by T2, T3, T4 and T5 respectively. By increasing levels of
MOLM in diets of broiler birds, the cholesterol level in their blood decreased linearly.
4.2.5.12.2 Discussion
According to the results of this experiment it was revealed that addition of MOLM in diets of
birds lowered their cholesterol level in their serum. In fact MOLM effected the cholesterol
level significantly and proved itself as as a hypocholesterolemic agent. This result is in lines
with the observation of Ghasi et al. (2000). The difference in mean values with that of Ghasi
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et al. (2000) might be due to the difference in the quantity and form of MOLM added in the
feed, as crude extracts of the leaf added as well as the type of animal used or raw feed used in
the current study. In a same trial we carried on layer birds, cholesterol level found to be
lower in birds fed on MOLM based diets. When higher concentration of fat accumulates in
body of an animal the higher cholesterol values were obtained (Tewe and Bokanga, 2001)
which are not desirable in broiler birds. It is also reported that reduction of 25% blood
cholesterol in the blood plasma decreases the chances of coronary events up to 50% (Lipid
Research Clinics Program, 1984a and b) particularly as the eggs are chief source of
nutritional cholesterol. The mechanism of lowering cholesterol level is linked with lowering
LDL by Bsitosterol concentrations in the plasma of blood by the bioactive phytoconstituent
isolated from Moringa oleifera (Saluja et al., 1978; Kane and Malloy 1982 and Ghasi et al.,
2000). Fibre contents of MOLM are also responsible for lowering cholesterol levels
(Charina, 2006) in birds. In intestinal digestion, the cholesterol is main part of bile acids
exudate. In intestine, bile acid is coated with fibre and in such a way it eliminates from the
body which is an ultimate agent of taking cholesterol out of blood from the bile acid and
reduces its level in blood (Charina, 2006). It is proved that MOLM as hypocholesterolemic
agent. The most potential of moringa tree lies in the form of MOLM. MOLM powder can
accelerate its properties of hypocholesterolemic agent (Olugbemi et al., 2010).
4.2.5.13 Triglycerides
4.2.5.13.1 Results
Birds fed on different levels of MOLM showed different mean values of triglycerides which
were statistically different from each other as shown in figure 4.2.5.13. The mean triglyceride
values in T1, T2, T3, T4 and T5 were 97, 91, 76, 61 and 56 mg/dL correspondingly. The
highest triglycerides value was observed in T1 (containing no MOLM) which was statistically
different from other treatments. It can be seen from figure 4.2.5.13 that triglycerides
concentration in blood of broiler birds decreased linearly by increasing levels of MOLM in
feed from T2 to T5.
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4.2.5.13.2 Discussion
In blood serum, Triglycerides values were different significantly between treatment groups.
The highest triglycerides values were observed in control group in which MOLM was not
added in diets of birds. This result was in agreement with Zanu et al. (2012) and Du et al.
(2007).
4.2.5.14 High Density Lipoprotein (HDL) cholesterol
4.2.5.14.1 Results
Haematological data was analyzed statistically and showed significant effect (P<0.05) on
mean values of HDL cholesterol in broiler birds offered feed having various amount of
MOLM. Mean HDL cholesterol values of broiler birds fed ration 0% MOLM (T1), 5%
MOLM (T2) , 10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 41, 39, 35,
32.66 and 31 mg/dL respectively. Broiler birds in T5 fed on 20% MOLM showed minimum
value of HDL cholesterol while maximum HDL cholesterol mean value was attained by the
birds fed on control diet (T1) followed by T2, T3, T4 and T5 respectively. It was observed that
by increasing incorporation of MOLM in feed of broiler birds the levels of HDL cholesterol
were found to be decreased in descending order.
4.2.5.14.2 Discussion
In blood serum, HDL cholesterol values were different significantly between the groups of
treatments. The highest HDL cholesterol values were observed in control group in which
MOLM was not added in diets of birds. Similarly Zanu et al. (2012) observed decrease in
HDL cholesterol values in broiler birds fed on varying levels of MOLM in their diets. The
result was in lines with Zanu et al. (2012).
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4.2.5.15 Low Density Lipoprotein (LDL) Cholesterol
4.2.5.15.1 Results
Mean LDL cholesterol values of broiler birds fed ration 0% MOLM (T1), 5% MOLM (T2) ,
10% MOLM (T3) , 15% MOLM (T4) and 20% MOLM (T5) were 43, 40, 39, 39 and 38
mg/dL respectively. Haematological data was analyzed statistically and showed significant
effect (P<0.05) on mean values of LDL cholesterol in broiler birds offered feed incorporated
different levels of MOLM. Broiler birds in T5 fed on 20% MOLM showed minimum value
of LDL cholesterol.
4.2.5.15.2 Discussion
In blood serum, LDL cholesterol values were different significantly between the groups of
treatments. The LDL cholesterol values were found to be the lowest in birds of T3 group fed
10% MOLM in diets. Similarly Zanu et al. (2012) observed lowest HDL cholesterol value in
broiler birds nourished on 10% MOLM in their diets.
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Table 4.2.6: Effect of Moringa oleifera leaf meal inclusions in diets of broiler birds on their
economics of production
Parameters
T1
T2
T3
T4
T5
SEM
Cost per chick (Rs)

30

30

30

30

30

-

Total
consumed/bird
Feed cost/Kg (Rs)

feed 3.9400a

3.49e

3.51d

3.75b

3.65c

7.74

44

43

42

41

40

-

Miscellaneous* (Rs)

30

30

30

30

30

-

Total cost/bird (TC)

233.36a

210.07c

207.45d

213.82b

206.01e

0.3408

Average live weight/bird 1.662bc
(Kg)
Sale price/Kg live weight 150

2.359a

1.920b

1.678bc

1.448c

0.01814

150

150

150

150

-

Income Generated/ bird 268.85c
(IG)
Net profit/bird (Rs) = 35.490c
(IG-TC)

350a

290.25b

238.15d

220.60e

2.09

139.93a

83.25b

24.332d

14.587e

27.361

* Miscellaneous includes cost of litter and medication
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Figure 4.2.6.1 Effect of different levels of Moringa oleifera leaf meal inclusion in diets of
broiler birds on total cost/bird. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.6.2 Effect of different levels of Moringa oleifera leaf meal inclusion in diets of
broiler birds on net profit/bird. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.2.6 Economics of Broiler Production
4.2.6.1 Total cost per bird (Rs.)
4.2.6.1.1 Results
Analysis of variance of data revealed that inclusion of Moringa oleifera leaf meal in diets of
broilers significantly affected the feed cost per bird. The calculated mean values of feed cost
per bird in T1, T2, T3, T4 and T5 were 233.36, 210.07, 207.44, 213.81 and 206.01 rupees
(PKR) respectively. The lowest feed cost was observed in T5 (20% MOLM) while the
highest feed cost was calculated in T1 (control, 0% MOLM), T4 (15% MOLM) and T2 (5%
MOLM) respectively which were significantly different.
4.2.6.2 Net profit per bird (Rs.)
4.2.6.2.1 Results
There was statistically significant difference (P<0.05) across treatments in net profit from
broiler birds. The profit generated after selling bird on live weight basis was 35.49, 139.93,
82.802, 24.33 and 14.58 rupees from T1, T2, T3, T4 and T5 respectively. The treatment in
which 5% MOLM was incorporated i.e., T2 showed itself most economically profitable
among all treatments followed by T3, T1, T4 and T5 respectively. Birds in treatments having
5% (T2) and 10% (T3) MOLM in feed, outperformed in terms of net profit while the
performance of birds fed in T5 resulted in minimum profit.
4.2.6.3 Discussion
Like to Onibi et al. (2008), our net profit increased with the inclusion level of Moringa leaves
meal in the diet because its price was lower than the markets for the industrial poultry feed.
For all the experimental period except the T2 treatment which had the lowest feed cost (Rs.
213.56) followed by T3 (Rs. 214.47) while the feed cost per bird were significantly higher,
233.36 and 225.07 (Rupees/bird) respectively in control and T4 treatment groups. As
compared to the control, the T2 and T3 dietary treatments had allowed realizing respectively a
supplementary net profit of 140.34 and 73.63 rupees while the T5 treatment had resulted in
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Figure 4.2.7.1 Effect of incorporating different levels of Moringa oleifera leaf meal in feed
of broiler birds on Moisture (%) in meat. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.7.2 Effect of incorporating different levels of Moringa oleifera leaf meal in feed
of broiler birds on Crud Protein (%) in meat. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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Figure 4.2.7.2 Effect of incorporating different levels of Moringa oleifera leaf meal in feed
of broiler birds on Crud Fat (%) in meat. ± vertical bars represent standard errors. Means for
any trait not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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minimum profit. These results were in lines with those obtained by Hien and Hung (1998)
and Hien and Inh (1996) in which the inclusion of 5-6% of Leuceana leaves treated with
ferrous sulphate in the diets had significantly reduced the feed costs/bird. They are also
supported by the findings of Onibi et al. (2008) in Nigeria and Tendonkeng et al. (2008).
4.2.7 Chemical Analysis of Meat
4.2.7.1 Moisture
4.2.7.1.1 Results
Data regarded the chemical analysis of meat were analyzed statistically. Mean values of
moisture contents (Figure 4.2.7.1) in meat of broiler birds fed on different levels of MOLM
in T1 (0% MOLM0, T2 (5% MOLM), T3 (10% MOLM), T4 (15% MOLM) and T5 (20%
MOLM) were 76, 72, 69, 65.66 and 62 (%) respectively. Broiler birds in T1 fed on 0%
MOLM gained higher mean values of moisture contents (76 %) followed by T2 (72 %) , T3
(69 %), T4 (65.66 %) and T5 (62 %) while broiler birds in T5 gained the lowest moisture
contents in their meat.
4.2.7.1.2 Discussion
The analyzed moisture contents of the meat were affected significantly (P<0.05) by the
addition of MOLM in the feeds of birds (Zanu et al., 2012). When the fat contents of the
meat increase the moisture contents become lowered and vice versa. This inverse relationship
of fat and moisture is also supported by other researchers (Mendes et al., 1995; Zanu et al.,
2012). Fat and moisture contents also depend on process of handling.
4.2.7.2 Crude protein (CP)
4.2.7.2.1 Results
Mean crude protein values obtained after putting data to statistical analysis were 51, 72, 69,
67, 64 (%) in T1, T2, T3, T4 and T5 respectively. Chemical analysis of meat regarding crude
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protein showed that CP% was effected in all treatment groups but minimum value was found
in T5 and maximum was in T1 (control group).
4.2.7.2.2 Discussion
The observed crude protein values were different significantly due to the addition of MOLM
in the diets of birds as observed by Zanu et al. (2012) in their broiler study. It might be
possible that MOLM is rich in protein that’s why protein contents were effected significantly.
4.2.7.3 Crude Fat
4.2.7.3.1 Results
Broiler birds fed on different levels of MOLM showed different mean values of crude fat
which were statistically different from each other as shown in figure 4.2.7.3. The mean crude
fat values observed in T1, T2, T3, T4 and T5 were 36.6, 34, 32.3, 29 and 23.6 (%)
correspondingly. The highest crude fat value was observed in T1 (containing 5% MOLM)
which was statistically different from all treatment groups and followed by T2, T3, T4 and T5
respectively while broiler birds in T5 showed the lowest crude fat mean value which was also
statistically different among all treatments.
4.2.7.3.2 Discussion
The observed crude fat values were different significantly due to the addition of MOLM in
the diets of birds. This result was in accordance as reported by Zanu et al. (2012). MOLM is
rich in fat contents, 2.23% (Odour et al., 2008) that’s why fat contents seem to be effected
significantly by its addition. Other researches on this effect support the negative relationship
between moisture and fat content of carcass (Mendes et al., 1995;Zanu et al., 2012). Similar
results were observed in current experiment that by increase in moisture contents in meat
lowers the fat contents of meat and vice versa. MOLM is reported to have anti-chestrolic
property that’s why fat content were lower in birds’ meat fed on it.
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Figure 4.2.8.1 Effect of different levels of Moringa oleifera leaf meal on crude protein (%) in
diets of broiler bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.8.3 Effect of different levels of Moringa oleifera leaf meal on crude fibre (%) in
diets of broiler bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.2.8.3 Effect of different levels of Moringa oleifera leaf meal on metabolizable
energy (Kcal/Kg) (%) in diets of broiler bird. ± vertical bars represent standard errors. Means
for any trait not sharing common letter(s) in their respective group differ significantly (P ≤
0.05).
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4.2.8 Chemical analysis of feed
4.2.8.1 Results
There was no statistical difference between mean values of crude protein (%) in feed offered
to broiler birds containing MOLM inclusions at different rates but it can be seen form figure
4.2.8.1 that numerical values of crude protein were higher in all treatments containing
MOLM as compared to control (T1). In case of crude fibre, lower mean values were observed
in T1 containing (0% MOLM) in feed while all other mean values of crude fat were not
statistically significant among all dietary treatments (4.2.8.2).
On other hand ME was also affected non-significantly (4.2.8.3) by dietary inclusions of
MOLM in feed. Only lower numerical values of ME were found in T1 treatment containing
0% MOLM.
4.2.8.2 Discussion
Our results confirmed the hypothesis that MOLM is a nutritional, healthy feed for poultry
birds. It was noted that MOLM contents exhibited nutritional status close to other poultry
leaf meals such as Gliricidia sepium, Sesbania sesban and Leucaena leucocephala which
indicate the nutritional importance of MOLM. However, we observed lower nutritional
values for DM (85%), CP (23%), CF (23) and Ash than those reported by Makkar and
Becker (1997) and Kakengi et al. (2007) which might be attribute to environmental factors
such as stage of maturity, geographical location, climatic conditions and season. Chemical
analysis shows that the feed components used in the preparation of experimental feeds were
within the ranges as stated by NRC (1994) and Mellau (1999). By increasing MOLM
contents in birds’ diet is in lines with the results of Abou-Ellez et al. (2011) and suggests that
MOLM is a good natural source of CF that can be supplemented in poultry feeds to improve
their nutritional status.
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4.3 Experiment 3: Effect of Moringa oleifera leaf meal on production
parameters and economics of Quail (Coturnix coturnix) birds
4.3.1 Production Parameters
4.3.1.1 Feed intake (g/bird)
4.3.1.1.1 Results
Moringa oleifera leaf meal showed significant (P<0.05) effect on total feed intake during
experimental period. There was a consistent increase in feed consumption of birds as level of
MOLM was increased up to 15% in diet after it the feed consumption of quail birds was
decreased when level of MOLM inclusion increased from 15-20%. The result showed that
birds in T2 and T3 fed on 5 and 10% Moringa based diet performed significantly (P < 0.05)
better than the birds of the control (T1) group in terms of higher feed ingestion (T2 22.13
g/bird, T3 20.16 g/bird and T1 15.53 g/bird) while the feed intake was lower in T4 (14.33
g/bird) and T5 (12.88 g/bird). This result also suggests that the addition of MOLM at levels
up to 10% does not negatively affect the feed intake.
Similarly mean values of total feed consumed during experimental period (35 days) were
543.66, 774.66, 705.83, 501.66 and 450.8 g/ bird in T1, T2, T3, T4 and T5 respectively.
Dietary treatments showed significant (P<0.05) effect on total feed consumed during
experimental period. The result showed that birds in T2 and T3 fed on Moringa based diet
performed significantly (P < 0.05) better than the birds of the control (T1) group in terms of
higher feed ingestion while the feed consumed was lower in T1 and T5. This result also
suggests that the addition of MOLM at levels up to 10% does not negatively affect the feed
intake.
4.3.1.1.2 Discussion
The observation is in agreement with reports by (Herbert, 1998; Onwudike, 1995; Raharjo et
al., 1987; Mishra et al., 1977) on various birds species. The result showed that birds in T2 and
T3 fed on Moringa based diet performed significantly (P < 0.05) better than the birds of the
control T1 group in terms of higher feed intake. In contrast findings of Gadzirayi et al. (2012)
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and Tesfaye et al. (2012) reported decrease in feed intake of birds fed MOLM. Atuahene et
al. (2008) also reported no significant effect on feed intake of birds using different levels of
Moringa leaf meal in ration. Difference in results of these studies may be due to the
difference may be due to ingredients replaced in the experimental rations, age, sex, type of
animal and the levels of MOLM.
Sarwatt et al. (2004) and Kakengi et al. (2003) reported that birds fed on moringa
incorporated feed showed better (P < 0.05) as compared to the chicks of control group having
no MOLM in their diets. This correlates the findings of Fuglie (1999) on enhanced FI in
birds nourished on MOLM substituted diets. The presence of antimicrobial properties and
rich contents of nutrients (Sarwatt et al., 2004; Kakengi et al., 2003) in moringa (Fahey et al.,
2001) might be responsible for these results. It is also reported that Moringa oleifera have
natural digestive enzyme lysine which helps to digest the fibrous diet in animals (Greg,
2008).
4.3.1.2 Weight gain
4.3.1.2.1 Results
Statistical analysis of data showed significant effect on weight gain in quail birds. Mean
values of weight gain observed in T1, T2, T3, T4 and T5 were 89.81, 109.65, 106.31, 93.65
and 86.31 g/bird respectively. The effect of MOLM on weight gains in quail birds per
treatment was significantly higher only for T2 (109.6 g/bird) treatment compared to other
dietary treatments followed by T3 (106.31 g/bird), T4 (93.65 g/bird) and T1 (89.81 g/bird).
Overall, the birds in T2 treatment group recorded the highest body weight gain followed by
those of T3 treatment. The birds fed under T5 treatment group had the lowest weight gain
(86.31 g/bird). Similar trends were observed in average daily and weekly weight gains of
birds.
4.3.1.2.2 Discussion
The findings of Nworgu and Fasogbon (2007) are in lines with this study who observed
significant effect of C. pubescens leaf meal based diets on body weights of birds. Similarly
Omeje et al. (1997) listed similar results in terms of weight gain when he fed broiler birds 510% leaf meal of C. pubescens. Same is the case with Nworgu (2004) who observed
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accelerated weight gain in the birds offered leaf meal of C. pubescens at the rate of 2.5-5%
as compared to control. On the other hand, Du et al. (2007) reported that MOLM did not
effect the growth rate of broiler birds significantly when incorporated at the range of 0.5-3%
in their diets. The growth rate was decreased when commercial birds were offered meal
containing higher levels of leaf meal of Ipomoea asarifolia. (Ekenyem and Madubuike,
2006). On other hand, D’Mello and Acamovic (1989) in their research conducted on broiler
birds reported an increase in growth rate due to LLM. There was same observation
(accelerated weight) about RIR birds fed on diets containing moringa seed meal therefore
moringa powder is good source of alternative supplement for birds in peri-urban and rural
areas for poultry production where moringa is available and can be cultivated easily (Melesse
et al., 2011). Sarwatt et al. (2004) and Kakengi et al. (2003) reported that birds fed on 10%
and 15% moringa incorporated feed showed better (P < 0.05) as compared to the chicks of
control group having no MOLM in their diets. This correlates the findings of Fuglie (1999)
on enhanced growth rate in birds nourished on MOLM substituted diets. The presence of
antimicrobial properties and rich contents of nutrients (Sarwatt et al., 2004; Kakengi et al.,
2003) moringa (Fahey et al., 2001) might be responsible for these results. It is also reported
that Moringa oleifera have natural digestive enzyme lysine which helps to digest the fibrous
diet in animals (Greg, 2008). Therefore the performance of birds in terms of growth rate due
to presence of lysine in MOLM which accelerates feed intake and ultimately the growth rate
is boosted up. MOLM should be incorporated in diets of poultry birds to increase their
performance and for enhancing their growth rate.
Increase in growth rate of broiler birds offered diets having MOLM might be property of rich
protein percentage of feeds which capably metabolized the growth rate in birds. This finding
was in lines with the results of Kakengi et al. (2003); Olugbemi et al. (2010) and Banjo
(2012) who reported that the addition of MOLM in feed of birds efficiently augmented
weight gain when mixed 1% in their diets which was proportionally more as compared to
control. The birds fed on diets incorporated with 5% MOLM gained more weight as
compared to those fed on higher incorporation levels. This result may be assigned to higher
crude fibre percentage which may be responsible for absorption and nutrient digestion
(Aderemi, 2003; Onu and Otuma, 2008; Onu and Aniebo, 2011). Tannins are also
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Figure 4.3.1.1.1 Initial body weights of quail birds used in present study. ± vertical bars
represent standard errors. Means for any trait not sharing common letter(s) in their respective
group differ significantly (P ≤ 0.05).
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Figure 4.3.1.1 Effect of Moringa oleifera leaf meal (MOLM) on mean values of feed intake
in quail birds. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.1.1.1 Effect of Moringa oleifera leaf meal (MOLM) on mean values of total feed
consumed by quail birds. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.1.2 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on total
weight gain. ± vertical bars represent standard errors. .Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.1.2.1 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on
average daily weight gain. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
Weekly weight gain (g/bird)

25
20
15
10
5
0

a

b

c

T1

T2

T3

d

e

T4

T5

Figure 4.3.1.2.2 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on
average weekly weight gain. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).

141

responsible for decreased body weight of birds when MOLM is incorporated at higher rates
in diets of poultry birds. Therefore MOLM should be incorporated in diets of poultry birds up
to 10% for better results.
It is also reported that one kilogram of moringa leaves contain 1-23 g of tannin (Kakengi et
al., 2003). Tannin are associated with the restrict utilization lipids, carbohydrates and protein
lipids (Esonu et al., 2001). The birds fed on control diet showed lower weights as compare to
MOLM substituted group due to lower protein contents in diets which was not capable to
accelerate the growth rate of birds.
4.3.1.3 Feed Conversion Ratio (FCR)
4.3.1.3.1 Results
Addition of Moringa oleifera leaf meal in diets of quails improved feed conversion ratio of
birds. The best FCR was observed in treatment T2 among all treatments in which 5% MOLM
was included. The overall FCR values of T1, T2, T3, T4 and T5 were 6.18, 5.71, 6.22, 6.50 and
6.09 respectively. The birds in T2 (5% MOLM) performed best in terms of FCR followed by
T3 (10% MOLM). Higher FCR values were observed in T5 and T1 respectively.
4.3.1.3.2 Discussion
It means that MOLM did not effected the performance of broiler birds adversely and its
inclusions up to 15% are recommended for optimal performance of poultry birds’ strains in
days of feed deficiency. Therefore, in areas where Moringa oleifera is available free of cost,
should be incorporated in feed of commercial birds to reduce feed cost. It will ultimately
reduce the cost of production and will result in more profit generation from flocks.
Fasuyi et al. (2008) observed reduced FER (feed efficiency ratio) in broiler birds fed the diets
having different rates of ACLM (Amaranthus cruentus leaf meal) as an alternative protein
source. Moreover, low FER was observed in broiler birds fed diets incorporated 5, 10 and 15
cassava (Iheukwumere et al., 2008) and IALM (I. asarifolia leaf meal), (Ekenyem and
Madubuike, 2006). Similarly, Kakengi et al. (2007) observed better feed conversion ratio in
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Figure 4.3.1.2.3 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on final
body weight. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.1.3 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on feed
conversion ratio of birds. ± vertical bars represent standard errors. Means for any trait not
sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.2 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on dressing
percentage of birds. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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layers fed 20% M. oleifera leaf meal. Ebenebe et al. (2012) observed better feed conversion
ratio in treatments having 10 and 15% leaf meals.
This correlates the findings of Fuglie (1999) on enhanced FCR in birds nourished on MOLM
substituted diets. The presence of antimicrobial properties and rich contents of nutrients
(Sarwatt et al., 2004; Kakengi et al., 2003) of moringa (Fahey et al., 2001) might be
responsible for these results. It is also reported that Moringa oleifera have natural digestive
enzyme lysine which helps to digest the fibrous diet in animals (Greg, 2008). Therefore the
performance of birds in terms of FCR improved due to presence of lysine in MOLM which
accelerates feed intake and ultimately the FCR is boosted up. MOLM should be incorporated
in diets of poultry birds to increase their performance and for enhancing their growth rate.
4.3.2 Slaughter Data
4.3.2.1 Dressing percentage
4.3.2.1.1 Results
The Moringa oleifera leaves meal inclusion in the diets globally had significant (P<0.05)
effect on dressing carcass quail birds. Mean values of dressing percentage of quail birds fed
ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 4% MOLM (T4) and 20%
MOLM (T5) were 75.73, 84.55, 84.39, 79.17 and 66.83 % respectively. Statistical analysis of
data showed significant effect between dressing percentages of quail birds under study.
Highest dressing percentage was obtained from birds fed in T2 (5% MOLM) which was
followed by the birds in T3. The birds in T5 and T1 (control) got the lowest among all
treatments in terms of dressing percentage. Therefore it can be concluded that addition of
MOLM in diets of quail birds affect dressing percentage positively.
4.3.2.2 Discussion
Dressing carcass calculated in this study (66.83 -84.39%) is similar to those recorded in
Burkina (66%-80%) by Kondombo (2005), in Congo (71.5%-78.4%) by Fulbert et al. (2010),
and in Senegal (67%-79%) by Ali (2001), Buldgen et al. (1992) and (76.39%) by Ayssiwede
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et al. (2011). But this observed percentage is bit higher than those reported in Nigeria (5468.5%) by Adebanjo and Oluyemi (1981) and Joseph et al. (1992) and in Ethiopia and
Cameroon (62-64%) by Halima et al. (2007) and Fosta et al. (2008).
These results are in correspondence with El-Tazi (2014) who observed significant effect on
cold and eviscerated carcass of birds nourished on MOLM incorporated diets as compared to
control group having no MOLM in diets. Similarly, these findings were in agreement with
the accelerated growth level which ultimately resulted in heavier slaughter weight (El-Tazi,
2014). Hayse and Marion (1973) also reported similar results who described that heavy
weight birds at slaughter would have greater dressing percentage and their eviscerated yield
more as compared to the birds of low weight. These observations are in statement with those
reported by Ologhobo et al. (2014) who described that heavier slaughter weights were
observed of birds fed on MOLM based diets as compared to the control birds having no
inclusions of Moringa oleifera leaf meal in their diets and they showed the lowest slaughter
weights as compared to 5-10 MOLM group. Similar trend was observed for dressed weight
of birds. Therefore, MOLM is suggested as a good ingredient of feed for commercial birds
(El-Tazi, 2014).
Ologhobo et al. (2014) observed that birds fed (200 g MOLM/100 Kg Feed) gained the
highest slaughter weight as compared to control diet and found similar effects of MOLM on
dressed weight. These observations were in agreement with present study in terms of layers'
dressing percentage. Ayssiwede et al. (2011) reported that MOLM incorporation in the feeds
of birds overall had no negative effect on dressing carcass.

145

Relative heart weight
1
0.8
0.6
0.4
0.2
0

a

T1

a

T2

a

a

a

T3

T4

T5

Figure 4.3.3.1 Effect of Moringa oleifera leaf meal inclusion in diets of quail birds on
relative heart weight of birds. ± vertical bars represent standard errors. Means for any trait
not sharing common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.3.2 Effect of different levels of Moringa oleifera leaf meal on relative gizzard
weight in quail bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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Figure 4.3.3.3 Effect of different levels of Moringa oleifera leaf meal on relative liver weight
in quail bird. ± vertical bars represent standard errors. Means for any trait not sharing
common letter(s) in their respective group differ significantly (P ≤ 0.05).
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4.3.3 Relative organ weight
The relative weights of organs (heart, liver and gizzard) of quail birds were determined based
on 100 g live weight of experimental birds. The results about relative organ weight have been
discussed below separately:
4.3.3.1 Relative heart weight
4.3.3.1.1 Results
The mean values of relative crop weight are shown in figure 4.3.3.1. The statistical analysis
of data showed non-significant (P>0.05) effect on relative heart weight of quail birds offered
feed containing different levels of Moringa oleifera leaf meal. Mean values of relative heart
weight of quail birds fed ration 0% MOLM (T1), 5% MOLM (T2) , 10% MOLM (T3) , 15%
MOLM (T4) and 20% MOLM (T5) were 0.82, 0.84 , 0.82, 0.83 and 0.83 g respectively.
4.3.3.1.1 Discussion
El-Tazi (2014) fed broiler birds on different levels of MOLM in their diets and observed
values of heart percentage range between 0.50 to 0.51% and reported that there was not
significant effect of MOLM inclusions in diets of birds on their heart percentages. These
results are in lines with present study but difference was observed between mean values of
heart percentages observed in present experiment and the values listed by El-Tazi (2014).
This fluctuation may be due difference in type of experimental birds because in present study
quail birds were offered different feed formulations containing varying levels of MOLM in
their diets while El-Tazi (2014) fed broiler birds.
As shown in figure (4.3.3.1) there was no significant effect on heart percentage between all
treatments. The mean values were within normal range as observed by other researchers in
different experiments. This result is in agreement with the report of Zanu et al. (2012) who
described that the mean values of relative crop weight of birds fed on MOLM containing diet
were effected non-significantly by addition of MOLM and measured mean values for relative
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crop weights of egg laying birds were within the range as listed by Asafa et al. (2012) and ElTazi, (2014).
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
4.3.3.2 Relative gizzard weight
4.3.3.2.1 Results
Dietary treatments showed non-significant (P>0.05) effect on relative gizzard weight. The
result showed that birds fed in T1, T2, T3, T4 and T5 had mean values of relative gizzard
weight of 1.66, 1.67, 1.66, 1.66 and 1.65 % respectively.
4.3.3.2.2 Discussion
As shown in figure (4.3.3.2) there was no significant effect relative gizzard weight between
all treatments. The mean values within normal range of birds as observed by other
researchers in different experiments. This result is in agreement to the report of Zanu et al.
(2012) who described that the parameter measured in term of relative heart weight of birds
fed on MOLM containing diet was affected non-significantly by addition of MOLM and the
measured mean values for relative gizzard weight were different as reported by Asafa et al.
(2012) and El-Tazi, (2014) because they both conducted their trials on broiler birds while in
current experiment MOLM was added in diets of quail birds.
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight nonsignificantly and increase of organs weight was corresponds to the live body weight of the
experimental birds.
These fluctuations in organ weight measured in different studies could be due to the age,
LBW (live body weight), sex of birds (Male or Female), type of carcass, bird ecotypes or
seasons. Cockerels (male chicken) often having higher Dressing Carcass than hens, the
preponderance of male birds in groups can increase the dressing percentage (DCP) mean and
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vice versa. Similarly organs development is often related to live body weight or age of
animals (Ayssiwede et al., 2011). Kondombo (2005) had shown that the DC of birds
slaughtered in dry season was higher as compared to the birds killed in rainy season.
4.3.3.3 Relative liver weight
4.3.3.3.1 Results
Mean values of relative liver weight (Figure 4.3.3.3) of quail birds fed on different levels of
MOLM were 1.26, 1.27, 1.26, 1.25 and 1.25 % in T1 (0% MOLM), T2 (5% MOLM), T3
(10% MOLM), T4 (15% MOLM) and T5 (20% MOLM). Statistically there were nonsignificant effects of MOLM inclusion in diets of quail birds on their liver weight among
dietary treatments.
4.3.3.3.2 Discussion
As shown in figure (4.3.3.3) there was no significant effect relative liver weight between all
treatments. This result is in accordance to the reports of Zanu et al. (2012). El-Tazi, (2014)
also observed non-significant effects of MOLM incorporation in diets of layer birds on
carcass characteristics.
Similarly, Ayssiwede et al. (2011) reported that MOLM improved whole organs weight
(liver, heart, lungs and spleen) non-significantly and increase in weight of organs among
treatments were in corresponds to the mean live weight of the experimental birds.
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Table 4.3.4: Data showing economics1 of quail birds’ production kept under different
treatment groups
Parameters
T1
T2
T3
T4
T5
SEM
Cost of 10 chick (Rs)

200

200

200

200

200

-

Feed cos/Kg (Rs)

44

43

42

41

40

-

Total feed consumed by

5.5533bc

6.3933a

6.6208a

5.8333b

5.25c

0.774

244.35b

274.91a

278.8a

239.17b

210c

8.64

100

100

100

100

-

602.4a

605.88a

563.08b

531c

9.50

1.42a

1.36b

1.2c

1.16d

0.0107

625

625

625

625

-

Generated(IG) 751.04c

889.58a

854.17b

750c

729.17d

6.68

weight 182.26c

287.18a

248.28b

186.92c

198.17c

14.51

10 birds in 35 days (Kg)
Feed cost 10 birds (Rs)

Miscellaneous* 10 birds 100
(Rs)
Total cost for 10 birds 568.78b
(TC) Rs
Live weight of 10 birds 1.20c
(Kg) (LW)
Sale

price/Kg

live 625

weight= 625xLW
Income
(Rs.)
Net

profit/Kg

(Rs)=IG-TC
* Miscellaneous includes cost of litter and medication
1= Economics values calculated in each row were for 10 birds
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4.3.4 Economics of quail production
4.2.5.1 Total cost per bird (Rs.)
4.2.5.1.1 Results
Analysis of variance of data revealed that inclusion of Moringa oleifera leaf meal in diets of
quail birds significantly affected the total cost per bird. The calculated mean values of total
cost/ten quail birds in T1, T2, T3, T4 and T5 were 568.78, 602.4, 605.88, 563.08 and 531
rupees (PKR) respectively. The lowest cost was observed in T5 (20% MOLM) while the
highest feed cost was calculated in T3 (10% MOLM).
4.2.5.2 Net profit per bird (Rs.)
4.2.5.2.1 Results
There was statistically significant difference (P<0.05) across treatments in net profit among
treatments. The profit generated after selling 10 quail birds was 182.26, 287.18, 248.28,
186.92 and 198.17 rupees from T1, T2, T3, T4 and T5 respectively. The treatment in which 5%
MOLM was incorporated i.e., T2 showed itself most economically profitable among all
treatments followed by T3, T5, T4 and T1 respectively. Quail birds in treatments having 5%
(T2) and 10% (T3) MOLM in feed outperformed in terms of net profit.
4.2.5.3 Discussion
Like to Onibi et al. (2008), our net profit increased with the inclusion level of Moringa leaves
meal in the diet because its price was lower than the markets for the industrial poultry feed.
As compared to the control, the T2 and T3 dietary treatments had allowed realizing
respectively a supplementary net profit while the T5 treatment had resulted in minimum
profit. These results were in lines with those obtained by Hien and Hung (1998) and Hien
and Inh (1996) in which the inclusion of 5-6% of Leuceana leaves treated with ferrous
sulphate in the diets had significantly reduced the feed costs/bird. They are also supported by
the findings of Onibi et al. (2008) in Nigeria and Tendonkeng et al. (2008).
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CHAPTER 5
5.1 SUMMARY, CONCLUSIONS AND FUTURE RESEARCH
STUDIES
In all experiments feed consumption was significantly reduced in birds in control groups in
which MOLM was not incorporated in birds’ diet. The result showed that birds in T2 (5%
MOLM) and T3 (10% MOLM) fed on Moringa based diet performed significantly (P < 0.05)
better than the birds of the control T1 group in terms of higher feed intake. This result also
suggests that the addition of MOLM at levels up to 10% does not negatively affect the feed
intake. Moringa was also reported to have a natural enzyme which aid digestion of fibrous
food in animals (Greg, 2008).
In egg laying birds, laying percentage significantly increased in birds fed on 5% (T1) and
10% (T2) MOLM. The layer birds in T2 and T3 also excelled in terms of egg mass
production, albumen proportion, Roche colour fan score, egg shape index and egg shell
percentage as compared to control treatment while birds in T4 and T5 fed on 15 and 20%
MOLM diets performed significantly better in terms of shell thickness and Roche colour fan
band number and got higher numerical mean values of yolk index percentage among all
treatments.
In layers there was no statistical difference in mean values of Eosinophils, Lymphocyte and
Monocyte Blood glucose, Serum albumen and Serum globulin while addition of MOLM in
diets of layer birds significantly affected mean values of RBC, WBC, Haemoglobin, Total
protein, A/G ratio, Cholesterol, Triglyceride, HDLC, LDLC and VLDL. The general non
significance of the WBC across treatments indicates that the experimental diets neither
impaired nor enhanced the birds ability to ward off infection (Olugbemi et al., 2010b).
The FCR values of birds in T2 and T3 for egg production were significantly better than
control and other treatments which was a desirable trait that’s why birds grouped under T2
and T3 performed economically and significantly better and generated more profit than all
other treatment groups.
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The difference between final body weights (FBW) of birds (both broiler and quail birds) per
treatment was significantly higher for T2 and T3 treatment groups compared to other dietary
treatments in all experiments. Overall, the birds in T2 and T3 treatment group recorded the
highest final body weights followed by other treatments.
The inclusion of M. oleifera leaves meal in the diets had no significant adverse effects
(p>0.05) on feed conversion ratio calculated in terms of feed consumed per Kg weight gain
of birds in different dietary treatments (T2 and T3) compared to the control in all experiments.
It had significantly improved the FCR mean values in birds fed Moringa leaves based diets
as compared to control birds. For all the trial period, the birds in T2 and T3 dietary treatment
had recorded best FCR followed by those in other treatment groups.
The Moringa leaves meal inclusion in the diets globally had significant effect on dressing
carcass in all experiments. It had a no significant improvement in whole organs (liver, heart
lungs and spleen) weight and this increasing of organs weight was proportional to the live
body weight of birds. The relative organs development is often proportional to live body
weight or age. Kondombo (2005) had shown that the dressed carcass of traditional chickens
slaughtered in dry season was higher than that of birds killed in rainy season. The relative
spleen weight was found to be significant (Ayssiwede et al., 2011) among all dressing
carcass both in layer and broiler birds.
In case of broiler birds there was no statistical difference in mean values of Eosinophils,
Lymphocyte and Monocyte Blood glucose, Total protein, Serum albumen, Serum globulin
and A/G ratio while addition of MOLM in diets of layer birds significantly affected mean
values of RBC, WBC, Haemoglobin, Cholesterol, Triglyceride, HDLC and LDLC.
In all experiments our net profit increased with the inclusion level of Moringa leaves meal in
the diet because its price was lower than that markets for the industrial poultry feed. For all
the experimental period, the T5 treatment which had the lowest feed cost, the feed costs per
bird were significantly higher in other treatment groups. As a result, compared to the control,
the T2 and T3 dietary treatments had allowed realizing respectively a supplementary net profit
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while the T5 treatment had resulted in lower profit in all experiments (i.e., layer, broiler and
quail birds).
5.2 Mortality
No any mortality was found in all three experiment. This property also shows that moringa
medicinal and therapeutic (Fahey, 2005) value of plant.
5.3 Future Studies
On the bases of these findings, following future studies can be devised to have in depth
and complete knowledge about moringa.


Moringa leaves as whole fodder and supplement should be given to livestock for
investigating its effects on meat and milk production and also the quality of the
products.



The antinutritional factors should also be studied to find out if there is any draw back
for using moringa leaves as fodder.



Moringa leaf extract (MLE) is rich in zeatin and have promoting effect as seed
priming agent on rangeland grasses. The zeatin contents should be quantified and its
mode of action as priming agent should be explored.

154

REFERENCES
Abdulkarim, S., K. Long, O. Lai, S. Muhammad and H. Ghazali. 2007. Frying Quality and
Stability of High-Oleic Moringa oleifera Seed Oil in Comparison with Other
Vegetable Oils. Food Chemistry, 105(4): 1382-1389.
Abou-Elezz, F., L. Sarmiento-Franco, R. Santos-Ricalde and F. Solorio-Sanchez. 2011.
Nutritional Effects of Dietary Inclusion of Leucaena leucocephala and
Moringa Oleifera Leaf Meal on Rhode Island Red Hens’ Performance. Cuban
Journal of Agricultural Science, 45(2): 163-169.
Adebanjo, A. and J. Oluyemi. 1981. Studies on the Meat Production Potential of the
Indigenous Fowl of Nigeria: Ii. The Effect of Age on Meat Yield and Quality.
Bulletin of animal health and production in Africa. Bulletin des santé et
production animales en Afrique, 29(4): 389.
Aderemi, F. 2003."Effect of Enzyme Supplemented Cassava Siriate in Cassava Based Diet
on Some Visceral Organs of Pullet Chicks." Paper presented at the Proc. Of
the 8th Annual Conference of the Animal Science Society of Nigeria.
Afzal, I., S.M.A. Basra, N. Ahmad, M.A. Cheema, E.A. Warraich, A. Khaliq. 2002. Effect of
priming and growth regulator treatment on emergence seedling growth of
hybrid maize. International Journal of Agriculture and Biology, 4: 303-306.
Ahamefule, F., B. Obua, I. Ukweni, M. Oguike, and R. Amaka. 2008. Haematological and
Biochemical Profile of Weaner Rabbits Fed Raw or Processed Pigeon Pea
Seed Meal Based Diets. African Journal of Agricultural Research, 3(4): 315319.
Ahaotu, E., C. Ezeafulukwe, C. Ayo-Enwerem, and B. Ekenyem. 2013. Effects of Enzyme
Fortified Raw Moringa Seed (Moringa Oleifera) Waste Diets on Nutrient
Utilization and Haematological Parameters of Broilers. International Journal
of Applied Science and Engineering Research, 1(1): 25-30.
Ahmad, F., A.M. Ahsan-ul-haq, J. Hussain and M.Z. Siddiqui. 2010. Production Performance
of White Leghorn Hens under Different Lighting Regimes. Pakistan
Veterinary Journal, 30(1): 21-24.

155

Ahmed, K., Z.I. Khan, M.M. Contentsram, M.M. Contentsraf and I.E. Valeem. 2008. Forage
evaluation for some trace elements. A case study in the soon valley, Pakistan.
Pakistan Journal of Botany, 40(3): 999-1004.
Akande, T., M. Adeyeri and O. Longe. 2008. Nutritional and Economic Value of Leaf Meal
(Tephrosia Bracteolata) in Diet of Laying Hens. Journal of Animal and
Veterinary Advances 7(7): 784-788.
Al-Bari, M.A.A., M.A. Sayeed, M.S. Rahman and M.A. Mossadik. 2006. Characterization
and Antimicrobial Activities of a Phenolic Acid Derivative Produced by
Streptomyces Bangladeshiensis a Novel Species Collected in Bangladesh.
Research Journal of Medicine and Medical Sciences, 1 (2): 77-81.
Aletor, V. 1999. Some Agro-Industrial by-Products and Wastes in Livestock Feeding. A
Review of Problems and Prospects. World Review of Animal Production, 32:
26-29.
Ali, D. 2001. "Etude De L’influence Du Niveau Énergétique De La Ration Sur La
Productivité De La Poule Locale (Gallus Domesticus)." Thèse Méd. Vét.,
EISMV: Dakar, pp,26.
Annongu, A., A. Toye, O. Karim, F. Sola-Ojo, S. Ashi, K. Olasehinde, O. Adeyina and J.
Aremu. 2013. Changes in Metabolic Nutrients Utilization and Alterations in
Biochemical and Hematological Indices in Broilers Fed Graded Levels of
Dietary Moringa oleifera. Bulletin of Environment, Pharmacology and Life
Sciences, 2(10): 14-18.
Anwar, F., S. Latif, M. Ashraf and A.H. Gilani. 2007. Moringa oleifera: A Food Plant with
Multiple Medicinal Uses. Phytotherapy research 21,(1): 17-25.
Anon. 1980. Guide to the Care and Use of Experimental Animal. Vol 1. Canadian Council of
Animal Care.Ottawa Canada, pp: 185–190.
Anonymous. 1998. http://moringafarms.com/written-materials. (Accessed on August 20,
2013).
AOAC. 1990. Association of Official Analytical Chemists. Official methods of analysis. 13
ed. Association of Official Analytical Chemists, Washington DC, USA.
Aregheore, E.M. 2002. Intake and digestibility of Moringa oleifera–batiki grass mixtures by
growing goats. Small Ruminant Research, 46(1): 23-28.
156

Asafa, A., A. Ologhobo and I. Adejumo. 2012. Performance and Carcass Characteristics of
Broiler Finishers Fed Different Levels of Poultry Offal Meal and Crayfish
Waste Meal as Replacement for Fishmeal. American Journal of Experimental
Agriculture, 2(4): 690-699.
Ash, A. and L. Petaia. 1992. Nutritional Value of Sesbania grandiflora Leaves for
Monogastrics and Ruminants. Tropical agriculture, 69(3): 223-228.
Atuahene, C.C., V. Attoh-Kotoku, K.D. Fosu, S.E. Amissah, F.K. Sarfo and J.J. Mensah.
2010. Preliminary study of the effect of feeding Moringa oleifera leaf meal as
a feed ingredient on the growth performance of broiler chickens. Proceedings
of the 28th and 29th Ghana Animal Science Association held at the University
of Education, Winneba, Mmpong Campus, -9th August, 2008. pp. 72-75.
Ayssiwede, S.B., J. Zanmenou, Y. Issa, M. Hane, A. Dieng, C. Chrysostome, M. Houinato,
J.L. Hornick and A. Missohou. 2011. Nutrient Composition of Some
Unconventional and Local Feed Resources Available in Senegal and
Recoverable in Indigenous Chickens or Animal Feeding. Pakistan Journal of
Nutrition 10(8): 707-717.
Babu, S.C., 2000. Rural nutrition interventions with indigenous plant foods: a case study of
vitamin deficiency in Malawi. International Food Policy Research Institute,
Washington, DC. Biotech. Agron. Soc. Environ., 4: 169–179
Bamikole, M.A., M.I. Ikhatua, U.J. Ikhatua and I.V. Ezenwa. 2005. Nutritive Value of
Mulberry (Morus spp) leaves in growing rabbits in Nigeria. Pakistan Journal
of Nutrition, 4(4): 231-236.
Banjo, O. 2012. Growth and Performance as Affected by Inclusion of Moringa oleifera Leaf
Meal in Broiler Chicks Diet. Journal of Biology, Agriculture and Healthcare,
2(9): 35-38.
Basra, S.M.A., M. Zahar, H. Rehman, A. Yasmin and H. Munir. 2009a. Evaluating the
response of sorghum and moringa leaf water extracts on seedling growth in
hybrid maize. In: Proceedings of the International Conference on Sustainable
Food Grain Production: Challenges and Opportunities. University of
Agriculture, Faisalabad, Pakistan, pp. 22.

157

Basra, S.M.A., R. Zahoor, H. Rehman, I. Afzal and M. Farooq. 2009b. Response of root
applied brassica and moringa leaf water extracts on seedling growth in sunfl
ower. In: Proceedings of the International Conference on Sustainable Food
Grain Production: Challenges and Opportunities. University of Agriculture
Faisalabad, Pakistan, pp. 23.
Berry, S. and J.P.F. D'Mello. 1981. A of Leucaena leucocephala and Grass Meals as Sources
of Yolk Pigments in Diets for Laying Hens. Tropical Animal Production, 6(2):
167-173.
Bhatnagar, R., M. Kataria and S. Verma. 1996. Effect of Dietary Leucaena Leaf-Meal (LLM)
on the Performance and Egg Characteristics in White Leghorn Hens. Indian
journal of animal sciences, 66(12): 1291-1294.
biometrical approach 3rd Ed. McGrach Hill. Co.
Booth, F.E. and G.E. Wickens. 1988. Non-Timber Uses of Selected Arid Zone Trees and
Shrubs in Africa. Food & Agriculture Organization.
Bosh, C.H. 2004. USDA National Nutrient Database for standard reference. In: Grubben,
G.J.H. and Denton, O.A. (eds). PROTOA Foundation, Wageningen
Netherlands/CTA, Wageningen, Netherlands, pp. 392- 393.
Buldgen, A., F. Detimmerman, B. Sall and R. Compere. 1992. Etude Des Paramètres
Démographiques Et Zootechniques De La Poule Locale Du Bassin Arachidier
Sénégalais. Revue d'élevage et de médecine vétérinaire des pays tropicaux,
45:3-4.
Charina, J. 2006. RUMD FNRIDOST S&T Media Service 2006 Food and Nutrition
Research Institute. Department of Science and Technology, General Santos
Avenue, Bicutan, Taguig City.
Costa-Lotufo, L.V., M.T.H. Khan, A. Ather, D.V. Wilke, P.C. Jimenez, C. Pessoa, M.E.A. de
Moraes and M.O.de. Moraes, 2005. Studies of the anticancer potential of
plants used in Bangladeshi folk medicine. J. Ethno Pharm., 99: 2130
D’Mello, J. 1992. Nutritional Potentialities of Fodder Trees and Fodder Shrubs as Protein
Sources in Monogastric Nutrition. Legume trees and other fodder trees as
protein sources for livestock.-Rome: FAO.-339 p.

158

D'mello, J. and D. Thomas. 1978. The Nutritive Value of Dried Leucaena Leaf Meal from
Malawi: Studies with Young Chicks. Tropical Agriculture (UK).
D'Mello, J. and T. Acamovic. 1989. Leucaena leucocephala in Poultry Nutrition—a Review.
Animal Feed Science and Technology 26(1): 1-28.
Donkoh, A., C. Atuahene, Y. Poku-Prempeh, and I. Twum. 1999. The Nutritive Value of
Chaya Leaf Meal (Cnidoscolus aconitifolius (Mill.) Johnston): Studies with
Broiler Chickens. Animal feed science and technology, 77(1): 163-172.
Dougnon, J., A. Edorh, H. Bankole, M. Kpodekon and J. Gbenou. 2011. Efficiency of
Ethanol Extract of Moringa oleifera Lam Leaves for the Treatment of
Staphylococcus aureus Infections in Chicks. Journal of Medicinal Plants
Research, 5(31): 6704-6708.
Du, P., P. Lin, R. Yang, Y. Fan and J. Hsu. 2007. Effects of Dietary Supplementation of
Moringa oleifera on Growth Performance, Blood Characteristics and Immune
Response in Broilers. Journal of the Chinese Society of Animal Science,
36(3): 135-146.
Duke, J.A., 1987. Moringaceae: Horseradish-tree, benzolive-tree, drumstick-tree, sohnja,
moringa, murunga-kai, malunggay. In: Benge, M. (ed.), Moringa: A
Multipurpose Vegetable and Tree that Purifies Water. Sci. and Technol./For.
Environ. and Natural Resources Agro-Forestation Tech. Ser. 27, pp: 19–28.
US AID, Washington, DC.
Ebenebe, C., C. Umegechi and B. Nweze. 2012. Comparison of Haematological Parameters
and Weight Changes of Broiler Chicks Fed Different Levels of Moringa
oleifera Diet. International Journal of Agriculture and Biosciences, 1(1): 2325.
Eggum, B. 1970. The Protein Quality of Cassava Leaves. British Journal of Nutrition,
24(03): 761-768.
Eilert, U., B. Wolters and A. Nahrstedt. 1981. The Antibiotic Principle of Seeds of Moringa
Oleifera and Moringa Stenopetala. Planta medica,42: 55-61.
Ekenyem, B., and C. Onyeagoro. 2006. Replacement Value of Bambaranut voandzeia
Subterranea Sievate for Soyabean Meal Glycin Max on the Performance of

159

Finisher Broiler Chicken. International Journal of Poultry Science, 5(4): 381384.
Ekenyem, B. and F. Madubuike. 2006. An Assessment of Ipomoea asarifolia Leaf Meal as
Feed Ingredient in Broiler Chick Production. Pakistan Journal of Nutrition,
5(1): 46-50.
El-Tazi, S.M. 2012. Effect of Feeding Different Levels of Moringa Oleifera Leaf Meal on
the Performance and Carcass Quality of Broiler Chicks. International Journal
of Science and Research, 3(5): 2319-7064.
Esonu, B., O. Emenalom and A. Udedibie. 2001. Performance and Blood Chemistry of
Weaner Pigs Fed Raw Mucuna Bean (Velvet Bean) Meal. TROP. ANIM.
PROD. INVEST., 4:49-54.
Esonu, O., C. Okoli, M. Opara, O. Obikaonu, C. Udedibie and M. Iheshiulor. 2006.
Physiological Response of Laying Birds to Neem (Azadirachta Indica) Leaf
Meal-Based Diets: Body Weight Organ Characteristics and Haematology.
Online Journal of Health and Allied Sciences 5,2.
Etches, R. J. 1996 Reproduction in poultry. CAB International, University press, Oxford,
Cambridge. pp318.
Ewuola, E.O. and G.N. Egbunike. 2008. Haematological and serum biochemical response of
growing rabbits bucks fed different levels of dietary fumonisin B1. African
Journal of Biotechnology, 7(23):4304-4309.
Ewuola, E., K. Sanni, O. Oyedemi, O. Alaba and T. Lawal. 2011. "Serum Biochemical
Response of Gestating and Lactating Does Administered Graded Moringa
Leaf Extract." Paper presented at the Proc. of 16th Annual Conference of
Animal Science Association of Nigeria (ASAN) held at Kogi State University,
Ayingba, Nigeria.
Ewuola, E., O. Jimoh, O. Atuma and O. Soipe. 2012. "Haematological and Serum
Biochemical Response of Growing Rabbits Fed Graded Levels of Moringa
oleifera Leaf Meal." Paper presented at the World Rabbit Science Association
Proceedings 10th World Rabbit Congress-September.pp3-6.

160

Fahey, J.W., A.T. Zalcmann and P. Talalay. 2001. The Chemical Diversity and Distribution
of Glucosinolates and Isothiocyanates among Plants. Phytochemistry, 56(1):
5-51.
Fahey, W.J. 2005. Moringa oleifera: A Review of the Medical Evidence for Its

Nutritional,

Therapeutic, and Prophylactic Properties. Part-1. Journal of Trees for Life,
1(5):1-15.
Fahey, J.W., A.T. Dinkova-Kostova and P. Talalay, 2004. In: Sies, H. and L. Packer (eds.),
The “Prochaska” Microtiter Plate Bioassay for Inducers of NQO1: Chapter 14
in Methods in Enzymology, Vol. 382, Part B, pp: 243–258, Elsevier Science,
SanDiego, CA.
Faizi, S., B.S. Siddiqu, R. Saleem, K. Aftab, F. Shaheen and A.H. Gilani, 1998.
Hypotensiveconstituents from the pods of Moringa oleifera. Planta Medica,
64: 225–228
Fasuyi, A., F. Dairo and A. Adeniji. 2008. Tropical Vegetable (Amaranthus cruentus) Leaf
Meal as Alternative Protein Supplement in Broiler Starter Diets:
Bionutritional Evaluation. Journal of Central European Agriculture, 9(1): 2334.
Fasuyi, A., S. Fajemilehin and A. Omojola. 2005. The Egg Quality Characteristics of Layers
Fed Varying Dietary Inclusions of Siam Weed (Chromolaena odorata) Leaf
Meal (SWLM). Pakistan Journal of Nutrition, 4(8): 1-6.
Fasuyi, A.O. and V.A. Aletor. 2005. Varietal composition and functional properties of
cassava leaf meal and leaf protein concentrates. Pakistan Journal of Nutrition,
4(1): 43-49.
Folkard, G. 1999. Water clarification using Moringa oleifera seed coagulant water lines.
Tech. Brief, 17(4): 60-68.
Fosta, J., X. Rognon, M. Tixier-Boichard, J.N. Ngoupayou, D.P. Kamdem, Y. Manjeli and A.
Bordas. 2008. Exploitation De La Poule Locale (Gallus gallus) En Zone De
Forêt Humide Du Cameroun. Bulletin of Animal Health and Production in
Africa, 55(1): 59-73.
Francis, J. and H. Liogier. 1991. Naturalized Organic Tree Species in Puerto Rica. Gen.
Tech. Rep. SO 82: 12.
161

Fudge, C. S. 1999. Laboratory Medicine: Avian and Exotic Pets. WB Saunders, Philadelphia,
USA.
Fuglie, L.J., 2001. The Miracle Tree: Moringa oleifera: Natural Nutrition for the Tropics.
Training Manual. Church World Service, Dakar, Senegal.
Fuglie, L.J., 1999. The Miracle Tree: Moringa oleifera: Natural Nutrition for the Tropics, p:
172. Church World Service, Dakar. 68 pp.; revised in 2001 and published as
The Miracle Tree: The Multiple Attributes of Moringa.
Fuglie, L.J., 2000. New Uses of Moringa Studied in Nicaragua. ECHO Development Notes
#68, June, 2000.
Fulbert, A., B. Pierre and N. Christophe. 2010. Croissance Pondérale Et Productivité De La
Poule Locale Gallus domesticus En Élevage Fermier Au Congo. Animal
Genetic Resources/Ressources

génétiques animales/Recursos genéticos

animales 46: 61-65.
Furo, N. and A. Ambali. 2011. Acute and Sub-Acute Toxicity Studies of Ethyl Acetate
Aqueous Extract of Moringa oleifera Root in Chickens. CENTREPOINT
JOURNAL (Science Edition) 17,2.
Gadzirayi, C., B. Masamha, J. Mupangwa and S. Washaya. 2012. Performance of Broiler
Chickens Fed on Mature Moringa oleifera Leaf Meal as a Protein Supplement
to Soyabean Meal. International Journal of Poultry Science, 11(1): 5-10.
Galan, M.V., A.A. Kishan and A.L. Silverman, 2004. Oral broccoli sprouts for the treatment
of Helicobacter pylori infection: A preliminary report. Digest. Dis. Sci., 49:
1088–1090.
Ghasi, S., E. Nwobodo and J. Ofili. 2000. Hypocholesterolemic Effects of Crude Extract of
Leaf of Moringa oleifera Lam in High-Fat Diet Fed Wistar Rats. Journal of
Ethnopharmacology, 69(1): 21-25.
Gilani, A.H., K. Aftab, A. Suria, S. Siddiqui, R. Saleem, B. S. Siddiqui and S. Faizi, 1994.
Pharmacological studies on hypotensive and spasmolytic activities of pure
compounds from Moringa oleifera. Phototherapy Res., 8: 87–91.
Glover-Amengor, M. and F. Mensah. 2012. Nutritional Evaluation of Moringa oleifera
Leaves Using Three Drying Methods.
GOP. Government of Pakistan. Economic Survey of Pakistan 2013-2014.
162

Greg, M.E. 2008. Effect of Enzymes on Cellulose, European Journal of Applied
Microbiology and Biotechnology, (40):167 -171.
Grubben, G. and O. Denton. 2004. Plant Resources of Tropical Africa 2. Vegetables. Prota
Foundation,

Wageningen,

Netherlands/CTA,

Netherlands.

Wgeningen

backhuys

Publishers,

Netherlands.

Leiden,

Http://www/hort.

purdue/edu/newcrop. duke_energy/moringa, htm. Accessed on 4,05: 2008.
Gualtieri, M. and S. Rapaccini. 1990. Sorghum Grain in Poultry Feeding. World's Poultry
Science Journal, 46(03): 246-254.
Gupta, K., G.K. Barat, D.S. Wagle and H.K.L. Chawla. 1989. Nutrient contents and antinutritional factors in conventional and non-conventional leafy vegetables.
Food chemistry, pp. 105-116.
Hackbarth, H., K. Burow and G. Schimansky. 1983. Strain Differences in Inbred Rats:
Influence of Strain and Diet on Haematological Traits. Laboratory animals,
17(1): 7-12.
Halima, H., F. Neser, E. Van Marle-Koster and A. De Kock. 2007. Village-Based Indigenous
Chicken Production System in North-West Ethiopia. Tropical animal health
and production, 39(3): 189-197.
Hameedun-Nisa, L., D. Shehnaz and S. Faizi, 1998. Measurement of sympatholytic activity
of Moringa oleifera. New Trends in Natural Products. Chemistry
(6thInternational Symposium on Natural Products Chemistry) 269-277.
Harwood Amsterdam.
Haristoy, X., J. W. Fahey, I. Scholtus and A. Lozniewski, 2005. Evaluation of antimicrobial
effect of several isothiocyanates on Helicobacterpylori. Planta Medica, 71:
326–330.
Hayse, P.L. and W.W. Marion. 1973. Eviscerated Yield, Component Parts, and Meat, Skin
and Bone Ratios in the Chicken Broiler. Poultry Science, 52(2): 718-722.
Herbert, U. 1998. Reproductive Performance of Rabbit Does Fed Diets Containing Gliricidia
Leaf Meal from Conception through Weaning of Kits. Nigerian Journal of
Animal Production, 25: 163-168.
Hien, T. and N.D. Hung. 1996. The Effect of Leucaena Leaf Meal on Egg Quality and
Growth of Broiler Chickens. Poultry Science, 75: 296-297.
163

Hien, T.Q. and N.T. Inh. 1998. "The Effect of Supplementing the Diet of Broiler Chickens
with Leucaena Leaf Meal and Feso 4." Paper presented at the Proceedings of
the Workshop on Leuceana-Adaptation, Quality and Farming System held in
Hanoï, Vietnam, 9-14 February, pp: 298-299.
Ige, A., A. Odunsi, J. Akinlade, L. Ojedapo, S. Ameen, O. Aderinola and T. Rafiu. 2006.
Gliricidia Leaf Meal in Layer’s Diet Effect on Performance, Nutrient
Digestibility and Economy of Production. Journal of Animal and Veterinary
Advances, 5(6): 483-486.
Iheukwumere, F., E. Ndubuisi, E. Mazi and M. Onyekwere. 2007. Growth, Blood Chemistry
and Carcass Yield of Broilers Fed Cassava Leaf Meal (Manihot esculenta
Crantz). International Journal of Poultry Science, 6(8): 555-559.
Iheukwumere, F., E. Ndubuisi, E. Mazi and M. Onyekwere. 2008. Performance, Nutrient
Utilization and Organ Characteristics of Broilers Fed Cassava Leaf Meal
(Manihot esculenta Crantz). Pakistan Journal of Nutrition, 7(13): 13-16.
Jain, N.C. 1989. Veterinary Haematology, 4th Ed. Lea and Febiger, Philadelphia, USA,
pp.149-162.
Jayavardhanan, K., K. Suresh, K. Panikkar and D. Vasudevan. 1994. Modulatory Potency of
Drumstick Lectin on the Host Defense System. Journal of Experimental
Clinical Cancer Research, 13(3):205--209.
Johnson, B.C., 2005. Clinical Perspectives on the Health Effects of Moringa oleifera: A
Promising Adjunct for Balanced Nutrition and Better Health. KOS Health
Publications August 2005.
Joseph, J., O. Balogun and M. Famuyiwa. 1992. Carcass Evaluation and Organoleptic
Assessment of Quality Attributes of Some Selected Nigerian Birds. Bulletin
of Animal Health and Production in Africa. 40(2): 97-102.
Jull, A. A. 1976. Poultry Husbandry. 3rd Edition. Tata McGraw Hill publishing Co. Ltd.,
New Dehli, India.
Kaijage, J.T., S.V. Sarwatt and S.K. Mutayoba, 2003. Moringa oleifera leaf meal can
improve quality characteristics and consumer preference of marketable eggs.
Numerical

proceedings

papers,

2003.

URL

address:

[http://www.costech.or.tz], consulted April, 3rd 2009.
164

Kakengi, A., M. Shem, S. Sarwatt and T. Fujihara. 2003. Can Moringa oleifera be used as a
Protein Supplement to Ruminants? Asian-Australasian, Journal of Animal
Science, 18: 42-47.
Kakengi, A. M. V., J. T. Kaijage, S. V Sarwatt, S. K. Mutayoba, M. N. Shem and T.
Fujihara. 2007. Effect of Moringa oleifera leaf meal as a substitute for
sunflower seed meal on performance of laying hens in Tanzania. Livestock
Research for Rural Development, pp. 116-120.
Kane, J. P. and M. J. Malloy. 1982 Treatment of hypercholesterolemia. Medical Clinics of
North America, 66:537-550.
Katule, A. 1989. Crossbreeding as a Tool for Genetic Improvement of Chickens in
Suboptimum Environments. Beitrage zur tropischen Landwirtschaft und
Veterinarmedizin 28(3): 325-335.
Knox, A. and J. McNab. 1995. Selection between High and Low-Tannin Diets by Broiler
Chickens. British Poultry Science, 36: 849-851.
Kondombo, S.R. 2005. Improvement of village chicken production in a mixed (chicken-ram)
farming system. Ph.D Thesis, Institute of Animal Science, Wageningen
University: The Netherlands, pp: 208.
Labadan, M.M. 1969. The effects of various treatments and additives on the feeding value of
ipil-ipil leaf meal in poultry. Philippine Agriculturalist, 53: 392 401.
Leone, A., Fiorillo, G., Criscuoli, F., Ravasenghi, S., Santagostini, L., Fico, G., di Lello, S.
2015. Nutritional characterization and phenolic profiling of Moringa oleifera
leaves grown in Chad, Sahrawi refugee camps, and Haiti.International journal
of molecular sciences, 16(8): 18923-18937.
Lipid Research Clinics Program. 1984a. The lipid research clinics coronary primary
prevention trial results I. Reduction in incidence of coronary heart disease.
Journal of American Medical Association 251:251–364.
Lipid Research Clinics Program. 1984b. The lipid research clinics coronary primary
prevention trial results II. The relationship of reduction in incidence of
coronary heart disease to cholesterol lowering Journal of American Medical
Association 251:365–374.

165

Lockett, C.T. and C.C. Calvert, 2000. Energy and micronutrient composition of dietary and
medicinal wild plants consumed during drought, Study of rural Fulani,
Northeastern Nigeria. International Journal of Food Science and Nutrition. 51:
195–208.
Madubuike, F.N. and B.U. Ekenyem. 2006. Haematology and Serum Biochemistry
Characteristics of Broiler Chicks Fed Varying Dietary Levels of Ipomoea
asarifolia Leaf Meal. International Journal of Poultry Science, 5: 9-12.
Mahatab, S.N., A. Ali and A.H.M. Asaduzzaman, 1987. Nutritional potential of sajna leaves
in goats. Livestock Advisor, 12: 9–12.
Makanjuola, B., O. Obi, T. Olorungbohunmi, O. Morakinyo, M. Oladele-Bukola and B.
Boladuro. 2014. Effect of Moringa oleifera Leaf Meal as a Substitute for
Antibiotics on the Performance and Blood Parameters of Broiler Chickens.
Livestock Res for Rural Develop, 26(8): 1.
Makkar, H.P.S. and K. Becker. 1997. Nutrients and anti-quality factors in different
morphological parts of the Moringa oleifera tree. Journal of Agriculture
Sciences (Cambridge), pp. 311-322.
Mangale Sapana, M., G. Chonde Sonal, and P. Raut. 2012. Use of Moringa oleifera
(Drumstick) Seed as Natural Absorbent and an Antimicrobial Agent for
Ground Water Treatment. Research Journal of Recent Sciences 1(3), 31-40.
Manzoor, M., F. Anwar, T. Iqbal and M.I. Bhnager, 2007. Physicochemical characterization
of Moringa concanensis seeds and seed oil. Journal of the American Oil
Chemists' Society 84: 413–419.
Marcu, M.G. 2005. Miracle Tree. KOS Health Publications, Canada, pp. 108-115.
McDonald P., R.A. Edwards, J.F.O. Greenhalgh and C.A. Morgan. 1995 Animal nutrition
4th edition. John Wiley and sons, United States. 607 pp.
Melesse, A., W. Tiruneh and T. Negesse. 2011. Effects of Feeding Moringa stenopetala Leaf
Meal on Nutrient Intake and Growth Performance of Rhode Island Red
Chicks under Tropical Climate. Tropical and Subtropical Agroecosystems,
14(2): 485-492.

166

Mellau, N. 1999. The Effect of Leucaena leucocephala Leaf Meal on Egg Production and
Quality. Unpublished Dissertation for Award of MSc.(Agriculture) degree at
Sokoine University of Agriculture (SUA) Tanzania.
Mendes A.A., L.H. Ancona, A.E. Laveaga and J.G. Franco. 1995. Effect of energy: protein
ratio in the diet on abdominal fat specific gravity and chemical composition of
the carcass of broiler chickens. Veterinaria-e-Zootecnia, 7:41–48.
Mendieta, B., N. Reyes and O. Alfranca. 2000. Estrategia de desarrollo pecuario para el
departamento de Chontales.Tesis Mag. Sc. Managua (Nicaragua). Universidad
uto´noma de Barcelona.
Mishra, M., I. Singh, and G. Sahoo. 1977. Effect of Feeding Gliricidia maculata Leaf Meal
on the Performance of White Leghorn Chicks. Indian journal of poultry
science.12:17-21.
Müller, Z. 1977. Improving the quality of cassava root and leaf product technology. In:
Nestel, B. and M. Graham, (eds.). Proceedings, cassava as Animal Feed
Workshop. 18-20 April, 1977.University of Guelph, Ontario, Canada. IDRC:
Ottawa.
Monica, G.M., 2005. Miracle Tree, KOS, Health Publications.
Mutayoba, S., B. Mutayoba and P. Okot. 2003. The Performance of Growing Pullets Fed
Diets with Varying Energy and Leucaena Leaf Meal Levels. Livestock
Reserch for Rural Development 15: 139-148.
Nalubega, R., J.D. Kabasa, D. Olila and J. Kateregga. 2011. Evaluation of Antibacterial
Activity of Selected Ethnomedicinal Plants for Poultry in Masaka District,
Uganda. Research Journal of Pharmacology, 5(2): 18-21.
Nambiar, V.S., 2006. Nutritional Potential of Drumstick Leaves: an Indian Perspective. Proc.
Moringa and other highly nutritious plant resources: Strategies, standards and
markets for a better impact on nutrition in Africa. Accra, Ghana, November
16–18, 2006.
North, M.O. 1990. Commercial Poultry Production manual. Westport connection Publishing
Company., Inc, USA. 710pp.
NRC. 1994. Nutrient requirements of poultry. Ninth revised edition. National Academic
Press, Washington D.C., USA.155 pp.
167

Nouman, W., M.T. Siddiqui, and S.M.A. Basra. 2012. Moringa oleifera Leaf Extract: An
Innovative Priming Tool for Rangeland Grasses. Turkish Journal of Agriculture
and Forestry 36: 65-75.

Nworgu, F. and F. Fasogbon. 2007. Centrosema (Centrosema pubescens) Leaf Meal as
Protein Supplement for Pullet Chicks and Growing Pullets. International
Journal of Poultry Science, 6(4): 255-260.
Nworgu, F., S. Ogungbenro and K. Solesi. 2007. Performance and Some Blood Chemistry
Indices of Broiler Chicken Served Fluted Pumpkin (Telfaria occidentalis)
Leaves Extract Supplement. American-Eurasian Journal of Agricultural &
Environmental, 2(1): 90-98.
Nworgu, F. 2004. Utilization of Forage Meal Supplements in Broiler Production. Animal
Science Department, University of Ibadan, Ibadan, Nigeria, PhD Thesis.
Nworgu, F.C., G.N. Egbunike, O.A. Abu, J.B. Fapohunda and A.J. Omole. 1999. Effects of
concentrate and leaf meals on the performance of rabbits. In: A.D. Ologhobo,
G.N. Egbunke, M.K. Adewumi, A.M. Bamgbose, E.A. Iyayi, and A.O.K.
Adesehinwa, (eds.) Sustainability of the Nigerian Livestock Industry in
2000AD. Proc. 4th Ann. Conf. Animal Science Association of Nigeria
(ASAN), IITA conference center, Ibadan, Nigeria, September 14-16, 1999. pp
150-153.
Odee, D. 1998. Forest Biotechnology Research in Drylands of Kenya: The Development of
Moringa Species. Dryland Biodiversity 2: 7-8.
Odeyinka, S.M., O.J. Oyedele, T.O. Adeleke and J.A. Odedire. 2008. Reproductive
performance of rabbits fed Moringa oleifera as a replacement for Centrosema
pubescens. In: 9th World Rabbit Congress – June 10 – 13, 2008, Verona,
Italy.
Odunsi, A.A., M.O. Ogunleke, O.S. Alagbe and T.O. Ajani. 2002. Effect of Feeding
Gliricidia sepium Leaf Meal on the Performance and Egg Quality of Layers.
International Journal of Poultry Science, pp. 26-28.

168

Oduro, I., W.O. Ellis and D. Owusu. 2008. Nutritional potential of two leafy vegetables:
Moringa oleifera and Impomea batatas leaves. Scientific research and essay,
3(2):57-60.
Ogbe, A, and J.P. Affiku. 2011. Proximate Study, Mineral and Anti-Nutrient Composition of
Moringa oleifera Leaves Harvested from Lafia, Nigeria: Potential Benefits in
Poultry Nutrition and Health. The Journal of Microbiology, Biotechnology
and Food Sciences, 1(3): 296.
OIE (2005). (Office International des Epizooties/World Organization for Animal Health).
Newcastle disease. In: Manual of standards for diagnostic tests and vaccines.
p. 2,1,15.
Oliveira, J.T.A., S.B. Silveira, I.M. Vasconcelos, B.S. Cavada and R.A. Moreira. 1999.
Compositional and Nutritional Attributes of Seeds from the Multiple Purpose
Tree Moringa oleifera Lamarck. Journal of the Science of Food and
Agriculture 79(6): 815-820.
Ologhobo, A., E. Akangbe, I. Adejumo and O. Adeleye. 2014. Effect of Moringa oleifera
Leaf Meal as Replacement for Oxytetracycline on Carcass Characteristics of
the Diets of Broiler Chickens. Annual Research & Review in Biology, 4(2):
423-431.
Olugbemi, T., S. Mutayoba and F. Lekule. 2010a. Effect of Moringa (Moringa oleifera)
Inclusion in Cassava Based Diets Fed to Broiler Chickens. International
Journal of Poultry Science, 9(4): 363-367.
Olugbemi, T.S., S.K. Mutayoba, and F.P. Lekule. (2010b). Moringa oleifera leaf meal as a
hypocholesterolemic agent in laying hen diets. Livestock Research for Rural
Development, 22 (4): 2010.
Oluyemi, J. and F. Roberts. 1979. Poultry Production in Warm Wet Climates. Macmillan
Press Ltd.
Omeje, S., B. Odo and P. Egwu. 1997. "The Effects of Centrosema pubescens as Leaf Meal
Concentrate for Broiler Birds." Paper presented at the Book of Abstract of the
22nd Annual Conference of, Abubakar Tafawa Balewa University, Bauchi,
Nigeria,(Nigerian Society of Animal Production, NSAP).

169

Onibi, G., O. Folorunso and C. Elumelu. 2008. Assessment of Partial Equi-Protein
Replacement of Soyabean Meal with Cassava and Leucaena Leaf Meals in the
Diets of Broiler Chicken Finishers. International journal of Poultry science,
7(4): 408-413.
Onu, P. and A. Aniebo. 2011. Influence of Moringa oleifera Leaf Meal on the Performance
and Blood Chemistry of Starter Broilers. International Journal of Food,
Agriculture and Veterinary Sciences, 1(1): 38-44.
Onu, P. N. and M.O. Otuma. 2008. Utilization of heat – treated sheep chopping in the diets of
broiler finisher chicks. International Journal of Poultry Science, 7 (2): 169 –
173.
Onwudike, O. 1995. Use of the Legume Tree Cropsgliricidia sepium Andleucaena
leucocephala as Green Feeds for Growing Rabbits. Animal feed science and
technology, 51(1): 153-163.
Onyimonyi, A. and J. Onukwufor. "Effect of Toasted Bambara [Voandzeia subterrenea
Thouars] Wastes on Performance of Growing Pullets." Paper presented at the
Proceedngs of the 28th Annual Conference of the Nigerian Society for Animal
Production, 2003.
Onyimonyi, A, and S Ugwu. 2007. Performance of Laying Hens Fed Varying Dietary Levels
of Bambara (Voandzeia Subterrenea Thouars) Offals. International Journal of
Poultry Science 6,3: 223-226.
Osei, S., R. Opoku and C.C. Atuahene. 1990. Gliricidia Leaf Meal as an Ingredient in Layer
Diets. Animal Feed Science and Technology 29,3: 303-308.
Pandey V.S. 1992. Epidemiology and economics of village poultry production in Africa: An
overview. "Paper presented at the International Workshop on Village Poultry
Production in Africa, 7-11 May 1992, Rabat, Morocco. pp. 124-128.
Price, L.M. 2000. The moringa tree. Available: <http://www. echonet.org> [Consulted: April
18, 2011].
Potisate, Y., Kerr, W. L., & Phoungchandang, S. 2015. Changes during storage of dried
Moringa oleifera leaves prepared by heat pump‐ assisted dehumidified air
drying. International Journal of Food Science & Technology, 50(5): 12241233.
170

Radovich, T. 2011. Farm and Forestry Production and Marketing profile for Moringa
(Moringa oleifera). In: Elevitch, C.R. (ed). Specialty Crops for Pacific Island
agroforestry. Permanent Agriculture Resources (PAR), Honolulu, Hawaii.
Raharjo, Y., P. Cheeke and N. Patton. 1988. Evaluation of Tropical Forages and Rice byProducts as Rabbit Feeds. J. Appl. Rabbit Res, 11(3): 201-211.
Ramachandran, C, K Peter, and P Gopalakrishnan. 1980. Drumstick (Moringa Oleifera): A
Multipurpose Indian Vegetable. Economic botany 34,3: 276-283.
Ravindran, V, E Kornegay, A Rajaguru, L Potter, and J Cherry. 1986. Cassava Leaf Meal as
a Replacement for Coconut Oil Meat in Broiler Diets. Poultry Science 65,9:
1720-1727.
Reyes-Sanchez, N., E. Spörndly and I. Ledin, 2006. Effect of feeding different levels of
foliage of Moringa oleifera to creole dairy cows on intake, digestibility, milk
production and composition. Livest. Sci., 101: 24–31
Rojas, J.J., V.J. Ochoa, S.A. Ocampo and J.F. Muñoz. 2006. Screening for Antimicrobial
Activity of Ten Medicinal Plants Used in Colombian Folkloric Medicine: A
Possible Alternative in the Treatment of Non-Nosocomial Infections. BMC
complementary and alternative medicine, 6,(1): 2.
Ross, E. and F.Q. Enriquez. 1969. The Nutritive Value of Cassava Leaf Meal. Poultry
Science 48(3): 846-853.
Safwat, A. M., Sarmiento-Franco, L., Santos-Ricalde, R. H., Nieves, D., & Sandoval-Castro,
C. A. 2015. Estimating Apparent Nutrient Digestibility of Diets Containing
Leucaena leucocephala or Moringa oleifera Leaf Meals for Growing Rabbits
by Two Methods. Asian-Australasian journal of animal sciences, 28(8):1155.
Sairam, T.V., 1999. Home Remedies, Vol. II. A Handbook of Herbal Cures for
CommonsAilments. New Delhi, India: Penguin.
Saluja, M.P., R.S Kapil and S.P. Popli .1978 Studies in medicinal plants part VI. Chemical
constituents of Moringa oleifera Lam (hybrid variety) and isolation of
4hydroymellein. Indian Journal of chemistry, 16(11):1044-1045.
Sánchez, N.R., E. Spörndly and I. Ledin. 2006. Effect of Feeding Different Levels of Foliage
of Moringa oleifera to Creole Dairy Cows on Intake, Digestibility, Milk
Production and Composition. Livestock Science, 101(1): 24-31.
171

Sreelatha and Padma, 2009. Antioxidant Activity and Total Phenolic Content of Moringa
oleifera Leaves in Two Stages of Maturity. Plant Foods for Human Nutrition,
64: 303–311.
Sarwatt, S.V., M. Milangha, F. Lekule and N. Madalla. 2004. Moringa oleifera and
Cottonseed Cake as Supplements for Smallholder Dairy Cows Fed Napier
Grass. Livestock Research for Rural Development, 16(6).
Sarwatt, S.V., S.S. Kapange and A.M.V. Kakengi. 2002. Substituting sunflower seed cake
with Moringa oleifera leaves as a supplemental goat feed in Tanzania.
Agroforestry Systems, 56(3): 241– 247.
Shenstone, F. 1968. The Gross Composition, Chemistry and Physico-Chemical Basis of
Organization of the Yolk and White. Egg Quality: A Study of the Hen’s Egg.
TC Carter, ed. Oliver and Boyd, Edinburgh, UK: 26-58.
Sjaasted, V., K. Howe and O. Sand. 2005. Physiology of domestic Animals, International
Book Distributing Company (Publishing Division), India, 605pp.
Smith, A. 1999. "Poultry. The Tropical Agriculturist First Edition." Macmillan Publishers.
Wageningen.
Son, J., D. Ragland and O. Adeola. 2002. Quantification of Digesta Flow into the Caeca.
British poultry science 43(2): 322-324.
Spradbrow, P.B. 1994. Newcastle disease in village chickens. Poult. Sci. Rev. 5:57-96.
Stadelman, W.J. and Owen J. Cotterill, 1997. Egg Science and Technology (2nd Edn.). AVI
publishing company INC. Westport, Connecticut, pp: 29.
Steel, R.G., J.H. Torrie and D.A. Dickey. Principles and Procedures of Statistics: A
Biological Approach. McGraw-Hill, 1997.
Subadra, S., J. Monica and D. Dhabhai. 1997. Retention and Storage Stability of BetaCarotene in Dehydrated Drumstick Leaves (Moringa oleifera). International
Journal of Food Sciences and Nutrition, 48(6): 373-379.
Sutherland, J.P., G.K. Folkard and W.D. Grant. 1990. Natural coagulants for appropriate
water treatment: a novel approach, Waterlines, April, pp. 30-32.
Talreja, T., 2010. Screening of crude extract of flavonoids of Moringa oleifera against
bacteria and fungal pathogen. J. Phytol., 2: 31–35.

172

Tendonkeng, F., B. Boukila, A. Beguidé and E. PamoTedonkeng. 2008. "Essai De
Substitution Du Tourteau De Soja Par La Farine De Feuilles De Moringa
oleifera Dans La Ration Finition Des Poulets De Chair." Paper presented at
the Conférence Internationale sur le renforcement de la compétitivité en
Aviculture Semi-industrielle en Afrique (CIASA).
Tesfaye, E., G. Animu, M. Urge and D. Tadelle. 2012. Effect of Replacing Moringa oleifera
Leaf Meal for Soybean Meal in Broiler Ration. Global Journal of Science and
Frontier Research, 1: 1-5.
Tewe, O. and M. Bokanga. 2001. "Cost Effective Cassava-Plant Based Rations for Poultry
and Pigs." Paper presented at the Proceedings of the 8th International Society
for Tropical Root Crops-Africa Branch symposium.
Trees

for

life,

2005.

Moringa

Book.

http://www.treesforlife.org/project/moringa/book/default.asp.
Tsaknis, J., S. Lalas, V. Gergis, V. Dourtoglou and V. Spiliotis. 1999. Characterization of
Moringa oleifera variety Mbololo seed oil of Kenya. Journal of Agricultural
and Food Chemistry, 47(11): 4495-4499.
Viegas, R.A., M.J.M. Fausto, J.E. Queiroz, I.M.A. Rocha, J.A.G. Silveira and P.R.A. Viégas.
2004. Growth and Total-N Content of Prosopis juliflora (Sw) Dc Are
Stimulated by Low Nacl Levels. Brazilian Journal of Plant Physiology 16(1):
65-68.
Vohra, P., R. Herrick, W. Wilson and T. Siopes. 1972. The Use of Ipil-Ipil (Leucaena
leucocephala) in the Diets of Laying Chickens and Laying Quail. The
Philippine Agriculturalist 56: 104.
Vuilleumier, J.P. 1969. The ‘Roche Yolk Colour Fan’—an Instrument for Measuring Yolk
Colour. Poultry Science, 48(3): 767-779.
Yasmeen, F., S. Mahmood, M. Hassan, N. Akhtar and M. Yaseen. 2008. Comparative
Productive Performance and Egg Characteristics of Pullets and Spent Layers.
Pakistan Veterinary Journal, 28(1): 5.
Yasmeen, A, SMA Basra, R Ahmad, and A Wahid. 2012. Performance of Late Sown Wheat
in Response to Foliar Application of Moringa oleifera Lam. Leaf Extract.
Chilean Journal Of Agricultural Research 72(1): 92-97.
173

Yongbai, K.A., 2005. Studies on the Potential Use of Medicinal Plants and Macro-fungi
(Lower

Plants)

in

Water

and

Waste

Water

Purification.

www.biotech.kth.se/iobb/news /kenneth04.doc
Zanu, H., P. Asiedu, M. Tampuori, M. Abada and I. Asante. 2012. Possibilities of Using
Moringa (Moringa oleifera) Leaf Meal as a Partial Substitute for Fishmeal in
Broiler Chickens Diets. Online Journal of Animal and Feed Research, 2(1):
70-75.

174

