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Abstract

The egg quality of indigenous chicken in Kenya is low due to inadequate supply of quality feed which
can only be achieved by nutritional improvement. Moringa oleifera leaf meal (MOLM) provides
proteins, vitamins, minerals and ox carotenoids that have a positive effect on the quality of eggs. The
objective of this research was to determine the influence of MOLM on egg quality traits of improved
indigenous laying hens. Ninety chicken (90) were assigned to six treatment diets in a completely
randomised design with a factorial layout, each treatment having 5 birds per cage, replicated three times.
The dietary treatments were: T1 — 0 kg MOLM and 0 g enzyme, T2 — 0 kg MOLM and 0.035 g enzyme,
T3-20 kg MOLM and 0 g enzyme, and T4 — 20 kg MOLM and 0.035 g enzyme, T5-40 kg MOLM and 0
g enzyme, T6-40 kg MOLM and 0.035 g enzyme of the diet, respectively. The egg weight in hens fed
with MOLM-based diets increased significantly (p<0.05) compared to control diet. In response to dietary
M. oleifera leaf meal, there was no difference in egg shape index across the groups (p> 0.05). The laying
hens fed a diet with 40 percent MOLM inclusion significantly had a higher (p<0.05) shell thickness and
weight. Inclusion of MOLM in the diet increased the intensity of yellow colour in egg yolk (p<0.05) in
comparison to the control diet. Significantly (p<0.05), the eggs from chicken fed a diet containing 40
percent MOLM inclusion had the highest Roche colour score of 14.62. When MOLM-based diets were
compared with control, there were significant variations in yolk weight (p<0.05). The albumen height of
eggs increased significantly (p<0.05) as dietary MOLM inclusion increased compared to control. The egg
width, albumin width, yolk height, ratio, index and yolk/albumin ratio and shell ratio were similar
(p>0.05) for all the dietary treatments. As the amount of MOLM in the diet increased, the egg length,
albumin length, and yolk diameter were all significantly reduced (p<0.05) in comparison to the control.
This study concluded that inclusion of 20-40 percent enzyme-treated MOLM in diets of laying hens
improved egg weight, yolk weight, albumin height, yolk colour and shell thickness (p<0.05) compared to
control diet.
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1. Introduction

The chicken industry is one of the animal sectors with the fastest rate of growth in the world,
but it is constrained by a severe shortage of protein feed ingredients, particularly in developing
nations - Consequently, it is important to investigate the non-traditional feed sources that are
available and that can be utilized to formulate chicken feed 21, This is crucial for layer hens,
which are highly sensitive to nutrition, often decreased egg production and even cessation of
lay as a result of inadequate nutrient supply 1. According to 281, the nutritional content of eggs
is influenced by geography and the composition of the diet, which affect factors like egg size,
weight, albumen to yolk and shell ratios. The current trend of increasing feed ingredient prices
has led to a quest for unconventional feedstuffs that have the potential to improve chicken
performance at a lower cost M. The primary protein source that is frequently utilized is
soybean meal due to its adequate balance of essential fatty acids and amino acids to meet the
nutritional requirements of laying hens 1%, Due to soybean meal’s remarkable performance,
the demand for it in the animal feed sector has increased, which has resulted in both shortages
of it and an increase in its price [, Research and industry are becoming more interested in the
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utilization of non-conventional protein sources to partially or
entirely supplement soybean meal in layer diets in the goal of
improving egg quality, lower feeding costs, and increase
profit margins 8. The non-traditional protein source selected
to substitute soybean meal in layer diets must also provide
sufficient nutrients that can enhance egg quality and consumer
health. The Moringa (M. oleifera) plant has tremendous
potential and might be grown as an economically successful
crop to help reduce poverty %1, Its outstanding qualities make
Moringa a suitable soybean meal substitute. It is a perennial
plant that may be harvested multiple times within a single
growing season, is easily planted in the field, has good
coppicing ability, and has the potential to lower the cost of
feed 3. Since Moringa leaf meal (MOLM) comprises a
considerable amount of nutrients, including proteins,
vitamins, minerals, flavonoids, phenols, and carotenoids, it is
expected to be a viable resource for commercial egg
production in developing countries. The range of MOLM’s
crude protein is 23.0 to 30.3% 2. For growth and
development, it has a much higher mineral cotent than
soybean or corn meal, containing calcium and phosphorous
up to 12.0% [, There have been numerous initiatives to
improve the egg quality of laying hens. The improvement in
yolk colour will help the poultry sector and the general public
because it is a crucial organoleptic factor for the acceptance of
products that consumers associate with quality. Since
Moringa leaves contain 16.3 mg of B -carotene per 100g of
dry matter, they are excellent for increasing egg yolks colour
(271, The addition of MOLM to the ration can enhance egg
quality and have a good impact on chicken health and
performance due to the bioactive components and other
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phytochemicals it contains. Based on this, this study was done
to ascertain the impact of varying inclusion levels of enzyme-
treated MOLM on the quality of eggs laid by improved
indigenous laying hens.

2. Materials and Methods

2.1 Study site

The feeding trial took place at the Naivasha Poultry Research
Unit of the Kenya Agricultural and Livestock Research
Organization (KALRO). The Institute is located in the
Naivasha sub-county in Nakuru County. The Research Center
receives 1,100 millimeters of rain annually on average and is
situated at a height of around 1,700 meters above sea level.
The lowest temperature is 8°C in July and August, while the
maximum is 25°C in January and February 16}

2.2 Collection and preparation of moringa leaf meal

The Moringa leaves were purchased from
Emuka Moringa Farmers’ Cooperative Society, comprising of
farmers from Emali, Mulala and Tutini Wards in Makueni
County. The Farmers’ Cooperative Society is supported both
by Child Fund International Organization (a non-profit
organization) funded by local partner cooperation and the
County government of Makueni. The leaves were harvested
by cutting off young branches of the trees and stripping off
from the tips by hand (manually), and then washed with warm
water; air dried under a shade for 3-4 days until they were
crispy to touch, and retained their greenish colour. The leaf
meal (MOLM) was prepared by milling the leaves using a
BS-180 hammer mill® through a 3 mm filter then stored in
airtight sacs until it was required for feed formulation.

Table 1: Composition of experimental diets

Ingredients (g/kg) T1 T2 T3 T4 T5 T6
Whole maize 61.00 61.00 51.00 51.00 39.00 39.00
Soybean meal 20.00 20.00 10.00 10.00 5.00 5.00

MOLM 0.00 0.00 20.00 20.00 40.00 40.00
Fishmeal 10.00 10.00 10.00 10.00 10.00 10.00
DCP 0.50 0.50 0.50 0.50 0.50 0.50
Limestone 7.50 7.50 7.50 7.50 5.00 5.00
lodized salt 0.30 0.30 0.30 0.30 0.30 0.30
Premix 0.25 0.25 0.25 0.25 0.25 0.25
Vegetable oil 0.50 0.50 0.50 0.50 0.50 1.00
Enzyme 0 0.035 0 0.035 0 0.035
Calculated analysis
ME (KJ//kg) 2607.60 2609.50 2605.50 2603.60 2600.02 2606.60
CP 16.28 16.25 16.85 16.80 16.66 16.76
CF 3.21 3.17 5.03 5.05 5.67 5.72
Recommended analysis
ME (KJ/kg) 2600 2600 2600 2600 2600 2600
CP 16 16 16 16 16 16
CF 4 4 4 4 4 4

The experimental diets were compounded by inclusion of
enzyme-treated MOLM which was collected from Makueni
County at 0, 20 and 40 kg of the total diet. A premix
containing: vitamin A 750,6001U/kg, Vitamin E 30.611U/kg,
vitamin B 24000 mg, biotin 30 mg, copper 5000 mg, lysine
0.42%, Methionine 0.5%, alanine 0.84, Arginine 0.93% and
Cysteine 0.32% was added at 0.25% of diet to supply
minerals, vitamins, trace elements and amino acids.

2.3 Proximate analysis

In accordance with the procedures of AOAC I8 15th Edition,
proximate analysis of the feed samples was carried out at
Egerton University's Animal Nutrition Laboratory: dry matter

161 ash 61, ether extract [61. Total nitrogen was determined by
Kjeldahl method multiplied by 6.25 for the crude protein
content 81, Neutral detergent fibre (NDF) and acid detergent
fibre (ADF) components of the cell wall were determined (U

2.4 Management of experimental birds

The layers were kept in a deep litter system with wood
shavings as litter material, which was managed through
periodic raking and replacing damp portions whenever
necessary. Before the experiment began, the house was
properly washed and disinfected. One hundred (100), twelve
week-old improved indigenous layer chicken were purchased
from Kenya Agricultural Livestock Research Organization
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(KALRO), from which ninety (90) birds were randomly
sampled. The birds were weighed and assigned to six dietary
treatments in a completely randomized design with a factorial
layout. There were 5 birds per treatment, and each treatment
had three replicates. The birds were acclimatized for one
week, before feeding trial commenced. The routine
management practices included provision of feed and water
daily, cleaning of the feeders and drinkers, collection of eggs
and periodic maintenance of bedding in good condition. The
experiment lasted 45 weeks.

2.5 Data collection

To evaluate the external and internal egg quality, seventy-two
eggs (four eggs per replicate) were randomly selected from
each group and weighed. Before the eggs were broken, their
weights were recorded. Manual separation of the egg's
components (yolk, albumen, and shell) was done. With a
digital Vernier caliper, four sections of egg shells one from
each of the two ends (wide and narrow end) and two from the
body were measured for thickness to the nearest 0.01 mm, and
the measurements were averaged. Yolk colour was determine
d using a Roche yolk colour fan 241

2.6 External egg quality

Egg and shell weight was determined using a 0.001 g
sensitive electronic weighing device. Egg length and width
was determined using a Vernier caliper. Egg width per egg
length multiplied by 100 was used to compute the shape
index. Eggshell weight divided by egg weight multiplied by
100 was used to calculate egg shell ratio.

2.7 Internal egg quality
Albumen and yolk weight, height and width were recorded
separately 1. Yolk weight per egg weight multiplied by 100
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were 18 experimental units with 5 growers per treatment, each
replicated 3 times. The statistical model was as follows:

Y =u+ 4, +B;+ 4B +JB[X:'}' - x} + i
Assumptions were that xj; is not affected by treatment

Xij = is deviated from the mean of the covariate, x bar
Yijk = Response variable of interest

p= Overall mean

A\, = Effect associated with the i" level of MOLM

B; = Effect associated with the j*" level of enzyme

AB;; = Effect associated with the i" level of MOLM and
j™ level of enzyme

Xij = Initial body weight of an individual bird (covariate)

% = Overall mean for initial body weight
&ijk = Random error

2.9 Statistical analysis

Data was analyzed using ANOVA of the general linear model
(GLM) procedure of the statistical analysis system version
9.0. Significant means were separated using Turkey’s test at
p<0.05.

3. Results and discussions

Table 2: Chemical composition of ingredients

Ingredients (%) | Dry matter | Ash | Crude protein | Crude fibre
Maize 90.7 3.09 9.65 3.42
Fish meal 91.7 3.21 58.21 3.16
Soybean meal 91.4 7.99 47.87 6.56
MOLM 89.7 11.59 30.24 7.36

Table 3: Chemical composition of experimental diets

was used to compute the yolk ratio. Yolk height divided by Parameters (%) T1 | T2 | T3 | T4 | T5 | T6
. Sl Gross energy (MJ/kg) | 11.2 | 11.2 |11.13|11.13|11.10|11.10
yolk diameter multiplied by 100 was used to compute the yolk
: . L . . Dry matter 9231916921 |91.7]926| 92
index. Yolk weight divided by albumen weight multiplied by Ash 2459124.8912258 22571 297 122 61
100 was us_ed to con_1p_ute yolk{albumen ratio. Yolk diameter Crude protein 18.21118.15] 19.9 119.95120.68 12062
was determined by digital VVernier caliper. Crude fibre 2711 2.95 | 3.15 | 3.05 | 356 | 3.48
. ] Ether extract 546 | 4.66 | 6.69 | 6.56 | 6.82 | 6.44
2.8 Experimental design NDF 30.18[30.13[32.03[32.16 [ 35.34 [ 35.10
A completely randomised design with a factorial layout where ADF 11.22]111.32 12.1 [11.86]14.37|14.74
the initial weight was fitted as a covariate was used. There Hemicellulose 18.86|18.7119.83|20.13|20.87|20.29
Table 4: Effect of MOLM-based diets on external and internal egg quality of improved indigenous laying hens.
Parameters (mm) T1 T2 T3 T4 T5 T6 p value SEM
Egg weight (g) 57.142 57.632 60.29° 60.73° 64.97° 64.44° <.0001 0.26
Egg length 60.23% 60.452 59.06° 59,74P 55.75° 55.40¢ <.0001 0.15
Egg width 43.26 43.07 44.09 42.99 43.12 42.23 0.59 0.13
Egg index 77.55 76.40 75.91 74.97 75.63 75.92 0.66 0.34
Albumin length 98.292 97.822 95.51b 94.12° 90.01° 91.41°¢ <.0001 0.52
Albumin width 62.07 62.24 62.45 63.79 61.28 62.55 0.87 0.66
Albumin height 5.162 5.172 6.38° 6.28° 6.96° 6.87° 0.03 0.13
Yolk weight (g) 15.432 15.332 15.61P 15.73¢ 16.244 16.8° <.0001 0.08
Yolk diameter 41.362 42.342 38.18° 38.72P 36.72¢ 36.92°¢ <.0001 0.15
Yolk height 14.25 14.24 13.88 13.79 12.96 12.93 0.17 0.06
Yolk ratio% 24.18 24.15 24.37 2411 23.98 22.15 0.49 0.26
Yolk index% 33.39 35.93 37.17 37.13 37.14 33.19 0.09 0.21
Yolk/Albumin ratio % 48.39 46.83 43.19 43.94 44,22 41.64 0.12 0.35
Yolk colour 6.712 6.93? 13.62° 13.31b 14.62° 14.56° <.0001 0.13
Shell weight (g) 5.36° 5.482 6.25P 6.28° 6.81° 6.71° 0.02 0.12
Shell thickness 0.432 0.442 0.58° 0.56° 0.79° 0.74° <.0001 0.07
Shell ratio% 11.84 11.46 11.39 11.79 12.04 10.71 0.95 0.21

Means in the same row without common superscripts are differ at p<0.05
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3.1 Egg characteristics

Consumer preference is influenced both directly and
indirectly by the egg quality characteristics such as size,
shape, colour, and shell thickness.

Egg weight, shape index, shell thickness

Increased egg weight in hens fed with MOLM-based diets
compared to control diet was caused by the presence of
nutrients e.g. vitamins and minerals in Moringa leaf meal.
This is in agreement with 21 who reported that Moringa
leaves are also a source of vitamin A, riboflavin, nicotinic
acid, folic acid, pyridoxine, ascorbic acid, beta-carotene,
calcium, iron, and a-tocopherol.

In response to dietary M. oleifera leaf meal, there was no
difference in egg shape index across the groups (p>0.05). This
is consistent with 2 finding that adding MOLM had no
impact on the egg shape index, which is correlated to egg
quality and eggshell strength. Egg shape index increases
significantly with age within chicken breed %, The egg shape
index measured in this study ranged from 74 g to 77 g. This is
in line with what [ reported in commercial layers. It is
possible that the higher calcium content of Moringa leaves
(870 mg/100 g) @ as compared to soybean meal (300.36
mg/100 g) [l is what caused the laying hens fed a diet with
40% MOLM inclusion to have higher (p<0.05) shell thickness
and weight.

0%MOLM

20%MOLM
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Yolk weight and colour

A desirable attribute for consumers is the colour of the yolk,
and MOLM has a high content of xanthophyll’s (167.1 6.1
Ig/g; 2 which are associated with the coloration of body
parts. Inclusion of MOLM in the diet increased the intensity
of yellow colour in egg yolk (p<0.05) in comparison to the
control diet. Significantly (p<0.05), the eggs from chicken fed
a diet containing 40 percent MOLM inclusion had the highest
Roche colour score of 14.62. The yolk colour of eggs from
hens fed MOLM-containing diets showed that the increased
yolk colour was caused by the diet's high xanthophyll
content. Yolk colour value increased linearly with the
increasing level of inclusion of MOLM (figure 1), which is in
line with the finding of 2. According to ™%, broilers' combs,
beaks, and legs developed more intense colouring after
MOLM inclusion. This is consistent with [*7, In this study, the
increase in egg yolk colour intensity demonstrated that
chicken can effectively absorb and use the carotenoid
pigments found in Moringa leaves, which are rich in vitamin
A. The carotenoid content of MOLM is responsible for the
increase in yellow colour intensity. The development of
various colour scores in egg yolks is significantly influenced
by carotenoids. This finding is supported by research by 24,
who found that adding 10-20 percent MOLM to laying
chicken or broiler diet can significantly enhance the
yellowness of the skin and egg yolk, respectively.

40%MOLM

Fig 1: Yolk colour variation of eggs from hens fed different levels of MOLM

When MOLM-based diets were compared with control, there
were significant variations in yolk weight (p<0.05). This
pattern could be explained by the presence of lysine and
methionine in MOLM and a variety of other amino acids,
which could provide the required amount of important
nutrients for improved egg production and yolk weight 281,

Egg length, albumin length, height, and yolk diameter
When evaluating albumen quality and egg freshness, the
albumen height is a crucial parameter. The albumen height of
eggs increased as dietary MOLM inclusion increased; this
could be attributable to the availability of lysine and
methionine in Moringa leaves, as reported by . The egg
width, albumin width, yolk height, ratio, index and
yolk/albumin ratio, shell weight and ratio were similar
(p>0.05) for all the dietary treatments. As the amount of
MOLM in the diet increased, the egg length, albumin length,
and yolk diameter were all significantly reduced (p<0.05) in
comparison to the control. This is because reducing dietary
protein from the diet lowers egg quality traits like albumen
size because the protein content of soybean meal (40-49%) is
higher than that of MOLM (30.3%) [*],
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4. Conclusion and recommendation

Dietary inclusion of 20-40 percent enzyme-treated MOLM
improved egg weight, yolk weight, albumin height, yolk
colour and shell thickness of eggs with no negative effects on
egg quality of laying hens. Inclusion of MOLM at levels
above 20 percent also increased the intensity of yellow-orange
colour of the egg yolk compared with the control diet.
Therefore, MOLM can be used both as a source of protein and
also to replace synthetic carotenoids which are used by
commercial feed millers to improve egg yolk colour.
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