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ABSTRACT

As a dietary supplement for animals, Moringa oleifera is very useful because its leaves are very nutritious. Moringa
oleifera leaves are rich in fats, proteins, vitamins, and minerals with antimicrobial effects. Leaf tea is used to treat
ulcers in the stomach and diarrhea. Moringa leaves are considered healthy food sources and are recommended for
anemia from malnutrition due to the high protein, fiber, and iron content of the leaves. Moringa oleifera leaves are
primarily used for medicinal and human consumption purposes since they are abundant in antioxidants and other
nutrients. Due to the low energy and digestibility of proteins, Moringa oleifera leaf meal supplementation increases
feed intake and feed conversion ratio, as well as decreasing egg mass yield, percentage of egg production, and egg
weight. More research in these areas is required to make full use of the potential advantages of the Moringa oleifera
plant as layer feed.
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INTRODUCTION

Chickens are a major and inexpensive source of animal protein, so poultry production plays a vital role in social and
economic securities in developing countries (Olwande et al., 2010; Melesse et al., 2013). Nutrition and environmental
factors affect the production output of poultry (Gakuya et al., 2014). Protein supplementation is very important for egg
production, with the key sources being soya bean meal and fish meal (Gakuya et al., 2014).

In most developed countries, poultry production industries face the challenge of raising feed costs by 60-70%
(Tesfaye et al., 2013). Modern poultry husbandry systems strive to achieve full benefit at the lowest cost of production.
This situation has led to the need to look for cheap, locally available, and less competitive alternatives for some poultry
feed ingredients, and in particular, protein sources (Gadzirayi et al., 2012). In this context, the best alternative protein
source may be Moringa oleifera leaves.

Many parts of Moringa oleifera (leaves, fruits, immature pods, and flowers) are incorporated into typical human
foods in many tropical and subtropical countries (Siddhuraju and Becker, 2003). Moringa oleifera is the supplement
chosen as a leaf meal in animal diets (Siddhuraju and Becker, 2003). India, the Philippines, Ethiopia, and Sudan are
widely known for the Moringa oleifera cultivation. The Moringa oleifera tree is cultivated in tropical Asia, Latin
America, the Caribbean, the Pacific Islands, South Africa as well as West and East Florida (Fahey, 2005). In Ethiopia,
the Moringa tree is called Shiferaw or Cabbage Tree and is usually found in the southern region.

As a feed for livestock, supplementation of Moringa oleifera is potentially beneficial, as its leaves are highly
nutritious. The most nutritious components are Vitamin B complexes, Vitamin C, beta-carotene, Vitamin K, manganese,
and protein, among other essential nutrients, present in Moringa oleifera leaves (Leone et al., 2015). Moringa oleifera
leaves have high levels of fats, proteins, minerals, and vitamins and have antimicrobial properties (Onunkwo and
George, 2015). Supplementing the diets of farm animals with Moringa oleifera was inadequate to increase production
quality and health. Although Moringa oleifera has medicinal importance for the health of chickens, the supplementation
of Moringa oleifera levels in the poultry diet is low due to the farmers’ and producers’ lack of knowledge (Mahfuz and
Piao, 2019). Moringa oleifera has a high nutritional content, but there is little information on its use as a source of
protein in the layer ration in poultry feeding. Consequently, data on the effects of feeding Moringa oleifera leaf meal
(MOLM) is scarce when it comes to laying efficiency or egg production, egg quality and egg shelf life, chicken fertility,
and hatchability (Alebachew et al., 2016). This review, therefore, intended to evaluate the role of Moringa oleifera leaf
meal in layer chicken growth results.

Nutritional value of Moringa oleifera
Moringa oleifera is rich in protein, amino acids, carbohydrates, minerals, vitamins, and organic acids, and is known
for its nutritional value (Raja et al., 2013). Moringa leaves have anti-bacterial, anti-inflammatory effects (Abbas et al.,
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2018). Gastric ulcers and diarrhea are treated with Moringa oleifera leaf tea. Moringa leaves are safe food sources for
those suffering from anemia due to malnutrition because of the high protein and fiber content and iron content (Abbas et
al., 2018). The most nutritious component is the leaves of Moringa oleifera, which are an important source of Vitamin B
complex, Vitamin C, beta-carotene pro-vitamin A, Vitamin K, manganese, and protein, among other essential nutrients
(Mahfuz and Piao, 2019).

Compared to seeds, a greater quantity of minerals is found in Moringa oleifera leaves (Annongu et al., 2014). In
reality, moringa is said to supply 7 times more vitamin C than oranges, 10 times more vitamin A than carrots, 17 times
more calcium than drain, 9 times more protein than yoghurt, 15 times more potassium than bananas, and 25 times more
press than spinach (Gopalakrishnan et al., 2016).

Moringa oleifera’s fresh leaves contain seven times the Vitamin C of oranges and four times the Vitamin A of
carrots. However, Moringa oleifera’s dried leaves contain 10 times the Vitamin A and 1/2 times the Vitamin C of
oranges (Mahmood et al., 2010). As an animal feed supplement, the leaves of Moringa oleifera are very useful as their
leaves are highly nutritious. Moringa oleifera is an excellent source of vitamins and amino acids that are alleged to
improve the immune system (Olugbemi et al., 2010). Moringa oleifera seeds and leaves contain all essential amino acids
and, when compared to the prescribed amino acid pattern requirements for most farm animals, these are higher than
sufficient amounts (Alikwe and Omotosho, 2013). The leaves of Moringa oleifera have between 16 and 19 amino acids,
out of which 10 are known as essential amino acids (Sonkar et al., 2019).

Table 1. Mineral compositions of Moringa oleifera leaves Table 2. Vitamin compositions of Moringa oleifera

(state whether these values are on a fresh or dry matter leaves and seeds

basis) Vitamins Leaf Seed
Minerals Leaves (mg) Vitamin A (mg) 6.3-6.8 0.3-0.8
Calcium (Ca) 99.1 Vitamin B1 (mg) 2.59-2.64 0.05-0.06
Phosphorous (P) 70.8 Vitamin B2 (mg) 20.5-21 0.06-0.08
Magnesium (Mg) 351 Vitamin B3 (mg) 8.2-9.6 1.2-1.9
Iron (Fe) 1.3 Vitamin B5 (mg) 0.13-1.6 0.7-09
Zinc (Zn) 0.85 R
Sodium (Na) 70 V!tam!n B9 (mg) 39.5-40 46-48
Manganese (Mn) 0.119 Vitamin C (mg) 17.3-19.4 124-130
Potassium (K) 471 Vitamin E (mg) 113-121 -
Reference: Abbas et al. (2018) Reference: Chelliah et al. (2017)

Phytochemical composition of Moringa oleifera leaf meal

A high concentration of phytochemicals accumulates in plants, which can defend against free radical damage
(Alagbe, 2019). Vitamins (A, C, and E), flavonoids, and tannins, have been found to have high levels of antioxidants,
which have a variety of health benefits for humans and animals (Alagbe, 2019). The synergistic combination of these
phytochemicals in Moringa oleifera causes an increase in feed intake, palatability, and disease prevention (Alagbe,
2019). A massive wide variety of bioactive compounds have been identified in Moringa oleifera (Martin et al., 2013).
Vitamin-rich leaves, carotenoids, polyphenols, phenolic acids, flavonoids, alkaloids, glucosinolates, isothiocyanates,
tannins, and saponins are the most commonly used parts of the plant (Leone et al., 2015). Moringa oleifera leaves are
often used for medicinal and human nutrition purposes since they have high levels of antioxidants and other nutrients
usually lacking in people living in undeveloped nations (Popoola and Obembe, 2013). Moringa oleifera leaves have been
used to treat various diseases, ranging from malaria and typhoid fever to high blood pressure and diabetes (Sivasankari et
al., 2014).

Effect of Moringa oleifera leaf meal on the performance of layers

Melesse et al. (2011) found that using Moringa stenopetala leaf meal in the diet of Rhode Island Red chicks
resulted in a significant improvement (p < 0.05) in feed and crude protein consumption, average weight gain, feed
efficiency ratios, and protein efficiency ratios as compared to the control diet. As a supplement for sunflower seed meal,
the addition of 10 percent and 20 percent Moringa oleifera leaf meal to the laying hen diet significantly (p < 0.05)
increased feed intake and dry matter feed intake and decreased the development of egg mass (Kakengi et al., 2007). As
the amount of Moringa oleifera leaf meal increased, the percentage of egg production decreased. The feed conversion
ratio (kg feed/kg egg) is improved when 20% Moringa oleifera leaf meal was added to the laying hen diet. At a level of
20%, the addition of 5% Moringa oleifera leaf meal significantly increased egg weight (p < 0.05) but leading to lower
egg weight (Abbas, 2013)

The increase in feed intake and feed conversion ratio and the decrease in the production of egg mass, percentage of
egg production, and egg weight at higher levels of Moringa oleifera leaf meal was mainly due to low energy and protein
digestibility (Abbas, 2013). Olugbemi et al. (2010) noted that Moringa oleifera leaf meal supplementation had no
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significant impact on feed consumption, feed conversion ratio, and laying percentage at levels of up to 10% in a cassava
chip-based diet provided to laying hens. In contrast to the control diet (free of Moringa oleifera leaf meal and cassava
chip), egg weight substantially increased as a result of the supplementation of Moringa oleifera leaf meal with cassava
chip (Abbas, 2013).

Abou-Elezz et al. (2011) agreed that up to 10% of the use of Moringa oleifera leaf meal had no adverse effect on
laying hens’ efficient output, but levels above that (15% and 20%) are expected to have adverse effects. Moringa oleifera
leaf powder increases the number of eggs per week, egg weight, egg width, egg surface, yolk height, yolk weight,
albumen weight, and yolk ratio in the layer diet of chickens by 2.5% and 5%, compared to the control diet (Ebenebe et
al., 2013).

Effect of Moringa oleifera leaf meal on the egg quality

There was no difference between the control groups and dietary inclusion of Moringa oleifera leaves (p > 0.05) in
terms of the Haugh units, eggshell intensity, or egg shape index (Durmus et al., 2004). The addition of Moringa oleifera
leaf had no impact on the egg shape index, which is linked to eggshell intensity and egg grade (Ebenebe et al., 2013).
Mabusels et al. (2018) discovered that adding 10% Moringa oleifera seed meal to layer diets increased shell thickness,
compared to the control diet. However, both 5% and 7.5% Moringa oleifera seed meal supplementation had the same
effect on eggshell thickness. With regard to the effect of different Moringa oleifera leaf levels on layer diet, lower levels
of inclusion increased egg production and egg quality, but higher levels of inclusion resulted in lower productivity and
lower quality indices in the Isa Brown Breed layer chickens (Ebenebe et al., 2013). The R2 value for the relationship
between egg weight and MOL inclusion amount in the diet was 0.99. Increased MOL levels in the diet resulted in a
decrease in egg weight, egg width, yolk weight, and yolk (p < 0.05), but MOL had no effect on egg volume, yolk
duration, yolk index, or shell weight and thickness (Raphael et al., 2015).

Increased levels of MOLM did not affect feed consumption, weight gain, customer acceptance of boiled eggs, and
egg weight (p > 0.05, Gakuya et al., 2014). In terms of the impact of different MOL levels on layer diet, MOL inclusion
at lower levels improved egg production and egg quality, but higher levels of inclusion resulted in lower productivity and
lower quality indices of Isa Brown Breed layers (Ebenebe et al., 2013). There was, however, no substantial difference
between the eggs from MOLM diets and those from supermarkets in the egg yolk color ratings (Gakuya et al., 2014).
There are no major variations in egg weights from layers of Moringa oleifera leaf and twig meals at levels ranging from
0.2% to 0.8% (Paguia et al., 2014).

Table 3. Effects of feeding various levels of Moringa oleifera leaf meal as a replacement for soya bean meal on dual-
purpose of egg quality in Koekoek hens
Moringa oleifera leaf meal incorporation

T1(0) T2 (5%) T3 (10%) T4 (15%)
Parameters

Egg weight (q) 48.66 £ 0.36° 54.51+0.47%° 49.94+091° 50.31+0.33
Egg shape index 80.92+056° 75.80+0.10° 77.23+0.76™  78.79 +0.25®
Shell weight (g) 567+033"  866+033%  6.33+0.66° 6.00 + 0.57°

Albumen weight (g) 21.67+0.33° 29.66+120° 2533+0.33° 23.33+0.88%
Haugh unit 75.33+0.33° 87.33+0.33* 79.00+057°  77.67+1.45°
Yolk weight (g) 1533+0.33° 20.66+0.33* 17.00+1.00° 17.33+0.33"
Yolk index 027+057° 034033 0.33+057®  0.32+0.33®

Reference: Tesfaye et al. (2018). Different superscript letters in a row mean statistical differences (p < 0.05). MOLM: Moringa oleifera leaf meal,
SBM: Soybean meal, T: Ration containing 0% MOLM, T2: Ration containing 5% MOLM, T3: Ration containing 10% MOLM, T4: Ration containing
15% MOLM.

Effect of Moringa oleifera leaf meal on fertility and hatchability

Moringa oleifera used as an alternative feed ingredient in the layer ration showed a non-significant effect on
fertility, hatchability, and embryonic mortality (Etalem et al., 2014). Moyo et al. (2011) mentioned higher levels of zinc
and Vitamin E in Moringa oleifera leaf played a beneficial role in egg hatchability. Likewise, Durmus et al. (2004) noted
increased hatchability with increasing zinc concentration in the diets of Brown parent stock layers. Moringa contains
large amounts of iron, calcium, and phosphorus, and Vitamin C is moderately high (Agbaje et al., 2007). Adesola et al.
(2012) reported improved hatchability in the diets of indigenous Venda hens as a result of ascorbic acid supplementation.
However, the relatively poor hatchability and higher embryonic mortality observed in the control group may be due to a
lack of critical nutrients, such as zinc and Vitamin E, which are necessary for better hatchability (Mahmood and Al-
Daraji, 2011).
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Effects of Moringa oleifera on health status in laying hens

In determining the health status of chickens the analysis of blood parameters is incredibly important (Mahfuz and
Piao, 2019). In line with Aye and Adegun (2013), higher levels of albumin levels were observed in laying hens fed with
3 % Moringa leaf meal, compared to the control group, but the number of white blood cells (WBCs), red blood cells,
lymphocytes, and packed cell volume were lower than the control diets in Moringa-fed groups. The antimicrobial
activity of the phytochemicals in Moringa leaves may be attributed to the fact that Moringa-fed chickens have fewer
WBCs and lymphocytes. A high WBC count is commonly linked to an infection caused by bacteria in the host (Mahfuz
and Piao, 2019). The findings of this study indicated that Moringa pod meal supplementation was found to have lower
serum cholesterol levels (Mahfuz and Piao, 2019). Lower plasma levels of malondialdehyde (MDA) and higher
glutathione peroxidase have been linked to higher antioxidant activity in laying hens fed Moringa leaf meal (Lu et al.,
2016). Plasma total protein levels were dietary 5% higher after Moringa leaf meal supplementation, which is a good
predictor of liver synthetic activity. Furthermore, lower plasma uric acid indicated that supplemented laying hens
retained more protein (Lu et al., 2016). Increased antioxidant enzyme activity and lower MDA levels in plasma and egg
yolks indicated that Moringa supplementation could improve antioxidant activity and Moringa oleifera has strong
phytobiotic properties.

CONCLUSION

In developing countries, poultry production plays a significant socio-economic role since chickens are an important and
inexpensive source of animal protein. As a feed for livestock, supplementation of Moringa oleifera is potentially
beneficial and its leaves are highly nutritious. The most nutritious components are Vitamin B complexes, Vitamin C,
beta-carotene, Vitamin K, manganese, and protein, among other essential nutrients that are present in Moringa oleifera
leaves. The increase in feed intake and feed conversion ratio and the decrease in the production of egg mass, percentage
of egg production, and egg weight at higher levels of Moringa oleifera leaf meal were mainly due to low energy and
protein digestibility. The effect of different Moringa oleifera leaf levels on layer diet, lower levels of inclusion increased
egg production and egg quality, but higher levels of inclusion resulted in lower productivity and lower quality indices in
the Isa Brown Breed layer chickens. Moringa oleifera leaves are mostly used both for medicinal and human nutrition
purposes since they are rich in antioxidants and other nutrients, which are usually deficient in people living in
undeveloped countries. More research in these areas is required in order to make full use of the potential advantages of
the Moringa oleifera plant as layer feed.
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