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Abstract

Received:

In recent decades, the availability of sulphur in soil has become a limiting factor
compromising plant growth and consequently affecting animal and human feeding.
Moringa oleifera L. is known as one of the most useful multipurpose plants. It can be
effectively utilized as food supplement and help in the management of nutrient shortage
and sulphur metabolism stimulation because of its nutrient and sulphur content.
The present experiment was conducted to assess the effect of Moringa leaf powder
supplementation on growth performance, biochemical profile and sulphur metabolism
stimulation of broiler chicken. A total of fifty-six broiler chicks of 21-day old (Cobb500)
were purchased and randomly divided into four groups with two replicates containing
seven birds each. Broiler starters were fed with the same starter diet; while at growth
stage, four types of diet were formulated: F0 (Moringa 0%), F1 (Moringa 2%), F2
(Moringa 4%) and F3 (Moringa 8%). Chicks were fed twice a day and water was given
ad libitum with the experimental diets till completion of the experiment. Collected data
were analysed using ANOVA and were statistically significant if p<0.05. Significantly
higher body weight was recorded in birds fed with F1 whereas feed conversion ratio
was not significantly affected. No significant differences were observed in ash and
carbohydrate content of broiler meat due to feed supplementation. The experimental
diets did not considerably affect broiler chicken serum parameters, indicating no
harmful or deleterious effect. Likening result to control, the consumption of Moringa
leaf powder by birds significantly increased the synthesis of protein up to 30% and
38% respectively in the serum and breast meat, glutathione as well as the glutathione
S-transferase activity. It may thus be concluded that, the inclusion of Moringa leaf
powder in broiler chicken diet increases growth performances and metabolism
stimulation through the synthesis of some sulphur compounds.
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Introduction
Sulphur (S) is a non-metallic element [1] essential to
living organisms because it is necessary for their growth and

development. It is one of the most affluent elements on earth (after
calcium and phosphorus, it is the most abundant mineral element
found in human body) and serves many purposes in animals.
Sulphur is a component of amino acids (methionine, cysteine,

cystine, homocysteine and taurine), as well as B-vitamins (biotin
and thiamine) and a number of other organic compounds [2,3].
It is an important component of healthy cartilage and as a part
of the specific amino acids, it is a protein structure key. Taking
into consideration these functions, it is important to get sulphur
at recommended dietary levels to meet the needs of the animals.
However, in recent decades, the availability of sulphur in soil has
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become a limiting factor compromising plant growth [4,5] and
consequently affecting animal and human feeding. Sulphur is
available to animal in their diets, derived almost exclusively from
proteins since elemental sulphur in water and feed is not a readily
available source for animals. Rich sources of quality protein for the
body are mainly animal sources such as poultry [6]. Thus, poultry
industry has been growing persistently over years around the globe
and plays a major role in filling the gap made by world protein
deficiency by increasing meat and egg annually produced [7].

Its meat is also characterized by comparatively low price, easy in
portioning into many small parts and suffers no religion restriction
in its consumption [8]. The major problem in poultry production
is feed quality, which is low in sulphur amino acid; explaining why
synthetized methionine is always added to their diet. Feed additives
have been widely used not only to increase animal performance but
also to stimulate the growth and feed efficiency and to improve
the health and growth performance [9]; though the emergence of
chemical product lead to serious threat for human health [10]. It
is then important to explore the non-traditional feed resources as
potential substitute which could be used in feed formulations and
maintain health, productivity, and carcass quality. In the recent
past, there has been great interest in the use of Moringa (Moringa
oleifera) as a source of nutrient for livestock. From the Moringaceae
family and also called “drumstick tree”, “ben ailé”, “benzolive”,
“moringoa” or miracle tree, Moringa is native of north-western
India and widespread in tropical countries [11]. Every part of
the plant, from the roots to the leaves has beneficial properties.
Its various parts are used as fodder, herbal medicine, spices, food,
natural coagulants, nectar for bees, fuel and fertilizer [12,13]. The
dried, ground leaves of M. oleifera are rich in proteins, lipids, fibres,
carbohydrates and minerals. Vitamins A, C and E as well as their
provitamins and other antioxidants present in leaves are known
to sequester free radicals and may have immunoprotective effects
[14]. Moreover, Moringa oleifera leaves are very rich in sulphur
amino acid (methionine and cysteine) and mineral sulphur. They
contain about 5.19 and 8.96 mg g–1 DM respectively of cysteine
and methionine. Toxicity studies have shown that M. oleifera leaf
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extract has no reported significant adverse effects in humans, rats,
rabbits or poultry [15-20].

All these data explain why Moringa is used to improve
growth performance and enhance health of animal. Many studies
have evaluated the effect of supplemented Moringa oleifera on
growth, carcass and egg quality, plasma biochemistry, organ
histopathological indices and intestinal morphology [21] but to our
knowledge, there is no existing work on the effect of these leaves on
sulphur metabolism and sulphur compound synthesis. In view of all
these reports, it is then hypothesized that Moringa oleifera leaves,
having a number of nutrients (specially protein), mineral nutrients
and vitamins in a naturally balanced composition, may promote
poultry growth and stimulate the synthesis of some sulphur
compounds. Therefore, the objective of this study was to evaluate
the effect of Moringa oleifera leaf powder on the stimulation of
growth and the synthesis of some important sulphur compounds.

Material and Methods

Experimental Site, Experimental Design and Animals
The experiment was carried out in a henhouse in Yaoundé,
Cameroon from July to October 2017. A total of fifty-six broiler
chicks of 21-day old (Cobb 500) were randomly divided into
four groups with two replicates containing seven birds each. The
chicks were reared on wood shavings litter and the temperature
of experimental house was maintained at 28°C till the end of trial,
that is day 49. Birds in experimental groups were fed with the same
diet supplemented with Moringa oleifera leaf powder at 0%, 2%,
4% and 8%. The fourth were then classified as follow
F0: Broiler chicks fed with normal diets without Moringa
oleifera
F1: Broiler chicks fed with normal diets + 2% Moringa oleifera
F2: Broiler chicks fed with normal diets + 4% Moringa oleifera

F3: Broiler chicks fed with normal diets + 8% Moringa oleifera
(Figure 1)

Figure 1: Experimental feed of broiler chicks.
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Moringa Oleifera Leaf Powder: To prepare Moringa leaf
powder, fresh green and undamaged mature Moringa oleifera
leaves were collected on over three years old trees. The leaves were

dried at 55°C (to a relative humidity of less than 10%), crushed to
powder and sieved with 4 mm sieve (Figure 2).

Figure 2: Moringa oleifera leaf powder.
Feed Distribution: Feed were offered twice a day and freshwater ad libitum. The basal diet (Table 1) was formulated to meet the
nutrient requirements of poultry.
Table 1: Nutritive value of animal basal diet.
Composition

Broiler starter

Broiler growth

Size

Fine size

Medium size

Crude proteins (%)

23

21,5

10

8

Humidity (%)

11

Lipid content (%)

9,5

Lysine (%)

0,9

Minerals (%)

Methionine (%)
Crude fibre (%)
ME (Kcal/kg)

Data Collection

10

0,9

0,8

0,6

4,5

3000

Feed Intake: The feed intake was determined by weighing the
bucket after consumption and before the next refilling of the bucket.

Body Weights and Mortality Rate: The average group body
weights and feed consumption were recorded at weekly intervals
during the experimental period. Weighing was done in the morning
before feeding. Body weight gains and Feed Conversion Ratio (FCR)
were calculated using the above measurements. The mortality rate
was recorded in different group according to distributed feed.
Blood Collection: At the end of the feeding trial (at 49 days)
and after withdrawal of feed 12 hours, three birds from each
replicate was randomly selected for blood and tissue sampling.
Blood samples were drawn from wing veins, collected in sterilized
dry centrifuge tubes without any anticoagulant and then kept at
room temperature for 2 h. After 2 h, the tubes were centrifuged
at 4000 rpm for 15 min to obtain serum. The separated serum
samples were kept in sterilized tubes marked and stored at -12°C

11

4,5

3050

for biochemical analysis. After blood sampling, the birds were
killed by exsanguinations of the left jugular vein. Pectoral muscle
was collected, mixed, ground and used for nutritional composition
analysis.

Total, Reduced, Oxidised Glutathione Content and
Glutathione S-Transferase Activity

Total glutathione content was determined according to the
method of Ellman as described by Weckbecker & Cory (1988) using
Ellman reagent (DTNB) or 5,5’-Dithiobis (2-nitrobenxoic acid). A
calibration curve was prepared using GSH. Oxidised glutathione
(GSSG) content was determined according to the method described
by Anderson (1985) after elimination of reduced glutathione
(GSH) using 2-vinyl-pyridine. The reduced glutathione content was
calculated by the difference between the previously determined
total glutathione content (GSHT = GSH + GSSG) and the oxidised
glutathione content (GSSG). The enzymatic activity of glutathione
S-transferase was determined as described by Habig, Pabst & Jacoby
(1974) at 340 nm using CDNB (2,4-Dinitro-1-chlorobenzene). The
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GSH S-transferase activity was calculated as follows:

GSH (nM / min) =

( A1/ min) − ( A0 / min)

ε

D

Where A1 is the absorbance of the sample tube, A0, the
absorbance of blank tube and ɛ the extinction coefficient of CDNB
in mM-1Cm-1 (9.6).

Biochemical Profile: Analysis of Serum Sample

Serum total protein, albumin, globulin and glucose were
determined colorimetrically according to the methods described
by Bradford for protein [22] and as described in commercial kits
for the others. Lipid profile (triglycerides, total cholesterol, HDL
and LDL) were determined by enzymatic colorimetric method
described in a commercial kit (INMESCO Kit) as well as aspartate
aminotransferase (AST), alanine aminotransferase (ALT).

Water, Protein, Fat, Sugar and Thiol Content of Chicken
Meat
The water content was determined according to the method
described by AOAC (1980). It is based on the mass loss of the
samples at 105°C. Total ash content was determined according to
the method described by AOAC, 1980 at 550°C. The total protein
content was measured by the Kjeldahl method based on the
conversion of organic nitrogen to ammonium sulphate. The nitrogen
content (N) is converted into protein using 6.25 as the converting
factor [23]. The total lipid content was determined based on their
differential solubility in certain organic solvents such as hexane.
They are extracted in hot hexane by continuously refluxing for 12
hours [24].

The sugar content was determined by the method described
by Dubois, Gilles, Hamilton, Rebers & Smith (1956) based on
dehydration followed by cyclization of C6 sugars (hexoses)
and C5 (pentoses) in hot acidic medium to give respectively
hydroxymethylfurfural and furfural. The latter react with phenol to
give a complex with a maximum absorption at 490 nm. Total thiols
(TT) were estimated according to the method described by Sedlak
& Lindsay (1968), using Ellman’s reagent with 14.15 × 103 (mol.
L-1)-1 cm-1 as extinction coefficient. The glutathione content was
determined as previously described.

Statistical Analysis
The data relating to various parameters were subjected to
statistical analysis by using Statistical Package for Social Science
version 20.0 under completely randomized design employing oneway analysis of variance. The means of different treatments were
compared with Least Significance Difference test, and significance
was considered at p<0.05 level.

Result and Discussion
Growth Performance

Feed Intake: Feed consumption in each group was measured
on a weekly basis and the results among the different treatment
groups are presented in Figure 3. During the first week (day 21-28),
feed intake was low in all group but it gradually increased to reach
the highest value at week 5 (Day 49). There was no significant
difference during the first week among groups (p>0.05). The
prepared diets were well accepted and tolerated by the birds with
the best appreciation going to F1 (Moringa 2%) and F2 (Moringa

4%) formulations in general. The lower feed intake during the first
week as also observed by [25-30] could be due to stress associated
with the introduction of new feed. After the adaptation period,
feed intake progressively increased from day 28 to 49. This can
be explained by the fact that the birds have already been used to
their new environment and to distributed diet, although there was
a lightly significant decreasing trend of feed consumption with
increased level of Moringa oleifera in the diet. Moringa oleifera
leaves are rich in saponins; the latter decrease the palatability of
food when added in higher quantity [31]. This can explain why feed
intake decreased when Moringa oleifera leaf powder level increase
in the diet. This was also reported by Gakuya et al. (2014) and the
contrary was found in other studies [32,33]. The discrepancy in feed
intake could be explained by the lower or higher energy content
of Moringa leaves relative to the dietary components it replaced in
different studies. Many results suggested that a supplementation
level of Moringa up to 10% does not have negative effect on feed
intake but lower supplementation level is suitable for their use in
layers’ diet [34-40].

Figure 3: Effect of Moringa oleifera leaf powder supplementation on feed intake.
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Body Weight (BW) and Feed Conversion Ratio (FCR)
The effect of Moringa oleifera leaf powder supplementation
on body weight and feed conversion ratio is presented in Table 2.
There was a slight weight loss in all groups during the first and
second growth weeks, even though non-significant during the
first (p>0.05). The body weight continuously increased during
the experimental period. At the 4th growth week, the highest body
weight belonged to F1 (Moringa 2%) birds. The second rank was
for F0 (Moringa 0%) birds and the sequence was closed by F2
(Moringa 4%) and F3 (Moringa 8%). At the fifth week, F1 (Moringa
2%) maintained his first place and F3 (Moringa 8%) the last. The

positive effects of dietary Moringa oleifera supplementation at
low rate on animal performance may be attributed to Moringa
content in calcium, magnesium, sodium, potassium, copper, iron,
zinc, manganese, α-tocopherol, β-carotene and ascorbic acid as
well as some bioactive components. Excessive amount in diet
produced adverse effects; these adverse effects of high levels of leaf
meal in poultry diets could be a result of low digestibility of the
protein. Furthermore, phytate content in M. oleifera might decrease
availability of minerals, thus various enzymes such as phytase could
be added to feed containing moringa leaves to increase phosphorus
availability when used in higher quantity [41].

Table 2: Effect of Moringa oleifera leaf powder supplementation on broiler chicken body weight and feed conversion ratio.
Day 21-28

Day 28-35

Day 35-42

Day 42-49

F0

860.20 ± 18.31a

1186.80 ± 18.28b

1495.60 ± 76.09ab

1755.80 ± 88.77bc

F2
F3

831.40 ± 9.29a

826.00 ± 11.61

1123.40 ± 13.83ab
1024.60 ± 41.33

1293.40 ± 43.84a

1326.40 ± 102.02

1570.80 ± 68.28ab

1428.60 ± 110.07a

F0

2.16 ± 0.15a

1.96 ± 0.03a

2.75 ± 0.40b

3.64 ± 0.56b

F2

2.39 ± 0.09a

2.42 ± 0.08b

6.66 ± 2.56c

3.99 ± 0.94b

Body weight
F1

F1
F3

836.20 ± 16.45

a

a

1144.20 ± 60.68

ab

a

a

Feed conversion ratio

2.45 ± 0.15a

2.46 ± 0.34b

2.36 ± 0.11

3.65 ± 0.61

a

1614.40 ± 64.50

b

The feed conversion ratio frequently fluctuated during the
growing period and the highest values were obtained at the last
week with the highest FCR belonging to F3 (Moringa 8%) birds. No
statistical difference in FCR could be noticed during 21-28 days of
age. This result is similar to that obtained by Panda et al. (2017).
A high FCR value means that animals need to ingest large quantity
of food to develop their body weight. It is then important to have
lower value in case of good results. Results from Table 2 indicated
that low rate of Moringa in broiler chicken reduced the FCR and
increased the live body weight. This might be due the digestion
stimulatory and the gastroprotective effects Moringa oleifera leaf
components as reported [42-45].

Mortality Rate

Mortality rate is an important parameter to take into
consideration when doing agriculture as a lucrative or nonlucrative activity. It determines the product yield and therefore the
profit. The influence of Moringa leaf powder supplementation on
broiler chicken mortality rate was evaluated. The only treatment
where bird death was registered was F0 (Moringa 0%) with 14.29
± 0.0 %. It can then be concluded that Moringa oleifera in broiler
diet helped to ameliorate bird health situation and reduce death
incidence. This can be due to the rich nutrient profile of Moringa
oleifera leaves. Actually, it has been reported that Moringa plants
by their composition have growth promoter, antimicrobial and

c

1.72 ± 0.09a
5.91 ± 3.98

c

1954.80 ± 66.60c

2.59 ± 0.09a
9.81 ± 1.56c

immunomodulatory properties [46]. Moreover, the phytochemical
compounds of moringa possess various biological actions and
confer to the plant significant medicinal properties that could be
valuable [47]. Moringa leaves also have antiviral effect on Newcastle
disease virus [48].

Sulphur Metabolism: Protein, Total, Oxidized and
Reduced Glutathione Content and GST Activity

The effect of Moringa oleifera leaf powder incorporation on
some sulphur compound synthesis was assessed in broiler serum
and results are presented in Table 3. Total and reduced GSH
levels were not significantly affected by feed ration. Consumption
of Moringa oleifera leaf powder resulted in a decrease in serum
oxidized glutathione (p˂0.05) and a non-significant increase in
reduced glutathione content (p>0.05). The reduced GSH content
of broilers fed the F0 ration is insignificantly lower than that of
subjects of other groups. The high content in the later, although not
significant, can be explained on one hand by the fact that Moringa
leaves by their composition prevent glutathione oxidation ; on the
other hand, they improve the absorption of amino acids such as
methionine and cysteine, which are limiting factors for glutathione
synthesis in the liver. These results are similar to those of Yassa &
Tohamy who showed an increase in reduced glutathione levels in
rats following Moringa oleifera extract administration.
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Table 3: Effect of incorporation of Moringa oleifera leaf powder on serum total GSH, GSSG, reduced GSH, GST activity and protein
content of broilers.
Total GSH
(mM L-1)

GSSG
(mM L-1)

Reduced GSH
(mM L-1)

[GST]*10-2
(mM/min/mg)

Proteins (g/dl)

F0

14.27 ± 0.92a

3.86 ± 0.46b

10.41 ± 1.38a

0.55 ± 0.04b

1.69 ± 0.18a

F2

13.92 ± 0.75

2.92 ± 0.39

11.00 ± 0.36

0.50 ± 0.21

F1
F3

14.76 ± 0.22a
a

14.79 ± 0.71a

2.35 ± 0.80a
a

2.64 ± 0.59a

12.42 ± 0.58a
a

12.16 ± 0.13a

0.49 ± 0.04a
a

0.58 ± 0.03b

Note: *Mean within the same column, having different letters are significantly different (P<0.05).
Glutathione is known as the most abundant low molecular
weight thiol that acts crucially as a physiological antioxidant to
protect biological systems [49,50]. The control group level obtained
in this study is lower than that obtained by Wang, Cawthon &
Bottje (1998) (17.0 ± 1.1 x 10-3 M) in the plasma of 17-day-old
broilers. This difference could be due to the age of the animals. The
glutathione level increases progressively with age in young subjects
(up to 21 days of age) and then appears to decrease. In humans, this
decrease may be accentuated by certain factors such as pollution,
diet, physical activity, diseases, tobacco consumption. A decrease

in glutathione content contributes to the oxidative stress involved
in ageing and the development of many diseases. The activity
of the GSH S-transferase is greater in F0 and F3 broiler serum,
suggesting the presence of stressors in these groups. The GSH
S-transferase content is an indicator of the oxidative status of the
cell. GSH S-transferase catalyzes the detoxification of xenobiotics
and reactive oxygen species with glutathione as substrate. Indeed,
it catalyzes the conjugation reaction between reduced glutathione
(GSH) and foreign substances (xenobiotics, carcinogens and
electrophilic compounds ... etc.) with the formation of glutathione
metabolites-conjugates.

3.07 ± 0.09b

2.46 ± 0.52ab
2.20 ± 0.19ab

powder does not negatively impact dietary protein utilization and
liver synthesis.

Serum Biochemical Parameters

Serum level glucose, triglyceride, total cholesterol, HDLcholesterol and LDL-cholesterol content of broiler chicken is
presented in Table 4. In the same table, ALT, AST activities, albumin,
globulin, creatinine and urea content are also specified. There is a
variability in the serum triglyceride content after Moringa oleifera
consumption. Consumption of increasing amounts of M. oleifera

leaf powder did influence HDLc and LDLc levels (P<0.05); however,
the LDLc level in control chickens was significantly higher than
in the experimental groups (p˂0.05). Subsequently, consumption
of Moringa leads to a decrease in LDLc content. These results
agree with those of several authors who, incorporating leaves of
other plants such as neem (Azadirachta indica) in broiler’s and
rabbit’s feed and noted their hypocholesterolemic effects. They
attributed these effects to the presence of several compounds such
as polyphenols in these leaves. A significant decrease in serum
total cholesterol compared to the control was noted following the
consumption of Moringa leaf powder. This can be explained on
one hand by the presence in M. oleifera leaves of phytochemical
compounds such as alkaloids and saponins which have anticholesterolemic activities and on the other hand by its high content
of fibres which bind to cholesterol and prevent its intestinal
absorption resulting in a decrease in the levels of total cholesterol
and LDL cholesterol. Indeed, insoluble fibres have the ability to
bind to bile acids reducing the absorption of fats and cholesterol.
Similar results were obtained by Abdel-Azeem, Mohamed, ElShiekh & Hessin (2017) who showed that the cholesterol and LDL
cholesterol levels decreased following consumption of Moringa leaf
powder.

Moringa oleifera leaf powder consumption resulted in an
insignificant increase in serum protein content compared to the
control, with a more pronounced increase in chickens receiving low
Moringa leaf supplementation. These levels are within the normal
range (2.4 - 4.5 g/dl) reported by Harr (2002). Serum protein levels
are directly related to dietary protein intake. Indeed, the work of
Samarth, Dakshinkar, Jagtap & Bhojne (2003) showed that the
incorporation of increasing leaf levels in the feed of broilers leads
to an increase in serum protein content. Thus, Moringa oleifera
proteins were used for the liver synthesis of chicken serum proteins.
Furthermore, supplementation of broiler feed with moringa leaf
Table 4: Effect of Moringa oleifera leaf powder supplementation glucose, triglycerides, HDLc, LDLc, Totalc, albumin, globulin,
creatinine, and urea of broiler chicken serum.
Glucose
(mg/dL)

Triglycerides
(mg/dL)

HDLc
(mg/dL)

LDLc
(mg/dL)

Totalc
(mg/dL)

ALT
(UI/L)

AST
(UI/L)

Albumin
(g/dL)

Globulin
(g/dL)

Creatinine
(mg/dL)

Urea
(mg/dL)

F0

225.09 ±
4.91ab

167.08 ± 5.15b

77.24 ±
0.28a

38.30 ±
1.91b

148.95 ±
1.15c

65.56 ±
3.55b

259.88 ±
8.13d

2.31 ±
0.26a

2.38 ±
0.09a

0.76 ±
0.02c

5.85 ±
0.17b

F2

204.02 ±
6.80a

199.21 ± 9.96c

75.60 ±
4.53b

17.99 ±
3.40a

133.43 ±
0.86bc

70.48 ±
2.71c

187.59 ±
7.41b

2.70 ±
0.15a

2.76 ±
0.37a

0.46 ±
0.02a

3.74 ±
0.26a

F1

F3

241.70 ±
3.51b
202.94 ±
7.24a

127.47 ± 1.33a

184.05 ± 4.13c

83.33 ±
2.59b
85.76 ±
1.62b

17.60 ±
1.48a
16.27 ±
3.17a

126.42 ±
1.38a
138.84 ±
0.72b

72.55 ±
2.54c
58.91 ±
2.04a
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171.39 ±
1.46a
206.16 ±
6.07c

2.77 ±
0.18a
2.47 ±
0.14a
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0.27a
2.73 ±
0.33a

0.61 ±
0.02b
0.42 ±
0.03a

3.64 ±
0.11a
5.70 ±
0.28b
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Feeding rations containing Moringa leaf powder has no
negative effect on liver function as all values are within the normal
range established by Harr (2002). However, between groups
there are differences ranging from slightly to highly significant in
transaminase (ALT and AST) levels. Consumption of Moringa leaves
leads to a significant decrease in the AST content (p˂0.05); it can
be concluded that no deterioration of liver function was noted. The
creatinine content is higher in the control group serum and lower
in the serum of chickens fed with M. oleifera leaf powder although
the values do not indicate impaired kidney function. Creatinine,
a degradation product of creatine, is eliminated by the kidneys.
Thus, an increase in creatinine or serum urea reflects a decrease in
glomerular filtration rate. Urea, on the other hand, is a nitrogenous
waste product of protein degradation in the liver, filtered by the
kidneys. Elevated blood urea levels may indicate renal impairment
or protein hyper catabolism. The urea values in this study are
within the normal range of 4.80 to 19.80 mg/dL reported by
Kaneko, Harvey & Bruss (1997) for birds.

Proximal Composition

No significant differences (p>0.05) were observed in ash and
carbohydrate content of muscle of broiler chicken due to Moringa
leaf powder supplementation. While there were important

variations in moisture, lipid and protein content. Results are
presented in Figure 4. Chicken flesh from F0 and F3 treatments
contains much more water than that of chickens from treatments
F1 and F2 (P<0.05). The consumption of Moringa oleifera leaf
powder did not influence (P˃0.05) ash and sugar content of the
flesh. Subjects consuming the Moringa-free ration have the lowest
protein content. The increase in the protein content of the chicken
meat of F1, F2 and F3 groups could be due to the nutritional richness
of their feed compared to F0 feed. Indeed, the first three rations
contain more protein and fat than the last one (F0). Although the
water and protein content are much lower than those of the breast
of Brazilian Cobb chickens found by Brasil et al (2018), the ash and
lipid contents are higher. The lipid content is inversely proportional
to the percentage of Moringa leaf powder incorporation. The lowfat content of chicken meat is a real advantage even though chicken
is a white meat. Numerous studies and extensive media coverage
have been carried out over the last decade regarding food health
and safety issues. Meat has been shown to be a major dietary
source of saturated fatty acids which have been implicated in the
increased risk of coronary heart disease, diabetes mellitus, stroke
and some cancers. Meat consumers are therefore concerned about
the composition of meat fat; the lower the fat content of a meat, the
more it would be appreciated by the consumer.

Figure 4: Effect of Moringa oleifera leaf powder supplementation on proximal composition (%) of broiler chicken meat.

Chicken Meat Thiol Composition
The determination of total, oxidised and reduced glutathione
levels as well as total thiol content of the edible meat of chickens was
carried out and the results are presented in Table 5. The increased
levels of glutathione and total thiols in the flesh of chickens fed with
M. oleifera leaf powder improves the quality of the meat by offering

the consumer a product with a high antioxidant value in contrast
to the control group flesh. Indeed, the high prevalence of thiols in a
food improves its antioxidant potential due to their reducing power
and their ability to react with free radicals. The glutathione levels
in this study are higher than those of Zhang et al. (2015) and Pusic
et al. (2018) who had mean levels of 24.18 and 29.75 µmol-g-1
respectively in the pectoral muscle of Cobb 500 broilers.

Table 5: Effect of Moringa oleifera powder incorporation on thiol levels (µmol-g-1) in chicken flesh.

F0

Total GSH

GSSG

Reduced GSH

Total thiols

36.11 ± 1.94a

6.66 ± 0.52b

29.45 ± 1.42a

74.73 ± 1.28a

57.00 ± 2.33b

4.47 ± 0.29a

F1

55.59 ± 2.44b

F3

54.91 ± 0.10

F2

b

3.45 ± 0.37a

52.14 ± 2.07b

85.25 ± 0.72b

2.96 ± 0.49

51.95 ± 0.59

87.55 ± 0.45b

a
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52.53 ± 2.61b
b

86.04 ± 0.20b
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Conclusion
From the present study, it can be concluded that dietary
supplementation with Moringa leaf powder up to 8% in broiler
chicken improve feed conversion ratio, meat proximal composition
and total glutathione content. It decreases the mortality rate and
glutathione S-transferase activity. This supplementation at low rate
also increases feed intake. Therefore, Moringa oleifera leaf powder
can be used as nutrient source in broiler chicken feed to stimulate
their metabolism and antioxidant defence.
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