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ABSTRACT

The meat of the broiler chickens has created a huge demand among consumers. Phytobiotics attracted the attention as
natural feed additives to improve meat quality and consumer acceptance. This study was conducted to investigate
whether addition of Moringa Oleifera (MO) in broiler diets in different levels improve meat quality and meat chemical
composition of broiler chickens. A total 150 a-day old broiler chicks (Cobb) were randomly distributed into 5 equal
groups. Diets were formulated to contain approximately the same level of crude protein (CP) and metabolizable energy.
In the first group (control), birds were kept on basal diet. Chicks in second, third, fourth and fifth groups were fed on
the basal diets supplemented with 1, 3, 5 and 7% MO leaves, respectively. Meat samples from the humanely killed birds
(on day 42) were collected to measure pH and cholesterol level. Part of the meat samples was prepared for chemical
analysis and Thiobarbituric acid number (TBA). The CP level was the highest in the thigh (P=0.002) and breast muscles
(P=0.007) of birds fed 3% MO. In the same way, addition of 3% MO to the diet decreased the fat in both thigh and
breast muscles (P<0.001). The pH of breast muscles was suppressed in birds fed 3% MO diet (P<0.05). The addition of
7% MO to the diet decreased (P<0.001) cholesterol level in breast muscle of birds. It was concluded that addition of

MO leaves to the diet of broiler chicks improved meat quality and composition.
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INTRODUCTION

Broiler chickens are mainly reared for meat production
because of their short production period. Moreover, the
meat of the broiler chickens has created a huge demand
among consumers because it is a good source of protein,
minerals and vitamins. In addition, broiler meat has low
lipid content making it a healthier consumer option.
Therefore, broilers meat becomes a major part of human
meal. This consequently, increased the demand for higher
annual meat production worldwide (Arshad et al. 2016;
Santhi et al. 2020). However, consumers are interested in
meat that can contribute to their personal satisfaction. In
addition, consumer demand has also shifted from the whole
bird to its processed parts, increasing further the value of
meat yield and its quality attributes. Therefore, efforts are
being made to improve meat quality and increase its storage
capacity to achieve consumer preference.

The major challenge facing in broiler production is the
occurrence of infectious diseases due to poor biosecurity.
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For decades, antibiotics have been used in broiler feed to
prevent and treat diseases and to improve performance and
feed efficacy (Roth et al. 2019). The non-therapeutic
application of antibiotics increases the residual
accumulation rather than medical use thus increases the
risk of antimicrobial resistance. Moreover, in 2006 the
European Union prohibited antibiotic in animal diets due to
toxicity problems and development of microbial resistance.
Thus, meat production from broiler chicken without using
antibiotics is crucial to protect human health against
antimicrobial resistance (Haque et al. 2020). Moreover,
consumers are concerned not only about nutritional content
and flavor but also antibiotic residue. Consequently, there
was also a need to find available alternatives for growth
promotion and feeding efficiency.

Phytobiotics have gained interest as alternatives to
antibiotics (Alagawany et al. 2021) and use of phytobiotics
in poultry has been linked to a variety of growth and health
promotion properties. The mode of action of phytobiotics
is described through improving gut histology and gut
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health, stabilizing intestinal microbime and reduction of
inflammation and modifying digestive secretions (Gilani et
al. 2021; Krauze et al. 2021). The phytobiotics also
improve carcass meat safety and quality through reducing
microbial load and improving sensory characteristics
(Prabakar et al. 2016).

Moringa Oleifera (MO) is a valuable plant showed
multiple potential effects including growth promation,
antimicrobial and antioxidant effects (Gupta et al. 2018;
Dhakad et al. 2019; Gehad et al. 2020). Due to its anti-
microbial effect and pharmacological properties, MO could
be used as alternatives to growth promoters for poultry
(Mehta et al. 2003; Shin et al 2018). Therefore, the effect
of MO leaves meal on performance, carcass yield, gut
integrity and nutrient utilization have been investigated at
different inclusion levels either as an alternative protein
source or as phytogenic feed additives alone and/or in
combination with extracts from other plants (Zanu et al.
2012; Kholif et al. 2018; Mahmoud et al. 2019; Zhang et
al. 2019). However, the optimal level of MO leaves as a
nutritional supplement has not yet been determined
(Hassan et al. 2016). In addition, there are few publications
regarding the effect of feeding MO leaves on chemical
composition and cholesterol level in broilers meat (Mahfuz
and Piao 2019). Therefore, the aim of this study was to
assess the beneficial effects of MO leaves meal on meat
composition and cholesterol level in broiler meat. We
hypothesized that the use of M. Oleifera leave meal
(MOLM) in small concentration might improve
composition and quality of broilers meat.

MATERIALS AND METHODS

Bio-Ethics Permission

All experimental procedures, bird handling and
treatment were approved by Ethical Committee of Animal
Care and Welfare (No. VetEg. 918 201-2018), Faculty of
Veterinary Medicine, South Valley University (EC-
REACU-V-SVU).

Birds, Diets and Experimental Design

The experiment was conducted at the research farm of
Faculty of Veterinary Medicine, South Valley University,
Qena, Egypt. This study used 150 a-day-old, unsexed
broiler chicks (Cobb, obtained from a local commercial
hatchery). Birds were wing-tagged and randomly
distributed in a complete randomized design with 5
treatments and 3 replicates with 10 birds in each replicate.
The feeding plan was designed as previously described
(Alwaleed et al. 2020). Briefly, the birds were fed
isoenergetic (3200 Kcal/kg metabolizable energy) and
isonitrogenous diets (23, 20 and 18% crude protein for
starter, grower and finisher, respectively). The diets were
formulated using commercially available ingredients based
on corn grain and soybean oil meal. All experimental diets
meet the minimum nutrient requirements recommended for
Cobb broilers and offered in a mash form. Control diet
(Con) was without addition of MOLM. Experimental diets
were supplemented with 1, 3, 5 and 7% MOLM (M1, M3,
M5, and M7, respectively). Ingredients and nutrient
composition of the experimental diets are shown in Table
1. The birds were kept in experimental chambers under the
recommended optimal conditions of temperature, humidity
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and ventilation. Food and water were offered ad-libitum
during the whole experimental period. The experimental
diets were prepared as described previously (Alwaleed et
al. 2020). In details, MO leaves were collected from local
farm at Qena governorate and spread out under the shade
to dry at 35°C for 5d. After drying, the leaves were crushed
to a fine powder and preserved for further analysis. The
proximate analysis of the leaves for moisture, CP, crude fat
as ether extract (EE), ash and fiber were performed as per
the slandered method (AOAC 2005).

Sampling, Chemical Analysis and Meat pH, TBA and
Cholesterol Levels

At the last day of the experiment, 3 birds were
randomly selected from each group and humanely killed
after fasting overnight. Afterwards, the birds were scalded,
de-feathered and carcasses were eviscerated. Meat samples
from breast and thigh collected taken for different analysis.
Part of meat samples were minced, dried, homogenized and
chemically analyzed for dry matter (DM), CP, EE and ash
according to the standard methods (AOAC 2005). In
details, DM was analyzed by oven drying overnight at
100°C and CP was determined by the Kjeldahl's method
while crude fat was analyzed as EE by using Soxhlet
extractor and ash by combustion of samples at 580°C
overnight. Energy contribution (kcal/100g meat) was
calculated according to the method described by
Nkukwana et al. (2015).

The pH value of meat samples was determined by using
an electric pH meter (Bayer Model 6020, USA). Samples
were prepared for cholesterol analysis (only for breast meat)
including extraction of fat from meat tissue and preparation
of that extract for analysis (Bligh and Dyer 1959; Naeemi et
al. 1995). Afterwards, the procedures of diagnostic
cholesterol reagent (CHOD-PAP, spectrum, S.A.E.) was
used to determine cholesterol level in meat samples (Pasin
et al. 1998). The TBA values were determined according to
the method described by Vyncke (1970). The effects of the
same MOLM on growth performance, carcass
characteristics and blood parameters in our companion
study was evaluated (Alwaleed et al. 2020).

Statistical Analysis

Data were analyzed using analysis of variance with the
Graph-Pad Prism (GraphPad Software, San Diego, CA,
USA). All values were presented as meanzSD.
Significance was declared at P<0.05 and a trend was set at
P<0.05 and P< 0.10. Tukey’s test was used for comparisons
among means.

RESULTS

Chemical Composition of Breast and Thigh Meat

The results indicated that supplementation of MOLM
significantly increased (P<0.01) DM and CP and tend to
increase (P=0.08) ash content of breast meat. On the other
hand, EE was significantly lower in the breast meat
compared to control group fed basal diet (Table 2). The CP
percentage of breast meat for M1 and M3 groups was
higher (P<0.05) than that of the control, M5 and M7
groups. The EE content in the breast meat for Control, M1
and M7 (P<0.05) was higher than those of the M3 and M5
groups. Supplementation of MOLM tend to (P=0.08)
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Table 1: Physical and chemical composition (%) of the experimental diets prepared by incorporating of Moringa Oleifera leave meal (MOLM)

Groupst Starter diets Grower diets Finisher diets

Con ML M3 M5 M7 Con M1 M3 M5 M7 Con M1 M3 M5 M7
Feed stuff (%)
Yellow corn 46.7 46.3 46.0 457 454 59.00 58.80 58.60 58.50 58.40 65.44 65.24 65.04 64.94 64.84
Soybean meal 430 425 410 395 38.0 33.00 32.30 30.70 29.00 27.30 26.50 25.8 24.20 22.50 20.80
Sunflower oil 6.65 655 6.35 6.15 5.95 479 469 449 429 4.09 469 459 439 419 3.99
MOLM 0 1 3 5 7 0 1 3 5 7 0 1 3 5 7
Limestone 144 144 144 144 144 147 147 147 147 147 150 150 150 150 1.50
Di calcium phosphate 14 14 14 14 14 100 100 1.00 100 1.00 110 110 110 110 110
Common salt 0.40 040 040 040 040 040 040 040 040 040 040 040 040 040 0.0
Premix 030 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DI Methionine 0.11 011 0.11 0.11 0.11 0.04 0.04 0.04 0.04 004 0.07 0.07r o0.07 0.07 o0.07

Calculated analysis
Crude protein (%)
ME (Kcal/kg diet)

2296 23.0 231 231 231
3095.2 3094 3099 3103 3108 3124 3126

20.06 20.09 20.09 20.08 20.06 18.00 18.04 18.05 18.03 18.01
3131 3138 3145 3186 3188 3194 3201 3208

Calcium (%) 1.00 103 1.10 1.16 1.23 0.9 092 099 101 110 091 0.93 1.00 1.07 1.13
Auvailable phosphorus (%) 046 046 0.46 0.46 0.47 037 037 037 037 037 038 038 0.38 0.38 0.38
Methionine (%) 048 049 050 051 052 037 038 039 040 041 037 037 039 040 041
Lysine (%) 137 140 145 145 147 111 113 115 117 119 094 096 098 1.00 1.02

Control group fed basal diet without any supplementation. M1, M2, M3 and M4 groups fed basal diet supplemented with 1, 3, 5 and 7%
MOLM, respectively. Each 3kg contained: Vit. A-12000001U; Vit. D3-3000001U; Vit. E-700mg; Vit. ks-500mg; Vit. B1-500mg; Vit.
B2-200mg; Vit. Be-600mg; Vit. B12-3mg; Vit. C-450mg; Niacin, Methionine, Magnesium sulphate and Copper sulphate each 3000mg;
Pantothenic acid-670mg; Folic acid-300mg; Biotin-6 mg; Choline chloride and Iron sulphate each 10000mg; Zinc sulphate-1800mg;
Cobalt sulphate-300mg.

Table 2: Meat chemical composition (%) in dry base matter of broilers as influenced by different dietary treatments of Moringa Oleifera
leave meal (MOLM)

Item Groups! P Value
Control M1 M3 M5 M7

Breast meat
DM 28.93+0.114b 29.22+0.158ab 29.37+0.160ab 29.91+0.096a 29.64+240ab 0.013
CP 83.48+0.278b 84.81+0.064a 84.87+0.162a 83.38+0.0153b 82.72+0.335b <0.001
EE 9.02+0.242a 8.95+0.087a 8.23+0.062b 7.98+0.117b 9.31+0.067a 0.001
Ash 5.98+0.051 6.06+0.061 6.61+0.270 6.55+0.092 6.25+0.237 0.086
EC 394.3%1.05a 393.60.611a 387.9+1.22b 386.9+0.231b 394.8+1.01a 0.002

Thigh meat
DM 28.96+0.040b 29.84+0.059a 29.64+0.129a 29.85+0.069a 29.91+0.076a <0.001
CP 82.92+0.073bc 83.65+0.152b 84.79+0.218a 83.17+0.260bd 82.55+0.281cd 0.0002
EE 8.80+0.155ab 9.82+0.345a 8.05+0.180b 9.68+0.093a 9.39+0.287a 0.001
Ash 6.04+0.076 5.90+0.044 6.74+0.153 6.13+0.235 6.31+0.389 0.144
EC 393.0+0.907ab 398.7+1.76a 386.5+1.45b 397.1+0.518a 395.0+2.91a 0.004

Control group fed basal diet without any supplementation. M1, M2, M3 and M4 groups fed basal diet supplemented with 1, 3, 5 and 7%
MOLM, respectively. DM=Dry matter, CP=crude proteins, EC=Energy contribution (kcal 100g ~! meat) was calculated according to

Nkukwana et al. (2015). Mean+SD of treatments sharing no common alphabets are significantly different (P<0.05).

increase the ash content of breast meat without any
differences between the dietary treatments. On the
contrary, the breast meat of birds fed control diet showed
higher energy contribution than those of the supplemented
groups (P=0.002). The highest and the lowest inclusion
level of MOLM (M1 and M3) did not change the energy
content of breast meat, while the inclusion of 3% MOLM
significantly reduced (P<0.05) energy content of the meat.

The composition of thigh meat followed the same
pattern (DM and CP) but the ash content was not affected
by supplementation of MOLM. On the other hand, EE was
increased significantly (P=0.001) with supplementation of
MOLM (Table 2). The CP content of thigh muscle was
higher for M3 than those of the other groups (P<0.05). On
the contrary, the content of EE of thigh meat was the lowest
in M3 group while other means were similar to each other
(P<0.05). Unlike results of breast meat, the
supplementation of MOLM slightly improved energy
content of thigh meat (P=0.004). Although the energy
content of M3 group was not significantly different
(P<0.05) from the control group, but it showed the lowest

value when compared to other supplemented groups (M1,
M5 and M7).

TBA, Cholesterol and pH levels in Breast and Thigh
Meat

Supplementation of diets with MOLM resulted in a
significant (P=0.001) depression in pH of breast meat. The
lowest pH was observed in M3 and M5 groups, while pH
values for M1 and M7 were similar (P<0.05) to the values
observed in the control group (Table 3). On the other hand,
the supplementation of diets with MOLM did not affect the
pH values of thigh meat (P=0.148). However, birds fed diet
supplemented with 3% MOLM showed numerically the
lowest pH value.

The diet supplemented with  MOLM reduced
(P<0.001) the TBA values of breast meat (Table 4). Birds
fed diet supplemented with 1% MOLM showed a higher
TBA value compared to those fed other experimental diets
(P<0.05). Unlike breast meat, the TBA level in thigh meat
was affected by MOLM in different way (P<0.001). In
details, birds fed diets supplemented with 3% MOLM



Table 3: Meat pH of broilers as influenced by different dietary
treatments

Groups Breast meat Thigh meat
Con 5.88+0.058a 5.99+0.088
M1 5.89+0.061a 6.16+0.058
M3 5.44+0.058b 5.90+0.057
M5 5.56+0.057b 5.95+0.088
M7 5.74+0.057a 6.09+0.057

Control group fed basal diet without any supplementation. M1,
M2, M3 and M4 groups fed basal diet supplemented with 1, 3, 5
and 7% MOLM, respectively. P values for breast and thigh meat
were 0.001 and 0.148, respectively. Mean+SD sharing no
common alphabets in column are significantly different (P<0.05).

Table 4: TBA values (mg malondialdehyde kg*) of broilers meat

Groups Breast meat Thigh meat
Con 0.482+0.059b 0.099+0.006bc
M1 1.087+0.058a 0.176+0.004b
M3 0.438+0.028b 0.347+0.060a
M5 0.345+0.057b 0.033+0.006¢
M7 0.334+0.057b 0.104+0.005hc

Control group fed basal diet without any supplementation. M1,
M2, M3 and M4 groups fed basal diet supplemented with 1, 3, 5
and 7% MOLM, respectively. P value for breast and thigh meat
was <0.001. Mean+SD sharing no common alphabets in column
are significantly different (P<0.05).

80 -
p<0.001
60 =
%
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Fig 1: Cholesterol level (mg 100g!) of breast meat of broilers
chicken fed basal diet (Con) or M1, M2, M3 and M4 groups fed
basal diet supplemented with 1, 3, 5 and 7% MOLM, respectively.
Bar+SD sharing no common alphabets are significantly different
(P<0.05).

showed the highest TBA value, while the birds fed diet
supplemented with 5% MOLM (P<0.05) showed the
lowest value in thigh meat.

Supplementation of diets with MOLM reduced
cholesterol level in breast meat by 65% (P<0.001). Birds
fed diets supplemented with 5 and 7% MOLM had the
lowest cholesterol level compared to other groups (Fig. 1).
Cholesterol level in breast meat was in the order of
C>M1>M3>M5=M7 (P<0.05).

DISCUSSION

Broiler chicken meat has a strong demand among
consumers due to its high protein, minerals, and vitamin
content, as well as its low-fat content. To increase customer
satisfaction and preference for poultry meat, efforts are
being made to enhance meat quality and storage capacity.
Dietary manipulation is critical in improving the
composition and quality of poultry meat in this context
(Cheng et al. 2019; Santhi et al. 2020). In the current study,
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the effects of various inclusion levels of MOLM on the
quality of broiler meat were investigated.

The DM and CP content in meat increased with the
addition of MOLM to the diet, while fat content decreased.
In the same context, it was reported that dietary
supplementation of MO silage improved the CP content of
lamb meat (Cohen-Zinder et al. 2017). This may be due to
the capability of MOLM to improve protein absorption and
retention (Lu et al. 2016). Since a high intake of fat is linked
to increased risk of cardiovascular disease in humans,
numerous studies have been published which showed how
to minimize the fat content in meat. In the current study,
the broiler receiving 3 and 5% MOLM showed the
decreased amount of fat in the carcass. The reduction in fat
percentage could be attributed to difference in fat
metabolism caused by supplementation of MOLM. Several
reports showed that supplementation of MOLM decreased
fat synthesis (Sangkitikomol et al. 2014) and inhibit fat
accumulation by inhibiting the adipogenesis and promoting
the lipolysis (Xie et al. 2018).

Nowadays, customers prefer low-fat diet in order to
minimize the risk of heart disease. Recently, researchers
have found a number of dietary supplements to produce
poultry meat with a low cholesterol content (Ayerza and
Lauria 2002; Chowdhury et al. 2002). However, there is
still a scarcity of knowledge about alternative production
methods that can help achieve this goal (Ponte et al. 2004).
In the current study, cholesterol level was lower in all
groups receiving MOLM than that of the control group, the
group fed diet supplemented with 5% MOLM showed the
lowest cholesterol content. This may be attributed to the
ability of MOLM to reduce the blood cholesterol level as
reported by Alnidawi et al. (2016). Moreover, MO
exhibited cholesterol lowering activities through reduction
of intestinal uptake of dietary cholesterol (Jain et al. 2010;
Maheshwari et al. 2014).

The pH value was measured in broiler meat at the day
of slaughter, in experimental groups the pH value in breast
muscle was significantly lower than that of the control
group, pH value was the lowest in a group of broilers
received 5% MOLM. The amount of glycogen in the
muscle before slaughter and the rate of glycogen
conversion into lactic acid after slaughter decide the pH of
broiler meat (Anadon 2002). In the current study, the high
amount of glycogen in the supplemented groups may
contribute to lower the pH in their muscles. Meat samples
having pH above 5.8 spoiled quickly, exhibiting short
durability (Price and Schweigert 1987). Our results showed
that the diet supplemented with 5% MOLM improved the
shelf life of the breast muscle. This result agrees with a
previous study conducted by Wapi et al. (2014) who
reported that broilers supplemented with MOLM showed a
decrease in pH on day 7. Furthermore, the low pH value is
a positive characteristic since low pH inhibited the growth
of microorganism.

One of the commonly used methods as an indicator of
lipid oxidation in the meat is TBA (Raharjo and Sofos
1993). The results of the current study showed that meat
from birds fed diets supplemented with MOLM showed
lower TBA values compared to non-supplemented group.
The lipid peroxidation suppression was observed in the
broiler meat samples from MOLM supplemented groups;
this showed that birds defensive mechanism prevents the



excessive formation of free radicals (Qwele et al. 2013).
Moreover, the presence of vitamins A, C and E in MOLM
further describe the reduction of lipid peroxidation but the
mechanism behind this action still needs to be explained
(Kou et al. 2018). Dietary supplementation of moringa
leaves could be a possible strategy for improving the
quality of broiler meat due to its anti-oxidant properties
(Mahfuz and Piao 2019). Similarly, the highest inclusion
level of MOLM in the diets decreased the TBA level.
Nkukwana et al. (2014) reported the lowest TBA value in
the breast meat at 2% inclusion level of MOLM. This
indicate that MOLM supplementation could improve the
oxidative stability of broiler meat.

Conclusion

In conclusion, addition of MO leaves in the diet of
broiler chicks improved chemical composition of meat
specially CP content and meat quality. The lowest pH value
was observed in broilers fed diets supplemented with 3%
MO leaves. Additionally, the inclusion of MO leaves
lowers the TBA values which indicate its potential to
improve oxidative stability of broilers meat. Moreover, the
addition of MO leaves reduces cholesterol level in the meat
of broiler chickens which may have a positive effect on
consumer health.
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