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Abstract

This research work was conducted to assess the effect of adding various levels of Moringa leaves on broiler production 
performance, and to perform an economic impact analysis for the feed alternative. A total of 80 broilers were randomly 
allocated into four dietary treatment levels as follows: C (Control), M10% (10% Moringa), M20% (20% Moringa), and 
M40% (40% Moringa). Moringa leaves contained crude protein 25.15%, fat 6.49%, crude fiber 8.86% and ash 9.81% on 
dry matter basis. During d 0 to 35, the overall effect on broilers fed the diet supplemented with 10% Moringa resulted 
in acceptable final body weight, body weight gain and high quality carcass. Inclusion of Moringa leaves in the broiler’s 
diet did not cause any mortality in the experimental birds. It can be concluded that Moringa leaves could be added up 
to 10% level in the diet without any detrimental effect on the production performance parameters of broilers.  Also, it is 
important to mention that the higher level of Moringa leaves in the diet have no adverse effect on the health of the birds. 
Furthermore, it was noticed that the inclusion of higher level of Moringa leaves in the diet (>10%) led to reduction in 
the average feed cost, but with no economic gain due to the reduction in the body weight.
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1. Introduction

Poultry industry is one of the most dynamic agribusiness 
trades in the world due to its participation in achieving 
food security (Portugaliza & Fernandez, 2011).  Kuwait 
is not an exception, due to the growth of human and 
livestock population. Therefore, there is a need to evaluate 
alternative feed resources to ensure the stabilization of the 
poultry industry. This depends on the availability of high 
quality feed to both producers and consumers (Adenjimi 
et al., 2011). However, Kuwait poultry industry faces 
many threats as it depends totally on the importation from 
external sources to supply the country with its needs of feed 
ingredients. Therefore, serious efforts should be placed on 
finding inexpensive local sources of protein to be used in 
the poultry diet (Gadzirayi et al., 2012). Banjo (2012) has 
proposed the Moringa (Moringapterigosperma: Family 
Moringaceae) as an alternate source of protein. Moringa 
leaves are a native source of Ca, Fe, protein, vitamins and 
minerals for poultry (Olugbemi et al., 2010). Moringa 
leaves have high quality protein that is comparable to 
that of soya-bean as reported by Foidl & Paul (2008). 
Therefore, it is important to compare the efficiency of 

broilers by using different levels of Moringa leaves and 
recommend the best level by means of its positive effect 
on the broiler production efficiency. 

2. Materials and methods

2.1. Animals and experimental design

The experiment was done by using eighty un-sexed 
Cobb500 broilersat one day old that were divided 
randomly into four treatments with different levels of 
Moringa leaves, and four replications per treatment, thus 
having five chickens per experimental unit. Broilers were 
kept in temperature controlled room. The temperature 
of the unit was 24oC during the experiment, with indoor 
relative humidity of 40 to 60%. The experiment was 
conducted in three phases consisting of a starter phase (d 
0 to 7), grower phase (d 8 to 21) and finisher phase (d 22 
to 35). The broiler chickens were provided with water ad 
libitum.

2.2. Diets

Moringa pods harvested from the well-established trees 
inside KISR campus were used for the seed extraction. 
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Moringa leaves were harvested once in 15 days from each 
plant after 30 days of field planting. Harvested leaves were 
sun dried and utilized for the feed. Thereafter, the dried 
leaves were ground with a mixer to make a leaf meal that 
was used in the diet. The four treatment diets consisted 
of C (basal diet), M10% (10% Moringa), M20% (20% 
Moringa), and M40% (40% Moringa). The experimental 

diets were fed from d 1 to 35. The chicks received a starter 
diet (24% protein, 3100Kcal/Kg), a grower diet (22% 
protein, 3100Kcal/Kg), and a finisher diet (21% protein, 
3100 Kcal/Kg). All broiler diets were formulated to be 
iso-nitrogenous and iso-caloric according to NRC (1994) 
requirements (Table 1). 

Table 1. Ingredients composition of broiler diet with different levels of Moringa leaves

Ingredients

Starter diet Grower diet Finisher diet

Moringa Leaves%

0% 10% 20% 40% 0% 10% 20% 40% 0% 10% 20% 40%

Corn 54.00 48.00 42.50 32.50 57.60 51.2 45.33 36.00 60.50 53.77 47.61 36.47

SBM 39.80 36.00 32.00 22.00 35.60 32.28 28.570 18.340 32.70 29.62 26.14 17.5

Soya oil 2.900 2.50 2.00 2.00 3.200 2.71 2.18 2.00 3.60 2.80 2.44 2.00

Moringa Leaves 0 10 20 40 0 10 20 40 0 10 20 40

Limestone 1.33 1.50 1.50 1.50 1.45 1.55 1.55 1.40 1.30 1.55 1.55 1.55

Dical-phos 1.30 1.20 1.20 1.20 1.40 1.24 1.24 1.24 1.20 1.24 1.24 1.24

Salt 0.10 0.20 0.20 0.20 0.21 0.42 0.42 0.42 0.15 0.42 0.42 0.42

L-Lysine 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.10 0.12 0.12 0.12

DLMethionine 0.25 0.28 0.28 0.28 0.27 0.28 0.28 0.28 0.25 0.28 0.28 0.28

Broiler Premix 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

%Crude Protein 24.04 24.25 24.37 23.76 22.36 22.73 22.98 22.297 21.19 21.67 21.99 21.95

Energy (Kcal/kg) 3012.1 3071.00 3134 3325 3054.44 3104 3163 3353 3112.83 3133 3198 3356

3. Sampling and measurements

3.1.  Proximate composition

Moringa leaves samples were analyzed for determination 
of ash, protein, fiber, and fat content according to the 
methods of the Association of Official Analytical Chemists 
(AOAC, 2005). The proximate values were reported in 
percentage. Moringa leaves were used in triplicates for 
determination of ash by ashing at 550oC for 3 hours. The 
Kjeldahl method was used to estimate the protein by 
multiplication of the nitrogen content with (6.25). The 
crude fiber content was estimated by digestion method and 
the fat was determined by Soxhlet extraction method.

3.2. Production performance

The broiler chickens were weighed and the consumed feed 
was recorded on weekly basis. This information was then 
used to estimate body weight gain, feed consumption, 

and feed efficiency. Mortality was noted daily and 
percent mortality was computed weekly. The data of the 
production performance were analyzed statistically and 
comparison was made between the different factors (age 
and treatment). 

3.3. Economic impact analysis

The economic impact assessment starts by making use 
of performance parameters obtained by examining the 
biological indictors, such as the impacts of the new feed 
on bird weight gain/unit of time (Okanovic et al., 2014). 
The benefit from the feed ration was measured by the 
differences in the net revenue per bird in the feed ration.  
The economic impact assessment starts by making use of 
performance parameters; the next step involves comparing 
costs of feed required per bird per unit of time.  Finally, 
the feeding regimes were evaluated in terms of its cost per 
unit of food production.  
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4. Statistical analysis

Data were analyzed by using two-way analysis of variance 
to estimate the level of significance (P<0.05). The level of 
treatment and the age were used as the two main factors 
and the data was analyzed using the SPSS software (SPSS 
16.0 for Windows, SPSS Inc, Chicago, IL, USA). Means 
were separated using Duncan's multiple range tests.

5. Result and discussion

5.1. Chemical composition of Moringa

The proximate chemical analysis (Table 2) of Moringa 
leaves revealed that it contains 25.15% protein, 6.49% fat, 
8.86% crude fiber and 9.81% ash. The results of present 
study agreed with that reported by Makkar & Becker 
(1997), which indicated that Moringa leaf is a rich source 
of protein. The crude protein content of Moringa leaf in the 
current study was slightly lower than 28.2% as estimated 
by Tesfaye et al. (2013), and higher than that (22.23%) 
reported by Aye & Adegun (2013). Similarly, Gakuya 
et al. (2014) proximate result showed that Moringa had 
23.33% protein. The fat content of Moringa leaf in the 
present study is in partial agreement with that reported 
by Aye & Adegun (2013), who found that the fat content 
of Moringa is 6.41%. However, Tesfaye et al. (2013) 
reported higher (6.60%) and Sodamade et al. (2013) 
reported lower (2.43%) fat content of Moringa. The 
crude fiber content of Moringa leaf used in this study was 
8.86%, which is higher than 6.5% as reported by Tesfaye 
et al. (2013).  The ash content of Moringa leaf in our study 
is lower than that reported by Tesfaye et al. (2013), who 
estimated that the ash content of Moringa to be 11.9%. 
On the other hand, the ash content in the current study is 
higher than 7.93%, which was reported by Aye & Adegun 
(2013).  The variation in the proximate composition of 
Moringa leaves could be due to the differences in soil, 
stage of harvesting, and the processing techniques such 
as drying that had an impact on the Moringa contents 
(Tesfaye et al., 2013). 

Table 2. Proximate chemical analysis of Moringa leaves

% On Dry Matter Basis

Ash Crude 
Protein Fat Crude 

Fiber

Moringa Leaves 9.81 25.15 6.49 8.86

5.2. Effect of adding varying levels of Moringa leaves   
on broiler body weight and body weight gain

The result of the present study indicated that the body 
weight and the body weight gain (gm/bird) of broilers 
decreased significantly (P<0.05) as Moringa level was 
increased in the diet of broilers (Table 3 & Figure 1). This 
result agreed with that reported by Gadzirayi et al. (2012); 
who noticed the negative effect of high level of Moringa 
on the body weight of broiler. In concurrence with that, 
Zanu et al. (2011) found a reduction in the body weight 
and body weight gain (P<0.05) with the dietary inclusion 
of Moringa. In the same contest, Ashong & Brown 
(2011) found higher body weight gain in the control diet, 
compared to diets with Moringa on leghorn chickens.  
Furthermore, Gakuya et al. (2014) evaluated the effect 
of MoringaOlifera in the broiler diet and concluded its 
negative effect on body weight, if it exceeds 7.5% level 
in the ration. Similarly, present results were similar to 
that stated by Olugbemi et al. (2010), who reported the 
negative effect of MoringaOlifera above 5-10% on the 
broilers weight gain and final body weight. The reduction 
in the body weight might be due to the high level of anti-
nutritional factor (phytate), in the extracted kernel of the 
Moringa (Reddy et al., 1982). As the phytate reduce the 
digestibility of protein and starch (Thompson, 1993).  On 
the other hand, present resultsare contrary to thatestimated 
by Rajput et al. (2009) who noticed a negligible impact of 
Moringa on the live weight of broilers. Furthermore, Du 
et al. (2007) reported an improvement in the performance 
of broilers with the increased supplementation of 
Moringa. This variation could be due to the various 
rearing environments, genetic variability and the different 
proportion of Moringa used in the diet, which should not 
exceed certain limit. 

5.3. Effect of adding varying levels of Moringa leaves 
on broiler feed consumption (gm feed/bird/week)

Results of the present study showed that there were no 
significant (P>0.05) variances starting from the second 
week on the feed consumption of broilers fed with 
different levels of Moringa leaves. However, significant 
differences (P<0.05) were noted in the overall feed 
consumption (Table 3 & Figure 1). Present results agreed 
with that estimated by Gakuya et al. (2014), who reported 
a reduction in the broiler feed consumption (P<0.05) with 
the dietary inclusion of Moringa in the diet. Furthermore, 
Tesfaye et al. (2013) reported that the addition of 10-20% 
of Moringa resulted in a significant (P<0.05) reduction 
in feed intake, while values for 5% Moringa was similar 
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(P>0.05) with the control. On the other hand, present result 
disagreed with that reported by Lannaon (2007), who 
found an improvement in the feed consumption with the 
increase of Moringa levels in the broiler’s diet. However, 
Atuahene et al. (2010) found no significant influence of 
Moringa leaf diet up to 7.5% on the broilers feed intake. 

5.4. Effect of adding varying levels of Moringa leaves 
on broiler feed efficiency 

The results of the present study showed that the feed 
efficiency is affected negatively (P<0.05) with the addition 
of Moringa up to 40% level as compared to control diet 
(Table 3 & Figure 1). This result agreed with that reported 
by Olugbemi et al. (2010), who indicated the negative 
effect of MoringaOlifera above 5% on the broilers feed 
efficiency. On the other hand, present results disagreed 

with that reported by Raphael et al. (2015), who found a 
significant (P<0.05) development in the feed conversion 
of broilers. 

5.5. Effect of adding different levels of Moringa leaves 
on broiler mortality percentage

The result of current study indicated that there was no 
mortality throughout the duration of the experiment. This 
result agreed with that reported by Abbas & Ahmed (2012), 
who found no case of death among the broilers. The high 
level of Moringa leaves in the diet results in a reduction in 
the contents of uric acid and triglycerides, which reflects 
positively on the broilers immune response (Du et al., 
2007). In the same contest, Moringa could have the ability 
to increase the antioxidant capacity of the plasma and reduce 
diseases as reported by Chanda & Nagani (2010).

Table 3. Effects of adding different levels of Moringa leaves on broiler production performance 

Treatments
Week Control M10% M20% M40%

B
od

y 
W

ei
gh

ts
 

(g
m

/b
ir

d)

1st 168.29 ± 4.26*a 140.68 ± 10.02b 113.69 ± 1.90c 90.19 ± 4.22d

2nd 352.17 ± 13.86a 264.37 ± 16.08b 219.95 ± 24.03c 165.76 ± 11.02d

3rd 672.01 ± 23.77a 518.53 ± 37.07b 415.04 ± 43.39c 302.46 ±33.36d

4th 1062.00± 51.48a 874.00 ± 33.39b 689.00 ± 66.48c 469.00 ± 59.90d

5th 1569.00 ± 82.45a 1270.00 ± 96.58b 1079.00 ± 92.17c 715.00 ± 69.85d

Final Bwt. 1569.0 ± 82.5a 1270.0 ± 96.6b 1079.0 ± 92.2b 715.0 ±69.9c

B
od

y 
W

ei
gh

t 
G

ai
n 

(g
m

/b
ir

d) 1st 123.56 ± 4.33*a 96.78 ± 9.82b 69.10 ± 3.29c 44.82 ± 3.82d

2nd 183.88 ± 11.58a 123.69 ± 11.18b 106.26 ± 23.65c 75.57 ± 6.95d

3rd 319.84 ± 21.14a 254.16 ± 28.98b 195.10 ± 19.37c 136.70 ± 23.37d

4th 389.99 ± 37.63a 355.47 ± 25.65b 273.96 ± 23.89c 166.54 ± 27.03d

5th 507.00 ± 36.72a 396.00 ± 65.56b 390.00 ± 25.82c 246.00 ± 18.04d

Overall 1524.26 ± 71.38a 1226.10 ± 84.36b 1034.42 ± 81.25c 669.63 ± 59.55d

Fe
ed

 
C

on
su

m
pt

io
n 

(g
m

 fe
ed

/b
ir

d/
w

ee
k)

1st 120.71 ± 3.84*a 109.62 ± 6.35bc 117.40 ± 13.38b 102.00 ± 2.99c

2nd 259.09 ± 1.06a 243.97 ± 8.27a 256.57 ± 33.07a 235.40 ± 2.76a

3rd 499.24± 1.51a 484.67 ± 4.97a 515.67 ± 65.88a 478.72 ± 2.33a

4th 689.59 ± 6.76a 681.71 ± 1.36a 722.23 ± 83.54a 667.82 ± 2.20a

5th 1048.41 ± 5.97a 1039.48 ± 3.30a 1105.81±125.93a 1034.29 ± 6.72a

Overall 2617.1 ± 11.1a 2559.4 ± 7.40c 2645.9 ± 33.8b 2518.2 ± 3.4d

Fe
ed

 E
ffi

ci
en

cy 1st 0.98 ± 0.01*c 1.14 ± 0.13c 1.72 ± 0.22b 2.28 ± 0.21a

2nd 1.41 ± 0.09c 1.99 ± 023bc 2.59 ± 1.11ab 3.13 ± 0.29a

3rd 1.57 ± 0.11c 1.92 ± 0.19c 2.69 ± 0.66b 3.58 ± 0.62a

4th 1.78 ± 0.16c 1.92 ± 0.14c 2.67 ± 0.58b 4.08 ± 0.61a

5th 2.08 ± 0.15c 2.69 ± 0.13bc 2.86± 0.55b 4.22 ± 0.29a

Overall 1.72 ± 0.10d 2.10 ± 0.16c 2.60 ± 0.57b 3.79 ± 0.39a

 *Values are means±SD (n=4)
a/b/c/dmeans in the same raw with different superscripts are significantly different (P<0.05)



Mariam E. Al-Bahouh, Afaf Al-Nasser, Faten Khalil, Gehan Ragheb, Mohammed N. Boareki 100

Fig. 1. The overall effect of adding different levels of Moringa leaves on broiler production performance.

5.6.  Economic impact analysis

The results indicated that the substitution of Moringa leaves 
for soya-bean meal leads to decrease in average feed cost 
per bird (Table 6) and (Figure 2).  However, considering 
the cost relative to economic benefits, it was found that 
the “Control” yielded the least cost by considering the 
economic benefits per unit of body weight gain (Figure3).  
Hence, the disadvantages from loss in body weight have 
outweighed the benefits obtained from cheaper feed cost.  

Table 4. Prices of feed ingredients (fils/gm)

Ingredient fils/gm

Corn 0.090

Soya-bean 0.230

Moringa leaves 0.167

Table 5. Moringa leaves costs (fils/gm) in the diets of broiler chickens

Diets Control M10% M20% M40%

Starters 0.1816 0.1799 0.1783 0.1707

Growers 0.1746 0.1736 0.1724 0.1648

Finishers 0.1702 0.1695 0.1684 0.1633

Computed from Tables 1 and 4.

Table 6. Moringa leaves costs per bird (fils/week/bird)

Diets Control M10% M20% M40%

Starter (1st week) 22 20 21 17

Grower (2nd week) 45 42 44 39

Grower (3rd week) 87 84 89 79

Finisher (4th week) 117 116 122 109

Finisher (5th week) 178 176 186 169

Table 7. Moringa leaves cost per unit of body weight gain (fils/gm)

Control M10% M20% M40%

Moringa leaves cost 0.29 0.36 0.44 0.61
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Fig. 2. The cost of different levels of Moringa diets per bird (fils/week/bird)

Fig. 3. The cost of different levels of Moringa diets per unit of broiler body weight gain (fils/gm) 

6. Conclusion

The overall results indicated that the Moringa leaves 
could be added up to 10% level in the diet without any 
negative effect on the production performance parameters 
of broilers. Furthermore, it is important to mention that 
the higher level of Moringa leaves in the diet have no 
adverse effect on the health of the birds. This indicates the 

potential of using these locally available alternative as a 
source of protein in the poultry feed rations. 
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