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Abstract: This study aims to investigate the effect of feeding different dietary levels of Moringa 

oleifera seeds powder (MOSP) and phytase (500 FTY/kg diet) on some productive performance, 

immune response, and blood constituentsof broiler chicks. A total of 240, 1-day old unsexed Cobb 500 

chicks were individually weighed and randomly were distributed into 6 equal groups. Each group 

had 40 birds in 5 replicates of 8 chicks. Groups were allocated to different six experimental diets; 1- 

A control basal, 2- A control plus phytase enzyme, 3- A control plus 0.75% MOSP, 4- A control plus 

0.75% MOSP and phytase, 5- A control plus 1% MOSP and 6- A control plus 1% MOSP with 

phytase). The growth trial lasted for 38 days. The results show that birds fed MOSP at 0.75% with 

phytase had significantly the highest values of live body weight gain, lowest feed intake and best 

feed conversion ratio. Blood serum of total cholesterol and LDL were lower in chicken fed 0.75% 

MOSP (with and without) enzyme compared to the control and the other dietary levels of MOSP. 

Values of AST were lower in broilers fed MOSP at 0.75% with enzyme and those at 1% without 

enzyme, compared to control and other dietary treatments. However, no significant differences were 

observed in the ALT values between dietary treatments. A better antibody titer against Newcastle 

disease and immune response was observed in broilers received MOSP at 0.75% with phytase 

supplementation. It could be concluded that using MOSP at 0.75% gave better values of growth, 

immune organs, blood constituents, and the general health of broilers. 
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Abbreviations: MOSP: moringa oleifera seed powder; LDL: low-density lipoprotein; AST: 

aspartate transaminase; ALT: alanine aminotransferase 

1. Introduction 

Moringa oleifera can play an important role in the economy of the poultry industry as a good 

source of vitamins and amino acids. Makkar et al., Compaore et al., and Abbas stated also that 

Moringa oleifera seeds are a good source of fats, proteins, and minerals [1–3]. It is an excellent 

source of proteins for monogastric animals [4]. Anwar and Rashid published that Moringa oleifera 

seeds contained 31.65% crude protein and 7.54% fiber on basis of dry matter [5]. Abbas and Ahmed 

reported an improvement in growth performance of broiler chicks fed diets fortified with Moringa 

oleifera seed powder (MOSP) at 0.37% of the diet [6]. Ochi et al., found that MOSP at levels 

of 0.5,1 and 2% in the diet of the broilers enhanced their live body weights and weight gains [7]. 

Ferreira et al., [4] reported that growth performance of broiler chicks fed a diet supplemented 

with 50 g/kg of MOSP was improved compared to their counterparts of the control group. Furthermore, 

dietary supplementation with Moringa oleifera was found to enhance the oxidative stability of chicken 

meat [8]. Furthermore, seed extracts of Moringa oleifera have been reported to possess antimicrobial 

properties [9,10]. Gaia added that Moringa oleifera is effectual in reducing the activity of pathogenic 

bacteria and molds and improving the digestibility of nutrients, thus helping the chickens to express 

their natural genetic potential ties [11].Walter et al., reported that extract of Moringa oleifera seeds 

created inhibitory effects on Salmonellatyphii and Escherichia coli, as the extract may contain 

antibiotic metabolites, such as carboxylic acid, 2,4-diacetyl phloroglucinol and, cell wall-degrading 

enzymes and chitinases that improve the health of broilers [12]. Yang et al., suggested that Moringa 

oleifera is a potential plant that could be used to enhance immune response and to improve the 

intestinal health of broiler chicken [13]. Chollom et al., demonstrated that M. oleifera seed extract has 

nutritional value as well as strong antiviral activity against Newcastle disease virus (NDV) [14]. This 

study aimed at studying the performance and immune response of broilers as affected by providing 

MOSP and phytase enzyme in diets. 

2. Materials and methods 

2.1. Processing of Moringa oleifera seeds 

Moringa oleifera seeds were purchased from the local market and cleaned before grinding to 

powder by using a grinding machine. Then, Moringa oleifera seeds powder (MOSP) was added to 

the basal diet. 

2.2. Experimental house management 

The broiler chicken house was thoroughly cleaned with water and then disinfected with 

formalin (NTK, Polokwane). All drinkers and feeders were thoroughly cleaned and disinfected 

before use. The house was left empty for two weeks after cleaning to break the life cycle of any 

disease-causing organisms that were not killed by the disinfectant. Heating equipment turned on 24 

hours before the arrival of the chicks. The chicks housed in galvanized metal battery cages during the 
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experimental period from 0 to 38 days of age. The temperature was 34 ℃ in the first week and 

decreased gradually up to 24 ℃ in the third week and then all chicks kept under the same managerial 

conditions. 

2.3. Experimental chicks and design 

The total number of used chicks was 240 unsexed of Cobb 500 broiler chicks’ day-old. Chicks 

were distributed randomly into six treatment groups, each treatment group containing 40 birds in five 

replicates with 8 birds, each. Feed and water were provided freely throughout the experiment and 

light was provided continuously. 

2.4. Experimental diets 

Birds were fed-on 23% crude protein (CP) and 3000 kcal ME/kg. Table 1 shows the 

composition and calculated analysis of experimental diets. Dietary treatments were assigned to 

contain (0 or control, 0.75%, and 1% MOSP with and without phytase enzyme), the composition of 

diets done according to the guide-book for Cobb 500 strain Broiler Performance and Nutrition 

Supplement [15]. 

2.5. Chemical analysis of Moringa seeds 

Chemical composition of the M. oleifera seeds including moisture and ash contents of MOSP were 

determined by the Codex-adopted AOAC method [16], crude protein was determined by micro Kjeldahl 

method AOAC [17], crude lipids were determined according to the method described by AOAC [18], 

crude fiber was determined by AOAC [17] and ANKOM Technology and total carbohydrate ere 

determined by operating instruction manual for isoperibol bomb calorimeter (Parr 1261) 1997. Amino 

acids determination was done according to AOAC [17]. 

2.6. Performance parameters 

2.6.1. Body weight 

The average group body weights were recorded at weekly intervals during the experimental 

period. 

2.6.2. Feed intake (g) 

The feed was weighed every week to determine the average feed intake per chick for the 

different treatment groups. Feed intake was calculated by the remained feed and divided by the 

number of birds in each group per day and totalized to be per week. 
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2.6.3. Weight gain (g) 

The birds were weighed every week to determine the average weight gain per chick for the 

different treatment groups. Weight gain was calculated as the difference between two successive 

weekly body weights as follows:  

Weight Gain = Final weight – Initial weight       (1) 

2.6.4. Feed conversion ratio 

The feed conversion ratio was calculated as the total amount of feed consumed divided by the 

weight gain of the birds in the pen. 

Table 1. Composition and calculated chemical analysis of experimental diets. 

Ingredients % Control 0.75% 1% 

Yellow corn (7.5%) 55.000 54.258 54.008 

Soybean meal (43%) 30.300 30.300 30.300 

Corn gluten meal (60%) 8.602 8.600 8.600 

Vegetable oil  1.566 1.566 1.566 

Di-calcium phosphate 1.892 1.872 1.866 

Limestone 1.189 1.200 1.204 

D-L. methionine 0.172 0.173 0.174 

L-lysine (HCl) 0.396 0.398 0.399 

Salt  0.400 0.400 0.400 

Vit. & min. Mixture1 0.400 0.400 0.400 

Choline chloride 0.083 0.083 0.083 

MOSP 0.000 0.750 1.000 

Calculated analysis 

CP (%) 22.890 22.837 22.819 

ME (kcal/kg) 3000.517 2975.717 2967.464 

L-lysine (%) 1.360 1.360 1.360 

D-L Methionine (%) 0.585 0.585 0.585 

TSAA (%) 0.980 0.980 0.980 

Calcium (%) 0.960 0.960 0.960 

Available P (%) 0.450 0.450 0.445 
1 Vitamins-minerals mixture provided per kg of diet: vitamin A, 12000 I.U; vitamin D3, 2010 I.U; vitamin E, 

12 mg; vitamin K3, 2.5 mg; vitamin B2, 5 mg; vitamin B6, 1.7 mg; vitamin B1, 1.2 mg; vitamin B12, 11 µg; 

Biotine, 51 µg; B complexe, 10mg; Niacine, 30 mg; Manganèse, 60 mg; Zinc, 50 mg; Iron, 30 mg; Folié Acid, 

1 mg; Copper, 10.2 mg; Idoine, 1.1 mg; Sélénium, 0.11 mg and Cobalt, 0.1 mg. 
2 Composition of diets was done according to guide-book for Cobb 500 strain Broiler Performance and 

Nutrition Supplement [15]. 

2.7. Slaughter test and blood constituents 

At the end of the experiment (38 days), ten birds were slaughtered from each treatment to obtain 

the carcass, giblets (gizzard, liver, and heart), and the lymphoid organs were separately weighed. 
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Blood samples were taken from 5 birds per replicate to determine WBC’s count and their fractions. 

The hemagglutination inhibition test performed [19] to examine the effects of different MOSP levels 

on antibody titers against Newcastle disease. The rest of the birds 5 per replicate selected for blood 

collection. Five ml of blood was collected with an anticoagulant and then centrifuged at 1500 rpm 

for 15 minutes to get the serum, which determines serum content of total protein, albumin, globulin, 

cholesterol, and liver enzymatic activity (AST and ALT) using commercial kits. 

2.8. Carcass characteristics 

The birds slaughtered on 38th day after the withdrawal of feed 12 hours before slaughter. Birds 

live body weights (LBW) recorded. The birds slaughtered by cutting the jugular vein, and after 

complete bleeding, the weights were recorded. The birds were then de-feathered and eviscerated. The 

respective bird’s weight and organs were measured and expressed as a percentage of live body 

weight. 

2.9. Immune organs 

Evaluated the effect of dietary MOSP supplementation on some immune organs of broiler 

chicks was by measuring the weights of immune organs, including thymus and bursa as the primary 

immune organs, and the secondary immune organs being the spleen and liver. 

2.10. Statistical analyses 

Obtained data were statistically analyzed as a two-way analysis of variance, using the General 

Linear Model procedure described in SAS users guide (SAS, 1990) [20], according to the following 

model: 

Yijk = µ + Di + Ej + DEij + εijk 

Where : 

Yijk = is the value of the respective variable  

µ = is the overall mean of the respective variable  

Di = is the effect due to the ith diets, i = 1, 2, 3 (1= basal diet, 2= 0.75% MOSP and 3= 1% 

MOSP)  

Ej = is the effect of the jth enzyme (j= 0, 500 FTU)  

DEij= is the effect of interaction. 

εijk = is a random error associated with the ijkth observation. 

Differences between treatment means were tested using Duncan’s multiple range test 

(Duncan’s, 1955) [21]. Differences were considered statistically significant if P < 0.05. 

3. Results 

3.1. Chemical composition of MOSP 

MOSP was found to contain crude protein 27.3%, crude fiber 17.2%, moisture 6.4%, ash 3.2%, 

NDF 29.6%, ADF 26.3%, ADL 14.9%, crude lipid 25.66% and gross energy 5718 cal/g (Table 2). 
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The amino acid content was determined (Table 2). The data illustrated that MOSP contains 

reasonable values of Arginine (3.36%), leucine (1.36%) and, valine (1.11%) and lower levels of 

lysine (0.49%) and threonine (0.65%). 

Table 2. Proximate chemical analysis and amino acid content of Moringa oleifera seed 

powder (MOSP). 

1Amino Acid 2Proximate analysis 

EAA % NEAA % Item % 

Isoleucine 0.75 Aspartic 1.21 Crude protein 27.3 

Leucine 1.36 Serine 0.75 Crude lipid 25.66 

Phenylalanine 1.06 Glutamic 5.26 Crude fiber 17.2 

Histidine 0.57 Proline 1.43 Moisture 6.4 

Threonine 0.65 Glycine 1.08 Ash 3.2 

Lysine 0.49 Alanine 1.05 Gross energy 5718 

Valine 1.11 Cysteine 1.03 NDF 29.6 

Argenine 3.36 Tyrosine 0.60 ADF 26.3 

Methionine 0.53   ADL 14.9 

    Phosphorus 0.51 
1 EAA, essential amino acid; NEAA, nonessential amino acid. 
2 NDF, nitrogen detergent fibre; ADF, acid detergent fibre; ADL, acid detergent lignin. 

3.2. Growth performance 

Body weight (BW), body weight gain (BWG), and feed conversion ratio (FCR) are shown in 

(Table 3, 4, and 5). Birds fed MOSP at 0.75% with enzyme had significantly higher body weight 

(BW) than control with enzyme and other dietary treatments either after 14 or 28 days of age; 

however, at 38 days of age, it was superior to other treatments except for the control without enzyme 

supplementation. The positive results of 0.75% MOSP with phytase enzyme indicate the positive 

effect of phytase that worked on the breakdown of phytates. 

Table 3. Effect of dietary Moringa oleifera seed Powder (MOSP), enzyme 

supplementation and their interaction on growth performance (starter period). 

Starter (1–14 d)     

Item 1BW BWG FI FCR 

MOSP effect (%)     

0 c359.50 c314.50 a377.60 a1.27 

0.75 a383.28 a338.28 b365.75 b1.09 

1% b362.50 b317.50 b361.43 b1.13 

SEM 3.03 3.03 4.20 0.06 

P-value ≤0.01 ≤0.01 0.02 ≤0.01 

Enzyme effect (FTU)     

0 a372.66 a327.66 a373.16 a1.140 

500 a378.52 a333.52 b363.36 b1.08 
Continued on next page 
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Starter (1–14 d)     

Item 1BW BWG FI FCR 

SEM 2.48 2.48 3.43 0.05 

P-value 0.09 0.09 0.04 ≤ 0.01 

Interaction effect (MOSP X Enzyme)    

0 X 0 c359.50 c314.50 a399.50 a1.27 

0 X 500 b373.07 b328.07 b355.71 b1.08 

0.75 X 0 b369.00 b324.00 b365.00 b1.13 

0.75 X 500 a393.00 a348.60 b366.51 c1.05 

1 X 0 c355.50 c310.50 b355.00 b1.15 

1 X 500 b369.50 b324.50 b367.87 b1.13 

SEM 4.08 4.08 5.85 0.06 

P-value ≤ 0.01 ≤ 0.01 ≤ 0.01 ≤ 0.01 

SEM = standard error of the mean. a,b,c Means within a row with different subscripts differ when P < 0.05. 
1 BW, body weight in g; BWG, body weight gain in g; FI, feed intake in g; FCR, feed conversion ratio (g 

feed/g weight gain). 

Table 4. Effect of dietary Moringa oleifera seed Powder (MOSP), enzyme 

supplementation and their interaction on growth performance (grower period). 

Grower (15–28 d)     

Item BW BWG FI FCR 

MOSP effect (%)     

0 c1315.00 b955.50 a1188.85 a1.26 

0.75 a1387.42 a1004.14 a1171.50 c1.18 

1% c1263.75 c901.25 b1115.42 a1.25 

SEM 11.45 9.26 7.94 0.06 

P-value ≤ 0.01 ≤ 0.01 ≤ 0.01 ≤ 0.01 

Enzyme effect (FTU)     

0 b1318.50 b945.83 a1150.66 a1.22 

500 a1345.78 a967.26 a1166.52 c1.20 

SEM 9.35 7.56 6.48 0.05 

P-value 0.04 0.04 0.08 ≤ 0.01 

Interaction effect (MOSP X Enzyme) 

0 X 0 c1315.00 b955.50 a1203.00 a1.26 

0 X 500 b1359.86 a986.79 b1174.71 c1.19 

0.75 X 0 c1356.00 b937.00 bc1151.50 b1.23 

0.75 X 500 ab1380.50 a991.50 a1191.50 c1.20 

1 X 0 d1234.50 c879.00 d1097.50 a1.27 

1 X 500 c1293.00 b923.50 c1133.36 b1.23 

SEM 14.09 11.41 4.93 0.05 

P-value ≤0.01 ≤0.01 ≤0.01 ≤0.01 

SEM=standard error of the mean. 
a,b,c,d Means within a row with different subscripts differ when P < 0.05. 
1 BW, body weight in g; BWG, body weight gain in g; FI, feed intake in g; FCR, feed conversion ratio 

(g feed/g weight gain). 
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Table 5. Effect of dietary Moringa oleifera seed Powder (MOSP), enzyme 

supplementation and their interaction on growth performance (finisher period). 

Finisher (29–38 d) 

Item BW BWG FI FCR 

MOSP effect (%)     

0 c2214.80 b899.80 a1570.45 a1.78 

0.75 a2279.21 a891.78 a1549.40 b1.74 

1% b2191.56 a884.44 a1566.76 b1.77 

SEM 10.94 6.17 8.44 0.07 

P-value ≤0.01 0.6 0.1 ≤0.01 

Enzyme effect (FTU) 

0 b2206.10 b860.31 a1584.54 a1.79 

500 a2277.26 a916.63 b1539.86 c1.67 

SEM 8.93 5.03 6.89 0.06 

P-value ≤0.01 ≤0.01 ≤0.01 ≤0.01 

Interaction effect (MOSP X Enzyme) 

0 X 0 c2214.79 b899.79 a1601.40 a1.78 

0 X 500 c2216.64 c856.78 c1539.51b a1.80 

0.75 X 0 c2236.22b b880.22 b1576.71 c1.70 

0.75 X 500 b2292.32 a911.82 d1522.10 c1.67 

1 X 0 c2217.68 b896.43 ab1575.54 b1.76 

1 X 500 d2165.45 bc872.45 c1557.99 ab1.79 

SEM 14.67 8.11 11.02 0.02 

P-value ≤0.01 ≤0.05 ≤0.01 ≤0.01 

SEM = standard error of the mean. 
a,b,c,d Means within a row with different subscripts differ when P < 0.05. 
1 BW, body weight in g; BWG, body weight gain in g; FI, feed intake in g; FCR, feed conversion ratio (g 

feed/g weight gain). 

Data in Table 3 indicate that the feed intake of broilers of all dietary treatments was 

significantly lower at 14 days of age compared to the control. At 28 days of age, both the control and 

birds fed 0.75% MOSP ware significantly equal and consumed higher feed than other dietary 

treatments Table 4. At 38 days of age, broilers fed 0.75% MOSP with enzyme consumed less feed 

compared to control and other dietary treatments Table 5. With regard to the effect of MOSP on feed 

conversion ratio (FCR), it was observed that chicks fed MOSP at 0.75% plus phytase exhibited the 

best corresponding values either at 14, 28, or at 38 days of age (Tables 3, 4, and 5). 

3.3. Blood constituents 

The results of blood parameters at 38 days old as affected by dietary Moringa oleifera seed 

Powder (MOSP) are presented in Table 6. Blood examination has its tangible values in the poultry 

rearing business e.g., it provides information on the assessment of poultry health and nutritional 

deficiency, as well as physiological changes in the growth of broilers. It is well known that the 

hematological value has a significant impact on physiological changes and the health status of poultry. 

The results showed that the White Blood Cells (WBC) ranged from 23.00 ± 0.36 to 18.33 ± 0.76 with 
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statistical differences among the different dietary treatments. Higher WBC count was elevated in 

birds received 1% MOSP without enzyme and those of the control diets compared with the other 

dietary treatments. 

Table 6. Effect of dietary Moringa oleifera seed powder (MOSP) on blood constituents 

of Cobb broilers at 38 days old. 

SEM = standard error of the mean. 
a,b,c Means within a row with different subscripts differ when P < 0.05. 
1 WBC, white blood cells; H, heterophils; L, lymphocytes; T.Col, total cholesterol; HDL, high-

density lipoprotein. 
2 ND, newcastle disease. 

The results indicated that heterophils were lower in number in broilers fed MOSP at 0.75% 

level either with or without enzyme, compared to control; this shows the health of birds fed on 

Moringa seeds at 0.75%, which is reflected on their immunity response (Table 6). There were no 

significant differences in the numbers of lymphocytes of birds fed on MOSP diets compared to the 

control (Table 6). Lower total cholesterol content was observed in chicken fed on 0.75% MOSP 

(with and without) enzyme when compared to the control and the other dietary levels of MOSP. On 

the other hand, the result showed that HDL content at all levels of MOSP supplementation was 

higher than the control (Table 6). Results in Table 6 indicated that values of AST varied significantly 

and the lower values were found in broilers fed MOSP at 0.75% with enzyme and those at 1% 

without enzymes, compared to control and other dietary treatments. However, no significant 

differences were observed in the ALT values between dietary treatments. 

3.4. Immunity 

Regarding the antibody titers against Newcastle disease, Significant differences were observed 

(P < 0.05) among MOSP levels and control (Table 6). The results showed that 0.75% MOSP with 

enzyme recorded higher antibody titers against Newcastle disease, as well as other MOSP levels also 

have good rates and were higher than control. 

Treatment 

parameter 

0% 

MOSP 

without 

enzyme 

0% 

MOSP 

with 

 enzyme 

0.75% 

MOSP 

without 

enzyme  

0.75% 

MOSP 

with 

enzyme  

1% 

MOSP 

without 

enzyme  

1% 

MOSP 

with 

enzyme  

SEM4 

WBC 1 (×103/mL) 22.66a 22.00a 18.33c 20.00b 23.00a 19.00b 1.19 

H % 57.33a 56.00a 46.00d 49.33c 51.00b 54.00ab 3.69 

L% 44.00 46.00 45.66 47.00 45.00 43.33 4.37 

H/L ratio 1.30 1.22 1.01 1.05 1.13 1.25  

T.Col (mg/dL) 103.76b 98.70bc 96.60bc 91.83c 110.63a 109.90a 5.81 

HDL (mg/dL) 63.77c 72.48b 68.01c 67.00c 79.43a 79.96a 3.52 

LDL (mg/dL) 18.29b 19.12b 18.54b 13.61c 15.36bc 21.32a 3.23 

AST (u/L) 133.00b 130.33b 163.00a 116.66c 105.00d 137.33b 12.68 

ALT (u/L) 17.26 16.33 15.86 18.20 16.33 16.80 1.86 

ND2 4.00c 4.00c 5.30b 9.00a 5.00b 5.00b 0.63 
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3.5. Carcass characteristics 

The effects of feeding different levels of Moringa oleifera seed powder on dressing percentage 

and the weights of edible and lymphoid organs are shown in Table 7. Results showed that MOSP at 

both levels of 0.75% and 1% with enzyme significantly improved the breast weight (%) compared to 

the control and other treatments. It is worthy to note that the percentage of gizzard weight in all 

dietary treatments fed on MOSP achieved significantly (P < 0.05) the best values compared with the 

control. The development of the gizzard ensures complete grinding, a well-regulated digester flow, 

and secretion of digestive juices which helps broilers to grow well. 

Table 7. Effect of dietary Moringa oleifera seed Powder (MOSP) on carcass 

characteristics and lymphoid organs of Cobb broiler at 38 days old. 

SEM = standard error of the mean. 
a,b,c Means within a row with different subscripts differ when P < 0.05. 

3.6. Mortality rate 

The effect of dietary treatments on the mortality rate of chickens observed throughout the 

entire experiment. The absence of death cases among the birds received MOSP might be due to the 

antimicrobial and availability of vitamins, proteins, and minerals in Moringa that may increase 

immunity. 

 

 

 

 

 

Treatment parameter 0% 

MOSP 

without 

enzyme 

0% 

MOSP 

with 

enzyme 

0.75% 

MOSP 

without 

enzyme 

0.75% 

MOSP 

with 

enzyme 

1% 

MOSP 

without 

enzyme 

1% 

MOSP 

with 

enzyme 

SEM 

Carcass characteristics        

Pre-slaughter (g) 2324.7 2330.3 2347.8 2410.9 2328.4 2283.1 1.76 

Dressing % 73.97bc 74.39bc 75.40a 73.96bc 73.88c 74.52b 1.77 

Breast % 21.38c 21.68c 23.73a 22.46b 21.46c 23.91a 1.75 

Thigh % 28.56ab 28.89a 27.88c 28.23bc 28.60b 28.06c 1.20 

Liver % 1.84a 1.85a 1.79b 1.73c 1.80ab 1.84ab 0.16 

Gizzard % 1.87d 1.99c 2.08b 2.05bc 2.20a 2.11b 0.22 

Heart % 0.53d 0.58bc 0.59abc 0.57c 0.60ab 0.61a 0.08 

Fat % 0.95a 0.93a 0.80b 0.62c 0.94a 0.73bc 0.34 

Lymphoid organs        

Bursa % 0.28ab 0.27ab 0.18c 0.26b 0.26b 0.30a 0.08 

Spleen % 0.09d 0.11b 0.09d 0.10c 0.10c 0.13a 0.02 

Thymus % 0.23d 0.31c 0.29c 0.39b 0.44a 0.43a 0.10 
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4. Discussion 

4.1. Chemical composition of MOSP 

These results for the chemical composition of MOSP are in agreement with Francis et al., [22]. 

The major nonessential amino acids were found to be glutamic acid (5.26%), glycine (1.08%), and 

Alanine (1.05%), respectively. These results correspond to El-Massry et al., [23] found that both 

arginine and glutamic acids are present in high percentages in Moringa different parts if compared to 

other amino acids. In this respect, Ferreira et al.,[4] recommended the use of Moringa seed as an 

animal feed, and it is an excellent source of amino acid content for monogastric animals. 

4.2. Growth performance 

Birds fed MOSP at 0.75% with enzyme had significantly higher body weight (BW) than control 

with enzyme and other dietary treatments. In this respect, all levels of germinated Moringa oleifera 

seed (GMOS) (0.25, 0.50, and 0.75%) significantly increased BW and BWG at 14, 28 and, 42 days 

of age compared to the control group [24]. These results are compatible with those observed by 

Abbas and Ahmed [6] who used Moringa oleifera seed powder at levels 0.37, 0.75, 1.5%, and found 

that level of 0.37% increased live body weight compared to control. 

Results obtained herein are in line with Ochi et al., [7] who assured that the enrollment of 

Moringa oleifera seed powder (MOSP) at levels of 0.5, 1, and 2% in the diet of the broilers 

significantly (P < 0.05) enhanced their body weight, weight gain and feed consumption. 

The improved weight gain and feed conversion ratio (FCR) of birds fed on MOSP may be due 

to the Moringa oleifera seeds are a good source of fat, protein, antioxidants, and minerals as 

mentioned by Compaoreet al., [2]. Also, Toye et al., [25] found that the improvement of body weight 

gain and FCR of broilers having MOSP may be attributed to nutrients rich content of germinated 

Moringa oleifera seed, while Fahey et al., [26] stated that the main cause is the antimicrobial 

properties of Moringa. 

The results showed improved in the gizzard weight in all broilers were fed on MOSP. The 

results are in agreement with Molepo [27] who mentioned that Moringa seed meal supplementation 

improved the gizzard weight of female Ross 308 broiler chickens aged at 42 days of ages. 

Akouangoet al., [28] also found that Moringa seed meal supplementation increased the gizzard 

weights of broiler chickens. 

Abdominal fat was significantly decreased in broilers fed MOSP at both 0.75% and 1% with an 

enzyme, compared to the control group. However, this result is not consistent with Compaore et al., [2] 

and Akouango et al., [28] who reported that Moringa seed meal supplementation increased the fat 

pad of broiler chickens aged at 42 days of ages. 

Results showed that MOSP at 1% with enzyme recorded significantly (P < 0.05) a larger 

percentage of the lymphoid organs (Table 7). These results may be attributed to the antioxidant 

activities of some components of Moringa oleifera like vitamins C and E [29] and phenols especially 

flavonoids [30] as well as to the capacity of plants polysaccharides to modulate the immune system [31]. 

In general, all the lymphoid organs are in a normal range and parallel to that reported by Cazaban 

and Gardin [32], being ranged between 0.18 and 0.30%. 
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4.3. Blood analysis 

It is well known that heterophils play an indispensable role in the immune defense of the avian 

host, functionally; heterophils rapidly kill bacterial pathogens by phagocytosis, degranulation, and 

generation of an oxidative burst [33,34] because of their early response and ability to kill pathogens. 

Therefore, heterophils are a useful functional biomarker for evaluating the innate immune 

competence in poultry. Their numbers increase during mildly or moderately stressful conditions and 

consequently, the heterophil/lymphocyte ratio can be used to detect the presence of physiological 

stress for most stressors [35]. 

It is worth mentioning that HDL cholesterol is strongly and inversely associated with the 

occurrence of cardiovascular events. Due to that MOSP has antioxidative and anti-inflammatory 

properties; it reduces LDL cholesterol [36], especially at 0.75% with an enzyme. 

Changes in the AST level are possible due to the changes in liver metabolism and to the significant 

muscle development that usually happens during the growth period, as noted by Szabo et al., [37]. 

Almeida et al., [38] noted that the higher level for AST was at 35 days of age, wherein this phase 

there is rapid body development due to higher feed intake. It is well known that ALT enzyme in a 

higher amount in the liver is used to identify acute liver failures [39], although MOSP did not cause 

negative effects compared to the control (Table 7). 

4.4. Newcastle disease titer 

The results agree with Walter et al., [12] who suggested that MOSM has beneficial effects on 

Salmonella and Escherichia so, it should increase overall immunity. Also, Eze et al., [40] recommended 

using Moringa oleifera extract as an immune-booster against ND in non-vaccinated birds. 

It is worth to mention that no mortality had been recorded all over the experimental period. In 

this respect, Ochi et al., [7] mentioned that no adverse effect on mortality rate had been observed on 

birds receiving dietary MOSP. Seemingly, Walter et al., [12] noticed that Moringa oleifera seed 

extract reduced bacteria numbers which cause water-borne diseases, thus reducing mortality rates in 

chickens. The absence of deaths of chicks having MOSP might be attributed to the presence of 

antioxidants in Moringa which enhance the immune system of chickens [41,42]. 

5. Conclusion 

Under the current research conditions, it could be concluded that Moringa oleifera seed Powder 

(MOSP) improved performance, immune response and, blood constituents of Cobb 500 broiler 

chicks either at 0.75% or 1%, with 0.75% plus phytase being the best. 
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