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INTRODUCTION  

 

The aquaculture sector has experienced continuous growth over the past two 

decades, making it the fastest-growing agricultural production sector, particularly in fish 
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Tilapia fingerlings with a mean weight of 2.51g were used in the study. The 

fingerlings were collected from fish tanks and randomly distributed into four 

concrete tanks, each measuring 3 x 2 x 2.5m. The stocking density was 60 fish per 

hapa, with a total of 180 fish in each tank/treatment. The feeding trial lasted for 8 

weeks. Four experimental diets containing 28% crude protein were prepared, with 

differing levels of Moringa oleifera (Mo) meal (0, 4, 6, and 8g/ kg of diet). The 

fingerlings fed these diets were designated as Mo0, Mo4, Mo6, and Mo8, 

respectively. Fish sampling was conducted every two weeks to assess growth 

parameters. A sample of fish from each group was collected for stomach content 

analysis and promptly preserved in 10% neutral-buffered formalin for histological 

analysis. The groups fed Mo6 and Mo8 had significantly higher final body 

weights (FBW), specific growth rates (SGR), protein efficiency ratios (PER), 

protein productive values (PPV), and feed conversion ratios (FCR) compared to 

the group fed Mo4. Histological examination revealed that in the control group 

(Mo0), the intestinal section showed normal villi with a low number of goblet 

cells. In the Mo4 group, there were reduced intestinal villi and a low number of 

goblet cells. In the Mo6 group, there was a significant increase in both the number 

and length of intestinal villi, with a low number of goblet cells. In the Mo8 group, 

there was a marked increase in the length of intestinal villi, along with notable 

lymphocytic infiltration. The present study concluded that adding Moringa 

oleifera meal to the feed of the Nile tilapia fingerlings at a rate of more than 6g/ 

kg of feed improves growth performance, survival rate, and feed utilization. 

Furthermore, the addition of moringa improves digestion efficiency by increasing 

the length of intestinal villi and inducing marked lymphocytic infiltration. 
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production (FAO, 2014). In 2018, worldwide aquaculture production was 82.1 million 

tons. Inland aquaculture accounted for 62% (51.3 million tons) and coastal and marine 

aquaculture accounted for 38% (30.8 million tons) (FAO, 2020). 

In Africa, the fish production sector has great potential for breeding and growth. 

However, the failure to fully exploit this potential has slowed the sector's growth in recent 

years (Msangi & Batka, 2015). Tilapia is a popular fish species in the sector due to its 

high growth rate and good disease resistance (El-Sayed, 2006). It is considered a 

herbivorous/carnivorous fish, which means that its production cost and feed composition 

are lower than those of other carnivorous species (Naylor et al., 2021). In addition, 

tilapia is recognized for its leniency to modest water quality and high resistance to 

pathogens (Bhujel, 2014).  

According to FAO (2020), global tilapia production is probable to reach 7.3 metric 

tons by 2030. Among the approximately 70 species of tilapia known worldwide, the Nile 

tilapia (Oreochromis niloticus) is the most commonly cultured species (Thomas & 

Micheal, 1999; Bentsen et al., 2012). 

Moringa is a plant known for its ability to treat malnutrition diseases. It is used in 

many food products as a general tonic, without any known undesirable side effects 

(Oyeyinka & Oyeyinka, 2018). Additionally, moringa has medicinal properties, 

including treating infections, strengthening nerves, antivirals, preventing and revitalizing 

liver diseases. It is also known for being antidiabetic and anticancer (Gopalakrishnan et 

al., 2016; Razzaq et al., 2020). Research has indicated that Moringa oleifera plant 

improves the growth performance of the Nile tilapia, Oreochromis niloticus (Afuang et 

al., 2003; Elabd et al., 2019), and rohu, Labeo rohita (Hussain et al., 2018). Moreover, it 

increases forage utilization by Pangasius bocourti (Puycha et al., 2017). It also improves 

the immune response of Oreochromis niloticus (Abd El-Gawad et al., 2020; Monir et 

al., 2020) and Sparus aurata (García et al., 2020; Mansour et al., 2020). 

This study aimed to assess the impact of varying levels of dietary Moringa oleifera 

on the growth performance, feed utilization, and intestinal histology of the Nile tilapia 

Oreochromis niloticus fingerlings. 

MATERIALS AND METHODS  

 

Experimental fish and nutrition protocol 

The experiment was accomplished in concrete tanks located in the Lake Nasser 

Development Authority in Sahara, Aswan City. Tilapia fingerlings with mean weight of 

2.51g were used. Fingerlings were collected from fish tanks and were then randomly 

stored in four concrete tanks, with dimensions of 3 x 2 x 2.5m. The stocking density was 

60 fish/happa with a total of 180 fish in each tank/treatment. The feeding trial spanned 

over 8 weeks. 
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The tilapia fingerlings were placed in the experimental tanks for acclimatization 

before introducing the experimental diets. Four experimental diets containing 28% crude 

protein were prepared, with differing levels of Moringa oleifera (Mo) meal (0, 4, 6 and 

8g/ kg of diet). The fingerlings fed these diets were labelled as Mo0, Mo4, Mo6 and Mo8, 

respectively. Composition and chemical analyses of the experimental diets are presented 

in Table (1). 

The feed components were blended utterly, and adequate water was added to 

certify smooth pelleting. Pellets of 2mm size were then shaped using a local pelleting 

machine and were stored in airtight packaging till use. The Nile tilapia fingerlings were 

fed twice a day at 8:30 AM and 2:30 PM. The feed amount was calculated as 6% of the 

total body weight, and it was adjusted every two weeks. Diets were designated as: 

❖ Mo0 = control diet 

❖ Mo4 = 4g Mo/kg diet 

❖ Mo6 = 6g Mo/kg diet  

❖ Mo8 = 8g Mo/kg diet  

Collection of Moringa oleifera and processing: 

Moringa oleifera leaves were gathered from Aswan University Campus. The leaves 

were cleaned with water and were dried in the sun before being ground into a powder 

using an electrical blender. 

Fish and feed analyses 

Feed samples were collected to analyze their proximate composition (Table 1)  

including moisture, protein, lipid, and ash contents according to AOAC (2012). NFE was 

calculated by the difference according to the following equation: NFE = 100 - [Moisture 

% + Ash % + % lipid + % protein + Fiber %]. The dietary gross energy (GE) content was 

estimated using the following factors: (5.64, 9.44 and 4.11 kcal/100g) for protein, lipid 

and NFE, respectively (McDonald et al., 1973).  

Determination of growth parameters of fish 

Fish sampling was conducted every two weeks to calculate fish growth parameters. 

Indices were determined to evaluate growth performance as follows: 

Weight Gain (WG, g) = FBW – IBW 

Specific Growth Rate (SGR, %/day) = (Ln FBW-Ln IBW) 100 / days 

Where: IBW= initial body weight; FBW= final Body weight. 

Survival rate (SR) =100× (final number of fish/initial number of fish) 

Feed conversion ratio (FCR) = feed intake/ weight gain 

Protein efficiency ratio (PER) = protein gain / protein intake 

Protein productive value (PPV, %) = 100 × (protein gain/protein intake) 
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Table 1.  Composition (g\kg) and chemical analyses (% on dry mater basis) of the diets 

with the four levels of moringa meal used to feed the Nile tilapia fingerlings  

Ingredient  Mo0 Mo4 Mo6 Mo8 

Fish meal 120 120 120 120 

Wheat flour 100 100 100 100 

Wheat bran 150 150 150 150 

Soybean meal 346 346 346 346 

Corn meal 200 196 194 192 

Moringa  0 4 6 8 

Corn oil 30 30 30 30 

Sunflower oil 20 20 20 20 

Vit. and Min. Mix* 30 30 30 30 

Ascorbic acid 4 4 4 4 

Proximate analysis on dry matter basis 

Dry mater 89.71 89.63 89.72 89.52 

Moisture 10.29 10.37 10.28 10.48 

Crude protein (N × 6.25) 32.29 32.32 31.37 31.82 

Crude fat 7.26 7.61 7.38 7.18 

Crude fiber 6.19 6.86 6.83 6.18 

Ash 6.5 6.87 6.59 6.15 

Carbohydrate (NFE)** 37.47 35.97 37.55 38.19 

Gross energy (GE)  

kcal/100g3 *** 

405.92 403.23 402.14 405.44 

*Each 100 gram of vitamin and mineral contained: Mineral: Zn, 2.50 mg; Mn, 16.00 mg; Fe, 31.50 mg; Cu, 

5.50; I, 0.55 mg; CA, 1.15 gm and P, 450 mg. Vitamins: A, 7500000 IU; Bi, 100 mg; B3, 500 mg; B6, 

150 mg; B12, 2.5 mg; E, 100 mg; K, 100 mg; Pantothenic acid, 275 mg; Folic acid, 100 mg and vit. D3, 

7500 IU. 

**Nitrogen free extract (NFE) = 100 − (protein percentage + lipid percentage + ash percentage + fiber 

percentage). 

***GE (kcal/100 g DM) = CP x 5.64 + EE x 9.44 + NFE x 4.11 calculated according to McDonald et al. 

(1973).  
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Histopathological examination  

A fish sample was collected from each group for embedding in paraffin sections. 

The fish were immediately washed with distilled water, dissected, and eviscerated. The 

stomach was collected and immediately fixed in 10% neutral-buffered formalin for 

histological examination, following the methods of Abdelhakeem et al. (2022) and 

Bancroft and Gamble (2002). Three segments from each organ were subjected to 

ascending grades of alcohol (70, 80, 90, and 100%) for dehydration, then cleared in 

methyl benzoate and embedded in paraffin wax. Sections were cut using a semi-

automated sliding microtome at 3 to 5μm thickness. The paraffin sections were mounted 

on glass slides, dried, deparaffinized in xylene, rehydrated in a graded alcohol series 

(100, 90, 80, and 70%), and stained with Harris's Hematoxylin and Eosin (H&E). The 

stained sections were visualized and examined using a DMLS light microscope (Leica, 

Germany) outfitted with an MC120 HD camera (Leica). 

Statistical analysis 

The growth, feed utilization, and body composition data were analyzed using the 

analysis of variance (ANOVA) to determine significant differences (P<0.05) among the 

treatment means. All statistical analyses were performed with IBM-SPSS version 28 

software. 

RESULTS AND DISCUSSION  

 

1. Growth performance and survival rate  

The results of final body weight (FBW), weight gain (WG), survival (SUR) and 

specific growth rate (SGR) of fingerlings fed on moringa levels for eight weeks are 

presented in Table (2) and illustrated in Fig. (1). 

 Tabel 2. Final body weight (FBW), weight gain (WG), survival and specific growth rate 

(SGR) of Nile tilapia fingerlings (Oreochromis niloticus), fed four levels of 

Moringa oleifera 

 

Parameter Mo0 Mo4 Mo6 Mo8 

IBW 2.52±1.66 2.52±1.66 2.52±1.66 2.52±1.66 

FBW 7.69±0.22c 9.59±0.5b 15.52±.42a 15.0±.23a 

Gain 5.17±0.22c 7.07±0.50b 13.0±0.42a 12.48±0.23a 

SUR 93.33±2.55a 88.89±2.42b 95.56±1.47a 94.44±.56a 

S GR 1.49±0.04c 1.78±0.07b 2.42±0.04a 2.38±0.02a 

- Values with different superscripts in the same raw indicated significant differences (P≤ 0.05) 

- Data expressed as average ±SE 
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Increasing the amount of moringa in tilapia feed leads to better growth in tilapia 

fingerlings. The group that was fed with Mo6 and Mo8 had significantly higher final 

body weights (15.52 and 15g, respectively) than the group fed with Mo4 (9.59g), while 

the group fed with Mo0 had lowest FBW (7.69g). 

 
 

 
 

Fig. 1. Effect of four levels of moringa meal (0, 4, 6 and 8g / kg) added to fish meal in the basal on A: Final 

Body weight (FBW) B: Weight gain (WG) C: Survival and D: specific growth rate (SGR) of the Nile 

tilapia (Oreochromis niloticus), 2.52g initial BW. 

Much research has been conducted on natural additives in fish diets, such as 

Moringa oleifera. In a recent study, Elabd et al. (2019) found that the Nile tilapia grew 

faster when fed a diet containing moringa leaves. This aligns with the findings of the 

current study. The increased body weight and weight gain may be attributed to the high 

digestibility of moringa leaves, which could enhance nutrient absorption (Backer, 1995). 

These results can also be attributed to the high nutritional value and antibacterial 

properties of moringa (Fahey et al., 2001). Moringa oleifera contains a natural enzyme 

that aids in the digestion of fibrous food in animals (Backer, 1995), which may help 

explain these findings. The high nutritional content and antibacterial capabilities of the 

moringa plant might account for these results (Fahey et al., 2001). Reports indicate that 
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Moringa oleifera contains a natural enzyme that helps animals digest fibrous food 

(Backer, 1995). The findings are consistent with the results of El-Moustafa et al. (2015), 

who conducted an experiment using four levels of Moringa oleifera leaf meal (MOLM) 

(0, 0.2, 0.4, and 0.6%) fed over a 6-week period.They found that the Japanese quail 

chicks treated with MOL at levels of 3, 5, and 7g/ kg diet showed significantly higher 

body weight, body weight gain, and feed intake compared to the control group. On the 

other hand, El-Kassas et al. (2020) found that after an 8-week feeding experiment, food 

enrichment with 0, 5, and 10% MOLM improved the growth performance of mono-sex 

tilapia. They observed that a diet containing 5% MOLM significantly enhanced growth 

performance. There were no significant differences in survival rates between the groups 

fed Mo0, Mo6, and Mo8, which were 93.33±2.55, 95.56±1.47, and 94.44±0.56, 

respectively. However, the lowest survival rate (88.89±2.42) was recorded in the Mo4 

group. Parveena et al. (2021) demonstrated that including moringa in the Nile tilapia 

diets at a rate of 10% resulted in the highest survival rate. Similarly, Puycha et al. (2017) 

found that the survival rate remained consistent across all treatments when different 

amounts of moringa (0, 100, 150, and 200g/ kg fish) were fed to the catfish over 60 days. 

 

In the current study, the specific growth rate (SGR) of tilapia fingerlings increased 

as the level of M. oleifera in the feed increased. The fry fed Mo6 and Mo8 had the 

highest SGR (P< 0.05), followed by those fed Mo4. The fry in the control group (Mo0) 

recorded the lowest SGR. These findings are consistent with research by El-Son et al. 

(2022), which involved feeding the Nile tilapia in the Habas system with different levels 

of moringa supplementation (0.0, 5.0, 7.0, and 9.0g/ kg). The study showed that a diet 

containing 5g of moringa resulted in the highest specific growth rate compared to all 

other treatments. 

2. Protein and energy utilization 

Protein efficiency ratio (PER), protein productive value (PPV) and feed conversion 

ratio (FCR) (feed /gain) are shown in Table  (3) and Fig. (2).  

Table 3. Protein efficiency ratio (PER), protein productive value (PPV) and feed 

conversion ratio (FCR) of the Nile tilapia (Oreochromis niloticus), 2.52g initial 

BW fed with four levels of Moringa oleifera 

Parameter Mo0 Mo4 Mo6 Mo8 

PER 1.85±0.02c 2.14±0.09b 2.84±0.06a 2.96±0.08a 

PPV 32.18±0.76c 38.28±1.93b 51.60±1.47a 53.74±1.84a 

FCR 1.8±0.02a 1.57±0.07b 1.17±0.02c 1.13±0.03c 

- Values with different superscripts in the same raw indicated significant differences (P ≤ 0.05) 

- Data expressed as average ±SE 
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Clearly, the protein efficiency ratio (PER) (gain/protein fed), protein productive 

value (PPV) (100 × retained protein/protein fed), and feed conversion ratio (FCR) of the 

Nile tilapia fry with an initial body weight of 2.52g were significantly affected by the 

different moringa levels (P< 0.05). The highest PER was observed in the Nile tilapia fed 

Mo8, with no significant difference between Mo8 and Mo6. However, the lowest PER 

was observed in the control group (Mo0). The Mo8 group also had the highest PPV, 

while the Mo0 group had a significantly lower PPV (P< 0.05). 

A study by Puycha et al. (2017) found that feeding 10% MOL in the diet of the 

Bocourti's catfish (Pangasius bocourti) decreased SGR, while PER remained the same as 

the control treatment. Increasing the amount of moringa in the diet led to a decrease in 

PER values, which may be attributed to the higher levels of anti-nutritional compounds 

that increase as the moringa content rises (Francis et al., 2001). 

In the current study, FCR (feed/gain) ranged from 1.13±0.03 to 1.8±0.02. 

Generally, FCR improved as the level of moringa increased. The protein efficiency ratio 

(PER), protein productive value (PPV%), and feed conversion ratio (FCR) are shown in 

Fig. (2). 
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Fig. 2. Effect of four levels of moringa meal (0, 4, 6 and 8g/ kg) added to fish meal in the 

basal on A: Protein efficiency ratio (PER), B: Protein productive value (PPV), C: 

Feed conversion ratio (FCR) of the Nile tilapia (Oreochromis niloticus), 2.52g initial 

BW 

3. Physic-chemical parameters of water 

Dissolved oxygen (DO) was measured in situ using an oximeter, while water 

temperature (T) was assessed with a Celsius glass thermometer, and pH levels were 

determined with a pH meter. In all treatments, dissolved oxygen concentrations ranged 

from 5.0 to 5.9mg/ L, temperature ranged from 25 to 31°C, and pH levels ranged from 

6.4 to 7.5. 

4. Intestinal histopathology 

The results revealed that in the control group (Fig. 3a), the intestinal section stained 

with HandE stain showed normal villi with a low number of goblet cells, while in the 

(Mo4) group (Fig. 3b), there were low intestinal villi and a low number of goblet cells. In 

the (Mo6) group (Fig. 3c), there was a significant increase in the number and length of 

intestinal villi and a low number of goblet cells. As for treatment Mo8, it showed a 

noticeable increase in the length of the intestinal villi and a noticeable lymphocytic 

infiltration (Fig. 3d). 

In a study by Magdy et al. (2024), the researchers described the morphological 

structure of the mid-intestinal villi of the Nile tilapia and their distinct cellular 

distribution using scanning electron microscopy. The study found that the mid-intestine of 

the Nile tilapia is a tubular organ that consists of several layers: tunica mucosa, 

submucosa, muscularis, and serosa.  

Farrag et al. (2020) mentioned that an important function of the relatively long, 

closely spaced mucosal folds in the foregut in Mugil cephalus is to allow feed to be 

retained for a longer time. The greater the exposed surface area, the longer the feed 

retention and absorption time, thus improving effective digestion and absorption 

processes. Mokhtar et al. (2015) reported that the wavy folds in the intestine increase the 
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period of exposure of semi-digested food to the intestinal mucosa, which enhances the 

absorption of nutrients.  

 a  b 

 c  d 

Fig. 3. The intestinal sections stained with HandE stain show the following: a. Group 

Control: Normal villi with a low number of goblet cells (arrow), b. Group Mo4: Low 

intestinal villi and a low number of goblet cells (arrow), c. Group Mo6: A remarkable 

increase in the number and length of intestinal villi and a low number of goblet cells 

(arrow), and d. Group Mo8: A remarkable increase in the length of intestinal villi and 

marked lymphocytic infiltration (yellow arrow). 
 

CONCLUSION 

 

Incorporating Moringa oleifera meal into the diet of the Nile tilapia fingerlings at a 

rate of 6g/ kg of feed enhances their growth performance, survival rate, and feed 

utilization. Additionally, the addition of moringa improves digestion efficiency by 

increasing the intestinal villi length and promoting marked lymphocytic infiltration. 

 

REFERENCES  

 

Abd El-Gawad, E. A.; El Asely, A. M.; Soror, E. I.; Abbass, A. A. and Austin, B. 

(2020). Effect of dietary Moringa oleifera leaf on the immune response and 



  Effect of Moringa oleifera on Growth Performance, Feed Utilization,  

and Intestinal Histology of the Nile Tilapia  
 

 

2127 

control of Aeromonas hydrophila infection in Nile tilapia (Oreochromis niloticus) 

fry. Aquaculture International, 28: 389–402. 

Abdelhakeem, F.; Mohamed, S. A.; Abdelsabour, K. M. and Madkour, F. A. (2022). 

Tracking the developmental events in the duodenum of the quail embryo: Using 

light and electron microscope. Microscopy Research and Technique, 85(8): 2965-

2983. 

Afuang, W.; Siddhuraju, P. and Becker, K. (2003) Comparative nutritional evaluation 

of raw, methanol extracted residues and methanol extracts of moringa (Moringa 

oleifera Lam.) leaves on growth performance and feed utilization in Nile tilapia 

(Oreochromis niloticus L.). Aquacult. Res., 34: 1147–1159. 

AOAC. (2012). Official Methods of analysis, Association of Official Analytical 

Chemistry, Gaithersburg, USA, 19th Ed. 

Backer, K. (1995). Studies on utilization of Moringa oleifera leaves as animal feed. 

Institute for Animal Production in the Tropics and Subtropics, 480. Univ. 

Hohenheim Stuttgart, 15. 

Bancroft, J. and Gamble, M. (2002). Theory and practice of histological techniques. 5th. 

Edinburgh. Churchill Livingstone Pub., 172(5): 593-620.  

Bentsen, H. B.; Gjerde, B.; Nguyen, N. H.; Rye, M.; Ponzoni, R. W.; de Vera, M. S. 

P.; Bolivar, H. L.; Velasco, R. R.; Danting, J. C.; Dionisio, E. E.; Longalong, 

F. M.; Reyes, R. A.; Abella, T. A.; Tayamen, M. M. and Eknath, A. E. (2012). 

Genetic improvement of farmed tilapias: genetic parameters for body weight at 

harvest in Nile tilapia (Oreochromis niloticus) during five generations of testing 

in multiple environments. Aquaculture, 338: 56–65. 

Bhujel, R. C. (2014). A manual for tilapia business management, Wallingford, 

Oxfordshire, UK: CABI. 

Elabd, H.; Soror, E.; El-Asely, A.; El-Gawad, E. A. and Abbass, A. (2019). Dietary 

supplementation of Moringa leaf meal for Nile tilapia Oreochromis niloticus: 

Effect on growth and stress indices. The Egyptian Journal of Aquatic Research, 

45(3): 265-271. Http://dx.doi.org/10.1016/j.ejar.2019.05.009. 

El-Kassas, S.; Abdo, S. E.; Abosheashaa, W.; Mohamed, R.; Moustafa, E. M.; Helal, 

M. A. and El-Naggar, K. (2020). Growth performance, serum lipid profile, 

intestinal morphometry, and growth and lipid indicator gene expression analysis 

of mono-sex Nile tilapia fed Moringa oleifera leaf powder. Aquaculture Reports, 

18: 100422. 

El-Moustafa, K. M.; Shata, E. R.; F. H.; Mousa, M. A. M.; Alghonimy, H. A. H. and 

Youssef, S. F. (2015). Effect of using Moringa oleifera leaf meal on performance 

of Japanese quail. Egypt. Poult. Sci., 35(IV): 1095-1108. 

El-Sayed, A. F. M. (2006). Tilapia Culture. CAB International, Wallingford, UK., ISBN-

13: 978-0-85199-014-9, Pages: 304. Organization, Rome, Italy. 

http://dx.doi.org/10.1016/j.ejar.2019.05.009


Khattab et al., 2024 2128 

El-Son, M. A.; Hendam, B. M.; Nofal, M. I. and Abdel-Latif, H. M. R. (2022) Effects 

of Moringa oleifera -based diets on growth, immunological responses, liver 

antioxidant biomarkers and expression of immune-related genes in Nile tilapia 

(Oreochromis niloticus) raised in hapa-in-pond system. Aquaculture Research, 

53(12): 4338–4352 

Fahey, J. W.; Zakmann, A. T. and Talalay, P. (2001). The chemical diversity and 

distribution of glucosinolates and isothiocyanaes among plants. Corrigendum 

Phytochem., 59: 200-237. 

FAO (2014). The State of the World Fisheries and Aquaculture  Opportunities and 

Challenges. Food and Agriculture Organization of the United Nations, Rome, 

FAO, Rome,.  

FAO (2020). The state of world fisheries and aquaculture sustainability in action. Rome: 

Food and Agriculture Organization of the United Nations. 

Farrag, D. M. G.; Azab, A. M. and Alabssawy, A. N., (2020). Comparative study on 

the histochemical structures of stomach, pyloric caeca and anterior intestine in 

grey mullet, Mugil cephalus (Linnaeus, 1758). Egypt. Egyptian Journal of 

Aquatic Biology and Fisheries, 24(7): 1055 - 1071.   

Francis, G.; Makkar, H. P. S. and Becker, K. (2001). Antinutritional factors present in 

plant derived alternate fish feed ingredients and their effects in fish. Aquaculture, 

199: 197–227. Https://doi.org/10.1016/S0044-8486(01)00526-9. 

García-Beltrán, J. M.; Mansour, A. T.; Alsaqufi, A. S.; Ali, H. M. and Esteban, M. 

Á. (2020). Effects of aqueous and ethanolic leaf extracts from drumstick tree 

(Moringa oleifera) on gilthead seabream (Sparus aurata L.) leucocytes, and their 

cytotoxic, antitumor, bactericidal and antioxidant activities. Fish and Shellfish 

Immunology, 106: 44-55. 

Gopalakrishnan, L.; Doriya, K. and Kumar, D. S. (2016). Moringa oleifera: A review 

on nutritive importance and its medicinal application. Food Science and Human 

Wellness, 5(2): 49-56.   

Hussain, S. M.; Javid, A.; Hussain, A. I.; Aslam, N.; Ali, Q.; Hussain, M.; Shahzad, 

M. M.; Khalid, A. and Riaz, D. (2018). Replacement of fish meal with Moringa 

oleifera leaf meal (MOLM) and its effect on growth performance and nutrient 

digestibility in Labeo rohita fingerlings. Pakistan Journal of Zoology, 50: 1815–

1823. 

Macdonald, P.; Edwards, R. A. and Greenhalgh, J. F. D. (1973). Animal Nutrition, 2nd 

Ed., Longman, London. 

Magdy, Y.; Tantawy, A. H. and Khalil, E. K. (2024). Ultrastructural and histological 

study of intestine of adult Nile Tilapia (Oreochromis niloticus). Benha Veterinary 

Medical Journal, 46(1): 1-4. 

Mansour, A. T.; Espinosa, C.; García-Beltrán, J. M.; Miao, L.; Francisco, D. C. C.; 

Alsaqufi, A. S. and Esteban, M. Á. (2020). Dietary supplementation of 

https://doi.org/10.1016/S0044-8486(01)00526-9


  Effect of Moringa oleifera on Growth Performance, Feed Utilization,  

and Intestinal Histology of the Nile Tilapia  
 

 

2129 

drumstick tree, Moringa oleifera, improves mucosal immune response in skin and 

gills of seabream, Sparus aurata, and attenuates the effect of hydrogen peroxide 

exposure. Fish Physiology and Biochemistry, 46: 1–16. 

Mokhtar, D. M.; Abd-Elhafez, E. A. and Hassan, A. H. (2015). Light and scanning 

electron microscopic studies on the intestine of grass carp (Ctenopharyngodon 

idella): I-Anterior Intestine. Journal of Aquatic Research and Development, 6: 

380. http://dx.doi.org/10.4172/ 2155-9546.1000374 

Monir, W.; Abdel-Rahman, M. A.; Hassan, S. E.; Mansour, E. and Awad, S. M. 

(2020). Pomegranate peel and moringa-based diets enhanced biochemical and 

immune parameters of Nile tilapia against bacterial infection by Aeromonas 

hydrophila. Microbial. Pathogenesis, 145: 104202.  

Msangi, S. and Batka, M. (2015). The rise of aquaculture: The Role of Fish in Global 

Food Security. In IFPRI (ed.) 2014-2015 Global Food Policy Report Washington 

D.C.: International Food Policy Research Institute, pp. 60-72 

Naylor, R. L.; Hardy, R. W.; Buschmann, A. H.; Bush, S. R.; Cao, L.; Klinger, D. 

H.; Little, D. C.; Lubchenco, J.; Shumway, S. E. and Troell, M. (2021). A 20-

year retrospective review of global aquaculture. Nature, 591: 551–563. 

Https://doi. Org/ 10. 1038/ s41586- 021- 03308-6 

Oyeyinka, A. T. and Oyeyinka, S. A. (2018). Moringa oleifera as a food fortificant: 

Recent trends and prospects. Journal of the Saudi Society of Agricultural 

Sciences, 17(2): 127– 136. Https://doi.org/10.1016/j.jssas.2016.02.002 

Parveena, S.; Rasoolb, F.; Akramb, M. N.; Khanb, N.; Ullahb, M.; Mahmoodb, S.; 

Rabbanib, G. and Manzoor, K. (2021). Effect of Moringa oleifera leaves on 

growth and gut microbiota of Nile tilapia (Oreochromis niloticus). Brazilian 

Journal of Biology, 84: e250916 | https://doi.org/10.1590/1519-6984.250916 

Puycha, K.; Yuangsoi, B.; Charoenwattanasak, S.; Wongmaneeprateep, S.; 

Niamphithak, P. and Wiriyapattanasub, P. (2017). Effect of moringa (Moringa 

oleifera) leaf supplementation on growth performance and feed utilization of 

Bocourti's catfish (Pangasius bocourti). Agriculture and Natural Resources, 51: 

286e291. 

Razzaq, A.; Malik, S. A.; Saeed, F.; Imran, A.; Rasul, A.; Qasim, M.; Zafar, S.; 

Kamran, S. K. S.; Maqbool, J.; Imran, M.; Hussain, G. and Hussain, M. 

(2020). Moringa oleifera lam.ameliorates the muscles function recovery 

following an induced insult to the sciatic nerve in a mouse model. Food Science 

and Nutrition, 8: 4009–4016. 

Thomas, P. and Micheal, M. (1999). Tilapia life history and  biology. Southern Regional 

Aquaculture Center Publication, 283. 

 

 

 

https://doi.org/10.1590/1519-6984.250916

