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SUMMARY  

The world population is increasing enormously day by day. To fulfill the feed requirements of such 

a great population, there must be an increase in the productivity of the agriculture sector and its 

related industries. Therefore, the demand for fishmeal is increasing, resulting in high prices. Thus, 

there is a need to find a cost-effective substitute for fish feed. The present study was designed to 

check the effect of the cost-effective fermented Moringa diet on the body composition and growth 

of Labeo rohita. Fermentation of Moringa leaves was done with Aspergillus niger at room 

temperature for 7 days to decrease the anti-nutritional factors present in Moringa leaves. The 

current experiment was carried out for 9 months to find the composition level of Moringa leaves 

meal in the diet of L. rohita. Initial body weight and length of the fish were measured before 

stocking. Fish were divided into four experimental groups referred to as T1, T2, and T3 including 

one control group (T0). Experimental fish were fed with four different types of experimental feed 

containing fermented Moringa oleifera leaf meal at levels of 0% (control), 10%, 20%, and 30%, 

respectively. At the end of the study, percentage weight gain (WG), net weight gain, and final 

weight were calculated. In body composition, crude protein %, fat %, and dry matter % content 

were also evaluated. The data were statistically analyzed to validate the results. The highest % 

weight gain (169.24± 2.26) was observed in T1. In T0, T1, T2, and T3, respectively, 14.46, 14.84, 

15.11, and 15.23% of protein percentage were found in L. rohita. In Labeo rohita, the total fat 

contents in T0, T1, T2, and T3 were measured to be 1.21, 1.02, 0.95, and 0.91%. Maximum fat % 

was observed in T0 (control group). However, maximum crude protein (15.23%) was observed in 

T3. In T0, T1, T2, and T3, respectively, the total dry matter content of L. rohita was measured to be 

18.00, 19.26, 19.15, and 19.20%. The maximum percentage of dry matter was observed in T1 with 

10% replacement of FMOLM in the fish diet. We concluded that substitution of costly fish feed 

with FMOLM up to a 30% inclusion level has improved growth, weight gain and body composition 

of fish without having any negative impact on fish quality. 
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INTRODUCTION 
The aquaculture industry is the fastest-growing sector in the world among all 

agriculture-based industries (Khan et al., 2021). For sustainable aquaculture, quality 

feed with economic feasibility is required, and to maintain high-quality feed, fishmeal 
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and fish oil are used in feed industries. In Pakistan, aquaculture-based fish production 

has been recognized as the most promising method for supplying the nation's needs 

for fish, food security, livelihood, employment, and GDP. Due to advancements in 

technology and intensity, aquaculture production, which makes up 46% of all fish 

production, reached 82.1 million tons globally in 2018 (Rob and Cattaneo, 2021). 

Fish is a preferred food because it is a great source of omega-3 polyunsaturated fats, 

high-quality protein, vitamins, critical minerals, and other nutrients (Shim et al., 

2019). 

Fish meal is a significant and demanding source of protein for many 

formulated diets owing to its essential amino acids, higher protein content, minimal 

carbohydrate amount, greater amount of fatty acids and minerals, as well as its high 

palatability and digestibility (Olsen and Hasan, 2012). The most important part of fish 

production is feeding, and the aquaculture firm is severely restricted by high costs and 

limited supply of fishmeal (Gabriel et al., 2007). Therefore, it is necessary to maintain 

a consistent supply of accessible, low-cost alternative feed ingredients to support the 

financial stability of feed-based aquaculture, as feed costs contribute to 50-60% of 

total aquaculture costs (Essa et al., 2010). There must be some strategies to minimize 

feed expenditure without compromising the nutritional value of fish feed (Tezzo et 

al., 2021). 

One of the most significant problems in the whole world is the significantly 

growing population that is expected to reach 9.7 billion people by 2050 (Dorling, 

2021), so the demand for food is increasing. To fill the enormous gap between fish 

supply and demand, and to ensure the economic feasibility of feed-based aquaculture, 

a continuous supply of inexpensive alternative feed ingredients that are locally 

accessible must be established. Fish farmers are exploring inexpensive, locally and 

widely available alternatives for fish feed because of increasing costs and demand. 

Commercial aquaculture industries are utilizing plant and animal proteins as protein 

sources in fish feed (Naylor et al., 2000). 

Plant-based products utilized in aquaculture diets have nutritional qualities 

like carbohydrates, fibers, high protein content, a good amino acid profile, and easily 

digestible nutrients. Bioactive substances present in plants have antioxidant, antiviral, 

anti-parasitic, and antibacterial properties (Jahanjoo et al., 2018) that stimulate feed 

intake, digestive enzyme secretion, and immunological responses (Citarasu, 2010) 

and also produce healthy fish by increasing immunity, preventing infections, favoring 

growth, lowering stress, and stimulating appetite (Shalaby, 2004) when used in fish 

nutrition. Moringa oleifera, a member of the monogeneric Moringaceae family 

(Marrufo et al., 2013), is found in both Africa and Asia, has a significant amount of 

nutrients, and can be used as a food supplement for malnutrition (Mutiara et al., 

2013). 

In Pakistan, Moringa oleifera is commonly known as "Sohanjana," and owing 

to its exceptional nutritional content and therapeutic benefits, it is referred to as "The 

Miracle Tree" across the world. Moringa is an evergreen plant with an abundant 

amount of minerals like calcium, potassium, vitamins like vitamin C and vitamin A, 

and protein (Gopalakrishnan et al., 2016) and essential amino acids (Moyo et al., 

2011). Every part of this plant is abundant in nutritional components (Leone et al., 

2015), such as seeds that contain 31.65% protein, 7.54% fiber, and 6.53% ash levels 
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(Anwar and Rashid, 2007), while leaves have a high percentage of raw protein 

(Soliva et al., 2005). M. oleifera is a therapeutic plant comprising antioxidant, 

antibacterial, and anti-inflammatory properties (Coppin et al., 2013) that boost the 

immune system to minimize fish-harming toxicity symptoms (Elabd  et al., 2019) and 

also improve the detoxification process and antioxidant enzyme activity (Hasan et al., 

2019). 

Moringa is considered a future resource of protein in fish feed (Puycha et al., 

2017), due to its easy availability, environmental safety, affordability, sustainability, 

and eco-friendliness. Moringa leaves may serve as a substitute for protein, in their 

green, dried, or crushed forms, at an affordable price, containing high nutritional 

value, such as about 20–30% crude protein, 6% crude fiber, 8–12% ash, and 7% fat 

(Su and Chen, 2020). However, Moringa leaves have a variety of anti-nutritional 

elements, such as phytates (Soetan, 2009), that limit their use in fish diets because 

higher phytate levels restrict nutrient withholding, mineral, and protein absorption 

(Cao et al., 2007), and have a particularly unpleasant taste (Francis et al., 2001). 

These elements cannot be eliminated by soaking or cooking (Soetan, 2009), so 

fermentation is an effective approach to lessen anti-nutritional factors and fiber 

elements with the help of microorganisms (Yuan et al., 2013). 

The most widely cultivated fish in Pakistan is major carp, which makes up 

40% of freshwater fish species (Ashraf et al., 2008). Among all major carps, thaila, 

morakhi, and rohu have high demand due to their deliciousness. The most widely 

accepted, tasty, and protein-rich edible fish in Asia among all major Indian carps is 

the Labeo rohita. The Rohu is a big silvery fish with an obvious arched head that is 

typical of cyprinids. Adults can grow as long as 2 meters (6.6 feet) and weigh up to 

45 kg (Beveridge et al., 2013). L. rohita has great customer preferences in countries 

like Pakistan, and it is reared in the polyculture system along with other fish species 

(Latif et al., 2018). The objectives of current study are: to find the inclusion level of 

Moringa leaves meal in the diet of Labeo rohita and to study the effect of fermented 

moringa-based diet on growth and body composition of Labeo rohita. 

  

MATERIALS AND METHODS 

 

STUDY LOCATION AND EXPERIMENTAL FISH 

The present research was carried out at the Fisheries Research Laboratory, 

Department of Zoology, Wildlife and Fisheries, MNS-University of Agriculture, 

Multan. About 500 Labeo rohita fingerlings with an average size of 8 g were 

collected from a local fish farm and stocked in a fish pond (with 1.5 meter depth) at 

MNS-University of Agriculture, Multan. Before stocking, the pond was sanitized, and 

the Rohu fingerlings were acclimated to the environment for two weeks. Aeration 

was provided through aerators, and the water level was maintained throughout the 

trial. Before stocking, initial body weight and length were measured. 

 

COLLECTING AND PROCESSING MORINGA LEAVES  

Moringa leaves were collected from Moringa Street at MNS University of 

Agriculture, Multan. The leaves were thoroughly cleaned with fresh water to remove 

all impurities. They were then drained and dried for 7 days in the shade to reduce the 
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chances of nutrient loss, such as vitamins, due to photo-dynamic damage or 

oxidation. To lower the crude fibers, dried Moringa leaves were separated from the 

stems. The Moringa leaves were processed into powder using an electric grinder to 

create MOLM (Moringa oleifera leaf meal) powder. The dried leaf powder was kept 

in zipper-sealed, transparent packaging. After that, the proximate composition of the 

leaf powder was determined using AOAC (2000) standards. 

 

FEED PELLETS FORMATION  

Ingredients that were purchased from the market to prepare feed pellets were blended 

for 5 to 10 minutes in a feed processor, and fish oil was gradually included to make a 

suitable dough texture. A sufficient amount of water was added to ensure smooth 

pelleting. By using a pelleting machine, 2mm pellets were created and kept in airtight 

packing until usage. 

 

FERMENTED MOLM PREPARATION   

Aspergillus niger was used for the fermentation of Moringa leaves for seven days at 

room temperature. A plastic bottle with a 3-gallon (gal) water capacity containing 1 

kg of dried MOLM powder was properly sterilized. Ten liters of water were added to 

the bottle, and a sterile pipette was used to inoculate 40 µL of fungal spores. These 

components were carefully combined using a disinfected glass rod. For fermentation, 

3 × 10˄5 CFU/ml of microorganisms were employed. 

After the 7-day fermentation period, FMOLM water was used to spray on pellets with 

the help of a spray bottle. The pellets were dried in the shade for 24 hours, and the 

dried fermented pellets were preserved in sealed bags until utilization. 

 

PREPARATION OF FISH DIET  
Four types of experimental feeds were formulated, with differing inclusion levels of 

fermented M. oleifera meal, and ingredients from soy meal, fish feed, rice polish, 

sunflower meal, and minerals and vitamins premix. The percentage of M. oleifera 

meal supplied to each diet varied from 0% (control) to 10%, 20%, and 30%, with the 

fish given these diets being referred to as T0, T1, T2, and T3, respectively (Table 1). 

We used proximity analysis to evaluate the experimental meals. All analyses followed 

the technique stated by AOAC (2000). 

 

FEEDING REGULATIONS  

Labeo rohita fingerlings were given formulated feed two times each day at 8 AM and 

4 PM, in accordance with their body weight. In the 1st trial, the control diet (T0) was 

fed to the fish. In the 2nd, the 3rd, and 4th trials, experimental diets with inclusion 

levels of 10%, 20%, and 30% FMOLM were given to thefish, respectively. After 

every two weeks, the fish were weighed, and their diets were adjusted in accordance 

with the growth in fingerling body weight. 

 

PHYSICAL AND CHEMICAL CHARACTERISTICS OF WATER  

Using a dissolved oxygen meter and a multimeter, overall soluble solids and water 

status variables such as temperature, pH and dissolved oxygen had been measured 

each day.   
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Table 1: Ingredients Composition (%) of Experimental diets comprising various level of 

FMOLM. 

Ingredients  Control Diet  

(To) %  

Exp. Diet I  

(T1) %  

Exp. Diet II  

(T2) %  

Exp. Diet III  

(T3) %  

FMOLM  0 10 20 30 

FM  50 40 30 20 

Sunflower meal  15 15 15 14 

Soybean meal  15 15 13 16 

Rice polish  13 13 15 13 

Oil  5 5 5 5 

Vitamin Premix**  1.0 1.0 1.0 1.0 

Mineral Premix***  1.0 1.0 1.0 1.0 

Total  100  100  100  100  

 

SAMPLING 

The weight, total length, standard length, eye diameter, pelvic fin, and pectoral fin 

lengths of 25 fish had been checked at the start of the study, every fourteen days, and 

at the completion of the experiment. Using a drag net, specimens of experimental fish 

were randomly taken, and once the data had been collected, the fish were brought 

back to the pond. The meat samples from the experimental pond were tested for the 

body composition of cultured fish species in terms of moisture, crude protein, total 

fats, total ash, and carbohydrates using methods established by the Association of 

Official Analytical Chemists (AOAC, 2000). Five fish were chosen at random from 

the pond for this reason. From each specimen, three meat samples were obtained. The 

head, viscera, bones, fins, scales, and tails of these fishes were removed, and only 

their flesh was used for analysis. 

 

ASSESSMENT OF GROWTH PERFORMANCE   
During this trial, the following parameters for growth were evaluated:   

 

Overall Weight Gain   

This refers to the variation between starting weight and total weight acquired.   

 

Total gain in weight = final weight – starting weigh 

 

Total Percentage of Weight Gain   

The formula used to determine this was:  

TPWG = Overall weight gained / Original weight x 100% 

 

Evaluation of Body Composition  

In order to study the impact of replacing fish meal with FMOLM on the meat 

quality of L. rohita. The detailed procedure for each analysis is given as under:  

 

Moisture Content  
The loss in weight was recorded as moisture.  

                                                 Moisture    =      M1-M2   / M3                                                                                                   
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Where,   

M1 = weight of sample before drying + weight of petri dish  

M2 = weight of sample after drying + weight of petri dish  

M3 = weight of the sample  

 

Dry Matter Content  
Following formula was used to calculate dry matter content:   

Dry matter (%) = 100 - moisture (%) 

 

Protein Content  
Nitrogen percentage was calculated by using following formula: 

Nitrogen (%) =Volume of H2SO4 used x Normality of H2SO4 X 0.014 x 250 x 100    

                                             Weight of samples x10   

Where: 

N2      = Nitrogen 

250 = Digested mixture dilution 

0.014 = Standard vol. of (0.1 N) H2SO4 used to neutralize 1ml NH3. 

100 = for percentage of N2. 

10 = Vol. of the digested sample+ vol. of diluted sample. 

Protein % in sample was calculated by using following formula: 

Protein (%) = N2 % × 6.25 

Whereby; 

6.25 = Assumed factor for equation of N2 % to crude protein. 

 

 

Total Fats   
Total fat percentage of the sample was calculated by following formula:  

                                     Total Fats (%) =   W2 – W1 × 100    

                                                                              Weight of Sample  

Where,   

W1 = Weight of vacant extraction cup  

W2 = Weight of extraction cup with fat after evaporation    

 

STATISTICAL ANALYSIS  

Using the statistical program SPSS, one-way analysis of variance (ANOVA) were 

used to examine the results of growth and body composition of Rohu fish. 

 

RESULTS AND DISCUSSION 

Data regarding how the addition of the fish meal and fermented Moringa leaf meal 

(FMOLM) affected the growth efficiency of L. rohita was obtained at regular 

intervals from all of the treatments, viz. standard diet (T0) and experimental diets (T1, 

T2, T3) with inclusion levels of 10%, 20%, and 30%, respectively. The findings of 

the statistical evaluation of the growth data from the research with the conventional 

diet (T0) are presented in Table 2. 
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Table 2: Growth Performance of Labeo rohita fish under T0, T1, T2 and T3 treatments. 

Treatments Initial Weight (g) Final Weight (g) Weight Gain (g) Weight Gain % 

T0 8.10±0.04a 20.42±0.21a 12.32±0.120a 152.09± 0.16a 

T1 8.03±0.03b 21.62±0.11d 13.59±0.07d 169.24±0.09d 

T2 8.12±0.04d 21.22±0.10b 13.10±0.07b 161.33±0.08b 

T3 8.11±0.03c 21.42±0.12c 13.31±0.07c 164.11± 0.09c 

Note: Maximum weight gain was observed in T1 (10% inclusion of FMOLM). While minimum 

weight gain was observed in T0 (Control group). TI group (10% inclusion of FMOLM) showed 

maximum value of % weight gain. While T0 (Control group) showed minimum value of % weight 

gain. 

 

 
Figure 1: Growth Performance of Rohu fish under different Treatments. 

 

Analysis of variance showed that there was a highly significant difference in the 

increase in body weight of fishes amongst the weekly observations. The increase in 

weight of fishes under different treatments was also highly significant (Figure 1).    

Data regarding how the addition of the fish meal and fermented Moringa leaf 

meal (FMOLM) effected the body composition of L. rohita was obtained at regular 

intervals from all of the treatments viz. standard diet (T0), and experimental diet (T0, 

T1, T2) with inclusion level of 10%, 20% and 30% levels, respectively.  The results 

of dry matter are presented here in Table 3.  
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Table 3: Body Composition % of L. rohita fish under different treatments (T0, T1, T2 and T3). 

Treatments Dry Matter % Fat % Protein % 

T0 18.00±0.11a 1.21±0.03d 14.46±0.14a 

T1 19.26±0.05b 1.02±0.03c 14.84±0.21b 

T2 19.15±0.12d 0.95±0.03b 15.11±0.13c 

T3 19.20±0.01c 0.91±0.13a 15.23±0.01d 

 

Maximum percentage of dry matter was observed in T1 with 10% 

replacement of FMOLM in fish diet. On the other hand, T0 (control group) showed 

minimum value of dry matter %. Maximum fat% and minimum protein % was 

observed in T0 (control group) in current study while minimum fat% and maximum 

% of protein was observed in T3 (30% inclusion of FMOLM) as shown in table 3.  

L. rohita starting and concluding average weights vary according different 

treatments: in T0, they were 8.10 g and 20.42 g, in T1, they were 8.03 g and 21.62 g, 

in T2, they were 8.12 g and 21.22 g, and in T3, they were 8.11 g and 21.43 g. L. 

rohita attained a maximum of 13.59 g weight in T1 (Figure 2). While L. rohita 

showed the lowest development in T0. Richter et al., (2003) confirmed current 

investigation and suggested 30% inclusion of Moringa leaf to fishmeal for Nile 

tilapia. In this current research it was found that as much as 30% integration of 

FMOLM improves growth and average body weight devoid of having any negative 

side effects. It was evident from the results treatment-wise that, there were significant 

variations in an overall increase in total body weight and percent gain in body weight 

for L. rohita. As a result, it may be possible to conclude from these findings that 

supplementing FMOLM to fish meals in a typical meal has an obvious effect on the 

growth indices.  

Churniya et al. (2021) also found that Moringa can be included to fishmeal as 

replacement in the diet of L. rohita fish up to 12%. The inclusion level was slightly 

different from that of our study because in that study Moringa leaves were used, that 

have anti-nutritional properties that reduces the growth of fishes if included in higher 

amount. While in our experiment fermentation of Moringa leaves was done to remove 

the anti-nutritional factors. The outcomes reported by Abbas et al. (2019) in the 

investigation of Indian major carps revealed that expensive fish meal can be 

substituted in the diet of Indian major carps with nutrients from plant products. So, it 

is possible to accomplish the goal of minimizing the cost of diet by incorporating 

plant-derived proteins in the diets of economically valuable fishes. It can be 

supported by the results as concluded by Kr Manna et al. (2022) that tests for 30% 

substitution of plant protein sources like fish fed with supplemented diets exhibited 

no detrimental impacts on development when fed with fermented Moringa leaves 

meal rather than fish meal, which resulted in a significant reduction in feed 

expenditures.   

Body composition of Rohu fingerling varied significantly among different 

treatments. Significantly better body crude protein and dry matter contents were 

observed in fingerlings fed 30% and 10 % supplemented FMOLM based diets 

respectively. The results revealed that retention of crude protein and dry matter 

content increased while retention of crude fiber and fats content in fish bodies 

decreased with the addition FMOLM based diets.  In T0, T1, T2, and T3, 
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respectively, 14.46, 14.84, 15.11, and 15.23% of protein percentage were found in L. 

rohita. T3 contained the highest amount of protein that was about 15.23%. The lowest 

level of protein, 14.46%, was found in T0. The highest observed result for total fats 

was 1.21% in T1 and the lowest was 0.91% in T3. In T0, T1, T2, and T3, 

respectively, the total dry matter content of L. rohita was measured to be 18.00, 

19.26, 19.15, and 19.20%. Maximum and minimum readings were 19.26% and 

18.00%, respectively, in T2 and T0, respectively.  

 

 
Figure 2: Regression Analysis between Length and Weight of fish. 

 

Ganzon-Naret (2014) examined various levels of inclusion of Moringa leaf 

meal as a source of plant protein and found that there were substantial variations in 

the crude protein and crude ash of sea bass between treatments. When Moringa was 

added to fish feed to replace canola meal and fish meal protein in the diets of red sea 

bream, Ganzon-Naret (2014) and Glencross (2003) noticed an upward trend in crude 

fat or lipid. Their findings were in contrast to our study. According to current 

experiment fat percentage decreases with increasing inclusion value of FMOLM. The 

differences were because of fermentation of diet or may be due to different species or 

due to different physiochemical parameters.  

Our study is supported by outcomes of Hur et al., (2014) and Shi et al., (2016) 

that anti-nutritional factors can be reduced in fermented Moringa leaves meal because 

of many enzymes such as phytase and tannase produced during fermentation practice. 

Substitution of fish meal with raw MOLM in higher amount reduced the body protein 

of fish. It was concluded that it was because of anti-nutritional elements present in 

Moringa oleifera leaves meal that reduce the ability of fish to uptake nutrients by 
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lowering the activity of gastric enzymes (Shamna et al., 2017). Similar interpretations 

were also stated by Mehdi et al., (2016) in L. rohita fish. 

To the contrary, dietary inclusion of FMOLM demonstrated considerably 

increased protein amount in the body, that may be related to the Solid State 

Fermentation technology that cause reduction of anti-nutritional elements from the 

raw leaf meal (Shamna et al., 2017). After fermentation, MOLM has more crude 

protein and total lipids but less crude fibre. It was observed that breaking down of 

protein-antinutrient compound by micro organismic enzymes activities may be the 

cause of the increase in crude protein levels in FMOLM (Ayuk et al., 2014). Zhang et 

al. (2020) observed that after 7 days of fermentation, M. oleifera leaves fermented 

with A. niger had a higher protein content, supporting the findings of the current 

investigation. 

 

CONCLUSION  

Fishmeal can be replaced with minimal amounts of raw MOLM in L. rohita without 

compromising the growth efficiency of fish. However, to get more favorable growth 

results, FMOLM can be utilised by L. rohita at greater level. Highest growth 

performance was observed in T1 with 10% inclusion of FMOLM. However, 

maximum protein % was observed in T3 with 30% inclusion of FMOLM. 

 

RECOMMENDATION 

1. There is limited data available on the general use of M. oleifera in fish feed 

formulation. Therefore, it is recommended to conduct further studies on the use of 

this plant in formulation of practical fish diets. 

2. In the present experiment, effect of FMOLM was determined in L. rohita fingerlings, 

response of other species against FMOLM supplementation should also be 

investigated. 

3. In the present study, fermented M. oleifera proved as a potential protein source in the 

diet of Rohu, other plant protein sources should also be explored for their candidacy 

as protein source for aqua feeds.  

 

STUDY LIMITATIONS 

Antinutritional elements present in leaves of Moringa because hindrance in growth 

efficiency of fishes when Moringa leaf meal was included in fish feed at higher level. 

So processing of Moringa leaves must be done prior to inclusion in fish feed. 
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