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Introduction: In the current study, Cirrhinus mrigala was used as an animal
model to investigate the impacts of Moringa oleifera leaf meal (MOLM) on their
overall performance reared in six earthen ponds.

Methods: In this study, fishmeal (FM) was substituted with MOLM at various
levels in the diet: 0% (control), 10, 15, 20, 25, and 30%, for a six-month feeding
trial. A total of 270 fish with 15 fingerlings (15.31+0.12g/fish) stocked in each of
the six earthen ponds in triplicates.

Results: When compared to other experimental and control groups, analyses
revealed that fish given a diet having 10% MOLM had the highest growth
performance (final weight: 422.32g, weight gain: 406.97g). Fingerlings fed a
diet which substituted with 10% of FM with MOLM showed the greatest results
for body composition (crude protein: 19.31%; crude fat: 3.01%). The results of
hematology, i.e.,, WBCs: 7.65x10°mm™=3, PLT: 58.38, hemoglobin level: 8.52g
100mL™, PCV: 25.12%, MCHC: 30.45%, MCH: 48.81pg., MCV: 159.50fl, also
showed that 10% MOLM was the optimum level for FM substitution. Furthermore,
the outcomes of body mineralization (P, Ca, Na, Mn, Fe, Mg, Zn, K, and Cu, 1.06,
0.92%, 5.53mg/g, 9.90 ug/g, 54.62 ug/g, 3.09%, 3.81 ug/g, 8.31%, and 3.76 ug/g
respectively) also indicated that 10% level was the best.

Conclusions: Conclusively, the current study found that substituting 10% of FM
with MOLM in the diet of C. mrigala fingerlings improved growth performance,
carcass, hematology, and mineral status.

KEYWORDS

moringa leaf meal, growth performance, body composition, hematology, mineral status

1 Introduction

Aquaculture aims to provide the largest quantity of nutritious food that is high in protein
in order to meet the global needs for nutrition of consumers (Dawood, 2021). A healthy diet
is necessary for all living organisms, including fish, to thrive, produce offspring, and sustain
their health (Adebayo et al., 2020). Fish is a great source of several vitamins and minerals as
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Moringa oleifera leaf
meal (MOLM) used
at various levels (0,
10, 15, 20, 25, 30%)
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10% MOLM substitution improved growth performance, body composition,
hematology and mineral status of Cirrhinus mrigala fingerlings
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well as superior-quality and readily digestible protein (Gore et al.,
2021). Aquaculture sector supplies 50% of all global food fish and is
expanding at the high rate as compared to any other food processing
sector (FAO, 2020). This industry is significantly developing at a rate
of about 5.8% annually (FAO, 2020). Its accomplishments and
involvements are predicted to lessen hunger and poverty while
simultaneously providing protein for the majority of the world’s food
requirements (Dawood, 2021).

Fishmeal (FM) is considered a premium nutritional ingredient for
fish feed, because of its majority of vitamins, good digestibility,
balanced amino acid profile, growth-promoting and attracting
qualities (Allam et al., 2020). Fish diet contributes about 40-60% of
production cost in aquaculture (Hassaan et al., 2019; Nasr et al., 2021).
Therefore, for the purpose to reduce the cost of aqua-diets, it is
necessary to look for affordable, sustainable, and locally accessible
protein sources (Mansour et al., 2021). Many researchers have used
plant-based feeds to replace FM (Davies et al., 2019; Elumalai et al.,
2021). In most developing nations, plant proteins are seen to be the
most practical choice for the commercial production of fish as they
are quite affordable, more environment friendly, highly sustainable,
and easily available (Hardy, 2010; Hassaan et al., 2018).

Moringa oleifera leaves stand out as an excellent choice and
alternate source of feed in the fish sector due to their higher
concentrations of minerals, vitamins, and proteins. Native to northern
India, M. oleifera is a fast-growing member of the moringaceae family
that can thrive in deserts (Islam et al., 2021). This versatile herb has
been included in diets of ruminants, fishes, hens, rabbits, and rats
during the last several years to assess its impacts on growth and
reproductive efficiency (Momin and Memis, 2023). Possibly more
than any other tropical vegetable, moringa leaf thought to be a rich
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source of proteins, vitamins, and minerals with a variety of therapeutic
benefits (Ebuka et al., 2021). Moreover, Moringa leaves have been
noticed to contain higher ratio of iron, potassium, calcium, and
vitamins A and C, as well as protein (25-32%), than other dietary
items such as bananas, oranges, milk, yoghurt, and carrots
(Gopalakrishnan et al., 2016). Additionally, its leaves contain more
than 16-19 amino acids, ten of which are essential (Moyo et al., 2014).
When its leaves are dehydrated, they have high crude protein content,
5.9% crude fibre, 7.09% crude fat and 7.6-12% ash (Su and Chen,
2020). However, Moringa leaves also possess some of the anti-
nutritional elements such as saponins, phytates, tannins and phenols
(Tacon, 1985; Wee and Wang, 1987). They bind with minerals like zinc
and phosphorus, and have a bitter taste. They are hazardous in large
amounts and can disrupt metabolic and digestive enzymes, which may
impede nutritional absorption (Gemede and Ratta, 2014). M. oleifera
leaf meal (MOLM) has been used by several researchers to partially
substitute soybean meal and other plant protein sources in the diets of
Oreochromis niloticus and Clarias gariepinus (Elabd et al., 2019; Ebuka
etal., 2021).

One of the renowned Indian major carp, Cirrhinus mrigala,
accounts for around 20-25% of all major carps production in India
(Kumar et al., 2018). C. mrigala, sometimes referred to as “Mori,” is
extensively found in Pakistan’s freshwater reservoirs and has a high
market value in addition to its economic significance. Consumers
consider it more appealing due to its excellent flavor and potent
nutritional content (Tabassum et al., 2021). Earthen ponds, reservoirs
to culture fish species in a natural aquatic environment, are cheaper to
maintain and have a relatively higher stocking capacity than concrete
ponds, which are constructed without preserving natural habitat
(Marywil Farms, 2022). Due to the deficit of research on this species
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in earthen ponds and its usage in higher proportion on commercial
scale, it is very significant to carry out a comprehensive research on
this species. The main objective of this study was to assess the potency
of MOLM as a substitute protein source for C. mrigala fingerlings
reared in earthen ponds and its impact on their growth and other
body parameters.

2 Materials and methods
2.1 Experimental site and animals

The C. mrigala fingerlings (15.31+0.12 g/fish) were bought from
Government Fish Hatchery, Faisalabad and transported to
experimental site. After that, fingerlings were placed in a cemented
pond (length: 10 feet, width: 7 feet) for 15 days under lab conditions
for acclimatization. Then fingerlings were transferred to the Fisheries
Research Farms, Department of Zoology, University of Agriculture
Faisalabad. At the Fisheries Research Farms, a semi-intensive rearing
technique was used for a six-month feeding trial. It was carried out in
18 earthen ponds between February and August 2021. Each pond had
arectangular form. An adjacent deep tube well was used to irrigate the
ponds using groundwater.

2.2 Controlled conditions

Before the feeding experiment began, the fingerlings were treated
with NaCl (5g/L) to eradicate any ectoparasites and infections
(Rowland and Ingram, 1991). The air was provided by recirculating
water to keep up the level of dissolved oxygen (DO). Physicochemical
variables were monitored, including pond water temperature, pH and
DO, on daily basis, by using multiprobe water checker (U-10 model,
Horiba, Tokyo, Japan) dipped in 20-25cm below water. They were
kept at 25.5-27.7°C, 7.5-8.1, and 5-6 mg/L, respectively, throughout
experimental period and fed with basal diet two times a day (9:00 am
and 4:00 pm).

2.3 Moringa oleifera leaf processing to
prepare experimental diets

MOLM was employed as a test element to create experimental
diets. Fingerlings were fed with varying levels of MOLM diet (Test
Diet-I: 0%, Test Diet-1I: 10%, Test Diet-III: 15%, Test Diet-IV: 20%,
Test Diet-V: 25%, and Test Diet-VI: 30%), where control group was
simply fed with basal diet and other five trial diets with varying
amount of substitute (Table 1; Javid et al., 2018). Fifteen fingerlings
were placed in each earthen pond in triplicate (n=270), and each day
they were fed at a ratio of 5 % of their biomass.

The ingredients were brought from market and moringa leaves
are taken from Multan (city of Punjab). Initially, the pulverized
leaves were soaked for three days at room temperature in tap water.
They were soaked for three days to lessen the quantities of anti-
nutritional elements like saponins (Tacon, 1985; Wee and Wang,
1987). After completing the soaking period, the leaves were
dehydrated to lessen the quantity of water in it. Chemical
composition of ground ingredients was also checked prior to mixing
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in basal diet [AOAC Official
Chemists), 2005a].

In order to pass the feed ingredients through a 0.5 mm sieve, they

(Association of Analytical

were properly crushed. Chrome oxide was used as an inert marker in
the test diets. Fish oil was added gradually then allowed them to mix
for 5 min in a mixer. Moreover, 10-15% water was added to create a
dough with the homogenous texture. This dough was then passed
through an electric extruder to form pellets (Lovell, 1989).

2.4 Proximate analyses

Before being subjected to the normal process for analyses, the fish
diet and whole body samples were separately homogenized with a
motor and pestle. The laboratory analyses were done at Zoology
Department, Government College University Faisalabad, Pakistan.
Moisture content was evaluated through oven drying at 105°C for
12h, protein was indicated by using a micro Kjeldahl instrument, ash
was determined by using an electric furnace ignition for 12h (650°C)
(Eyela-TMF 3100) and fat was determined using a petroleum ether
extraction process by Soxtec HT2 1,045 system. By using an atomic
absorption spectrophotometer, the mineral content of fingerlings was
determined [AOAC Official
Chemists), 2005b].

(Association  of Analytical

2.5 Study of growth

Growth parameters of fingerlings were measured at the start and
end of a period of six months. The maximum number of fingerlings
samples from each pond were taken. During this experiment, the
following growth parameters were examined by following formulae.

WG ( g) = (Final weight — Initial weight)

WG% = (Final weight — Initial weight) %100 / Initial weight

FCR = Total dry feed intake / Wet weight gain

2.6 Hematological parameters

Blood was drawn from sample fingerlings’ caudal vein, an
anticoagulated syringe was used for this purpose and then these
samples were taken to analysis. A hemocytometer with a certified
Neubauer counting chamber was used to count RBCs (Red Blood
Cells), Platelets and WBCs (White Blood Cells) (Blaxhall and Daisley,
1973). The micro-hematocrit technique was used to evaluate
hematocrit, capillary tubes were used for this purpose (Brown, 1988).
The concentration of Hb (hemoglobin) was determined by the
methods stated by Wedemeyer and Yasutake (1977). Measurement of
MCHC (mean corpuscular hemoglobin concentration), MCH (mean
corpuscular hemoglobin), and MCV (mean corpuscular volume) was
done by using standard formulae (mean cell volume) described by
Tabassum et al. (2021).
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TABLE 1 Ingredients composition (%) of test diets.

Ingredients Test Diet-I (control) Test Diet-ll Test Diet-lll Test Diet-IV Test Diet-V Test Diet-VI
MOLM* 0 10 15 20 25 30
Fish meal 50 40 35 30 25 20
Wheat flour 17 17 17 17 17 17
Corn gluten 20 20 20 20 20 20
Fish oil 9 9 9 9 9 9
Vitamin Premix® 1 1 1 1 1 1
Mineral Premix® 1 1 1 1 1 1
Ascorbic acid 1 1 1 1 1 1
Chromic oxide 1 1 1 1 1 1

Proximate composition (%)

Dry matter Gross energy (kcal/g) Crude protein Carbohydrates Crude fiber Crude fat
Fish meal 90.32 3.16 5223 19.87 051 6.13 21.26
Rice polish 93.22 333 12.49 51.56 8.76 13.43 13.76
Wheat flour 93.35 337 8.43 83.72 2.85 245 255
MOLM 91.23 4.12 27.59 48.03 8.54 6.48 9.36

*MOLM = Moringa oleifera leaf meal.

*Vitamin (Vit.) premix kg-1: Vit. B12: 40 mg, Vit. D3: 3,000,000 IU, Vit. A: 15,000,000 IU, Vit. C: 15,000 mg, B2: 7000 mg, Vit. K3: 8,000 mg, Vit. B6: 4,000 mg, Vit. Ca pantothenate: 12,000 mg,
Folic acid: 1,500 mg, Nicotinic acid: 60,000 mg.

‘Mineral premix kg-1: Fe: 1,000 mg, Ca: 155g, Co: 40 mg, P: 135g, Se: 3 mg, Na: 45g, Zn:3,000 mg, Cu: 600 mg, Mg: 55 g, Mn: 2,000 mg, I: 40 mg.

TABLE 2 Growth performance of C. mrigala fed MOLM based diets.

Test diets MOLM replacement level Initial weight (g) Final weight (g) Weight gain (g)
Test Diet-I (control) 0% 15.31£0.12 317.2740.06° 301.96%0.10°
Test Diet-II 10% 15.3540.04 422.32+0.06" 406.97£0.04°
Test Diet-I11 15% 15.31£0.09 387.61£0.66" 372.30£0.14"
Test Diet-IV 20% 15.3740.25 352.31£0.11% 336.94+0.30%
Test Diet-V 25% 15.2840.08 287.35+0.02¢ 272.07£0.10¢
Test Diet-VI 30% 15.2540.12 256.37+0.02¢ 241.1240.43¢

Means within columns with different superscripts vary considerably (p <0.05). The data represent the averages of three replicate.

2.7 Statistical analysis

To statistically investigate the effects of varying concentrations of
MOLM on growth, carcass, hematology and mineralization, ANOVA
(One-way analysis of variance) was used (Steel et al., 1996). In order
to verify data normality, the Bartlett test of homogeneity of variance
was performed. To analyze the differences between the means,
“Tukey’s Honest Significant Difference’ Test was employed, and
Pp < 0.05 was considered significant (Snedecor and Cochran, 1991).
Values were presented as mean + standard error (SD), with significant
differences observed at p< 0.05. The Co-Stat computer program
(Version 6.303, PMB 320, Monterey, CA, 93940 United States) was
implemented for the statistical analysis.

3 Results
3.1 Growth studies

Table 2 displays the results of growth performance of
fish given diets based on MOLM. Fish fed with 10%
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MOLM-based diets showed considerably (p < 0.05) enhanced
growth in terms of FW and WG. The fish fed a 10%
MOLM-based diet showed the maximum value of FW (422.32 g),
and WG (406.97 g) while the fish fed with 30% MOLM-based
diet showed the minimum value of FW (256.37g) and WG
(241.12g).

3.2 Body composition

The whole body proximate of fish varied significantly
(p<0.05) (Figures 1, 2). Fish fed with 10% MOLM had the highest
protein content (19.31%) and lowest fat value (3.01%) while, fish
fed with 50% MOLM had the highest proportion of fat (6.47%)
and the lowest value of protein (15.80%). Test diet-II exhibited the
highest ash content value (2.84%), whereas test diet-VI had the
lowest ash content value (2.33%). Furthermore, the body
composition of fish would not be significantly affected by adding
25% or 30% MOLM in their diet. Test diet-V fish had the highest
moisture content (75.67%) while, test diet-III had the lowest
moisture value (74.79%).
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3.3 Hematological parameters

Table 3 displays the results of the hematological parameters of
C. mrigala fed diets based on MOLM. Fish given a 10% level of
MOLM had the highest value of RBCs (2.72 x 10°mm™). Furthermore,
Test diet-II reported the highest value of PLT value (58.38), WBCs
(7.65x10°mm~) and hemoglobin level (8.52g/100mL). MCHC,
MCV, MCH, and PCV, levels were optimum at 30.45%, 159.501,

25

4.67 3.01 3.57 3.85 5.07 6.47
L v Gof 2% 297 6

20 +— —

Fat

10 +
15.8 M Protein

TDI DI TDII TDIV TDV TDVI
Test diets

FIGURE 1
Fat and protein (%) contents in C. mrigala fed with various
replacement levels of MOLM.

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

TDI TDII TDINI TDIV TDV TDVI
m Ash m Moisture
FIGURE 2

Ash and moisture (%) contents in C. mrigala fed with various
replacement levels of MOLM.

10.3389/fsufs.2024.1405614

48.81pg. and 25.12%, respectively, in fish given a 10% inclusion of a
diet based on MOLM. Research revealed that no improvement of
hematological parameters was noticed in the diet of fish at 30% level
of MOLM.

3.4 Body mineralization

Table 4 displays the findings of total body mineralization in
fingerlings. In test diet-II (10% MOLM), fingerlings had the highest
concentrations of P, Ca, Na, Mn, Fe, Mg, Zn, K, and Cu (1.06, 0.92%,
5.53mg/g, 9.90 ug/g, 54.62 ug/g, 3.09%, 3.81 ug/g, 8.31%, and 3.76
ug/g, respectively) in their body. The fish fed diet with 30% substitution
of MOLM had the lowest levels of Ca (0.67%), Na (2.50mg/g), P
(0.75%), Mg (1.12%), Fe (27.90 ug/g), Mn (7.34 ug/g), Zn (1.35 ug/g),
K (5.51%), and Cu (1.31 ug/g) in their body. The fish given with test
diet-VI (30% MOLM level) had the maximum Se concentration
(0.33mg/g), whereas test diet-I (control) had the lowest Se value
(0.15mg/g).

4 Discussion

Plant-based proteins are a practical option for commercially
producing fish due to their low cost and easy accessibility.
Furthermore, using plant-based ingredients as a substitute for FM has
significantly improved the performance of fish, resulting in reduced
discharge of nutrients such as phosphorous and nitrogen (Hardy,
2010; Chakraborty et al., 2019). Hence, the current research was
carried out to evaluate the efficacy of varying levels of MOLM on
growth parameters, nutritional composition, hematology, and mineral
composition of C. mrigala.

4.1 Growth performance

In this study, it was investigated that how six different MOLM-
based levels affected the growth of C. mrigala fingerlings. Present
findings are in line with those of Monir et al. (2020) who examined
the impacts of adding moringa leaf extract on Nile tilapia diets and
found that growth indices were significantly improved. Due to high
nutritional content (proteins, minerals, and vitamins) of MOLM, the
overall performance and growth of fish improve. Our findings are
matched with those of Doctolero and Bartolome (2019), who fed

TABLE 3 Effect of MOLM based diets on hematological parameters of C. mrigala.

Experimental MOLM RBCs WBCs Hb PCV (%) MCHC MCH MCV (fl)
diets (%) (10*mm=) (10> mm™) (g/100mL) (%) ((o¢)]
Test Diet-I

0 2.38+0.00° 7.31+0.07% 51.49+0.13° 7.34+0.03¢ 23.44+0.30° | 24.59+0.68% @ 36.22+0.43 = 99.69+1.49¢
(control)
Test Diet-II 10 2.72+0.01* 7.65+0.02* 58.38+0.59* 8.52+0.01° 25.12+£0.07* | 30.43+0.40* = 48.81+0.30° 159.50%0.96*
Test Diet-III 15 2.55+0.03" 7.53+0.03" 56.90+0.46° 8.07+0.05° 21.80+0.57¢ | 29.13+0.33" | 44.99+0.58" | 141.95+2.55"
Test Diet-IV 20 2.42+0.01° 7.42+0.02% 55.52+0.65" 7.76 £0.15¢ 24.01+0.04° | 27.48+0.48° @ 42.43+0.64° 119.38+0.76°
Test Diet-V 25 2.32+0.01¢ 7.20+0.05¢ 48.24+0.00¢ 6.95+0.05¢ 19.34+£0.61° | 22.05+£0.09° 32.39+1.18° 91.25+0.95¢
Test Diet-VI 30 2.26+0.01¢ 7.06+0.03¢ 46.36+1.18¢ 6.83+0.06° 21.114£0.13¢ | 20.25+0.39" | 27.36+0.24 84.27 +1.60"

Means within columns with different superscripts vary considerably (p <0.05). The data represent the averages of three replicates.
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TABLE 4 Effect of MOLM based diets on whole body mineralization of C. mrigala.
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O. niloticus with diets containing up to 20% MOLM, and showed that
this increased the growth of fingerlings. Additionally, this research
revealed that O. niloticus flourished significantly when fed up to 20%
meal based on MOLM. Similarly, our findings also align with those of
Elabd et al. (2019) who fed O. niloticus diets based on MOLM and
noted a considerable improvement in fish growth performance. The
findings of Hassaan et al. (2018) had shown that adding 10-20%
MOLM to the diets of L. rohita boosted the WG substantially, but
adding more MOLM to the diet did not improve the fish growth
performance. Additionally, Tabassum (2017) noted that adding 10%
MOLM to the diet of Mozambique tilapia fingerlings enhanced the
growth performance. Additionally, Yuangsoi and Charoenwattanasak
(2011) recommended the incorporation of 10% moringa leaves to diet
of Nile tilapia. However, Kasiga and Lochmann (2014) noticed that it
is feasible to substitute up to 30% protein source in soybean meal with
MOLM without having any negative impact on growth of Nile Tilapia.
It has been claimed that moringa leaves can be used in place of 10% of
FM in Asian seabass to increase growth performance (Ganzon-Naret,
2014). Another research contradicted previous findings that adding
M. oleifera in the diet inhibits fish growth, this might be due to
negative effects of anti-nutrients (saponins, phytates, tannins and
phenols) (Mehdi et al., 2016). The reason for the opposite outcome
might be because the experimental duration, size of fingerlings, and
diet content were all different.

4.2 Body composition

The findings of this investigation were parallel to those of Arsalan
etal. (2016), who found that 10% substitution of MOLM showed the
maximum CP and 40% inclusion level resulted in the minimum CP
when compared with a control group. It was also shown that a
substantial protein substitution occurs when FM was substituted
by10% MOLM. This might be due to activities of antioxidant and
phenolic compounds in MOLM playing hypolipidemic role (Imoru,
2019). Similarly, Ganzon-Naret (2014) found that CP at 10% was
significantly higher than that of other MOLM diets when examining
the carcass composition of Asian sea bass fed on these diets at different
inclusion levels. The results of Ayotunde Ezekiel et al. (2016),
examined the body composition of C. gariepinus to determine whether
the partial FM substitution with a diet based on MOLM had positive
effects on fish. The greatest value was recorded in the group that was
fed a diet including 30% MOLM. This group also exhibited a rising
pattern of fat contents with increased addition levels of MOLM-based
diet, while the lowest value showed a decline in fat content. Consistent
with recent research, the fish’s CF increased as the quantity of MOLM-
based diet incorporation increased (Ganzon-Naret, 2014). Ganzon-
Naret (2014) reported similar findings, that when MOLM’s proportion
in the fish diet increased (10-20%), the ash content of Asian sea
bass decreased.

4.3 Hematological indices

Hematological markers are becoming more significant aspects of
aquaculture because they represent fish growth and well-being (Fazio,
2019). According to Ayotunde Ezekiel et al. (2016), when leaves of
moringa were added in the feed, the hematological indices of
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C. garipenus, such as the RBC count, PCV, Hb, and WBC count,
improved dramatically. Ahmed et al. (2014) exhibited that feeding
moringa leaves to Nile tilapia resulted in appreciable increase in their
hematological parameters. When moringa leaves were fed to Cyprinus
carpio more often, blood parameters including RBC, WBC, Hb, and
PCV improved (Adeshina et al., 2018). According to Arsalan et al.
(2016), L. rohita exhibited the greatest Hb value and RBC count when
10% of the FM was substituted with moringa leaves. According to
studies on catfish, adding 10% more moringa leaves to the meal had
no detrimental effects on the hematological indices or blood enzymes
(Dienye and Olumuji, 2014). The results of this research are
comparable to those of Tabassum et al. (2021), who reported that a
rise in MOLM led to a reduction in hematological parameters in
C. mrigala. They additionally recommended that a 10% substitution
of MOLM in the feed improved fish hematology. Similarly, according
to Billah et al. (2020), feeding MOLM to fish inhibited O. niloticus’s
ability to enhance its RBC and WBC counts. Current study results
showed contradiction with the results of Abd El-Gawad et al. (2020)
who found that when fish were fed 1.5% MOLM, WBCs greatly
improved, while O. niloticus Hb and RBCs levels did not significantly
change. It could be caused by the fish’s size, diet concentration, variety,
and overall health.

4.4 Mineralization

Minerals are inorganic compounds that are found naturally and are
necessary for the fish body to work normally. Our findings concurred
with those of Shahzad et al. (2021) who found that feeding common carp
with MOLM increased the amount of minerals in the body of fish. The
current study found that adding 10% MOLM to the diets of C. mrigala
significantly increased the amount of minerals. More study is
recommended as less literature is available regarding the effects of
MOLM on fish species reared in earthen ponds.

5 Conclusion

The performance of C. mrigala fingerlings was shown to
significantly increase when 10% FM was replaced with MOLM in
their diet; however, increasing the percentage of MOLM in their diets
had no noticeable impacts. Moreover, MOLM might substitute FM
by 10 to 20% without compromising the performance of fingerlings.
Hence, according to current study, 10% replacement of FM by
MOLM is an excellent alternative source of protein in the diet of
fingerlings. This research also suggested the formulation of MOLM
based diet in earthen ponds that is economical as well as environment
friendly. Further research is required to assess the impacts of MOLM
on different fish species in earthen ponds. Moreover, future research
should fully understand the mechanisms that mediate the M. oleifera
effects on fish health.
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