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 ARTICLE INFO    ABSTRACT 
 

 

This scientific research was carried out in the aquaculture farm of the Regional Center for Research and 
Education for Integrated Development (CREDI-NGO) in Benin. It focused on the assessment of the 
nutritional performance of the tilapia fry meat weighing between 6 and 8 g fed on leaves of 
Moringaoleifera. A total of sixty fry, divided into two groups of 30 each, were submitted to isoproteic 
diets of 30%, one of which is composed of fish meal (control group) and the other, powder of leaves of 
Moringaoleifera (lot test). The experiment lasted seven weeks or 49 days. To determinezootechnical 
performance, food consumption (CN), body mass gain (GMC), food conversion rate (TCA), and mean 
daily gain (ADG) were measured. At the end of the experiment, the fish were sacrificed and on their 
flesh were revealed the total proteins, the total lipids, the as hes, the profiles in amino acids, in fatty 
acids and in minerals. The zootechnical performances obtained show that the tilapias of the control 
group have a body mass gain of 11.8 g against 9.2 g for the test batch, for the average daily weight of 
0.24 g / day against 0.18 g. / day. Food conversion rates (TCA) of 6.15 for the control group and 7.38 
for the test batch were recorded. Total protein contents of 88.9 g / 100 g dry matter for the control group 
and 81.9 g / 100 g dry matter were obtained on tilapia fry meat, compared with only 1.95 g / 100 g and 
1.7 g / 100 g dry matter total lipid respectively control and test batches. The protein profile obtained 
contains all the essential amino acids in appreciable quantity also in the test batch that in the test batch. 
The fatty acid profiles show a clear predominance of unsaturated fatty acids on total fatty acids. With 
regard to minerals such as phosphorus, potassium, calcium, magnesium, sodium and copper, their 
concentrations are higher in the test batch. For this purpose, the different results obtained show that the 
incorporation of Moringaoleifera leaf powder in the diet of tilapia fry has a positive impact on the 
nutritional quality of their flesh. 
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INTRODUCTION 
 
Aquaculture is increasingly seen as an integral part of the 
means used to achieve food security and global economic 
development (FAO, 2002). Tilapia ranks as the second largest 
aquaculture fish in the world (FAO, 2012). In Africa, much of 
the production of fish farming remains by far the Tilapia 
(FAO, 2000). Of the Tilapia, that of the Nile 
Oreochromisniloticus, is the main species raised (FAO, 2000).  
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It is appreciated for its tender flesh, its taste and nutritive 
values, the lack of edges and its relatively affordableprice 
(Watanabe, 2002). Its biological characteristics make it an 
adaptable fish for all farming systems and its diet 
corresponding to the lowest levels of the food chain 
(phytoplankton, detritus) makes it an inexpensive fish to 
produce (Lazard, 2007). Fishmeal is generally the major 
component of aquaculture feed. This conventional protein 
source accounts for 40-60% of total protein in standard Tilapia 
foods (NRC, 1993). Its high purchase price and market 
irregularity have directed research towards alternative sources 
of proteins, particularly plant proteins, which are not directly 
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usable for human consumption (Shiau et al., 1987, Jackson 
and al. 1982, El-sayed, 1990). However, leafy vegetables like 
Moringaoleifera can be used as sources of vegetable protein in 
the diet of tilapia. To this end, Moringaoleifera is native to 
northwestern India (Ramachandran et al., 1980) but is 
currently widely distributed in the tropics (Lockett and al., 
2000, Aregheore, 2002). It is the traditional leafy vegetable 
preferred by farmers in several tropical regions, where it 
contributes largely to the nutritional balance of local 
populations and is even exploited in monospecific plantations 
as a cash crop (De Saint-Sauveur and Hartout, 2001). . 
Moringa leaves are rich in protein and have an amino acid 
composition suitable for animal and human nutrition (Makkar 
and Becker 1996, Freiberger et al. In addition, Moringa is a 
good source of vitamins, minerals and essential aminoacids 
(Ramachandran et al., 1980). In this respect, the leaves of 
Moringaoleifera were used in this experiment to highlight their 
impact on the nutritional qualities of the flesh of 
Oreochromisniloticus. 

 
MATERIAL AND METHODS 
 
Experimental apparatus 
 
The trial was conducted at the Pantodon aquaculture farm, 
located in Zinvié-Kpotomey, a Beninese non-governmental 
organization (NGO) called Regional Center for Research and 
Education for Integrated Development (CREDI-NGO). Sixty 
(60) Nile tilapia fingerlings of 6 to 8 g mass, initially bred in 
the farm pond, were used to carry out the experiment. This 
took place for seven (7) weeks, ie 49 days. Prior to the 
experimental period, fry were fed a standard food with an 
estimated total protein content of 30% (Hutabarat and Jauncey, 
1987). Fry were randomly divided into two (2) lots of thirty 
(30) individuals. The two groups of fish, thus formed, are 
placed in hapas arranged in a concrete basin of 7 mx 3 m, 
filled at the start of the test at a height of 0.60 m, or 12.6 m3 of 
water approximately. The hapas (2m x 1m x 1.20m) are made 
with mosquito net with a mesh of 1mm. The hapasare 
weighted so that the base rests on the bottom of the basin. 
Gaseous exchanges are exclusively those at the air-water 
interface because the basin is devoid of a device for 
recirculating water. The monitoring of the water quality during 
the experiment was done regularly by monitoring the 
physicochemical quality of the water. 
 
Progress of the experiment : Before the start of the 
experiment, the fish are kept fasting for 48 hours to promote a 
good intake of food. The diets of the two lots are isoproteic 
with a protein level of 30% (Watanabe et al., 1993). The first 
control batch (R0) corresponds to that of fish subjected to the 
diet based on fish meal. The second test batch (R1) 
corresponds to that of the fish fed on the feed containing 
Moringa leaf proteins. The fish are fed manually, to satiety, 
three (3) times a day: at 8:00, 12:00 and 16:00. Once every 
five (5) days, fish from each hapaare weighed and counted for 
growth monitoring. To determine growth performance, the 
following parameters are analyzed: food consumption (CN), 
body mass gain (GMC), food conversion rate (TCA) and 
averagedaily gain (GMQ). 
 

Biochemical analyzes of fish carcasses : On the 49th day, the 
fish are sacrificed and their flesh is analyzed for total lipids, 
total proteins and ashes. The amino acid, fatty acid and 
mineral profiles werealsodeterminedby: 

• Hydrolysis with 4M methanesulfonic acid (150 ° C, 120 
min, after degassing), HLPC ion exchange on cationic 
column with citrate buffer elution gradient 2.25 <pH 
<8.2, ninhydrin derivatization, spectrophotometric 
detection at 570 and 440 nm, internal calibration 
(norleucine); 

• CPG after methylation on MGL, CP Sil 88 capillary 
column (Chrompack-Varian, 50 mx 0.25 mm, 0.2 μm), 
split injection 1/50 250 ° C (1 μl), He carrier gas 1 mL / 
min, FID 270 detector ° C, temperature programming 
80 ° C / 2 min then 5 ° C / min up to 225 ° C then 225 ° 
C / 2 min; 

• Extraction of ethanol / hexane (4: 3 v / v) with MgCO3 
and 0.1% butylhydroxytoluene (antioxidant), 
evaporation to dryness then taken up in a 
dichloromethane / MTBE / methanol mixture, reverse 
phase HPLC on a C30 YMC column (250 x 4.6 mm) 

m; YMC Europe Gmbh, Germany), water / methanol 
/ MTBE elution gradient, spectrophotometric detection 
at 290, 350, 400, 450 and 470 nm; 

• Inductively coupled plasma emission spectrometry after 
desiccation (65 ° C, 48 h, Patm), dry digestion at 500 ° 
C followed by hydrofluoricaciddesilication. 

 
RESULTS AND DISCUSSION 
 
The analysis in Table 1 shows that tilapia in the control group 
had a higher body weight gain (11.8 g) than those in the test 
group, which had a body weight gain of 9.2 g during the test 
period. This could be due to the small amount of food 
consumed per day, which is 67.9 g for the test lot versus 72.6 g 
for the control. These results show that for Tilapia, a diet 
containing only plant-derived proteins does not lead to good 
growth performance during pre-fertilization (Azaza et al., 
2005). The results obtained are consistent with the work done 
on other Tilapia species such as Oreochromis aureus and 
Oreochromismossambicus, which show that the incorporation 
of animal proteins greatly increases the digestibility of the 
food and consequently the growth performance (Mathavan and 
Paudian, 1976). Davis and Stickney, 1978). Thabet (2017) 
reported growth rates after 50 days of pre-enlargement in the 
order of 10.51 and 12.7 respectively for tilapia raised in 
geothermal and freshwater. On the other hand, Sitasit and 
Sitasit (1977) and Mélard and Philippart (1981) have shown in 
Tilapia Oreochromisniloticus that the ratio of animal proteins 
to plant proteins has an important role in growth performance, 
which increases with the proportion of animal proteins. 
Indeed, according to Stickney (1986), in Oreochromisniloticus 
the replacement of animal proteins by vegetable proteins by 
25% seems acceptable. Jauncey and Ross (1982) have also 
shown that the substitution of 11% of fishmeal for peanut flour 
in a 45% protein diet does not affect growth in 
Oreochromisniloticus fry. On the other hand, Médale and 
Kaushik (2009) have shown that the substitution of fish meal 
by vegetable flours could affect the growth of fish because of 
their low protein content, their deficiency of essential amino 
acids and the presence of antinutritional factors. The 
averagedaily weight varies from 0.24 g / day in the tilapias of 
the control group to 0.18 g / day in the test lot tilapia. Similar 
results from 0.179 g / d to 0.224 g / d have been reported 
respectively in geothermal and freshwater by Thabet (2017). 
On the other hand, they are lower than those reported by 
Azaza et al., (2010), which are 0.4666 g / day during 15 days 
of pre-fattening from 2 g fry to an average weight around 9 g.  
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Table 1. Growthparameters of two tilapia batches 
 

Growthparameters Sample batch Sample test 

Duration of the test in days(D) 49 49 
Initial body mass in grams(MCI)  6,2 7,1 
Final body mass in grams(MCF) 18 16,3 
Body mass gain in grams(GMC)  11,8 9,2 
Food consumption in grams per day(CN) 72,6 67,9 
Food conversion rate(TCA)  6,15 7,38 
Averagedaily gain in grams per day(GMQ) 0,24 0,18 

 
Table 2. Protein, fat, ash and energy content of the flesh of the two tilapia batches 

 

Parameters Sample batch Sample test 

Protein (g/100g of MS) 81,9 88,9 
Lipid (g/100g de MS) 1,95 1,7 
Ashes (g/100g de MS) 16 8,9 
Energy (KJ/100g de MS) 1466 1569 

 
Table 3. Amino acid profiles of the flesh of the two tilapia batches 

 

Amino acids(g/100g) Sample batch Sample test 

Threonine* 3,78 3,44 
Valine* 3,72 3,76 
Methionine* 2,25 2,4 
Isoleucine* 3,48 3,56 
Leucine* 6,75 6,47 
Phenylalanine* 3,49 3,32 
Histidine 2,08 1,96 
Lysine* 7,35 7,1 
Tryptophan* 0,84 0,9 
A. Aspartic 7,77 7,3 
Serine 3,15 2,75 
A. glutamic 13,36 12,66 
Wisteria 6,12 5,88 
Alanine 5,62 5,32 
Cysteine 0,4 0,36 
Tyrosine 2,85 2,77 
GABA 0,04 0,02 
Arginine 5,47 5,23 
Proline 4,11 - 

                           * essential amino acids. 
 

Table 4. Fatty acid profile of the flesh of the two tilapia batches 
 

Fattyacids (g / 100g) Sample batch Sample test 

C12:0 0,42 - 
C14:0 4,29 2,99 
C14:1 0,48 0,63 
C16:0  20,01 19,79 
C17:0 1,03 1,21 
C18:0 10,65 12,93 
C18:1 n-9 12,94 10,48 
C18:1 n-7 5,58 5 
C18:2 5,15 3,79 
C18:3 n-6 0,28 0,68 
C18:3 n-3 0,34 - 
C20:1 n-9 1 0,67 
C20:2 n-6 0,375 0,49 
C20:3 n-6 0,655 0,86 
C20:3 n-6 0,655 0,86 
C20:4 n-6 3,65 5,09 
C20:4 n-3 0,32 - 
EPA 2,46 2,66 
C22:0 0,1 - 
C22:4 0,635 0,99 
C22:5 5,94 6,45 
C24:1 n-9 0,25 - 
DHA 11,24 14,11 

 

Table 5. Mineral content of the flesh of the twobatches of tilapia 
 

Minerals (mg / 100g) Sample batch Sample test 

Phosphorus 870 974 
Potassium 1717 1715 
Calcium 685 989 
Magnesium 139 143 
Sodium 181 193 
Copper 0,24 0,27 
Manganese 0,27 0,22 
Zinc 6,16 6,82 
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The GMQs of 0.24 g / d and 0.18 g / d obtained are superior to 
that obtained by Goumissi (2008) where the incorporation of 
cassava chips made it possible to obtain a (GMQ), in the best 
case, 0.16 g / d. The food conversion rate (TCA) of the control 
group (6.15) is lower than that of the test (7.38). This shows 
the proteins of fish meal better allow growth performance in 
tilapia fry of the Nile. These results are much higher than those 
of Benabdellah (2011) who obtained TCA of 3.88 ± 0.34; 3.36 
± 0.28 and 3.96 ± 0.63 respectively in the ratio of vegetable 
proteins and animal proteins of 50% PV and 50% PA; PV 72% 
and PA 28%; and PV 90% and PA 10%. It has shown that the 
replacement of plant protein with animal protein at a 72% PV / 
28% PA ratio in the diet of Nile tilapia fry responds better to 
their energy and growth needs. 
 
On a nutritional level, the trend is reversed for both lots with 
respect to protein and energy (Table 2). The protein content of 
the flesh of fish from the test batch is higher than that of the 
control group with 88.9 against 81.9 g / 100 g of dry matter. 
Dergal (2015), by characterizing the nutritional profile of 
tilapia (Oreochromisniloticus) produced at Fat-Steppes in the 
preliminary stages of HACCP, has shown that the chemical 
composition of its flesh is characterized by a normal level of 
protein (17). , 3%). It is known that the percentage of proteins 
in fish is relatively stable between 17% and 20% (Lefèvre and 
al., 2008). In a study reported by Tongnuanchan and al. 
(2011), they demonstrated that tilapia could contain a 
significantly lower rate of protein (13.2%). The protein content 
of the fish flesh appears to be stable in all species. It increases 
gradually during growth to stabilize at a value close to 20% 
(Lefèvre et al., 2008). The analysis in Table 2 shows the lipid 
level of 1.95 g / 100 g of dry matter for the control batch and 
1.7 g / 100 g of dry matter for the test batch. However, Dergal 
(2015) has shown that tilapia is not a good source of lipid for 
the consumer. He reported a very low fat percentage of 0.33%. 
Rates ranging from 0.98 ± 0.01% to 2.72 ± 0.23% have been 
reported in the literature (De Souza et al., 2007, Ibrahim and 
El-Sherif 2008, Suloma et al. Emire et al., 2009, Elagba and 
Al-Sabahi, 2011, Navarro and al., 2012, Dhanapal et al., 
2012). 
 
 
The ashes and energies of the resultsobtainedwere not 
negligible (Table 2). The centers range from 16 g / 100 g for 
the control group to 8.9 g / 100 g for the dry matter test batch; 
and the energies of 1466 KJ / 100g against 1569 KJ / 100g of 
dry matter. Hocine (2017) reportedashlevels in the order of 
03.31% and 02.29% in the tilapia meat of the irrigation basin 
and in the tilapia meat of the aquaculture farm. The 
relativelylow tilapia ash content (<0.40%) has been reported 
by Dergal (2015). The literature has reported values close to 
that of Dergal (2015) (Ibrahim & El-Sherif, 2008, Emire et al., 
2009, Tongnuanchan et al., 2011, Kulawik and al., 2013). 
With regard to energy, the averagecalorific values of 355 Kj / 
100g with a minimum of 392 Kj / 100g and a maximum of 413 
Kj / 100g wererecorded in tilapia meat (IFN, 2008). These 
values are very low compared to the resultsobtained in this 
study. 19 amino acids were detected in the flesh of the two 
control and tilapia test batches including 8 essential amino 
acids, threonine, valine, leucine, methionine, isoleucine, 
tryptophan, phenylalanine and lysine. This shows that this 
nutritional profile is interesting. In both lots, the amino acid 
values are almost identical with a very appreciable small 
difference in the GABA content which is twice as high for the 
control group compared to the test batch.  

These results are similar to the protein profile reported by 
Dergal (2015) with eight essential amino acids whose average 
proportions range from a minimum of 0.95 ± 0.02 g for 
tryptophan to a maximum of 7.80 ± 0.02 g. for lysine. He also 
reported the group of so-called semi-essential amino acids 
which is composed of arginine and histidine with average 
proportions of the order of 5.70 g and 2.62 g respectively. 
However, Médale (2004) concluded that tilapia meat values 
change with age, sex, environment, season, and physiological 
status. In addition, the diet, whether natural or industrial, 
influences the nutritional profile of fish (De Souza et al., 2007, 
Elagba and Al-Sabahi, 2011, Navarro et al., 2012). Fish is an 
important source of sulfur amino acids (methionine and 
cysteine) that can significantly substitute and enhance the 
biological value of human diets based primarily on cereals 
(Huss, 1995). 23 fatty acids were found in the flesh of control 
batches and tilapia test including 13 unsaturated fatty acids. 
Fatty acid profiles show a clear predominance of unsaturated 
fatty acids over total fatty acids. This corroborates Dergal's 
(2015) finding that tilapia can provide a relative supply of 
polyunsaturated fatty acids (> 57% of total fatty acids) for the 
Algerian consumer. In addition, Table 4 shows that the DHA 
and EPA contents, respectively, of 14.11 and 2.66 g / 100 g for 
the test batch are higher compared to those for the control 
group (11,24 and 2). 46 g / 100 g respectively). Fish flesh 
contains a large amount of n-3 long-chain polyunsaturated 
fatty acids such as eicosapentaenoic acid and docosahexaenoic 
acid, which are beneficial to human nutrition through lower 
cholesterol and cardiovascular risks (Nettletan 1991, Ackman 
1995). Eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) are known for the prevention of cardiovascular disease 
and the attenuation of inflammatory processes (Lecerf, 2007; 
Calder and al., 2011; Navarro and al., 2012). Tilapia has a 
higher ability, compared to marine fish, to bioconversion of 
longer chain or more unsaturated C18 fatty acids by enzymatic 
systems catalyzing their elongation and unsaturation (Tocher 
et al., 2002). Depending on the fish species, the bioconversion 
capabilities will differ. Long-chain polyunsaturated fatty acids 
(AGLPI) are synthesized from essential fatty acids (EFA) such 
as linoleic acid and linolenic acid following elongations 
(addition of 2 carbons) and desaturations (addition of a double 
bond) provided by Δ6, Δ5 and Δ4 desaturases (Sargent and al., 
1989, Bézard and al., 1994). 
 
For minerals such as phosphorus, calcium, magnesium, 
sodium, copper and zinc, their concentrations are higher in the 
test lot than in the control group (Table 5). The values of 
minerals such as phosphorus (974 mg / 100g), potassium 
(1715 mg / 100g), magnesium (143 mg / 100g), sodium (193 
mg / 100g) are largely theirs from the literature. For these 
minerals, IFN (2008) and Project Nutritional Composition of 
Aquatic Products (2007) obtained respectively for phosphorus 
(131 mg / 100g and 118 mg / 100g), potassium (282 mg / 100g 
and 229 mg / 100g), magnesium (25.4 mg / 100g and 23.8 mg 
/ 100g), sodium (28.3 mg / 100g and 23.9 mg / 100g). The 
most abundant mineral element in fish flesh is potassium, and 
its concentration is similar to that of meat (350-400 mg / 100 g 
on average). Fish meat is an excellent source of phosphorus, it 
contains 10 to 15 times more than meat. (IFN, 2008). Fish are 
a good source of minerals such as calcium, iodine, iron, 
phosphorus and potassium. As abundant trace elements in fish, 
mention may be made of cobalt, copper, manganese, 
molybdenum, selenium and zinc (Leduc, 2011). 
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Conclusion 
 
Through this study, it is possible to see how important it is to 
promote the use of Oreochromisniloticus in programs to 
combat malnutrition and hunger because of its exceptional 
nutritional profile. In fact, the flesh of fry contains the eight 
(08) amino acids essential to humans that threonine (3.78 and 
3.44 g / 100g), valine (3.72 and 3.76 g / 100g) , methionine 
(2.25 and 2.4 g / 100 g), isoleucine (3.48 and 3.56 g / 100 g), 
leucine (6.75 and 6.47 g / 100 g), phenylalanine ( 3.49 and 
3.32 g / 100g), lysine (7.35 and 7.1 g / 100g) and tryptophan 
(0.84 and 0.9 g / 100g) respectively in the batch of fry fed at 
the fishmeal and fry fed with moringa leaf powder. It is rich in 
polyunsaturated fatty acids such as eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) with respectively 
2.46 g / 100g and 11.24 g / 100g for the control group, and 
2.66 g / 100g and 14.11 g / 100g for the test batch. To this are 
added the minerals, in respective proportions for the control 
and test batches, such as calcium (685 g / 100 g and 989 g / 
100 g), magnesium (139 g / 100 g and 143 g / 100 g), 
manganese (0.27 g / 100 g and 0.22 g / 100 g), phosphorus 
(870 g / 100 g and 974 g / 100 g), potassium (1717 g / 100 g 
and 1715 g / 100 g), copper (0, 24 g / 100 g and 0.27 g / 100 
g), zinc (6.16 g / 100 g and 6.82 g / 100 g) and sodium (181 g / 
100 g and 193 g / 100 g). In general, the incorporation of 
Moringaoleifera leaf powder into the feeding of 
Oreochromisniloticus fry has substantially improved the levels 
of nutritional constituents in their flesh. These results show 
that it is important to popularize the use of moringa leaf 
powder, as a source of plant-based protein to replace fish 
powder, in the manufacture of fish feed to combat 
malnutrition. protein in developing countries. 
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