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Abstract 
Objective: This study evaluated the impact of graded dietary inclusion of Moringa oleifera leaf meal and 

shrimp meal on growth performance and nutritional quality of the African catfish.  

Method: Fish diets were formulated (M0, M10, M20 and M30) to contain 0, 10, 20, and 30% of Moringa 

oleifera leaf meal (MLM) respectively, with 20% of shrimp meal added to each as animal protein source. 

Two commercial fish feeds, foreign (CoppensTM) and local (VitalTM), were taken as controls. Clarias 

gariepinus fingerlings (N= 180) were randomly distributed into 18 plastic tanks (n=10); 3 tanks each for 

the six respective formulated and commercial diets. Feeding was twice daily for 6 weeks. Feed intake, 

growth performance, and nutritional quality of the fish were assessed using standard methods. 

Results: Food intake, protein efficiency ratio, total weight gain and specific growth rate were in the order 

of M10 > M20> M0>M30. M10 fishes were richer in crude fat and protein (25.00, 48.03% respectively) than 

M0 (18.49, 46.18%), M20 (20.41, 46.07%) and M30 (18.80, 45.38%); but similar to the control groups 

(26.25 - 26.76; 50.60 - 51.97%). Crude fibre and carbohydrate contents of the MLM fishes were 

significantly greater (p<0.05) than the controls but within the group, there were dose dependent 

increases. Total ash seemed similar (> 10.00%) in all the groups under study. 

Conclusion: The results of this study show that dietary supplementation of 10% Moringa oleifera leaf 

plus 20% shrimp meals is optimal for effective growth performance and nutrient quality in African 

catfish. 

 

Keywords: Clarias gariepinus, African catfish, Moringa oleifera leaf meal, shrimp meal, growth 

performance, nutrient quality 

 

1. Introduction 

Fish farming also known as aquaculture plays a major role in economic development and 

foreign exchange earnings of nations [1]. In Nigeria, artificial fish farming is practiced in 

earthen, concrete and tarpaulin (collapsible) ponds, thus providing facilities that enhance fish 

growth and development. Several studies have been done on various fish species with the 

ultimate aim of improving growth, quantities and qualities as well as preventing diseases [2]. 

The African catfish has been found to be very suitable for aquaculture in Africa [3] for several 

reasons: it grows fast and feeds on a large variety of agriculture byproducts; it is hardy and 

tolerates adverse water quality conditions; can be raised in high densities, resulting in high net 

yields [4].  

One of the major challenges of fish farming in most parts of Nigeria is the high cost of feeds 

(both local and imported); the imported foreign feeds being the most preferred because of 

better outcome. This of course is a function of high protein quality and quantity in the foreign 

feeds. 

For this reason, farmers prefer to start with foreign feeds, grow and finish with local 

feeds/supplemented diets. High cost and scarcity of fish meal for on-farm production of 

supplementary feeds has opened a great door for the exploitation of non-conventional 

feedstuffs from animal and plant sources [5]. Moringa oleifera leaf meal (MLM) and shrimp 

meal have become choice candidates in several animal feed studies [6-8]. 
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M. oleifera, a member of the Moringaceae family, is one of 

the most useful trees in the world with all the parts having 

nutritional and pharmacological properties [9]. The leaves are 

rich in protein, vitamins and mineral nutrients and thus widely 

eaten by humans and animals. Most studies have shown 

decreased performance of broilers fed Moringa leaf meal 

(MLM) with inclusion levels as low as 5-7.5% [6-8]. Similar 

findings have been reported with higher inclusion level of 

MLM in formulated diets for fish. [6, 7, 10, 11] Hence, only 

limited amounts of Moringa leaf meal can be safely used in 

fish diets. Previous studies [8, 12, 13] showed that the inclusion 

of M. oleifera leaf meal above 10% resulted in lower specific 

growth rate, feed conversion ratio, protein efficiency and also 

poorer carcass composition of Nile tilapia. Another study [14] 

reported that up to 20% inclusion did not affect feed 

composition ratio and protein efficiency in the diet of African 

catfish. However, higher inclusion levels caused increase in 

serum enzymes which suggests some cellular damage [15]. 

Shrimp meal has been reported to be valuable feedstuffs in 

dairy cow, [16] lambs, [17] pigs, [18] and also in replacing fish 

meal or soy bean meal in broilers diet. [18, 19] It has been 

reported to be a very good growth stimulant in Clarias 

batrachus and Macrobrachium rosenbergii because of its 

high crude protein content [20]. According to Nwanna [21], 

chemically preserved shrimp meal can profitably replace 

fishmeal at about 20% in African catfish (Clarias gariepinus) 

diet. It has been reported [22] that shrimp meal can be included 

in the diet of blue tilapia (Oreochromis aureus) up to 6% with 

no negative impact on growth performance. More so, higher 

inclusion levels of shrimp meal in the diet of fish have been 

implicated in compromised growth rate, feed conversion ratio 

and protein efficiency ratio [23]. There is a lack of information 

on the nutritional response of African catfish to a combination 

of MLM and shrimp meal, considered as cheap sources of 

protein in fish feed formulations. Recently, we formulated 

fish diets using a combination of graded doses of Moringa 

oleifera leaf meal (MLM) and a fixed proportion (20%) of 

shrimp meal as protein sources [24]. In this study we evaluated 

the effects of these MLM and shrimp meal supplemented 

diets on feed intake, growth performance and nutritional 

quality of African catfish, Clarias gariepinus.  

 

2. Materials and Methods 

2.1 Collection of materials 

Moringa leaves (Moringa oleifera Lam.) were collected from 

a moringa farm located at Obudu Local Government Area of 

Cross River State; identified and deposited in the herbarium 

of the Department of Plant and Ecological Studies in the 

University of Calabar, Calabar with voucher number 

P.E.S/Herb/UC/395. Shrimp waste/dust was collected from 

traders (women) at Nsidung Beach market, Calabar South 

Local Government Area of Cross River State, Nigeria. 

Foreign (CoppensTM) and local (VitalTM) commercial feeds 

used as controls (C1 and C2, respectively) in this study, were 

purchased from a local vendor in Calabar South Local 

Government Area of Cross River State, Nigeria. 

 

2.2 Processing of Moringa oleifera leaf and shrimp meals 

Five hundred (500) grams of freshly harvested leaves were 

washed and air-dried under shade until they were crispy to 

touch while still retaining their greenish coloration. The 

leaves were then threshed to strip off dry leaves from stalks to 

reduce the crude fiber content in the meal. The dried leaves 

were ground into a fine powder using a hammer mill. The 

resulting Moringa leaf meal (MLM) was sieved and stored in 

plastic bags at room temperature until when needed. The 

shrimp waste/dust was oven dried at 45oC for 4 hours and 

thereafter, ground into fine powder and stored in tight plastic 

container for further use. 

 

2.3 Fish diet formulation and processing  

Four different diets were prepared using Pearson’s method of 

fish feed formulation to contain 40% crude protein; 20% 

shrimp meal across board, then 0, 10, 20, and 30% MLM to 

give M0, M10, M20, and M30 diets, as earlier reported [24].  

 

2.4 Catfish feeding protocol 

The research was conducted at the fish farm site of the 

Institute of Oceanography, University of Calabar, Nigeria. 

One hundred and eighty (180) African catfish fingerlings (C. 

gariepinus) of average weight 2.60 g were purchased from 

University of Calabar Fish Farm, Calabar, Nigeria. They were 

sorted into eighteen (18) rectangular plastic tanks (n=10). The 

fish were allowed to acclimatize for 7 days during which they 

were fed on commercial diet. Prior to the commencement of 

the experiment, all fish were starved for 24 hrs to eliminate 

food residue in the gut and to increase their appetite. The 

initial and weekly weight and length of the fingerlings were 

measured with Mettler electronic weighing balance and a 

graduated rule respectively. The MLM supplemented diets 

(M0, M10, M20 and M30), and commercial feeds (C1and C2) 

groups were fed to the respectively designated experimental 

groups. The fish were fed by hand (5% of body weight) daily 

between 8:00hrs-9:00hrs and 16:00hrs-17:00hrs. The 

quantities of feed fed were adjusted every two weeks 

according to the body weight of the fish. They were fed to 

satiation and the remaining uneaten feed were collected and 

weighed to estimate actual feed intake. 

 

2.5 Determination of feed intake and growth performance  

The growth and nutrient utilization were determined in terms 

of feed intake (FI), protein intake (PI), percentage relative 

weight gain (%RWG), percentage relative length gain (% 

RLG), specific growth rate (SGR), feed conversion ratio 

(FCR), protein efficiency ratio (PER) and survival rate (SR) 
[25] as follows: 
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2.6 Water quality parameters  

Dissolved oxygen, pH, temperature and CO2 of the water 

were monitored weekly using water checker. 

 

2.7 Harvesting/ sacrifice of fish 

At the end of the experiment, the fish tanks were completely 

drained. The fish were collected with a net with handle, and 

sacrificed. Afterwards, they were dried in an oven. 

 

2.8 Proximate analysis on fish flesh 

Proximate analysis on the fish flesh (for moisture, crude 

protein, crude lipid, ash and essential amino acid 

composition) was done using standard methods. [26, 27] and 

results expressed as percentage of live weight. 

 

2.9 Amino acid analysis  

Amino acid analysis was done accordingly [28]. Samples were 

hydrolysed with 6N hydrochloric acid in vacuum at 1100C for 

24hrs. Hydrolysed amino acids were quantified using LKB 

Biochrom Ltd, UK. The amino acid analyser was calibrated 

using a standard solution (AA-5-18, sigma). The prepared 

sample was loaded into ion exchange column. The amino 

acids were sequentially eluted by buffers of varying pH and 

ionic strength. The acidic amino acids were first removed, 

followed by neutral amino acids. Once separated, individual 

amino acids were quantified by reaction with nihydrin and 

resultant colour intensity was measured by spectrophotometer 

at 570nm. The colour intensity was directly proportional to 

the quantity of an amino acid present in the sample. Amino 

acids were identified by comparing peak retention times to the 

standard and quantification was done by comparing area 

under peak to the area under the standard. 

 

2.10 Statistical analysis 

All data collected were analyzed using statistical analysis 

system software (SPSS, 1995 Version 9 for WINDOWS). 

One way analysis of variance and Duncan’s multiple range 

tests was used to compare between parameters of the different 

feeding groups. 

 

3. Results 

3.1 Feed tanks water quality assessment 

Dissolved oxygen (DO) and CO2 were significantly (p<0.05) 

lower and higher respectively, in the MLM (M0, M10, M20, 

M30) tanks than the C1 and C2 tanks (Table. 1). The pH of the 

MLM tanks were also significantly (p<0.05) lower while the 

temperatures were similar. 
 

Table 1: Fish tank water quality parameters 
 

Sample Dissolved oxygen (mg/L) Temperature (oC) pH CO2 (mg/L) 

C1 6.00 28.33 7.80 0.03 

 ±0.12 ±0.33 ±0.12 ±0.01 

C2 5.77 28.67 7.57 0.02 

 ±0.12 ±0.33 ±0.12* ±0.00* 

M0 4.70 29.00 6.97 0.03 

 
±0.06*,a ±0.00 ±0.12*,a ±0.00 

M10 4.40 28.67 6.77 0.05 

 
±0.00*,a ±0.33 ±0.09*,a ±0.01a,b 

M20 4.50 29.00 6.60 0.05 

 
±0.06*,a ±0.00 ±0.06*,a ±0.00a,b 

M30 4.63 28.67 6.73 0.05 

 
±0.07*,a ±0.33 ±0.12*,a ±0.00a,b 

Values are expressed as mean ±SEM of 3 determinants 

* = significantly different from C1 at p<0.05  

a = significantly different from C2 at p<0.05 

b = significantly different from M0 at p<0.05 
 

3.2 Feed Intake of fish placed on different experimental 

diets. 

Except for C1 with food intake of 14.13 gfish-1day-1, all the 

other groups had similar food intake (13.60 - 14.07 gfish-1day-

1) which was significantly lower (p<0.05) than C1 (Table. 2). 

Among the MLM groups, there was a dose dependent 

reduction in feed intake, with M10 having the highest. Protein 

intake was significantly lower in the MLM supplemented 

groups (1.63- 2.02 gfish-1day-1) than the commercial feeds 

groups (7.11-7.43 gfish-1day-1). As with food intake, there was 

dose dependent reduction in protein intake among the MLM 

groups with M10 (2.02 gfish-1day-1) being the highest. 

Surprisingly, M0 had a superior protein intake (2.12 gfish-

1day-1) than the MLM supplemented groups. But in feed 

conversion ratio (FCR), M0 and M20 were similar; while M10 

and M30 were better and worse, respectively, than M0. PER of 

M10 (0.90) was significantly greater (p<0.05) than those of 

M0, M20, M30, C1 and C2 (0.61, 0.72, 0.61, 0.67, and 0.69), 

respectively. The survival rates of the fish on M0 and M10 

were the same (86.67%) and higher than those of M20 

(83.33%) and M30 (76.67%). The commercial feeds C1 and C2 

recorded 100% survival rate. 

 

3.3 Growth performance of fish placed on different 

experimental diets 

Total weight gain (TWG), relative weight change (RWC), 

relative length change (RLC), and specific growth rate (SGR) 

of the fishes fed with commercial feeds were significantly 

greater (p<0.05) than those on MLM supplemented diets 

(Table 3). However, there was a dose dependent significant 

reduction in those parameters from M10 to M30, with M30 

being worse than M0. Thus M10 had the best profile (TWG, 

1.87g; RWC, 74.94%; RLC, 65.00%; and SGR, 1.32%/day) 

among the MLM groups. The average weekly body weight 

(Figure 1) and length (Figure 2) amply illustrate the disparity 

in growth performance between the fish on commercial diet 

and those on MLM supplemented diets. 
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Table 2: Feed consumption parameters and survival rate of fish placed on different experimental diets. 
 

 Food intake (gfish-1day-1) Protein intake (gfish-1day-1) Feed conversion ratio Protein efficiency ratio Survival rate (%) 

C1 13.92 7.43 2.80 0.67 100.00 

 ±0.22 ±0.12 ±0.0 ±0.01 ±0.00 

C2 14.13 7.11 2.88 0.69 100.00 

 ±0.10 ±0.09* ±0.02* ±0.01 ±0.00 

M0 13.64 2.12 10.53 0.61 86.67 

 ±0.12a ±0.03*,a ±0.44*,a ±0.03*,a ±3.33*,a 

M10 14.07 2.02 7.56 0.90 86.67 

 ±0.13 ±0.01*,a ±0.25*,a,b ±0.05*,a,b ±3.33*,a 

M20 13.67 1.86 10.30 0.72 83.33 

 ±0.05a ±0.04*,a,b ±0.54*,a ±0.04c ±3.33*,a 

M30 13.60 1.63 13.69 0.61 76.67 

 ±0.01a ±0.0*,a,b ±0.80*,a,b ±0.04 ±3.33*,a,b 

Values are expressed as mean ±SEM of 3 determinants 

* = significantly different from C1 at p<0.05 

a = significantly different from C2 at p<0.05 

b = significantly different from M0 at p<0.05 

 

Table 3: Growth performance parameters of fish placed on the different experimental diets 
 

Sample Total weight gain (g) Rel. weight Change (%) Rel. length Change (%) Specific growth rate (%/day) 

C1 4.80 196.20 133.20 2.61 

 ±0.00 ±5.91 ±7.59 ±0.06 

C2 4.90 181.96 125.50 2.46 

 ±0.06 ±6.87 ±14.51 ±0.06 

M0 1.30 49.44 23.67 0.96 

 ±0.06*,a ±5.30*,a ±2.17*,a ±0.08*,a 

M10 1.87 74.97 65.00 1.34 

 
±0.07*,a,b ±0.03*,a,b ±8.19*,a ±0.01*,a,b 

M20 1.33 52.40 28.77 1.00 

 
±0.07*,a ±4.82*,a ±1.57*,a ±0.08*,a 

M30 1.00 40.72 24.20 0.81 

 
±0.06*,a,b ±3.28*,a ±4.91*,a ±0.05*,a 

Values are expressed as mean ±SEM of 3 determinants 

* = significantly different from C1 at p<0.05 

a = significantly different from C2 at p<0.05 

b = significantly different from M0 at p<0.05 

  

 
 

Fig 1: Average Weekly body Weights Of fish Placed On the 

different Experimental fish Diets 

 

 
 

Fig 2: Average Weekly body Length of fish Placed on the different 

experimental fish diets 
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3.4 Proximate composition of experimental fish samples 

There was no significant difference in mean contents (%) of 

crude protein and crude fat between M10 (48.02; 25.00, 

respectively) and the foreign feed (C1) (51.97; 26.25, 

respectively) fed fishes (Table 4). M20 and M30 were similar 

with M0 in protein and fat content (45.38 - 46.18; 18.49 - 

20.41, respectively). The reverse was the case with crude fibre 

and carbohydrate where the MLM groups recorded 

significantly higher contents (0.83 – 2.20; 5.03 – 12.53, 

respectively) than the C groups (0.20; 1.88 - 2.49, 

respectively). There was a dose dependent increase in these 

parameters between M10 – M30. Total ash content of all the 

groups was < 10%, while moisture content was 9.52 – 

10.98%. 

 
Table 4: Proximate (%) composition of the different experimental fish samples 

 

Sample Moisture Crude fat Crude protein Crude fibre Total ash CHO 

C1 9.52 26.25 51.97 0.20 10.18 1.88 

 
±0.28 ±0.80 ±0.52 ±0.00 ±0.05 ±0.27 

C2 9.52 26.76 50.60 0.20 10.43 2.49 

 ±0.33 ±0.44 ±0.59 ±0.00 ±0.30 ±0.47 

M0 9.76 18.49 46.18 0.21 10.69 17.73 

 ±0.15 ±0.06*,a ±0.09* ±0.01 ±0.03* ±2.99*,a 

M10 10.21 25.00 48.03 0.83 10.94 5.03 

 ±0.17 ±0.00a,b ±1.93 ±0.07*,a,b ±0.55 ±1.91b 

M20 10.98 20.41 46.07 1.03 10.49 10.98 

 ±0.05*,a,b ±1.17*,a ±1.10* ±0.01*,a,b ±0.01* ±1.64*,a 

M30 9.94 18.80 45.38 2.20 10.52 12.52 

 ±0.17 ±0.24*,a ±0.69* ±0.12*,a,b ±0.07* ±0.38*,a 

Values are expressed as mean ±SEM of 3 determinants 

* = significantly different from C1 at p<0.05 

a = significantly different from C2 at p<0.05 

b = significantly different from M0 at p<0.05 

 

3.5 Amino acid content of experimental fish samples. 

Among the MLM supplemented groups, M10 had the highest 

content of all the amino acids evaluated (except for Phe and 

His) which were in most cases, similar to C1 and C2 groups 

(Table 5). The richest content of His was found in M0 

(14.38%) with M10 - M30 having values < 10% (8.41 - 9.93%). 
 

Table 5: Selected amino acid composition (%) of the different experimental fish samples. 
 

Sample Methionine Threonine Isoleucin Phenylanine Alanine Valine Leucine Tryptophan Lysine Histidine 

C1 30.10 13.09 14.96 6.59 16.87 11.76 10.93 3.57 17.58 14.02 

 
±1.58 ±0.47 ±0.65 ±0.16 ±1.45 ±0.26 ±1.12 ±0.27 ±1.97 ±1.18 

=C2 28.11 11.90 13.08 6.19 18.06 12.04 11.14 3.62 17.83 14.01 

 ±1.20 ±0.95 ±1.24 ±0.64 ±0.31 ±0.01 ±0.64 ±0.24 ±1.55 ±1.00 

M0 6.61 8.47 1.27 7.59 13.35 8.98 7.27 2.99 13.79 14.38 

 ±0.24*,a ±0.57*,a ±1.06* ±0.55 ±1.49a ±0.18*,a ±0.90a ±0.42 ±1.64 ±0.38 

M10 18.47 11.95 13.85 7.46 16.43 11.38 9.88 3.13 14.65 9.09 

 ±0.33*,a,b ±0.94b ±1.33 ±0.56 ±1.41 ±0.23a,b ±0.91 ±0.64 ±2.23 ±1.94 

M20 5.91 9.06 10.62 5.10 12.38 7.93 6.77 2.60 12.68 8.41 

 ±0.72*,a ±0.46* ±0.32* ±0.79 ±1.48 ±0.27*,a,b ±0.96*,a ±0.50 ±1.63 ±1.95b 

M30 5.99 8.19 10.16 6.44 12.55 9.00 6.94 3.02 13.67 9.93 

 
±0.80*,a ±0.13*,a ±0.39* ±1.01 ±0.99a ±0.48*,a ±0.89*,a ±0.45 ±0.98 ±4.43 

Values are expressed as mean ±SEM of 3 determinants 

* = significantly different from C1 at p<0.05 

a = significantly different from C2 at p<0.05 

b = significantly different from M0 at p<0.05 

 

4. Discussion 

The relatively poorer tank water quality of the MLM groups 

(significantly lower pH and dissolved oxygen, and higher 

CO2) obtained in this study is attributable to the fact that the 

formulated feeds being non-floating, would normally sink to 

the bottom of the tank when not eaten immediately by the 

fish. The resulting water contamination is capable of 

compromising growth performance of the fish [29] and may 

also have contributed to 13 – 23% mortality observed among 

the MLM groups. However, the sinking nature of the MLM 

diets seemed not to have affected the feed intake of the fishes 

as there was no significant difference in this parameter among 

the groups when compared to the foreign commercial feed 

group. 

 

 

The poor growth performance of the fish fed with MLM and 

shrimp meal (20%) supplemented diets used in this study is 

attributable to low crude protein and high crude fiber content 

of the diets [24]. The protein contents of non-conventional 

plant feedstuff in aquaculture have been reported to be 

generally low [30, 31]. Significantly high crude fiber and anti-

nutrient content in diets result in slower growth rate and 

general poor performance of cultured species [32]. This is 

similar to an earlier observation of a significant decline in 

final weight gain with increasing level of MLM in the diet of 

broiler chickens [6]. High fibre content reduces digestibility, 

palatability and nutritive value of feeds [33, 34], all of which 

eventually compromise growth performance of fish. 

Growth of fish is dependent upon the nutrient quality and 

quantity of ingredients in feeds. [35, 36] An average crude 

protein of 35% in diets is recommended for optimum 
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performance of C. gariepinus fingerlings [5, 37]. The MLM and 

shrimp meal formulated diets used in this study had crude 

protein levels of 12 - 14%, a far cry from > 50% provided for 

in the formulation [24]. The high fibre (from MLM) and chitin 

(from shrimp meal) are reported to limit protein availability in 

fish diets [24, 38]. Adding MLM extract and further digestion of 

shrimp meal [21, 39] may be a way to reduce the fibre and chitin 

levels respectively, in the diets thus making for better protein 

nutrient availability. 

The results of our study show that locally manufactured 

commercial feeds compete favorably with foreign commercial 

feeds and can therefore serve as an adequate alternative in 

catfish nutrition, giving similar performance with high cost 

benefit. This is in agreement with previous studies. [33, 34]  

The mortality level reported in this study is greater than 10% 

for the MLM groups. It increased with increase in MLM 

supplementation. This may not be unconnected with 

increasing fibre and anti-nutritional factors present in MLM. 
[40, 41] Increased mortality with higher inclusion levels of 

cassava leaf meal in the diet of C. gariepinus has also been 

reported [42].  

The results of our study also show that 10% MLM 

supplementation in fish diet provided optimum growth 

performance when compared with higher levels. This is in 

agreement with other studies [7, 43] which also encouraged 

MLM supplementation in local fish feed manufacturing. 

The nutrient quality of the fish (flesh) fed with MLM and 

shrimp meal supplemented diets are comparable with those 

raised with commercial feeds; similar in crude fat and protein, 

and higher in carbohydrate and crude fibre. The levels of 

essential amino acids (all except Alanine) obtained in this 

study in the MLM fish groups are quite impressive. Of the ten 

amino acids, only Methionine was found to be significantly 

lower in the MLM groups than the commercial feed groups. 

This is in spite of the 0.2% supplementation in the feed 

formulation [24]. Again M10 had the best nutrient profile among 

the MLM groups. This study recommends the consumption of 

MLM fed fish for dietary management of cardiovascular 

disease risk factors in human subjects as intake of omega-3 

(n-3) fatty acids and high fibre diets are known to improve 

high density lipoprotein cholesterol (HDL-C) and control 

diabetes mellitus [44].  

 

4. Conclusion 

The results of this study have shown that dietary inclusion of 

10% M. oleifera leaf meal (plus 20% shrimp meal) offered 

optimum growth performance and excellent nutrient quality to 

the flesh of African catfish, Clarias gariepinus. The study 

recommends further processing of MLM and shrimp meal 

before incorporation into fish meals to enhance protein 

availability. This way, the widespread availability of Moringa 

oleifera and shrimp meal (from artisanal fishing and sales) 

will be taken advantage of in the Nigerian aquaculture 

industry. 
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