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ABSTRACT: A comparative management and economic 
evaluation of catfish (Clarias gariepinus) farming using 
graded levels of mango endocarp meal and Coppens have 
been carried out. This was done by evaluating the effect of 
feeding graded levels of mango endocarp meal (Mangifera 
indica Linn) inclusion in replacement of maize in the diet of 
C. gariepinus fingerlings for growth performance and feed 
utilization in comparison with the conventional foreign fish 
feed, Coppens. Six (6) experimental diets were used for the 
research. The diets were graded levels of the Bende variety 
mango endocarp meal which were used in place of maize at 
0%, 25%, 50%, 75%, 100%. These graded levels of the 
Mango endocarp meal and the Coppens were fed to C. 
gariepinus fingerlings for six (6) months beginning from 
November 2016 to May 2017.  This was done to compare 
the fish production enhancement of the feeds as a 
management approach to C. gariepinus production, the 
possibility of creating jobs for the teeming unemployed 
youth, creation of wealth, and economic enhancement of 

the fish farmers. The data obtained were subjected to a one-
way Analysis of variance (ANOVA) and the means for the 
various parameters were compared for significant 
differences at a 95% confidence limit. The results showed 
that fish fed with Diet 6 (Coppens) recorded the highest 
average weight gain (312.7g), specific growth rate (2.23), 
Feed Conversion Ratio (1.98), the protein efficiency ratio 
(1.18), while diet Diet 5 (100% mango endocarp meal) 
recorded the least average weight gain (19.21g), specific 
growth rate (0.66), feed conversion ratio (4.45), the protein 
efficiency ratio (0.34). Results showed that mango 
endocarp meal should not be more than 25% in the diet of 
C. gariepinus fingerlings to enable the farmers to achieve 
optimum fish growth and production. 
 
 
Keywords: Clarias gariepinus, fingerlings, mango endocarp 
meal, Coppens and growth rate, production, management, 
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INTRODUCTION 
 
Fish is a major source of animal protein and an essential 
food item in the diet of many people worldwide (Omojowo 
et al., 2010). Fish is a good source of thiamine, riboflavin, 
vitamins A and D, phosphorus, calcium, and iron 
(Omojowo et al., 2010). It is therefore suitable for 
complementing the high carbohydrate diets typical of the 
low-income group in Africa (Areola, 2008; Omojowo et 
al., 2010).  

African catfish (Clarias gariepinus) has been identified 
as one of the fish species with the greatest potential to 
contribute to fish production, create job opportunities for 
the growing youth population, create wealth and enhance  

 
 
 

the economy of fish farmers in Nigeria (Udo and Umoren. 
2011). In 2004, it contributed about 32% of the total 
production in Nigeria (Ayinla, 2007; Udo and Umoren, 
2011). Once fish are removed from their natural 
environment to an artificial one, enough food must be 
supplied to enable them to grow maximally (Ogugua and 
Eyo, 2007). This could be in the form of complete rations, 
where the artificial diet furnishes all the nutrients required 
by the fish or supplementary diets, where part of the 
nutritional needs of fish are supplied by the natural foods 
in the aquatic environment (Eyo, 2003; Ogugua and Eyo, 
2007). Both intensive   and   semi-intensive   fish   culture  
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systems involve the input of supplementary and complete 
feed, which accounts for up to 40 % and 60 % of 
production costs respectively (NRC 1993; Fagbenro et 
al., 2003) and can sometimes negate the economic 
viability of a farm if suitable feeds are not used (Ogugua 
and Eyo, 2007). 

Several research studies have been conducted on the 
use of non-conventional feed materials of plant origin in 
fish diets. Obasa et al. (2013) evaluated the incorporation 
of fermented mango (Mangifera indica) seed meal in the 
practical diet of Nile tilapia (Oreochromis niloticus) 
fingerlings. Omojowo et al. (2010) assessed the growth 
response and nutritional evaluation of mango peel meal 
diets on tilapia fingerlings. Adewolu (2008) reported the 
possibility of incorporating sweet potato peel meal in the 
diet of Tilapia Zilli fingerlings. Sanz et al. (1994) 
evaluated the nutritive potential of sunflower meal protein 
as compared to soya bean meal and fish meal protein in 
trout diets and they found that sunflower meal protein 
could be replaced up to 40% of fish meal protein or 
soybean meal protein in the diet at the same replacement 
percentage in trout diets without any negative impact on 
body weight (Mohammed et al., 2008). 

Mango (M. indica Linn) belongs to the genus 
Mangifera, consisting of numerous species of tropical 
fruiting trees in the flowering plant family Anacardiaceae 
(Kittiphoom, 2012).  Mango seed consists of a tenacious 
coat enclosing the kernel (Kittiphoom, 2012). Mango 
seed kernel is high in carbohydrates, oil, vitamin C, 
magnesium, phosphorus, calcium, and sodium 
(Kittiphoom, 2012). After consumption or industrial 
processing of the fruits, considerable amounts of mango 
seeds are discarded as waste (Puravankara et al., 2000; 
Kittiphoom, 2012). Therefore, the utilization of mango by-
products especially mango seed may be an economical 
way to reduce the problem of waste disposal from mango 
production (Kittiphoom, 2012). This is an aspect of cash 
from the trash. This research evaluates the possibility of 
creating job opportunities and wealth by enhancing the 
economic status of the fish farmer and providing quality 
protein as biofortifier. 
 
 
MATERIALS AND METHODS 
 
Study area  
 
The research was conducted at Federal Housing Estate, 
Lugbe, a satellite town in FCT, Abuja, Nigeria. Lugbe is 
situated between latitudes 08º 55´N to 09º 00´N of the 
Equator and longitudes 07º19´E to 07º26´E of the 
Greenwich Meridian (Ajibade, 1980). The area records its 
highest temperature of about 34℃during the dry season, 
which occurs from November to March (Ajibade, 1980). 
During the rainy season (April to October), the maximum 
temperature is about 24ºC (Ajibade, 1980). The annual 
rainfall is between 1100mm to 1600mm (Ajibade, 1980).  

 
 
 
 
Experimental procedure 
 
The experiment was conducted using 18 plastic bowls of 
(50L) capacity grouped into six (6) with each group 
having three (3) replicates. The bowls were filled to 2/3 of 
the volume with fresh borehole water. A total of one 
hundred and eighty (180) fingerlings of C. gariepinus 
were obtained from Green Farm Enterprise, New 
Kutunku, Gwagwalada, Abuja, and transported to the 
experimental site in plastic bowls containing fresh 
borehole water. This was done in the morning hours each 
sampling day to avoid mortality due to high temperature. 
On arrival at the experimental site, the fish were assigned 
randomly into the rearing bowls at 10 fingerlings per 
bowl. No prophylactic treatment was given to the fish 
before acclimatization. The fingerlings were acclimatized 
for forty-eight hours (48hrs) before the introduction of the 
experimental diets at 5% of their total body weight.  
 
Feed preparation 
 
Six (6) experimental diets were used for the research. 
The Pearson’s Square Method (PSM) was used to 
formulate the five diets each containing 45% crude 
protein in which mango endocarp meal (MEM) replaced 
yellow maize at graded levels of 0% MEM, 25% MEM, 
50% MEM, 75% MEM, 100% MEM and Coppens with 
42% crude protein. 

Ripe mango fruits (Bende variety) were purchased from 
Zuba fruit market, Zuba, FCT, Abuja. The epicarps and 
mesocarps were removed using a knife. The endocarps 
were then washed and sundried for a week. The 
endocarps were crack opened with a hammer, to reveal 
the kernels. The kernels were rinsed and sundried for a 
week. Other ingredients (maize, soya bean, and 
groundnut cake) were obtained from Gossa market, 
Gossa, Abuja. All the ingredients were milled with a 
hammer mill and sieved to remove chaff and ensure a 
homogenous size profile. The ingredients were mixed 
thoroughly in a bowl and pelletized. The moist pellets 
were sun-dried for 48 hours, packaged in tagged air-tight 
polythene bags, and stored in a dry place at room 
temperature, ready for use (Table 1). 
 
 
Laboratory analysis 
 
Water quality parameters such as Temperature, 
Hydrogen ion concentration (pH), Conductivity, and 
Dissolved Oxygen (DO) were measured bi-monthly in all 
the tanks throughout the experimental period. 
 
 
Experimental analyses, growth and feed utilization 
parameters 
 
The proximate  composition  of  the  formulated   diets   of 
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Table 1: Percentage ingredients composition of formulated diets. 
 
Ingredients D1 0% MEM D2 25% MEM D3 50% MEM D4 75% MEM D5 100% MEM 
MEM 0.00 9.70 19.40 29.10 38.80 
Maize 38.80 29.10 19.40 9.70 0.00 
Fishmeal 37.00 37.00 37.00 37.00 37.00 
Soya bean Meal 3.70 3.70 3.70 3.70 3.70 
Groundnut Cake 13.60 13.60 13.60 13.60 13.60 
Methionine 0.20 0.20 0.20 0.20 0.20 
Lysine 0.30 0.30 0.30 0.30 0.30 
Vitamin premix 0.50 0.50 0.50 0.50 0.50 
Vegetable oil 1.00 1.00 1.00 1.00 1.00 
Binder 5.00 5.00 5.00 5.00 5.00 
Total 100 100 100 100 100 
 
MEM: Mango endocarp meal 

 
Table 2: Proximate composition of 
mango endocarp meal (Bende Variety). 
 
Parameters Value 
Crude protein 14% 
Carbohydrate 50.05% 
Crude fibre 3.02% 
Crude lipid 22.14% 
 Crude Ash 5.48% 
Moisture 5.31% 

 
Table 3: Phytochemical components of mango 
endocarp meal (Bende Variety). 
 
Parameters Status  
Tannin ± 
Flavonoids ± 
Terpenoids ± 
Steroids ± 
Cardiao glycosides ± 
Coumarins ± 
Alkanoids ± 
Glycosides ± 
Endonins - 
Anthraquinone - 
Saponin - 
Phlobatanin - 
Anthocyanine  

 
 
mango endocarp meal was determined using the 
methods of the Association of Official Analytical Chemist 
(1990), the and qualitative phytochemical analysis of the 
mango endocarp was determined using methods of 
Kalpana et al. (2014), Ejikeme et al. (2014), Shamsu and 
Abubakar, (2016). The fish were fed at 5% of their total 
body weight twice daily (by 9 am and 4 pm). Weight 
measurements were taken monthly using the digital 
weighing balance to monitor weight gain. to minimize 
stress on the fish, sampling was done in the morning 
between 7:30 am-8:30 am before the morning ration. 
 
Statistical analysis 
 
The data obtained for growth assessment and feed 

utilization were subjected to one-way analysis of variance 
(ANOVA) using Rgui statistical package and the means 
of various parameters were compared for significant 
differences at 95% confidence level using the Turkey 
HSD test statistical package. 
 
 
RESULTS AND DISCUSSION 
 
Results of the proximate and phytochemical analyses of 
mango endocarp meal (Tables 2 and 3) show that 
carbohydrate was the highest while crude fibre was the 
lowest. The endocarp tested positive for tannin, flavonoid, 
terpenoid, and steroids but was negative for 
anthraquinone,   saponin,   phlobatannin,   endonin,   and  
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Table 4: Proximate composition of experimental diets. 
 
Parameters Diet 1 0%MEM Diet 2 25% MEM Diet 3 50% MEM Diet 4 75% MEM Diet 5 100% MEM Diet 6 Coppens 
Crude Protein (%) 42.25 41.76 41.93 41.28 41.41 42.00 
Crude Fibre (%) 8.20 8.73 8.61 8.56 8.49 1.90 
Crude Lipids (%) 20.86 19.98 20.02 21.14 22.41 13.00 
Crude Ash (%) 14 .28 12.63 13.21 14.15 14.42 9.80 
Moisture (%) 1.63 5.30 5.21 4.82 3.51 - 
Carbohydrate (%) 12.78 11.60 11.03 10.05 9.76 - 

 
 

Table 5: Growth performance, feed utilization, survival and mortality rate of Clarias gariepinus fed graded levels of 
mango endocarp meal in replacement of maize and coppens for six months. 
 

Parameters Diet 1 0% Diet2 25% Diet3 50% Diet4 75% Diet5 100% Diet6 Coppen 
INOF 30.00 30.00 30.00  30.00 30.00 
AIW(g)     4.66±0.037 4.67±0.02 4.65±0.019 4.63±0.012 4.69±0.011 4.64±0.004 
AFW(g) 153.3a±31.2 37.1b±2.05 35.77b±1.95 26.37b±6.17 23.9b±1.68 317.4a±54.95 
AWG(g) 148.6c±32.17 32.46b±2.06 31.1b±1.96 21.73b±6.15 19.21b±1.68 312.7c±54.90 
RWG (g) 3162.7a±488.7 694.97b±47.16 669.3b±43.32 468.4b±32 409.6b±35.5 6739.7a±599.7 
MDWG(g) 5.26a±1.57 1.23b±0.3 0.93b±0.13 0.70b±0.19 0.58b± 0.06 14.61a±3.49 
SGR(%) 1.67b±0.26 0.93a±0.06 0.87a±0.06 0.72a±0.13 0.66a±0.09 2.35b±0.16 
FCR 2.37a-±0.38 3.5b±0.26 3.46b±0.2 3.19b±0.54 4.45b±0.33 1.98a±0.18 
FCE (%) 44.82a±8.59 28.79b±2.09 29.09b±1.77 33.02a±4.92 20.69b±1.28 50.6a±2.18 
PER 1.12b±0.35 0.63a±0.11 0.55a±0.035 0.56a±0.13 0.34a±0.03 1.18b±0.04 
Survival (%)   60 60 56.67 63.33 60 76.67 
Mortality (%) 40 40 43.33 36.67 40 23.33 

 
Means in the same row with different superscript are significantly different from each other at P< 0.05. Values for each growth and 
feed utilization parameter are means of three replicates with standard error.  
KEY: 
INOF Initial Number of Fish 
AIW= Average Initial Weight 
AFW= Average Final Weight 
AWG= Average Weight Gain 
RWG= Relative Weight Gain 
MDWG= Mean Daily Weight Gain  
FCR= Feed Conversion Ratio 
FCE= Feed Conversion Efficiency 
PER= Protein Efficiency Ratio 
SGR= Specific Growth Rate 

 
 
anthocyanin. Table 4 shows the proximate composition of 
the experimental diets. Diet 1 with 0% mango endocarp 
had the highest crude protein of 42.25%, while diet 4 with 
75% mango endocarp had the lowest crude protein of 
41.28%. Diet 5 had the highest lipid content followed by 
Diet 4, Diet 1, Diet 3, Diet 2, and Diet 6. Diet 2 had the 
highest moisture content of 5.30%. Diet 1 had the highest 
carbohydrate. The proximate composition of Diet 6 
(Coppens) was obtained from the manufacturer’s label on 
the packaging. The growth performance in terms of 
Average Weight Gain (AWG), Relative Weight Gain 
(RWG), Mean Daily Weight Gain (MDWG), Specific 
Growth Rate (SGR), Feed Conversion Ratio (FCR), 
Protein Efficiency Ratio (PER), and feed utilization of 
Clarias gariepinus fingerlings fed with the experimental 
diets and their survival rates are presented in (Table 5). 
The best growth was recorded for the group of fish fed 
DT6. The Average Weight Gain (AWG) and RWG 
decreased with an increase in the replacement level of 
mango endocarp meal in the diets. Fish fed with DT6 had 
the highest AWG and MDWG values of 312.7g and 
14.61g respectively, and the lowest values of AWG and 
MDWG (19.21g, 0.58g respectively) were recorded for 

DT5. The decrease with an increase in replacement 
levels of mango endocarp meal in the diets was also 
observed in specific growth rate (SGR). SGR ranged 
between 0.66% per day in fish fed with DT5 and 2.35% 
per day in fish fed with DT6 for six months of the 
research. The average ranges of the physicochemical 
parameters recorded in this research were temperature, 
25.8-27.20C; pH, 6.62-6.85; dissolved oxygen, 4.52-
4.58mg/L, and conductivity, 323-326NS/cm.The highest 
average weight gain was recorded in fish fed with 
Coppens, followed by those fed with D1 (0% mango 
endocarp meal), D2 (25%), D3 (50%), D4 (75%), and D5 
(100%)  respectively. This is similar to the work of Obasa 
et al. (2013) who recorded the highest average weight 
gain in tilapia fed with 0% fermented mango endocarp 
meal in replacement of maize, and the lowest weight gain 
was in the fed with 100% fermented mango endocarp 
meal respectively within three months. Omojowo et al. 
(2010) recorded the highest feed conversion ratio in fish 
fed with 100% inclusion of mango epicarp meal. This is 
similar to the findings of this research in which the 
highest feed conversion ratio was recorded in Clarias 
gariepinus fed with 100%  inclusion  of  mango  endocarp  
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meal. The average ranges of physicochemical 
parameters recorded for this research were temperature, 
25.8-27.2ºC; pH, 6.62-6.85; dissolved oxygen, 4.52-
4.58mg/L, and conductivity 323-326NS/cm. This is similar 
to reports of Auta (1993) who recorded a pH range of 6.7-
9.0, a temperature of 25-30ºC and dissolved oxygen of 
5.0mg/L. 
 
 
Conclusion  
 
It could be concluded that the growth performance and 
feed utilization of Clarias gariepinus decrease with an 
increase in graded levels of mango endocarp meal in the 
diet. It is therefore recommended that mango endocarp 
should not be more than 25% inclusion in replacement of 
maize in the diet of Clarias gariepinus to achieve 
optimum growth as the Average Final Weight (AWG) of 
the experimental fish decreased with an increase in 
percentage inclusion of the mango endocarp meal  
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