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The effects of substituting tomato waste meal (crude protein 16%, crude fat 
9.1%) with mango seed kernel meal (crude protein 7.2%, crude fat 12.8%) in the 
diets of Oreochromis niloticus fry at 0.34 g were investigated through a feeding 
trial.  Five isonitrogenous (35% CP) and isolipidic (16% CL) diets were 
formulated where tomato waste meal was substituted with mango seed kernel 
meal at 0, 2.5, 5, 7.5 and 10%. The experiment was conducted for sixty (60) days. 
The stocking density was 10 fish per tank in an isolated system consisting of 10 
plastic tanks (50cm x 25cm x 40cm)  of 50 liters each. A decreasing trend of the 
final mean weight (FMW), absolute mean weight gain (aMWG), relative mean 
weight gain (rMWG) and specific growth rate (SGR) was generally observed as 
mango seed kernel meal incorporation increased in the diets. The aMWG, rMWG 
and SGR of fish fed on control diet had no significant differences (P>0.05) with 
fish fed diets 2.5% and 5%. The dry matter (DM) and lipid contents of the muscle 
of the fish fed on the control diet were slightly higher than fish fed on diets 
substituted with mango seed kernel meal. The protein content of the muscle of 
the fish fed on the control diet was lower than the protein contents of fish fed 
theother diets except for diet 2.5%. Mango seed kernel meal can substitute 2.5% 
of tomato waste meal in the diet of Oreochromis niloticus fry without affecting 
growth performance, feed conversion efficiency and survival.  
 
Keywords: Substitution, Oreochromis niloticus, mango seed kernel meal, tomato waste 
meal, growth 

 
 
 
 
 
 
 
 
 
 
 

INTRODUCTION 
 
Fisheries resources are becoming increasingly scarce due to 
over-exploitation of natural stocks. The driving factors of 
the over-exploitation are numerous: the increasing demand 

for animal proteins, increasing number of fishers, high 
fishing intensity, overcapacity of fishing vessels, open 
access to resources, industrialization and high rate of 
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motorization of fishing units, thus causing an imbalance 
between the available fishery resources and their levels of 
exploitation(FAO, 2016). 

The scarcity of fish and fishery products is reduced by the 
spectacular growth of aquaculture which has recorded 
remarkable progress in the last thirty (30) years. World 
aquaculture production was 73.8 million tons in 2014 and 
it was an essential step in that year when the contribution 
of the aquaculture sector in the supply of fish for human 
consumption exceeded, for the first time, the fishing sector  
(FAO, 2016).Tilapia is an important food fish for humans 
and it accounts for huge amount in the total food fish 
production of the world. Asia (China, Vietnam, Indonesia, 
Thailand and Taiwan) remains the leading supplier. Senegal 
recorded notable progress recently when its production 
increased from 334 tons in 2011 to 1095 tons in 2014(ANA, 
2014). However, this progress could be more significant 
and sustainable when the cost of fish feed is lowered.  

Feeds for aquaculture are made from animal proteins 
derived mainly from marine fish species. Uncontrolled use 
of these proteins affects marine biodiversity and the 
environment. Responsible actions to promote sustainable 
aquaculture are being implemented through the reduction 
of fish meal and fish oil in aqua-feeds. In that stride, 
vegetable protein sources  are being tested as alternatives 
to fishmeal. These ingredients are used in the human diets 
and feeds of several terrestrial animals which cause not 
only a severe competition and unavailability but also a 
surging price due to very high demand (Olvera-Nova et al., 
2002).The high cost of these ingredients causes high price 
of feeds made from them. 

To that effect, agro-industrial and artisanal fisheries by-
products due to their carbohydrate and protein contentsare 
regarded as relevant alternatives and used in the 
preparation of efficient and low-cost animal feeds (Dhingra 
et al., 1985). Considered as waste, by-products pose 
problem of evacuation or disposal and if not well managed, 
they can have negative impacts on the environment 
(Berardini et al., 2005). Therefore, recycling them in animal 
feeds is attaching value to them and solving the negative 
environmental problems they cause. Their availability, low 
cost and nutrient richness to some extent is increasing their 
use in fish feed productions which is bringing a great 
benefit to aquaculture. Mango seed kernel meal has 
beenthe subject of numerous studies (Omoregie et al.,1991; 
Omoregie, 2001; Obasa et al., 2013).  

Worldwide mango production is estimated to be over 40 
millions tons per year (planetoscop.com). India makes half 
of this production. Senegal’ saverage mango production is 
estimated  at 130,000 tons or 0.3 percent of world 
production (www.lesoleil.sn). Casamance (Southern part of 
Senegal) records more than 50% of this national 
production and  Niayes zone (Senegal) accounts for 30%. 
Ten (10) percent of this national production is destined for 
export. Exports are low in Casamance due to damage 
caused by the fruit flies (Bactrocera frauenfeldi) which can 
bring losses up to 80 percent of the total production. For 
the Niayes area, 30 percent is destroyed by these flies. With  

 
 
 
 
these losses recorded in the southern and Niayes zones, at 
least 44, 000 tons of mango seeds can be collected each 
year. 

The aim of this study was to evaluate the effects of partial 
substitution of tomato waste meal with dried mango seed 
kernel meal on the growth, feed efficiency, muscle 
composition and survival of Oreochromis niloticus fry and 
determine the best substitution rate. 
 
 
MATERIALS AND METHODS 
 
Feed preparation 
 
The ripe mangoes were bought at  Ouakam market, Dakar 
Senegal and peeled. After opening the shells, the  kernels  
were extracted and cut into small pieces and then sundried  
at 30 °C for 4 days. The pieces were crushed in a mortar 
and sieved to obtain a powdery form. Other ingredients 
(peanut cake and cassava flake) were also ground and 
sieved to get desired powdery form. Five isonitrogenous 
(35% CP) and isolipidic (16% CL) diets were formulated 
where tomato waste meal was substituted with mango seed 
kernel meal at 0% (0% of diet), 2.5% (0.9% of diet), 5% 
(1.8% of diet), 7.5% (2.7% of diet) and 10% (3.5% of diet). 
The amounts of other ingredients were equal in all the 
diets. The composition of the experimental diets is shown 
in Table 1. For each diet, the ingredients were weighed 
according to the formulation (Diet formulator software). 
After weighing, the ingredients were mixed to have a 
homogeneous powder. Fish oil was added to the mixture as 
a fatty acid source.  Finally, water (30%) of the weight of 
the diet was added  into the homogeneous mixture to 
obtain a paste. This dough was passed through an electric 
pelleting machine Moulinex (Model Me511H25) which 
produced spaghetti-shaped pellets that were sundried for 
two to three days. The dried  pellets were then ground and 
sieved until a suitable fine powder was obtained which 
could be ingested by the fry. 
 
Experimental fish and system 
 
Mixed tilapia (Oreochromis niloticus) fry with an initial 
average weight of 0.34 g, obtained from a semi-artificial 
reproduction carried out at the aquaculture station of the 
Graduate School of Fisheries and Aquaculture (IUPA) in 
Ouakam, were used. Prior to the start of the experiment, 
fish were acclimated for two weeks and fed with tilapia 
commercial diet  thrice a day (08:00, 13:00 and 17:00 
hours).At the  beginning of the feeding trial, 100frywere 
randomly distributed in 10 tanks of 50 liters each and filled 
with water to 75% of their volume. The stocking density 
was 10 fry per tank. Fish were individually weighed at the 
beginning and at end of the experiment. Five experimental 
diets were randomly assigned to duplicate tanks and tested 
for 60 days. Fish were  hand-fed three times per day (08:00, 
13:00, and 17:00 hours).The daily ration corresponded to 
10 % of the live  weight  of  the fish during the first 2 weeks,  
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Table 1. Formulation and proximate composition of experimental diets 

 

Ingredients (g/kg) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 
Fishmeal (g) 150 150 150 150 150 
Peanut meal (g) 430 430 430 430 430 
Cassava flour (g) 20 20 20 20 20 
Tomato waste meal (g) 350 341 332 323 315 
Mango kernel meal (g) 0 9 18 27 35 
 Fish oil (g) 50 50 50 50 50 
Proximate composition (% dry matter) 
Protein (%) 34.98 34.90 34.82 34.74 34.67 
Lipid (%) 15.62 15.66 15.69 15.72 15.75 

 
 
 
then reduced to 8 % the following 2 weeks, 6 % the 
following two weeks and finally, 4% until the end of the 
experiment 

The tanks were cleaned twice daily in the morning and 
evening by siphoning feces and unconsumed diet which 
accumulated at the bottom of the tank. After siphoning,  
water was renewed in the tanks. The fish were weighed 
every fortnight and new biomass was determined. With the 
new biomass obtained, the feeding rate was readjusted 
accordingly. During the trial, water temperature and pH 
were monitored. At the end of the experiment, the 
muscle/flesh of  fish fed the tested diets were analyzed. 
 
Proximate analysis 
 
The proximate composition of  diets and fish muscle were 
analyzed based on standard methods of the Association of 
Official Analytical Chemists (AOAC, 1995).The samples 
were analyzed at ENSA laboratory located in the  Thiès 
region to determine bromatological composition (crude 
protein, crude fatand dry matter). Samples of diets and fish 
muscle were dried to constant weight at 105°C for 24 h to 
determine moisture. Crude protein (total nitrogen x 6.25) 
was determined by using micro-Kjeldahl method (Kjeltec 
System 1002 Distilling Unit, Tecator, Hoeganaes, Sweden). 
Crude fat was extracted by Soxhlet method.  
 
Calculation of growth performance and feed utilization 
parameters 
 
Growth performance and feed utilization parameters were 
measured with regard to final mean weight (FMW), 
absolute mean weight gain (aMWG), relative mean weight 
gain (rMWG), specific growth rate (SGR), feed conversion 
ratio (FCR) and protein efficiency ratio (PER). 

The following formulae were used for calculations:  
Absolute mean weight gain (aMWG) = final mean weight 

– initial mean weight  
Relative mean weight gain (rMWG (%)= 100 × (final 

mean weight – initial mean weight) / initial mean weight.  
Specific growth rate (SGR) =100 (ln (final mean weight) – 

ln (initial mean weight)) / number of days.  
Feed conversion ratio (FCR) = total dry feed fed (g) / total 

wet weight gain (g) 
Protein efficiency ratio (PER) = weight gain × 100/ 

protein intake 
 
Statistical analysis 
 
Data collected were analyzed using SAS software program 
for windows (V.9 SAS Institute, Cary, North Carolina, USA) 
and the results were presented as means of the two 
replicates after subjecting them to one-way analysis of 
variance(ANOVA) using GLM procedure. In case of 
significant differences, Duncan’s multiple-range test was 
conducted and the difference was considered significant at 
P-values < 0.05.  
 
 
RESULTS 
 
In this experiment, no pathological signs and symptoms 
were observed and all the prepared diets were accepted by 
the fish throughout the feeding trial period. Survival ranged 
from 75 – 95%. As formulated, the proximate analysis 
results of the feeds were also almost isonitrogenous (34.67 
– 34.98% CP) and isolipidic (15.62 – 15.75% CL) (Table 1).  

The culture environment was conducive to the fish and 
water temperature  and pH were measured daily in each 
tank and were within the tolerant range (27.3 - 28.5˚C  and 
pH 8.1 - 8.9) respectively for Oreochromis niloticus. 

The growth performance and feed utilization parameters 
of Oreochromis niloticus fry are presented in Table 2. At the 
end of the growth trial, a decreasing trend of the final mean 
weight, absolute mean weight gain, relative mean weight 
gain and specific growth rate were generally observed as 
mango seed kernel meal incorporation increased in the 
diets. The absolute mean weight gain, relative mean weight 
gain and specific growth rate of fish fed on control diet  
showed no significant differences from fish fed diets in 
which tomato waste meal was substituted with mango seed 
kernel meal at 2.5% and 5%. However, there was 
significant differences (P<0.05) between 5% and 7.5% 
substitution levels. 

The muscle composition of O. niloticus fry at the end of 
the  experiment are  shown in Table 3.  The  dry  matter and 
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Table 2 . Growth performance,  feed utilisation and survival 
 

 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 
IMW (g) 0.34 0.34 0.34 0.34 0.34 
FMW (g) 2.24 2.39 2.18 1.58 1.69 
aMWG (g) 1.9ab 2.05a 1.84ab 1.24b 1.35ab 
rMWG (%) 560a 603a 543ab 365c 399bc 
SGR (%) 3.14a 3.25a 3.10ab 2.56c 2.67bc 
FCR 2.20a 1.54a 1.77a 2.51a 2.32a 
PER 1.34a 1.91a 1.66a 1.17a 1.27a 
SR (%) 75 95 95 95 90 

 
 abDifferent  superscripts  in  each  line  indicate  significantly  different  mean  values  (p < 0.05). 
 IMW=Initial Mean Weight 
 FMW=Final Mean Weight 
 aMWG=absolute Mean Weight Gain 
 rMWG= relative Mean Weight Gain 
 SGR= Specific Growth Rate 
 FCR= Feed Conversion Ratio 
 PER= Protein Efficiency Ratio 
 SR= Survival Rate 

 
 

Table 3: Carcass composition of the fish  
 

Carcass composition Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 
Dry matter (%) 96.71 95.86 94.12 93.87 93.92 
Crude protein (%) 47.71 44.89 51.4 59.82 60.34 

Crude fat (%) 41.08 38.47 36.12 25.1 25.86 

 
 
 
lipid contents of the muscle of the fish fed with the control  
diet were slightly higher than fish fed on diets substituted 
with mango seed kernel meal.  Among the fish fed on the 
mango seed kernel  meal-substituted diets the dry matter 
and lipid contents generally tended to decrease as the 
mango seed kernel meal content  increased in the diet. The 
protein content of the muscle of the fish fed on the control 
diet was lower than the protein contents of fish fed on  
mango seed kernel meal substituted diets except for those 
fed on diet 2.5% which was slightly lower. Among the 
mango seed kernel meal substituted diets, the  crude 
protein of the muscle increased with  increasing inclusion 
of mango seed kernel meal. 
 
 
DISCUSSION 
 
During the experiment, the mean temperature ranged from 
27.3°C to 28.5°C which is within the range for optimal 
growth for fish (23.7 to 28.6°C) (EL-Kholy et al., 2008). The 
pH also ranged from 8.1 to 8.9 and was within the tolerance 
range (7 to 8.9) (Rabeh, 2007). 

The results of the feeding trial showed that 2.5% level of 
mango seed kernel meal in the diets of Oreochromis 
niloticus fry significantly affected the growth. In this 
study,5% (1.8 % of diet) substitution of tomato waste meal 
with mango seed kernel meal had no significant effects on 
the growth parameters but 7.5% (2.7% of diet) substitution 
of tomato waste meal with mango seed kernel meal had 

significant effects on the growth parameters. This is 
contrary to the results of Obasa et al. (2013) who indicated 
that 50% (16% of diet) of yellow maize meal could be 
substituted with fermented mango seed meal in the diets of 
Nile tilapia fingerlings without affecting the growth, feed 
utilization and apparent protein digestibility. This could 
have been caused by the difference in the size of fish (fry of 
0.34 g used in this study versus fingerlings of 4.76 g) and 
mango seed meal preparation (unfermented  versus 
fermented). It was reported by Mary et al. (2010) that 25% 
(12% of diet) of maize could be replaced by mango peel 
meal in the diet of Oreochromis niloticus. They used mango 
peel meal while in this experiment mango seed kernel meal 
was used and also they used fingerlings (10.83 g) while fry 
of 0.34 g were used in this study, which could have caused 
the difference. It was observed that mango peel meal could 
substitute corn up to 33% in diet of 4.69 g Nile tilapia 
without affecting the growth performance and carcass 
chemical composition (Souza et al., 2013). 

Mango waste meal has been used in the studies of other 
fish species. Omoregie (2001) reported that 10% inclusion 
level of mango seed meal in the diet of juvenile Labeo 
seneganlensis (3.5 g) had no major effect on the growth. 
According to Souza et al. (2013), 15% of peeled-mango 
waste meal without seed could be included in the diet (at 
CP:CH ratio of 1.40) of Lophiosilurus alexandri juveniles 
(11.31 g). They used mango pulp whereas mango seed 
kernel was used in this experiment, which might cause the 
difference.  
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In this study, the substitution level of mango seed kernel 
meal that did not significantly affect growth parameters is 
lower (5% of tomato waste meal or 1.8% of the diet) 
compared to other studies. This could be attributed to the 
high content (35% or 350 g per kilogram) of waste meal in 
the diets as waste meal (mango seed kernel) was used to 
replace waste meal (tomato waste) while, in other studies 
cited, waste meal (mango seed/pulp/peel) was used to 
replace conventional ingredient (maize).The difference in 
fish size, fermentation of mango seed meal and component 
of mango fruit used could also cause the difference. Mango 
seed meal also contains anti-nutritional factors that might 
have affected the palatability of the diets as its inclusion 
level increases. The presence of anti-nutrients in the mango 
seed such as tannin, phytate and oxalate, could have caused 
low feed acceptability at higher levels than 5%. These 
antinutritional factors also affect the availability of 
carbohydrate and protein (Azaza et al., 2009). 

According to Hepher  (1990), exogenous factors (feed 
composition, temperature, oxygen,etc.) and endogenous 
factors (size, sex,  sexual maturity, etc.) can affect flesh 
composition. The results of the present study revealed that 
the dry matter content of the fish muscle was slightly 
affected while the protein and lipid contents were 
moderately affected by the inclusion of mango seed kernel 
meal in the diets.The substitution of tomato waste meal 
with mango seed kernel meal in the diet of Nile tilapia fry 
did not cause any major effect on the muscle composition 
up to 5%. According to Omoregie (2001) also, the 
incorporation of mango seed in the diet of  juvenile Labeo 
senegalensis did not cause any significant effect on the 
carcass composition. 
 
 
CONCLUSION 
 
Mango seed kernel meal could be included in the diet of 
Oreochromis niloticus and it can substitute tomato waste 
meal as a source of carbohydrate. The results showed that 
5% of tomato waste meal can be substituted with mango 
seed kernel meal without negative impact onthe growth 
and muscle composition of Oreochromis niloticus fry at 0.34 
g but above 5%, growth will be considerably reduced. 
Having value for mango seed kernel in aqua-feeds will not 
only reduce competition over certain ingredients and 
reduce cost of production as a result of reduced feed cost 
but also solve indiscriminate disposal of mango seeds. As 
mango by-products are available in many areas, cheap and 
high in nutrients to some extent, therefore, their inclusion 
in aqua-feeds will be of great importance to aquaculture. 
The authors recommended that the optimum inclusion 
level for grow-out size tilapia requires further study. 
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