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Abstract
The present experiment was conducted to evaluate the effects of bambara groundnut 

meal (BGM) as the dietary carbohydrate source and as an alternative of dietary wheat 
flour in nile tilapia, Oreochromis niloticus. Results from the nutrient profile analysis of 
various carbohydrate ingredients showed, higher crude protein and lipid content in 
bambara groundnut meal followed by wheat flour, dextrin and corn starch. Whereas, 
dextrin was found to content lower amount of moisture compared to bambara groundnut 
meal, wheat flour and dextrin. Four isonitrogeonus and isocaloric diets were formulated 
to replace wheat flour using bambara groundnut meal at 0 (CON), 25 (BGM25), 50 (BGM50), 
and 100% (BGM100). Nile tilapia fish individual initial weight averaging 20±0.5 g (mean ± 
standard deviation) were fed one of the four experimental diets at 2~3% of body weight 
per day for eight weeks. At the end of the experiment, there were no significant differences 
in the average weight gain (WG) and specific growth rate (SGR) among the group of fish 
fed Control, BGM25 and BGM50 diets (P < 0.05). However, WG and SGR of fish fed BGM100 
diet was significantly lower than that of fish fed BGM25 diet (P < 0.05). Crude protein and 
crude lipid content in the fish whole body proximate composition was not much affected 
by the BGM inclusion as a carbohydrate source. Therefore, the overall observations from 
the current experiment may suggest the potential of bambara groundnut meal as the 
carbohydrate ingredient in omnivorous fish diets. The optimum replacement level of 
wheat flour using bambara groundnut meal could be greater than 50 but less than 100% 
of diet in nile tilapia, Oreochromis niloticus.
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Introduction
Aquaculture has become the fastest growing food-producing industry around the 

world; however, there is still considerable potential for increased efficiency of aquaculture 
through the development of nutritionally balanced and cost-effective fish feeds [1] [2]. 
Fish feeds account for the major portion of aquaculture production costs, determine the 
viability and success of any aquaculture business [3]. Interestingly, numerous studies 
carried out to reduce the feed cost, primarily focused to replace the expensive and 
limited marine ingredients fish meal and fish oil, commonly used as the source of dietary 
protein and lipid respectively in formulated feeds. Unfortunately, the potential of dietary 
carbohydrate sources in the development of nutritionally and cost effective aquaculture 
feeds, has not been investigated thoroughly. 
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Carbohydrates well known as the cheap source of energy, 
also having the ability to spare more expensive protein 
component of diets [4] [5]. In spite of limited ability of aquatic 
organism to digest carbohydrates due to the limited activity of 
the enzyme α-amylase [6], omnivorous fish species have been 
reported to efficiently utilize these macro nutrients [7] [8] [9]. 
Interestingly, growth promoting effects of dietary 
carbohydrates have also been reported in carnivorous fish 
species such as eels [10], rainbow trout [11] [12], catfish [13] 
[14]. Carbohydrate rich ingredients, being the most economical 
and excellent source of energy are also abundantly available 
around the world [15] [4]. Whereas, commercial fish feed 
formulations for majority of aquaculture species has historically 
relied upon the grain and grain products such as maize, wheat, 
tapioca, oat to supply their carbohydrate requirements. 
Among a number of commonly used carbohydrate feedstuff, 
wheat flour has been one of the most preferred and widely 
used ingredient in fish feeds. However, due to the increasing 
demand of wheat product in the international market for the 
direct and indirect human consumption, price dramatically 
increased from 114 US dollar to 346 US dollar per metric ton 
between year 2001 and 2008 [16]. In order to sustain the 
aquaculture production, nutrition research must be directed 
towards minimizing the inclusion level of such imported 
ingredients in fish feeds formulation. Use of locally available or 
unconventional feed ingredients such as root and tubers which 
could probably improve the feed efficiency and reduce the 
feed cost in aquaculture [17,18,19].

Bambara groundnut meal a product derived from 
bambara groundnut (Vigna subterranea(L.)Verdc.), is a novel 
legume of African origin [20], available widely. Bambara 
groundnut has long been recognized as the “balance human 
food” due to its appreciable nutrient profile, consisting 
carbohydrate (63%), protein (16.25%) and lipid (6.3%) [21]. 
Further, the essential and critical amino acid profile of 
bambara groundnut such as lysine 6.82g/16gN, methionine 
1.85g/16gN and cysteine 1.24g/16gN,compare favorably to 
that of major plant feed stuff soybean meal (6.24g/16gN 
lysine, 1.14g/16gN methionine and 1.80g/16gN cysteine) [20] 
[22]. Worthy to note that,in the context of nutritionally 
balanced and cost effective feed formulation in aquaculture, 
interest in the use of bambara groundnut meal has been 
growing recently [13,20,23,24]. However, limited and scattered 
information on bambara groundnut product as the energy/
carbohydrate source, has restricted their utilization in 
commercial fish feed formulation.

Tilapia (Oreochromis Sp.) as the second most cultured 
species after carp has become an iconic aquaculture fish 
species around the world. The global production of tilapia 
reached a historical high volume of approximately 4,000, 000 
MT in 2012 [25,26]. However, due to the heavy dependence 
upon the imported feed ingredients, the cost of tilapia feeds 
have also been increasing. In order to sustain the tilapia 
aquaculture as a profitable industry, it has become imperative 
to develop cost effective diets derived from unconventional 
or locally available sources. Therefore, in the line of dearth of 
knowledge on bambara groundnut, the current experiment 

was conducted to evaluate the efficacy of bambara groundnut 
meal as the dietary carbohydrate source and wheat flour 
replacer in nile tilapia, Oreochromis niloticus.

Materials and Methods
Experimental Design and Diets

Bambara groundnut (Gerisik) used in this experiment was 
provided by BamYIELD, Crops for The Future (CFF), Kuala 
Lumpur, Malaysia. The shell of the bambara groundnut were 
removed manually and were finely ground using laboratory 
grinder to prepare bambara groundnut meal. All other 
ingredients were also finely ground and sieved manually using 
0.3 mm diameter sieve. Four isonitrogeonus (37.7 % crude 
protein) and isocaloric (14.43 k j available energy/g diet)diets 
were formulated to replace wheat flour using bambara 
groundnut meal at 0 (CON), 25 (BGM25), 50 (BGM50), and 100% 
(BGM100). Table 1 represent the formulation and proximate 
composition of experimental diets used in the feeding trial. 
Fishmeal, soybean meal, corn gluten meal served as the major 
protein sources in the experimental diets; fish oil was used as 
the lipid source, while wheat flour was the prime carbohydrate 
source. Wheat flour was substituted using bambara groundnut 
meal at graded level and accordingly adjustments were done 
in other ingredients in order to balance the protein and 
energy content in all experimental diets.

Table 1: Formulation and proximate composition of the 
experimental Control diet (dry matter base)

Ingredients Control BGM25
BGM50 BGM100

Fish meal 10.0 10.0 10.0 10.0
Bambara groundnut meal 0.0 7.4 14.6 29.3
Wheat flour 24.0 18.0 12.0 0.0
Soybean meal 29.0 28.0 27.2 25.3
Corn meal 26.0 26.0 26.0 26.0
Fish oil 6.0 5.6 5.2 4.4
Vitamin Premixa 3.0 3.0 3.0 3.0
Mineral Premixb 2.0 2.0 2.0 2.0
1(as mg/kg in diets): ascorbic acid, 300; dl-calcium pantothenate, 
150; choline bitatrate, 3,000; inositol, 150; menadione, 6; niacin, 150; 
pyridoxine·HCl, 15; riboflavin, 30; thiamine mononitrate, 15; dl-α-
tocopherol acetate, 201; retinyl acetate, 6; biotin, 1.5; folic acid, 5.4; 
B12, 0.06. 
2Contains (as mg/kg in diets): NaCl, 437.4; MgSO4·7H2O, 1,379.8; 
NaH2P4·2H2O, 877.8; Ca(H2PO4)2·2H2O, 1,366.7; KH2PO4, 2,414; 
ZnSO4·7H2O, 226.4; Fe-Citrate, 299; Ca-lactate, 3,004; MnSO4, 0.016; 
FeSO4, 0.0378; CuSO4, 0.00033; Calcium iodate, 0.0006; MgO, 
0.00135; NaSeO3, 0.00025. 

Procedures for diets preparation and storage were 
followed as previously described by Bai and Kim (1997). After 
thoroughly mixing the dry ingredients and fish oil with 30% 
filtered tap water, experimental diets were pelleted with a 
laboratory pelleting machine without heating using a 2-mm 
diameter module (MK-NG 1500 WSL Food grinder). All the 
feeds were air dried for 24 hours and after processing, all diets 
were kept at –4°C in the cold storage until use.

Experimental Fish and Feeding Trial
Fingerling size nile tilapia, Oreochromis niloticus fish were 

obtained from the hatchery Biodesaru, Gelang Patah Johor, 
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Malaysia. Fish were transported to the experimental station 
(FishPLUS laboratory, FRC, Crops for The Future) and 
acclimated to the experimental conditions for two weeks 
before the feeding trial began. During the acclimation period, 
fish were fed commercial diet twice daily (10:00 and 18:00 h) 
at approximately 3% of wet body weight per day. Nile tilapia 
fish individual initial weight averaging 20±0.5 g (mean ± 
standard deviation) were distributed in to twelve aquaria. 
Each aquaria was then randomly assigned to one of three 
replicates of four experimental diets. Triplicate groups of fish 
were fed one of the four experimental diet twice daily (10:00 
and 17; 00 h) at approximately 2% of wet body weight/d at 
the beginning and 3% of wet body weight/d at the end of the 
feeding trial for eight weeks. Total fish weight in each 
aquarium was determined every 2 weeks, and the amount of 
feeds fed to the fish were adjusted accordingly. 

The feeding trial was conducted in an indoor semi-
recirculation system with twelve 300L aquaria receiving 
filtered freshwater from the center tank. Supplemental 
aeration was provided to maintain dissolved oxygen levels 
near 6.5±0.5 ppm. Water temperature was 24 ± 1°C (mean ± 
SD); pH was 7.5 ± 0.3 (mean ± SD) and the photoperiod was 
12:12 (light: dark) also maintained throughout the 
experimental period.

Sample Collection and Analysis
At the end of the feeding trial, all of the fish were weighed 

and counted for the calculation of weight gain (WG), specific 
growth rate (SGR), feed conversion ratio (FCR) and survival rate.

After the final weighing, three fish were randomly 
collected from each aquaria and frozen at -20°C for analysis. 
The proximate composition analysis of the experimental diets, 
ingredients and fish whole body was performed by the 
standard methods of AOAC (1995). Samples were dried to a 
constant weight at 105°C to determine moisture content. Ash 
was determined by incineration at 550°C, crude lipid by 
soxhlet extraction using a Soxtec system 1046 (Tecator AB, 
Hoganas, Sweden), and crude protein by Kjeldahl method 
(N×6.25) after acid digestion.

Statistical Analysis
All data were analyzed by one-way ANOVA (Statistix 3.1, 

Analytical Software, St. Paul, MN, USA) to test for the effects of 
the dietary treatments. When a significant treatment effect 
was observed, a Least Significant Difference (LSD) test was 
used to compare means. Treatment effects were considered 
at P<0.05 level of significance.

Results 
Nutrient Profile of Carbohydrate Ingredients

Table 2 shows the analyzed nutrient content of various 
carbohydrate ingredients commonly used in commercial fish 
feeds. Crude protein and lipid content were found to be 
higher in bambara groundnut meal followed by wheat flour, 
dextrin and corn starch. Whereas, dextrin was found to 
content lower amount of moisture compared to bambara 
groundnut meal, wheat flour and dextrin. On the other hand, 

almost similar ash content was found in all these analyzed 
carbohydrate ingredients. Fiber content was found bellow the 
detection level in wheat flour and dextrin. Overall analyzed 
data suggested, bambara groundnut meal and wheat flour as 
the closely resembling carbohydrate sources. 
Table 2: Analyzed nutrient composition of carbohydrate ingredients

Crude 
protein

Crude 
lipid

Crude 
ash Moisture Fiber

Bambara groundnut meal 15.30 6.3 0.38 11.1 0.34
Corn starch 0.81 0.04 0.13 12.65 0.33
Wheat flour 11.47 1.05 0.47 12.4 <0.1

Dextrin 1.05 0.6 0.16 8.27 <0.1
aValues are average from duplicate groups of samples

Growth Performances
The growth performances including weight gain (WG), 

specific growth rate (SGR), feed conversion ratio (FCR) and 
survival rate of nile tilapia fed different experimental diets for 
eight weeks have been summarized in table 3. At the end of 
feeding trial, there were no significant differences in the 
average WG and SGR among the group of fish fed Control, 
BGM25 and BGM50 diets. However, WG and SGR of fish fed 
BGM100 diets were significantly lower than that of fish fed 
BGM25diet. Whereas, data for FCR showed no significant 
difference among the group of fish fed Control, BGM25, BGM50, 
and BGM100 diets. Average survival rate numerically ranged 
between 84 ~100%, without any statistical difference among 
different dietary treatments.
Table 3: Growth performance nile tilapia, Oreochromis niloticus fed 

different experimental diets for 8 weeks1

Diets

Control BGM25 BGM50 BGM100
Pooled

SEM
WG(%)2 145.5ab 152.5a 144.2ab 131.2b 11.27

SGR(%)/day3 1.87ab 1.92a 1.86ab 1.74b 0.09
FCR4 1.55a 1.66a 1.56ab 1.67ab 0.15

1 Means of triplicate groups of fish where values in the same row with 
different superscripts are significantly different (P<0.05).
2Weight gain (%) = [(final wt. - initial wt.)/initial wt.] × 100.
3Specific growth rate (% day-1) = [(loge final wt. - loge initial wt.)/days] 
× 100.
4Feed conversion ratio = dry feed intake/wet weight gain

Fish Whole Body Proximate Composition
Whole-body proximate composition of nile tilapia fed 

different experimental diets for eight weeks has been shown 
in table 4. Fish whole body crude protein, crude lipid, moisture 
and fiber content were not much affected by the substitution 
of wheat flour and inclusion of bambara groundnut meal in 
different experimental diets.

Table 4: Whole body proximate composition nile tilapia 
Oreochromis niloticus fed different experimental diets for 8 weeks1

Control BGM25 BGM50
BGM100

Protein 17.7 18.45 17.4 18.45
Lipid 2.0 1.30 2.3 1.6
Ash 1.8 2.0 2.0 2.0

Moisture 78.4 78.05 78.0 77.15
aValues are average from duplicate groups of samples 
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Discussion
Wheat flour has been well known for its fairly high 

carbohydrate content (64~80%), less fibre and excellent binding 
properties. However, price of wheat product has been increasing 
continuously due to growing demand for the direct human 
consumption. Further, growing ecological concern associated 
with the use of such imported ingredients, has exerted substantial 
pressure to evaluate the efficacy of Z underutilized but 
nutritionally promising feedstuff in aquaculture feed formulation 
[2]. As a result, there has been a growing interest to replace/
reduce the inclusion level of wheat flour using less expensive, 
unconventional and locally available carbohydrate source in 
order to minimize the formulated feed cost [27]. Among such 
underutilized but nutritionally efficient feedstuff, interest in using 
bambara groundnut product has grown tremendously [13] [23] 
[24]. Our observations from the current experiment showed a 
superior nutrient profile (crude protein and crude lipid) of 
bambara groundnut meal compared to wheat flour, corn starch 
and dextrin (table 2). Whereas, previous studies have reported 
variations in the nutrient profile of bambara groundnut products 
due to differences in the landraces. In the current experiment, 
the nutrient profile of Gresik landrace appears inferior than the 
crude protein (21.92%) and crude lipid (7.16%) reported for 
bambara groundnut waste meal [23] [24]. Overall observations 
suggested, bambara groundnut meal could be a more 
nutritionally efficient alternative to wheat flour and corn starch, 
commonly used in commercial fish feed formulation. 

Sources and inclusion level of dietary carbohydrates in fish 
feeds formulation directly affects the digestibility, palatability 
and thereby the growth performance of fed fish. The rising cost 
of imported ingredient such as wheat flour decreases into the 
profit margin of local fish farmers to such an extent that many 
local aquaculture enterprises are no longer profitable [28]. In the 
current experiment, the growth performance of nile tilapia 
increased with the wheat flour replacement and afterward 
declined, suggesting the efficacy of bambara groundnut meal to 
replace wheat flour up to 50% without any adverse effects on the 
fish growth. Likewise, couple of recent studies reported the 
potential of bambara groundnut product in catfish feed up to 
40% of diet [23] [24]. However, our observation contradicts the 
report of 100% replacement of maize using bambara groundnut 
meal in nile tilapia [13]. The possible reason for such differences 
in the similar fish species observed between these two 
experiments, could be due to the fact that the aforementioned 
study only used the waste product of flour production (i.e. the 
seed testa), whereas our study used the whole seed (including 
the testa). Further studies could be recommended to compare 
and further confirm the superiority of bambara groundnut waste 
meal over whole seed meal in tilapia diets. 

Fish whole body proximate composition was not much 
affected by the bambara groundnut meal inclusion as a 
carbohydrate source in the diet of tilapia. Although numerical 
differences were recorded, no clear trend could be drawn. 
Likewise, an irregular trend in the crude protein and lipid of 
whole body of catfish, Clarias gariepinus fed different levels of 
bambara groundnut meal has been reported by Aliu&Ikoko 

(2016). Further, it also appears the dietary carbohydrate source 
such as wheat flour replacement might have limited effects on 
fish whole body composition [13]. 

In the current experiment, the gradual decline in the growth 
performance beyond 50% of wheat flour replacement could be 
due to the substantial increase in the antinutrients content. Since 
little information is available on the wheat flour replacement 
using bambara groundnut meal in nile tilapia, it is difficult to 
conclusively state the cause of the reduction in growth 
performance of fish fed 100% bambara groundnut meal diet. 
Whereas, fish meal replacement studies using various plant 
protein sources suggested, causes of the reduction in 
performance beyond the optimum level of replacement due to 
variations in protein content, amino acid profiles and digestibility, 
as well as the presence of some antinutritional factors and 
palatability depressants [2] [29] [30] [31]. Further studies are 
recommended to investigate the antinutreint profile and 
practical efficacy of different pretreatment (cooking/
gelatinization) in bambara groundnut meal for its commercial 
use in commercial fish feed formulations. 

In conclusion, our observations from the current experiment 
are in the line of those of previous studies, suggesting the 
potential of bambara groundnut meal in commercial fish feeds. 
The optimum dietary replacement level of wheat flour using 
bambara groundnut meal, could be greater than 50 but less than 
100% of diet without any adverse effects on the growth 
performance and whole body composition in nile tilapia, 
Oreochromis niloticus.
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