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Abstract

Bambara groundnut (Vigna subterranea) is a type of leguminous plant that thrives well in poor soil conditions and drought-prone
areas and regions, making it an important crop for most subsistence farming practices and thus its capability to enhance food
security in Africa. Studies have indicated and highlighted its resilience and ability to grow and be very productive even in harsh
climates with minimal inputs and resources, which positions it as an important and sustainable crop for addressing food
insecurity. However, despite its environmental resilience and nutritional potentials, this pulse still remains underutilized on the
global market. This is particularly surprising given its rich nutrient profile, which makes it a valuable food source for health
conscious consumers. Bambara Groundnut (Vigna subterranea (L.) verdc.) formulated diets were used in this nutrition work,
with thirty (30) weaning wistar rats, comprising (six groups), including the test groups, the positive and the negative controls, in
an in-vivo feeding experiment for 21 days, to determine the changes in growth, protein and important biochemical parameters.
The results obtained showed that the dietary Feed Efficiency Ratio (FER) changes for the test groups ranges from 0.083 £ 0.03
for group 5 to 0.104 + 0.03 for group 4; while the Net Protein Utilisation (NPU) ranges from 65.46 +3.55 for group 5 to 81.70
+2.78 for group 4. The Haematological parameters showed a hematocrit (PCV) for the test groups ranging from 34.95 + 1.59%
for group 6 to 42.63 £ 1.54% for group 5; while the RBC ranges from 6.65 £ 0.49 x 10° / L for group 6 to 8.36 £ 0. 34 x 10° /L
for group 4. Liver Enzyme activity were highest (AST) for group 3 with 171.30 + 1.40 U/L, (ALP) for group 4 with 26.66 + 0.41
U/L and (ALT) for group 5 with 128.33 + 3.15 U/L. The work reveals the potentials of Bambara groundnut to sustain growth
and developments, enhances cognitive developments, especially in children and adolescents.
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1. Introduction

The Bambara groundnut (Vigna subterranea (L.) Verdc.) is
an important legume which has been reported to be a balanced
nutritional diet for the rural population of many developing
countries, predominantly in Africa [10, 11] Bambara ground-
nut (Vigna subterranea (L.) Verdc.) could also be considered
as a pulse with subterranean fruit-set and which is often cul-
tivated by smallholders over much of semi-arid Africa [10, 12,
13]. It has been found to have an African origin [7] and it is
widespread in the south of the Sahara [7]. Generally, food leg-
umes have a major role to play in combating malnutrition due
to their nutritional potentials. They serve as a source of protein
for a large proportion of the population in the poor countries
of the world by being the least expensive and easily stored and
transported non-processed protein source for rural and urban
dwellers [11, 12]. Throughout the developing world, micronu-
trient deficiency and malnutrition are on the increase and con-
tribute to recent challenges and the most important factors in-
fluencing human health [14], resulting sometimes into degen-
erating conditions which can lead to loss of life, especially in
children. However, resolving these constraints might be better
addressed by preventive measures than curable ones. Hence
nutritional approaches can be an important avenue to achieve
these preventive measures. Bambara groundnut, with im-
mense nutrition potentials [5] is to be investigated along this
line.

2. Materials and Methods

2.1. Bambara Groundnut Accessions

Bambara groundnut (Vigna sibterranea) accessions (4) of
African origin, two with high protein and two with low protein
were selected and regenerated from the global repository,
domiciled at the Genetic Resources Centre (GRC) of the In-
ternational Institute of Tropical Agriculture, IITA, Ibadan;
and used as the test groups.

2.2. Preparation of Formulated Bambara
Groundnut Diets

Yellow maize (Zea mays L) grains were purchased from the
Bodija market, Ibadan, Oyo state, Nigeria. The maize grains
was steeped into ordinary water for 72hours, they were later
air-dried for 48hours. This was winnowed, milled and sieved
to a fine powder using 0.5mm sieve. For the Bambara ground-
nut flour, the seeds were first picked of stones before soaking
at room temperature for one hour. They were then boiled at a
temperature of about 100°C for 45 min, followed by air-dry-
ing for 48 hours, then sieved using 0.5mm sieve to a fine pow-
der after milling. After the other necessary ingredients were
added, the formulated diets were then pelletised using a man-

ual mechanical pelletiser using 0.05% starch as a binder be-
fore air drying for 3-4 days before the pellets are then packed
for the animal house experiment. The procedure of the report
of the Food and Agricultural Organization and World Health
Organisation Expert Consultation (1991) on animal feeding
protocol was used for this study.

2.3. Animal Experiment

The method prescribed in the Report of the Food and Agri-
cultural Organization and World Health Organisation Expert
Consultation (1991) on animal feeding protocol was used for
this study [9]. Male weaning albino rats of 75-80g were
housed in individual cages in care room of the Babcock Uni-
versity animal facility at 18-26 °C (modified to 22-300C) and
40-70% relative humidity. Standardized laboratory rat chow
were fed to the rats for an acclimation period of 2 days, there-
after the rats were re-distributed into 6 groups of 5 rats each
such that the mean weights of each block is within 5g. Water
was provided ad libitum, but diets restricted to 15g dry mat-
ter/day. Protein free diet and the test diets were fed to the ani-
mals for a 4-day preliminary period, a 5-day balance period
(sub-total of 9 days) and a growth evaluation period of addi-
tional 21 days; making a total of 30 days. On each of the 5
days of the balance period, faeces and spilled food for each rat
were collected and carefully separated and composite in open
containers (one for the faeces and one for the food). At the end
of the 5-day balance period, the spilled foods were air dried
for 3 days and its weight used in correcting for total food in-
take. Faeces were dried overnight (12 hours) in a dry-air oven
at 100°C, weighed, ground, and analysed for nitrogen. The
faecal and the urine of each group were collected and pooled
together for analysis. [1, 2]

2.4. Animal Handling for Anthropometric
Study

Anthropometric measurements of the animal were done at
weekly interval. These includes body weight, body length,
head circumference, hip circumference and arm length of each
rat were taken to be used in evaluating the anthropometric per-
formance of the food types under investigation in the subjects.
Body weight of the animals were taken with use of Ohauz
electronic balance (500g maximum weight capacity) while
other measurements were done using glass fibre measuring
tape.

2.5. Animal Sacrifice

After 21 days of the feeding experiment, the animals were
anaesthetized with the use of diethyl ether. They were then
sacrifice (open up) by cardiac puncture and blood taken from
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the heart into already labelled heparinized bottle. Selected or-
gans (kidney, liver and pancreas were stored in 10% formalin
prior to weighing.

2.6. Haematological Parameters

Cardiac puncture was performed on the animal, using ether
as anesthesia, and blood samples were collected aseptically
into the tri-potassium ethylene diamine tetra acetic acid
(KsEDTA) bottles. The blood was mixed by gentle inversion
and then analyzed for complete blood count using Mindray
3200 hematology auto analyzer by following the manufac-
turer’s instructions.

2.7. Liver Enzymes (AST, ALT and ALP) and
Serum Proteins

Following the collection of the whole blood, via cardiac
puncture with the animal’s sedated using ether as anesthesia,
into heparin, the blood was spun at 3000 rmp for 5minutes to
separate serum from the whole blood. The serum was har-
vested into plain bottle and then used to assay liver enzymes
and proteins using Mindray auto analyzer. The manufacturer’s
instructions were strictly followed to analyze the samples.

3. Results
Table 1. Mean proximate analysis of the Bambara formulated diets.

Groups Carbohydrate (%0) Protein (%) Crude fibre (%)  Ash (%) Fat (%) Moisture content (%)
1 57.06 #2.31° 22.06 40.02¢  2.30 #0.01° 5.12 #0.01f 3.31 20.01¢ 10.15 #.212

2 69.51 #3.01° 10.62 #0.01F  2.06 #0.01¢ 5.40 30.03¢ 3.30 #0.02¢ 9.11 #0.09°

3 68.04 £2.75P 12.62 #0.02¢  2.12 40.04¢ 5.52 #).02¢ 3.21 40.02¢ 8.49 40.05°

4 66.65 #4.21¢ 13.00 #0.03¢  2.60 #0.01° 5.63 #0.05° 3.85 #).01° 8.27 40.04¢

5 63.51 #2.05¢ 14.12 40.02b 3.31 #.032 5.94 #0.040 4.58 #.042 8.54 #0).05°

6 62.96 +1.78f 15.05 40.03*  3.21 #0.02? 6.23 40.03? 4.40 20.03° 7.95 40.05°

Legend: Data were analysed in triplicates; Data = Mean £=SEM, n=3. Values represents the mean of carbohydrate, protein, fat, crude fibre, ash
and moisture content of the Bambara formulated diets. Group 1 is the positive control with casein as the protein source. Group 2 is the negative
controls. Group 3, 4, 5, 6 are the test diets with Bambara TVSu 1231, 729, 1202 and 1744 inclusion. Values with different superscripts along

a column are significantly different (p < 0.05).

Figure 1. Showing the 4 test diets of Bambara groundnut.
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Feed Conversion Ratio

Table 2. Mean Growth and Protein efficiency ratio.

Feed Efficiency Ratio

SO (FCR) (FER)

1 3.53 +0.14' 0.280 +0.04¢
2 18.91 +0.76° 0.052 +0.01°
3 3.29 +0.28¢ 0.303 +0.012
4 3.18 +0.95¢ 0.314 +0.03°
5 3.81 +0.20° 0.262 +0.03°
6 3.62 +0.758 0.276 +0.04°

Protein Efficiency Ratio
(PER)

1.670 £0.012

0.166 +0.20°

0.803 +0.03°

0.804 +0.05°

0.591 +0.03¢

0.604 +0.04¢

Nitrogen Efficiency Ra-
tio (NER)

0.085 0.04¢

0.004 +0.05%

0.072 +0.01°¢

0.070 +0.02¢

0.059 +0.03°

0.060 +0.01°

Legend: Data were analysed in triplicates; Data = Mean +SEM, n=3. showing growth and protein efficiency ratio, nitrogen efficiency ratio
and mineral efficiency ratio. Values with different superscripts along a column are significantly different (p < 0.05).

Table 3. Mean in-vivo Protein Quality parameters.

Groups Net Protein Ratio Net Protein Utilisation  Biological Val
(NPR) (NPU) (BV) %
1 1.547 ¥ 21a 81.72 £3.51° 88.30 +3.21°¢
2 0.166 +0.05¢ 49.36 +3.552 80.21 +£4.01°
3 0.681 +0.03° 73.55 +3.82¢ 86.48 +4.40%
4 0.689 +0.02° 55.70 2.78° 88.98 +2.704
5 0.470 +0.03° 82.26 43.55f 95.18 +4.52¢
6 0.489 +0.05¢ 80.27 #4.05° 87.01 +5.222

ue
ibility (APD) %
87.25 42.42¢
57.05 23.15¢
70.79 2,011
56.73 22.64¢
80.97 43.51°
88.93 2.782

Apparent Protein Digest-

True Protein Di-
gestibility (TPD) %
92.55 43.06¢

61.55 42.022

85.05 #2.75¢

62.60 23.55P

86.52 42.52f

92.20 43.03¢

Legend: Data were analysed in triplicates; Data = Mean +=SEM, n=3. Values with different superscripts along a column are significantly
different (p < 0.05). Values with different superscripts along a column are significantly different (p < 0.05).
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Figure 3. Fractionation of the serum proteins.
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4. Discussion

The growth parameters for the groups showed the positive
control having almost the highest amount of 25.4042.15g
weight changes over the 21 days feeding period with a total
mean diet of 270.40%2.22g consumed per rat within this pe-
riod. Groups 3 and 4 were the comparable to these values.
Group 3 gave weight changes of 27.8034.92g, while group 4
had a value of 29.3042.45g, with a mean diet of 274.8043.20g

and 280.2040.60g respectively over the 21days feeding period.

However, apart from the group 2 (negative control), the
groups with the least of the differential weight changes over
the feeding period are groups 5 and 6. While group 5 had a
weight change of 20.6042.24q for a total diet of 247.20+1.31g
consumed over the 21days period, group 6 had a weight
change of 22.05#1.22g for a total diet of 240.1344.01g con-
sumed within the same period of 21days. It was however ob-
served that despite the approximately same amount of diet
consumed by groups 2 and 6, this does not translate into ap-
propriate differential weight in the two groups; as group 6 has
aweight change of 22.05+1.22g, which is by far different from
the weight change of group 2 which is 4.2040.91g. This is un-
derstandable, since group 2 is the negative control and essen-
tially has least amount of protein. This lack in protein which
is supposes to assist to promote growth and by implication, the
weight change of an individual is however reduced here, as

most of the diet consumed does not translate to appropriate
weight changes in the animals in this group.

The anthropometric readings were taken as one of the direct
approach to measure growth in Nutrition biochemistry. The
results obtained showed that the mean body length for groups
3 and 4 are comparable to that of the positive control diet. It
showed a mean value of 34.88 #0.74cm for group 3 from the
initial body length of 29.94 40.79cm; while group 4 gave a
mean body length of 34.72 #0.42cm from an initial mean
value of 29.90 #0.55cm. Both of these values are closer to the
amount obtained for the positive control diet, with a final
mean body length of 35.22 #0.63cm from an initial mean
value of 29.04 #0.59cm, as compared to the negative control
group, which has a final mean length of 33.00 20.88cm, from
an initial mean length of 28.60 #1.12cm. The least of the body
length increases were observed for groups 5 and 6. Group 5
had a final mean body length of 33.60 #1.01cm, from an initial
value of 29.00 #0.98cm; while group 6 ended with a mean
body length of 32.82 #0.45cm from an initial mean of 28.84
#).80cm. Both of these body length seems comparable with
the ones obtained for the negative control diet group. The final
value obtained for the final body length of the negative control
diet is 33.00 #0.88cm from an initial mean value of 28.60
#1.12cm.

The Feed Conversion Ratio (FCR) was the least for group
1, which is the positive control, followed by groups 2, 3, 4, 5
and 6 in that order of increase. However, the Feed Efficiency
Ratio (FER), which stipulates the ratio of body weight gain to
the amount of feed dietary intakes. The FER was the highest
for group 1 with 0.201 +0.04, meaning that this group is the
best in the conversion of the feed intake to appropriate weight
gain. This was followed by group 4 with 0.104 £0.03 and
closely with group 3 with 0.101 +£0.01. Group 6 has a FER of
0.091 +0.04, while Group 5 has a FER of 0.083 +0.03. The
group with the least FER is group 2 with 0.017 +0.01. As for
the Protein Efficiency Ratio (PER), group 1 best converted the
amount of the protein in the diet to meaningful weight changes
with a ratio of 1.670 +0.01. This was followed by groups 3
and 4 with comparable values. While group 4 has a ratio of
0.804 +0.05, group 3 has a PER of 0.803 £0.03. Moreso this
was followed by the PER of groups 6, which is 0.604 +0.04,
while group 5 has a PER value of 0.591 +0.03. As for the
Nitrogen Efficiency Ratio (NER), group 2, with a ratio of
0.404 +0.05. This was followed by close values obtained for
groups 5 and 6. While group 6 has a NER of 0.110 £0.01, the
NER for group 5 was 0.109 +0.03. The NER for groups 3, 4
and 1 in that order are 0.072 %0.01, 0.070 £0.02 and 0.035 +
0.04 respectively.

The results of the haematological parameters revealed that
the total white blood cells count (TWBC) was highest for
group 3 with 9.75 +1.59 x 10°/ L, followed by group 2 with
9.43 +2.34 x 10°/ L, then group 6 with 9.20 1.06 x 10°/ L.
The least amount of the TWBC are for groups 4 and 5 with
values of 8.66 +2.00 x 10° / L and 8.50 £1.04 x 10°/ L re-
spectively. As for the haemoglobin concentration (HGB), the
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highest value was obtained for group 4 with 14.43 +0.79 g/
dL, followed by group 3 with 14.00 £0.08 g/ dL. The least of
the haemoglobin concentration values were obtained for
groups 1 and 6, with HGB values of 11.56 £0.76 g / dL and
11.70 +=0.63 g / dL respectively. The Red Blood cells count
(RBC) were the highest for groups 3 and 4 with values of 8.30
+0.17 x 10°/ L and 8.36 =0. 34 x 10°/ L respectively, while
the least values obtained were for groups 1 and 6 with the RBC
values of 6.76 +0.43 x 10°/ L and 6.65 +0.49 x 10°/ L re-
spectively. As for the Haematocrit (HCT) or the Pack Cell vol-
ume (PCV) values, the highest obtained were for groups 3 and
5 with 40.55 +£0.46% and 42.63 *+1.54% respectively, while
the least values are for groups 1 and 6, with PCV values of
34.83 £2.41% and 34.95 £ 1.59% respectively. The Mean
Corpuscular volume (MCV) was highest for groups 1 and 6
with values of 51.63 +0.56 fl and 53.20 %2.14 fl respectively,
while the MCV were the least for groups 2 and 4 with values
of 47.06 +0.58 fl and 48.70 +0.32 fl respectively. The Mean
Corpuscular haemoglobin (MCH) were the highest for groups
5 and 6 with values of 17.50 #0.37 pg and 17.65 #0.35 pg re-
spectively, while the least value was for group 4 with a MCH
of 16.73 +£0.24 pg. The Mean Corpuscular haemoglobin con-
centration (MCHC) were highest for groups 2 and 5 with val-
ues of 36.06 +0.21 g/ dL and 35.00 0.30 g/ dL respectively,
while the least value was for group 1 with a MCHC value of
33.20 #0.40g / dL. Finally, the Platelet count (PLT) were the
highest for groups 2 and 6 with values of 826.66 2e 92.81 x
10° / L and 727.00 #51.38 x 10° / L respectively, while the
least PLT was obtained for group 1 with 553.00 +13.49 x 10°
/L.

The Biochemical analysis of the serum proteins revealed a
highest mean amount of total protein of 6.90 +0.02(g/dL) and
6.66 = 0.04 (g/dL) for groups 6 and 1respectively, while
groups 2 and 5 had the least mean amount of total serum pro-
tein with values 6.20 £0.10(g/dL) and 6.20 +0.08(g/dL) re-
spectively. The fractionation of the serum proteins revealed
that the amount of the Albumin content was the highest in
groups 1, 3 and 4 with the values of 4.46 £0.17 (g/dL), 4.03
+0.21(g/dL) and 4.06 +0.30 (g/dL) respectively, while the
least mean values were obtained for groups 5 and 2 with val-
ues of 3.16 +0.57 (g/dL) and 3.46 +0.25 (g/dL) respectively.
As for the Globulin, the highest values were obtained for
groups 4, 5 and 6 with the protein amount of 3.03 +0.19(g/dL),
3.03 £0.15(g/dL) and 3.05 +0.27(g/dL) respectively, while
group 1 had the least amount with 2.20 +0.16 (g/dL).

The results of the liver enzymes Aspartate transaminase
(AST), Alkaline phosphatase (ALP) and Alanine transami-
nase (ALT) revealed a higher AST activity for group 3 com-
parable to the positive control. The group has a AST activity
of 171.30 +£1.40 (U/L), as could be compared to the positive
control with a AST activity of 172.a00 +5.88 (U/L). The least
AST activity was observed for group 6 with 154.00 +2.17
(U/L). As for the ALP, groups 2 and 4 had activity values
closer to the positive control. Their ALP amount are 27.00 £+
0.72 (U/L) and 26.66 +=0.41(U/L) respectively, as compared

to the positive control with a ALP value of 28.00 +1.24 (U/L).
The least ALP amount was observed for group 6 with a value
of 16.00 £ 2.50 (U/L). Finally, the ALT activity results
showed the highest amount obtained for group 5 to be 128.33
+3.15(U/L). This was followed by groups 4 and 3, with the
ALT activity of 97.33 £5.20(U/L) and 90.33 +3.77(U/L) re-
spectively. Next are groups 6 and 1 which has closer ALT ac-
tivity. Their values are 75.50 + 2.31(U/L) and 73.33 =+
3.13(U/L) respectively. The least ALT activity was observed
for group 2 with a value of 70.66 £1.22(U/L).

5. Conclusions

It could be inferred and concluded from the results obtained
that groups 3 and 4 showed the best evidence for Protein bio-
availability and Utilisation [4] for growth and developments.
Some of the important parameters adjudged these findings are
the FER, PER, NPU and also the TPD values obtained. The
TPD parameter is very important, along with the Biological
Value (BV) and the True Protein Digestibility (TPD), in the
sense that it might be essential to view the Bambara groundnut
inclusions utilised for the groups 3 and 4 as being of the best
performance in terms of bioavailability and use by the body of
a living organisms for better growth and developments, hence
could be further recommended for complimentary feeding ap-
proaches and for infants, as a necessary supply of thee availa-
ble proteins and essential amino acids for their growth and de-
velopments [3, 8, 15].

The above results corroborated the weight changes values
observed for these 2 groups, which are also the highest with
values 27.8044.92g and 29.3042.45¢ respectively, as could be
compared to those of groups 5 and 6, which are 20.6042.24g
and 22.051.22g respectively. Hence, sustainable use of un-
der-utilised crops like Bambara has immense nutrition poten-
tials [3, 6, 11].

Abbreviations

AST Aspartate Transaminase
ALP Alkaline Phosphatase
ALT Alanine Transaminase
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