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Abstract
Underutilized legumes have gained recent prominence among various stakeholders globally, but
particularly in the sub-Saharan African region. Among these is theBambara groundnut (Vigna
subterranea (L.) Verdc); cultivated in several communities in Africa and Asia.In this study, five West
African accessions obtained from the genebank at the International Institute of Tropical Agriculture
(IITA), Ibadan, Nigeria were compared for proximate and antinutrients. Analysis of variance showed
statistically significant results (Significant level atP < 0.0001) for carbohydrates, protein, fat, crude,
moisture, ash and crube fibre. The antinutrients analyzed(%) composed of flavonoids, alkaloids and
saponin. The flavonoids ranged from 0.009 % to 0.005% in TVSU-1636 and TVSU-1649 respectively.
The alkaloid varies from 0.182% in TVSU-1649 to 0.248% in TVSU-1636 while the saponin content
varies from 0.333% in TVSU-1649 to 0.387% in TVSU-1636. The outcome of the study indicated
variations in the trait measured and that the accessionscould be useful as legume supplements in
animal and human foods. Bambara groundnut may also support low-cost protein and other beneficial
nutrients required in sub-Saharan Africa.
Keywords: Bambara groundnut, nutrients, antinutrients, food and income security, sub-Saharan Africa

Introduction
Vigna subterranea (L.) Verdc popularly called Bambara groundnut (BG) is a member of the underutilized legumes
positioned to support global food insecurity and malnutrition particularly in sub-Saharan Africa with the right
awareness for its promotion and utilization (Mayes et al., 2019). The cultivation of underutilized legumes have
good impacts for subsistence farmers in the area of revenue generation (Durst and Bayasgalanbat, 2014),
limiting reliance on major staples for food and animal feed (Chivenge et al., 2015)with the addition of less
farming inputs when compared to usual farming systems in regions where they are planted (Stamp et al., 2012).
In this study,five accessions were selected from few West African states and analyzedfor variation in
theirproximate and antinutrients composition. These accessions are conserved at the Genebank of the
International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria with the sole purpose of breeding for
nutritional high BG accessions in the on-going underutilized legumes crop improvement programme. The
availability of data on the contribution this crop could make Bambara groundnut a valuable source of nutrition in
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developing regions.BG like other known legumes have the capacity to fix atmospheric Nitrogen and nodulates
very well(Gupta et al., 2015). In recent discussion, green bean (used as vegetables), soybean(used for oil
extraction) and alfalfa (reputed for soil nutrition and animal feed) are regarded as pulses(Asif et al., 2013;
Duranti and Gius, 1997).A very good and affordable means of obtaining protein is with the use of soybean
(Considine et al., 2017; Foyer et al., 2016; Vollmann, 2016). Popular pulses referred to as orphan, neglected or
underutilized legumes are Bambara groundnut, African yam bean, winged bean, adzuki, jack, Kersting’s
groundnut and marama beans amongst others(Cullis and Kunert, 2017; Padulosi et al., 2013).Due to reduced
planting activities (Foyer et al., 2016) and global utilization(Miller et al., 2017), they do not make any significant
impact to nationalnutrition intake when compared to staples such as rice(FAO, 2017) despite playing significant
roles in rural populations where they provide income, affordable and nutritious meals(Asif et al., 2013; Graham
and Vance, 2003; Heim et al., 2017; Mudryj et al., 2014). Various efforts are on-going to reverse these trends.
They also support improvement in various human health status such as those who affected by high sugar level
(Becerra-Tomás et al., 2018), hypertension (Polak et al., 2015), issues about obesity as well as diet and weight
management (McCrory et al., 2010) to fat reductioninterventions(Bazzano et al., 2011). BG seeds have been
used and processed in several ways for human and animal use as described byMubaiwa et al. (2017)in the arid
area of Zimbabwe, Southern Africa. In many West African countries such as Benin Republic, freshly harvested BG
seeds are boiled and consumed with or without pepper. Flour can also be produced from the seeds when milled
and put to several uses (Kaptso et al., 2015). From the fresh seeds, delicious steamed-paste popularly called moi
moi or okpa (sold as porridge in most communities in white polyethylene)are usually produced and widely
common insome parts of Nigeria (Okpuzor et al., 2010). In Nigeria, especially in the East and some part of
Northern Nigeria, BG isan important food crop and can be used in traditional preparationof various meals. The
seeds are sometimes roasted, boiled or milled and used in preparing soup(Adu-Dapaah and Sangwan, 2004) or
chewed with palm kernel. Animals also benefit by the use of BG seed for feeding of livestock and
poultry(Anchirinah et al., 2001).
According to Mayes et al. (2019),flour from BG seeds can be used to make several confectionaries. BG derived
milkcompetes well to that from soybean with BG milk containingmore than 19% protein compared with about
less than 5% protein in the soy milk(Addo et al., 2016; Adu-Dapaah and Sangwan, 2004)and preferredby many
due to its flavour andcolour (Goli et al., 1991). In Asia for instance and particularly in Indonesia, afried BG snack
made from the immature seed is highlysought after. Known as ‘Kacang Bogor’, which are sold in high prices in
supermarkets and even in specialistfood shops in Europe. In appearance, it is similar to dryroasted peanut, but is
drier (less oil) and more strongly flavored. Nutritionistshave developed several recipesusing BG as substitutes for
other ingredients inIndonesia, Malaysia(Crops For the Future) and recently at the Food and Nutrition Sciences
Laboratory, International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria(Feldman et al., 2019).Overall,
the population need to be aware that adequate nutritional values are inherent in the consumption of the crop.
Materials and Methods
Materials
The BG accessions used for this study were obtained from the Genebank, International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria and grounded into flour before sample analysis. Samples were analyzed
chemically according to the official methods of analysis described by the Association of Official Analytical
Chemist (A.O.A.C., 18TH EDITION, 2005). All analysis was carried out in duplicate.
Proximate analysis:
Crude protein determination (AOAC Official Method 988.05 )
The crude protein in the sample were determined by the routine semi-micro Kjeldahl, procedure/technique. This
consists of three techniques of analysis namely Digestion, Distillation and Titration.
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Apparatus: Analytical Balance, Digestion tubes, Digestion Block Heaters, 50ml Burette, 5ml Pipette, 10ml
Pipette, 10ml Measuring Cylinder, 100ml Beakers, Fume Cupboard.
Reagents: ConC.H2SO4, 0.01NHCL, 40% (W/V) NaOH, 2% Boric Acid Solution, Methyl Red – Bromocresol green
mixed indicator, Kjeldahl Catalyst tablet.
Digestion
Some 0.5g of each finely ground dried sample was weighed carefully into the Kjeldahl digestion tubes to ensure
that all sample materials got to the bottom of the tubes. To this were added 1 Kjeldahl catalyst tablet and 10ml
of ConC. H2SO4. These were set in the appropriate hole of the Digestion Block Heaters in a fume cupboard. The
digestion was left on for 4 hours, after which a clear colourless solution was left in the tube. The digest was
cooled and carefully transferred into 100ml volumetric flask, thoroughly rinsing the digestion tube with distilled
water and the flask was made up to mark with distilled water.
Distillation
The distillation was done with Markham Distillation Apparatus which allows volatile substances such as
ammonia to be steam distilled with complete collection of the distillate. The apparatus was steamed out for
about ten minutes. The steam generator is then removed from the heat source to all the developing vacuum to
remove condensed water. The steam generator is then placed on the heat source (i.e. heating mantle) and each
component of the apparatus was fixed up appropriately.
Determination
Some 5ml portion of the digest above was pipetted into the body of the apparatus via the small funnel aperture.
To this was added 5ml of 40% (W/V) NaOH through the same opening with the 5ml pipette. The mixture was
steam-distilled for 2 minutes into a 50ml conical flask containing 10ml of 2% Boric Acid plus mixed indicator
solution placed at the receiving tip of the condenser. The Boric Acid plus indicator solution changes colour from
red to green showing that all the ammonia liberated have been trapped.
Titration
The green colour solution obtained was then titrated against 0.01N HCL contained in a 50ml Burette. At the end
point or equivalent point, the green colour turns to wine colour which indicates that all the Nitrogen trapped as
Ammonium Borate [(NH 4)2BO3] have been removed as Ammonium chloride (NH 4CL).
The percentage nitrogen in this analysis was calculated using the formula:
% N = Titre value x Atomic mass of Nitrogen x Normality of HCL used x 4
or % N = Titre value x Normality/Molarity of HCL used x Atomic mass of
N x Volume of flask containing the digest x 100
1
Weight of sample digested in milligram x Vol. of digest for steam distillation. The crude protein content is
determined by multiplying percentage Nitrogen by a constant factor of 6.25 i.e. % CP = % N x 6.25.
Crude fat or ether extract determination (AOAC official method 2003.06)
Apparatus: Soxhlet apparatus and accessories, oven, desicator and analytical balance.
Reagents: Petroleum spirit or Ether (40 – 60C b.pt).
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Determination: 1gm of each dried sample was weighed into fat free extraction thimble and pug lightly with
cotton wool. The thimble was placed in the extractor and fitted up with reflux condenser and a 250ml soxhlet
flask which has been previously dried in the oven, cooled in the desicator and weighed. The soxhlet flask is then
filled to 3/4 of its volume with petroleum ether (b.pt. 40º – 60ºC), and the soxhlet flask. Extractor plus condenser
set was placed on the heater. The heater was put on for six hours with constant running water from the tap for
condensation of ether vapour. The set is constantly watched for ether leaks and the heat source is adjusted
appropriately for the ether to boil gently. The Ether is left to siphon over several times say over at least 10 – 12
times until it is short of siphoning. It is after this is noticed that any ether content of the extractor is carefully
drained into the ether stock bottle. The thimble containing sample was then removed and dried on a clock glass
on the bench top. The extractor, flask and condenser are replaced and the distillation continues until the flask is
practically dry. The flask which now contains the fat or oil is detached, its exterior cleaned and dried to a
constant weight in the oven. If the initial weight of dry soxhlet flask is Wo and the final weight of oven dried flask
+ oil/fat is W1, percentage fat/oil is obtained by the formula:
W1 – Wo

x

Wt. of Sample taken

100
1

Dry matter and moisture determination (AOAC official method 967.08)
Apparatus: Oven, crucibles, dessicator and balance.
Reagents: Silical gel, grease.
Determination: 2g of the sample was weighed into a previously weighed crucible. The crucible plus
sample taken was then transferred into the oven set at 100C to dry to a constant weight for 24 hours overnight.
At the end of the 24 hours, the crucible plus sample was removed from the oven and transferred to dessicator,
cooled for ten minutes and weighed.
If the weight of empty crucible is Wo
weight of crucible plus sample is W1
weight of crucible plus oven-dried sample W3
(% DM) % Dry Matter = W3 – Wo x 100
W1 – Wo
1
% Moisture = W1 – W3 x 100
W1 – Wo
1
or % Moisture = 100 – % DM.
Determination of ash (AOAC official method 942.05)
Apparatus: Porcelain Crucibles, a Dessicator, Analytical Balances and a Furnace.
Determination: 2.0gm of the sample were weighed into a porcelain crucible. This was transferred into the muffle
furnace set at 550ºC and left for about 4 hours. About this time, it had turned to white ash. The crucible and its
content were cooled to about 100ºC in air, then room temperature in a dessicator and weighed. This was done
in duplicate. The percentage ash was calculated from the formula below:
Ash content = wt. of ash x 100
original wtof sample
Fibre determination (AOAC 958.06)
Apparatus: Heating mantle, crucibles, furnace, sieve cloth, fibre flask, funnel, analytical weighing balance, a
dessicator.
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Reagents: 0.255N H2SO4, 0.313N NaOH and Acetone.
Determination: 2.0gm of the sample was accurately into the fibre flask and 100ml of 0.255N H2SO4 added. The
mixture was heated under reflux for 1 hour with the heating mantle. The hot mixture was filtered through a
fibre sieve cloth. The filterate obtained was thrown off and the residue was returned to the fibre flask to which
100ml of (0.313N NaOH) was added and heated under reflux for another 1 hour. The mixture was filtered
through a fibre sieve cloth and 10ml of acetone added to dissolve any organic constituent. The residue was
washed with about 50ml hot water on the sieve cloth before it was finally transferred into the crucible. The
crucible and the residue were oven-dried at 105ºC overnight to drive off moisture. The oven-dried crucible
containing the residue was cooled in a dessicator and later weighed to obtain the weight W1. The crucible with
weight W1 was transferred to the muffle furnace for Ashing at 550C for 4 hours.
The crucible containing white or grey ash (free of carbonaceous material) was cooled in the dessicator and
weight to obtain W2. The difference W1 – W2 gives the weight of fibre. The percentage fibre was obtained by the
formula:
% Fiber = W1 – W2 x 100
wt. of sample
Carbohydrate by difference determination
The NFE determined by difference. This was done by subtracting SUM of (Moisture % + % Crude Protein + %
Ether Extract + % Crude Fibre + % Ash) from 100 i.e. (100 – (% M + % CP + % EE + % CF + % Ash).
Antinutrient analysis: Spectrophotometric method as described by Arntfield et al. (1985)was used in determining
the alkaloids while saponins and flavonoids were determined according to Association of Official Analytical
Chemist standard referenced procedures(Chemists, 1990).
Statistical analysis: Statistical Analysis Software (SAS, 9.4)was used in data analysis. Result was recorded in
duplicates for all determinations and the results expressed as mean± standard error (SE).Significance of the
differences was defined as p<0.05 for ANOVA. Thedifferences in mean were compared using the Duncan’s new
Multiple Range test (Duncan, 1955).
Table 1: Passport data of selected BG accessions obtained from the IITA genebank
Accession
No of seeds
Weight (g)
Accession
Country of
name
number
origin
TVSu-246
100
56.45
246
Gambia
TVSu-1518
100
60.62
1518
Not reported
TVSu-1570
100
53.98
1570
Not reported
TVSu-1630
100
72.37
1630
Togo
TVSu-1649
100
50.67
1649
Senegal

Digital object
identifier
10.18730/FN7J
10.18730/GSX8
10.18730/GVAG
10.18730/GX51
10.18730/GXQK

Results and Discussion
Proximate Composition
Tables 2 shows the results obtained from the present study which indicated highly significant (P < 0.0001)
proximate composition which when compared to Table 3 also related BG’s proximate composition with other
known crops. Protein content varied from 21.13 % in TVSU-1518 to 19.75% in TVSU-1570. Crude fat content
ranged from 5.91 (TVSU-1630) to 5.54 % (TVSU-1649); crude fibre contains 4.19 % in TVSU-1649 and 4.52 % in
TVSU-1630. Ash values ranged from 3.81% in TVSU-1518 to 3.97% in both TVSU-1630 and TVSU-246; moisture
content varies from 9.745% in TVSU-1630 to 9.93% in TVSU-1649, dry matter ranges from 90.12% in both TVSU-
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1570 and TVSU-246 to 90.25% in TVSU-1630 and carbohydrate varies from 45.05% in TVSU-1518 to 43.25%. The
phytonutrients such as flavonoids, alkaloids and saponin. Flavonoids values varies from 0.0094% (TVSU-1630) to
0.00505 (TVSU-1649); alkaloids; 0.2135% (TVSU-1518) and 0.182% (TVSU-1649) and saponin 0.387% (TVSU1630) to 0.3325 % (TVSU-1649) (Table 3).
Table 2: Proximate composition (%) of selected Bambara groundnut accessions
Accession
TVSU-1518
TVSU-1570
TVSU-1630
TVSU-1649
TVSU-246

CP ± SE
21.13 ±
b
0.0082
19.93 ±
d
0.0082
21.33 ±
a
0.0082
19.74 ±
e
0.0082
20.12 ±
c
0.0082

C fat ± SE
5.81 ±
b
0.0057
5.69 ±
d
0.0057
5.91 ±
a
0.0057
5.54 ±
e
0.0057
5.77 ±
c
0.0057

C fibre ± SE
4.47 ±
b
0.008
4.25 ±
d
0.008
4.52 ±
a
0.008
4.19 ±
e
0.008
4.30 ±
c
0.008

Ash ± SE
3.81 ±
d
0.0035
3.80 ±
e
0.0035
3.97 ±
a
0.0035
3.87 ±
c
0.0035
3.91 ±
b
0.0035

M ± SE
9.82 ±
c
0.0065
9.88 ±
b
0.0065
9.75±
d
0.0065
9.93 ±
a
0.0065
9.88 ±
b
0.0065

DM ± SE
90.185 ±
b
0.0065
90.125 ±
c
0.0065
90.255 ±
a
0.0065
90.07 ±
d
0.0065
90.12 ±
c
0.0065

CHO ± SE
45.05 ±
b
0.0083
43.53 ±
d
0.0083
45.47 ±
a
0.0083
43.26 ±
e
0.0083
43.98 ±
c
0.0083

CV
0.05
0.14
0.27
0.12
0.09
0.01
0.02
F Value
<.0001*
<.0001*
<.0001*
<.0001*
<.0002*
<.0002*
<.0001*
Key: CP= Crude protein; C fat=Crude fat; M=Moisture; DM= Dry matter; CHO=Carbohydrate; CV= Coefficient of variation, SE= Standard Error;
TVSU=Tropical Vigna sub Vigna subterranea * Significant level at P < 0.0001. Means with the same subscript along the column are not significantly different
(P<0.05).

Table 3: Reported ranges of proximate composition of BG seeds when compared with Soybean, Check pea,
Cowpea and Mungbean.
Crop
Soybean
Chickpea
Cowpea
Mungbean
Bambara
groundnut

Carbohydrate
(%)
26.838
60.981
66.758
65.987
64.433

Protein
(%)
41.762
22.084
27.167
21.029
23.589

Total fat
(%)
18.359
5.231
2.42
4.278
6.51

Total dietary
fibre (%)
13.049
11.684
3.655
8.706
5.495

Data adapted from Halimi et al. (2019)
Table 4: Means and Standard Error of selected BG anti-nutrients
Accession
TVSU-1518
TVSU-1570
TVSU-1630
TVSU-1649
TVSU-246

Flavonoids ± SE
b
0.00825±0.00006124
d
0.0057±0.00006124
a
0.0094±0.00006124
0.00505±0.00006124e
c
0.00705±0.00006124

Alkaloids ± SE
b
0.2135±0.00027386
d
0.1895±0.00027386
a
0.248±0.00027386
0.182±0.00027386e
c
0.1925±0.00027386

Saponin ± SE
b
0.377±0.00035355
d
0.3435±0.00035355
a
0.387±0.00035355
0.3325±0.00035355e
c
0.3605±0.00035355

CV
F Value

1.22
<.0001*

0.18
<.0001*

0.13
<.0001*

Discussion
Carbohydrates, proteins, fat and fibre are often regarded as proximate composition which typically describes the
major constituents of any food products analysis(Finglas et al., 2014; Greenfield and Southgate, 2003). The
proximate analysis also explained the moisture (or dry matter)as well as ash in a food product which further
differs from the macro and micro elements found in any food products. In nature, pulses are reputed to have
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highlevels of protein (up to about 40 %) and fibre ( 20% less or more) than commonly consumed cereals and
usually low levels of fat (usually less than 10%) when compared with oilseeds (Gepts et al., 2005). Consequently,
the amount of proximate are different from pulses or within species due to several factors such as variation due
to genetic and environmental interactions (Amarteifio et al., 2010; Medic et al., 2014).Studies have shown that
BGcontain greater number of proximate though with low level of fibre(Halimi et al., 2019; Honi et al., 2018;
Olaleye et al., 2013; Oyeyinka et al., 2018; Qaku et al., 2020).The proximate composition in BG is close to what
has been previously reported for cowpea, mungbean (Table 3). These legumes have benefitted from several
crop improvements programmes which BG is still tailed towardsnutritional and food quality improvements
(Boukar et al., 2016; Ebert, 2014; Kim et al., 2015; Muñoz‐Amatriaín et al., 2017; Shanmugasundaram et al.,
2009).
Carbohydrate composition
Carbohydrates play very significant role in human and animal nutrition as a major supplier of energy (Calories)
providing mutual support to improve health (Chibbar et al., 2010), and the management of common diseases
(Smith et al., 2012; Tosh and Yada, 2010). In this study, the carbohydrate composition ranges from 43.53 % in
TVSU-1570 to 45.47 % in TVSU-1630. This is lower when compared to the values of 63.37 % reported by
Alhassan et al. (2015); 67.55 % by Tchiotsa et al. (2004)with estimated high proportion of starch proportion up
to 60% in BG seeds(Yao et al., 2015).However, the outcome of this study is similar to other previous results
(Adebowale et al., 2011; Amarteifio and Moholo, 1998; Annan et al., 2003; Ijarotimi and Olopade, 2009).
Protein
Studies have reported legume seeds considerable less than 40% protein, (Pandey et al., 2016), a multiple of
what is obtainable in cereals (Asif et al., 2013).For BG, several research reports indicates its position as a protein
rich crop due to the amount (Goudoum et al., 2016; Hillocks et al., 2012; Massawe et al., 2002), above 20%
protein level (Boateng et al., 2013; Mubaiwa et al., 2017; Mwale et al., 2007). The result from this current study
also corroborates these claims. BG is reported to have huge crude protein unlike other pulses. Globally, BG
protein varies from 9.6 % to 30.7 % providing an avenue for crop improvement to a carefully structured breeding
system. Should this be successful, the journey to the agricultural transformationof the crop which have started
with sole aim of making substantial contribution to reducing malnutrition andfood security(Mayes et al.,
2019).In other related studies, the protein composition was higher to those of Abu-Salem and Abou-Arab (2011),
17.70%; Tchiotsa et al. (2004) 18.83 % and Alhassan et al. (2015)18.83%. However, the results obtained in this
study is similar to the report by Olaleye et al. (2013)15.2-22.2 %; Amarteifio and Moholo (1998) on BG seedsas
well as Chinedu and Nwinyi (2012); Soetan (2017)(26.60%). and Adegboyega et al. (2020)on African yam bean
(32.40%) and Adegboyega et al. (2019)on winged bean (31.13-28.43%).
Fatty acids
BG is highly reputed for low level in the amount of fat when compared with soybean and groundnut(Mudryj et
al., 2014), and essentially not too suitable for oil production (Asif et al., 2013; Vollmann, 2016). According to
Mayes et al. (2019)due to BG’s relative similarity in fatty acid structure with cowpea and related family member,
there could be an opportunity to change the related vigna family in areas where BG is cultivated.
Crude Fibre
Crude fibre contains 4.19 % in TVSU-1649 and 4.52 % in TVSU-1630 and similar to other previous studies on
Bambara groundnut crude fibre constituents(Alhassan et al., 2015; Alozie et al., 2009; Amarteifio and Moholo,
1998; Rocha-Guzmán et al., 2006).
Moisture Content
For most pulses, moisture content ranges between 9-12 % which assures reduction of mkcrobial attack and
storage safety thereby improving germplasm shelf life (Sujeetha et al., 2014). In the current study,the moisture
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content of the BG accessions analyzed were less than 10% and fellwithin the recommended values which implies
the seeds can be stored at room temperaturewithout microbial attack for a number of months (Baiyeri et al.,
2018). The valuesobtained in this study were less than the results reported byOjuederie and Balogun (2017)for
African yam bean (11.3 to 12.6%). Other similar studies on BG confirmed outcome of this current report
(Adebowale et al., 2011; Annan et al., 2003; Ijarotimi, 2008; Koné et al., 2011)
Antinutrients composition
Antinutritional factorsin pulses includes but not limited to tannins, phytic acid and saponins(Rochfort and
Panozzo, 2007)which reduces premium placed on orphan legume utilization(Soetan and Oyewole, 2009). The
antinutrients can reduce protein bioavailability and digestion by over 45 % (Gilani et al., 2012), as well as
lowering circulation ofother nutrients (Sandberg, 2002). Their removal is considered abreeding target for most
pulses(Wang et al., 2003). The results antinutrientsof the five accessions were shown in figure 1. Flavonoids
ranges from 0.006 % in TVSU-1570 to 0.009 % in TVSU-1630. Alkaloids varies from 0.190 % in TVSU-1570 to
0.248 % in TVSU-1630. Saponins ranges also varies from 0.333 % in TVSU-1649 to 0.387 % in TVSU-1630. These
results are similar to the works of Soetan (2017)andMubaiwa et al. (2018). Additional, the accessions had
comparable results with previous results on African yam bean byAjibola and Olapade (2016)and were lower than
those obtained from (Nwosu, 2013)and these values fall within the permissible limitbased on (Halimi et al.,
2019; Ndidi et al., 2014).
Conclusion
BG contains desirable nutritional properties that could support human and animal consumption and may
support global dietary diversification, infant weaning and other levels of utilization. Concerted efforts must be
made to increase awareness on its nutritional importance for food and income security. Targeted breeding
programmes could further assist to eliminate identified antinutrients and increase consumption strategies.
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