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Potential of Bambara Groundnut
(Vigna subterranea (L.) Verdc) Milk
as a Probiotic Beverage—A Review

YVONNE Y. MUREVANHEMA and VICTORIA A. JIDEANI
Department of Food Technology, Cape Peninsula University of Technology, Bellville, South Africa

Bambara groundnut (Vigna subterraenea (L.) verdc) (BGN) is a legume; its origin have been traced back to Africa, and it is
the third important legume; however, it is one of the neglected crops. It is highly nutritious, and has been termed a complete
food. Its seed consist of 49%–63.5% carbohydrate, 15%–25% protein, 4.5%–7.4% fat, 5.2%–6.4% fiber, 3.2%–4.4% ash
and 2% mineral compared to whole fresh cow milk 88% moisture, 4.8% carbohydrate, 3.2% proteins, 3.4% fat, 0.7% ash,
and 0.01% cholesterol. Its chemical composition is comparable to that of soy bean. Furthermore, BGN has been reported to
be a potential crop, owing to its nutritional composition, functional properties, antioxidant potential, and a drought resistant
crop. Bambara groundnut milk (BGNM) had been rated higher in acceptability than milk from other legumes like soybean
and cowpea. Probiotics have been defined as live microorganisms which when administered in adequate amount confer
a health benefit on the host. These benefits have been reported to be therapeutic, suppressing the growth and activity in
conditions like infectious diarrhea, irritable bowel syndrome, and inflammatory bowel disease. The nutritional profile of
BGNM is high enough to sustain the growth of probiotics. BGNs are normally boiled and salted, eaten as a relish or roasted,
and eaten as a snack. Hence, BGNM can also be fermented with lactic acid bacteria to make a probiotic beverage that not
only increase the economic value of the nutritious legume but also help in addressing malnutrition.

Keywords Bambara groundnut, bamabara groundnut milk, jugo bean, probiotic, vegetable milk, lactic acid bacteria,
yoghurt

INTRODUCTION

Introduction of exotic crops has led to the neglect of many
indigenous African crops (Odeigah and Osanyinpeju, 1998).
Agricultural research traditionally has focused on staple foods
while little attention has been given to underutilized and ne-
glected crops, particularly by scientist in developed countries
(Heller et al., 1997). Nevertheless, empirical evidence and the
result of specific research programmes indicate that these un-
derutilized crops have a considerable potential (Lawal et al.,
2007), more scientific studies needs to be channeled to these
crops (Odeigah and Osanyinpeju, 1998). One such underuti-
lized crop is bambara groundnut (BGN). BGN is known in
South Africa as jugoboon in Afrikaans; jugo in Xhosa; indlubu
in Ndebele; nduhu in Venda; ditloo in Sesuthu; nyimo in Shona
(Zimbabwe); and okpa otuanya in Nigeria. Table 1 shows other
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African names from different countries and languages (Anony-
mous, 2009). BGN is an indigenous African crop that has been
cultivated in Africa for centuries. It is a highly nutritious plant,
accordingly plays a crucial role in people’s diets (Jideani and
Mpotokwane, 2009). It is grown in the African continent from
Senegal to Kenya, and from the Sahara to South Africa and
Madagascar (Swanevelder, 1998). Beyond Africa, BGN is culti-
vated in Brazil where it is known as “mandubi d’Angola” as well
as in West Java and southern Thailand. Other tropical locations
could grow it too, like Middle East, Syria, and Greece. Small-
scale cultivation trials of BGN have been successful in Florida,
United States (NRC, 1996). BGN has become less important
in many parts of Africa because of the expansion of American
groundnut (Arachis hypgaea) production (Heller et al., 1997;
Odeigah and Osanyinpeju, 1998). In recent years there has been
renewed interest in the crop for cultivation in the arid savannah
zones, because of its resistance to drought, pests, and the ability
to produce a reasonable crop when grown on poor soils and
has long storage life (NRC, 1996; Swanevelder, 1998; Massawe
et al., 2002). Whole BGNs are edible seed of the BGN plant, a
legume from the Leguminous family (Heller et al., 1997; Basu
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Table 1 Common names of BGN

Country Language Name

Ghana Aboboi akyii
Nigeria Yoruba Epi roro

Hausa Guijiya
Gujuya

Kenya Njugu mawe
Zambia Juga bean

Ntoyo
Malawi Nzama

Njama
Madagascar Pistache

Voanjobory
Central Africa Njogo bean
Sudan Fulabungawi
Sierra Leone Creole Agbaroro
South Africa Tsonga Kokane

Nyume
Ndlowu

Venda Nduhu nwa tzidzimba
Afrikaans Jugoboon
Xhosa Jugo
Zulu Indlubu

Swaziland SiSwati Tindlubu
Zimbabwe Shona Nyimo

Ndebele Indlubu
French Voandzou, pois d’Angole, haricot

pistache, pois arachide, pois

Adapted from (Anonymous, 2009); NRC (1996).

et al., 2007). They are low in fat, but a good source of pro-
tein (Jideani and Mpotokwane, 2009) and believed to rank the
third grain legume after groundnuts and cowpea (Vigna unguic-
ulata) (Amarteifio and Moholo, 1998; Adebowale et al., 2002).
The seed contains about 49–63.5% carbohydrate, 15%–25%
protein, 4.5%–7.4% fat, 5.2%–6.4% fiber, and 3.2%–4.4% ash
(Goli et al., 1997; Karikari et al., 1997; Amarteifio and Mo-
holo, 1998). Bambara is a good source of fiber, calcium, iron,
potassium, and is unusually high in methionine, an essential
sulfur-containing amino acid (Omoikhoje, 2008). Protein foods
particularly animal protein continues to be in short supply in the
diets consumed by a large segment of the population in devel-
oping countries. Legumes are some of the low-priced source of
protein rich food important in alleviating protein malnutrition
and shortages (Ologhobo, 1994).

The health trend by consumers, together with the drive to
exploit the full potential of home-grown legume seed crops, has
provoked the utilization of relatively neglected legume sources
for human consumption and as live stock feed components
(Ologhobo, 1994). Vegetable milk have been proved to be a
prospective alternative to animal milk in the food industry, due
to their functionality and health claims (Uvere et al., 1999;
Lawal et al., 2007; Nti, 2009). The possibility of producing veg-
etable milk for local use was studied by Brough et al. (1993) and
the results indicated a great potential for the BGNM. Vegetable
milk from legumes and nuts can be extracted giving products
which can surrogate animal milk (Nsofor et al., 1996). Milk
extraction can be done on soaked seeds which are wet milled

and then strained (Nsofor et al., 1996). It is known that beany
flavor is associated with milk extracted from legumes and nuts
making them unpopular (Brough et al., 1993). Nevertheless, fer-
mentation; malting; and heat treatment can effectively eliminate
the beany flavor (Uvere et al., 1999; Isanga and Zhang, 2009;
Nti, 2009). Many studies have reported that soybean (Glycine
max) products fermented with lactic acid bacteria (LAB) can
provide unique probiotic foods for human nutrition (Kneifel,
1993; Heller, 2001; Oliveria et al., 2001; Shimakawa et al.,
2003; Granato et al., 2010). Like soybean products, lactic acid
fermented BGN may be suitable probiotic bacterial strain car-
rier to the host. Numerous studies have been done on BGNs,
however, nothing is known about bambara milk as a probiotic
beverage (Igbedioh et al., 1994; Alobo, 1999; Amadou et al.,
2001; Adebowale et al., 2002; Jideani and Motokwane, 2009;
Alakali et al., 2010). Our objective was to review the chemical
and nutritional properties of bambara and its potential for use
as probiotic beverage.

Origin and Description of Bambara Groundnut

BGN belongs to the Leguminose, subfamily Papilionodease
(Heller et al., 1997; Basu et al., 2007). Botanical studies showed
great similarities between BGN and plant species of the genus
Vigna. This confirmed the current name Vigna subterranea (L.)
Verdc proposed by Verdcourt (1980). According to Swanevelder
(1998) there are 2 botanical varieties namely V. subterranea var
spontanea which includes the wild varieties and V. subterranea
var subterranea which includes the cultivated varieties. Investi-
gators interested in the origin of the BGN (Heller et al., 1997;
Amadou et al., 2001; Massawe et al., 2002; Basu et al., 2007)
all agreed that the crop originated from the African continent.
The common name actually appears to be derived from a tribe,
Bambara, who now live mainly in Mali (Goli et al., 1997).
BGN resembles the American groundnut (Odeigah and Osany-
inpeju, 1998) in both cultivation and habit, is related to cowpeas
(Swanevelder, 1998), and has chemical similarities with soy-
bean (Amaefulu and Osuagwa, 2005). It is 1 of the 5 important
protein sources for many Africans (Basu et al., 2007).

BGN is an herbaceous, intermediate, annual legume, and self
pollinated (Heller et al., 1997; Basu et al., 2007) with a compact
well developed tap root with many short (up to 20 cm long)
lateral stems on which leaves are borne. Leaves are trifoliate,
petiole is long, stiff and grooved, and the base is green or purple
in color (Basu et al., 2007). Flowers are typically papilionaceous
and are borne in a raceme on long, hairy peduncles which arise
from the nodes on the stem (Massawe et al., 2002). The plant
has a well developed tap root with profuse geotropic lateral
roots. Its podding habit is similar to that of groundnut in that
pale yellow flower stalk bends downwards after fertilization,
pushing the young developing pod into the soil, where it will
develop and mature (Amadou et al., 2001) or just above the
ground (Basu et al., 2007). The pods are spherical or oval in
shape and may reach up to 3.7 cm depending on the number of
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seeds they contain (Basu et al., 2007). Most cultivars have single
seeded pods, but pods with 3 seeds are frequently found in the
ecotype from Congo (Amadou et al., 2001). The unripe pod is
yellowish green while the mature pods are indehiscent, often
wrinkled, ranging from yellowish to a reddish dark brown color
(Basu et al., 2007). The landraces consists of several genotypes
which has different capacity to tolerate biotic and abiotic stress
under a low input agricultural system (Zeven, 1998; Amadou
et al., 2001; Basu et al., 2007). An average day temperature
of 20–28◦C is ideal for the crop; it has a growth period of
110–150 days for the crop to develop (Basu et al., 2007). BGN
groundnut will grow on any well drained soil, but light sandy,
loams with a pH of 5.0–6.5 are most suitable (Basu et al., 2007).
Amadou et al. (2001) stated that BGN will often yield well in
environments that may be too hostile for more favored legumes,
it is not prone to the risk of total crop failure, especially in
low and uncertain rainfall (Brough et al., 1993; Baryeh, 2001),
making it play an important socio-economic role in the semi-
arid regions of Africa (Massawe et al., 2002). In this era of
global warming and food security threats in Africa, BGN will
be a crop of hope to alleviate malnutrition and poverty as a result
of its drought tolerant characteristics.

Physical Properties of Bambara Groundnut Seeds

Physical properties of BGN affect how they are to be pro-
cessed, handled, stored, and consumed (Baryeh, 2001; Mpotok-
wane et al., 2008). The physical properties are also required
for the design, evaluation of equipment, and systems for their
handling (Mpotokwane et al., 2008; Jideani and Mpotokwane,
2009), and they give an indication of its processing character-
istics leading to possible value added products (Baryeh, 2001;
Mpotokwane et al., 2008).

BGN landraces have recognizable morphological features
like the testa color and patterns which can be used for their
identification (Massawe et al., 2002). Various test patterns are
found, including mottled, with or without hilum (eye) col-
oration, blotched, or stripped, with or without helium coloration.
Figures 1 and 2 show some of the testa and eye patterns re-
spectively of BGN landraces (Goli et al., 1997). Commonly,
landraces have names based on the testa and the place they
are grown (Massawe et al., 2002). Five landraces of BGN with
distinct color difference namely, cream black eye; cream white
eye; brown; maroon; and black were studied by Nti (2009). The
2 cream varieties had smaller seed size, in terms of thousand
seed weight, and they were reported to have thinner seed coats
(0.11 and 0.12 mm), than the other 3 dark colored seeds with
thicker coat (0.20 mm). The germ length constitutes 55%–72%
of the total seed length while germ width was 50%–70%. Mpo-
tokwane et al. (2008) reported the physical properties of 5 BGN
(National Tested Seed Red (NTSR); Botswana Red (BoTR);
Diphiri cream (DipC1 and DipC2); and speckled (AS17) from
Botswana. NTSR are longer while Dip2 (brown eye) are shorter
in length than others. Bambara seeds differed significantly in

Figure 1 Types of BGN testa patterns (Goli et al., 1997).

geometric mean diameters, volume, and surface area with
NSTR, BoTR, and DipC1 (black-eye) being higher. The seeds
are generally high in aspect ratio, being highly spherical with
tendency to roll rather than slide. DipC1 (black-eye) seeds are
more spherical and occupies more volume and area than others.
The speckled seeds (AS17) are heavier than the others followed
by DipC1 and DipC2. Generally, the seeds are heavier than wa-
ter and therefore would not float in water. Jideani and Mpotok-
wane (2009) reported hydration kinetics of these 5 bambara seed
varieties. The water hydration rate increased and water absorp-
tion capacity decreased with increase in temperature. Hydra-
tion changes were associated with exothermic and energetically
favorable transformation. Higher actication energy and faster
water absorption was reported for speckled variety (AS17). The
optimum soaking time for BGN seeds was reported as 6 hours
at temperature ≤75◦C for all the varieties.

Economic and Food Uses of Bambara Groundnut in Africa

BGN is essentially grown for human consumption. The seed
makes a nutritious and complete food owing to its chemical
composition (Brough et al., 1993; Ijarotimi and Esho, 2009;
Mahala and Mohammed, 2010). Several workers have exam-
ined the biochemical composition of the seed (Alobo, 1999;
Adebowale et al., 2002; Lawal et al., 2007; Ijarotimi and Esho,
2009; Nti, 2009; Mahala and Mohammed, 2010). Despite the
low fat content some tribes in Congo roast and pound the seeds
to extract oil (Goli et al., 1997).

BGN are consumed in many ways, eaten fresh, or grilled
while immature (Goli., 1997; Swanevelder, 1998; Uvere et al.,
1999; Mpotokwane et al., 2008 ). They harden at maturity, and
therefore require soaking and or boiling before any specific
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Figure 2 Types of BGN eye patterns (Goli et al., 1997).

preparation (Abu-Ghanna and McKenna, 1997). The fresh pods
are boiled with salt and pepper, and eaten as a snack in many
West African countries (Goli, 1997). In East Africa, the ground-
nuts are roasted, then crushed, and used to make soup, with
or without condiments (Goli, 1997; Uvere et al., 1999). In
Cote d‘voire, the seeds are used to make flour, therefore, mak-
ing it more digestible. In Zambia bread is made from BGN
flour (Linneman, 1990); cakes in Botswana (Goli, 1997; Lawal
et al., 2007); stiff porridge, which has a relatively long shelf-life
(Goli, 1997). Paste from BGN flour is used in the preparation of
steamed product such as okpa in Nigeria (Goli, 1997). Okpa is
cooked dough-like gel made from BGN paste that is wrapped in
banana leaves and boiled. Roasted seeds can be boiled, crushed,
and eaten as relish. In Botswana, consumers often prefer the
immature seeds which are boiled in pod, salted, and consumed
either on their own or with maize seeds. The seeds of mature
black landrace are used for medicinal purposes (Heller et al.,
1997). Table 3 is a summary of the culinary uses of BGN in
Africa as reported by Goli (1997).

Brough et al. (1993) studied the potential of making veg-
etable milk and compared the flavor and composition of BGNM
with milk prepared from cowpea, pigeon pea, and soybean.
BGNM was ranked first, and the lighter color of the milk was
most preferred, giving an indication of the potential of making
BGNM.

Chemical and Nutritional Composition of Legumes
and Bambara Groundnut

Vigna species are highly nutritious, for example, cowpea
has approximately 25% protein and is rich in the amino acid
lysine and tryptophan (Baryeh, 2001). Vigna species provide
the major dietary protein and calories (Igbedioh et al., 1994)
in legume rich diets. High protein content (20%–25%) which

in general is well above twice the level found in cereal grains
and significantly more than the level in conventional root crops
(Adebowale et al., 2002) makes legumes promising crop both
nutritionally and commercially. Abundant proteins in legumes
are cheaper sources of proteins that would serve in alleviating
protein shortages (Brough et al., 1993; Lawal et al., 2007). Gen-
erally, legumes and in particular underutilized legues have been
reported to possess (1) nutritional versatility; (2) desirable func-
tional properties; (3) bioactive compounds; (4) pharmaceutical
value; and (5) antinutritional factors (Bhat and Karim, 2009).

Nutritional Versatility and Desirable Functional
Characteristics of BGN

BGN seed makes a complete food (Brough et al., 1993;
Ijarotimi and Esho, 2009; Mahala and Mohammed, 2010) as it
contains sufficient quantities of protein (20.5%), carbohydrate
(63%), and fat (6.3%) with relatively high proportions of lysine
and methionine as a percentage of the protein (6.6% and 1.3%,
respectively) (Brough et al., 1993); appreciable amount of mi-
cronutrients (Ijarotimi and Esho, 2009); and has antioxidative
properties (Pale et al., 1997; Onyilagha et al., 2009).

Protein and carbohydrates composition of BGN differs with
landraces (Amarteifio and Moholo, 1998; Baryeh, 2001; Basu
et al., 2007). Protein ranges between 19.3% and 27.2% (Heller
et al., 1997). The black variant has the highest protein content,
while the cream has the lowest (Nti, 2009). The high protein
content of BGN is an indication of its prospective usage as
functional ingredients. Alakali et al. (2010) evaluated compos-
ite beef-BGN flour patties, and reported that the BGN flour
significantly reduced the shrinkage of the cooked patties, while
percentage cooking yield, moisture retention, and fat retention
increased significantly. Brough et al. (1993) reported that a crude
protein isolate (76%) from bambara protein was inferior to the
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Table 2 The composition of 4 legumes

Component Value

Ash 2.0–3.6
Carbohydrate 63.5–68.5
Crude fat 1.6–6.7
Crude fiber 1.8–12.9
Crude protein 17.0–24
Minerals (mg/100 g)

Iron 5.9–7.1
Potassium 1240–1290
Phosphorus 296–320
Sodium 3.7–4.8
Calcium 7.8–13.5

Adapted from Apata and Ologhobo (1994); Igbedioh et al. (1994); Ijarotimi and
Esho (2009); Mahala and Mohammed (2010).

standard protein (egg albumen and soy isolate) in terms of func-
tionality. Nevertheless, the same study reported that BGN milk
was most acceptable to the consumers as compared to cowpea,
pigeon pea, and soybean milk. Nonetheless, Lawal et al. (2007)
argued that native proteins posses limited functionality and rec-
ommended a technical need to manipulate the plant proteins
and give them desirable characteristics. The authors improved
the solubility of BGN protein concentrate following acetyla-
tion and succinylation resulting in improved emulsifying and
foaming properties of BGN native protein concentrate. Table 2
shows the range of chemical composition range of BGN as re-
ported by Igbedioh et al. (1994); Apata and Ologhobo (1994);
Ijarotimi and Esho (2009) and Mahala and Mohammed (2010).
Omoikhoje (2008) observed that the essential amino acids con-
tent of BGN such as lysine 6.82 g per 16 gN; methionine 1.85 g
per 16 gN, and cysteine 1.24 g per 16gN is comparable to
that of soy bean lysine 6.24 g per 16 gN, methionine 1.14 g
per16 gN, and cysteine 1.80 g per 16 gN. Furthermore, Oni-
mawo et al. (1998) reported that BGN has potential as source of
plant proteins due to high (17.5%–21.1%) crude protein content.
In addition, emulsifying activity, bulk density, and oil binding
capacities of BGN indicate that it can be used in food formu-
lations for specific functional properties. Hence, native protein
functionality might be lacking but still bambara is considered
an important crop, and complete food owing to it nutritional
composition (Brough et al., 1993; Apata and Ologhobo, 1994;
Ijarotimi and Esho, 2009; Mahala and Mohammed, 2010).

Dark seeded landraces (black and red) have a higher nutrient
and mineral contents than the light-seeded ones (cream) (Goli,
1997; Nti, 2009). However, in Botswana the locals prefer the
light colored seeds for consumption because they have short
cooking times and superior flavor (Heller et al., 1997; Nti, 2009).
Mahala and Mohammed (2010) reported crude protein in the
seeds (25%) being higher than in the pods (19.6%) and hulls. In
contrast, Omoikhoje (2008) and Brough et al. (1993) reported
lower content in the seeds, 19.6% and 16.3%, respectively. The
disparity may be as a result of differences in soil content as well
as the moisture content of the BGN.

Total carbohydrate content of legumes is typically 60% and
these carbohydrates generally have good bioavailability activity

(Lam and de Lumen 2003). Starch account for the most portion
of legume carbohydrate content, ranging from 24% to 56% while
the oilseeds have lower carbohydrate content with values such as
14% for peanuts and 32% for soybean. Oligosaccharides of the
raffinose family (raffinose, starchyose, verbascose, and ajacise)
account for 31%–76% of the total sugar. The resistance raffinose
oligosaccharides to human and monogastric animal digestion
present a flatulence problem to certain individuals (Lam and de
Lumen 2003). Soy milk naturally does not contain a lot of simple
sugars, thus sucrose or glucose can be added during yoghurt
production to facilitate the fermentation process. Germination
of soy beans to be used in yoghurt production reduces flatulence
causing oligosaccharides in soy milk. Hence, germination of
BGN seeds can be adopted for producing flatulence-free milk
from BGN. BGN is reported to have the highest concentration of
soluble fiber among other beans. Soluble fiber is a non-nutrient
common in oat bran and is believed to reduce the incidence of
heart disease and to help present colon cancer (NRC, 1996).

Fat content of BGN seeds (6%–8% of dry matter) is higher
than that found in cereals, it is too low to be used as an oil
source (Brough et al., 1993). However, a tribe in Congo roast
and pound the seeds to extract oil (Goli, 1997). Fat is higher
in the hull and pods while least in the seeds, 4.3%, 3.5%, and
1.6%, respectively. The lipid content of legumes is generally 7%
with the exception of the oil seeds peanut and soybean, which
contain about 52% and 20% oil, respectively. Legumes provide
essential fatty acids to the human diet. Peanut contains 22%

Table 3 Culinary uses of BGN in Africa

Country Name Culinary uses

South Africa Sekome (Sesuthu)
Tihove (Shangaan)
Tshidzimba (Venda)

Adding beans and peanuts or just
1 of the 2, to maize or millet
meal and boiling the mixture
until it forms a stiff dough. This
is salted and pounded into a
small ball, and will often keep
fresh for several days.

Tshipupu (Venda) Boiled and then stirred t make a
thin porridge, like maize, they
may also be added to a porridge
made from peanuts.

Dithaku (Sesutho) Cooked with maize and pounded
into thick sticky dough.

Zimbabwe Mutakura (Shona)
Nkobe (Ndebele)

Boiled with maize, peanuts,
cowpeas salted served with
mahewu

West African
countries

The fresh pods are boiled with salt
and pepper, and eaten as a
snack

Botswana Immature seeds, which are boiled
in pod, salted, and consumed
either on their own or with
maize seeds

East Africa The groundnuts are roasted, then
pulverized, and used to make
soup, with or without
condiments

Adapted from Goli et al. (1997).
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linolenic, whereas soybean has 54% linoleic and 8% linolenic
(Aidoo et al., 2010). BGN has high lipid content relative to
cowpeas and hence constitutes a potential source of essential
fatty acids, especially linoleic (Alian et al., 2007).

The ash content of BGN is reported to be higher in the
hulls (5.3%) than in the seeds (3.6%). Black variant had the
highest iron of 6.6 mg 100g−1, while 3.3–3.9 mg 100g−1 was
recorded for the cream colored variant. Legumes are high in
iron, with 1 serving of legume providing around 2 mg of iron,
this compares favorably with the iron Recommended Daily Al-
lowances (RDAs) of 10 and 15 mg for adult men and pre-
menopausal women, respectively. However, iron bioavailability
from legumes is poor, as a result their value as a source of
iron is diminished (Lam and de Lumen, 2003). In contrast, zinc
bioavailability from legumes is relatively high at around 25%.
Furthermore, many beans are good sources of calcium, pro-
viding an average 50 mg of calcium per serving (Lam and de
Lumen, 2003). Calcium bioavailability from soybean products
is essentially equivalent to that from milk, but the balance of cal-
cium to phosphorus is inadequate, since the ratio is 1:2, whereas
the ideal is 2:1. Legume contain very low (0.05 g per kg) amount
of sodium (Lam and de Lumen, 2003), which is good for health
because of the relationship that low sodium diets has to hyper-
tension in humans (Apata and Ologhobo, 1994).

Studies have shown that the gross energy value of the BGN
seeds is greater than that of common pulses such as cow-
pea, lentil, etc. and its protein content is higher in the essen-
tial amino acids particularly methionine compared with other
legumes (Ijarotimi and Esho, 2009).

Legumes seeds are excellent sources of folate, which, in
addition to being an essential nutrient, is thought to reduce
the risk of neural tube defects (Lam and de Lumen, 2003).
Beans are also good sources of thiamine and pantothenic
acid. On average, 100 g of legume seeds provide 23% of the
nicotinic acid, 50% of the thiamine, 15% riboflavin, 20% of
the vitamin B6, 195% of the folate, and 30% of the pantothenic
acid requirement of an adult (based on US RDAs). It has been
recognized that legumes are functional foods that both promote
good health and have therapeutic properties (Amarowicz and
Pegg, 2008). Legumes have shown to have low glycemic index,
hypocholesterolemic effect, breast cancer prevention, and
health benefits with respect to cardiovascular diseases and bone
health (Awaisheh et al., 2005).

Bioactive Compounds and Pharmaceutical Value of Legumes
and BGN

Antioxidants are principal ingredients that protects food qual-
ity by retarding oxidative breakdown of lipids (White and Xing,
2001), the human body cells and tissues from the damag-
ing effects of toxic molecules called free radicals (Adelakun
et al., 2009). Most legumes contain some antioxidants. Typi-
cal compounds that posses antioxidants activity includes phe-
nols, phenolic acids and derivatives, flavonoids, tocols, phospho-

lipids, amino acids and peptides, phytic acid, ascorbic acid, pig-
ments, and sterols. Phenolic compounds are widely distributed
in legumes. Chlorogenic, isochlorogenic, caffeic, ferulic, p-
coumaric, syringic, vanillic, and p-hydroxybenzoic acids are
commonly present in legumes (White and Xing, 2001).

Legumes contain a number of bioactive substances includ-
ing phenolics that can diminish protein digestibility and mineral
bioavailability. Protease inhibitors from legumes can interfere
with protein digestion, 2 types trypsin and chymotrypsin in-
hibitors have been identified in soybean (Lam and de Lumen,
2003). Boiling dry beans generally reduces the protease in-
hibitors content by 80%–90%. A high tannins concentration
(4.5–15.0 mg CE g−1) was observed for the black variant
of BGN (Nti, 2009). Alian et al. (2007) reported improving
the nutritional quality of BGN flours by eliminating antinu-
trients and concentrating most essential nutrients after treat-
ing the flours with 60% ethanol. Tannins are biological active
compounds and may have beneficial or adverse nutritional ef-
fects. Condensed tannins, the predominant phenolic compounds
in legumes seeds, were widely found in lentil, pea, colored,
and common beans (Nti, 2009). Tannins are located mainly
in the testa and play an important role in defense system of
seeds that are exposed to oxidative damage by many environ-
ments factors (Xu and Chang, 2007). Tannins concentration
increase with seed coat color intensity (Nti, 2009). Dehulling
increased the protein content, reducing tannins content by up to
92% and improving the color of bambara products, while heat
treatment enhanced their aroma, taste and overall acceptability
(Nti, 2009).

Phenolic compounds such as flavonoids, phenolic acids, lig-
nans, and tannins have antioxidant properties, and these are very
important from nutritional and technological points of view.
The antioxidant capacity of legumes depends on the biological
variety of the plant (Amarowicz and Pegg, 2008). Phenolics
are natural antioxidants which represent an important group of
bioactive compounds in foods which may prevent the devel-
opment of many diseases including atherosclerosis and cancer
(Onyilagha et al., 2009). They also act as protective factors
against oxidative damage and posses antimutagenic activity.
Tsuda et al. (1994) reported screening of antioxidative activity
of edible pulses; cyaniding 3-O-β-D-glucoside an anthocyanin
pigment isolated from red bean (P. vulgaris L.) showed strong
antioxidative activity.

Anthocyanins are water soluble pigments that are responsi-
ble for the red, blue, and purple colors in most flowers, seeds,
and fruits (da Costa et al., 2000). Tsuda et al. (1994) examined
the antioxidative role of the pigments in the seed coat of pea
bean. The pigment anthocyanins are glycosylated derivatives
of the 3, 5, 7, 3′-tetrahydroxyflavylium cation and are classi-
fied as flavonoids. Their beneficial pharmacological activities
and possible health benefits of the anthocyanins confer a dis-
tinct advantage for their use (da Costa et al., 2000). Coloration
of the different landraces showed marked variation, this was
attributed to the cultivation region and the harvest time and
landrace (Nti, 2009). Anthocyanins were observed to posses,
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known biological activities (Pale et al., 1997). Pale et al. (1997)
identified 3-β-O-monoglucoside of cyanidin, petunidin, and
malvidin from the seed coat pigments of BGN seeds. Tsuda
et al. (1994) stated that, 3-O-β-D-glucoside is found widely in
many seeds, and it may play an important role as a dietary antiox-
idant after ingestion in the prevention of lipid peroxidation of
cell membranes induced by active oxygen radicals in the living
systems.

Cowpeas contain bioactive antioxidants such as tocopherols,
Vitamin C, carotenoids, and phenolic compounds. Flavanoids
and proanthocyanidins function as antioxidant (Onyilagha et al.,
2009). Kaempferol, km-3-O-rutinoside; km-7-O-rhamnoside;
km-3-O-glucoside, and km-3-O-glucosyl-7-rhamnoside are an-
tioxidants isolated from BGN (Onyilagha et al., 2009). Red
peanut skins were found to contain 7%–9% procyanidins
with 50% of these as low as low molecular weight phenolic
oligomers. The low molecular weight phenolics were mainly
flavan-3ols of catechin and epicatechin (White and Xing, 2001).
Tocopherols have long tradition as being hydrogen-donation an-
tioxidants, peanut oil was found to contain between 350 and
650 ppm tocopherols (White and Zing 2001). Soybean con-
centrates and aqueous extracts of soybeans contain isoflavones
and phenolic acids as the main antioxidants, organic solvents
extracts contain tocopherol, sterol, phospholipids, and other
flavonoids while proteins hydrolysates contain antioxidants,
amino acids and peptides (White and Zing, 2001). Antioxi-
dants from nuts are generally localized in the seed coat with
lower amounts in the cotyledons. Red and black seed coat of
BGN exhibited strong antioxidant activity but their antioxidative
mechanisms were different (Onyilagha et al., 2009).

The addition of antioxidants has become popular as a means
of increasing shelf life of food and improving the stability of
lipids and lipids containing food by prevention of loss of sen-
sory and nutritional quality. In living systems antioxidants may
be effective against oxidative damage. Synthetic antioxidants
are suspected to be carcinogenic; therefore, the importance of
natural antioxidants has increased greatly, thus making the BGN
seed coat a potential source (Onyilagha et al., 2009).

Perhaps the bioactive content of BGN may explain some
medicinal uses reported in some countries for BGN. Leaf prepa-
rations are applied to abscesses and infected wounds; sap from
bambara leaves is applied to the eyes to treat epilepsy; roots
are sometimes taken as an aphrodisiac; and pounded seeds are
mixed with water and used to treat cataracts in Senegal. The
Igbos in Nigeria use the plant to treat venereal diseases (Brink
and Belay, 2006). The Lio tribe in Kenya use BGN for treating
diarrhea, as water from boiled maize and BGN is drunk (Goli,
1991). Extracts from leaves mixed with those of Lanfana triflia
L. make a solution that can be used to wash live stock or as
an insecticides (Mandawire, 2007). The black seeded landraces
have reputation of being a treatment for impotence in Botswana
(NRC, 1996). Chewing and swallowing raw seeds is believed
to check nausea and vomiting often used to treat morning sick-
ness in pregnant women among South Africans (Swanevelder,
1998).

Nutritional and Economic Value of Milk from Plants
and Vegetables

Vegetables do not produce literal milk, like a cow; however,
there are products made from oil seeds, legumes, and cereals that
resemble cow milk in appearance and nutrition. Tradition and
economic reasons that limit the use of dairy products promote
the idea of reducing dairy products as vehicles of the probiotics
agents or even replacing milk from other media, such as cereals,
fruits, and vegetables (Granato et al., 2010). Most prominent
of these is soy milk, its nutritional content is very close to that
of cow milk (Prado et al., 2008). It can be coagulated to make
cheese and fermented to make yoghurt. The production of veg-
etable milk using legumes and oil seeds is an old technology.
However, the technology has been improved to include devel-
opment of vegetable alternatives to dairy milk especially in the
formulation of infant foods because they are high in protein,
mineral, and vitamins. Legumes that have been used in veg-
etable milk production include soybean, cowpeas, winged bean,
groundnut, and melon seeds (Rivera–Espinoza and Gallardo-
Navarro, 2010); chickpea, pigeon peas, black graw, mung beans,
coconut, lupin, peanut, and sunflower (Quasem et al., 2009)
and BGN (Brough et al., 1993). Growing awareness of the
nutritional benefits of plant based foods by health conscience
consumers, religious reasons, vegetarianism, cholesterol-free,
lactose-free, and dairy-free diets has lead to the more pro-
duction of vegetable milk (Blandino et al., 2003). A lot of
attention has been given to soymilk and its protein isolate bev-
erage since they are considered to be nutritious and healthy
(Quasem et al., 2009). Consequently, soybean and peanuts have
been used in a variety of milk based products including cof-
fee creamers, and chocolate milk drink (Aidoo et al., 2010).
Legumes and oil seeds have characteristics that make it con-
venient to combine 2 or more to obtain an acceptable product.
Vegetable milk made from peanut and cowpea blends could
be dehydrated to produce an inexpensive dry milk powder
(Aidoo et al., 2010).

Vegetable milk and vegetable milk products have nutritional
benefits for young and old people because of their extreme rich-
ness in protein, minerals, and essential fatty acids, which are
considered to be highly valuable for human nutrition (Brough
et al., 1993; Wang et al., 2007). It is also suitable for both reli-
gious (vegetarians) and health (children who are allergic to cow
milk protein, people on cholesterol-free, lactose-free, and dairy-
free diets) reasons (Granato et al., 2010). The current interest in
vegetable milk has been motivated by dairy and dairy products
being priced too high for the low income earners (Lawal et al.,
2007). Peanut milk is low-cost edible product with a high nutri-
tional value. In this regard, researchers have focused on prod-
ucts, resulting from fermentation such as yoghurt, buttermilk,
and ripened cheese analogues (Lawal et al., 2007). Lactose in-
tolerance, cholesterol content, and allergenic milk proteins are
the major drawbacks related to the intake of dairy products,
which makes the development of new probiotic foods essential
(Granato et al., 2010).



POTENTIAL OF BAMBARA GROUNDNUT (VIGNA SUBTERRANEAN (L.) VERDC) MILK 961

Fermented food can be included in the category of functional
foods because of their content of calcium and other health pro-
moting components (Prado et al., 2008). There is a greater in-
terest in the potential beneficial effects of the fermented milk
on the health resulting in the increase of available variety and
amount consumed around the world. Dairy products have been
used traditionally as vehicles of probiotics in humans. BGN
milk posses the potential for use in probiotic beverage owing to
its similarity to soybean milk.

Technology of Vegetable Milk Production

Production of vegetable milk involves the extraction of the
juice. This can be done in a number of ways depending on
the type of the seed of interest and the test objective. The fol-
lowing paragraphs are a summary of procedures used by other
researchers. Peanuts, being high in energy and cowpeas being
low, the 2 were combined in specific ratio (1:2), slurred in a
blender. The slurry was further milled using a colloid mill to
obtain a smooth, fine, homogeneous milk. The milk was then
dehydrated. The milk flakes were then milled to a fine powder
with a hammer mill (Aidoo et al., 2010).

Peanut milk was produced by soaking and grinding the seeds
with water to get slurry, and then subjected to filtration. Al-
ternatively, it was also produced by grinding unsoaked roasted
peanut, raw full fat or partially defatted peanuts, to form flour to
which water was added to make an emulsion (Aidoo et al., 2010).
Peanut protein isolates can be used to supplement animal milk.

Akinyele and Akinlosotu (1991) described the extraction of
cowpea milk. The cowpea seeds were soaked overnight, de-
hulled, and resoaked for 24 hours. The soaked seeds were then
divided into 2, half was used to prepare the raw milk direct, and
the other half was toasted to prepare pretreated milk. The raw
milk was prepared by homogenizing 1 portion of the soaked
beans with hot water, initially in a Kenwood food processor to
reduce the size, followed by high-speed mixing using a Silver-
son food mixer to ensure a fine suspension of beans and water.
Pretreated milk was produced by first lightly toasting the beans
prior to homogenizing 1 portion with hot water, other portion
with cold water, about, until the color was slightly translucent.
After homogenization, the milk was strained through a muslin
cloth.

Nnam (1997) described the production of vegetable milk
where a fermentation step was included. Cowpea seeds were
dehulled, and milled using a laboratory hammer mill to fine
flour. The flour was mixed with deionized water at a ratio of 1:4
and allowed to ferment by the microflora present in the paste
for 24 hours at an average room temperature. The fermentation
product was freeze dried to a 96% dry matter. The dried flour was
remilled in the laboratory hammer mill to fine powder. The flour
was then mixed with deionized water in a Silverson food mixer.
The slurry was then be filtered through a double muslin cloth to
yield the test emulsion. The emulsion was then centrifuged and
autoclaved.

Legumes are unpopular to some people because of their char-
acteristic beany flavor (Alobo, 1999). Advances in fermented
products manufacture revealed that hexanal, which is one of
the compounds responsible for the unwanted beany flavor, dis-
appears completely as a result of fermentation (Nnam, 1997;
Champagne and Gardner, 2008). Experience of milk production
from cowpea and soybean which are closely related to BGN,
has shown that in order to remove the beany taste, associated
with vegetable milk, it is necessary to heat treat the seeds prior
to homogenization (Brough et al., 1993). Quasem et al. (2009)
prepared some sesame seed milk from decorticated seeds. The
seeds were mixed with tap water and ground, then homoge-
nized, 1 portion was pasteurized while the other was sterilized.
The study revealed the possibility of producing sesame milk.

The production of BGN milk has to be done in such a way
that the nonfat solids meet the legal standards for the coagulum
to be acceptable to the consumer. Best quality of yoghurt is
obtained when the milk has 15–16 g 100 g−1 solids (Tamime
and Robinson, 1999). The amount of proteins present in the
milk might be too low such that fortification with nonfat solids
will be of primary importance, the more the nonfat solids the
more viscous or consistency of the final product. Hydrocolloids
are normally used as stabilizers; they bind water and promote
the increase in viscosity. The gel strength and syneresis are
influenced by the method of fortification used, the best way
for BGN milk needs to be investigated. Stability of the BGN is
another step that require a lot of attention, the right, temperature,
pressure, and time must be employed so as to get an exceptional
final product (Tamime and Robinson, 1999).

Physiology and Benefits of Probiotics in Human Diet

Probiotics can be defined as “live organisms which when
administered in adequate amounts, confer a health benefit on
the host” (Champagne and Gardner, 2008; Prado et al., 2008).
The microorganisms must be alive and present in high num-
bers, generally more than 109 cells per daily dosage (Shima
et al., 2006). A total of 78% of current probiotic sales in the
world are delivered through yoghurt (Granato et al., 2010). Fruit
juices desserts and cereal-based products featuring probiotics
are also suitable media for delivering probiotics (Ranadheera
et al., 2010). Lavermicocca (2006) mentioned that in the 1900s
a Russian scientist Metchnikoff concluded that fermented foods
prolong life, he also reported that daily intake of probiotics con-
tribute to improving and maintaining well balanced intestinal
flora and it prevents gastrointestinal disorders. The genera Lac-
tobacillus and Bifidobacterium are normally used as probiotics
(Champagne et al., 2009).

LAB belong to a group of gram-positive anaerobic bacteria
that excrete lactic acid as their main fermentation product into
the culture medium (Isolauri et al., 2000). LAB were among the
first organisms to be used in food manufacturing, they contribute
significantly to human health and nutrition (Furet et al., 2004).
Today, they play crucial roles in the manufacturing of fermented
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milk products; vegetable; fruit; cereals (Granato et al., 2010);
meat; wine (Furet et al., 2004); and vegetable milk (Wang et al.,
2007). LAB are also commensally inhabitants of the gastroin-
testinal tract in humans and animals where they contribute to
the complex interactions between the intestinal microbiota and
the host (Furet et al., 2004).

As probiotics, LAB have shown that they may present sig-
nificant beneficial clinical effects in preventing and treating
diarrhea, and in improving the digestion of lactose by lac-
tase deficient individuals, preventing or treating certain aller-
gies (Isolauri et al., 2000) and inflammatory bowel diseases
and cholesterol lowering (Scheinbach, 1998; Kaur and Kapoor,
2002). Figure 3 summarizes the benefits of probiotics in human
nutrition. However, in order to exert their beneficial effects in the
host, bacteria have to be alive during their transit time through
the gastric juice, in the stomach, when they reach the small intes-
tine and colon (Rivera-Espinaza and Gallardo-Navarro, 2010).
Although recently there are convincing data on beneficial im-
munological effects derived from dead cells Rivera-Espinaza
and Gallardo-Navarro (2010) urges that best effect is achieved
when the microorganisms colonize the intestinal epithelium
since they can affect the intestinal immune system, displace
enteric pathogens, provide antimutagens and antioxidants, and
possible other effects by cell signaling (Rivera-Espinaza and
Gallardo-Navarro, 2010). It is advisable to note that the health
benefits imparted by probiotics are strain specific, no strain will
provide all proposed benefits (Gorbach, 2002). Soy bean yoghurt
is usually made using the normal yoghurt cultures, Lactobacil-
lus bulgaricus and Streptococcus thermophilus, this can hold
true for BGNM. Nevertheless, selection of probiotics which
survive and thrive well in the BGNM must be investigated.
Probiotics in the form of fermented milk products have been
consumed for centuries (Lavermicocca, 2006). In this century,
various health benefits have been reported to result from con-
sumption of foods containing live microorganisms, particularly
LAB (Scheinbach, 1998). Lactobacilli occur naturally in the
human intestine (Kneifel et al., 1993; Shimakawa et al., 2003);
therefore, they are preferentially developed for commercial use
as probiotics. Functional properties of probiotics are the produc-
tion of antimicrobial compounds, and the ability to modulate
immune response and adhesion to the gut tissue (Heller, 2001).
Antagonization of pathogens by probiotics, involve production
of antimicrobial compounds such as lactic acid, acetic acid,
hydrogen peroxide, and bacteriocins (Lavermicocca, 2006).
Figure 3 is a summary of some of the therapeutic benefit of
probiotics

The complex composition of the intestinal flora is relatively
stable in healthy human beings (Awaisheh et al., 2005), any
disturbance results in changes in the intestinal flora, which con-
sequently allows undesirable microorganisms to dominate in
the intestine and as a result leads in to infectionous diseases
(Oliveria et al., 2001). Factors that influence microbiota popu-
lation include contributions from host physiology, endogenous
nutrients (Adolfson et al., 2004), intestinal pH, microbial in-
teractions, environmental temperature (Oliveria et al., 2001),

peristalsis, bile acids, host secretions, immune responses, drug
therapy, bacterial mucosal receptors (Park and Oh, 2007), ag-
ing stress, diet (Rivera-Espinaza and Gallardo-Navarro, 2010),
and bacterial contamination and constipation (Gismond et al.,
1999).

The association between stress and various gastrointestinal
diseases, including functional bowel disorders, inflammatory
bowel disease, peptic ulcer disease, and gastro esophageal reflux
disease, is being actively investigated (Heller, 2001). The inher-
ent presence of antioxidants, chemical, and nutritional compo-
sition of BGN make its milk a potential ingredient for fermen-
tation by LAB as a beverage.

Yoghurt as Probiotic Beverage

Microbiologically yoghurt is an end product of a controlled
fermentation of high solids whole milk with a symbiotic mix-
ture Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. Bulgaricus (Vedamutha, 1982). The South African regu-
lation defines yoghurt as the product obtained from pasteurized
milk or reconstituted milk which has been inoculated with a
yoghurt culture and which is allowed to ferment under con-
trolled conditions while milk is the normal mammary gland
secretion obtained from lactating cows of the bovine species,
goats, or sheep (Anonymous, 2001). Nevertheless, Shimakawa
et al. (2003) argues that soymilk can be treated in the same
way as cow’s milk when making soy yoghurt. Lactobacillus
acidophilus and Bifidobacterium bifidum are the 2 most im-
portant strains to look for in probiotic beverages, but there are
more than 400 strains of beneficial probiotics (Shimakawa et al.,
2003). Lactobacillus acidophilus bacteria lives in human small
intestines, where it helps to digest other nutrients, including
proteins and milk, as well as producing natural antibiotics that
help fight harmful bacteria and can lower density lipoprotein,
the so called “bad cholesterol” (Oliveria et al., 2001). Bifidobac-
terium is the good gut flora found in the large intestine which
aids in the production of B vitamins, increases acidity to help
destroy harmful bacteria, improves bowel function, and elim-
inates bowel toxins (Kneifel et al., 1993; Shimakawa et al.,
2003). Good-quality yoghurt is obtained when the yoghurt cul-
tures are used in the 1:1 ratio, at a temperature range of 35–45◦C
(Vedamutha, 1982; Kneifel et al., 1993). These 2 genera, Strep-
tococcus and Lactobacillus’, role in yoghurt manufacture can
be summarized as milk acidification and synthesis of aromatic
compounds (Kneifel et al., 1993; Shimakawa et al., 2003). In
both Streptococcus and Lactobacillus, lactose is used via the
Embden–Meyerhof–Parnas pathway in which the pyruvate is
reduced to lactic acid (Serra et al., 2009).

Flavor compounds that contribute to the final aroma of
yoghurt may be divided into 4 categories: nonvolatile acids
(lactic or pyruvic or acetic), volatile acids (butyric or acetic),
carbonyl compounds (acetaldehyde or diacetyl), and miscella-
neous compounds (amino acids or products formed by thermal
degradation). Quantitative determination of organic acids is
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Figure 3 Summary of some of the benefits of probiotics. Adapted from Lavermicocca (2006); Shima et al. (2006); Prado et al. (2008); Champagne and Gardner
(2008); Ranadheera et al. (2010).

important for monitoring bacterial growth and activity (Serra
et al., 2009).

Organic acids are particularly important in fermented prod-
ucts such as yoghurt, since they play an important role as preser-
vatives, but also because they strongly contribute to the sensory
characteristic of the product. The presence of organic acid in

dairy products may be due to several reasons, including bovine
metabolic processes, bacterial growth, or hydrolysis of milk fat
as reported by Serra et al. (2009).

Klaver and Van der Meer (1993) reported that one of the most
constraining drawbacks associated with the use of dairy cultures
in fermented milk products is the lack of acid tolerance of some
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species and strains. The pH of yoghurt may drop to a level as
low as 3.6 which may result in the growth inhibition of bifi-
dobacteria since their growth is retarded below pH 5.0. Growth
and progression of Bifidobacterium species in yoghurt are sup-
pressed due to different rates of multiplication of bacteria strains
present during fermentation. Inoculation temperature is also an
important factor, lower incubation temperatures (37–40◦C) will
favor the growth rate and survival of probiotic species (Kneifel
et al., 1993).

The body and texture of the end product is affected by the
fat content; nonfat solids; concentration in the mix; stabilizers
used; heat treatment of the mix; concentration of the proteins;
concentration of calcium and magnesium; and the starter cul-
tures used (Vedamutha, 1982). Cultures most suitable for the
BGN probiotic beverage needs to be investigated, but the soy
yoghurt already in the market is an indication that a BGN pro-
biotic beverage can be manufactured.

Adaptation of the Vegetable Milk for Survival of Probiotics

Vegetable milk being different from the dairy milk is treated
in such a way to make it more favorable to yield a product sim-
ilar to their dairy counterparts (Granato et al., 2010). The tech-
nological advances have made possible the alteration of some
structural characteristics of fruit and vegetables matrices mak-
ing them ideal substrates for probiotic cultures (Granato et al.,
2010). Such modifications include among others pH and fortifi-
cation of culture media. BGN milk contain beneficial nutrients,
such as minerals, amino acids (Uvere et al, 1999), vitamins, and
bioactive substances (Tsuda et al., 1994; Pale et al., 1997) while
lacking the dairy allergy which will encourage consumption
by certain segments of the population (Quasem et al., 2009).
Lactose and/or milk proteins are added to soymilk during yo-
ghurt production for culture activity enhancement. When culture
stimulants are not added the fermentation process is prolonged
(Nsofor et al., 1996) or starter concentration has to be increased
(Tamime and Robinson, 1999). It will be interesting to ascertain
if BGN milk will require culture activity enhancement.

Ideal vegetable milk should be inoculated with LAB that are
capable of fermenting galactooligosaccharides such as raffinose
and starchyose in soybeans. In this regard Nsofor et al. (1996)
evaluated acid production rates in soymilk with 1% sucrose
and cow milk, their results indicated a nondependence of cul-
ture on milk constituents. Nondairy stimulants, however, may
be needed to achieve high activity at low starter concentration
(1%–3%) normally used for yoghurt production (Granato et al.,
2010). Yeast extract has been shown to induce high activity in
cheese starter culture, and may also stimulate vegetable milk
starter culture (Uvere et al., 1999). Several subculturing stages
in vegetable milk during its development may induce synthe-
sis of enzyme that hydrolyses soybean oligosaccharide which
causes flatulence in humans (Quasem et al., 2009). Repeated
subculturing may lead to great reduction of starchyose concen-
tration in soy yoghurt (Nsofor et al., 1996).

Active microorganisms interact with their environment by
exchanging components of the medium for metabolic products,
therefore, chemical composition of the BGN milk is very im-
portant for the metabolic activities of the product (Granato et al.,
2010). The type and quantity of carbohydrates available, and de-
gree of hydrolysis of the milk proteins which in turn determines
the availability of essential amino acids, plays a significant role
during the fermentation process (Heller, 2001). Proteolytic and
lipolytic properties of probiotics may be important for further
degradation of proteins and lipids which affect the taste and
flavor of the end product (Heller, 2001).

There is a wide variety of traditional nondairy foods devel-
oped around the world many of them are nonalcoholic beverages
(Granato et al., 2010). Boza is a cold beverage made from fer-
mented cereal; Bushera is a cereal based beverage prepared
in the Western highlands of Uganda; Mahewu is a sour bever-
age made from corn meal; Pozol is a refreshing beverage made
with cocoa and cornmeal; and Togwa is a starch-saccharides
traditional beverage that has been used as a probiotic medium
(Granato et al., 2010). Other nondairy products available in
the market place are effervescent tablets, chewable tablets, and
drinking straws (Granato et al., 2010). Farnworth et al. (2007)
pointed out the potential of root crops, legumes, shrimp, and cas-
sava, diverse types of vegetable flours, fish, fruit seeds, meats,
and fungi-based substrates as well as milk from other variety of
animals for the development of new probiotic foods (Granato
et al., 2010). Probiotics viability in the food matrix depends
on factors, such as pH, storage temperature, oxygen levels, and
presence of competing microorganisms and inhibitors (Granato
et al., 2010). It is significant that the BGN beverage formulation
maintains the activity and viability of the probiotic for extended
period of time (Granato et al., 2010)

Application of Probiotic Beverage Technology to Bambara
Groundnut Milk

The technology involved in making probiotic soy milk bever-
age, can be adapted for BGN milk perhaps with some modifica-
tion to cater for the differences in physical properties. Amarteifio
and Moholo (1998) reported the chemical similarities between
soy and BGNM, hence the possibility of making a probiotic
beverage from BGN can be enormous.

Champagne et al. (2009) stated that probiotics generally do
not grow rapidly in cow’s milk, as a result in yoghurt manufac-
ture, they do not attain as high numbers as the starter cultures.
Farnworth et al. (2007) studies indicated that soy is a good sub-
strate for lactobacillus, the final pH declined faster in the soy
beverage than in the cow’s milk thus economizing on produc-
tion time. Perhaps, BGN milk can be good alternative thereby
reducing quantity of inoculation starter culture, incubation time
resulting to a better product in terms of high bacterial count.
Kamaly (1997) noted that sucrose does not significantly affect
the growth of L. acidophilus B-1910 and B-2092, but in soy-
bean milk it gives a balanced taste of sweetness and sourness
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to the fermented product in addition to stimulating bacterial
growth which in turn, would increase titratable acidity. Dur-
ing soy yoghurt production the milk has to be subjected to
high temperature treatment before fermentation to destroy in-
digenous bacteria spores, however, high temperature could also
have adverse effects on the quality of the fermented product,
hence it is essential to find an optimum sterilization condition
for the BGNM. Kamaly (1997) indicated that fortifying soy milk
with certain carbohydrates, proteins hydrolysate substrate and
amino acids seems appropriate to enhanced growth and acid de-
velopment. Similarly, fortification of the fermented BGN milk
can be investigated with an outlook of making a nutritional and
organoleptically superior product.

Importance of Bambara Probiotic Beverage to Food Security
in Africa

Novel forms of BGN utilization might encourage wide pro-
duction. Isanga and Zhang (2009) noted that preparation and
fermentation of vegetable milk may serve one such effort that
can increase the consumption of this viable crop and hence
improve its commercial status. Furthermore, potential value-
added products such as the bambara probiotic beverage have
the potential to cut the heart of Africa’s great problems in rural
development, hunger, malnutrition, and gender inequality.

BGN is a low-cost crop, and grown by desperate families
for their own subsistence and for their annual income. BGN
probiotic beverage will result in buoyant new market outlets for
farmers and the boosting of income opportunities for rural areas
(NRC, 1996). BGN is resilient and reliable crop that thrive very
well in sites too hot and too dry where peanut, maize, or even
sorghum will not grow well. It is also described as a complete
food owing to its exceptional nutritional quality (NRC, 1996;
Mahala and Mohamed, 2010).

Compared with peanut, BGN has less oil and a slightly less
protein, but more carbohydrate, and antioxidative potential (Pale
et al, 1997). The overall combination nicely balances the food
groups. People can live on bambara bean alone, an uncertain
proposition for other legumes (NRC, 1996). Hence, it could
prove a tool for attacking Africa’s chronic malnutrition

BGN has been mostly grown by women. It, therefore, offers a
convenient way for economically empowering women, thereby
improving the lives of their families. In a related vein, BGN
offers good opportunities for gender-oriented innovation and
commercial development (NRC, 1996).

CONCLUSION

BGN is a nutrient dense legume that should attract the at-
tention of scientist both in Africa and outside to tap on this
richness. Being a drought tolerance crop and relative resistance
to diseases and pests, BGN has the potential to improve food se-
curity in many rural areas as well as become a stable, low-cost,

and profitable food crop for Africa’s small-scale farmers as well
a new source of food ingredient for the food industry. Further-
more, being a crop growing in some of the most malnourished
nations, it could be engaged in programs for fight against mal-
nutrition. Could it be the soybean in Africa? We have started
work in this area in our laboratory to explore its potential as
probiotic carrier among other areas.

REFERENCES

Abu-Ghannam, N. and McKenna, B. (1997). The application of Peleg’s equation
to model water absorption during the soaking of red kidney beans (Phaseolus
vulgaris L.) Journal of Food Engineering 32, 391–401.

Adebowale, K. O., Afolabai, T. A. and Lawal, O. S. (2002). Isolation,
chemical modification and physicochemical characterisation of bambara
groundnut (Voandzeia subterranean) starch and flour. Food Chem. 78:305–
311.

Adelakun, O. E., Oyelade, O. J., Ade-Omowaye, B. I. O., Adeyemi, I. A. and Van
De Venter, M. (2009). Chemical composition and antioxidative properties of
Nigeria Okra Seed (Abelmoschus esculentus Moench) Flour. Food Chem.
Toxicol. 47:1123–1126.

Adolfson, O., Meydanai, S. N. and Russel, R. (2004). Yoghurt and gut function.
Am. J. Clin. Nutr. 80:245–256.

Aidoo, H., Sakyi-Dowson, E., Tano-Debrah, K. and Saali, F. K. (2010). De-
velopment and characterisation of dehydrated peanut-cowpea milk powder
for use a dairy milk substitute in chocolate manufacture. J. Food Res. Int.
43:79–85.

Akinyele, I. O. and Akinlosotu, A. (1991). Effect of soaking dehulling and
fermentation on the oligosaccharides and nutrient content of cowpeas (Vigna
unguiculata). Food Chem. 41:43–53.

Alakali, J. S., Irtwange, S. V. and Mzer, M. T. (2010). Quality evaluation of beef
patties formulated with bambara groundnut (Vigna subterranean L.) seed
flour. Meat Sci. 85:215–223.
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