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Abstract

The effect of lactic acid bacteria (LAB) consortium fermentation on the proximate and in-vitro starch and protein
digestibility of bambara groundnut flour was evaluated. Bambara groundnuts were processed into flour and
fermented with LAB consortium previously isolated from maize (Lactobacillus plantarum WCFS1+Lactobacillus
rhamnosus GG, ATCC53/03+Lactobacillus nantensis LP33+Lactobacillus fermentum CIP102980+Lactobacillus
reuteri DSM 20016) and from sorghum (Pediococcus acidilactici DSM 20284+Lactobacillus fermentum
CIP102980+Lactobacillus brevis ATCC14869+Lactobacillus nantensis LP33+Lactobacillus plantarum WCFS1). The
sample was also fermented naturally for comparison. The results showed significant (p<0.05) increase in the
moisture, ash and protein contents of the bambara groundnut flour as fermentation time increased. The lipid and
crude fibre contents decreased significantly (p<0.05) with the increasing fermentation time in all the samples. The
carbohydrate content decreased gradually from 50.66 ± 0.23% to 44.96 ± 0.10%. The in-vitro starch digestibility
increased significantly (p<0.05) with increasing fermentation periods from 42.48 ± 0.01% 50.36 ± 0.02%. The in-vitro
protein digestibility increased significantly (p<0.05) from 68.70 ± 1.73% to 85.24 ± 1.21%. There was gradual
increase in the bacteria load of the sample as fermentation time increased. However, fungal growth was only
observed in natural fermentation. The occurrence of the isolates showed that the starter organisms were the only
organisms isolated from the consortia fermentation set up while the natural fermentation have mixed microbial
growth. This study has shown the effectiveness of LAB-consortium fermentation in improving the nutritional quality
and the in-vitro starch and protein digestibility of flours from bambara groundnut.
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Fermentation; In-vitro starch/protein digestibility

Introduction
Legumes such as bambara groundnut, lima beans, cowpea, soybeans

etc. play important role in the diets of many people in Africa and Asia
and serve as major sources of protein, calories, vitamins and minerals
[1]. However, legumes are usually rich in anti-nutritional factors
associated with fibre that reduce mineral bioavailability. This has been
the hindrance to their effective utilization [2,3]. Bambara groundnut
(Voandzeia subterranean (L.) thousars) is a crop that is indigenous to
Africa. It belongs to the Leguminosae, subfamily Papilionodease. There
are two botanical varieties, namely, V. subterranean var spontanea
which includes wild varieties and V. subterranean var subterranean
which includes cultivated varieties [4]. Reports indicated that bambara
groundnut has the potential to improve malnutrition and boost food
availability. The seed makes a complete food, as it contains sufficient
quantities of protein, carbohydrate and fat. Bambara groundnut seeds
contain 63% carbohydrate, 19% protein and 6.5% oil; high proportion
of lysine (6.6%), methionine (1.3%) and micronutrients. The gross
energy is greater than that of cowpea, lentils (Lens esculenta) and
pigeonpea (Cajanus cajan) [5-7].

Bambara groundnut is a good source of fibre, calcium, iron and
potassium. The red seed could be useful in areas where iron deficiency

is a problem. Bambara groundnut has the potential to provide a
balanced diet in areas where animal protein is scarce or expensive and
where the cultivation of other legumes is at risk due to low rainfall.
Moreover, bambara groundnut compares favourably in nutritional
attributes with cowpea, faba beans, chicken pea etc. Its protein content
is higher in the essential amino acids particularly methionine when
compared with other legumes [6,8]. Bambara groundnut oil is made of
the unsaturated fatty acids, palmitoleic, oleic and caprylic acids
required by the human body. These fatty acids are used to produce
hormone-like substance that regulates a wide range of functions
including blood pressure, blood clotting, blood lipid-level and
inflammation response to injury infections [9,10].

Lactic acid fermentation by LAB increases food palatability and
improves the quality of food by increasing the availability of proteins
and vitamins [11]. Furthermore, LAB confers preservative and
detoxifying effects on food as well. When used regularly, LAB
fermented foods boost the immune system and strengthen the body in
the fight against pathogenic bacterial infections. Thus, lactic acid
fermentation is not only of economic importance, it also promotes
human health [11,12].

The nutritional composition of legumes such as bambara groundnut
can be improved using several methods such as cooking, toasting, salt
treatment, soaking, fermentation etc. [13]. However the use of
consortium of lactic acid bacteria as starter culture to improve to
improve Bambara groundnut flour is not readily available in literature.
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Hence, the objective of this present study was to ascertain the effect of
LAB consortium fermentation on the proximate composition and in-
vitro starch/protein digestibility of bambara groundnut and compare
them with natural fermentation.

Figure 1: Process flow chart for the production of fermented
Bambara groundnut flour.

Materials and Methods

Source of materials
Cream coloured Bambara groundnut (Voandzeia subterranean L)

was obtained from Mushin market, Lagos State, Nigeria and
transported to the laboratory in a clean polythene bags for analysis at
Federal Institute of Industrial Research Oshodi (FIIRO). LAB (Lb.
plantarum WCFS1, Lb. rhamnosus GG, ATCC 53/03, and Lb. reuteri
DSM 20016, P. acidilactici DSM 20284, Lb. fermentum CIP 102980, Lb.
brevis ATCC 14869, Lb. nantensis LP33) used were previously isolated

from fermenting maize and sorghum. All the chemicals used were of
analytical grade (AR).

Choice of inoculum
The consortia of the LAB were selected based on their tolerance to

acid, tolerance to salt, lowering of pH in a fermentation broth, level of
acid production during fermentation and growth on nutrient depleted
medium after prefermentation studies as well as their reported benefits
in food fermentation [14].

Sample preparation
The raw grains of Bambara groundnut were freed of foreign

materials, washed with clean tap water and rinsed with distilled water.
The samples were dried with hot air oven (GL, England) at 60°C for 8
h. The dried samples were milled into powder using milling machine
disinfected with 70% ethanol and stored in clean air tight containers at
4°C for further use [15].

Inoculum preparation
A combination of five lactic acid bacteria earlier isolated from each

of fermenting maize (Lb. plantarum WCFS1, Lb. rhamnosus GG,
ATCC 53/03, Lb. nantensis LP33, Lb. fermentum CIP 102980, and Lb.
reuteri DSM 20016) and fermenting sorghum (P. acidilactici DSM
20284, Lb. fermentum CIP 102980, Lb. brevis ATCC 14869, Lb.
nantensis LP33, and Lb. plantarum WCFS1) for consortium from
maize and sorghum respectively were grown in a 250 mL conical flask
containing 210 mL MRS broth. These were incubated for 48 h in an
orbital shaker incubator (REMI/396LAG) at 37°C for the inoculum to
build-up. The inocula were harvested by centrifugation at 5000 rpm for
10 min and maintained in fresh MRS broth before fermentation. The
cells harvested were washed to free them from any form of media by
centrifugation at 5000 rpm for 10 min using sterile distilled water. The
washed cells were diluted using sterile distilled water to obtain 0.5
McFarland standard [16].

Fermentation of Bambara groundnut flours
Fermentation was carried out based on the method described by

Singh et al. [15] with slight modification. Each of the bambara
groundnut sample was mixed with sterile distilled water (1:2 w/v).
Exactly 500 g of the legume flour was mixed with 1000 mL of distilled
water in sterile fermentation containers with the addition of 0.5 g/L
potassium sorbate to inhibit fungal growth and other contaminating
organisms (verified by none existence of growth on plate count agar
after 18-24 h of incubation). The mixture was inoculated with 10 mL of
108 cells/mL (measured using McFarland standard) of the mixture of
the LAB suspension and allowed to ferment. Samples were taken at 12
h intervals of 0, 12, 24, 36 and 48 h for analysis. The various samples
were also allowed to ferment naturally as control trial for spontaneous
fermentation (Figure 1).

Proximate analysis
The moisture, Ash, protein, fibre and carbohydrate contents were

determined according to AOAC method [17]. The lipid composition
was determined using Soxhlet extraction method as described by
Ojiako and Akubugwo [18].

Citation: Ogodo AC, Ugbogu OC, Onyeagba RA, Okereke HC (2018) Proximate Composition and In-vitro Starch/Protein Digestibility of Bambara
Groundnut Flour Fermented with Lactic Acid Bacteria (LAB)-Consortium Isolated from Cereals. Ferment Technol 7: 148. doi:
10.4172/2167-7972.1000148

Page 2 of 9

Ferment Technol, an open access journal
ISSN:2167-7972

Volume 7 • Issue 1 • 1000148



In-vitro starch and protein digestibility
In-vitro starch digestibility (IVSD) was determined according to the

method described by Singh et al. [15]. Exactly 50 mg each of the
samples was mixed with 1 mL of 0.2 M phosphate buffer (pH 6.9). 0.5
mL of pancreatic alpha amylase (100 unit/mg) was added to the sample
and incubated at 37°C for 2 h. After incubation, 2 mL of 3, 5-DNS
reagent was added immediately. The mixture was heated for 5-15 min
in a boiling water bath. After heating, 1.0 mL of 40% K-Na Tartarate
solution was added in the test tubes and allowed to cool at room
temperature (25°C). The solution was made up to 25 mL with distilled
water and filtered prior to measurement of the absorbance at 550 nm.
A blank was run simultaneously. A standard curve was prepared using
maltose. Values were expressed as mg maltose released per 100 mg of
sample.

The in-vitro protein digestibility (IVPD) of the samples was
determined by enzymatic method of Monjula and Jhon [19]. 1 g each
of the samples was taken in triplicate and digested with 1 mg pepsin in
15 mL of 0.1 M HCl at 37°C for 2 h. The reaction was stopped by the
addition of 15 m 10% trichloro-acetic acid (TCA). The mixture was
filtered quantitatively through Whatman No. 1 filter paper. The TCA
soluble fraction was assayed for nitrogen using the micro-kjeldahl
method. Protein digestibility of the sample was calculated by the
following formula:�������   �������������   % =  �   ��   ����������� − �����   ��   ��   ������ × 100
Enumeration, isolation and identification of microorganisms

At the intervals of 0, 8, 24 and 48 h, exactly 1.0 g (wet weight) of the
fermenting flours were homogenized in 9.0 mL sterile peptone water
for 30 s. A 1:10 serial dilution of the various mixtures were made and
0.1 mL from 10-6 dilution was inoculated on the respective media,
nutrient agar, plate count agar (PCA), MacConkey agar (MA), deMan

Rogosa & Sharpe agar (MRS) and Sabroud dextrose agar (SDA), for
the determination of total heterotrophic count, coliform count, lactic
acid bacterial and fungal counts respectively. The cultured plates were
incubated at room temperature for 24 h and then counted using colony
counter. Subsequent cultures were made on fresh sterile, nutrient agar
plates for pure cultures. The pure cultures of bacteria obtained were
identified based on colonial characteristics, Microscopy, Biochemical
reactions and Carbohydrate utilization [20,21]. The carbohydrate
fermentation profiles of the LAB isolates were investigated using API
50 CHL medium according to manufacturer’s instructions (API
System, Bio-Merieux, France). The identification of the bacterial strain
was subsequently performed using the apiweb identification software
and with reference to Bergey’s Manual of Determinative Bacteriology
[22]. The fungi were identified on the basis of their cultural
characteristics, microscopy and with reference to the methods
described by Bernett et al. [23].

Results

Proximate composition
The moisture content of bambara groundnut increased with

increasing fermentation time and ranged from 8.90 ± 0.03% in
unfermented sample to 10.34 ± 0.05% in LAB-consortium from
sorghum fermented sample (Figure 2). The effect of fermentation on
the ash content of the fermented and unfermented bambara flours
under study showed a progressive increase as the fermentation time
increased from 3.38 ± 0.04% (unfermented sample) to 4.20 ± 0.00%
(Fermented with LAB-consortium from maize) (Figure 3). The
variations in the ash content of the bambara sample do not differ
significantly (p>0.05) when compared with LAB-consortium from
maize and LAB-consortium from sorghum fermented samples.
However, the variations differ significantly (p<0.05) when compared
with the unfermented sample at 36 h and 48 h respectively.

FT PCA (TVC) MRS (TLBC) MCA (TCC) SDA (TFC)

NF MF SF NF MF SF NF MF SF NF MF SF

0 1.20 × 109 5.44 × 108 4.98 × 108 4.28 × 106 4.86 × 108 4.02 × 108 0.00 0.00 0.00 2.40 × 103 0.00 0.00

12 1.80 × 109 6.80 × 108 6.92 × 108 4.66 × 106 6.44 × 108 6.71 × 108 0.00 0.00 0.00 2.81 × 103 0.00 0.00

24 2.00 × 109 7.42 × 108 8.00 × 108 5.33 × 106 7.38 × 108 7.77 × 108 0.00 0.00 0.00 3.20 × 103 0.00 0.00

36 2.18 × 109 8.80 × 108 9.20 × 108 5.41 × 106 8.12 × 108 8.66 × 108 0.00 0.00 0.00 3.52 × 103 0.00 0.00

48 2.33 × 109 8.40 × 108 8.60 × 108 5.72 × 106 8.02 × 108 8.42 × 108 0.00 0.00 0.00 3.72 × 103 0.30 × 101 0.50 × 101

There was no significant difference (p>0.05) on the microbial load for each media.

Table 1: Effect of fermentation on the microbial load (CFU/g) of the Bambara groundnut flour after natural (N), LAB consortium from maize (M)
and LAB-consortium from sorghum (S) fermentation on different media. Plate count agar (PCA) was used for total viable count (TVC), de Man
Rogosa and Sharpe agar (MRS) used for LAB count (TLBC), MacConkey agar (MCA) used for total coliform count (TCC) while Sabroud
Dextrose agar (SDA) was used for total fungal count.

The percentage lipid content of bambara groundnut which showed a
significant (p<0.05) decrease with increasing fermentation periods was
presented in Figure 4. It ranged from 7.14 ± 0.03% (48 h LAB-
consortium from sorghum fermented sample) to 8.20 ± 0.03%
(unfermented sample). The difference in the fat content of the

fermented and unfermented samples differ significantly (p<0.05).
However, the variations in the fat content of the samples do not differ
significantly (p>0.05) when compared between naturally fermented
samples and LAB-consortium from maize fermented samples. The
protein content of bambara also increased with increasing
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fermentation time from 26.69 ± 0.58% in the unfermented sample to
32.91 ± 0.14% in LAB-consortium from sorghum fermented sample
(Figure 5).

Figure 2: Moisture content of LAB fermented bambara groundnut
flours at different time intervals. Each point represent the mean of
three independent experiments and error bars indicate ± SE.

Figure 3: Ash content of LAB fermented bambara groundnut flours
at different time intervals. Each point represent the mean of three
independent experiments and error bars indicate ± SE.

The fibre content of bambara groundnut decreased with increasing
fermentation time from 2.02 ± 0.05% in the unfermented sample to
0.44 ± 0.12% in the sample fermented with LAB-consortium from
sorghum (Figure 6). There was significant difference (p<0.05) between
the fibre content of fermented and unfermented sample and when
compared across the periods of fermentation between naturally
fermented, fermented with LAB consortium from maize and sorghum.
Similarly, the carbohydrate composition of bambara groundnut
decreased with increasing fermentation time. It decreased from 50.66 ±
0.23% to 44.96 ± 0.10% (Figure 7).

In-vitro starch digestibility
The in-vitro starch digestibility increased from the initial value of

42.48 ± 0.01% to 48.69 ± 0.01%, 42.48 ± 0.01% to 51.72 ± 0.02% and
42.48 ± 0.02% to 50.36 ± 0.02% in naturally fermented, LAB-
consortium from maize fermented and LAB-consortium from
sorghum fermented samples respectively. The changes in the in-vitro
starch digestibility differed significantly (p<0.05) at 24 h, 36 h and 48 h
in LAB-consortium from maize and sorghum fermented samples and

at 48 h in naturally fermented sample when compared with the
unfermented sample respectively. There was no significant difference
(p>0.05) in the in-vitro starch digestibility between the naturally
fermented and the LAB-consortium from maize and sorghum
fermented sample (Figure 8).

In-vitro protein digestibility
The effect of fermentation on the percentage in-vitro protein

digestibility of the bambara groundnut flour samples under study was
presented in figure 9. The in-vitro protein digestibility increased from
the initial value of 68.70 ± 1.73% to 80.24 ± 1.12%, 68.70 ± 1.73% to
86.68 ± 1.36% and 68.70 ± 1.73% to 85.24 ± 1.21% in naturally
fermented, LAB-consortium from maize fermented and LAB-
consortium from sorghum fermented samples respectively. The
changes in the in-vitro protein digestibility differed significantly
(p<0.05) at 24 h, 36 h and 48 h in fermented sample when compared
with the unfermented sample. There was no significant difference
(p>0.05) in the in-vitro protein digestibility between the naturally
fermented and the LAB-consortium from maize and sorghum
fermented samples.

Microbiological analysis
The total number of microorganisms (TVC) in the fermenting

Bambara groundnut sample under study increased gradually with
increasing fermentation periods. It ranged from 4.98 × 108 CFU/g (0 h
LAB-consortium from sorghum fermented sample) to 2.33 × 109

CFU/g (48 h naturally fermented sample). The total LAB count
(TLBC) increased consistently to 36 h of fermentation and showed a
slight decrease at 48 h of fermentation in all the fermentation set-ups
and ranged from 4.86 × 106 CFU/g (0 h naturally fermented sample) to
8.66 × 108 CFU/g (36 h LAB-consortium from sorghum fermented
sample). No coliform was observed in all the fermentation set-ups. The
total fungal count showed gradual increase in natural fermentation
(Table 1).

Figure 4: Lipid content of LAB fermented bambara groundnut
flours at different time intervals. Each point represent the mean of
three independent experiments and error bars indicate ± SE.

Table 2 presented the occurrence of various bacteria, yeast and
mould in the fermented product. The organisms isolated include Lb.
fermentum, Lb. plantarum, Lb. natensis, Lb. reuteri, Lb. rhamnosus,
Lb. brevis, Lb. lactis, Lb. bulgaricus, Lb. brevis, P. acidilactici,
Leuconoscoc mesenteroides, Candida utilis and Rhizopus species. Lb.
fermentum, and Lb. plantarum were isolated from all the samples and
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from all the fermentation set ups. Lb. natensis was only isolated from
the LAB-consortia fermented samples. L. reuteri was isolated from
samples fermented with LAB-consortium from maize and in naturally
fermented sample. L. bervis was only isolated from samples fermented
with LAB-consortium from sorghum while L. lactis and L.
mesenteroides were isolated from the naturally fermented sample. C.
utilis and Rhizopus species were only isolated from naturally
fermented sample.

Figure 5: Protein content of LAB fermented bambara groundnut
flours at different time intervals. Each point represent the mean of
three independent experiments and error bars indicate ± SE.

Discussion

Proximate composition
The changes in the moisture content of bambara groundnut flour in

the present study differ significantly (P<0.05) when compared between
naturally fermented, LAB-consortium from maize and LAB-
consortium from sorghum fermented samples at each successive
fermentation time interval and in between the time interval of each
fermentation set-up except between 36 h and 48 h fermented samples.
There was also significant different (P<0.05) between the fermented
samples and the unfermented sample at each 12 h intervals. There was
also significant different (P<0.05) between the fermented samples and
the unfermented sample at each 12 h intervals. The results agreed with
the report of Bamishaiye et al. [7] who reported 9.7% for cream
coloured bambara groundnut. The present study also corresponded
with the reports for other legumes such as cowpea (9.2 ± 0.10%) [24],
pigeon pea (10.20%-13.24%) [25]. The increase in moisture content
with increasing fermentation time could be as a result of the addition
of water to mix the substrate before fermentation. However, the
moisture content reported in the present study is low which is desirable
as low moisture discourages the growth of spoilage microorganisms
and enhances the shelf-life of the product [26].

The ash content of bambara groundnut in the present study
increased significantly (p<0.05) with increasing fermentation period.
There were significant differences (p<0.05) for values obtained at each
successive time interval when compared with the unfermented sample.
Also, there were significant differences at each time interval when
compared with the preceding fermentation period in all the
fermentation set-ups. The comparison between the naturally, LAB-
consortium from maize and sorghum fermented samples showed that
there were significant differences (p<0.05). The highest ash content was
found in LAB-consortium from maize fermented sample (4.20 ±

0.00%), followed by LAB-consortium from sorghum fermented sample
(4.16 ± 0.04%) and naturally fermented (4.01 ± 0.02%) while the
unfermented sample was the least (3.80 ± 0.04%). These values are
lower when compared with 10.40% reported by Midala et al. [27].
Adebowale and Maliki [25] reported increase in ash content with
increasing fermentation period in the range of 4.61-5.52% for pigeon
pea which is consistent with the present study. On the other hand, the
result obtained for bambara groundnut in the present study agreed
with the report of Olanipekun et al. [10] who reported increase in ash
content with increasing fermentation time in bambara nut in the range
of 3.75-4.41 but higher than the report of Bamishaiye et al. [7] and
Mazahib et al. [28] that reported 2.5 and 3.25% respectively and
slightly lower than the results for jack beans (6.51 ± 0.07%), pigeon pea
(4.58 ± 0.40%) and cowpea (4.73 ± 0.3%) as reported by Olalekan and
Bosede [24]. Ntuli et al. [29] reported that ash content increment leads
to increase in mineral content and an indication of the level of mineral
composition of the substrates. In the present study, the ash content
increased with increasing time of fermentation. The increment was
highest in sample fermented with LAB-consortium from maize,
followed by sample fermented with LAB-consortium from sorghum
and then naturally fermented sample. This demonstrated the
effectiveness of the consortia in improving the mineral composition of
the substrates.

S/N Organisms Isolated Bambara

NF MF SF

1. Lactobacillus fermentum + + +

2. Lactobacillus plantarum + + +

3. Lactobacillus nantensis - + +

4. Lactobacillus reuteri + + -

5. Lactobacillus rhamnosus - + -

6. Lactobacillus brevis - - +

7. Lactococcus lactis + - -

8. Lactobacillus bulgaricus + - -

9. Pediococcus acidilactici - - +

10. Leuconostoc mesenteroides + - -

12 Candida utilis + - -

13. Rhizopus species + - -

+: Present; -: Absent

Table 2: Occurrence of bacteria and fungi isolates in the fermented
flour after natural (N), LAB consortium from maize (M) and LAB-
consortium from sorghum (S) fermentation.

In the present the fat composition of bambara groundnut decreased
from 8.19 ± 0.19% (unfermented sample) to 7.14 ± 0.06% (48 h LAB-
consortium from sorghum fermented sample). Babalola and Giwa [30],
reported 6.60% for pigeon pea which is similar to the present study
and higher than the range 2.74-1.69% reported by Adebowale and
Malik [25] for fermented bambara groundnut. The reduction could be
due to hydrolysis of fat components into fatty acids and glycerol [31]. It
could also be due to biochemical and physiological changes that occur
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due to fermentation progresses that require energy and part of the lipid
composition are used for this purpose [32-34]. This could also be
attributed to the breakdown of fatty acids and glycerol by the
fermenting lactic acid bacteria, which enhances aroma, taste and
texture as reported by Ojokoh and Bello [35]. Reports indicate that
high fat content triggers rancidity during storage, giving rise to off
flavor [29,36]. Therefore fermentation with LAB consortium could
serve as a means of reducing rancidity in samples. The present report
has shown that LAB-consortia fermentation are more effective in fat
content reduction than the naturally fermentation.

Figure 6: Fibre content of LAB fermented bambara groundnut
flours at different time intervals. Each point represent the mean of
three independent experiments and error bars indicate ± SE.

Figure 7: Carbohydrate content of LAB fermented bambara
groundnut flours at different time intervals. Each point represent
the mean of three independent experiments and error bars indicate
± SE.

The protein content of bambara groundnut was observed to increase
with fermentation time ranging from 26.69 ± 0.58% in the
unfermented sample to 32.91 ± 0.14% in LAB-consortium from
sorghum fermented sample. The observation in the present study is
similar to the reports of Babalola and Giwa [30] and Ojokoh et al. [37].
The report is also similar to the range 21.8-23.9% reported by
Adebowale and Maliki [25] for pigeon pea, although higher values
were obtained in the present study. The increases in the protein
contents of the sample with increasing fermentation time could be
attributed to the increase in the number of the fermenting
microorganisms during fermentation as reported by Ojokoh et al.

[38,39]. It can also be due to proteolytic enzymes produced by the
fermenting LAB [40,41] or as a result of synthesis of protein by
fermenting substrates which could have resulted to production of more
amino acids [30]. The present report has also demonstrated that LAB
consortium from sorghum and LAB consortium from maize are more
effective in improving the protein content of the final product.

Figure 8: In-vitro starch digestibility of LAB fermented bambara
groundnut flours at different time intervals. Each point represent
the mean of three independent experiments and error bars indicate
± SE.

The fibre content of bambara groundnut decreased with increasing
fermentation time from 2.02 ± 0.05% in the unfermented sample to
0.44 ± 0.12% in the sample fermented with LAB-consortium from
sorghum. There was significant difference (p<0.05) between the fibre
content of fermented and unfermented sample and when compared
across the periods of fermentation between naturally fermented,
fermented with LAB consortium from maize and sorghum. [30],
reported decrease in fibre content of soybean as a result of
fermentation which is in consistence with the present observation.
However, the fibre content obtained for bambara groundnut in the
present study is lower than the 6.34% reported by Babalola and Giwa
[30]. The general decrease in the fibre composition could be due to the
ability of the fermenting organisms (Lactic acid bacteria) to metabolize
the fibre and enzymatically break it down during fermentation and
utilize them as carbon source [35]. The present investigation has also
shown the effectiveness of the LAB consortia from maize and sorghum
in metabolizing the fibre more than natural fermentation.

There were significance differences (p<0.05) in the decrease in
carbohydrate composition of Bambara groundnut flours at all interval
of fermentation when compared with the unfermented in all
fermentation set-ups. The decrease in carbohydrate content observed
in the present study during fermentation could be due to hydrolyses of
starch as a result of amylases produced by LAB into simple fermentable
sugars. Roger et al. [42] reported that LAB from maize have strong
amylolytic activity which is in consistent with the present investigation.

In-vitro starch digestibility
The percentage in-vitro starch digestibility (IVSD) of bambara

groundnut samples under study showed a significant (p<0.05) increase
as fermentation time increased. In all the samples, the changes in the
in-vitro starch digestibility differed significantly (p<0.05) at 12 h, 24 h,
36 h and 48 h of fermented samples when compared with the
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unfermented sample and when the LAB-consortia are compared with
natural fermentation. However, there was no significant different
(p>0.05) in the in-vitro starch digestibility between the naturally
fermented and the LAB-consortium from maize and sorghum
fermented samples respectively. The present study agreed with the
work of Singh et al. [15] who reported increase in the IVSD of
sorghum, maize and millet with increasing fermentation time. The
increase could be attributed to the role of fermentation in causing
changes in the endosperm protein which makes starch more accessible
to the digestive enzymes [15,43].

Figure 9: In-vitro protein digestibility of LAB fermented bambara
groundnut flours at different time intervals. Each point represent
the mean of three independent experiments and error bars indicate
± SE.

In-vitro protein digestibility
In the present study, the effect of fermentation on the percentage in-

vitro protein digestibility (IVPD) of bambara flour showed a
significant (p<0.05) increase as fermentation time increased.
Olianipekun et al. [3] reported a significant increase in protein
digestibility of bambara groundnut flours after 0-72 h of fermentation
using species of fungi. Also, Chen et al. [44] reported increase in IVPD
of soybean meal fermented with a combination of Aspergillus and
Lactobacillus from 87.50% to 92.23%. Singh et al. [15] and Mohiedeen
et al. [45] reported that fermentation improves the IVPD of maize,
millet and sorghum. This could be as a result of the reduction in pH
during fermentation which plays an important role in enhancing the
proteolytic enzyme activity and in turn leads to the breakdown of
proteins to smaller polypeptides which are easily digested as well as the
production of proteolytic enzymes by the microflora which hydrolyze
proteins and improve digestibility [3,15].

In the present study, the highest starch/protein digestibility was
observed in samples fermented with the LAB consortia while the
naturally fermented and the unfermented samples were the lowest.
This shows that LAB consortia fermentation is more effective in
improving the IVSD and IVPD of the sample more than the naturally
fermented and the unfermented sample.

Microbiological analysis
Fermentation caused an increase in the total viable which ranged

from 4.98 × 108 CFU/g to 2.33 × 109 CFU/g. The total LAB count
(TLBC) increased consistently to 36 h of fermentation. No coliform
was observed in all the fermentation set-ups. This could be attributed

to the low pH values which inhibited the growth of coliforms [46].
Fungal growth occurred in naturally fermented sample and at 48 h of
the consortia fermentation only. Ogunsakin et al. [47] reported
increase in LAB and yeast population of sorghum during sourdough
bread production which agreed with the present finding. This may be
attributed to the fermentation conditions that tends to favour the
growth of LAB [48].

The predominant organism isolated from the LAB consortia
fermentation belong to the members of the starter organisms. This
shows that the starter organisms were able to grow and created
environment which did not allow other contaminating
microorganisms to thrive. Also, the natural fermentation was
predominated by LAB, yeasts and moulds organisms representing the
native microbiota of the substrate. Similar organisms has been
reported by previous researchers with other substrates such as millet
and soyabean blend flours [35] and ogi [49,50]. Also, Ojokoh et al. [41]
reported that LAB is the predominant microorganism associated with
the fermentation of pearl millet. Adegbehingbe and Maliki [26]
isolated Lactobacillus fermentum, Lactobacillus plantarum, L. brevis,
Bacillus subtilis, Saccharomyces cerevisiae, Rhizopus nigrificans and A.
niger from sorghum co-fermented with lima beans seed. In the present
study, Lactobacillus fermentum, and Lactobacillus plantarum were
isolated from all the fermentation set ups. This is an indication of
codominance of the facultative heterofermenter with other
heterofermentative CO2 producers [51]. Also, the presence of
Lactococcus lactis, Lactobacillus bulgaricus, Leuconostoc species,
Candida utilis and Rhizopus species in the naturally fermented sample
but absent in the consortia fermented samples showed that the starter
organisms predominated the native LAB and fungi microbiota.

Conclusion
The proximate composition of bambara groundnut in the present

study improved significantly (p<0.05) after natural, LAB-consortium
from maize and LAB-consortium from sorghum fermentation. The in-
vitro protein and starch digestibility of the samples also improved
significantly (p<0.05) with increasing fermentation. The highest
improvement was observed in the samples fermented with the LAB-
consortia in all the parameters analyzed. The LAB-consortium from
maize and LAB-consortium from sorghum fermented samples did not
differ significantly (p>0.05) in most of the parameters analyzed. This
suggests that LAB consortium fermentation is an effective means of
improving the nutritional qualities as well as the in-vitro starch/protein
digestibility of Bambara groundnut flours more than natural
fermentation. More so, the organisms encountered in the present study
are mostly ones generally regarded as safe (GRAS) which is an
indication of safety.
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