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ABSTRACT

Aim: The study aimed to ascertain the effect of different fermentation methods and time on the
proximate and reduced the anti-nutrient contents Kersting’s groundnut (Macrotyloma geocarpum).
Design of the Study: A comparative effect of different fermentation methods on the proximate and
anti-nutrient content was evaluated.

Place and Duration of Study: Department of Microbiology and Central Science Laboratory,
Federal University of Technology, Akure, Nigeria, between March 2013 and June 2014.
Methodology: The seeds were de-husked and sorted to remove extraneous matters. Liquid and
solid fermentation were carried out using standard analytical methods. The proximate and anti-
nutrients (trypsin inhibitor, tannin, oxalate, phytate) of the fermenting samples were analysed every
24 h during fermentation.

Results: Proximate analysis revealed that moisture content significantly (P=0.05) decreased from
6.25+0.14% to 4.69+0.06% and 4.89+0.02% after 24 h of liquid and solid fermentation respectively.
Liguid fermentation significantly (P=0.05) increased the protein content of the groundnut from
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18.11+0.50% to 21.10+0.49% and 22.47+0.48% after 24 h and 48 h respectively. No significant
difference (P=0.05) was observed after 72 h of fermentation. While solid fermentation significantly
(P=0.05) increased protein content from 18.11+0.50% to 19.08+0.01% after 72 h. Both fermentation
methods significantly (P=0.05) reduced crude fibre and increased fat content respectively. Soluble
carbohydrate decreased significantly (P=0.05) from 63.72+0.39% to 58.17+0.87% after 48 h of liquid
fermentation. Anti-nutrient (trypsin inhibitor, tannin, oxalate and phytate) contents decreased
significantly (P=0.05) more in liquid state fermentation than in solid state fermentation. Trypsin
inhibitor unit significantly (P=0.05) reduced from 72.18+0.00 mg/g to 12.28+0.38 mg/g and
24.1740.01 mg/g after 24 h of liquid and solid fermentation respectively. However, a significant
(P=0.05) increase was observed in trypsin inhibitor content after 48 h of both fermentation methods.

Conclusion:

The research has revealed that 24 and 72 h liquid and solid fermentation of Kersting's

groundnut significantly (P=0.05) enhanced the proximate content. The anti-nutrient contents also

reduced significantly (P=0.05) in liquid fermentation.

Keywords: Fermentation; Kersting’s groundnut (Macrotyloma geocarpum); proximate; anti-nutrient.

1. INTRODUCTION

Kersting’s groundnut also known as Geocarpa
groundnut or Ground bean is the seed of
Macrotyloma geocarpum [1]. It is the third
subterranean legume after groundnut and
bambara groundnut [2,3]. It is an annual
leguminous crop that belongs to the family
leguminosae and the subdivision Papilionoideae

[4].

Kersting’s groundnut is used for preparing many
dishes such as fried paste (koose), and steamed
paste (tubani) [1]. Mature seeds are boiled with
salt and eaten with palm oil or groundnut oil,
accompanied with fermented cassava flour
(‘gari’), yams or rice. Also the cooking water from
Macrotyloma geocarpum seeds is used in upper
west region, for the treatment of stomach pains,
intestinal cramps and as an antidote to food
poisoning because it induces emesis when
ingested. Concoctions prepared from the leaves
act as a febrifuge [5,6]. Leaf decoction is also
used as vermifuge [1].

Kersting’s groundnut is an indigenous crop
cultivated in parts of West Africa for food [7,8]. It
is a promising alternative source of high quality
protein and feed for the tropics, but presently, it
is an under-utilized legume [3,9]. This is as a
result of the high labour demand, lack of
information regarding their nutritive values,
presence of anti-nutrients in the legumes, cultural
beliefs, low yield, prolong cooking time [10].

Cooking is said to destroy the heat-labile anti-
nutritional factors [11,12], but it may cause
changes in the composition of numerous
chemical constituents such as amino acids,
vitamins and minerals depending on the
temperature and time of thermal treatment used

[13-15]. However, fermentation process has
been reported to represent an alternative
technique for improving the nutrient values of
legumes, to enhance the keeping quality,
eliminate anti-nutritional factors, and reduce
cooking time of the product [16-19].

In physiological terms, fermentation is defined as
the type of metabolism of a carbon source in
which energy is generated by substrate level
phosphorylation but to the microbiologist, the
term fermentation is a form of energy-yielding
microbial metabolism in which an organic
substrate, usually a carbohydrate, is incompletely
oxidized, and an organic carbohydrate acts as
the electron acceptor [20,21]. It is therefore
pertinent to examine the effect of liquid and solid
fermentation methods so as to ascertain the
suitable fermentation method and effective time
that will best improve the proximate and reduce
the anti-nutrient contents of Kersting’'s groundnut.

2. MATERIALS AND METHODS
2.1 Source of Kersting’s Groundnut

Kersting’s groundnut (Macrotyloma geocarpum)
seeds were purchased from a seller at Isolo
market, in Akure South Local Government area
of Ondo State, Nigeria. The seeds were identified
and authenticated at the Department of Crop,
Soil and Pest Management of the Federal
University of Technology, Akure, Ondo state. The
seeds were de-husked, cleaned and sorted to
remove extraneous matters.

2.2 Processing of Kersting’s Groundnut

The sorted seeds were divided into three
portions, coded A, B and C of 500 g each using
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electronic weighing balance (Electronic balance,
MT-301 Model). Portion A was subjected to solid
fermentation, where the de-husked seeds were
wrapped in blanched banana (Musa acuminata)
leaves and allowed to ferment for three days at
28+2< in a clean plastic bowl with cover. Portion
B was subjected to liquid fermentation in which
the sorted seeds were soaked in water in the
ratio of 1:3 w/v in a clean plastic bow! with cover
and allowed to ferment for three days at 28+2<C.
Portion C which serves as control was analyzed
raw. Sample were taken out at 24 h interval and
analysed immediately. Procedure employed for
the processing is illustrated in Fig. 1.

2.3 Proximate Estimation

The moisture, crude protein, crude firbe, crude
fat, ash and soluble carbohydrate (by difference)
content were determined in accordance with
methods described by [22]. The proximate
analyses were carried out in triplicate and
reported in percentage.

2.4 Anti-nutrients Determination

2.4.1 Trypsin inhibitor activity (TIA)

Trypsin inhibitor activity (TIA) was determined by
the method of [23], using N-alpha-benzoyl-DL
arginine-p-nitro anilide hydrochloride (BAPNA) as
substrate. Crystalline porcine pancreatic trypsin
40mg was dissolved in 0.001M HCI such that

standard trypsin solution contains 40ug trypsin.
Each sample dilution was used with BAPNA
substrate and trypsin solution at 37¢C. The
reaction was allowed to take place in water bath
for 10 min and their absorbance read at 410 nm
against each sample blank. About 1 g of finely
ground and sieved sample of the seed flour was
defatted for three hours using n hexane. The
sample was mixed with 50 ml of 0.01 M NaOH
and the pH was adjusted to 9.5 using 0.1M
NaOH or 0.1 M HCI. The mixture was left for 10
min at 1,000 rpm. The extract from the sample
was diluted with distilled water to obtain a dilution
whereby 1ml extract produced trypsin inhibition
activity of between 40-60%.

2.4.2 Tannin determination

About 0.2 g of finely ground sample was weighed
into a sample bottle. Ten millimeters (10 ml) of
70% aqueous acetone was added and properly
covered. The bottle were put in an ice bath
shaker and shaken for 2 hours at 30C. Each
solution was then centrifuged and the
supernatant stored in ice. A 0.2 ml of each
solution was pipetted into the test tube
and 0.8 ml of distilled water was added.
Standard tannin acid solutions were prepared
from a 0.5 mg/ml of the stock and the solution
made up to 1 ml with distilled water. Folin
Ciocaeteau reagent (0.5 ml) was added to
both sample and standard followed by 2.5 ml
of 20% Na2CO3 the solution were then

Kersting's groundnut seeds

.

De-husked

}

Cleaned

}

Divided into 3 parts (500g each)

Washed
Fermentation Raw
Solid state Liquid state

Fig. 1. Flow chart of methods used in processing Ke

rsting’s groundnut
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vortexed and incubated for 40 minutes at room
temperature after which its absorbance was read
using AJ- IC03 spectrophotometer at 725 nm
against a reagent blank concentration of the
same solution from a standard tannic acid curve
that was prepared [22].

2.4.3 Oxalate determination

One gram of the sample was weighed into 1000
ml conical flask. H,SO,4 (0.75 M) was added and
the solution was carefully stirred intermittently
with a magnetic stirrer for 1 hour and then filtered
using Whatman No. 1 filter paper. Sample filtrate
(25 ml) was collected and titrated hot (80-90<C)
against 0.1 M KMnQ, solution to the point when
pink colour appeared that persisted for at least
30 seconds [22].

2.4.4 Phytate determination

Four grams (4 g) of finely ground samples were
soaked in 100 ml of 2% HCI for three hours and
then filtered. 25 ml of the filtrate was placed in a
100 ml conical flask and 5 cm® of 0.03% of
ammonium thiocynate  solution (NH4SCN)
solution was then added as indicator. Distilled
water (50 ml) was then added to give it the
proper acidity and this was titrated against
0.00566 g per milliter of standard iron 11l chloride
solution that contain about 0.00195 g of iron per
milliliter until a brownish yellow colouration
persist for 5mins. The equivalent was obtained
and from this, the phytate content in mg/100 g
was calculated [22].

2.5 Statistical Analysis

All experiments were carried out in triplicates.
Data obtained were analyzed by one-way
analysis of variance (ANOVA) and means were
compared by Duncan’s New Multiple Range test
(SPSS 16.0 version). Differences were
considered significant at P=0.05.

3. RESULTS AND DISCUSSION

3.1 Changes in Proximate Composition
during Fermentation

The moisture content of the raw sample was
6.25%. After 24 h, the moisture content reduced
significantly (P=0.05) to 4.89% and 4.69% in
solid and liquid fermentation respectively. After
48 h in solid fermentation, moisture content
significantly (P=0.05) reduced to 3.56% in the

solid fermentation, while at same hour, it
increased from 4.69% to 5.83% in liquid
fermentation. After 72 h, it increased significantly
(P=0.05) from 3.56% to 4.28% and 5.83% to
6.54% in solid and liquid fermentation
respectively (Table 1). Decrease observed in
moisture content may be as a result of the
utilization of water by the microorganisms
involved in the fermentation, during hydrolysis of
complex compounds to similar ones. This is in
agreement with the findings of [24] who recorded
decrease in moisture content during fermentation
of soybean. It was also observed that the bean
solute rose as the solvent decreased after 48h
and 72 h of liquid fermentation. This
phenomenon may have resulted into an increase
in the moisture content due to absorption of
water from the fermenting medium. This agreed
with the findings of [25] during fermentation of
soybean. Increased observed in the moisture
content during fermentation may also be due to
proteolytic activity of microorganisms that
released water through hydrolysis of peptides
[26,27]. Moreover, microorganisms  have
metabolic activities that produce carbon dioxide
and water [28], which consequently can increase
the moisture content of the medium. Increase in
moisture content was also reported by [21]
during open and control fermentation of cowpea.
Decrease in moisture content observed after 48h
of solid fermentation may be as a result of
evaporation or metabolic activities of the
organisms involved in the fermentation [29,30].

Crude protein content of the unfermented sample
was 18.11%. The content increased significantly
(P=0.05) from 18.11% to 21.10% and 22.47%
after 24 and 48 h of liquid fermentation
respectively. No significant difference (P=0.05)
was observed after 24 and 48 h of solid
fermentation. Crude protein increased
significantly (P=0.05) to 19.08% after 72 h of
solid fermentation. No significant difference
(P=0.05) was observed after 48 h and 72h of
liquid fermentation (Table 1).

The increase observed in the crude protein
during both methods of fermentation may be as a
result of enzyme hydrolysis of complex/insoluble
plant protein to amino acids and short chains
peptides, thereby causing an increase in total
nitrogen content which in turn increased protein
availability [17,31]. It may also be due to
structural proteins that are in integral part of the
microbial cell [17,32]. This finding agreed with
the work of [24] during fermentation of soybean.
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Table 1. Proximate composition of raw and fermented

Kersting’s groundnut

Fermentation  Moisture Protein (%) Fat (%) Crude Ash (%) CHO (%)
time (H) (%) fibre (%)

0 6.25°+0.14 18.11%®+05 5.29°+0.04 3.55°+0.01 3.09°40.01 63.72°+0.39
24L 4.69°+0.06 21.10°+0.49 5.75°+0.13 3.07°+0.14 2.13°t0.01 63.26°+0.14
24S 4.89°+0.02 17.15%+0.00 5.57°+0.06 3.22°+0.05 2.16°+0.01 67.02°+0.13
48L 5.83°+0.09 22.47°t0.48 7.86°t0.21 2.64"°+0.11 3.04°+0.01 58.17°t0.87
48S 3.56°0.04 17.75°0.49 6.35°+0.13 2.77°+0.02 2.92°+0.04 66.66°+0.55
72L 6.54°+0.23 22.95°+0.49 8.45'+0.11 2.01°+0.03 2.18%+0.02 57.87°+0.89
72S 4.28°+0.01 19.08°+0.01 7.04°+0.02 2.53°+0.01 3.26°+0.04 63.83"°+0.07

Data are presented as MeanzS.E (n=3). Values with the same superscript letter(s) along the same column are
not significantly different (P=0.05); Key: L = liquid fermentation, S = solid fermentation, CHO= soluble
carbohydrate

It also agrees with the report of [31] during
fermentation of an oil bean seed. These
researchers recorded increase in crude protein
when the beans were fermented.

The fat content of the raw sample was 5.29%. A
significant increase (P=0.05) was observed from
5.29% to 5.75% and 7.86% liquid fermentation
after 24 and 48h respectively. No significant
difference was observed after 24 h of solid
fermentation but it increased significantly
(P=0.05) to 6.35% and 7.04% after 48 and 72 h
of solid fermentation respectively (Table 1). Fat
content increased significantly to 8.45% after 72h
liquid fermentation. The increase in fat may also
be as a result of fat from dead microflora, or
because the fermenting microflora did not use fat
from this food as source of energy [17,33]. The
increase observed agreed with the findings of
[34] during fermentation of starchy substrate with
A. niger; also with the findings of [35] during
fermentation of locust bean; and [17] during
cocoyam fermentation.

Crude fibre content of the raw sample was
3.55%. Fibre content significantly (P=0.05)
decreased as the fermentation time increased in
both methods of fermentation (Table 1). The
decrease observed was an indication of
softening of fibrous tissues during fermentation
[17]. The decreased observed in the fibre content
in this study may be due to the activities of
microorganisms which are known for the bio-
conversion of carbohydrates and lignocelluloses
into protein [17]. The decrease may also be due
to the ability of the microorganisms involved in
the fermentation to synthesis cellulase and
hemicellulase for hydrolysis of the complex
polysaccharide in the sample [31]. This agreed
with the findings of [24] who reported decrease in
fibre, carbohydrate, and other organic
substances during fermentation of soybean.

The ash content of the raw sample was 3.09%.
This value is close to 3.31% obtained for
soybean by [24] and 3.53% reported by [36] for
mung bean. Variation observed in ash content
after both solid and liquid fermentation at each
time interval was due to contribution by the
organisms involved in the fermentation.

Soluble carbohydrate content of the raw sample
was 63.72%. No significant difference (P=0.05)
was observed after 24 h of liquid fermentation,
but increased significantly (P=0.05) to 67.02%
after 24 h of solid fermentation. The content
reduced significantly (P=0.05) to 58.17% and
57.87% after 48 and 72 h of liquid fermentation
respectively (Table 1). Increased observed in
carbohydrate during solid fermentation may be
due to the hydrolysis of complex
oligosaccharides in the sample [31]. This
hydrolysis may be due to the presence of alpha-
galatosidase found in the organisms involved in
the fermentation [37]. Reduction observed in the
carbohydrate content may be because it had
been used as source of energy during
fermentation or leached out to the fermenting
medium. This agreed with the findings of [24],
who recorded decrease in soluble carbohydrate
during fermentation of soybean; also [35]
reported decrease in soluble carbohydrate during
fermentation of locust bean.

3.2 Changes in Anti-nutrient Content
During Fermentation

The trypsin inhibitor content of the raw sample
was 72.18 mg/g. The content reduced
significantly (P=0.05) to 12.28 mg/g and 24.17
mg/g after 24 h of liquid and solid fermentation
respectively. It increased significantly (P=0.05)
after 48 and 72h of solid fermentation, but
increased only after 48 h of liquid fermentation
(Fig. 2). The decrease observed may be as a
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result of high protease activity. This agreed with
the work of [38,39] during fermentation of
cowpeas and grass pea respectively.

Increase observed after 48h of both solid and
liquid fermentation agreed with the report of [40]
during fermentation of soybean with Rhizopus
oligosporus. Increase in trypsin inhibitor content
of leguminous grains during fermentation might
be due to release of heat resistant bound trypsin
inhibitor by protease enzymes produced by
Rhizopus. spp [41,42].

The tannin content of raw sample was 0.68
mg/g. Tannin content significantly (P=0.05)
decreased as the fermentation time increased
in both methods of fermentation. More
decrease was observed in liquid fermentation
than solid fermentation (Fig. 3). The oxalate
content of raw sample was 2.34 mg/g. It
significantly (P=0.05) reduced to 2.16 mg/g and
1.58 mg/g after 24 h of liquid and solid
fermentation respectively (Fig. 4). The content

reduced significantly (P=0.05) in liquid
fermentation as the fermentation time
increased.

The decrease observed in both anti-nutrient
contents may be due to the action of proteolytic
enzyme produced by the microorganisms
involved in the fermentation. More decrease was
observed in the liquid fermentation than the solid

80.00—

60.00—

40.00—

Trypsin inhibitor (mglg)

20.00—

fermentation, this may be due to the presence of
more proteolytic microorganism in the liquid
medium. The decrease observed in tannin
content could also be attributed to the hydrolysis
of polyphenolic compounds of tannin complexes
during fermentation. The result is in agreement
with the work of [43] who reported a decrease in
tannin content during the fermentation of lima
bean.

The phytate content of raw sample was 13.59
mg/g. It reduced significantly (P=0.05) to
9.47mg/g after 24 h of liquid fermentation but
gave no significant difference (P=0.05) after 24
h of solid fermentation (Fig. 5). The content
reduced significantly (P=0.05) in liquid
fermentation as the fermentation time
increased. Phytate content reduced significantly
(P=0.05) after 48 and 72 h of solid fermentation.

The decrease may be due to the action of
phytase that catalyses phytate degradation into
inorganic  orthophosphate, a series of
myoinositols and lower phosphoric esters of
phosphate [43]. This is in agreement with the
work of [37] who worked on antinutrients in
legumes and their removal. It also agreed with
the findings of [43] who work on the effect of
fermentation on Lima bean. These researchers
observed decrease in phytate content after
fermentation of Lima bean.
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M Ligiud fermentation
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Fig. 2. Trypsin inhibitor content (mg/g) of Kersting’s grou

ndnut during fermentation

Bars are presented as Mean +S.E of replicates (n=3)



Abiola and Oyetayo; BMRJ, 10(3): 1-10, 2015; Article no.BMRJ.19735

I Solicl fermentation
M Ligiud fermentation

Tannin content (mglg)

24.00 48.00

Fermentation Time(hrs)

Eror bars: +/- 1 SE

Fig. 3. Tannin content (mg/g) of Kersting’s groundnut durin g fermentation
Bars are presented as Mean +S.E of replicates (n=3)
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Fig. 4. Oxalate content (mg/g) of Kersting’s groundnut duri ng fermentation
Bars are presented as Mean +S.E of replicates (n=3)
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Bars are presented as Mean +S.E of replicates (n=3)
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4. CONCLUSION

Kersting’'s groundnut has the potential of
providing adequate food rich in protein for the
increasing population of poor people in West
Africa and in the continent. Both fermentation
methods significantly increase the proximate and
decrease the anti-nutrient content of Kesting nut.
Liquid fermentation was however found to
enhance the proximate content and reduced the
anti-nutrient content of the bean better than solid
fermentation.

CONSENT

The authors have consented that the article be
published in this journal

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Dako AEG, Vodouhe SR. Macrotyloma
geocarpum (Harms) Maréchal & Baudet.
[Internet] Record from PROTA4U. Brink M,
Belay G. (Editors). PROTA (Plant
Resources of Tropical Africa / Ressources
végétales de I'Afrique tropicale),
Wageningen, Netherlands; 2006.

2. Maréchal R, Baudet JC. Transfert du genre
africain Kerstingiella Harms a Macrotyloma
(Wight & Arn.) Verdc. (Papilionaceae).
Bulletin du Jardin Botanique National de
Belgique. 1977;47:49-52.

3. Adu-Gyamfi R, Israel KD, Juliana L,
Evaluation of growth and yield potential of

genotypes of Kersting's  groundnut
(macrotyloma geocarpum harms) in
Northern Ghana. International Research

Journal of Agricultural Science and Soil
Science. 2012;2(12):509-515.

4, Bayorbor TB, Dzomeku IK, Avornyo VK,
Opoku-Agyeman MO. Morphological
variation in Kersting's groundnut
(Kerstigiella geocarpa Harms) landraces
from northern Ghana. Agriculture and
Biology Journal of North America.
2010;1(3):290-295.

5. Buah S, Huudu A, Tanzubil P, Ahiabor B,

Yakubu S, Abujuan MA. Kersting's
groundnut cultivation manual, In:
Savannah Biodiversity Conservation

Project Newsletter. 2006;6—7.

10.

11.

12.

13.

14,

15.

Stanley O. Density on the grain and fodder
yield of Kersting“s groundnut (Kerstingiella
geocarpa Harms).Bsc. Thesis, University
for Development Studies, Department of
Agronomy, Tamale. 2006;1-35.

Aremu MO, Olaofe O, Akintayo TE. A
comparative study on the chemical and
amino acid composition of some Nigerian
Under-utilized legume flours. Pakistan
Journal of Nutrition. 2006;5(1):34-38.

Buah S, Huudu A. Kersting's groundnut- an
Under-utilized composition of Kersting's
groundnut, (Kerstingiella geocarpa Harms)
Indian Journal of Agriculture Science.
2007;61(11):811-814.

Obasi MO, Agbatse A. Evaluation of
nutritive value and some functional
properties of kersting’s  groundnut,

(Kerstingiella geocarpa Harms). Seeds for
optimal utilization as food and feed source.
East  African Agricultural Journal.
1994;54:66-74.

Amujoyegbe BJ, Obisesan 10, Ajayi AO,
Aderanti FA. Disappearance of Kersting“s
groundnut (Macrotyloma  geocarpum
(Harms) Marechal and Baudet) in south-
western Nigeria: An indicator of genetic
erosion.  Bioversity International-FAO.
2007;152:45-50.

Chau CF, Cheung PC, Wong YS. Effect of
cooking on content of amino acids and
antinutrients in three chinese indigenous
legume seeds. Journal of the Science of
Food and Agriculture. 1997;75(4):447-452.
Aishah B, Nurul AT. Changes on amino
acids content in soybean, garbanzo bean
and groundnut during pre-treatments and

tempe making. Sains  Malaysiana.
2014;43(4):551-557.
Lisiewska Z, Slupski J, Kmiecik W,

Gebczynski P. Availability of essential and
trace elements in frozen leguminous
vegetables prepared for consumption
according to the method of pre-freezing
processing. Food Chemistry. 2008;106(2):
576-582.

Slupski J. Effect of cooking and
sterilisation on the composition of amino
acids in immature seeds of lageolet bean
(Phaseolus vulgaris L.) cultivars. Food
Chemistry. 2010;121:1171-1176.
Cuevas-Rodriguez EO, Verdugo-Montoya,
NM, Angulo- Bejarano PI, Milan-Carrillo J,
Mora-Escobedo R, Bello- Perez LA,
Garzon-Tiznado JA, Reyes-Moreno C.
Nutritional properties of tempeh flour from
quality protein maize (Zea mays L.). LWT



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Abiola and Oyetayo; BMRJ, 10(3): 1-10, 2015; Article no.BMRJ.19735

Food Science and
2005;39(10):1-8.
Fagbemi TN, Oshodi AA, Ipinmoroti KO.
Processing effects on some antinutritional
factors and in vitro multienzyme protein
digestibility (IVPD) of three tropical seeds:
breadnut (Artocarpus altilis), cashewnut
(Anacardium occidentale) and fluted
pumpkin (Telfairia occidentalis). Pakistan
Journal of Nutrition. 2005;4:250-256.
Igbabul BD, Amove J, Twadue |. Effect of

Technology.

fermentation on the proximate
composition, antinutritional factors and
functional properties of cocoyam

(Colocasia esculenta) flour. African Journal
of Food Science and Technology.
2014;5(3):67-74.

Osman NM, Mohamed Ahmed IA, Babiker
EE. Fermentation and cooking of sicklepod
(Cassia obtusifolia) leaves: Change in
chemical and amino acid composition,
antinutrients and protein fractions and
digestibility. International Journal of Food
Science and Technology. 2010;45(1):124-
132.

Steinkraus KH, Fermentations in world
food processing. Comprehensive Reviews
in Food Science and Food Safety. 2002;1:
23-31.

Adams MR. Tropical aspects of fermented
foods. Trends Food Science Technology.
1990;1:141-144.

Harouna VD, Elewechi O, Danladi AA,
Uche SN, Godwin CN. Chemical Changes
during Open and Controlled Fermentation
of Cowpea (Vigna unguiculata) Flour.
International Journal of Food Nutrition and
Safety. 2014;5(1):1-10.

A.O.A.C. Official methods of analysis. 19th
Edn. Washington DC by Association of
official analytical chemist; 2012.

Kakade ML, Rackis JJ, McGhee JE, Puski
G. Determination of trypsin inhibitor activity
of soy products: a collaborative analysis of
an improved procedure. Journal of Cereal
Chemistry. 1974;51:376-382.

Babalola RO, Giwa OE, Effect of
fermentation on nutritional and
anti-nutritional properties of fermenting
Soy beans and the antagonistic effect of
the fermenting organism on selected
pathogens. International Research Journal
of Microbiology. 2012;3(10):333-338.
Thingom P, Chhetry GK. Nutritional
analysis of fermented soybean (Hawaijar).
Asam University Journal of Science and

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Technology, Biological and Environmental
Sciences. 2011;7(1):96-100.

Anihouvi VB, Kpoclou EY, Hounhouigan
J.D. Use of starter cultures of Bacillus and
Staphylococcus in the controlled
fermentation of Lanhouin, a traditional fish-
based condiment from West African.
African Journal of Microbiology Research.
2012;6:4767-4774.

Hammoumi A, Faid M, El-yachioui M,
Amarouch H. Characterization of
fermented fish waste used in feeding trials
with broilers. Process Biochemistry. 1997;
33:423-427.

Chutmanop J, Chuichulcherm S, Chisti Y,
Srinophakun P. Protease production by

(Aspergillus  oryzae) in  solid-state
fermentation using agroindustrial
substrate. Journal of Chemistry

Technology and Biotechnology. 2008;83:
1012-1018.

Baysal Z, Uyar F, Aytekin C. Solid state
fermentation for production of a-amylase
by a thermotolerant Bacillus subtilis from
hot-spring water. Process Biochemistry.
2003;38:1665-1668.

Zambare V. Solid state fermentation of
Aspergillus oryzae for Glucoamylase
production on agro residues. International
Journal of Life Science. 2010;4:16-25.
Nwamarah JU, Madueke UO. Graded
fermentation effects on nutrient content of
oil bean seed (Pentaclethra macrophylta)
consumed in Umuayom Village, Awka.
JHER. 2010;13:16-23.

Tortora JG, Funke RB, Case LC.
Microbiology ~An introduction. Media
update of 7 Edn. Including bibliography
and index publisher. Daryl Fox. 2002;258-
260.

Reebe S, Gonzalez VN, Rengifo J.
Research on trace elements in the
common beans. Food Nutrition Bulletin.
2000;21:387-391.

Oboh G, Akindahunsi AA, Oshodi AA.
Nutrient and anti-nutrient content of
Aspergillus  niger fermented cassava
products (flour and gari). Journal Food
Compostion Analysis. 2002;15(5):617—
622.

Olakunle MM, Adebola A. effect of natural
fermentation on the nutritive value and
mineral composition of African locust
beans. Pakistan Journal of Nutrition.
2012;11(1):11-13.

Mugendi JB, Njagi ENM, Kuria EN,
Mwasaru MA, Mureithi JG, Apostolides Z.



37.

38.

39.

40.

Abiola and Oyetayo; BMRJ, 10(3): 1-10, 2015; Article no.BMRJ.19735

Effects of processing technique on the
nutritional composition and anti-nutrient
content of mucuna bean (Mucuna pruriens
L.). African Journal of Food Science.
2010;4(4):156-166.

Tumwebaze J. Anti Nutrients in Legumes
and their Removal; 2011.
Available:www.nutrient.com

Anna SJ, Bozena S. Effect of inoculated
lactic acid fermentation on antinutritional
and antiradical properties of Grass Pea
(Lathyrus sativus ‘Krab’) Flour. Poland
Journal Food Nutrition Science.
2011;61(4):245-249.

Ibrahim SS, Habiba RA, Shatta AA,
Embaby HE. Effect of soaking,
germination, cooking and fermentation on

antinutritional factors in cowpeas,
Nahrung. 2002;46(2):92-5.

Egounlety M, Aworh OC. Effect of
soaking, dehulling, cooking and

fermentation with Rhizopus oligosporus on

41.

42.

43.

the oligosacccharides, trypsin inhibitor,
phytic acid and tannins of soybean
(Glycine max Merr.) cowpea (Vigna
unguiculata L. Walp) and groundbean
(Macrotyloma geocarpa Harms). Journal of
Food Engineering. 2003;56:249-254.

Fadahunsi IF. The effect of soaking,
boiling and fermentation with Rhizopus
oligosporus on the Water Soluble Vitamin
Content of Bambara Groundnut. Pakistan
Journal of Nutrition. 2009;8:835-840.

Wang HL, Vespa JB, Hesseltine CW.
Release of bound trypsin inhibitors in
soybeans by Rhizopus oligosporus.
Journal of Nutrition. 1972;102:1495-1496.

Adeniran HA, Farinde EO, Obatolu VA.
Effect of heat treatment and fermentation
on anti-nutrient contents of lima bean
(Phaseolus lunatus) during production of
Daddawa Analogue. Annual Review and
Research in Biology. 2013;3(3):256-266.

© 2015 Abiola and Oyetayo; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/11295

10



