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ABSTRACT

Background: Cowpea is a legume that is extensively grown across Africa. It is an important cheap non-
animal protein. Processing of cowpea into flour could reduce post-harvest pest damage, improve nutrient
quality and increase diversity its uses. Although these practice are often underutilized in Nigeria.
Objective: The study evaluated the Nutrient and Anti-nutrient composition of cowpea (Vigna biflorus)
flours produced from germination and fermentation process.

Methods: The cowpea harvested from a farm in Ovoko, Igbo-Eze South LGA of Enugu State, Nigeria.
Cowpea grains were divided into three portions: unprocessed; germinated only; germinated and
fermented for 48hrs. After the three portions of the cowpea were separately, washed, drained, sundried
and milled into flours. Unprocessed cowpea flour (UCF); germinated cowpea flour (GCF); germinated and
fermented cowpea flour (GFCF). The samples were subjected to nutrients and antinutrients analysis using
standard methods. Data were analyzed using Statistical Product for Service Solution (SPSS) version 22.
Statistical analysis was done using Analysis of Variance (ANOVA) and Duncan's multiple range tests was
used to compare the means.

Results: Results showed that GFCF had higher protein (20.99%); Fat (2.88%), Fibre (3.29%) and least
carbohydrate (68.43%), while UCF had higher ash content (2.98%). GFCF had higher zinc (0.12mg), iron
(3.93mg), calcium (3.52mg) and phosphorous (68.90mg). GFCF had reduced in Phytate 4.33mg; Tannins
(1.43); Hydrogen Cyanide (4.31); Oxalate (3.55); but increased in Saponin (0.13), respectively.
Conclusions: This study shows that germination and fermentation process of cowpea flour improve
the nutrient content and reduces the carbohydrate and anti nutrient contents of the cowpea flour.
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INTRODUCTION

Cowpea (Vigna Unguiculata) is an important
legume that is extensively grown throughout Sub-
Saharan Africa. lts grain contains about 23 to
32% protein [1] and 50 to 60% carbohydrate [2,
3], and serve as a cheap source plant protein for
human consumers. Cowpea originated and was

domesticated in southern Africa and was later
moved to east and west Africa and Asia. Nigeria is
the largest producer and consumer of cowpeaq,
accounts for 61% of nearly 5.2 million tons
produced in Africa and 58% of more than 5.4
million tons of dried cowpea produced worldwide
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[4, 5]. Cowpea which is agwa in Igbo, ewa in
Yoruba and wanke in Hausa language is among
the important food crop that is commonly
consumed as protein source food and apparently
underexplored for commercial health food
production [6]. Majority of the millions of African
farmers that grow cowpea are women. More than
half (52%) of Africa's production is used as food,
13% as animal feed, 10% for seeds, 9% for other
used, while16% is wasted [7]. Cowpea is used
both as a vegetable and grain, provides an
inexpensive source of rich protein, carbohydrate,
fiber, vitamins and minerals in the diet [8]. Despite
the high nutritional value of cowpea, it is
consumed as minor component of food diet and
underutilized as food products due to its
undesirable taste, cooking difficulty, long cooking
time, and waste of recourses.

Food fermentation enriches food substrates with
protein, essential amino acids, and vitamins; and
the diet through development of a diversity of
flavors, aromas, and textures in food substrates;
eliminate anti nutrients; reduces the post harvest
loss, cooking difficulties and provide a desirable
taste on the food product [9]. Fermentation and
germination are traditional food processing
technique used to produce ogi [9] from sorghum,
maize or millet; garri or fufu from cassava; ogiri
from mellon seed, castor oil seed, which are
widely consumed across West Africa [10] and in
Nigeria. Fermentation and germination of food
not only enhance nutrient availability and reduce
anti-nutritional factors [11] but also reduced post
harvest losses and shelf life of the food. Cowpea
grain is suscptible to high post harvest pest
damage, which could lead to increas in the use of
pesticides to prolonge the shelf life and reduce
post harvest pest damage. Ground cowpea is a
favorite and traditional processing technique
recently used in some households to produce
cowpea flour. Cowpea flour is less susceptible to
post-harvest pest damage and can be used in
many different dishes thus enhancing food
security between harvests [12]. Economic
importance of cowpea could be through export
and marketing of its products, job creation and
income generation. Although it is often
underutilized in many homes and commercial
eating-houses in Nigeria.
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This cowpea flour has created convenience in the
diverse use of this food product as food in Nigeria,
it has also created job for people that produce the
flour[5.6]. The challenge in the use of cowpea
flour despite its rich source of nutrients such as
starch, protein, fibre, B-group vitamins and some
minerals are the anti nutritional factors and the
bean flavor it has. Germination (Sprouting) is a
traditional non-thermal process of improving the
quality such as increasing nutrient, digestibility,
reducing the level or activities of anti nutritional
compounds in cereals and pulses. Improving the
nutrient quality of the cowpea through
germination and combine germination and
fermentation of cowpea and production of flours
from its products have not been fully explored.
Hence, the study evaluated the nutrients and
antinutriets composition of cowpea (Vigna
bifiorus) orarudi flour produced from germination
and fermentation process.

MATERIALS AND METHODS

Procurement of materials

The cowpeas (Vigna biflorus) also known as
oraludi used for the study were harvested from a
non commercial farm purposesively selected from
farms in Ovoko, Igbo-Eze South Local
Government Area in Enugu State, Nigeria. The
orarudi was harvestedwith hand in month of July
about 90 days after planting and when the pods
turned brown. The pods were sundried, split the
pods to collect the grains, cleaned and dried the
grains.

Processing of the cowpea

The cowpeas (orarudi) were divided into three
portions: unprocessed; germinated 72 hrs only;
germinated for 72hrs and fermented for 48hrs,
then de-hulled, washed, drained, sundried and
milled into flour using grinding machine in the
Department of Nutrition and Dietetics, University
of Nigeria Nsukka. The three flour products were
packaged in an airtight containers as:
unprocessed cowpea flour (UCF); germinated
cowpea flour (GCF); germinated and fermented
cowpea flour (GFCF). The three flour samples
were subjected to nutrients and antinutrientsl
analysis using standard methods.
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Figure1: Systematic procedure to the selection and processing of cowpea (orarudi) into flours

Nutrients and antinutrients analysis
Proximate analysis:

The protein, crude fibre, crude fats and ash
contents of the cowpea flour samples were
determined using standard chemical methods
described by Association of Official Analytical
Chemistry [13]. Protein content of the samples
was determined using Kjedahl method as
described by AOAC -[14. 15].. Fat content
determination was done by Soxhlet extraction

technique using petroleum ether (40-50°C) as
described by Folch et al. {16]. The Ash content
was determined using incineration of 2 g of each
sample in a muffle furnace at 500°C for 2 hours as
described by AOAC [13]. The crude fibre was
determined by method of AOAC International,
[13] and McCleary & Prosky, [17]. The
carbohydrate content of the flour samples was
determined by difference, after addition of all the
percentages of moisture, crude protein, ash, fat,
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and crude fibre and was subtracted from 100%.
This gave the amount of nitrogen free extract
otherwise known as carbohydrate content.
Carbohydrate (%) = 100% - [Moisture (%) +Crude
Protein (%) + Ash (%) + Fat (%) + Crude fibre (%)].

Minerals content of cowpea flour samples
Mineral compositions of the cowpea flour
samples were determined according to methods
recommended by AOAC International [13, 15,
18] using absorption spectrophotometer. Iron,
zinc, calcium and magnesium contents were
analyzed by Atomic Absorption
Spectrophotometer [19, 20, 21]. All the analyses
were in triplicate determinations.

Determination of anti-nutrient properties of
cowpea flours

The anti-nutrient contents of cowpea flour
samples subjected to difference processing
methods such as fermentation and germination
methods were determined with the following
methods: Phytate determination was carried out
by the method of Makar & Becker[22]. Tannin was
determined by the method of Kirk & Sawyer{23].
Oxalate was determined by spectrometric
method by Dye, [24]. Saponin was determined by

the modified method of Makkar & Becker, [22].
Hydrogen cyanide (HCN) was determined by the
method of AOAC International [13].

Statistical analyses

The data generated were analyzed using
Statistical Product for Service Solution (SPSS)
version 22 software. Analysis of variance
(ANOVA) was used to determine the mean
differences of the chemical values of the flour
samples while Duncan multiple range test was
used to separated and compared the means at
significant level of P= 0.05.

RESULTS

Table 1 shows the proximate composition of
unprocessed, germinated, germinated and
fermented cowpea flour on dry matter basis. The
germinated and fermented cowpea flour had the
highest protein, fat and fiber content value of
20.99%, 2.88% and 3.29%, respectively, as well
as the lowest Ash and carbohydrate content value
of 2.22% and 68.43%, respectively. The
unprocessed cowpea flour had the highest ash
and carbohydrate content value of 2.98% and
73.84%, respectively.

Table 1: Proximate composition of unprocessed, germinated and fermented cowpea

flours (%) in dry matter base

Flour Samples  Protein  Fat Ash Fiber Carbohydrate  Dry Matter
UCF 17.90° 2.21° 2.98° 2.98¢° 73.84° 92.22

GCF 20.97° 2.22¢ 2.93% 2.93° 69.51¢ 91.86
GFCF 20.99* 2.88° 2.22° 3.29¢ 68.43¢ 91.76

LSD 1.0832 1.0922 1.0945 1.0844 1.0886 1.0817

Mean values with same alphabet superscript across the samples indicated no significant difference (p>0.05);
different alphabet superscript across the samples indicated significant difference
(p < 0.05; UCF = Unprocessed cow pea flour; GCF = Germinated cow pea flour;

GFCF = Germinated fermented cow pea flour

Table 2 Selected Mineral composition of unprocessed, germinated, germinated and
fermented cowpea flours on dry matter basis (mg/100g).

Minerals UCF GCF GFCF

Mean *= SD Mean = SD Mean = SD
Zinc 0.07 £ 0.01 0.08 = 0.01 0.12+ 0.02
Iron 2.69+ 0.07 3.78 = 0.05 3.93+ 0.03
Calcium 3.04% 0.09 3.20x+ 0.10 3.52+ 0.07
Phosphorus 59.88+ 0.03 65.47+ 0.03 68.90+ 0.02

Mean = SD indicated mean plus or minus standard deviation. The samples were in triplicate determination
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Table 3: Selected anti-nutrient content of unprocessed, germinated, germinated and
fermented cowpea flours on dry matter basis (mg/100g)

Anti-nutrient UCF GCF GFCF
Phytate 5.06° 4.47° 4.33°
Tannins 1.56° 1.51°b 1.43¢
HCN 6.47¢ 5.32° 4.31°
Oxalate 5.43¢ 4.52° 3.55¢
Saponin 0.11° 0.10¢ 0.13¢

Each antinutrients mean values with same alphabet superscript across the samples indicated no significant difference (p>0.05);

different alphabet superscript across the samples indicated significant difference (p < 0.05).

DISCUSSION

The study observed that the germinated and
fermented cowpea flour had the highest protein,
fat and fiber content while they were found to
have low ash and carbohydrate content.
Increased protein content in germinated and
fermented cowpea could be attributed to the
enzymes activities that are activated during the
germination process which hydrolyze the bonds
between protein and anti nutrients to release
more free amino acids to synthesize new protein.
The findings in this study is similar to previous
study by Ghavidel & Prakash —25] that reported
an increase in protein in Green gram, cowpea,
lentil, chickpea which wereSoaked in water for 12
hours at 22-25°C, and germination for 24 hours.
High protein content could further be attributed to
increase in number of free amino acids during
germination, which are more available due to
amino acid destruction or for formation of new
linkages that human are unable to hydrolyze
during digestion [26]. Sprouting causes
mobilization of protein with the help of protease
leading to the formation of peptides,
oligopeptides and free amino acid [27]. The
increase in protein content could be attributed toa
net synthesis of enzymic protein (e.g. proteases)
by germinating seeds [28]. Similarly,
fermentation process is responsible for breaking
down of the protein to increase digestibility and to
a lesser extent amino acid and protein substrates
are necessary for bacteria growth and activities
and enhances the nutritive value of food by
increasing protein content [29]. Increased fat
content of the germinated and fermented cowpea
flour agree with the findings of Inyang and Idoko
[30] and Samia El-Safy et al. [31] in their study,
reported a reduction in fat content in malted
millet during production and a decrease in fat

content in all germinated samples of peas, lentils,
chickpea, fada bean, oats and wheat,
respectively. Similar findings were reported by El-
Adewy et al.[32], Ghavided and Prakash [25] and
Hahm et al.[33] that fat content decreases with an
incresase in the time of germintion. The decrease
in fat content could be due to increase in lipolytic
enzymes during germination or due to hydrolysis
of fat by B-oxidation to fatty acids and glycerol for
energy purpose in embroyodevelopment and in
the synthesis of new fat. The increase in the fiber
content and the decrease in the carbohydrate are
attributed to the hydrolysis of complex
carbohydrate and the utilization of the simple
carbohydrates by the bacteria for growth.
Decrease in ash and carbohydrate content of the
germinated and fermented cowpea flow could be
attributed to the released minerals from the
hydrolysis of complex bond of minerals and anti
nutrients compounds and the release of glucose
and other simple sugar from the hydrolysis of
complex carbohydrates by enzyme and bacteria
activities. And the use of these nutrients released
for the growth and activities of the bacteria and
enzyme in the process. The low carbohydrate
content in the germinated and fermented cowpea
flour could be relevant in Diabetes management.
This finding is similar to the report that sugars are
the most common substrate of fermentation, and
typical examples of fermentation products are
ethanol, lactic acid, carbon dioxide, and
hydrogen gas (H2) [9]. Ash content was higher in
germinated and fermented cowpea flour. This
findings disagree with the results by Samina El-
Safy et al.[31] that reported a significant
decreased in ash content in all germinated
samples. The increase in Ash content represents
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increase in minerals in cowpea flours. Minerals
plays a crucial role in the maintenance of health.
Cowpeas are rich in minerals but the
bioavailability of these minerals is usually low due
to the presence of antinutritional factors such as
phytate, trypsin inhibitor and polyphenoles [31].
The findings is similar to the study by Samina El-
Safy et al. [31] that reported that germination
process technique improved the mineral
composition of selected samples than that of raw
legumes and cereal samples. The higher Zinc,
Iron, Calcium and Phosphorus content in
germinated and fermented cowpea flour could be
attributed to biosynthesis and activities of
enzymes during germination process [34, 35].
Fermentation increased minerals such as
magnesium, iron, calcium, and zinc content of
fermented foods and decrease the amount of
phytates [36]. However, the increase in mineral
content could be attributed to loss of dry matter
during fermentation as microbes degrade
carbohydrates and protein [37].

The germination and fermentation process
increase the minerals content. Complex bonds
between anti nutrients and nutrients are
hydrolyzed by active enzymes in the cowpea and
that of micro-organisms. This processing
technique is suitable for the preparation of
micronutrient quality food for the prevention and
treatment of micronutrient deficiencies. The
difference in mineral availability from the cowpea
flour subjected to different processing methods is
similar to the report by Nkhata et al, [38] that
mineral availability in cereals and legumes are
related to differences in phytate content, phytase
activation, extent of binding of minerals within the
matrix, or interaction of these factors. It was
observed that germinated and fermented cowpea
flour had the least phytate, tannins, hydrogen
cyanide (HCN) and oxalate content but higher
saponnin content compared to other samples.
The finding is similar to previous study by Yasmin
et al,{39] that reported a decrease in cyanide,
tannins, polyphenols, and phytic acid in red
kidney beans (soaked in water for 6 hr at room
temperature, germination for 4 days at 22°C).
This implies that germination and fermentation
processes reduce the anti-nutritional compounds
infood samples

CONCLUSION

The study reported the proximate, minerals and
antinutrients content of unprocessed cowpeaq,
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germinated and combined germinated and
fermented cowpea flours. The germinated and
fermented cowpea flour shows improved protein,
fat, fiber and mineral quality and reduced anti-
nutrient content compared to germinated and
unprocessed cowpea flour. Combined
germination and fermentation process improve
nutrient quality and reduces the anti nutrient
contents of the cowpea flour.
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