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ABSTRACT

KEYWORDS

Protein-rich cowpea grain is widely consumed in Nigeria where it is commonly known as “beans” with different varietal names. Composition of
seed variety and the identification of its functional properties are essential
in determining uses for cowpea flours in food formulation. This study
characterized three lesser known varieties of brown cowpea grain grown in
different regions in Nigeria based on their physical and functional properties. Three brown cowpea (white-eyed, firmly attached testa) varieties namely
Akidi, Akidi Elu and Nkoti Iwang (26.02%, 25.46% and 24.90% protein,
respectively) were assessed using standard methods. Swelling index of the
flour was obtained as a ratio of volume occupied by sample after and
before swelling. Water and oil absorption capacities of the flour were measured and result was expressed as g oil or water absorbed/g sample. Results show that average seed weight of Akidi Elu (0.12g) was higher than
that of Akidi (0.10g) and Nkoti Iwang (0.11g). Bulk density, water absorption, oil absorption, swelling index and viscosity of the three cowpea flour
fractions were significantly affected by their location (P<0.05). Bulk density ranged from 0.63 to 0.80 g/mL with Akidi Elu and Nkoti Iwang having
higher values than Akidi. Water absorption of Akidi Elu (1.95 g H20/g) and
Akidi (2.00 g H20/g) were statistically different from that of Nkoti Iwang
(1.42 g H20/g) flour. Brown cowpea flour can find application in food supplementation and as functional ingredient in various formulated foods.
 2012 Trade Science Inc. - INDIA

INTRODUCTION
Cowpeas (Vigna unguiculata) are one of the
staple foods in the diets of most Africans and can serve
as an important source of proteins, calories and income[3]. Its high protein content makes it an important
ingredient in the diet of population groups of many tropical and sub-tropical countries[13,20]. Its proteins make

Brown cowpea;
Functional and
physical properties;
Varietal influence.

good complement for grain proteins such as rice and
starchy foods like cassava and plantain[11]; and could
be substituted or blended with wheat flour to produce
bread, leavened dough and cookies that are of acceptable qualities[30]. Cowpea varieties namely Akidi, Akidi
Elu and Nkoti Iwang among others are common in Nigeria. Akidi and Akidi Elu are mostly consumed by
people from eastern Nigeria while Nkoti Iwang is pre-
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dominant in southern Nigeria.
Planting of Akidi and Akidi Elu seeds is between
April and June while Nkoti Iwang seeds are planted
between February and March; and harvesting starts
about 5-6 months after planting. The seeds are removed
from the pods after allowing it to dry in field or may be
eaten when they are still green. These cowpea varieties
(Akidi, Akidi Elu, Nkoti Iwang) are consumed by removing its seeds from the pods and eaten as pottage,
used as a delicacy with sliced African oil bean seeds
(called “ugba”) or with boiled cassava (termed “edita
iwa”) and eaten with other starchy foods like plantains.
Furthermore, they can be eaten with fresh corns or
sliced cassava called “Abacha”. Therefore the objective of this study was to investigate the physical and
functional properties of the lesser known varieties of
brown cowpeas grown in eastern Nigeria.
MATERIALS AND METHODS
Materials and sample preparation
Three varieties (Akidi, Akidi Elu, Nkoti Iwang) of
cowpeas used in this study were obtained from local
markets in Southeastern Nigeria. The seeds were
cleaned and soaked separately in tap water (Akidi Elu
and Akidi for 16hrs; Nkoti Iwang for 18hrs) to facilitate the removal of hulls from seeds. After dehulling; the
seeds were sun-dried, ground, sieved through a double
layer Muslim cloth to obtain flour and stored in a dry,
air tight plastic container for further analysis.
Physical property analysis
Seed characteristics
The seed characteristics were determined following the procedure of Fashakin and Fasanga[15]. The raw
seeds were randomly selected from each variety and
examined by subjective methods for shape, testa texture, seed color, eye color and testa attachment to the
cotyledon. The degree of attachment was described as
loose or firm depending on the resistance of the testa to
peeling using fingers after soaking. The texture was described as smooth or wrinkle depending on how the
seed appears to the eye.
Seed size and weight
The size of seed was dimensionally characterized
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by measuring each of ten randomly picked seeds for
their length (L), width (W) and thickness (T) in mm
using a vernier caliper of about 0.001mm precision[42].
The average seed size was calculated.
Weight of 100 seeds randomly selected was determined by weighing[5]. The average seed weight was calculated.
Determination of proximate composition of the
brown cowpea varieties
Moisture content of the samples was determined
by drying at 105oC for 3hrs using[6]. Ash content was
determined using Gallenkamp muffle furnace, England[6]. Fat was determined in the soxhlet apparatus[6] using petroleum ether as the solvent of extraction. The macro Kjeldahl procedure based on the
AOAC method was used for nitrogen and the protein
content g samples was calculated using 6.25 as the
conversion factor. Crude fibre was by AOAC[6] and
carbohydrate was by difference.
Evaluation of the functional properties of cowpea
flour samples
Water and oil absorption capacity
The oil and water absorption capacities of cowpea
seeds were determined as described by Carcea
Benecini[8]. One gram cowpea flour sample was stirred
in 10ml of distilled water/oil for 1min by manual shaking. The mixture was then allowed to stand at room
temperature for 30min and centrifuged at 1,500rpm for
30min. The supernatant was decanted and the volume
in the measuring cylinder was noted and converted to
weight (in grams) by multiplying by the density of oil
(0.902g/ml) or water (1g/ml). The oil/water absorption
capacities were expressed as grams of oil/water absorbed per gram of flour sample.
Emulsion and foaming capacity
The procedure of Beuchat et al. (1975) as modified by Eke (2002) was used. Two grams of flour sample
and 75ml of distilled water were blended for 30s using
a magnetic stirrer. After complete dispersion, deodorized vegetable oil was added continuously through a
burette until emulsion breakpoint, separation into two
layers was reached. The emulsion capacity was expressed as mL of oil emulsified per g of flour.
Emulsion capacity = Vol. (mL) of oil ÷ g of sample
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The foaming capacity of flour samples was determined according to Onwuka[32]. Two grams of samples
was blended with 100 mL distilled water in an electric
blender for 30min. The mixture was transferred into a
250 mL measuring cylinder and the volume after 30s
was recorded. The foam capacity was expressed as
percent increase in volume using the formula of Abbey
and Ibeh[1] as reported by Onwuka[32].
Foam capacity = (Vol. after whipping – Vol. before whipping) 
Vol. before whipping x 100

mined by method of comparison at a constant temperature (25oC) using an Ostwald viscometer and the
viscosity reading recorded in centipoises as the average of three readings[33].
Statistical analysis
All analyses were carried out in triplicate. Values
from proximate composition and functional properties
were statistically analysed using analysis of variance
(ANOVA) procedure to determine the significance of
the factor means according to Steel and Torrie[38]. In
the tests where the variance ratios (F values) proved
significant, Fisher’s least significant difference (LSD)
procedure[37] was used to separate the factor means.

Swelling index and bulk density
The method of Abbey and Ibeh[1] was employed.
One gram of the flour samples were weighed into 10ml
graduation measuring cylinder. Exactly 5 mL distilled
water was carefully added and the volume occupied by
RESULTS AND DISCUSSIONS
the sample recorded. The sample was allowed to stand
and disperse in water for 1hr and the volume was again Physical characteristics
recorded. The swelling index was calculated as ratio of
The physical properties data for cowpea flour varivolume occupied after swelling.
eties are presented in TABLE 1. All the three seed vaSwelling Index = Vol. occupied by sample after swelling  Vol. rieties are brown in color with white eye. The seeds
occupied by sample before swelling
were slightly different in testa texture; Akidi Elu and
The method of Onwuka[32] was followed. A 10ml Nkoti Iwang had wrinkled testa while Akidi had smooth
graduated measuring cylinder was weighed and filled testa but all were firmly attached to the cotyledon. The
gently with the flour samples. The bottom of the cylin- average seed weight of the three varieties was 0.10 der was tapped gently on laboratory bench several times 0.12g and the values were low when compared to the
until there was no further diminution of the sample level weight 0.13 - 0.22g reported by Marconi et al.[26]. Also,
after filling to the 10ml mark. The bulk density was cal- the dimension of the seeds varied among varieties; the
seed length ranged from 8.9 to 9.7 mm, width from 5.4
culated as:
Bulk Density (g/ml) = Weight of samples (g)  Volume of to 6.3 mm and thickness was from 3.9 to 4.3mm. These
results were similar to the reports of Purseglove[35] who
sample (mL)
found that cowpea seeds vary in size, color, length (2 Gelling capacity and viscosity
12 mm), testa texture (smooth or wrinkled) and hilum
The gelation capacity of cowpea flour was deter- white eye surrounded by brown seed coat; and Maia
mined according to the method of Onwuka[32]. Sample et al.[25] who reported length of 6.7 - 11.2 mm and
suspensions 2-20% (w/v) were prepared in 5ml dis- width of 5.3 - 8.2 mm for cowpea seed varieties.
tilled water in test tubes. The test tubes containing these
suspensions were heated for 1hr in a boiling water TABLE 1 : Physical characteristics of three cowpea seed vabath, followed by rapid cooling under running cold rieties grown in Nigeria
Cowpea seed
Nkoti
tap water and the test tubes were further cooled for
Akidi
Akidi Elu
varieties
Iwang
o
2hrs at 4 C. The gelation capacity was determine as
Seed color
Brown
Brown
brown
the least gelation concentration determined as the conEye color
White
White
White
centration when the sample from the inverted test tubes
Testa texture
Smooth
Wrinkle
Wrinkle
did not fall or slip.
Testa attachment to
Firm
Firm
Firm
Apparent viscosity of the flour sample was deter- cotyledon
mined by blending 10g of flour sample in 300ml of Seed size (L×W×T); mm 9.7×6.3×4.1 8.9×5.4×4.3 9.4×6.1×3.9
distilled water using a mixer. The viscosity was deter- Mean seed weight (g)
0.10 ± 0.01 0.12 ± 0.01 0.11 ± 0.01
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Proximate composition
The proximate composition of flour fractions from
the three cowpea varieties are presented in TABLE 2.
The three varieties had nutrient composition values that
varied in moisture 12.7-13.2%, protein 24.9- 26.0%,
ether extract 1.9-2.2%, ash 2.5-2.6%, fiber 2.6-2.8%
and carbohydrate 53.9-54.7%. The moisture content
of Akidi Elu (13.1%) and Nkoti Iwang (13.2%) flour
was higher (P<0.5) than that of Akidi (12.7%). However, the finding supported the result of Fisher and
Bender (1985) who reported values of 10-13% moisture for cowpea species. The moisture content of flour
fractions in this study was desirable because flour with
moisture content higher than 14% are susceptible for
bacterial activity and mold growth which will result in
spoilage and development of hydrolytic rancidity[19].
The protein content varied (p<0.05) among the three
varieties with highest value obtained for Akidi (26.0%)
while Nkoti Iwang had the lowest value (24.9%). This
was in agreement with the report of Chavan et al.[9]
who stated protein content of 18.3-35.0% for cowpeas. The three varieties had good protein content but
not as high as the protein content of soybean which is
about 40%[40]. The ether extract content of the varieties ranged from 1.93 to 2.18% which corroborates the
report of Davidson et al.[10] who stated ether extract
values of 1.9-2.5% on dry matter basis. Akidi had the
least fat content which compared well with the values
reported by Enwere[14] and Holland et al.[18]. The values of this study are very acceptable because cowpeas
are known for its low fat content.
The fiber content of the flour fractions was in
agreement with that of Enwere[14] who reported that
cowpeas contain 1.5 to 4% crude fiber. Fiber is known
to have beneficial effect on metabolism in the gastrointestinal tract (e.g., lowers fecal transit time, eliminates toxicants by binding them). The ash content did
not vary among varieties but the data was similar to
the value 2.5-4.9% reported by Chavan et al.[9]. The
carbohydrate (CHO) content of the varieties was not
affected by locations but the values were low and compared well with the report of Edeogu et al.[12] which
reported CHO content of 51.0-63.5%. These values
of this study were desirable because CHOs are good
sources of calories.
Natural Products
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TABLE 2 : Mean values for proximate composition of cowpea
seed varieties
Component (%)

Moisture content
Protein
Ether extract
Fiber
Ash content
Carbohydrate*

Cowpea seed varieties
Akidi

Akidi Elu
c

12.65±0.05
26.02±0.45a
1.93±0.03c
2.75±0.05a
2.56±0.01a
54.09±0.49a

Nkoti Iwang
b

13.06±0.02 13.20±0.10a
25.46±0.15b 24.90±0.10c
2.18±0.03a 2.12±0.03b
2.80±0.018a 2.55±0.05a
2.60±0.29a 2.51±0.01a
53.90±0.85a 54.72± 0.26a

*By difference; a-cMean values with the same superscript between rows are statistically equal at p = 0.05

Functional properties of flours from three cowpea
seed varieties
Water and oil absorption capacity
The functional characteristics data of flours from
cowpea seed varieties are reported in TABLE 3. Result showed that Akidi (2.0 g/g) and Akidi Elu (2.0 g/g)
flour fractions had higher (p<0.05) water absorption
capacity (WAC) than Nkoti Iwang (1.4 g/g). WAC represents the ability of the flour to associate with water,
an important characteristic in baked products such as
dough and pastes. Lin and Zayas[22] reported similar
WAC of 1.9-2.2 mL/g for cowpeas. It is possible that
the high protein content of Akidi and Akidi Elu contributed to the higher WAC values obtained for these varieties. The higher protein content enables these flour fractions to bind more water due to their ability to form
hydrogen bonds with water molecules and polar groups
on the polypeptide chains[16]. Earlier study by Wolf[41]
showed that this property enabled bakers to add more
water to dough to improve handling characteristics and
maintain freshness in the bread and other baked products. The findings of this study suggest that Akidi, Akidi
Elu and Nkoti Iwang flours would be useful functional
ingredient in baked products.
The data presented in TABLE 3 indicated that there
was significant difference (p<0.05) in oil absorption
capacity (OAC) of flour fractions from the three varieties (Akidi: 0.9 g/g; Akidi Elu: 0.9 g/g; Nkoti Iwang:
1.5 g/g). These OAC values were lower than those
reported by Suliman et al.[39] on lentil cultivars (1.92.0g/g). The ability of proteins to bind fat is important
since fat acts as flavor retainer and increases the
mouthfeel of foods[16]. Nkoti Iwang flour fraction had
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ported for processed groundnut[2]. The low gelling concentration obtained in this study indicated that gelation
is not only dependent on the quantity of protein in the
flour but may be related to the 1) type of protein, 2)
TABLE 3 : Mean values for functional properties of cowpea non-protein components, and 3) protein solubility. A
similar conclusion was reached by Sathe and Salunkhe
seed varieties
(1981) in their study on great northern bean. ThereCowpea seed varieties
Akidi
Akidi Elu Nkoti Iwang
fore, cowpea flours could be used as a thickener in
Water absorption capacity 2.00±0.05a 1.95±0.23a 1.42±0.10b
food formulations.
(g H2O/g flour)
Gel formation of cowpea macromolecules (e.g., carOil absorption capacity
0.90±0.01a 0.89±0.15b 1.47±0.29c
bohydrates, proteins) occurs by the formation of a three(g oil/g flour)
dimensional network of macromolecules, interactions
Swelling index (mL/g)
2.02±0.07a 2.30±0.02b 1.85±0.06c
through attractive forces between molecules and mainly
Emulsion capacity (mL/g) 3.53±0.08a 3.50±0.16a 3.30±0.05a
through hydrogen bonding with water molecules[34].
Bulk density (%)
0.63±0.01a 0.80±0.01b 0.67±0.02c
During heat treatment (e.g., cooking, baking) there is a
Gelation capacity (%)
6.00a
6.00a
5.00a
withdrawal of moisture from surrounding matrix which
Foaming capacity (%)
39.00a
38.00a
41.00a
hydrates the carbohydrate or protein molecules. ExViscosity (cps)
3.09±0.15a 3.20±0.02b 3.14±0.15c
pansion of macromolecules (via molecular interaction)
a-c
Means with different superscript between columns are sigcauses a firmer gel to form during cooking[23]. The gel
nificantly different (P<0.05)
structure contributes to the texture and acts as a matrix
Emulsion and foaming capacity
for holding water as well as fat and other components[17].
The result presented in TABLE 3 showed no vari- The gelation capacity of 2% each was reported for
etal effect on the emulsion capacity of the three cow- starch from four cowpea varieties, indicating their pupea varieties (3.3-3.5 mL/g). Similar data (2.2-10.6 rity[7]. The gelation capacity obtained in this study was
mL oil/g sample) for cowpea flours was reported by 5-6%, an indication of mixture of macromolecules such
Nwoji[29]. The emulsion capacity of these flours would as carbohydrates and proteins.
be attributed to the protein in the flour. The value of
Flours from the three cowpea varieties had viscosAkidi flour suggests that more protein molecules moved ity values of 3.09-3.20 cps at 25oC. The result comto the interface and absorb more water/oil due to its pared well with the report of Ragab et al.[36]. Cowpea
high protein content than other varieties.
flour fractions of this study could serve as protein suppleThe foam capacity of the flours 38-41% showed ment in human diet and as functional ingredient in varino difference among the cowpea varieties (Akidi, Akidi ous food formulations.
Elu, Nkoti Iwang). This data compared well with foam Swelling index and bulk density
capacity values (28-110%) reported for processed
The swelling index (1.85-2.30 mL/g) of the three
groundnut flours[2]. Good foam capacity values meacowpea
flour fractions supported the values 1.1-3.0
sured for Akidi, Akidi Elu and Nkoti Iwang flour frac[29]
tions make them useful ingredient as aerating agents in mL/g reported by Nwoji for cowpea flours. Swellfood systems such as whipped toppings, ice cream mixes ing ability provides evidence of non-covalent bonding
and favorite cowpea products (called ‘akara’ and ‘moi- between protein and water molecules. It is possible that
moi’ in Nigeria). These products require the produc- higher swelling index values indicate better flour performance/handling and yield in baked products.
tion stable high foam volumes when whipped[16].
Akidi Elu, Akidi and Nkoti Iwang flour fractions
Gelling capacity and viscosity
had bulk density values of 0.80 g/mL, 0.63 g/mL and
The gelation concentration of Akidi Elu and Akidi 0.67 g/mL, respectively. Akidi Elu flour had higher
flours was 6% (w/v) while that of Nkoti Iwang flour (p<0.05) values than Akidi and Nkoti Iwang (TABLE
was 5% (w/v). This was similar to the value (6%) re- 3). The values were low compared to bulk density (1.4
the highest OAC which would be useful in ground meat
formulations such as sausages. Atuobi et al.[7] reported
variations in functional properties of starches from four
cowpea varieties
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g/mL) of varieties reported by Suliman et al.[39].
CONCLUSION AND SIGNIFICANCE
Cowpea varieties grown in eastern Nigeria (Akidi;
Akidi Elu) were higher in protein content (26.0%;
25.5%) than the protein content (24.9%) of the variety
grown in southern Nigeria (NKI). This finding makes it
probable that planting location affects the nutrient composition of beans. Akidi Elu had higher functional properties such as water absorption capacity, swelling index, bulk density and viscosity while Nkoti Iwang had
the highest oil absorption capacity value. The three
brown cowpea flour fractions have good functional attributes and can be used as functional ingredients in
composite flour and baked products.
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