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Abstract Two local cowpea cultivars (Red cowpea and Black cowpea) were studied for various

physical, cooking and textural properties. The moisture, crude protein, fat, ash and carbohydrate

content of seeds ranged from 10.0% to 10.1%, 21.29–23.90%, 0.49–1.94%, 19.8–2.81%, and

60.53–62.45%, respectively. Sphericity, 1000-seed weight and surface area were significantly higher

for Red cowpea than Black cowpea. However bulk density was found significantly higher for Black

cowpea than Red cowpea. Black cowpea had significantly shorter cooking time (29.77 min) than

Red cowpea (64.67 min). Water uptake ratio, hydration capacity and swelling capacity were signif-

icantly higher for Red cowpea than Black cowpea. Hardness was higher for soaked Red cowpea

seeds (16.37 kg) than soaked Black cowpea (7.62 kg). Adhesiveness values were observed signifi-

cantly higher for soaked Black cowpea seeds (1.26 kg s) than soaked Red cowpea (0.004 kg s).

Chewiness was also significantly higher for Red cowpea. Cooked seeds did not show a significant

difference for the textural parameters between the two cultivars.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Cowpea (Vigna unguiculata /Vigna sinensis) also known as
Southern pea, China pea, Black-eye bean or Cow gram in
the United States (Olalekan and Bosede, 2010) is an edible
legume belonging to the family Fabaceae. It represents an
important source of proteins and carbohydrates. It is well

known to be of African native and is widely cultivated and
consumed in tropical and sub-tropical areas of Africa, Latin
America, Southeast Asia and in the Southern United States

(Appiah et al., 2011). The crop was first introduced to India
during the Neolithic period, and therefore India seems to be
a secondary centre of genetic diversity (Pant et al., 1982).

Cowpea is a rich source of protein for people who cannot
afford proteins from animal sources such as meat and fish
(Akpapunam and Sefa-Dedeh, 1997) and are often referred
to as poor man’s meat. They represent one of the dietary sta-

ples in many parts of the world (Odedeji and Oyeleke, 2011).
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It has been estimated that worldwide area of production of
cowpeas is approximately 10.1 million hectares with annual
global grain production being approximately 4.99 mil-

lion tons. The largest areas under cultivation are in Central
and West Africa. In India cowpea is grown on an area of
3.9 million hectares with a production of 2.21 million tonnes

with the national productivity of 683 kg per ha (Singh et al.,
2012).

Cowpea due to its nutrient and functional benefits has

also gained industrial importance for being used as a poten-
tial ingredient in food formulations. However, its processing
in industries requires a number of equipment and the design
of such equipment. World Cowpea Conference (2010)

demands understanding of the physical properties of the
seed. For instance, the knowledge of dimensions is very use-
ful in determining aperture sizes in the design of grain han-

dling machineries. Similarly knowledge of geometric surface
would help in deciding the clearance between the abrasive
surfaces for dehulling and would also help in designing the

grader, cleaner and separator for the seeds (Tchiagam
et al., 2011).

Cooking time that gives an indication of cooking quality is

one of the most important factors responsible for consumer’s
choice for a particular food. Of the major limitations that make
cowpea like other legumes uneconomical and unacceptable to
consumers is its longer cooking time. Cooking renders legumes

edible and ensures their acceptable sensory properties (Bourne,
1982). The process involves certain physicochemical changes
including gelatinization of starch, denaturation of proteins, sol-

ubilization of some of the polysaccharides, and softening and
breakdown of the middle lamella, a cementing material found
in the cotyledon (Vindiola et al., 1986; Stanley and Aguilera,

1985). Cooking also inactivates or reduces the levels of
anti-nutrients such as trypsin inhibitors and flatulence-causing
oligosaccharides, resulting in improved nutritional quality

(Wang et al., 2008; Ayyagari et al., 1989; Jood et al., 1985).
Though cooking renders legumes edible, longer cooking time
is associated with some negative effects such as reduction in
nutritive value of proteins (Chandrashaker et al., 1981),

increased energy and time consumption, thus limiting their
preference as protein source. Besides cooking time, the assess-
ment of texture is also critical to the determination of cooking

quality and plays an important role in determining consumer
acceptance of cooked legumes (Stanley et al., 1989). The aim
of the present study was to evaluate two locally available cow-

pea cultivars for physical, cooking and textural characteristics.

2. Materials and methods

2.1. Materials

The certified seeds of two cowpea cultivars (Red cowpea and
Black cowpea) were procured from the local market of
Srinagar J&K, India. Seeds were cleaned of the dirt, and for-
eign matter and damaged ones were removed. The seeds of

both the cultivars were ground in a common household grin-
der to obtain respective flours. The flours were then packed
in air tight polythene bags and stored until further use at

20 �C. All the reagents used in the study were of analytical
grade.
2.2. Methods

2.2.1. Proximate composition of seed

Protein (method 960.10), fat (method 920.85), ash (method

923.03), moisture (method 925.10) contents were determined
according to standard methods (AOAC, 1990). Carbohydrate
content was obtained from the difference (100 – %protein +
%fat +%ash + % moisture).

2.2.2. Colour

The surface colour of seeds was measured using a portable

Hunter Lab Spectrocolorimeter (Miniscan XETM, Hunter
Associates Laboratory Inc., Reston, Virginia, USA) according
to the method of Sharma and Gujral (2014). Colour measure-
ment was done in the values of Hunter L (lightness), a (redness

to greenness) and b (yellowness to blueness) values.

2.3. Physical properties of seeds

2.3.1. Seed dimensions

Hundred randomly selected seeds were used to measure length

(L), breadth (B) and thickness (T), three principal dimensions
which are in the three mutually perpendicular directions using
a Vernier caliper reading 0.01 mm. Average of 25 determina-
tions was reported.

2.3.2. Geometric mean diameter

The geometric mean diameter was calculated using the follow-

ing relationship (Mohsenin (1970)). Values are average of 25
replications.

Dg ¼ ðLWTÞ1=3
2.3.3. Sphericity

The sphericity (u) was calculated as a function of the three

principal dimensions as shown below Mohsenin (1970). Aver-
age of 25 determinations was reported.

U ¼ ½ðLWTÞ1=3=L� � 100
2.3.4. Surface area

The surface area (S) in mm2 was found using the formula given
below, using the method analogous to the one used by
Altuntas� et al., 2005; Tunde-Akintunde and Akintunde,

2004; Sacilik et al., 2003 as follows. Values are average of 25
replications.

S ¼ D2
g � p
2.3.5. 1000-seed weight

1000-seed weight was determined by counting one hundred
seeds manually and weighing. The obtained values were then
multiplied by a factor 10 to get 1000-seed weight (AACC,

2000). Average of three determinations is reported.

2.3.6. Length/breadth ratio

10 randomly selected seeds were observed for length/breadth

ratio by simply dividing calculated length by calculated
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breadth (Sharma and Gujral, 2010). Average of three determi-
nations is reported.

2.3.7. Bulk density and true density

Bulk density was determined according to the method of Wani
et al. (2013a) and expressed as g/L and true density was deter-
mined according to the methods of Mohsenin (1980). Average

of three determinations is reported.

2.3.8. Porosity

The porosity (e) of the bulk is the ratio of spaces in the bulk to
its bulk volume and was determined by the following equation
(Mohsenin, 1980). Average of three determinations is reported.

e ¼ 100½1� ðPb=PkÞ�

where e is the porosity in percentage; Pb is bulk density in
g/mL and Pk is seed density in g/mL.

2.3.9. Angle of repose

The angle of repose (U) of seed was determined by a cylindrical
tube (smallest diameter 45 mm, biggest diameter 200 mm and
height 350 mm) having discharge gate at the bottom. After fill-
ing the tube with seed sample, the gate was quickly removed.

The height (h) of seed pile above the floor and the radius of
the heap (r) were measured and used to determine the angle
of response.

U ¼ tan� 1ðh=rÞ

2.3.10. Static coefficient of friction

The static coefficient of friction (l) was determined for three
different structural materials, namely, corrugated board, mica

ply and, fibre glass and according to the method of Gezer et al.
(2002). For this measurement one end of the friction surface
was attached to an endless screw. The seed was placed on

the surface and it was gradually raised by the screw. Vertical
and horizontal height values were read from the ruler when
the seed started sliding over the surface, then using the tangent

value of that angle the coefficient of static friction was found
from the formula:

l ¼ tan/

where l is the static coefficient of friction and u is the angle of

tilt in degrees.

2.4. Cooking properties

2.4.1. Cooking time

Cooking time was determined according to the method of
Wani et al. (2013b).

2.4.2. Gruel solid loss

Seeds (5 g) were cooked in 100 mL of double distilled water for
minimum cooking time. The gruel was transferred to 250 mL

beakers and then evaporated till completely dried in a hot
air oven at 110 �C. The solids were subsequently weighed
and gruel solid loss was calculated as percentage.

2.4.3. Cooked length–breadth ratio

The cumulative length and breadth of 10 seeds were measured
after cooking for minimum cooking time. The length–breadth
ratio of the 10 cooked seeds was determined by dividing the
cumulative length to the cumulative breadth of cooked seeds.

2.4.4. Water uptake ratio

Five grams of seeds was cooked in 100 mL of double distilled
water for minimum cooking time. The cooked seeds were then
removed, drained and surface water on seeds was removed by

using filter paper. The samples were weighed and the water
uptake ratio was calculated as the ratio of weight gained after
cooking to weight before cooking.

2.4.5. Hydration capacity and hydration index

Seeds (5 g) were soaked in 50 mL of distilled water in a mea-
suring cylinder and covered with an aluminium foil. The seeds

were left to soak for 24 h in room temperature (20 ± 2 �C),
drained and excess water was removed using a tissue paper.
The weight of the swollen seeds was measured. Hydration

capacity and hydration index were calculated (Adebowale
et al., 2005)

Hydration capacity

¼Weight after soaking�Weight before soaking

Number of seed

Hydertion index ¼ Hydration capacity of seed

Weight of one seed
2.4.6. Swelling capacity and swelling index

The volume of 5 g of seeds was predetermined using a gradu-

ated cylinder and they were subsequently soaked overnight in
distilled water. The volume of the seeds after soaking was then
measured. Swelling capacity and the swelling index were deter-
mined (Adebowale et al., 2005)

Swelling cacacity

¼ Volume after soaking� Volume before soaking

Number of seed

Swelling index ¼ Swelling capacity of seed

Number of seed
2.5. Scanning electron microscopy

Raw and cooked samples of cowpea cultivars were dehusked

and samples were dried at 40 �C to a constant moisture content
of 8%. The cotyledons were scraped at the surface to expose
the endosperm. The samples were then placed on an adhesive
tape attached to a circular aluminium specimen stub. After

coating vertically with gold–palladium, the samples were pho-
tographed at an accelerator potential of 5 kV using a scanning
electron microscope (Hitachi S-300H-Tokyo, Japan).

2.6. Texture of seeds

Soaked and cooked seeds were analysed for textural parame-

ters like hardness, cohesiveness, chewiness and adhesiveness
according to the method of Wani et al. (2013b) using Texture
Analyzer (Model XT2i; Stable Micro Systems Ltd., Surrey,

UK) loaded 50-kg load cell.
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2.7. Statistical analysis

The data reported are averages of triplicate observations. The
‘‘t-test was applied to determine differences between means
using the commercial statistical package (SPSS Inc, Chicago,

USA).

3. Results and discussions

3.1. Proximate composition

Proximate composition of cowpea seeds is presented in Table 1.
Moisture content of Red cowpea was 10.0% and for Black cul-
tivar was 10.1%. Protein content was found significantly
(p 6 0.05) higher for Black cowpea (23.90%) compared to

Red cowpea (21.29%). Likewise, fat percentage was also
significantly higher for Black (1.94%) than Red cowpea
(0.49%). However, ash contents did not show a significant dif-

ference. Carbohydrates were in the range of 61.53–62.4.5%
with significantly higher content in Red cowpea cultivar. The
variations in the proximate composition could be attributed

to environmental conditions, soil type and genetic factors.

3.2. Physical properties

Knowledge of physical properties is imperative for the design

of equipments which are used for processing of seeds in the
industries which involves harvesting, threshing, cleaning, sepa-
ration, transportation and packaging.

3.2.1. Colour

‘L’, ‘a’ and ‘b’ values of cowpea seeds revealed significant
differences between the two cultivars (Table 1). Higher values

of ‘L’ (29.94) and ‘a’ (9.17) were obtained for Red cowpea
seeds than Black cowpea (‘L’ is 15.61 and ‘a’ is �1.44). This
indicates brightness and reddishness in the seed colour of

Red cowpea. Lower ‘L’ value for Black cowpea shows darker
complexion of Black cultivar and negative ‘a’ value indicates
that there is some greenish tint in the Black cowpea seed.

Colour of seeds is due to the presence of polyphenols in the
seed coat and the differences in seed colour might be due to
genetic factors.
Table 1 Proximate composition of cowpea seeds (n= 3).

Parameter Red cowpea Black cowpea

Moisture (%) 10.00 ± 0.17a 10.10 ± 0.19a

Protein (%) 21.29 ± 0.15a 23.90 ± 0.14b

Fat (%) 0.49 ± 0.02a 1.94 ± 0. 15b

Ash (%) 1.98 ± 0.02a 2.81 ± 0.02a

Carbohydrates (%) 62.45 ± 0.42b 60.53 ± 0.18a

Colour values

L 29.94 ± 1.22b 15.61 ± 1.61a

a 9.17 ± 0.14b �1.44 ± 3.49a

b 18.12 ± 2.88b 17.39 ± 1.61a

a Values reported are mean ± standard deviation.
b Mean in the row with different superscripts are significantly

(p 6 0.05) different.
3.2.2. Dimensions and length–breadth ratio

Physical properties of two cowpea cultivars are presented in

Table 2. The results of seed dimensions indicate that Red
cowpea seeds were significantly (p 6 0.05) thicker (5.07 mm)
than Black cowpea seeds (4.09 mm). However, significant

(p > 0.05) differences were not observed in length and breadth
of seeds between the cultivar. The results for dimensions are in
accordance with Appiah et al. (2011) who have reported

length, minor diameter and major diameter in the range of
7.73–7.67 mm, 4.51–4.86 mm, and 5.75–6.30 mm, respectively.
From the frequency distribution curve it was observed that for
Red cowpea maximum number of seeds were having their

length range 6.50–6.75 mm, breadth in the range 5.50–
5.75 mm and thickness 5.00–5.25 mm. Similarly for Black
cowpea maximum number of seeds were having length range

6.50–7.25 mm, breadth 4.75–5.00 mm and thickness 3.75–
4.00 mm (Fig. 1). There was no significant difference in
length–breadth ratio between the two cultivars. Appiah et al.

(2011) have reported length, minor diameter and major diam-
eter in the range of 7.73–7.67 mm, 4.51–4.86 mm, and 5.75–
6.30 mm, respectively for cowpea seeds.

3.2.3. 1000 seed weight

1000 seed weight was found significantly greater for Red vari-
ety (130.78 g) than Black cowpea (98.82 g). The results are in

accordance with those reported by Appiah et al. (2011) for
three cowpea cultivars with 1000-seed weight in the range of
131.6–151.6 g. Sobukola and Abayomi (2011) have reported

1000 seed mass for certain cowpea seeds in the range between
140.44 g and 192.81 g.

The dimensions of cowpea beans and their 1000-seed
weight give indication of the space the flour would occupy as

well as their bulkiness. Since the dimensions and 1000-seed
weight of the two cowpea cultivars were significantly different,
suggesting that equal quantity of each variety would occupy

unequal space and the cost of packaging and transportation
would be different if based on space occupied.
Length (mm) 7.04 ± 0.54 6.46 ± 0.54

Breadth (mm) 4.97 ± 0.39a 5.49 ± 0.34a

Thickness (mm) 4.09 ± 0.38a 5.07 ± 0.38b

Length breadth ratio 1.17 ± 0.11a 1.42 ± 0.10a

Geometric diameter (mm) 5.72 ± 0.18b 5.07 ± 0.31a

Sphericity (%) 87.64 ± 4.69b 72.65 ± 4.1aa

Surface area (mm2) 102.82 ± 6.46b 81.02 ± 9.9aa

1000 seed weight (g) 130.78 ± 2.32b 98.82 ± 2.66a

Bulk density(g/ml) 0.72 ± 0.00b 0.80 ± 0.00a

True density (g/ml) 12.52 ± 0.01a 12.53 ± 0.05a

Porosity (%) 94.24 ± 0.01a 93.60 ± 0.01a

Angle of repose 12.52 ± 1.02a 13.26 ± 0.26a

Static coefficient of friction

Corrugated board 0.36 ± 0.01a 0.43 ± 0.02b

Mica ply 0.36 ± 0.01a 0.43 ± 0.02b

Glass 0.31 ± 0.0a 0.37 ± 0.1b

a Values reported are mean ± standard deviation.
b Mean in the row with different superscripts are significantly

(p 6 0.05) different.
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Figure 1 (a) Frequency distribution curve for length of seeds, (b)

Frequency distribution curve for breadth of seeds, (c) Frequency

distribution curve for thickness of seeds.
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3.2.4. Geometric mean diameter

Geometric mean diameter of two cultivars was significantly

different. Geometric mean diameter for Red cowpea was
observed as 5.72 mm and for Black cowpea 5.07 mm. These
findings are in accordance with observations reported by

Sobukola and Abayomi (2011) who reported geometric mean
diameter values for cowpea seeds in the range of 5.90–
6.91 mm.

3.2.5. Sphericity

It was observed that Red cultivar had significantly higher sphe-
ricity value (87.64%) than Black cowpea (72.56%). The values

indicate that Red cowpea seed is more spherical than the Black
cowpea. These values are in accordance with Davies and
Zibokere (2011) who reported the sphericity range of 67–
79% range for various cowpea cultivars.

3.2.6. Surface area

Surface area was significantly higher for Red cultivar
(102.82 mm2) than Black cultivar (81.02 mm2). Surface area
is used for designing grader, cleaner and separator for seeds.

Thus the two cowpea cultivars need different designs of these
equipments for their processing.

3.2.7. Bulk density, true density and porosity of seeds

The values for bulk density, true density and porosity are
depicted in Table 2. Black cowpea showed significantly
(p 6 0.05) higher value of bulk density (0.82 g/mL) than Red

cowpea (0.72 g/mL). Bulk densities of 0.69–0.80 g/cm3 were
recorded for three cowpea varieties by Appiah et al. (2011).
However, true density and porosity values showed no signifi-

cant difference for the two cowpea cultivars. Porosity values
are in agreement with previously reported values 11.08–
14.02% for cowpea seeds (Sobukola and Abayomi, 2011).

Porosity of seeds is very important in water uptake as seeds
with low porosity may find it difficult to take up water com-
pared with seeds of high porosity (Saguy et al., 2005; Marabi

and Saguy, 2004).

3.2.8. Angle of repose

Angle of repose was found significantly higher for Red cowpea

(13.26�) than Black cowpea (12.52�) (Table 2). Wani et al.
(2013b) reported angle of repose for black gram cultivars in
the range of 17.74–19.02�. It is used to estimate the height or
width of grain piles. Angle of repose also helps to measure

the maximum slope at which grains are stable. According to
Teunou et al. (1995) angle of repose is more for cohesive mate-
rials and smaller for non-cohesive materials.

3.2.9. Static coefficient of friction

Static coefficient of friction for Black cowpea was significantly
higher for the three surfaces viz corrugated board, mica ply

and glass with values 0.43, 0.34 and 0.37, respectively (Table 2).
Results obtained reveal that corrugated board offered the
highest static coefficient of friction for both the cultivars of

cowpea. Static coefficient of friction is helpful in determining
the loading and unloading of goods. It also gives an idea of
material to be used in designing of conveyors.

3.2.10. Cooking properties

Cooking process is the combination of heating and hydration.
Cooking characteristics of cowpea seeds were studied by mea-

suring cooking time, water uptake ratio, solid loss, and elonga-
tion ratio (Table 3). It was observed that Black cowpea had
significantly shorter cooking time (29.77 min) than Red cow-

pea (64.67 min). The results indicate that Black cowpea would
be the first preference for consumers as it would involve lesser
fuel and time consumption. These results are in accordance
with the results of Appiah et al., 2011 who have reported cook-

ing time of 57 min, 65 min and 84 min for three cowpea varie-
ties viz Nhyira, Tona and Adom, respectively. Water uptake
ratio was significantly higher for Red cowpea cultivar (6.07)

than for Black cultivar (4.8). Higher value for Red cultivar
may be attributed to its lower bulk density. Cooked elongation



Table 3 Cooking properties of cowpea seeds (n = 3).

Parameter Red cowpea Black cowpea

Cooking time (min) 64.67 ± 2.52b 29.77 ± 0.40a

Water uptake ratio (g/g) 6.07 ± 0.14b 4.86 ± 0.50a

Elongation ratio 1.24 ± 0.75a 1.39 ± 0.12a

Solid loss (%) 8.8 ± 0.10a 9.6 ± 0.15a

Hydration capacity (g/seed) 0.1 ± 0.00b 0.05 ± 0.001a

Hydration index 0.7 ± 0.00b 0.53 ± 0.01a

Swelling capacity (mL/seed) 0.22 ± 0.01b 0.12 ± 0.01a

Swelling index 1.15 ± 0.07b 0.84 ± 0.06a

a Values reported are mean ± standard deviation.
b Mean in the row with different superscripts are significantly

(p 6 0.05) different.
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ratio and solid loss during cooking did not vary significantly as
depicted in Table 3. Red cowpea showed solid loss of 0.44 g

and Black cowpea 0.48 g.

3.2.11. Hydration capacity and hydration index

Hydration capacity and hydration index were observed from

0.05 to 0.1 g/seed and 0.53–0.7 respectively (Table 3). The val-
ues obtained were significantly (p 6 0.05) higher for Red cow-
pea than Black cowpea. The results could be due to lower bulk

density of Red cowpea than Black cowpea. Tresina and
Mohan (2012) have reported hydration capacity of 0.03 g/seed
and hydration index of 0.9 for cowpea.

3.2.12. Swelling capacity and swelling index

Swelling capacity and swelling index of two cowpea cultivars
were in the range of 0.12–0.22 mL/seed and 0.84–1.15
Figure 2 (a) Un-gelatinized Red cowpea seed, (b) Gelatinized Red c

Black cowpea seed.
(Table 3). Black cowpea cultivar had significantly lower values
than Red cowpea cultivar. Tresina and Mohan (2012) have
reported swelling capacity and swelling index values as

0.053 mL/seed and 0.001 mL/seed, respectively for cowpea.

3.2.13. Scanning electron microscopy

Scanning electron micrographs of raw and cooked cowpea

cotyledons are presented in Fig. 2. It is evident from the figure
that raw cotyledons have a well ordered structure with packed
starch granules. On the other hand cooked cotyledons have

disruption of the ordered structure, due to the phenomenon
of gelatinization process. In the presence of excess water and
heat, starch granules absorb water causing their swelling, rup-

turing and leaching out of amylose content leading to total dis-
ruption of starch granule structure.

3.3. Textural analysis

Texture properties of cowpea seeds soaked overnight in water
are presented in Table 4. Seed hardness was found from
8.92 kg to 7.63 kg. Cohesiveness was observed from 0.15 to

0.17. However, significant differences were not observed in
hardness and cohesiveness. Chewiness and adhesiveness
showed a significant difference between the cowpea cultivars.

Red cowpea showed higher value of chewiness (0.63) than
Black cowpea (0.35) while adhesiveness was found significantly
higher for Black cowpea (1.26) than Red cowpea (0.004).

However cohesiveness and springiness presented no significant
difference between the two cultivars.

Textural properties of cooked cowpea seeds are also pre-

sented in Table 4. Hardness of cooked seeds was in the range
owpea seed, (c) Un-gelatinized Black cowpea seed, (d) Gelatinized



Table 4 Textural properties of cowpea seeds (n= 10).

Parameter Soaked seeds Cooked seeds

Red cowpea Black cowpea Red cowpea Black cowpea

Hardness (kg) 8.93 ± 3.63b 7.62 ± 3.03b 3.13 ± 0.85a 2.84 ± 1.23a

Cohesiveness 0.15 ± 0.02a 0.17 ± 0.04a 0.15 ± 0.03a 0.18 ± 0.02a

Chewiness 0.63 ± 0.11b 0.35 ± 0.17b 0.12 ± 0.10a 0.14 ± 0.05a

Adhesiveness (kg s) 0.20 ± 0.03a 0.26 ± 0.04a 0.44 ± 0.01b 0.39 ± 0.02b

a Values reported are mean ± standard deviation.
b Mean in the row with different superscripts are significantly (p 6 0.05) different.
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of 2.84–4.36 kg. Cohesiveness, chewiness and adhesiveness

were observed in the range of 0.15–0.18, 0.12–0.14, 0.09–
0.14 kg s, respectively. Significant differences were not
observed in the textural properties of cooked seeds between
the cultivars. However, significant differences were observed

in textural properties between cooked and soaked seeds.

4. Conclusion

The findings of this study show that the two cowpea cultivars
(Red and Black cowpea) are rich in proteins and carbohy-
drates. Sphericity, surface area, bulk density and angle of

repose were significantly different for the two cowpea cultivars
indicating that these would require some variation in the pro-
cessing equipment design. Also difference in dimensions and

1000-seed weight of the two cowpea cultivars, suggests that
equal quantity of each cultivar would occupy unequal space
and the cost of packaging and transportation would be differ-

ent (if based on space occupied). The shorter cooking time,
comparatively higher protein and fat contents of Black cowpea
would be more acceptable by the consumers since the main
attraction would be high protein content with shorter cooking

time.
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