ARID ZONE JOURNAL OF ENGINEERING, TECHNOLOGY &
ENVIRONMENT

LA
U? AZOJETE September 2022. Vol. 18(3):377-386

Published by the Faculty of Engineering, University of Maiduguri, Maiduguri, Nigeria.
Print ISSN: 1596-2644, Electronic ISSN: 2545-5818
www.azojete.com.ng

sORIGINAL RESEARCH ARTICLE

DETERMINATION OF THE PHYSICO-MECHANICAL PROPERTIES OF THREE
CULTIVARS OF COWPEA (VIGNA UNGUICULATA) GRAIN

E. O. Adanu*"? S. A. lya?, I. T. Yakubu? and H. U. Kabri?

!Department of Agricultural Education, Federal College of Education (Technical), Gombe, Nigeria
2Department of Agricultural and Environmental Engineering, Modibbo Adama University of Technology, Yola, Nigeria
3Department of Biological and Agricultural Engineering, Universiti Putra Malaysia, 43400, UPM Serdang, Selangor, Malaysia
*Corresponding author’s email address: emmazone44@gmail.com

ARTICLE ABSTRACT
INFORMATION

This study evaluated the physico-mechanical properties of IT89KD-288,
Submitted 30 December, 202 Ife brown, and IT98K-573-1-1 varieties of cowpea. The cowpeas were
Revised 30 March, 2022 obtained from local farmers in different parts of North Eastern Nigeria.
Accepted 6 April, 2022 The crop varieties were identified, sundried and cleaned before testing.

The results for length, width, thickness, equivalent diameter, arithmetic
diameter, sphericity, surface area, volume, mass, angle of repose, frictional
angle, and bulk density were obtained at pre-determined moisture

Keywords: contents. Other results for IT98K-573-1-1 seed-chaff ratio, pod angle of
Cowpea internal friction, hardness, compressive force in the major, intermediate
physical properties and minor axes, shear force in the major, intermediate and minor axes

mechanical properties are 4.0+0.18, 44.4+1.0°, 1.4610.0.99 kgf/mm?2, 62.0+6.5 N, 38.3£1.6 N,
81.0+11.7 N, 61.0+t4.74 N, 45.1£24 N, and 76.5+9.8 N respectively.
There was significant difference between the physical and gravimetric
properties of IT89KD-288, Ife brown, and IT98K-573-1-1 varieties of
cowpea.

© 2022 Faculty of Engineering, University of Maiduguri, Nigeria. All rights reserved.

1.0 Introduction

Cowpea (Vigna unguiculata (L.) Walp) is an annual grain legume indigenous to tropical Africa but
also cultivated in Latin America, South Eastern Asia and Southern United States (IITA, 2005; Da
Silva et al,, 2018; Ng and Marechal, 1985). Africa accounts for over 87% of global cowpea
production, with Nigeria responsible for 58% of global production (FAOSTAT, 2017 as cited in
Nkomo et al.,, 2021). In Africa, 52% of cultivated cowpea is useful for food, 13% serves animal
feed, 10% is utilized for seeds, 9% is used for other purposes, and 16% is wasted (IITA, 2009;
Baysah, 2013). Cowpea and other legumes, are responsible for up to 80% of the total protein
intake for adults and are wholly the only source of protein for lots of children in West Africa
(FAO, 2015). Itis also a vital source of soil fertility improvement through the fixation of nitrogen
and is relatively drought-tolerant (Nkomo et al., 2021; Olajide and llori, 2017).

Rapid and accurate determinations of physical attributes are needed in processing agricultural
materials (Stroshine and Hamann, 1995). Physico-mechanic and aerodynamic data of agricultural
products are necessary for the development of machines required for several operations
ranging from harvesting, separation, handling and storage; and the conversion into food, feed
and fodder (Gursory and Guzel, 2010). The size and shape properties of agricultural produce
are vital in designing cleaning, grading, conveying equipment, and in thin layer drying (Singh and
Meghwal, 2019). Bulk density and true density are used in determining floor space, structural
loads, and quality of the product. Porosity is useful in determining other properties like thermal
conductivity, volume change, or diffusion coefficient (Kumar et al., 2018). The study of the
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engineering properties of agro-produce is useful in the design and simulation of food processes
and equipment. The angle of repose and coefficient of friction aided the precise development
of the hopper, silos and the conveyor belt. The conveyor belt serves purposes ranging from
transportation, loading and unloading, dehulling and packaging (Malik and Saini, 2016; Vashishth
et al,, 2020). In milling operations, the hardness of grains (soft or hard) determines the particle
size distribution in the extracted flour (Hruskova and Svec, 2009).

Many studies have been carried out on the properties of cowpea (Soyoye et al., 2020; Kayode
et al,, 2018; Chukwu et al, 2010), however, only a few went further to observe the pod
characteristics as handling begins from the point of harvest (Dalha et al., 2018). This study is to
determine some engineering properties of three cowpea varieties that are popular in North
Eastern Nigeria. It would offer researchers and agro-processing technologists a tool for
furthering development in cowpea processing.

2. Materials and Methods

2.1 Material Selection and Preparation

Cowpeas were obtained from Cham community in Gombe state, Ngurore and Sangere areas
of Adamawa state directly from farmers as shown in Figure |. The seeds were taken to the
Agricultural Development Programme (ADP) office in Adamawa state for identification. it was
identified as IT98K-573-1-1, Ife Brown and Sampea || (IT89KD-288). After the identification,
the seeds were collected, cleaned and sorted for testing. The oven dry method was used to
determine its moisture content prior to testing according to ASAE standards, (2003).

Figure 1: Cowpea varieties commonly grown in parts of north east Nigeria.

2.2 Physical Properties

2.2.] Dimensions and shape

Sixty whole seeds were selected at random and their corresponding length (L), width (W) and
thickness (T) were measured and recorded using a digital Vernier Calliper having a resolution,
reliability and maximum error of 0.0 mm, 0.0l mm and 0.02 mm respectively as found in de
Araujo et al. (2020). Sphericity (%), Arithmetic mean diameter (D,)(mm), Equivalent diameter
(D.)(mm), Surface area (S)(mm?) and Volume (V)(mm’®) were estimated using equations 1, 2, 3,
4, and 5 respectively (Stroshine and Hamann, 1995; Khodobakhshian et al., 2016).

Sphericity = (LVLV—T)é (1
D =52 @)
D, = (LWT)3 3)
S = nD,? “
v="=1p? (3)
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where: L = mean length of the seeds (mm); W = mean width of seeds (mm); and T = mean
thickness of the measured seeds (mm).

2.2.2 Mass of cowpea seeds

The apparatus used were sample container and electric weighing balance. A 1000 whole seed
of each variety were selected, placed in a container with known mass; it was weighed and the
mass of the container was subtracted from the gross mass. The procedure was repeated |0
times and corresponds with Igbozuike and Aremu (2009). The average mass of the individual
seed is estimated as shown in Equation (6) (Mohsenin, 1986),

_ Total mass
Mass of seed (g) = Number of seeds (6)

2.2.3 Bulk density

The bulk density is the ratio of the mass sample of the seeds to its total volume. It was
determined using procedure outlined by Botelho et al. (2021) by filling predetermined container
from a constant height. The bulk density (y) was determined by filling a 100ml beaker with seeds
by dropping them from a height of 150mm and the seeds weighed. Dropping the seeds from a
height of 150mm produces a tapping effect in the container to reproduce the settling effect
during storage. The bulk density of the sample was calculated as shown in Equation (7).

Bulk density (y) = % (7)

where: y is bulk density of cowpea sample, g/lcm®, M is bulk mass of cowpea sample, g, V is bulk
volume of cowpea sample, cm’.

2.2.4 Angle of repose

Sample container, metal funnel and meter rule were used. The metal funnel was erected on flat
metal surface. A known quantity of cowpea seed was filled into the funnel by means of the
sample container. The funnel was lifted gradually from the flat metal surface to allow the seeds
flow freely to form a conical shape on the flat surface (Togo et al., 2018). The height, H(cm)
and length of the base of the conical heap, Lg(cm) were measured and the corresponding angle
of repose (°) computed following the relationship given by Ozguven and Kubilay (2004).

0, = tan™! [%] ()

The procedure was repeated |0 times for each variety and the mean value determined and the
values were recorded. Similar method was used by Togo et al. (2018).

2.2.5 Coefficient of static friction

The tilting table was used to compute coefficient of static friction. It was determined against
plywood. The coefficient of static friction was calculated from Equation (9). The procedure was
similar to that found in Dalha et al. (2018).

u = tan6 9)
where:  is the coefficient of static friction and 6 is the angle of tilt of the experiment table.

Corresponding author’s e-mail address: emmazone44@gmail.com 379



http://www.azojete.com.ng/
file:///C:/Users/HP/Documents/Engr%20Oyeniyi/azojete/AZOJETE%20ARCHIVE/UPLOAD/VOL%2018%20NO%203/azojete18no_3firstbatchofpapers/emmazone44@gmail.com

Arid Zone Journal of Engineering, Technology and Environment, September, 2022; Vol. 18(3):377-386. ISSN 1596-2644; e-ISSN 2545-
5818; www.azojete.com.ng

2.3 Mechanical Properties

2.3.1 Compression test

The Instron Universal Testing Machine at the Department of Mechanical Engineering at the
Bayero University, Kano (BUK) was used for performing compression test on the cowpea
seeds. A seed of cowpea was placed between the two heads of the compressing device while
the upper head is lowered at the rate of 1.25mm/min (Chukwu and Sunmonu, 2010). Reading
was immediately taken as displayed by the digital force gauge. Ten seeds were observed for
each variety and in the three major axis of Major, Minor, and the Intermediate.

2.3.2 Shear strength

Shear strength of the samples were determined using the Universal testing machine at the
Department of Mechanical Engineering in Bayero University, Kano. The slots of the tester were
screwed to compress the material in-between them. The reading was taken at the instance of
the seed crack. This can be observed from the graph and its recordings. Similar process was
reported by Chukwu and Sunmonu (2010).

2.3.3 Hardness

Hardness was tested using the Rockwell Brinell Hardness Tester according to ASTM E|0-14
test method. The Brinnel Hardness tester is shown in Figure 2. The upper part of the instrument
slot was a steel ball indenter with known diameter. It was lowered on the sample with a
weighted force (kgf) to create an indentation. The first sound made by the sample when tightly
pressed indicates its hardness. The counter reading was taken where the sample was not making
a total contact with the tester. The hardness value divided by contact area gives the contact

hardness number.
2P

BHN = s (10)

where: BHN is the Brinell Hardness Number (kgf/mm?); P is the applied load in (kgf); D is the
diameter of the indenter (mm); and d the diameter of the indentation (mm).

Figure 2. The Brinnel Hardness Tester is shown in (a) and the test demonstration (ai).
The Universal Testing Machine (b) demonstrating test of a specimen (bi)

2.4 Statistical Analysis
Descriptive statistics, analysis of variance (ANOVA) and post hoc testing of mean difference
using Tukey were computed to test and describe the cowpea varieties. These tests were run

with the IBM® SPSS® 26 Statistics (IBM Corp. e Copyright IBM Corporation 2019) and the

Microsoft® Office Excel® 2019 Software’s for Microsoft Windows.
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3. Results and Discussion

3.1 Seed Dimensions

The Table | showed the mean dimensions of the three varieties of cowpea tested and the
moisture content at which the test was conducted. The dimensions of length, width and
thickness for the three varieties of cowpea investigated showed significant difference at (p<
0.01). The mean comparisons using the Tukey’s HSD test indicated that the IT98K-573-1-1, Ife
brown and IT89KD-288 differ significantly with one another. With regards to length, the
ITBIKD-288 is longer while IT98K-573-1-1 is the shortest. The IT89KD-288 is the widest and
thickest of the varieties; while Ife brown has the least width and thickness (Table 1). The result
for length, width and thickness were similar to results obtained by Nimesh and Sharanagat
(2016), and Banjpai et al. (2019) for chicken pea and Jamun (Syzgium cuminii) seeds respectively.
The results by Hamid et al. (2016) for red and black cowpea were comparatively smaller. Sieve
apertures among other parameters in the designing process of agricultural machines are
selected based on grain dimensions (Mohsenin, 1986).

Table |. Mean and Standard deviation results for length, width and thickness of the cowpea
varieties

Variety MC(%) N Length(mm) Width(mm) Thickness(mm)
IT98K-573-1-1 11.7+0.26 60 8.27+0.21= 7.36+0.202 5.65+0.162
Ife Brown 12.0+0.19 60 9.59+0.14p 6.99+0.300 5.18+0.22b
IT89KD-288 11.8+0.20 60 [1.3+0.1 1< 8.57+0.17¢ 6.57+0.02¢<

All the parameters tested were highly significant at p<0.001

3.2 Arithmetic Mean Diameter (Da) and Equivalent Diameter (De)

The results for the computed arithmetic mean and equivalent diameter are shown in Table 2
below. The results for Arithmetic mean diameter and Equivalent diameter for the three varieties
observed showed significant difference (p< 0.01). Further mean comparison revealed that the
arithmetic mean diameter for IT98K-573-1-1 (Mean, M=7.09, Standard Deviation, SD=0.19), Ife
brown (M=7.26, SD=0.22), and IT89KD-288 (M=8.81, SD=0.12) were all significantly different
with one another. For Equivalent diameter, IT98K-573-1-1 (M=7.00, SD=0.1 1) significantly differ
from IT89KD-288 (M=8.60, SD=0.11); while Ife brown did not differ with IT98K-573-1-1
(M=7.03, SD=0.21).

3.3 Volume, Surface Area and Sphericity

Volume, surface area and sphericity for all the three varieties tested were significantly different
(p< 0.01). The mean comparison test in Table 2 showed that Ife brown and IT98K-573-1-1 did
not differ for volume and surface area. However, all three varieties differ significantly for
sphericity (p< 0.01). A similar trend was reported by Theertha et al. (2014) for black grain;
Ehiem et al. (2016) for Canarium Schweinfurthii Engl.fruits and Yalcin (2006) for cowpea seed.

Table 2. Computed values of shape and size for the three varieties from observed dimensions

Variety Sphericity (%) Da (mm) De (mm) SA (mm?) Seed Vol. (mm®)
IT98K-573-1-1 82.86+3.2° 7.0910.19° 7.001+0.11° 154+2.42° 180+2.83°
Ife Brown 73.77+4.0° 7.26+0.22° 7.03+£0.21° 155+4.63* 18245.44°
IT89KD-288 75.861+2.4° 8.8110.12°¢ 8.60+0.11° 23242.97° 333+4.26°

3.4 1000 Seed Mass
The variety of cowpea studied had significant impact on the seed mass, F (2, 27) = 1533619,
p=.000. The 1000 seed mass for the three varieties tested showed that every variety is clearly
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distinct in terms of mass from another. The variety can be identified based on the mass (Table
3). Similar result was reported by Davies and Zibokere (201 1) for cowpea seed mass; and by
Ehiem et al. (2016) for Canarium Schweinfurthii Engl.fruits.

Table 3. Mean and Standard deviation results for Gravimetric properties of the cowpea
varieties

Angle of Angle of Internal
VARIETY MC N  1000Seed Mass (g) Repose (°) Friction (°) Bulk Density
IT98K-573-1-1 11.7£0.26* 10 203+6.19° 20.7+3.06° 36.1+4.24° 711.319.40°
Ife Brown 12.0+0.19° 10 218+5.22° 19.24+3.15° 34.443.11° 740.1+8.11°
IT89KD-288 1.840.20° 10 35945.25¢ 19.743.04° 35.543.24° 695.7+11.2°

3.5 Angle of Repose and Static Coefficient of Friction

The Table 3 above showed that the results of the angle of repose for IT89KD-288, Ife brown
and IT98K-573-1-1 all differ significantly when compared. The mean angle of repose for all three
varieties ranged between 19.2° and 20.7° with IT98K-573-1-1 having the larger angle, whereas
Ife brown has the least. The observed angle of repose values is higher than those reported by
Hamid et al. (2016) for red and black cowpeas; but lower than what was reported in Mirzabe
et al. (2021) and Bajpai et al. (2019) for arugula and Jamun (Syzgium cuminii) seeds respectively.
Materials with low angles are highly flowable and can be transported using gravitational force
or a little energy (Bhattacharya, 201 3; Hashemi and Al-Amoudi, 2018).

From the Table 3, the mean comparison test for angle internal friction revealed that all the
varieties in the study differ significantly. The mean angle of internal friction for IT98K-573-1-1,
Ife brown and IT89KD-288 cowpea varieties are 36.1 +4.24°, 344+3.1° and 35.5+3.24°
respectively. Davies and Zibokere (201 1) obtained similar result for some three varieties of
cowpea studied. The angle of internal friction is an indication of the minimum positioned angle
which will guarantee a continuous flow of materials (Mohsenin, 1986).

3.6 Bulk density
The mean bulk densities for IT89KD-288, Ife brown and IT98K-288 are 695.7 g/cm’, 740.1 g/cm’

and 711.3 g/cm’® in that order. The mean comparison showed that all tested varieties differ
significantly from the other. It was observed that larger volumes tend to have lesser bulk
densities as can be seen with the IT89KD-288. It implies that more can be tightly packed
together for small than the larger sized seeds thereby resulting in greater mass per unit volume
of space as reported elsewhere by Mirzabe et al. (2021) and Hamid et al. (2016) for arugula
seed, and red and black cowpea respectively. Mass, volume and density of agricultural products
are vital in designing silos and storage bins, for determining seed purity and maturity evaluation
(Gustustafson, and Kjelgard, 2000 as cited in Heidarbeigi et al., 2009).

3.7 Some Mechanical and Gravimetric properties of the IT98K-573-1-1

Besides the aforementioned properties tested for all three varieties of cowpea in this study, the
IT98K-573-1-1 was isolated for further testing. The test comprised of Seed-Chaff ratio, Pod
angle of friction, Compressive force test, Shear force test, and Hardness test as shown in table
4 below,

3.7.1 Seed-chaff ratio and IT98K-573-1-1 whole pod angle of internal friction
Seed-chaff ratio is the comparison by weight of the cowpea grain collected from a
representative pod and the chaff of the pod. In the result presented in Table 4, the seed-chaff
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ratio for ten pods tested was 4.0+0.18. This data is useful during threshing, while separating
pod from the chaff through different outlets.

The result of the angle of internal friction for the pod of cowpea is necessary in threshing,
conveying and storage. The result, 44.4°+1.0, means that angular elevation above 44.4° on a
plywood will produce sliding of the IT98K-573-1-1 cowpea pod.

Table 4. Mechanical properties of IT98K-573-1-1 cowpea variety

Parameter N Min. Max. Mean SD Range
Seed-Chaff Ratio 10 3.7 43 4.0 0.18 0.63
Pod Angle of Friction (°) 10 424 46.1 44.4 1.0 3.7
Compressive Force (N)

a-Major axis 10 53.0 72. 62.0= 6.5 18.6
b-Minor axis 10 353 40.2 38.3b 1.6 49
c-Intermediate 10 57.9 100.1 81.0c 1.7 42.2
Shear Force (N)

a-Major axis 10 54.9 69.7 61.02 4.74 14.7
b-Minor axis 10 41.2 48.1 45.1> 24 6.9
c-Intermediate 10 60.8 92.2 76.5¢ 9.8 314
Hardness (kgf/mm?) 10 0.04 3.18 1.455 0.99 3.14

3.7.2 Compressive force (IT98K-573-1-1)

In this study, it was observed that there was a significant difference between the compressive
strength of the three geometrical axes, F (2, 27) = 75.80, P<.001, n,> = .85. Post hoc testing
using Tukey’s HSD revealed that the Intermediate axis (M=81.0N, SD=11.7) was significantly
different from the other geometric axis. Similarly, the Minor axis (M=38.3N, SD=1.6) has the
least compressive force requirement; while the Major axis (M=62.0N, SD=6.5) had the
comparatively moderate compressive force requirement as shown in figure 3a. The reason why
the minor axis and the major had the least force requirement for compressive deformation is
due to the dicot nature of cowpea which enables it to shatter along its axis of dicot separation,
perpendicular to the direction of the impacting load. The compression test is similar to Nimesh
and Sharanagat (2016) for chicken pea seed. The findings indicated that the minimum force
required to shatter or rupture a cowpea kernel is 38.3N.

@ (b)

an
30 a0
-
20 30
o aMagor axis b-Minor axis c-Interm ediate 10
mTota 62 38.26 81.03 5
ic Axis

a-Mgor axis b-Minor axis c-Interm ediate

Compressive Force (N)

Shear Force (N)

Geometric axis

Figure 3. The compressive force (a) and shear force (b) test result for all three dimensions
of the IT98K-573-1-1 cowpea. It was obtained from graphical plot on the computer screen of
the UTM machine. It was the point of first failure of the plot.

3.7.1 Shear force (IT98K-573-1-1)
The shear force for IT98K-573-1-1 cowpea variety is presented in table 4 for the major, minor
and intermediate axis. There was significant difference among the three geometrical axes on
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the shear strength, F (2, 27) = 59.9, P<0.001, n,”> = 0.82. The mean comparison test revealed
significant differences between pairs of geometric axes. The Intermediate axis (M=76.5N,
SD=9.76) requires the highest shear force, while the Minor axis (M=45.1N, SD=2.39) requires
the least. From the results as represented in figure 3b, the minimum force required to shear a
cowpea kernel is 45.1N. The eta square result showed that the geometric axis of the cowpea
is the most important main effect of variance.

3.8 Hardness

The mean hardness test for the IT98K-573-1-1 cowpea was |.455 kg-ffmm?, and the values
ranged from 0.04 to 3.18 kg-f/mm? for the 10 samples that were randomly tested. This result
can be found in table 4. Material hardness indicates the degree of resistance of the material to
various load applied. Chukwu and Sunmonu (2010) recorded grain hardness of 7.9810.03kg
and 11.96+3.57kg for the Sampea7 and Tvx 3236 cowpea varieties respectively.

4. Conclusion

The physico-mechanical properties of IT98K-573-1-1, Ife brown and IT89KD-288 varieties of
cowpea seeds were determined. They were investigated at an average moisture content range
of 1.7 and 12.0%wb. It is clear that the physical and gravimetric properties of cowpea can be
used to distinguish its varieties. It is proven that the studied properties of cowpea are necessary
for the development of cowpea post-harvest equipment.
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