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ABSTRACT

The effect of moisture content on the physical properties of three of the most popular Nigerian cowpea
varieties namely Ife 98-12, IT90K-277-2 and Ife Brown was determined with a view to obtain data use-
ful for the design of handling and processing equipment for the crop. Physical properties such as linear
dimensions, geometric mean diameter, sphericity, aspect ratio, bulk density, true density, projected
area, porosity and 1000 grain mass were studied in the moisture range of 8 to 18% w.b. which covers
the moisture range from harvesting to storage. The length of the grains ranged from 9.36 to 9.74mm,
7.70 to 8.49mm and 8.01 to 8.49mm for the three varieties respectively. The width ranged from 6.34 to
6.53mm, 6.08 to 6.45mm and 6.01 to 6.46mm while the thickness ranged from 5.24 to 5.33mm, 5.00
to 5.24mm and 4.42 to 4.75mm respectively for the three varieties. The results show that variety and
moisture content had significant effects (p< 0.05) on all the physical properties studied except aspect
ratio on which the effect of moisture content was not significant. Regression equations that could be
used to express the relationships existing between the physical properties and grain moisture content

were established.
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INTRODUCTION
Cowpea, vigna unguiculata, is a very important
grain legume consumed in all parts of West
Africa. Cowpea grains contain about 25%
protein and 64% carbohydrate (Bressani,
1985; Singh, 2003) making it a rich source
of protein in the diet of both rural and ur-
ban population. Over 75% of world’s cow-
pea production is from Africa and West
Africa is the key producing zone with Nige-
ria being the largest producer and consumer
of cowpea in West Africa and also in the

world (FAOSTAT 2005; Coulibay and Low-
erberg-DeBoer, 2003).

Cowpea, due to its high protein content has
the potential to be used in nutritional prod-
ucts for infants and children’s food and to
compensate for large proportion of carbohy-
drate often contained in African diets. How-
ever, a major constraint to such industrial
use is the poor quality of cowpea available in
the market (Taiwo, 1998; Lambot, 2003).
They often contain stones, foreign particles
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and defective grains due to traditional meth-
ods of handling and processing employed
by many local farmers. There is thus need
for the development of handling and pri-
mary processing equipment for cowpea to
improve the quality of cowpea available for
industrial use as well as for human con-
sumption. The high cost of imported ma-
chines for processing of crops if available is
another factor inhibiting the availability of
high quality products in most developing
countries. This has led to the promotion of
design and production of these machineries
locally. However, there is lack of appropri-
ate data on the properties of most seeds and
grains varieties available in developing
countries required in the designs.

Physical properties of a crop are very im-
portant in the design of machines and
analysis of the behaviour of the crop during
agricultural process operations such as
cleaning, sorting, drying, handling, planting,
harvesting and threshing (Akaimo and Raji,
2006). Kutte (2001) also reported that in the
design of any agricultural handling and
processing machine, properties of the crop
such as the grain size, shape, mass, hard-
ness, angle of repose, grain-straw ratio,
moisture content, kernel and bulk density
must be taken into account.

Bulk and true densities are essential in
knowing the weight of the crop per unit
volume and are useful in handling opera-
tions. They are also useful in the design of
silos, storage bins and design of specific
gravity separators. The porosity or the per-
centage of voids of grains is useful in air-
flow, heat flow and drying studies such as
determining the Reynolds number in pneu-
matic and hydraulic handling of grains, and
in calculating thermal diffusivity in drying
and other heat transfer problems

(Nalladurai et al., 2003).

The shape and physical dimensions are use-
ful data for the design of separating or clean-
ing machines. The aspect ratio gives an indi-
cation of the tendency of a seed towards be-
ing oblong in shape (Omobuwajo et al.,
1999). Its knowledge is important in the de-
sign of hoppers, separation and conveying
equipment. Furthermore, the sphericity and
geometric mean diameter that are computed
from the physical dimensions are used in
determining aerodynamic properties such as
terminal velocity, drag coefficient and Rey-
nolds number (Tado et al., 1999).

Many researchers have investigated the
physical properties of different crops and
food materials which include soybean
(Deshpande et al., 1993), cumin seed (Singh
and Goswani, 1996), paddy rice (Nalladurali,
2003), sheanut (Aviara et al., 2005), green
wheat (Al-Mahasneh and Rababah, 2006)
and corinder seed ( Coskuner and Ersankara-
baba, 2007). However, literature is sparse on
the physical properties of Nigerian cowpea
varieties as well as their dependence on
moisture content.

The objective of this study is to determine
some physical properties of three varieties of
Nigerian cowpea, namely, linear dimensions,
geometric mean diameter, sphericity, aspect
ratio, bulk density, true density, porosity,
1000 grain weight and projected area and to
investigate the effect of moisture content on
these physical properties. The moisture con-
tent range was selected from 8 to 18% w.b.
as harvesting and most of the processing op-
erations of cowpea are performed in this
range.
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MATERIALS AND METHODS
Three varieties of cowpea namely Ife
brown, Ife 98-12 and IT90K-277-2 were
used for the study. The crops were grown
in 2007 season at the experimental farm of
the Institute of Agricultural Research and
Training, Moor Plantation, Ibadan, Nigeria.

moisture content of grains was determined
by oven drying method using ASAE stan-
dards (1998). Calculated amount of distilled
water was added to the grains to bring them
to the desired moisture contents of 8, 12, 14,
and 18% w.b. using equation (1) (Olayanju,
2002).

The crops were cleaned manually for chaff,
immature and broken grains. The initial

Q:A(b_%OO—b)

Where
A=initial mass of the sample, g
a= initial moisture content of the sample,% wet basis (w.b.)
b= final (desired) moisture content of sample % w.b.
Q= mass of water added to be added, g

Each sample of cowpea varieties was sealed in a separate polythene bag. The samples were
kept at 5°C in a refrigerator for a week to enable the water to distribute uniformly (Akinoso
et al., 2006).

To determine the linear dimensions, 50 grains were randomly selected from each of the
three varieties at each moisture level and the three principal dimensions of each grain,
namely, length (L), width (W) and thickness (T ) were measured using a micrometer screw
gauge reading to 0.01 mm. The geometric mean diameter, Dy and the degree of sphericity,
W, were calculated using the following relationships

( Mohsenin ,1986; Desphande et al., 1993; Lucas and Olayanju, 2003):

D, =(LWT)%
(2)
_(wr)% D,
L L
3)

a

The aspect ratio, , was calculated as follows ( Mohsenin ,1986; Hauhouot-O'Hara et al.,
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2000):
R, W
L
(4)
Since cowpea is ellipsoidal in shape (Nwuba et al., 1994), the projected area, "  was calcu-
lated from the following relationship:
a <Y
4
()

A 3 X 4 factorial experiment in Completely Randomized Design (CRD) with a total of 600
observations (3 varieties x 4 moisture content levels x 50 samples) was used for each of the
parameters.

One thousand grain mass was determined by an electronic beam balance reading to 0.001g.
The true density of grain is defined as the ratio of the mass of a sample of the grain to the
volume occupied by the same sample. A weighed quantity of cowpea was poured into a 100
cm3 fractionally graduated cylinder containing 50 cm3 of distilled water. The volume of wa-
ter displaced by the grains was noted. The true density was calculated as:

mS
_ v
True density= " (6)
m
Where * = mass of sample, g

\"

w

volume of water displaced, cm3

The bulk density was determined by filling a container of known mass and volume to the
brim with each variety of cowpea. The net mass of cowpea was obtained by subtracting the
mass of the container from the mass of the container and cowpea. To achieve uniformity in
bulk density, the container was tapped 10 times in the same manner in all measurement to
consolidate as reported by Irtwange and Igbeka (2002). The bulk density was then calcu-
lated as

my

Bulk density = Yo (7)

m
Where ° = mass of sample, g
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0

= volume occupied, cm3

The porosity defined as the space in the bulk grains which is not occupied by the grains was
calculated from the following relationship (Singh and Goswami, 1996):

100 1—&]
P, _ P

Where
P

= porosity, %

® = bulk density, g/cm3

Pr = true density, g/cms3

A 3 X 4 factorial experiment in Completely
Randomized Design (CRD) with a total of
36 observations (3 varieties x 4 moisture
content levels x 3 replications) was used for
each of the gravimetric properties. The re-
sults obtained from the study were sub-
jected to analysis of variance (ANOVA),
correlation and regression analyses using
SPSS 15 and Microsoft Excel software.

RESULTS AND DISCUSSION

Seed dimensions

The axial dimensions, geometric mean di-
ameter, sphericity, aspect ratio and pro-
jected area are presented in Table 1. It was
observed that the linear dimensions namely
length (L), width (W) and thickness (T) of
the three varieties of cowpea increased as
the moisture content increased from 8% to
18% w.b. The effects of variety and mois-
ture content were significant (p<0.05) on

the three principal dimensions. The interac-
tion effect of variety and moisture content
however was not significant (p< 0.05) on
linear dimensions (Table 2). The regression
equations in the moisture range of 8 to 18%
w.b. as presented in Table 4 show a positive
correlation of linear dimensions with mois-
ture content with high correlation coeffi-
cients. A similar trend was exhibited by the
geometric mean diameter. The increase in
the linear dimensions of the grains with in-
crease in moisture content may be due to
increase in the volume of the grains as mois-
ture content increases. Other investigators
such as Despande et al. (1993) and Nalladurai
et al. (2003) have reported similar observa-
tions for soybean in the moisture range of
8.7 to 25% d. b. and rice in the moisture
range of 14.3 to 25.7% w.b. respectively.

J. Nat. Sci. Engr. Tech. 2011, 10(2): 133-145

137



*A.A. ADERINLEWO!, A.O. RAJIZ; AND T.M.A. OLAYANJU!

(ov80)
£/£99T

(09T°0)
£66'LST

(089'7)
680'GST
(089'1)
LYS LYT
(012°0)
667981

(0z¥°0)
V29 LLT
(202°0)
V6L ELT
(0z¥°0)
0v0'991

(eveT)
£96'STC
(0zz'T)
GL6'€02

(TLT7)
956861

(ov¥2)
009'T6T

6
'SSBIA UIRID)
puesnoy_L

(zT0)
€66

(0z0)
GT'6E
(TT°0)
6T°6
(sT°0)
£8'/¢
(zT0)
£2'6E

(¥z0)
£8'8¢
(¥z0)
£8'9¢
(¥z0)
19°/€
(tz0)
Ge'oy
(5z0)
670
(sT°0)
AN
(92°0)
19%Y

%

Risolod

(T00°0)
66T'T
(2000)
102°T
(T00°0)
v1Z'T
(2000)
91Z'T
(T00°0)
€6T'T
(T00°0)
G6T'T
(2000)
00Z'T
(T00°0)
T
(T00°0)
12T
(2000)
9eT'T
(T00°0)
6ST'T
(T00°0)
€52'T
msb
8
‘Auis

-usp ani |

(T00°0)
GzL0
(£00°0)
1€L°0
(T00°0)
8£.°0
(2000)
95/°0
(T00°0)
GzL0
(£00°0)
1€L°0
(2000)
85/°0
(2000)
8.0
(2000)
2,90
(2000)
9/9°0
(2000)
8/9°0
(#00°0)
¥69°0
msb
8
‘Auis

-usp %ing

(ov80)
£/£99T

(09T°0)
£66'LST
(089'1)
680'GST
(089'1)
VS LYT
(012°0)
667981

(0z¥°0)
V29 LLT
(202°0)
V6L ELT
(0z¥°0)
0v0'991

(eveT)
£96'STC

(0zz'T)
GL6'€02

(TLT7)
956861

(ov¥2)
009'T6T

i

'SSBIA UIRID)
puesnoy_L

(zT0)
€66

(0z0)
GT'6E
(TT°0)
6T°65
(sT°0)
£8'/¢
(zT0)
£2'6E

(¥z0)
£8'8¢
(¥z0)
£8'9¢
(¥z0)
19°/€
(tz0)
Ge'oy
(5z0)
670
(sT°0)
AN
(9z°0)
19'%Y

%

Rsolod

(T00°0)
66T'T
(2000)
102°T
(T00°0)
v1ZT
(2000)
91Z'T
(T00°0)
€6T'T
(T00°0)
G6T'T
(2000)
00Z'T
(T00°0)
T
(T00°0)
12T
(2000)
9eT'T
(T00°0)
6ST'T
(T00°0)
€52'T
msb
8
‘Auis

-Usp ani |

(T00°0)
G2L0

(£00°0)
1€L°0
(T00°0)
8c.'0
(2000)
95.°0
(T00°0)
G20

(£00°0)
1€L°0
(2000)
86/°0
(2000)
8/1°0
(2000)
2,90
(2000)
9/9'0
(2000)
8/9°0
+(¥00°0)
¥69°0

‘Auis
-usp ing

UOIJRIASP PIepUBIS-«( )

81

14

4

81

14

4

81

14

4

8

%

oo
ISION

umo.ug aJ|

¢-Lle
-J06.LI

¢1-86 941

fisLrep

S|9A9™] 1USU0D 3JN1SIOW JUaIBYIP Je sanalieA eadmod syl Jo saiuadold eaisAyd ayy Jo Arewwns 1 ajqeL

138

J. Nat. Sci. Engr. Tech. 2011, 10(2): 133-145



EFFECT OF MOISTURE CONTENT ON SOME ....

Table 2: Summary of analysis of variance for seed dimensions (p< 0.05)

Source of  Degree Length  Width  Thick- Geom. Aspect  Spheri-
Variation  of Free- mm mm ness Dia, Ratio city
dom mm mm %
Variety 2 277.91* 12.67* 128.71* 76.59* 196.49*  675.68*
Moist. Cont 3 15.63*  1435*  596*  38.74* 134 NS 29.05*
Interaction 6 105NS 1.83NS 059 NS 539NS 1.46 NS 27.03*
Error 588

* = Significant difference

Sphericity (%) and aspect ratio ( R, )
Sphericity is an expression of the shape of a
solid relative to that of a sphere of the same
volume whereas the aspect ratio relates the
width of a seed to its length which is indica-
tive of its tendency towards being oblong in
shape (Omobuwajo et al., 1999). Both vari-
ety and moisture content had significant
effects on sphericity but only variety signifi-
cantly (p< 0.05) affected aspect ratio. The
sphericity is observed to decrease at mois-
ture content levels of 8% to 18% w.b. for
Ife 98-12 and IT90K-277-2. It decreased at
moisture content level of 8% to 12% w.b.
and increased from 12% to 18% w.b. for Ife
Brown (Table 1). This variation in sphericity
may be due to the slight differences in the
shapes of the three varieties. Furthermore,
the high aspect ratio obtained for the three
varieties indicate that they can roll easily.
This information is useful in the design of
hoppers, separators and conveyors.

Projected area (P.A.)

The projected area for the three varieties
increased as the moisture increased from 8
to 18% w.b. (Table 1). The linear regression
equations presented in Table 4 show that

NS = Non significant difference

projected area was positively correlated with
moisture content with high correlation coef-
ficient for the three varieties.

Bulk and true densities (B.D.and T. D.)
The bulk and true densities decreased as the
moisture content increased from 8 to 18%
w.b. as shown in Figs. 1 and 2. The effects of
variety and moisture content were significant
(p< 0.05) on the bulk and true densities of
the three cowpea varieties. The interaction
effect of variety and moisture content was
also significant (p< 0.05) on the bulk and
true densities.

This decrease in bulk density and true den-
sity of cowpea with increase in moisture con-
tent is similar to observations made by other
investigators such as Visvanathan et al.,
(1996) for neem nut, Lucas and Olayanju
(2003) for beniseed and Irtwange (2000) for
African yam bean. The decrease in true den-
sity with increase in moisture content could
be adduced to the fact that the increase in
the volume of the grains as they absorbed
moisture is greater than the corresponding
weight gained. Furthermore, the same weight
of the material occupies more volume of the
container thus decreasing the bulk density.
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Fig. 1. Effect of moisture content on the bulk densities of three cowpea
varieties
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Fig. 2: Effect of moisture content on true density of three cowpea
varieties
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Table 3: Summary of analysis of variance for bulk and true density, porosity and

thousand grain mass (p< 0.05)

Source of Degree of  Bulk Density ~ True Density  Porosity ~ Thousand
Variation Freedom k k % Grain Mass,
I I

m? m? g
Variety 2 3783.76* 3662.37* 1238.85* 4939.75*
Moist. 3 519.76* 4815.08* 31.86* 522.42*
Cont.
Interaction 6 50.59* 1200* 228.77* 1.36 NS
Error 24

* = Significant difference

Porosity (P)

The porosity of IT90K-277-2 and Ife
Brown varieties increased with an increase
in moisture  content while that of Ife 98-
12 decreased with an increase in moisture
content (Table 1). Analysis of variance
showed that the effect of variety and mois-
ture content is significant (p< 0.05) on po-
rosity. The interaction effect of variety and
moisture content was also significant (p<
0.05) on porosity. Other investigators have
also made similar observations for different
seeds. Gupta and Das (1997) observed an
increase in porosity with increase in mois-
ture content for sunflower seeds while Vis-
vanathan et al. (1996) and Desphande et al.
(1993) observed a decrease in porosity with

NS = Non significant difference

increase in moisture content for neem nut
and soybean.

Thousand grain mass (TGM)

The thousand grain mass for the three varie-
ties increased linearly with increase in mois-
ture content and are in the range of 191.600
to 2139639 for Ife 98-12, 166.040 to
184.499g for IT90K-277-2 and 147.547 to
166.373g for Ife Brown when the moisture
content increased from 8 to 18% w.b. (Fig.
3). Similar observations were made by Lucas
and Olayanju (2003) for beniseed, and Irt-
wange and Igbeka (2002) for African yam
bean.
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Fig. 3: Effect of moisture content on thousand grain mass of three cowpea
varieties

Table 4: Regression Equations for Some Physical Properties of Cowpea

Variety Ife 98-12 ITOOK-277-2 Ife Brown

Property LR.E r LR.E r LR.E r
L 9.07+0.04M 096  7.05+008M 097 7.62+ 0.05M 0.99

w 6.16 +0.02M 094 574+ 004M 087 5.64 + 0.05M 0.99

T 516 +0.01IM 095 482+002M 099 411+ 0.03M 0.96
GMD 567+0.08M 089 579+004M 096 5.62 + 0.04M 0.99
W 84.65- 0.85M  -0.80  82.25-0.24M  -097  73.95+0.07M 0.75
B.D 070-0.02M -0.74  0.82-0.01M -0.95 0.78-0.003M -0.97

T.D. 133-001IM -091 175-0.05M -0.85 1.232-0.002M -0.90
P. A 43.82+0.36M  0.98  31.55+0.60M 093 33.820+0.51M 0.99
P 4733-043M  -090 35.60+0.19M 0.73  36.820+0.16M 0.73
TGM. 17291+225M 099 149.46+2.04M 097 132.49+1.87M 0.99

M- moisture content, % w.b., L.R.E.- Linear Regression Equation, r- correlation coefficient
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CONCLUSION

The following conclusions were drawn
from the study:

1. The linear dimensions (length, width
and thickness) of the three varieties of cow-
pea are linearly related to their moisture
contents and increased with increase in
moisture content in the moisture content
range of 8 to 18% w.b. However, the linear
dimensions differ significantly among the
three varieties.

2. Variety and moisture content significantly
affected (p< 0.05) the physical properties of
the three cowpea varieties investigated at
with the exception of aspect ratio on which
the effect of moisture content is not signifi-
cant.
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