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Abstract: Rice is now the main food for about 35 million people in Nigeria, and consumption is increasing faster
than that of any other food crop in many countries in Africa. This study provided essential engineering data on the
physical properties of selected varieties of local rice in Nigeria. Some selected physical properties of Igbemo, Ofada and Abakaliki rice varieties at harvest, market, and storage conditions were evaluated as a function of moisture
content. The latter ranged from 12.38 to 25.69% (dry base). We also determined the physical properties of the rice
samples, such as moisture content, linear dimensions, geometric mean diameter, arithmetic mean diameter, surface
area, aspect ratio, sphericity, bulk density, and hundred kernel weights. A result of the linear dimensions for the
major diameter was 8.4–10.3 mm, 6.4–6.55 mm, and 5.9–7.4 mm for harvested, marketed, and stored rice, respectively. The minor diameter ranged from 2.70 to 3.29 mm, 2.49 to 2.63 mm, and 2.56 to 2.74 mm, and the intermediate diameter of the rice varieties at harvest, market, and storage conditions was 1.92–2.29 mm, 1.90–2.02 mm, and
1.87–1.99 mm, respectively. Depending on the conditions and varieties, the bulk density, true density, and porosity,
was observed to be between 0.59 to 0.90 g/cm3, 2.28 to 5.57 g/cm3 and 70.38 to 85.35% respectively.
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INTRODUCTION
Rice is the most widely consumed cereal after maize
and sorghum in many parts of Nigeria [1]. Rice grain
could be prepared in various forms. Industrially, starch
could be made from broken rice which is used in laundry, pharmaceutical, cosmetics, and textile industries.
The straw can be used as livestock feed, for thatching of
houses, and for making mats and hats. The husk can be
used as fuel [2].
The physical properties of rice, which are important
in the design and selection of storage structures and processing equipment, depend on grain moisture content.
Therefore, the determination and consideration of properties such as bulk density, true density, angle of internal friction, and static coefficient of friction of grain at
specific moisture content are essential [3]. Sabbah et al.
studied the effect of moisture content on the physical

properties for three Egyptian paddy rice varieties [4].
They recorded the increase occurring in seed sphericity
(S) due to the increase of moisture content. The principal axial dimensions of rye seeds are useful in selecting
sieve separators and in calculating power during the rye
milling process. Knowing the grain’s bulk density, true
density and porosity can be useful in sizing grain hoppers and storage facilities: they can affect the rate of heat
and mass transfer of moisture during the aeration and
drying processes. A grain bed with low porosity will
have greater resistance to water-vapour escape during
the drying process, which may lead to the need for higher power to drive the aeration fans.
Cereal-grain kernel densities have been of interest
in breakage susceptibility and hardness studies [5]. Researchers in [6] reported that various physical properties
of green gram (Phaseulus aureus L.) were evaluated as
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In Nigeria, there are different local varieties of
rice, prominent of these varieties are, ‘Ofada’, ‘Igbemo’, and ‘Abakaliki’ rice. Ofada is a generic name
for local rice produced and processed in the rice producing clusters. It originates from Ofada town and
its axes including Owode and Wasimi, Ogun State
South-West Nigeria. It has recently gained prominence and is fast gaining international attention.
Cooked Ofada rice is usually eaten with a special
kind of sauce prepared using pepper (Atarodo and
Tatase), onion, locust beans, palm oil and assorted
meat [11]. The growing of Igbemo rice is a primary activity among the farmers in Igbemo Ekiti, Ekiti State,
where 70% are actively engaged in its production, [12].
Igbemo-Ekiti is acquiring national and international reputation for producing rice [13]. Abakaliki is known in
agriculture, especially in rice production. It dates back
to years before the 1960s.
Despite the popularity of these rice varieties in Nigeria, there is little or no detail of the properties of these
varieties. This factor is one of the major issues affecting
the development of suitable equipment/structure for the
efficient storage and processing of these local rice varieties. This study, therefore, is aimed at investigating some
major properties of Ofada, Igbemo, and Abakaliki rice varieties at different conditions. The study also seeks to find
the effect of these conditions on the physical properties.

a function of moisture content in the range of 8.39 to
33.40% d.b. The average length, width, thickness and
the mass of thousand seeds were 4.21 mm, 3.17 mm,
3.08 mm, and 28.19 g, respectively at moisture content
of 8.39% (d.b.). Also, the geometric mean diameter increased from 3.45 mm to 3.77 mm, whereas sphericity
decreased from 0.840 to 0.815. They observed that with
the increase of moisture content the bulk and true densities decreased from 807 to 708 kg/m³ and from 1,363 to
1,292 kg /m³, respectively. The corresponding bulk porosity increased from 40.77 to 45.16%. The static coefficient of friction is used to determine the angle at which
chutes must be positioned to achieve consistent flow of
materials through the chute.
The geometric properties such as size and shape are
one of the most important physical properties considered during the separation and cleaning of agricultural
grains. Theoretically, agricultural seeds are assumed
to be spheres or ellipse because of their irregular
shapes [3]. [7] determined the physical and mechanical
properties of funnel seed as a function of moisture content. They found that there was a parabolic mathematical equation for sphericity, true density, and deformation
on both seed length and width sections with changes of
moisture content. The shape of the rice was found to be
cylindrical with three perpendicular dimensions, namely
length (L), width (W), and thickness (T).
Matouk et al. developed the mathematical relationships relating the changes of the properties with the seed
moisture content. The seed principal dimensions, mass
of 1,000 seeds and seed projection area generally increased with the increase of seed moisture content. On
the contrary, both shape-index and coefficient of contact
surface decreased [8]. Thousand grain mass of rice was
utilized in determining the effective diameter which can
be used in the theoretical estimation of seed volume [9].
Ghasemi et al. designed equipment for processing,
sorting, sizing, and other post-harvesting equipment of
agricultural products requires information about their
physical properties [10]. In their study, various physical properties of rough rice cultivars were determined
at a moisture content of 10% (wet basis). In the case of
Sorkheh cultivar, the average thousand grain weight,
equivalent diameter, surface area, volume, sphericity, aspect ratio, true density, bulk density and porosity
were 21.64 g, 3.35 mm, 31.76 mm 2, 20.27 mm3, 39.71%,
0.28, 1,269.1 kg/m3, 544.34 kg/m3, and 56.98%, respectively. For Sazandegi cultivar, the corresponding values
were 20.52 g, 3.4 mm, 32.58 mm2, 21.06 mm3, 39.88%,
0.29, 1,193.38 kg/m3, 471.21 kg/m3, and 60.37%. For
Sorkheh cultivar, the average static coefficient of friction varied from 0.2899 on glass to 0.4349 on plywood,
while for Sazandegi cultivar those varied from 0.2186 to
0.4279 on the same surfaces. Angle of repose values for
Sorkheh and Sazandegi cultivars were 37.66° and 35.83°,
respectively. Linear model for describing the mass of
rough rice grain was investigated. Mass was estimated
with single variable of kernel length with a determination coefficient as 0.862 for Sorkheh cultivar whereas for
Sazandegi cultivar was as 0.860. These properties considerably differ from one variety to another.

STUDY OBJECTS AND METHODS
1. Sample preparation. One kilogram each of the
three rice grain varieties, namely Ofada, Igbemo, and
Abakaliki were obtained from farmers from state of
their origin, namely from Ogun, Ekiti and Ebonyi State,
respectively. Each of the rice variety was divided into
10 equal parts and one part was randomly selected from
each of the parts divided. The process was repeated again
by mixing all the divided parts together and then separating them into another 10 equal parts. Another sample
of grain was taken from each of the divided parts [14].
The process was continued until 500 g of rice were taken
from each of the harvested, marketed, and stored rice varieties. The harvested grains were collected directly from
the farm after harvest, while the stored and marketed rice
varieties were collected from the farmer stores and market outlets respectively.
2. Determination of the physical properties of the
rice varieties. We determined the following physical
properties: moisture content, shape, size, 1,000 kernel
weight, surface area, bulk density, true density, aspect
ratio, and sphericity.
2.1 Moisture content. Oven method was adopted
for moisture content determination as recommended by
the ASAE standards*. The whole grains were placed
on dishes for each of the varieties and conditions. After weighing the dishes and grains, dishes were placed
in the oven at 105°C for 8 hours. After drying, the dishes were taken out and placed in desiccators. Then the
samples were cooled and weighed with a balance. This
procedure was performed in three replications for the
* ASAE standards (ASAE [15]).
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harvested, marketed, and stored rice samples. Weight
differences before and after heating were used to determine moisture content, %:
𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑊𝑊1 – 𝑊𝑊2
𝑊𝑊1 – 𝑊𝑊0

× 100,,

Table 1. Average moisture content of Igbemo, Ofada, and
Abakaliki rice varieties under different conditions 𝑊𝑊 – 𝑊𝑊
Conditions

(1)

Harvest
Storage
Market

of moisture dish, kg; W1 is weight
where W0 is weight
𝐿𝐿+𝑊𝑊+𝑇𝑇
,
of dish + 𝐴𝐴𝐴𝐴𝐴𝐴
sample= before
drying,
kg; and W2 is weight of
3
dish + sample after drying, kg.
1⁄3
(𝐿𝐿𝐿𝐿𝐿𝐿)selected
,
𝐺𝐺𝐺𝐺𝐺𝐺
2.2 Size.
100=grains
randomly from 500 g
were used, and the basic dimensions of the seed (major,
1
(𝐿𝐿𝐿𝐿𝐿𝐿) ⁄3
minor, and intermediate)
were measured using a digital
Ø=
𝐿𝐿
micrometer (Mitutoyo
Digital Micrometer, Series) with
accuracy 0.001 mm. The arithmetic
and geometric ave𝑀𝑀𝑠𝑠
Bulk density
rage diameters
of rice =for each
of
the
varieties
𝑊𝑊 – 𝑊𝑊 and con𝑜𝑜
𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
= 1𝑊𝑊1 –2𝑊𝑊×2 100,
– 𝑊𝑊0
ditions were calculated
using
equations
by
𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =𝑊𝑊1 suggested
× 100,
𝑊𝑊1 – 𝑊𝑊0
𝑀𝑀𝑔𝑔 [16]:
K. Shkelqim
and
M.
Joachim
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =𝐿𝐿+𝑊𝑊+𝑇𝑇
,
𝑔𝑔
𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑉𝑉𝐿𝐿+𝑊𝑊+𝑇𝑇
,
3
,,
(2)
𝐴𝐴𝐴𝐴𝐴𝐴 =
3
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

1
(𝐿𝐿𝐿𝐿𝐿𝐿) ⁄3

𝐿𝐿

,

(5)

where Ø is sphericity; L is the major diameter;
W is the
𝑀𝑀𝑠𝑠
density
=
minor diameter; and TBulk
is the
intermediate
diameter.
𝑉𝑉𝑜𝑜
2.5 True density, bulk density and porosity. The
𝑀𝑀𝑔𝑔
bulk density was determined
by filling
of
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
= ,𝑊𝑊a –container
𝑉𝑉𝑔𝑔 1 𝑊𝑊1𝑊𝑊–2 𝑊𝑊2
known mass and 𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
volume
to
the
brim
with
each
varie𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
× 100,
𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐= =
× 100,
𝑊𝑊1 𝑊𝑊
– 1𝑊𝑊–0 𝑊𝑊0
ty of rice and condition for three replicate
each. The
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑊𝑊1 subtracting
– 𝑊𝑊2
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
net mass 𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
of rice was
obtained
by
the mass .
𝐿𝐿+𝑊𝑊+𝑇𝑇
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
==
×
100,
𝐿𝐿+𝑊𝑊+𝑇𝑇
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑊𝑊
𝑊𝑊2
1 –𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐴𝐴𝐴𝐴𝐴𝐴
=
,
𝑊𝑊
𝑊𝑊=
𝐴𝐴𝐴𝐴𝐴𝐴
1 –,the
0 rice. To ×
𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
100,
of the container from
the =mass
of
3 3
𝑊𝑊1 – 𝑊𝑊0 achieve
𝑊𝑊
uniformity in bulk
density,
was tapped
𝐿𝐿+𝑊𝑊+𝑇𝑇
Ra = , , the container
1⁄3 3
𝐿𝐿𝐿𝐿+𝑊𝑊+𝑇𝑇
(𝐿𝐿𝐿𝐿𝐿𝐿)
𝐺𝐺𝐺𝐺𝐺𝐺
=
,
10 times 𝐴𝐴𝐴𝐴𝐴𝐴
in the=same
manner
in, all1,⁄measurements
to
3𝐺𝐺𝐺𝐺𝐺𝐺
𝐴𝐴𝐴𝐴𝐴𝐴
= = (𝐿𝐿𝐿𝐿𝐿𝐿)
3
consolidate as reported by Aderinlewo
et al. [18]. This
1⁄13⁄3 1⁄3
(𝐿𝐿𝐿𝐿𝐿𝐿)
(𝐿𝐿𝐿𝐿𝐿𝐿)
=Ø(𝐿𝐿𝐿𝐿𝐿𝐿)
experiment𝐺𝐺𝐺𝐺𝐺𝐺
was carried
out
in, three replicates. The bulk
=
Ø = =𝐿𝐿 (𝐿𝐿𝐿𝐿𝐿𝐿)1⁄3 ,
𝐺𝐺𝐺𝐺𝐺𝐺
𝐿𝐿
density was then calculated using
the equation:
Ø=

1
(𝐿𝐿𝐿𝐿𝐿𝐿) ⁄3

1⁄
𝑀𝑀𝑠𝑠 𝑀𝑀
3=
(𝐿𝐿𝐿𝐿𝐿𝐿)
Bulk
density
Bulk
density
= 𝑉𝑉 , 𝑠𝑠
𝐿𝐿Ø
=
𝑜𝑜 𝑉𝑉𝑜𝑜
𝐿𝐿
𝑀𝑀𝑠𝑠
is thedensity
mass of
in the
where MsBulk
𝑀𝑀𝑔𝑔𝑀𝑀container,
= sample
𝑀𝑀
𝑠𝑠 , 𝑔𝑔
3 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
,
Bulk
density
. 𝑉𝑉𝑜𝑜 = = =
the volume occupied,
cm
𝑉𝑉𝑉𝑉𝑜𝑜𝑔𝑔 𝑉𝑉𝑔𝑔

(6)

g; Vo is

The true density and porosity
were calculated as follow:
𝑀𝑀𝑔𝑔
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = , 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑀𝑀
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑔𝑔 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑉𝑉𝑔𝑔= = =
. .
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
,, 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
(7)
𝑉𝑉 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑔𝑔

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
. 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (8)
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃R = 𝑊𝑊, 𝑊𝑊
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
aR
=a= , =
.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝐿𝐿 𝐿𝐿
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑊𝑊

Ra = ,
𝐿𝐿

𝑊𝑊

Ra = ,
𝐿𝐿

1

2

𝑊𝑊1 – 𝑊𝑊0

Moisture content, %
𝐿𝐿+𝑊𝑊+𝑇𝑇
Igbemo
Ofada
Abakaliki
𝐴𝐴𝐴𝐴𝐴𝐴 =
,
3
25.64
20.25
12.85
12.63
12.44
13.20
(𝐿𝐿𝐿𝐿𝐿𝐿)1⁄3 ,13.40
12.72 𝐺𝐺𝐺𝐺𝐺𝐺 =13.41

× 100,

1
(𝐿𝐿𝐿𝐿𝐿𝐿) ⁄3

.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺
= = (𝐿𝐿𝐿𝐿𝐿𝐿)1⁄3 ,
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
,
(3)
𝐺𝐺𝐺𝐺𝐺𝐺 = (𝐿𝐿𝐿𝐿𝐿𝐿)1⁄3 ,
1⁄
𝑊𝑊
where AMD
diameter, mm; GMD is
3
(𝐿𝐿𝐿𝐿𝐿𝐿)mean
Ra = is ,arithmetic
1⁄
= (𝐿𝐿𝐿𝐿𝐿𝐿)
𝐿𝐿 Ø
3 L is length, mm; W is
geometric mean
diameter,
mm;
Ø = 𝐿𝐿
𝐿𝐿
width, mm; and T is thickness,
mm.
𝑀𝑀𝑠𝑠
Bulk
density
=
2.3 Surface area. Surface area𝑉𝑉 is𝑀𝑀𝑠𝑠an important pro𝑜𝑜
Bulk
= in
perty of grain. It helps
thedensity
designer
the hop𝑉𝑉estimating
𝑜𝑜
𝑀𝑀𝑔𝑔
per, processing chamber and the chute.
The surface area
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑀𝑀
,
𝑉𝑉𝑔𝑔 𝑔𝑔 of some geometwas found by analogy
a sphere
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇with
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
=
,
𝑉𝑉𝑔𝑔
ric mean diameter using the expression
cited by Amin
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
et al. [17]:
.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑊𝑊1 – 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑊𝑊2
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
= 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
× 100,
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇=𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑊𝑊1 – 𝑊𝑊0
,
(4)
S
=
D
g
𝑊𝑊
Ra = ,𝑊𝑊
𝐿𝐿
𝐿𝐿+𝑊𝑊+𝑇𝑇
2
, =) and Dg, stands for geometRa𝐴𝐴𝐴𝐴𝐴𝐴
where S is surface area
= (mm
𝐿𝐿
3
ric mean diameter (mm) respectively.
2.4 Sphericity. The
sphericity
was1⁄3calculated
using
,
𝐺𝐺𝐺𝐺𝐺𝐺
= (𝐿𝐿𝐿𝐿𝐿𝐿)
the equation reported by [18]:
Ø=

𝑀𝑀𝑀𝑀𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

6

Ø = 1,000 kernel weight was
2.6 1,000 kernel weight.
𝐿𝐿
measured by counting 1,000 grains and weighted them
𝑀𝑀
on an electronic balanceBulk
to andensity
accuracy
= of 𝑠𝑠0.001 g. This
𝑉𝑉𝑜𝑜
experiment was carried out in three replicates.
2.7 Aspect ratio. Aspect ratio relates𝑀𝑀𝑔𝑔the width of
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇is 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
= of ,its tendency
a grain to its length which
indicative
𝑉𝑉𝑔𝑔
towards being oblong in shape [19]. The aspect ratio Ra
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
was estimated using the𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
equation reported
by Aderinle.
=
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
wo et al. [18]:
𝑊𝑊

Ra = ,,
𝐿𝐿

(9)

where W is the minor diameter; L is the major diameter.
This experiment was conducted for 100 replicates for the
width and length.
RESULTS AND DISCUSSION
1. Moisture content. Table 1 shows the moisture
content in the Igbemo, Ofada, and Abakaliki rice at different conditions. The moisture content in the marketed
and stored samples was lesser (12.72 and 12.63%) compared with the harvested sample (25.64%). The moisture
content of Ofada rice was 20.25%, 12.44%, and 13.41%
at harvest, storage, and market conditions, respectively.
The Abakaliki rice had the moisture content of 12.85%,
13.20%, and 13.40% for harvested, stored, and marketed
samples, respectively.
A one can see in Table 1, the increase in moisture
content of the Abakaliki rice occurred after harvest. The
rice would have absorbed moisture after harvest unlike
the Igbemo and Ofada rice that had a decrease in their
moisture content. The Abakaliki rice was usually allowed to dry before harvesting in September with 85%
humidity. This led to lower moisture content in the harvested sample when compared to the other rice varieties.
The results are in agreement with [20] that stated
that the optimum moisture content of stored grains was
12–13%, while that for harvested grains ideally was
20–25% (wet basis). It also referred to rice as hygroscopic material, which explains why the Abakaliki rice had
decreased moisture at harvest condition but increased
moisture at market and storage conditions.
2. Geometric properties. The axial dimensions,
arithmetic mean, geometric mean diameter, surface area,
sphericity, and aspect ratio of the Igbemo, Abakaliki,
and Ofada rice at different conditions are presented in
Table 2.
2.1 Axial dimension. Table 2 summarizes axial
properties of the Igbemo, Ofada and Abakaliki rice at
harvest, storage, and market conditions.
Major diameter. We found that the major diameter of the Igbemo, Ofada, and Abakaliki rice was 10.35;
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Table 2. Geometric properties of Igbemo, Abakaliki, and Ofada rice varieties under different conditions (n = 100).
Variety Condition

Major
diameter,
mm

Minor
diameter,
mm

Igbemo

e

10.35 ± 1.09
6.55 ± 0.34
b
7.46 ± 0.54
c
8.44 ± 0.48
a
5.93 ± 0.39
b
6.42 ± 0.46+
d
8.72 ± 0.68
b
6.54 ± 0.41
b
6.51 ± 0.44

2.90 ± 0.23
2.57 ± 0.16
c
2.62 ± 0.15
g
3.29 ± 0.13
d
2.74 ± 0.14
c
2.63 ± 0.17
e
2.70 ± 0.26
b
2.56 ± 0.42
a
2.49 ± 0.14

Harvest
Storage
Market
Ofada Harvest
Storage
Market
Abaka- Harvest
liki
Storage
Market

b

f

b

Intermediate
diameter,
mm
f
2.29 ± 0.12
a
1.87 ± 0.14
b
2.02 ± 0.12
e
2.23 ± 0.15
d
1.99 ± 0.11
c
1.95 ± 0.12
b
1.92 ± 0.18
a
1.85 ± 0.06
b
1.90 ± 0.11

Arithmetic
mean
diameter,
mm
d
5.18 ± 0.38
b
3.66 ± 0.14
e
4.04 ± 0.23
g
4.66 ± 0.20
a
3.55 ± 0.14
b
3.67 ± 0.16
c
4.45 ± 0.27
b
3.65 ± 0.21
b
3.63 ± 0.17

Geometric
mean
diameter,
mm
f
4.09 ± 0.25
a
3.15 ± 0.13
c
3.40 ± 0.17
e
3.96 ± 0.16
b
3.18 ± 0.11
b
3.20 ± 0.12
d
3.55 ± 0.20
a
3.13 ± 0.16
a
3.13 ± 0.12

Surface area, Sphericity
mm2

Aspect ratio

h

52.66 ± 5.74 a0.40 ± 0.07
31.28 ± 2.59 e0.48 ± 0.03
f
36.49 ± 3.58 c0.46 ± 0.02
i
49.23 ± 3.99 d0.47 ± 0.02
d
31.84 ± 2.20 g0.54 ± 0.03
e
32.20 ± 2.51 f0.50 ± 0.03
g
39.80 ± 4.44 b0.41 ± 0.02
b
30.90 ± 3.57 e0.48 ± 0.03
a
30.75 ± 2.29 e0.48 ± 0.02

b

c

f

0.23 ± 0.08
0.29 ± 0.03
d
0.27 ± 0.02
c
0.26 ± 0.02
h
0.34 ± 0.03
g
0.30 ± 0.03
a
0.22 ± 0.02
e
0.28 ± 0.02
f
0.29 ± 0.03

Note: Parameters with the same superscripts in each column have no significant difference at 5% level of significance

8.44; and 8.73 mm respectively at harvest conditions;
6.55; 5.93; and 6.54 mm at storage condition; and 7.46;
6.42; and 6.51 mm at market conditions. Statistical analysis with t-test revealed that there was no significant
difference in the major diameter between the three varieties at market condition and Abakaliki rice at storage
condition.
Minor diameter. The minor diameter for the Igbemo, Ofada, and Abakaliki rice was 2.90; 3.29; and
2.70 mm respectively at harvest condition; 2.57; 2.74;
and 2.56 mm at storage condition; and 2.62; 2.63; and
2.49 at market conditions. The result in Table 2 also
showed that there was a significant difference between
the minor diameter in all the varieties and conditions,
except for the stored Igbemo and Ofada rice that had no
significant difference (p < 0.05). This is also the case for
the market condition of Igbemo and Abakaliki rice.
Intermediate diameter. According to Table 2, the
intermediate diameter of the Igbemo, Ofada, and Abakaliki rice was 2.29; 2.23; and 1.92 mm respectively in
harvested samples; 1.87; 1.99; and 1.85 mm in stored
samples; and 2.02; 1.95; and 1.90 mm were marketed rice. The t-test result revealed the rice varieties and
conditions whose intermediate diameters are significant at 5% level of significance. At storage and market
conditions, the intermediate diameters of Igbemo and
Abakaliki rice were observed not to have any significant
difference. Besides, the harvested and marketed Abakaliki rice were also observed not to differ significantly in
their intermediate diameter.
2.2 Arithmetic mean diameter. Table 2 also contains the arithmetic mean diameter of the Igbemo, Ofada, and Abakaliki rice under different conditions. The
arithmetic mean diameters were 5.18; 4.66; and 4.45 mm,
respectively, in the harvested samples; 3.66; 3.55; and
3.65 mm in the stored samples; and 4.04; 3.67 mm; and
3.63 mm in the marketed samples. Further analysis revealed that there was no significant difference in the
arithmetic mean diameters among the stored Igbemo
rice, the marketed Ofada rice, and the stored and marketed Abakaliki rice.
2.3 Geometric mean diameter. The geometric mean
diameters under harvest condition were 4.09; 3.96; and
3.55 mm for the Igbemo, Ofada, and Abakaliki rice, re-

spectively. These values for the stored samples were
3.15; 3.18; and 3.13 mm, and the marketed samples had
he geometric mean diameters 3.40; 3.20; and 3.13 mm.
Statistical analysis revealed that there was no significant difference between the geometric mean diameters
of the stored Igbemo rice and the stored and marketed
samples of the Abakaliki rice. In addition, there was no
significant difference between the geometric mean diameters of Ofada rice at market and storage conditions.
This result implies that a multi-variety screen can be
used to clean, sort, or grade Igbemo and Abakaliki rice
at storage conditions, Ofada rice at storage and market
conditions, and Abakaliki rice at storage and market
conditions. This will not be appropriate for the other
samples because the discrepancy in their GMD will not
allow the use of a screen with a particular diameter. The
only possible solution is to have a screen with adjustable
size or to replace the screens in the machines when the
rice is to be changed.
2.4 Surface area. The surface area of the Igbemo, Ofada, and Abakaliki rice was 52.66; 49.23; and
39.80 mm2 respectively in the harvested samples; 31.28;
31.84; and 30.90 mm2 in the stored samples; and, and
36.49; 32.20; and 30.75 mm2 in the marketed samples. The
result also showed that there was no significant difference
between the surface area of each condition across the rice
varieties (p > 0.05). Without varying the air speed or the
water pressure in a multi-variety or multi-condition aerodynamic or hydrodynamic applications of these rice varieties, the efficiency will be affected.
2.5 Sphericity. Acording to Table 2, sphericity of
the Igbemo, Ofada, and Abakaliki rice was 0.40; 0.47;
and 0.48, respectively, at harvest condition; 0.48; 0.54;
and 0.48 at storage condition; and 0.46; 0.50; and 0.48 at
market condition. In line with the result of GMD, statistical analysis revealed that there was no significant difference in sphericity between the stored Igbemo rice and
the samples of the stored and marketed Abakaliki rice. It
should be noted that the mean values of sphericity for all
the three investigated varieties, which ranged between
0.40 and 0.54, decreased to 0.32–1.00 for most of agricultural products [3].
2.6 Aspect ratio. The aspect ratio of the Igbemo,
Ofada, and Abakaliki rice was 0.23; 0.26; and 0.22 for
7

Arije O.O. et al. Foods and Raw Materials, 2019, vol. 7, no. 1, pp. 4–9
Table 3. Gravimetric properties of the rice varieties under different conditions (n=3).
Variety

Condition

Bulk density, g/cm3

True density, g/cm3

Porosity, %

1,000 kernel weight, g

Igbemo

Harvest
Market
Storage

a

0.68 ± 0.01
b
0.87 ± 0.01
b
0.90 ± 0.03

a

2.28 ± 0.02
b
5.97 ± 0.31
c
4.50 ± 0.24

a

70.38 ± 0.49
b
85.35 ± 0.77
c
80.06 ± 0.67

a

Harvest
Market
Storage

a

0.61 ± 0.01
0.89 ± 0.01
b
0.89 ± 0.01

a

2.84 ± 0.07
4.54 ± 1.29
a
4.23 ± 0.24

a

a

78.62 ± 0.68
79.30 ± 5.56
a
78.97 ± 1.26

a

b

a

b

Harvest
Market
Storage

a

0.59 ± 0.01
0.89 ± 0.00
b
0.89 ± 0.00

a

2.61 ± 0.25
4.13 ± 0.29
b
4.36 ± 0.44

a

b

77.15 ± 2.20
78.40 ± 1.49
a
79.44 ± 2.16

a

b

a

a

Ofada

Abakaliki

39.93 ± 0.06
28.47 ± 0.64
c
23.73 ± 0.23
b

31.57 ± 0.25
23.50 ± 0.26
c
24.30 ± 0.20
22.20 ± 0.10
22.30 ± 0.20
a
22.40 ± 0.30

Note: Parameters with the same superscripts in each column have no significant difference at 5% level of significance

the harvested samples; 0.29; 0.34; and 0.28 for the stored
samples; and 0.27; 0.30; and 0.29 for the marketed samples (Table 2). This result did not indicated any significant difference among all the varieties and conditions
(p > 0.05), except the stored Igbemo rice and the marketed Abakaliki sample.
3. Gravimetric properties. Table 3 presents the bulk
density, true density, porosity and 1,000 kernel weight of
the three selected local varieties of rice in Nigeria at different conditions.
3.1 Bulk density. As one can see in Table 3, bulk
density of the harvested samples was 0.68; 0.61; and
0.58 g/cm3 for Igbemo, Ofada, and Abakaliki rice, respectively. There was not observed any significant differences at 5% level of significance. The values for
the stored and marketed samples were 0.90; 0.89; and
0.89 g/cm3 and 0.87; 0.89; and 0.89 g/cm3, respectively.
The samples did not show a considerable difference in
the bulk density values.
3.2 True density. True density values are also presented in Table 3. In the harvested samples of the
Igbemo, Ofada, and Abakaliki rice, the true density
was observed to be 2.28; 2.84; and 2.61 g/cm3, respectively. The values of true density were 5.67; 4.54; and
4.13 g/cm3 in the marketed rice and 4.50; 4.23; and
4.36 g/cm3 in the stored rice. The stored samples showed
a significant difference unlike the other samples which
did not differ considerably.
3.3 Porosity. According to Table 3, porosity of the
Igbemo, Ofada, and Abakaliki rice samples was 70.38;
78.62; and 77.15%, respectively, at harvest condition.
They did not show a significant difference at 5% level of
significance. In the marketed samples, porosity values
were 85.35; 79.30; and 78.40% for the Igbemo, Ofada,
and Abakaliki rice, respectively. There was no significant difference between the marketed Ofada and Abakaliki rice. In the stored samples, the porosity was 80.06;
78.97; and 79.44%. Similar to market conditions, no sig-

nificant difference existed between the stored Ofada and
Abakaliki rice.
3.4 1,000 kernel weight. This parameter was 39.93;
31.57; and 22.20 g for the stored Igbemo, Ofada, and
Abakaliki rice, respectively. The samples did not demonstrate any significant difference at 5% level of significance. For the marketed rice, the 1,000 kernel weight
was 28.47; 23.50; and 22.30 g for Igbemo, Ofada, and
Abakaliki rice respectively. There was no significant difference existed between the Ofada and Igbemo rice. At
storage conditions, the 1,000 kernel weight was 23.73;
24.30; and 22.40 g. Similar to market condition, no significant difference exist between the stored Ofada and
Igbemo rice samples.
CONCLUSION
An investigation was carried out to determine and
compare the physical properties of Igbemo, Abakaliki,
and Ofada rice at harvest, storage, and market conditions. The values of the major diameter, minor diameter,
intermediate diameter, arithmetic mean diameter, geometric mean diameter, surface area, sphericity, aspect
ratio, bulk density, true density, porosity and 1,000 kernel weights were presented for each variety at the three
conditions. Depending on the condition, the moisture
content of the Igbemo, Ofada and Abakaliki rice varied from 12.63–25.64, 12.44–20.25 and 12.85–13.40%
respectively. The rice condition (or moisture content) influenced some of the axial dimensions, other geometrical
properties, and gravimetric properties, likewise the variety. The result presented can be of use in the design of
multi-variety or multi-condition separators, pneumatic
conveyors, bins, etc. for these three major local rice varieties in Nigeria.
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