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Abstract: Study was conducted on some physical properties of Corchorus olitorius seed as a function of moisture content.
Bulk density, true density, porosity, angle of repose and coefficient of static friction on five structural surfaces (plywood, mild
steel, stainless steel, galvanized steel and glass) were determined using standard methods. Moisture content was varied
between 9.86%db and 17.69%db across the properties studied. It was observed that within the aforementioned moisture range,
bulk density, true density and porosity decreased from 0.6965 g/cm3 to 0.6146 g/cm3, 1.2223 g/cm3 to 1.1364 g/cm3 and
38.42% to 35.26% respectively. Angle of repose of corchorius olitorius seed increased from 42.79° to 45.34° as the moisture
content increases. The coefficient of static friction determined on five structural surfaces showed that coefficient of frictional
decreased from 0.7843 to 0.2906 with increase in moisture content for all the contact surfaces. There exist a strong
relationship between the properties and moisture content as expressed by the regression model.
Keywords: Corchorus olitorius Seed, Bulk density, True density, Coefficient of friction, Moisture content.
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1. Introduction
Corchorus olitorius is a leafy vegetable largely consumed
as food ciusine popuar and culturally acceptable in southern
part of Nigeria. It called jute mallow in English while the
yoruba called it “Ewedu”. The soup is prepared by plucking
the leave from the stem and rinse in clean water. A potash is
added to a boiling water afterward the Corchorus olitorius
leaves is added and allow to cook for about 7 minutes.
Thereafter, it is mash with a special broom called “ijabe”,
salt, crayfish and locust beans were then added as condiment
to the mash to leave a sensational aroma. Proximate analysis
show that Corchorus olitorius leave contains protein; 6.00 ±
0.01%, fat; 1.05 ± 0.05%, ash; 1.81 ± 0.01%, crude fiber;
1.47 ± 0.02%, carbohydrate; 1.05 ± 0.04% and energy 34.27
± 1.89 k/cal/10 g[1]. This low in calories makes it good for
body weight loss. Corchorus olitorius is known to contain
high levels of iron and folate which are useful for the
prevention of anaemia [2]. However, Corchorus olitorius
like other vegetable are seasonal and are susceptible to high
degree of deterioration, handling damage and post-harvest
losses within a few days after harvest due to their high
moisture content.[3 and4 ] .
Corchorus olitorius is cultivated by seed and germinates
well in medium range soil fertility but best in well-drained
fertile loamy soil [5]. Direct broadcasting is the most
common planting practice of the seed. Before it could be
planted, the seed is treated in hot water due to it high
dormancy [6]. Therefore, [7] reported that optimum seed

germination, seedling emergence and seedling vigour index
were obtained at 1200C for 5 minutes of exposure. At
maturity, Corchorus olitorius plant produces fruit that
encapsules the seed. Traditionally, the seeds are threashed
from the dryed pods by packing it in bags and beaten with
stick or trampled by animal. The chaff and straw were then
removed by winnowing. This operation becomes strainous
and labourious due to the large scale indigenous demand for
the seed during the planting season. There is dearth of
information on some of it engineering properties to provide
data for design of specific machine for handling and storage.
This work therefore determines some physical and frictional
properties of Corchorus olitorius seed as a function of
moisture content.

2.Materials and methods.
For this study, dried seed of Corchorus olitorius were
harvested at commercial farm of Federal College of
Agriculture, Ibadan, south-western Nigeria. The seed was
inspected and manually threashed and windnowed to prevent
foreign materials. It was then stored in black polythene bag
to prevent moisture movement and later transported to soil
laboratory for determination the physical properties. The
physical parameters analyzed and methods used according to
literature are shown in Table 1.
The desired moisture content was prepared by adding
calculated amount of distilled water D [8] to each sample. D
is computed from Equation 1:
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𝐷=

𝑤𝑖 (𝑚𝑓 − 𝑚𝑖 )
100− 𝑚𝑓

(1)

Where:
Table 1: Method used for determination of some physical properties of Corchorus olitorius seed
Physical properties
Units
Literature
Bulk Density

g/cm3

[9]

3

True density

g/cm

[10]

Porosity

%

[11]

Coefficient of static friction

Value

[12]

Angle of repose

o

[13]

D – mass of water added (g).
𝑤𝑖 – initial mass of the sample (g).
𝑚𝑖 – initial moisture content of the sample (%d b).
𝑚𝑓 – final moisture content of the sample (%db).
The data obtain from each physical property of the corchorus
olitorious seed determined was replicated five times and the
average recorded and statistically analysed using duncan
mutipple range test (DMRT). A regression model was used
against moisture content to obtain a relationship between the
properties.

3.Result and Discussion
Table 2 shows the physical properties corchorus olitorious
seed at moisture content 9.86, 11.67, 13.68, 15.68, 17.69
%db respectively.
(i)
Bulk Density
The bulk density of corchorus olitorious seeds decreases
with increase in moisture content (Table 2). A decrease from
0.6965 g/cm3 to 0.6146 g/cm3 was observed in the moisture
content range of 9.86 to 17.69% db. The decrease in bulk
density at high moisture content could be explained in terms
of an increase in mass due to moisture gain in the sample
lower than the accompanying volumetric expansion of the
seeds [14]. While the later increase could be because of the
combined effect of void space and volumetric expansion of
seed at that moisture content. [15] for moringa oleifera seed
and [16] for Safflower, have reported similar trend in bulk
density. The statistical analysis shows that not all bulk
density of the seed between the moisture range are
significant different from each other at P ≤ 0.05 according to
DMRT. A polynomial relationship described the bulk density
(ρB) dependence of moisture (MC) as shown below:
𝜌𝐵 = −0.003𝑀𝐶 3 + 0.0339𝑀𝐶 2 − 0.001303𝑀𝐶
+ 0.7942 (𝑅2 = 0.9482)
The bulk density of seeds is useful in the design of silos and
storage structures.
(i)
True Density
The true density decreases from 1.2223 to 1.1364 g/cm3
(Table 2 ) as the moisture content increases from 9.86 %db
to 17.69%db . Statistical analysis shows no significant
difference between the moisture content and true density at
p≤0.05 according to Duncan multiple range test (DMRT.
Cell structure, volume and mass increase characteristics of
seeds as moisture content increases as observed for green
wheat [17] and wheat [18]. The true density (ρT) dependence
of moisture (MC) was described by a polynomial equation as
follows:
𝜌𝑇 = 0.002𝑀𝐶 3 − 0.0029𝑀𝐶 2 − 0.0103𝑀𝐶
+ 1.2342 (𝑅2 = 0.9832)

True density greater than 1g/cm3 indicates that the seed is
heavier than water hence will sink in water. The true density
is useful in the design of cleaning and separation machines
and also in computing product yield.
(ii)
Porosity
Table 2 shows a non-linear increase in porosity of the seed
as the moisture content increases. However, there was no
significant difference (p≤0.05) in the mean porosity across
the moisture range. Porosity depends on the bulk and true
densities the magnitude of variation in porosity depends on
these factors only. A similar trend of increase in porosity
with increase in moisture content was observed for Faba
bean[19] , and sweet corn [20]. The variation in porosity (P)
with respect to varying moisture content (MC) can be
represented by polynomial equation.
𝑃 = 0.3347𝑀𝐶 3 − 3.6321𝑀𝐶 2 + 12.055𝑀𝐶
+ 34.098 (𝑅2 = 0.9652)
Porosity has practical applications in the design of aeration
systems during storage. It is also needed by the design of
planter metering device.
(iii)
Angle of Repose
The mean angle of repose corchorus olitorius seed was
found to increase from 23.26° to 32.09° in the moisture
range of 9.86 – 17.69% db. This increasing trend of angle of
repose with moisture content occurs because surface layer of
moisture surrounding the particle hold the aggregate of seeds
together by the surface tension. Statistical analysis shows
that not all angle of repose variation with moisture content
are significantly different from each other at p≤0.05
according to DMRT. These results were similar to those
reported by [21], for high quality maize and [22] for guna
seed. The values of the angle of repose (β) for corchorus
olitorius seed show the following linear relationship with
moisture content (MC):
𝛽 = 2.1422𝑀𝐶 + 21.051 (𝑅2 = 0.9922)
The angle of repose is useful in the design of agricultural
machine hopper and conveying equipment such as belt
conveyor.
(iv)
Coefficient of Static Friction
The mean coefficients of static friction of corchorus olitorius
seed on five surfaces (plywood, glass, mild steel, galvanized
steel and stainless steel) against moisture content in the range
of 9.86 – 17.69% db are presented in Table 2. It was
observed that the coefficients of static friction decreased with
increase in moisture content for all contact surfaces. The
reason for the decreased frictional coefficients at higher
moisture content may be owing to the fact that the surface of
the seeds got smoother at higher moisture content and the
sliding characteristic of the seeds improved. At all moisture
content, the maximum friction was offered by plywood,
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followed by galvanized steel and mild steel, while minimum
was observed at glass and stainless steel. The least static
coefficient of friction may be owing to smoother and more
polished surface of the glass compared to the other materials
used. Plywood also offered the maximum friction for Chai
seed and barley ([23], [24]). The relationships between
coefficient of static friction (µ) and the moisture content
(MC) on plywood (µpw), glass (µg), mild steel (µms),
galvanized steel (µgs) and stainless steel (µss) can be
represented by the following linear equations:

loading and unloading during handling such as hopper is
dependent on the knowledge of the friction properties

4.Conclusions

The following conclusions were drawn from the study on
some physical properties of Corchorus olitorius seed as a
function of moisture content.
(i).The bulk density decreased from 0.6965 g/cm3 to 0.6146
kg/m3 with the increase in moisture content from 9.86% to
17.69% db.
(ii). The true density decreased from 1.2223 g/m3 to 1.1364
g/m3 as the moisture level increased from 9.86% to 17.69%
µ𝑝𝑤 = −0.0367𝑀𝐶 + 0.824 (𝑅2 = 0.9978)
db.
µ𝑔 = −0.0209𝑀𝐶 + 0.4896 (𝑅2 = 0.9952)
(iii). The porosity increase from 42.79% to 45.34% for the
2
moisture range of 9.86% to 17.69% db.
(𝑅
µ𝑚𝑠 = −0.0368𝑀𝐶 + 0.5575
= 0.9945)
2
The angle of repose increased from 23.26° to 32.09° for the
(𝑅
µ𝑔𝑠 = −0.0341𝑀𝐶 + 0.6305
= 0.9903)
2
moisture range of 9.86% to 17.69% db.
µ𝑠𝑠 = −0.0294𝑀𝐶 + 0.441 (𝑅 = 0.9953)
The data on frictional properties will be useful in hopper (iv). The coefficient of static friction on plywood (0.7843 to
design for gravity flow since the angle of inclination of the 0.6401), glass (0.4685 to 0.3839) mild steel (0.5186 to
hopper walls should be greater than the angle of repose to 0.3683), galvanised steel (0.6011 to 0.4663) and stainless
ensure continuous flow of the material. The coefficient of steel (0.4081 to 0.2906) decrease as the moisture content
friction on material surface is important in selecting increases.
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Table 2: Physical properties of Corchorus olitorius seed as affected by moisture content
Moisture content (%db)
Properties of Seed

N

9.86

11.67

13.68

15.68

17.69

Bulk Density (g/cm3)

5

0.6965c*

0.6376b

0.6376a

0.6146a

0.6146a

True Density (g/cm3)

5

1.2223a

1.994a

1.1891a

1.1553a

1.1364a

Porosity (%)

5

42.79a

46.63a

46.21a

45.89a

45.34a

Coefficient of static friction on various surfaces
Ply wood

5

0.7843d

0.7537d

0.7106c

0.6747b

0.6401a

Glass

5

0.4685d

0.4456cd

0.4307bc

0.4061ab

0.3839a

Mild Steel

5

0.5186d

0.4835c

0.4495b

0.4164b

0.3683a

Galvanize steel

5

0.6011d

0.5591c

0.5272b

0.4878a

0.4663a

Stainless Steel

5

0.4081d

0.3839d

0.3562c

0.3251b

0.2906a

Angle of Repose (o)

5

23.26a

25.56ab

27.15b

29.32bc

32.09c

*group means with the same letters are not significantly different at 0.05 level of significant using DMRT.
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