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Abstract: The engineering design related physical properties of castor seeds found in North West Ecological
Zone of Nigeria were investigated. The properties will enhance design of production, handling, processing and
storage equipment for the crop. Four different collections of castor seeds at 12% (db) moisture content were
used in the study. The obtained results for the collections range from 9.38-15.77, 5.88-12.62, 4.21-7.47 and
6.15-11.41 mm for major, intermediate, minor and geometric mean diameters, respectively with Braz 4 having
the highest dimension and BKB has the least dimension. The sphericity, thousand seed weight, volume,
porosity, bulk density, surface area and angle of repose were found to be in the range of 66-72 and 45-62%,
122.97-623.52 g, 166.05-308.07 mm3, 33.33-41.24%, 537.02-479.23 kg/m3, 118.82-409.00 mm2 and 28-30º,
respectively. The results revealed wide variations in some of the physical parameters determined indicating that
differences in varieties are important in equipment design and development. 
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INTRODUCTION

Castor plant, (Ricinus Communis L.), is a species of
flowering plant in the spurge family, Euphorbiaceae.
Although, the plant is native to the Ethiopian region of
tropical east Africa it has become naturalized in both
tropical and warm temperate regions throughout the
world. It grows naturally over a wide range of
geographical regions and tolerates variety of physical and
climatic regimes (Weiss, 1983). Castor seeds have been
found in ancient Egyptian tombs dating back to 4000 B.C.
and the oil was used thousands of years ago in wick lamps
for lighting. The pod known as capsule is composed of
three carpels which split apart at maturity. Each carpel
contains a single seed and as it dries and splits open, the
seed is often ejected with considerable force. The seeds
contain between 40 and 60% oil content and the oil is rich
in triglycerides, containing mainly ricinolein (Wikipedia,
2011).

Castor seed is toxic due to presence of ricin and is
regarded as the most poisonous plant in the world
according to the 2007 edition of the Guinness Book of
World Records (Wikipedia, 2011). However, despite the
toxicity, it has a wide variety of uses. The oil and its
derivatives are used in the production of paints, varnishes,
lacquers, adhesives, artificial leather, belt dressing,
candles, carbon paper, lubricants and greases, hydraulic
fluids, soaps, printing inks, perfumes, dyes, germicides,
insecticides and as raw material in the manufacturing of
various chemicals such as sebacic and undecylenic acids
used in the production of plasticizer and nylon (Oyeyemi

et al., 2007). It is, also, use in production of bio-diesel,
chocolate bar (in processed form) and its toxin provides
the castor oil plant with some degree of natural protection
from insect pests (Wikipedia, 2011).

Global castor seed production is around 1.2 million-
tonnes per year (FAO, 2008). Leading producing
countries are India (with over 68.6% of the global
production), China (17.4%) and Brazil (7.5%). In Africa,
Ethiopia is the leading producing countries with 1.2% of
global production followed by South Africa and Angola,
respectively (FAO, 2008). There is no available statistics
on the level of production in Nigeria, however, there are
many vernacular names for castor bean indicating its
common occurrence; it is called zurma in Hausa, sherai
jongo in Tiv and Kpamfini guhu in Nupe. 

Nigeria spends 400 to 600 million dollars annually in
importation of castor oil despite the abundant land, good
ecological and climatic conditions which are favourable
to castor production (Oyeyemi et al., 2007). To reduce the
level of importation, breeding activities on adaptable
varieties of castor plant are being carried out at Institute
for Agricultural Research (IAR), Zaria. This is to boost
local production and increase yield. The effort has
resulted in identification and improvement of some
collections of castor plant. At present, production,
handling and processing of this crop are being done
manually. These operations are tedious, time consuming
and with low output. However, in the design of machines,
storage structures, processes and controls to be used in
production, handling and processing of agricultural
products,   certain   engineering   properties  of  the  raw
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materials constitute important and essential factors for
consideration (Mohsenin, 1986). Given the economic
importance of castor as a source of valuable oil, there is
need to investigate the design related properties of this
crop that will enhance design of equipment for its
production, handling and processing. The objective of the
study, therefore, is to determine the engineering design
related physical properties of castor seeds found in North
West Ecological Zone of Nigeria. These engineering
properties are not only useful to the engineers but also to
food scientist, processors, plant and animal breeders and
other scientists who may exploit them in their various
disciplines.

MATERIALS AND METHODS

Samples selection and preparation: The study was
carried out in 2011 at the processing laboratory of
Agricultural Engineering Department, Ahmadu Bello
University, Zaria-Nigeria. Four collections of castor
seeds: Braz 4 (originated from Brazil), BKB (from Birnin
Kebbi), Durubi and Katsina (both from Katsina state)
were used for this study. The samples of the collections
are as shown in Plate 1. These are some of the castor
beans varieties grown in North West Ecological Zone of
Nigeria. They were obtained from the Legume and Oil
Seeds Research Programme, Institute for Agricultural
Research, Samaru-Zaria. All the collections were cleaned
to free the seeds from dirt, dust, stones,
damaged/immature seeds and other foreign materials. The
cleaned samples were conditioned to 12% (dry basis)
moisture content, sealed in separate polyethylene bags
and then kept at room temperature prior to usage.

Experimental procedures: 
Size and shape: Fifty seeds were randomly selected for
size and shape determination. A micrometer screw gauge,
having sensitivity of 0.01 mm, was used to obtain the
dimension of the sizes. The axial dimensions in terms of
major diameter (L), intermediate diameter (W) and minor
diameter (T) of each seed were measured. The size in
terms of geometric mean diameter and shape in terms of
sphericity and roundness of the seeds were determined
using Mohsenin (1986) relationships as: 

Dg = (LWT)1/3 (1)

M = Dg/L = (LWT)1/3/ L (2)

R = Ap/Ac (3)

where,
Dg = Geometric mean diameter (mm)
M = Sphericity (%)
R = Roundness (%)

Plate 1: Castor beans collections from North-West ecological
zone of Nigeria

Ap = largest projected area of object in natural rest
position and

Ac = Area of smallest circumscribing circle

To determine the projected area, twenty seed samples
were randomly selected and each projected on cardboard
paper, traced on a graph paper and the projected area was
determined by multiplying the total number of boxes and
the estimated area of a box. The traced area was also
circumscribed to get area of smallest circumscribing
circle.

Weight, density and porosity: An electronic weighing
balance (with a sensitivity of 0.01 g and a span of 0 to 120
g) was used to measure one thousand seed weight
(W1000). In doing this, 100 seeds were randomly picked
and weighed; the weight was multiplied by ten to have
one thousand seed weight (W1000). The procedure was
replicated ten times for each of the collection and an
average value obtained.

In the case of true and bulk densities, the following
relationships given by Mohsenin (1986) were used:

Ds = M/Vu (4)

Db = M/Vb (5)

where, 
M = Mass of material (kg) 
Vu = Unit volume (m3)
Ds = True density (kg/m3)
Db = Bulk density (kg/m3)
Vb = Bulk volume (m3)

The seed volume was determined using the
Archimedes principle. Twenty seeds were randomly
selected from each collection, placed inside a measuring
cylinder full of toluene and the displaced volume for each
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sample was weighed. The samples volumes were
calculated using the following relationship:

Volume, V(m3) = [Weight of displaced toluene (kg)]
/Weight density of toluene (kg/m3) (6)

Porosity (P) was determined using Mohsenin (1986)
relationship given as:

P = 1 ! Db/Ds × 100 (7)

Surface area and angle of repose: The Surface area (S)
was determined by analogy with a sphere of the same
geometric mean diameter using the following relationship
(Dash et al., 2008; Garnayak et al., 2008; Altuntas et al.,
2005; Sacilik et al., 2003):

S = BD2
g (8)

The angle of repose (2) was determined using the
method described by Mohsenin (1986). In this method, a
frame box was mounted on a flat wooden surface. The
box was filled to two-third capacity, placed on the flat
surface and then gently lifted until the seeds began to
slide. The angle the surface made with the horizontal just
before the seeds began to slide was measured as the angle
of repose for the material. This was replicated ten times.

Statistical analysis: The data obtained were subjected to
descriptive statistic such as mean, standard deviation and
coefficient of variation.

RESULTS AND DISCUSSION

Size and shape: The mean values and coefficient of
variation of major, intermediate, minor and geometric
mean diameters for the four collections of castor seeds are
as presented in Table 1. 

The frequency distribution curves for the geometrical
mean diameter are as shown in Fig. 1. The trend shown by
each curve is that of a normal distribution. The values for
geometrical mean diameter ranged from 8-12, 8-13, 12-18
and 14-17 mm for BKB, Katsina, Durubi and Braz 4,
respectively. The statistical analysis shows that there are
wide variations in size for the four collections of castor
seeds. However, from size distribution curves the
collections can be grouped into two major sizes as
indicated in high value of coefficient of variation
[acceptance range as given by Isiaka (2006) is #14%].

The average sizes of the seeds as indicated by
geometrical mean diameter are 6.13, 6.89, 11.45 and
11.12 mm for BKB, Katsina, Durubi and Braz 4,
respectively as shown in Table 1. However, from Fig. 1,
the four collections can be categorized based on size into
two. The first group comprises of BKB and Katsina
collections with both having size range of 8 to 12 mm
while the second group comprises of Durubi and Braz 4
collections. In the latter category, Braz 4 has size range of
14 to 17 mm while Durubi has a wider range of 12 to 18
mm. The implication of this is that a single concave sieve
opening may not be adequate for primary processing of
the seeds. The following general expression can be used
to describe the relationship between the geometrical mean
diameters of the four collections of the castor seed
investigated:

Braz 4 = 1.03 Durubi = 1.66 Katsina = 1.87 BKB

The average values reported by Gharibzahedi et al. (2011)
for different variety of castor seed at 12.56% db moisture

 content were 10.36, 6.89, 5.16 and 7.16 for major,
intermediate, minor and geometric mean diameters,
respectively. This shows that there are variations in sizes
which may be attributed to varietal differences of the
seeds.

The results for seed shapes as indicated by sphericity
and roundness are as presented in Table 1. From the
results, the values for  sphericity are 66, 69, 70 and 72%

Table 1: Mean values of the selected physical properties four collections castor seeds 
Collection
----------------------------------------------------------------------

Parameters Units Braz 4 Durubi Katsina BKB S.D. Coef. of variation
Major Dia., L (mm) 15.77 15.74 9.98 9.38 3.516 27.6
Intermidiate Dia., W (mm) 12.62 12.26 6.53 5.88 3.613 38.8
Minor Dia., T (mm) 7.47 6.58 4.53 4.21 1.581 27.7
Geo. mean Dia., Dg (mm) 11.41 10.83 6.66 6.15 2.740 31.3
Sphericity, n (%) 72 69 67 66 2.646 3.9
Roundness, r (%) 62 57 45 45 8.617 16.5
Weight, W1000 (g) 623.52 515.15 131.02 122.97 259.210 74.4
Volume, V (mm3) 308.07 292.41 179.82 166.05 73.991 31.3
Porosity, p (%) 41.24 40.50 34.59 33.33 4.034 10.8
Bulk density, Db (kg/m3) 479.23 471.93 614.63 537.02 66.049 12.56
True density, Ds (kg/m3) 815.62 793.68 939.66 805.53 67.953 8.1
Surface area, s (mm2) 409.00 368.47 139.35 118.82 151.052 58.3
Angle of repose, 2 (deg) 30 30 28 28 1.155 4.0



Res. J. Appl. Sci. Eng. Technol., 4(23): 5157-5161, 2012

5160

0

10

20

30

40

50

60

70

Fr
eq

ue
nc

y 
(%

)

6 8 10 12 14 16 18 20
Seed size (mm)

Braz 4 
Durubi 
Katsina 
BKB 

Fig. 1: Size distribution curves of four castor bean collections

for BKB, Katsina, Durubi and Braz 4, respectively. There
is no significant difference in the values. Gharibzahedi et
al. (2011) also reported 67.84% for the same but different
seed variety. In the case of roundness, 45, 45, 57 and 62%
were recorded for BKB, Katsina, Durubi and Braz 4,
respectively with significant difference in values. From
the results, it can be concluded that all the collections are
closer to spherical shape than round shape. Therefore, for
design of process equipment, castor seeds can be
classified as spherical in shape.

Weight, volume, porosity and density: The results for
weight, volume, density and porosity are as shown in
Table 1. The values obtained for mean thousand seed
weights were 122.97, 131.02, 515.15 and 623.52 g for
BKB, Katsina, Durubi and Braz 4, respectively. From the
results, there are wide variations for the four collections
with Durubi and Braz 4 weighing about five times heavier
than BKB and Katsina. The value reported by
Gharibzahedi et al. (2011) was 226 g. 

The mean volumes of a single seed obtained in this
study were 308.07, 292.41, 179.82 and 166.05 mm3 for
BKB, Katsina, Durubi and Braz 4, respectively. There is
significant difference in the values for the collections with
Durubi and Braz 4 having about twice the volume of BKB
and Katsina collections. Gharibzahedi et al. (2011) also
reported 196.79 mm3. In the case of porosity, 41.24,
40.50, 34.59 and 33.33% were obtained for Braz 4,
Durubi, Katsina and BKB, respectively. The results show
decreased in porosity with decreased in seed size,
suggesting that there are more pore volumes in the bigger
beans than the smaller ones. The values for the four
collections in this study were less than 49.71% reported
by Gharibzahedi et al. (2011).

The results for bulk and true densities show no
significant differences for the collections under
consideration. However, for bulk density the value
decreased with decreased in size. The trend in this result
may be attributed to varietal difference of the collections
because it is expected that bulk density will increase with

decrease in seed size since porosity decreases with
decrease in seed size. The variation in true density has no
definite pattern. With true density of less than 1000 kg/m3,
the materials will tend to float in water and this
information can be useful in choice of separation and
handling equipment. Gharibzahedi et al. (2011) reported
497.65 and 989.65 kg/m3 for bulk and true densities,
respectively.

Surface area and angle of repose: The results for
surface area range from 118.82 to 409.00 mm2 for the
studied collections. There are high variations in the results
as reflected by coefficient of variation. In this case, it can
be said that the surface areas of Braz 4 and Durubi
collections were significantly greater than that of Katsina
and BKB collections. The values for the later collections
were closer to 136.08 mm2 reported by Gharibzahedi et al.
(2011).

The results for angle of repose show that Braz 4 and
Durubi collections have 30% while Katsina and BKB
collections have 28% as against 34.3 reported by
Gharibzahedi et al. (2011). The differences in the present
results are not statistically significant. However, the
results revealed that the first two collections have greater
resistance to sliding, which means better stability, than the
last two. This parameter is important in materials handling
since it affect the capacity of a conveying device. It, also,
determines the minimum slope of floor in self-empting
storage facilities.

CONCLUSION

The following conclusions can be drawn from the study:

C The results revealed wide variations in some of the
physical parameters determined indicating that
differences in varieties are important in equipment
design and development.

C The sphericity, roundness, porosity and angle of
repose decreased with decreased in seed sizes. For
design of equipment, castor seeds can be classified as
spherical shape.

C The results of the study provide useful data that can
be used to developed equipment for production,
handling, processing and storage of castor seeds
found in North West Ecological Zone and other parts
of Nigeria.
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