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Physical properties of bambara (Vigna subterranea (L.) verdc.) seeds landraces from Botswana with mean
moisture content (dry basis) 7.17–8.99% were evaluated in this study. The landraces were Zimbabwe Red
(National Tested Seed Red – NTSR), Botswana Red (BotR), Diphiri cream (DipC1 & DipC2) and speckled
(AS17). The mean value for length, width and thickness of bambara seeds ranged from 11.01 to
11.81 mm; 9.41 to 9.96 mm and thickness 9.05 to 9.48 mm, respectively. The size of the bambara seeds
was graded as large (>10.5 mm), medium (9.50–10.49 mm) and small (<9.50 mm). Geometric mean
diameter, volume and surface area of bambara seeds ranged from 9.59 to 9.98 mm and 435 to
498 mm3, 2608 to 2987 mm2, respectively. The NTSR, BotR and DipC1 were significantly (p < 0.05) higher
in geometric mean diameters, volume and surface area when compared with the others. The values of
sphericity, aspect ratio, 1000-seed weight, bulk density and true density of bambara seeds ranged from
84.2% to 88.3%, 82.1% to 88.1%, 0.5037 to 0.5971 kg, 757.8 to 780.1 kg/cm3 and 1000.2 to 1004.7 kg/m3,
respectively. NTSR are longer while DipC2 are shorter in length than the others. DipC1 is wider and
thicker while AS17 is less broad and thicker than others. The AS17 is significantly (p < 0.05) heavier than
the others followed by the DipC1 and DipC2. DipC2 is more spherical and occupies more volume and area
when compared to the other landraces. The porosity and angle of repose of bambara seeds ranged from
22.20% to 24.24% and 17.1� to 19.8�, respectively. The seeds of bambara are irregular in shape and size,
are spherical and will roll rather than slide. Knowledge of these physical properties will make the design
of hoppers, storage facilities, separation and cleaning process, cooling, heating and other similar
processes for bambara seeds a possibility.

� 2008 Published by Elsevier Ltd.
1. Introduction

Bambara groundnut (Vigna subterranea (L.) verdc.) is an indige-
nous African crop that is now grown across the continent from Sen-
egal to Kenya and from the Sahara to South Africa (Atiku et al., 2004).
The bambara groundnut has become less important in many parts of
Africa because of the expansion of groundnut production. In recent
years there has, however, been renewed interest in the crop for cul-
tivation in the arid savannah zones. In Botswana bambara groundnut
(‘‘Ditloo” in Setswana) is cultivated by 90% of the farmers. Of the
farmers, about 63% grew the crop for consumption, about 12% for
sale and 25% for both consumption and sale (Karikari et al., 1997).

Physical properties of agricultural materials affect how they
are to be processed, handled, stored and consumed and so are re-
quired in the design of planting, harvesting and post-harvest
operations such as cleaning, conveying and storage (Masoumi
and Tabil, 2003; Kotwaliwale et al., 2004; Wilheim et al., 2004).
Presently, all the post-harvest handling and processing practices
Elsevier Ltd.

ood Technology, Cape Penin-
n 8000, South Africa.

hoo.com (V.A. Jideani).
are done manually and it is necessary to design tools, equipment
and machines for these processes. However, before the design and
fabrication of these machines, it is necessary to consider some
physical properties of the seeds (Taser et al., 2005; Aremu and Fo-
wowe, 2000). The physical properties are also required for the de-
sign and evaluation of equipment and systems for their handling,
processing and storage (Asoegwu and Maduike, 1999; Aviara et
al., 1999; Gupta and Nachiket, 1999; Asoegwu, 1995). Processing
techniques and proper handling of bambara groundnuts require
accurate knowledge of the physical properties such as shape, size,
porosity, surface area, bulk density (Alabadan, 1996). The porosity
is the fraction of the space in the bulk seeds which is not occu-
pied by the seeds (Cos�kuner and Karababa, 2007). Bulk density
and porosity affect the structural loads and are important param-
eters in designing of drying and storing systems. Angle of repose
is important in designing of storage and transporting structures.
The static coefficient of friction of seed against the various sur-
faces is also necessary in designing of conveying, transporting
and storing structures (Taser et al., 2005). Seed weight, seed vol-
ume, seed density and mean geometric diameters could be used
to characterize the bambara seed. Other researchers (Cos�kuner
and Karababa, 2007; Razavi and Milani, 2006; Taser et al., 2005;
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Fig. 1. Characteristic dimensions of bambara seed: length (L), width (W) and
thickness (T).
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Suthar and Das, 1996; Aviara et al., 1999) have used the above
parameters to characterize other crops.

Inspite of the growing importance of bambara groundnut, much
of the use of bambara in Botswana is limited to boiling and roast-
ing of the seeds. Physical properties of bambara seeds will give an
indication of its processing characteristics leading to possible value
added products (Masoumi and Tabil, 2003; Kotwaliwale et al.,
2004). Our objective was to investigate several physical properties
of five bambara seed varieties (red, brownish red, black-eye,
brown-eye and speckled) from Botswana and compare in terms
of linear dimensions, volume, sphericity, surface area, true and
bulk densities, porosity and repose angle.

2. Materials and methods

2.1. Source of bambara groundnut

Five bambara seed varieties detailed in Table 1 were purchased
from a local market in Gaborone, Botswana. They were stored in
plastic buckets with cover and kept in cold storage at 5 �C. The
seeds were removed and kept at room temperature of 25–27 �C
for 3 h before making any measurements.

2.2. Moisture content

The moisture content of the seeds were determined using the
ASAE (1983) recommended method for edible beans. The seeds
(5 g) were oven dried at 103 �C for 72 h in triplicates.

2.3. Dimensions, sphericity, volume and surface area

The method of Asoegwu et al. (2006) was adopted to determine
the seed sizes. Hundred (100) seeds were randomly selected by
collecting a hand full of the seeds from random location in the
bowl containing the seeds, counting until the number of seeds re-
quired is obtained. For each 100 seeds individual seed measure-
ments of the three major perpendicular dimensions of the seed
were carried out using a vernier caliper to an accuracy of
0.001 mm. Since seed size plays an important role in handling, pro-
cessing and storage, under approximately the same operating con-
ditions (Masoumi and Tabil, 2003), the bulk seed sample for each
variety was classified into small (<9.50 mm), medium (9.50–
10.49 mm) and large (>10.50 mm). Using the measured dimen-
sions, the following size descriptors were calculated.

Geometric mean diameter, Dg of the seed was calculated by
using the following relationship (Mohsenin, 1986):

Dg ¼ ðLWTÞ1=3 ð1Þ

where the L = length, W = width and T = thickness are in mm as
shown in Fig. 1.
Table 1
Description of bambara landraces used in the study

Bambara
landraces

Colour Moisture contentA (%
dry basis)

Zimbabwe Red
(NTSR)

Red 7.17 ± 0.43c

Botswana Red
(BotR)

Brownish red 8.99 ± 0.35a

Diphiri cream
DipC1 Black-eye 7.87 ± 0.35b

DipC2 Brown-eye 8.34 ± 0.39a

Speckled
(AS17)

Cream with rhomboid spotting on both
sides of hilum

8.67 ± 0.70a

A Mean ± standard deviation. Different superscripts denote significant difference
(p < 0.05) in the column.
The sphericity, U (Mohsenin, 1986; Gupta and Das, 1997) of
bambara seeds was calculated using the following formula:

U ¼ ðLWTÞ1=3

L
ð2Þ

Seed volume (V) and seed surface area (S) were calculated using
the formula stated by Jain and Bal (1997):

V ¼ pB2L2

6ð2L� BÞ ð3Þ

S ¼ pB2L2

2L� B
ð4Þ

where B ¼ ðWTÞ0:5.
Aspect ratio (AR) was calculated using (Mohsenin, 1986; Ciro,

1997) equation:

AR ¼W=L

2.4. One thousand seed weight

The weight of one thousand seed mass was obtained using an
electronic balance weighing to 0.001 g accuracy.

2.5. Bulk and seed density

The method of Association of Official Analytical Chemists
(AOAC) reported by Ogunjimi et al. (2002) was adopted for bulk
density determination. A measuring cylinder (500 ml) was filled
with seeds to a height of 15 cm and then the content weighed. This
was repeated five times for each variety. Bulk density was
calculated as the ratio of the bulk weight and the volume of the
container (g/ml) (Asoegwu et al., 2006).

The true density was obtained by the liquid displacement
(Asoegwu et al., 2006; Taser et al., 2005) using a top loading
balance. Seeds (100 g) were immersed in distilled water in the bea-
ker. The mass of the displaced water is the balance reading with the
seed submerged minus the mass of the beaker and water. The
immersion was for a second to avoid the seeds absorbing moisture.
The seed volume (V) was estimated by dividing the mass of displaced
water (g) by the density of water (g/cm3). Seed density was deter-
mined by dividing the seed mass by the measured seed volume.

2.6. Seed porosity

This is the property of the grain which depends on its bulk and
kernel densities. The formula method of Mohsenin (1986) was
used to calculate the seed porosity (P):

P ¼ 1� qb

qt

� �
� 100 ð5Þ

where qb is the bulk density (kg/m3) and qt is the seed density
(kg/m3).
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2.7. Angle of repose

The method of Taser et al. (2005) was adopted to determine the
angle of repose. A topless and bottomless cylinder with 11.5 cm
diameter and 13.5 cm height was used. The cylinder was placed
at the center of a cardboard paper and filled with bambara seeds.
The cylinder was raised slowly so that a natural heap was formed.
The angle of repose (h) of seeds was calculated from the diameter
and height of a heap on a cardboard paper.

2.8. Statistical analysis

Analysis of variance (ANOVA) was used to establish significant
differences among the varieties. Duncan’s multiple range test
(SPSS, 2005) was used to separate the means where significant dif-
ferences existed.

3. Results and discussion

3.1. Description of bambara seeds

Table 1 details the colour and moisture content of the bam-
bara landraces purchased from the market. The mean moisture
content (dry basis) of the landraces ranged from 7.17% to
8.99%. NTSR seeds are oval, and have mean length and width
of 11.8 and 9.8 mm, respectively, with a white hilum, but no pe-
culiar eye characteristics. The seeds are quite uniform in colour
with very little segregation into different colours, although dif-
ferent shades of red do appear. BotR are light reddish brown,
is similar to NTSR, but the seeds have shorter width. It also does
not have peculiar eye characteristics. Diphiri Cream (DipC) has
the characteristics uniform cream colour, with eye as a thin cir-
cle around hilum and has been classified into two varieties:
black-eye (DipC1) and brown-eye (DipC2). Speckled (AS17) are
cream in colour with little rhomboid spotting on both sides of
hilum and black-eye as a thin circle around hilum (Karikari et
al., 1997).
Table 2
Size distribution of bambara seeds based on length (L), width (W) and thickness (T)A,B

Landrace Size category

Ungraded Large (>10.5 mm)

Length (L)
NTSR 8.20–14.94 (100) 10.50–14.94 (82)
BotR 9.32–15.00 (100) 10.12–15.00 (85)
DipC1 (black-eye) 9.40–13.76 (100) 10.50–13.76 (79)
DipC2 (brown-eye) 7.92–13.88 (100) 10.50–13.88 (67)
AS17 (speckled) 7.50–16.08 (100) 10.50–16.08 (74)

Total 7.50–16.08 (500) 10.12–16.08 (387)

Width (W)
NTSR 5.36–11.90 (100) 10.50–11.90 (24)
BotR 7.60–11.82 (100) 10.54–11.82 (15)
DipC1 (black-eye) 8.18–12.90 (100) 10.54–12.90 (21)
DipC2 (brown-eye) 6.62–11.80 (100) 10.50–11.80 (20)
AS17 (speckled) 6.62–12.36 (100) 10.50–12.36 (14)

Total 5.36–12.9 (500) 10.5–12.90 (94)

Thickness (T)
NTSR 1.20–10.92 (100) 10.50–10.92 (6)
BotR 7.46–12.78 (100) 10.00–12.78 (6)
DipC1 (black-eye) 7.64–11.92 (100) 10.52–11.92 (12)
DipC2 (brown-eye) 7.16–12.00 (100) 10.50–12.00 (5)
AS17 (speckled) 7.36–11.20 (100) 10.60–11.20 (5)

Total 1.20–12.78 (500) 10.00–12.78 (34)

A Range and frequency (%) in bracket.
B Mean ± standard deviation. Different superscripts denote significant difference (p < 0
3.2. Geometric properties of bambara seed

The size distribution of bambara seeds are presented in Table 2.
Based on the length of the seeds, majority of the seeds for NTSR
(82%), BotR (85%), DipC1 (79%), DipC2 (67%) and AS17 (74%) were
of large size (>10.5 mm). Based on the width of the seeds, majority
of the seeds for NTSR (43%), DipC2 (47%) and AS17 (55%) were of
small (<9.50 mm) size while BotR (44%) and DipC1 (47%) were of
medium (9.50–10.49 mm) size. Based on the thickness, majority
of the seeds for NTSR (63%), BotR Red (67%), DipC1 (52%), DipC2
(73%) and AS17 (75%) were of small (<9.50 mm) size. Significant
(p < 0.05) differences existed among the landraces in length, width
and thickness. In general the seeds of NTSR are longer while DipC2
(brown-eye) are shorter in length than the others. DipC1 (black-
eye) is wider and thicker while AS17 is less broad and thicker than
others. The seed with the longer length did not have either the
largest width or thickness. A similar trend was reported by Ogunj-
imi et al. (2002), Aviara and Haque (2000) and Oje and Ugbor
(1991) for locust bean, guna and oil-bean seeds, respectively.
Sieves can now be designed within a range for separation of the
seeds from the chaff. Karikari et al. (1997) reported that the seeds
of the landraces are all oval-shaped, and the mean seed length is
10.8 (±0.1 mm). The mean seed length of bambara seeds in this
study is higher than that reported by Karikari et al (1997). Nape
(1995) reported that Zimbabwe Red (NTSR) had the largest seeds
among the landraces which is in agreement with our result. How-
ever, it has not been established that seed size is genetic (Nape,
1995).

Table 3 details the geometric properties of bambara landraces.
Geometric mean diameter ranged from 9.59 (DipC2) to 9.98 mm
(Dip1). Geometric mean diameters differed significantly among
the landraces. The NTSR, BotR and DipC1 (black-eye) were signifi-
cantly higher in geometric mean diameters when compared with
the others. The volume of bambara seeds ranged from 434.68
(AS17) to 497.80 mm3 (DipC1). Landraces differed significantly
(p < 0.05) in seed volume. The NTSR, BotR and DipC1 (black-eye)
are significantly higher in volume when compared with the others.
Mean

Medium (9.50–10.49 mm) Small (<9.50 mm)

9.62–10.42 (16) 8.20–9.32 (2) 11.81 ± 1.31a
9.82–10.42 (14) 9.32–9.32 (1) 11.81 ± 1.20a

9.50–10.42 (18) 9.40–9.42 (3) 11.33 ± 0.92b

9.52–10.40 (22) 7.92–9.22 (11) 11.01 ± 1.31c

9.52–10.44 (19) 7.50–9.42 (7) 11.44 ± 1.43b

9.50–10.44 (89) 7.5–9.42 (24) 11.48 ± 1.28

9.60–10.92 (33) 5.36–9.42 (43) 9.77 ± 1.11a

8.68–11.00 (44) 7.60–9.46 (41) 9.66 ± 0.85b

9.52–10.48 (47) 8.18–9.48 (32) 9.96 ± 0.81a

9.50–10.40 (33) 6.62–9.48 (47) 9.50 ± 1.04b

9.50–10.40 (31) 6.62–9.48 (55) 9.41 ± 1.04c

8.68–11.00 (188) 5.36–9.48 (218) 9.66 ± 0.99

9.50–10.42 (31) 1.20–9.42 (63) 9.10 ± 1.21b

9.54–10.82 (27) 7.46–9.58 (67) 9.22 ± 0.82b

9.52–10.40 (36) 7.64–9.42 (52) 9.48 ± 0.79a

9.50–10.40 (22) 7.16–9.42 (73) 9.05 ± 0.81b

9.50–10.40 (20) 7.36–9.48 (75) 8.99 ± 0.78b

9.50–10.82 (136) 1.20–9.58 (330) 9.17 ± 0.91

.05) in the column.



Table 3
Geometric properties of bambara seedsA

Landrace Geometric mean diameter (mm) Seed volume (mm3) Surface area (mm2) Sphericity (%) Aspect ratio (%)

NTSR 9.90 ± 1.01a 472 ± 129a 2829 ± 775a 84.2 ± 7.2b 83.2 ± 8.7b

BotR 9.92 ± 0.80a 468 ± 114a 2805 ± 682a 84.3 ± 3.7b 82.1 ± 6.3b

DipC1 (black-eye) 9.98 ± 0.68a 498 ± 112a 2987 ± 673a 88.3 ± 4.1a 88.1 ± 6.4a

DipC2 (brown-eye) 9.59 ± 0.91b 438 ± 116b 2631 ± 698b 87.4 ± 4.0a 86.5 ± 5.8a

AS17 (speckled) 9.65 ± 0.89b 435 ± 121c 2608 ± 726c 84.8 ± 5.5b 82.9 ± 9.4b

Mean 9.81 ± 0.88 462 ± 120 2772 ± 723 85.8 ± 5.3 84.6 ± 7.8

A Mean ± standard deviation. Different superscripts denote significant difference (p < 0.05) in the column.
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The surface area ranged from 2608 (AS17) to 2987 mm2 (DipC1).
The bambara seeds differed significantly in surface area. The NTSR,
BotR and DipC1 (black-eye) are significantly higher in surface area
when compared with the others. The sphericity of the bambara
seeds are detailed in Table 3. The values of sphericity for bambara
seeds ranged from 84.2% (NTSR) to 88.3% (DipC1). Significant dif-
ferences (p < 0.05) existed among the varieties in sphericity. DipC1
(black-eye) and DipC2 (brown-eye) with 88.3% and 87.4% spheric-
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Table 5
Comparison of bambara physical properties with other seeds

Parameter Bambaraa Chickpeab Jackbeanc African
breadfruitd

L (mm) 11.48 10.2 18.662 11.91
W (mm) 9.66 7.74 13.141 5.69
T (mm) 9.17 7.66 10.224 4.64
True density (kg/m3) 1003 – 1190 979
Bulk density (kg/m3) 775 – 778 614
Porosity (%) 22.7 – 32.6 –
Aspect ratio (%) 84.6 (75.6) 70.6 (47.8)
Sphericity (%) 85.8 (82.94) 72.68 (57.10)
Geometric mean diameter

(mm)
9.81 (8.46) 13.563 (6.80)

The values in bracket were calculated from values of length (L), width (W) and
thickness (T) given by the original authors.

a This study.
b Tabatabaeefar et al. (2003).
c Eke et al. (2007).
d Omobuwajo et al. (1999).
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were higher in aspect ratio than NTSR, BotR and AS17 bambara.
Low aspect ratio indicates the tendency to be oblong in shape
(Eke et al., 2007). However, with an aspect ratio of over 70%, the
bambara seed is more likely to roll than to slide. A similar trend
had been reported for Jackbean (Eke et al., 2007).

The relationship between the geometric properties and sizes are
shown in Fig. 2. Generally, sphericity and aspect ratio increased
with decrease in seed size, whereas volume, surface area and geo-
metric mean diameters increased with increase in seed size. Small
sized seeds had higher sphericity and aspect ratio than large seeds.
However, large seeds had higher geometric mean diameters, vol-
ume and surface area than small seeds. DipC1 (black-eye) bambara
is more spherical and occupies more volume and area when com-
pared to the other landraces.

3.3. Gravimetric properties of bambara landraces

The gravimetric properties of bambara landraces are shown in
Table 4. The 1000-seed weight of bambara ranged from 0.5037
(NTSR) to 0.5971 kg (AS17). Significant differences (p < 0.05) exist
in 1000-seed weight among the landraces. The speckled bambara
is significantly heavier than the others followed by DiC1 and
DipC2. This parameter is useful in determining the effective diam-
eter which can be used in the theoretical estimation of seed vol-
ume (Ogunjimi et al., 2002; Atiku et al., 2004).

The bulk density ranged from 757.8 (BotR) to 780.1 kg/m3

(DipC1) (Table 4). Significant differences (p < 0.05) exist among
the landraces in bulk density. The BotR bambara was significantly
lower in bulk density than the others. The bulk density could be
used as an indication of quality during storage for bambara. De-
crease in bulk density is an indication of reduced overall quality
of the grain. Factors which commonly affect bulk density are insect
infestation, excessive foreign matter and high percentage moisture
content (WFP, 2006).

The true density ranged from 1000 (BotR) to 1005 kg/m3

(DipC2). There was no significant difference in true density among
the landraces. The true density indicates that the seeds are heavier
than water and this characteristic can be used to design separation
or cleaning process.

The porosity of the seeds (Table 4) ranged from 22.20% (DipC1)
to 24.24% (BotR). The BotR was significantly higher in porosity than
the others. Porosity depends on geometry and surface properties of
the material. The percent voids of an unconsolidated mass of mate-
rial such as grain, hay and other porous materials are often needed
in air flow and heat flow studies (Mohsenin, 1986). This property
allows fluid to pass through the bulk, it is useful in the calculation
of rate of aeration and cooling, drying and heating and the design
of heat exchangers and other similar equipment (Asoegwu et al.,
2006).
Table 4
Gravimetric properties of bambara landracesA

Landraces 1000-Seed
weight (kg)

Bulk
density
(kg/m3)

True
density
(kg/m3)

Angle of
repose (�)

Porosity (%)

NTSR 0.5037 ± 0.0166d 778.8 ± 5.7a 1002 ± 5 18.6 ± 1.0a 22.30 ± 0.66b

BotR 0.5268 ± 0.0228c 757.8 ± 5.3b 1000 ± 2 18.9 ± 1.2a 24.24 ± 0.41a

Diphiri cream
DipC1 0.5642 ± 0.0098b 780.1 ± 6.3a 1003 ± 9 17.6 ± 0.3b 22.20 ± 1.09b

DipC2 0.5476 ± 0.0149b 779.6 ± 4.7a 1005 ± 11 17.1 ± 1.4c 22.40 ± 1.16b

AS17 0.5971 ± 0.0258a 779.3 ± 8.0a 1003 ± 9 19.8 ± 1.7a 22.29 ± 0.86b

Mean 0.5436 ± 0.03434 775.1 ± 10.5 1003 ± 7 18.4 ± 1.5 22.69 ± 1.13

A Mean ± standard deviation. Different superscripts denote significant difference
(p < 0.05) in the column.
3.4. Frictional properties

The angle of repose of bambara (Table 4) ranged from 17.1�
(DipC2) to 19.8� (AS17). Significant differences (p < 0.05) existed
in angle of repose among the seeds. AS17 had a higher angle of re-
pose than the others followed by BotR (18.9�) and NTSR (18.6�), the
least were DipC2 (17.1�) and DipC1 (17.6�). This confirms the fact
that the seeds are spherical or oval (Karikari et al., 1997) in shape
enabling the seeds to roll.

3.5. Comparison of the bambara mean parameters with other seeds

The comparison of the mean parameters for bambara with some
seeds (Table 5) shows that bambara seeds are as long as African
breadfruit, longer than Chickpea and shorter than Jackbean seeds.
In terms of width, it is wider than African breadfruit and Chickpea
seeds. Bambara seeds are thicker than Chickpea and African bread-
fruit seeds. The true density indicates that African breadfruit seeds
float in water (Eke et al., 2007), whereas bambara seeds do not.
Bambara and Jackbean seeds will occupy more space in storage
than African breadfruit as a result of their higher bulk density. Jack-
bean seeds are denser and bulkier than bambara seeds in terms of
true and bulk densities, hence Jackbean porosity is higher than
bambara porosity. Bambara seeds are more spherical and will roll
rather than slide unlike African breadfruit seeds.

4. Conclusion

The seeds of bambara are irregular in shape and size. The seeds
of NSTR are longer while DipC2 (brown-eye) are shorter in length
than the others. DipC1 (black-eye) is wider and thicker while
AS17 is less broad and thicker than others. The seed with the long-
er length did not have either the largest width or thickness. The
NSTR, BotR and DipC1 (black-eye) are significantly higher in geo-
metric mean diameters, volume and surface area when compared
with the others. Bambara seeds are highly spherical (oval) with
high aspect ratio and would roll rather than slide. Small sized seeds
had higher sphericity and aspect ratio than large seeds. Large seeds
had higher geometric mean diameters, volume and surface area
than small seeds. DipC1 is more spherical and occupies more vol-
ume and area when compared to the other landraces. The speckled
seeds (AS17) were significantly heavier than the others followed by
the DipC1 and DipC2. The BotR was significantly lower in bulk den-
sity than the others. The seeds of bambara are heavier than water
and therefore would not float in water. The BotR was significantly
higher in porosity than the others.
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