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ABSTRACT 

Physical Properties of Bambara Nut are crucial for the design of harvesting, processing, transport, 

cleaning, sorting, separation and packaging machinery. Some physical properties of bambara nut have 

been assessed for both shelled and unshelled seeds. The physical properties of shelled seeds at 

moisture content of 11.35 % (db) are length 14.57 mm, width 11.62 mm, thickness 10.34 mm, 70.88 

% roundness, 85.01 % sphericity, 430.70 mm2 surface area, 634.26 g weight, 455.43 mm3 volume, 

769.90 kg/m3 bulk density, 1130.63 kg/m3 solid density, 32.06 % porosity, angle of repose 23.5º and 

coefficient of static friction 0.4361. The physical properties of unshelled seed at moisture content of 

7.12 % (db) are length 20.60 mm, width 16.93 mm, thickness 14.41 mm, roundness 76.45 %, 81.60 

% sphericity, surface area 920.84 mm2, 1012.41 g weight, 321.05 mm3 volume, 355.80 kg/m3 bulk 

density, 993.76 kg/m3 solid density, 64.16 % porosity, 25.5º angle of repose and 0.4782 coefficient 

of static friction. Statistical studies of physical characteristics showed that size (length, width, 

thickness, geometric diameter), porosity bulk density and surface area of shelled and unshelled seed 

are extremely important at 5%; weight, sphericity, volume and solid density are important at 5%; 

roundness, angle of repose and static friction coefficient are not important. 
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1.0 INTRODUCTION 

Bambara Nut (Vigna Subterranea L. Verdc.) 

seeds are commonly cultivated in tropical 

Africa, Indonesia, Malaysia, India, Sri Lanka, 

Central and South America and parts of 

Northern Australia (Eltayeb et al., 2011). It 

was originated in West Africa with its name 

derived from the Bambara tribe now living in 
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Mali, one of the primary characteristics of 

Bambara Nut is its tolerance of bad soils and 

drought, as well as its capacity to produce 

under circumstances in which groundnut fails 

entirely (Jibril et al., 2016). 

Physical properties are essential for proper 

design of machines and processes to handle, 

store and process agricultural products and 

convert them into food and feed requires an 

understanding of their engineering properties. 

These properties include size, shape and 

density, deformation in reaction to static and 

dynamic forces applied, characteristics of 

moisture absorption and desorption, heat 

properties, frictional properties, flow 

properties, aerodynamic and hydrodynamic 

properties, and electromagnetic radiation 

reaction (Özturk and Esen, 2008). 

The processing of this crop is done manually 

in many parts of northern Nigeria. The manual 

processing of Bambara Nut are time 

consuming and laborious, the condition 

prevalent at this level is generally unsanitary 

and inherent unhygienic conditions. The 

equipment used in processing Bambara Nut 

have been generally design without taken into 

cognizant the physical and mechanical which 

leads to reduction in working efficiency and 

increase in product losses (Manuwa and 

Afuye, 2004; Razari, 2007). 

The objective of this study was to analyse the 

determination of physical properties of 

Bambara Nut such as geometric, gravimetric 

and frictional properties for both shelled and 

unshelled seeds related to design of 

decorticating machines. 

2.0 MATERIALS AND METHOD 

The sample used for this investigation was 

Bambara Nut (Vigna Subterranea (L.) Verdc.) 

found in northern Nigeria. The seed was 

sourced from Sabo Bakin Zuwo, Kano, 

International Institute of Tropical Agriculture 

(IITA). Hundred numbers of the selected 

Bambara Nut seeds were used for the study. 

2.1 Preparation of the materials 

Bambara Nut seeds were manually washed and 

stored at room temperature prior to the inquiry 

by removing all foreign products such as dust, 

dirt, stones and chaff as immature and broken 

seeds. Ten (10) replications each were made 

for both shelled and unshelled seeds.  

2.2 Moisture Content Determination 

The moisture content of the material was 

determined as suggested by evaluating the 

known weight of each material (Asoegwu et. 

al., 2006) and then dry oven for 24 hours at 105 

0C. The dry content of the moisture was 

calculated using the following relationship 

𝑀𝑑𝑏 =  
𝑊𝑤−𝑊𝑑

𝑊𝑑
 ……………………. (1) 

Where, 

Mdb = Moisture content dry basis (%), WW = 

initial weight of the material (g), Wd = weight 

of dry material (dry mass) (g)  

2.3 Geometric Determination 

The length, width and thickness measurements 

of both shelled and unshelled seeds were 

determined using vernier caliper of 0.01 cm 
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and a micrometer screw gauge of 0.01 mm 

(Jibril et. al., 2016)  

2.4 Geometric Diameter Determination 

The geometric diameter of both shelled and 

unshelled seeds was determined using the 

equation given by (Karaj et. al., 2010)  

𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = (𝐿𝑊𝑇)1/3 … (2) 

Where, 

L = length (mm), W = width (mm), T = 

thickness (mm)  

2.5 Sphericity Determination 

The sphericity of both shelled and unshelled 

seeds were computed using the equation by 

(Baryeh and Mangope, 2006)  

𝑆𝑝ℎ𝑒𝑟𝑖𝑐𝑖𝑡𝑦 =
(𝐿𝑊𝑇)1/3

𝐿
 …………..…… (3) 

Where, 

L = length (mm), W = width (mm), T = 

thickness (mm)  

2.6 Roundness Determination 

Roundness was determined by random 

selection of twenty seed samples, each of 

which was projected on cardboard paper, the 

projected outline seeds were traced on a graph 

paper, and the projected area was determined 

by multiplying the total number of boxes and 

the box area estimated. The largest projected 

area of the seed material in natural rest (AP) 

was obtained and the area of smallest 

circumscribing circle (Ac) was also obtained. 

Roundness was calculated using the equation 

given by (Mohsenin, 1986).  

𝑅𝑜𝑢𝑛𝑑𝑛𝑒𝑠𝑠 =

Largest Projected Area (Ap) 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝐶𝑖𝑟𝑐𝑢𝑚𝑠𝑐𝑟𝑖𝑏𝑖𝑛𝑔 𝐶𝑖𝑟𝑐𝑙𝑒 (𝐴𝑐)
 

…………...... (4) 

Where, 

AP = largest projected area of seed (mm2), AC 

= area of smallest circumscribing circle (mm2)  

2.7 Surface Area Determination 

The surface area of both shelled and unshelled 

seeds was calculated using the equation by 

(Baryeh and Mangope, 2006).  

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 =  𝜋 (𝐷𝑔)2…………... (5) 

2.8 Weight Determination 

One thousand seeds from the batch seed were 

randomly chosen and weighed (Adejumo et 

al., 2005) the seeds were put on a digital 

weighing equilibrium and the machine 

immediately displaced the weight. 

2.9 Bulk Density Determination  

This was performed by pouring the seeds into 

a graduated cylinder using tube and scale 

(Isiyaka, 2006) and then removing the surplus 

seeds through a strive off stick. The cylinder 

contents were weighted on a digital scale with 

0.01 g sensitivity. 

2.10 Solid Density Determination 

This was determined by pouring water into a 

cylinder of measurement. Water volume was 

recorded, weighted seed samples fell inside the 

cylinder and the fresh seed quantity was 

registered in water. The mass-to-volume ratio 

was calculated for solid density by (Farouk, 

2010) 

2.11 Porosity Determination 
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Seed porosity was calculated using the connec

tion provided by the values of bulk density 

and solid density by (Jibril et. al., 2016).  

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = (1 −
𝑃𝑏

𝑃𝑠
)𝑥 100% ……… (7) 

Where, 

Pb = bulk density in Kg/m3, Ps = solid density 

in Kg/m3  

2.12 Angle of Repose Determination 

This was determined by placing the seeds 

within a 15 cm x 15 cm x 6 cm wooden frame 

box (Isiyaka, 2006). The box was placed on a 

drafting table where the seeds inside the box 

were tilted by the table at full capacity of 2/3 

until the angle was measured when it started to 

move. 

2.13 Coefficient of Static Friction 

Determination 

Samples of seeds 

were put on a drafting table, tilting the table t

o an angle. As the sample began to move the 

tangent of the angle made by the titled table 

was recorded (Isiyaka 2006). 

3.0 RESULTS AND DISCUSSION 

The mean values for physical properties of 

Bambara Nut Seeds were presented in table 1, 

statistical analysis and some discussion were 

followed. 

Table 1 - Mean Values for Bambara Nut Seeds Physical Properties  

Parameters and Units Shelled 

 

Unshelled 

 

 Range Mean SD Range Mean SD 

Length (mm) 12.16 – 16.60 14.57 1.18 18.96 – 21.91 20.60 0.83 

Width (mm) 10.02 – 13.00 11.62 0.79 15.16 – 18.94 16.93 1.14 

Thickness (mm) 9.19 – 11.92 10.34 0.74 13.30 – 15.95 14.41 0.77 

GeometricDiameter (mm) 10.47 – 13.65 12.04 0.81 15.92 – 18.58 17.12 0.76 

Sphericity (%) 82.63 – 86.87 85.01 1.37 77.60 – 86.42 81.60 2.65 

Roundness (%) 58.16 – 92.00 70.88 11.22 57.80 – 88.92 76.45 9.77 

Surface Area (mm2) 344.38 – 496.39 430.70 51.28 796.22 – 1069.41 920.84 87.96 

Weight (g) 575.64 – 710.49 634.26 43.81 865.90 – 1235.29 1012.41 128.02 

Volume (mm3) 365.43 – 545.68 455.43 55.66 269.14 – 369.14 321.05 32.77 

Bulk Density (kg/m3) 662.40 – 1078.00 769.90 118.69 305.67 – 387.00 355.80 25.99 

Solid Density (kg/m3) 1058.30 – 1233.10 1130.63 49.97 915.19 – 1070.62 993.76 54.99 

Porosity (%) 7.57 – 38.40 32.06 8.70 59.50 – 69.86 64.16 3.21 

Angle of Repose (0) 19 – 27 23.50 2.87 21 – 29 25.50 2.66 

Coeff. of Static friction  0.3443 – 0.5095 0.4361 0.0597 0.3839 – 0.5543 0.4782 0.0566 
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3.1 Dimensions 

For shelled seed, the mean length, width 

and thickness was 14.57 mm, 11.62 mm, 

and 10.34 mm, respectively. The mean 

length, width and thickness of unshelled 

seed are 20.60 mm, 16.93 mm and 14.41 

mm respectively. In determining sieve 

apertures and other parameters in machine 

design, the significance of these aspects has 

been discussed (Heidarbeigi, 2009). The 

size and shape are important in the 

electrostatic separation of agricultural 

products from unwanted materials and in 

the development of machinery for sizing 

and grading (Jibril et. al., 2016). 

3.2 Roundness and Sphercity 

The mean roundness and sphericity of shel

led seed for unshelled seed is 70.88% and 

85.01% respectively and 76.45% and 81.6

0% respectively. Roundness and sphericity 

are shape-related characteristics that are 

necessary for analytical prediction of 

agricultural grain drying behaviors (Esref 

and Halil, 2007). 

3.3 Weight, Volume, Bulk Density, Solid 

Density and Surface Area 

Mean weight, volume, bulk density, solid 

density, and shelled seed surface area are 

634.26 g, 455.43 mm3, 769.90 kg/m3, 

1130.63 kg/m3, and 430.70 mm2, 

respectively, whereas unshelled seed values 

are 1012.41 g, 321.05 mm3, 355.80 kg/m3, 

993.76 kg/m3, and 920.84 mm2 

respectively. Mass, volume, bulk density 

and strong density of food and agricultural 

goods play an significant part in silos and 

storage bins design (Waziri and Mittal, 

1997); seed purity determination (Jaeger, 

1997); ensilage mechanical compression 

(Ige, 1997) and maturity assessment, pellet 

and wafer stability (Gustustafson and 

Kjelgard, 2000). An agricultural product's 

surface area is usually indicative of its 

behavior pattern in a flowing fluid such as 

air, as well as the ease of pneumatically 

separating extraneous materials from the 

product (Omobuwajo, 1999). In heat and 

mass transfer procedures like drying and 

other thermal applications, it is also 

essential. Since lighter fractions float, the 

fact that the seed densities are less than the 

water density can be used to design 

separation or cleaning procedures for the 

grains (Baryeh and Mangope, 2006). Bulk 

density and strong density can be helpful in 

sizing grain hoppers and storage 

equipment; during aeration and drying 

procedures they can influence the heat rate 

and mass transfer of moisture. In breakage 

susceptibility and hardness studies, grain 

densities were of concern (Heidarbeigi, 

2009). 

3.4 Angle of Repose and Coefficient of 

Static Friction 

The mean angle of repose value for shelled 

seeds was 23.5 ° and 25.5 ° respectively for 

unshelled seeds. The angle of repose 

determines the maximum angle of a stack 
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of grain in the horizontal plane and is 

essential in filling a flat storage unit when 

grain is not stacked but peaked at a uniform 

bed depth (Mohsenin, 1986). In order to 

obtain coherent material flow through the 

chute, the static friction coefficient is used 

to determine the angle at which chutes must 

be placed. Data on bulk density and rest 

angle are also required for the design of 

grain hoppers for handling equipment 

(Jibril et. al., 2016). 

Table 2 - Paired T-test of Mean Values Comparison of Physical Properties for Bambara 

Nut seeds 

Parameters and Units Mean Value Pearson 

Correlation 

Table of “t” 

value Shelled Unshelled 

Length (mm) 14.57 20.60 0.0826 23.4571** 

Width (mm) 11.62 16.93 0.2499 23.5402** 

Thickness (mm) 10.34 14.41 0.1066 21.6747** 

Geometric Diameter (mm) 12.04 17.12 0.2932 29.1742** 

Sphericity (%) 85.01 81.60 0.1215 3.6199* 

Roundness (%) 70.88 76.45 0.1738 1.2343ns 

Surface Area (mm2) 430.70 920.84 0.3623 17.4519** 

Weight (g) 634.26 1012.41 0.3259 9.3716* 

Volume (mm3) 455.43 320.25 0.2980 7.2254* 

Bulk Density (kg/m3) 769.90 355.80 0.2252 10.7426** 

Solid Density (kg/m3) 1130.63 993.76 -0.3798 4.7076* 

Porosity (%) 32.06 64.16 0.5571 13.0071** 

Angle of Repose (0) 23.5 33.5 0.1508 1.6641 ns 

Coeff. of Static friction  0.4361 0.6651 0.1281 1.6433 ns 

* * Highly important at 5% level 0 

* Significant at 5% level  

ns = low at 5% level 

From Table 2, statistical physical property 

studies showed that size (length, width, 

thickness, geometric diameter), porosity 

bulk density and surface region of shelled 

and unshelled seed are extremely important 

at 5% ; weight, sphericity, volume and solid 

density are important at 5% ; roundness, 

angle of repose and static friction 

coefficient. 

3.5 Moisture Contents 

The mean content of shelled and unshelled 

plant humidity (dry basis) is 11.35% and 

7.12% respectively. A product's moisture 
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content merely shows the quantity of water 

in that agricultural product, and this is of 

excellent significance to food researchers 

and processing technicians as it helps them 

determine some adaptation and resistance to 

processing phases such as drying, bagging, 

storage, cooking and even consumption. 

Table 3 - Moisture Content of Shelled and 

Unshelled Bambara Nut Seed 

Number of 

Sample 

Ww 

(g) 

Wd (g) MC 

(%) 

Bambara Nut 

(Shelled) 

84.30 75.70 11.35 

Bambara Nut 

(Unshelled) 

57.40 53.60 7.12 

The moisture content of the seeds are seen to 

be quite low, this is because the seeds were 

dried before usage. 

4.0 CONCLUSION 

In terms of length, thickness, width, 

geometric diameter, roundness, sphericity, 

porosity, strong density, bulk density, 

surface area, moisture content, coefficient of 

static friction and angle of rest, the physical 

characteristics of shelled and unshelled 

Bambara Nuts were determined. However, 

the characteristics of shelled and non-

shelled seeds with important differences in 

length, width, thickness, geometric 

diameter, porosity bulk density, sphricity, 

surface area and strong density, otherwise 

the remaining characteristics were 

statistically identical. 
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