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 Some physical attributes of two selected varieties of Bambara groundnut seeds grown in 

Nigeria were determined in this study. Standard methods were used to determine the 

selected properties which include linear dimensions, surface area, mass, volume, density, 

sphericity, porosity and coefficients of friction of the seeds on plywood, galvanized iron and 

aluminium surfaces. Length, width and thickness were within the ranges of 13.41-14.40 

mm, 12.00-12.89 mm and 11.36- 11.99 mm, respectively for cream variety and 12.54-13.91 

mm, 11.16-12.28 mm and 10.51-11.46 mm, respectively for light brown variety. Surface 

area of the seeds and volume were within the ranges of 507.94-588.45 mm2 and 1077.59-

1351.79 mm3, respectively for cream variety, and 443.05-880.63 mm2 and 541.47-1191.18 

mm3, respectively for light brown variety. The thousand seed mass ranged from 833.20 to 

1116.93 g and 718.97 to 863.83 g for cream and light brown varieties respectively. Bulk 

density ranged from 0.71 to 0.79 g/cm3 and 0.71 to 0.77 g/cm3 for cream and light brown 

varieties respectively. The results showed that that the cream variety is larger and heavier 

than the light brown. Variations in true density and porosity of the seeds were sinusoidal 

in nature as moisture content increased for both varieties. Frictional coefficients on the 

three surfaces increased with moisture content. The investigated physical attributes were 

dependent on the amount of moisture in the seeds. The results from this study are useful in 

the development of handling and processing equipment for Bambara groundnut seeds.  
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1. INTRODUCTION 

Bambara groundnut (Vigna subterranean) is an important legume which belongs to Fabaceae family (Alonge et al., 2016). It is an 

under-utilized crop which provides security for many farmers in the tropics as it shows considerable drought resistance (Orhevba et al., 

2016). Bambara groundnut (BGN) is majorly produced in Nigeria and Ghana (Alakali and Satimehin, 2007). It is a very important 

source of protein although it is not accepted to be very lucrative as a cash crop (Fery, 2002; Aremu et al., 2022). Some of its common 

names include jugo beans (South Africa), njugumawe (Swahili), ntoyo or, katoyo (Republic of Zambia), voanjobory (Malagasy), Kacang 

bogor (Indonesia), okpa (Igbo, Nigeria), Gurjiya or Kwaruru (Hausa, Nigeria), epakuta (Yoruba, Nigeria) etc. Varieties and cultivars of 

BGN seeds include black, red, cream (no eye, black-eyed and brown eyed), speckled or spotted and brown varieties. 

BGN is eaten by both man and livestock in various forms. It can be processed by different means such as frying or boiling. It can also 

be milled into flour for a varieties of food products. The seeds are used for medicinal purposes and for animal feeds (Heller et al., 1997). 

BGN seeds are contained in pods which usually are developed under the ground. The seeds are usually stored in their shells or pods 

after harvesting so as to reduce susceptibility to weevil attack. Harvesting of the pod is usually done manually or by using local tools 

such as a hoe after which it is cleaned, dried and stored. Traditional methods and technologies are still largely employed in the processing 

of BGN such as harvesting, shelling, cleaning etc. Proper mechanization of the unit operations involved in BGN processing necessitates 

a sound knowledge of the physical characteristics of the seeds. The physical attributes of agricultural materials give a good description 

of the attributes of the materials. It is imperative to have an accurate estimate of these properties such as mass, linear dimensions, shape, 

size, volume, density, projected area, repose angle, porosity and frictional coefficient as they play significant roles in processing 

operations and design of machinery and equipment for such operations. 

Agricultural materials have some unique properties such as non-uniformity of shape, non-homogeneity, anisotropicity, dependence on 

temperature, age or maturity, moisture-dependence etc. Several researches have been carried out to investigate the moisture-dependent 
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physical properties of various agricultural materials such as pumpkin seed and kernel (Joshi et al., 1993), benniseed (Olayanju, 2002), 

soybean (Polat et al., 2006), pea seeds (Paksoy and Aydin, 2006), cowpea varieties (Davies and Zibokere, 2011), peanut kernels (Sayed 

et al., 2011), melon (Bande et al., 2012), Detarium microcarpum seeds (Aviara et al., 2015) and pepper berries (Azman et al., 2021). 

The knowledge of these important physical attributes of BGN seeds as affected by variation in moisture content is required to foster 

sound analysis of the behaviour of the seeds in handling and for proper design of equipment for sorting, handling and processing of the 

seeds. This study therefore, aimed at investigating some physical attributes of cream and light brown varieties of BGN seeds as 

influenced by moisture content levels. 

2. METHODOLOGY 

2.1. Preparation of the Samples 

Two varieties of BGN seeds which were classified as cream and light brown were used in the study. Ten kilograms of each variety were 

acquired from Aiyen market, Kogi State, for the experiments. The seeds were cleaned before the determination of the initial Moisture 

Content (MC) by drying in an oven (Uniscope, SM 9053, England) at 130oC for 6 hours (ASAE 1983; Oluwole et al., 2004).  

2.2. Determination of the physical properties 

BGN seeds of specified amount of moisture were prepared according to the method described by Baryeh (2001) which involved adding 

an amount of distilled water to the seeds which was calculated according to Equation 1 (Davies and Zibokere, 2011). The samples were 

packaged in polyethylene packs and preserved in a refrigerator (Haier Thermocool, China) for a week to ensure that the moisture in the 

seeds was uniformly distributed. All the measured physical attributes were determined at 5, 15, 25 and 35% MC dry basis (db) with 

three replications each (Baryeh, 2001). 

𝑄 =
𝑊𝑖(𝑀𝑓−𝑀𝑖)

100−𝑀𝑓
               (1) 

Where: Q is mass of water added to seed (g), Wi is initial mass of sample (g), Mi and Mf  are the initial and final moisture contents (% 

db), respectively. 

At each moisture content, fifty randomly selected seeds were used. Linear dimensions of the seeds were measured using a digital vernier 

caliper (Carrera Precision, d = 2, CP5906). Arithmetic (AMD) and geometric (GMD) mean diameters were calculated using Equations 

2 and 3 respectively (Raji and Oyefeso, 2021) 

𝐴𝑀𝐷 =
𝐿+𝑊+𝑇

3
    (2) 

𝐺𝑀𝐷 = √𝐿𝑊𝑇
3

    (3) 

Where: L, W and T are the length (mm), width (mm) and thickness (mm), respectively.  

Sphericity (φ) was determined using Equation 4 (Davies, 2010; Oyefeso, 2021). The volume of the seed (V) was determined using 

Equation 5 while and surface area (SA) was calculated according to Equation 6 respectively (Jain and Bal, 1997). 

 

φ =
√𝐿𝑊𝑇

3

𝐿
    (4) 

𝑉 =
𝜋𝐵2𝐿2

6(2𝐿−𝐵)
    (5) 

𝑆𝐴 =
𝜋𝐵𝐿2

2𝐿−𝐵
    (6) 

Where: 𝐵 = √𝑊𝐿
2

. 

A thousand seed mass was measured by weighing 100 seeds with the aid of an electronic weighting balance (Kerro digital scale, Taiwan, 

0.1 g) and multiplying by 10. Bulk density of the seeds was calculated according to Equation 7 (Mohsenin, 1970; Oyefeso, 2021; Raji 

and Oyefeso, 2021). 

ρ𝐵 =
𝑀𝑠

𝑉𝑠
     (7) 

Where: ρB is bulk density of the seeds (gcm-3), Ms is mass of the seeds in the graduated cylinder (g) and Vs is the volume occupied by 

the seeds (cm3) 

The true density of the seed was calculated as the ratio of the seed mass to the volume of water displaced (Omobuwajo et al., 2000). 

Porosity was determined according to Equation 8 (Mohsenin, 1970). 

𝑃 = (1 −
ρ𝐵

ρ𝑇
) × 100   (8) 

Where: P is porosity of the sample and ρT is true density of the sample (gcm-3). 

Angle of repose (Ra) was determined based on Equation 9 (Özgüven and Vursavus, 2005; Karababa, 2006; Davies, 2010). 

Ra = tan -1(2H/D)   (9) 

Where: H and D are the height (mm) and diameter (mm) of the conical shape formed by the seeds (mm). 
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The coefficient of static friction for BGN seeds was determined on plywood, galvanized iron and aluminium surfaces according to the 

method described by Davies and Zibokere (2011) and calculated according to Equation 10. 

μ = tan α   (10) 

where: α = maximum angle of tilt before sliding. 

The results obtained from the study were subjected to statistical analysis namely regression and analysis of variance (ANOVA). 

3. RESULTS AND DISCUSSION 

The investigated physical attributes of BGN seeds are presented in Table 1. The initial moisture content of the cream variety was 5.99% 

MC (db) while that of the light brown variety was 8.18% MC (db) respectively. 

Table 1:  Measured Physical Properties of Bambara Groundnut Seeds 

Moisture 

Content 

(% db) Variety 

Length 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

AMD 

(mm) 

GMD 

(mm) 

Sphericity 

(%) 

Surface area 

(mm2) 

Volume  

(mm3) 

5 Cream 13.41±0.57 12.00±0.58 11.36±0.50 12.26±0.49 12.19±0.49 90.94±1.43 507.9±43.49 1077.59±138.57 

 Light Brown 12.54±0.86 11.16±0.74 10.51±0.62 11.40±0.70 11.34±0.70 90.50±1.50 443.05±56.67 880.63±165.90 

          

15 Cream 13.78±0.55 12.36±0.63 11.77±0.43 12.63±0.49 12.57±0.48 91.25±1.20 537.46±46.20 1173.03±150.39 

 Light Brown 13.02±0.73 11.71±0.54 11.14±0.54 11.96±0.57 11.90±0.56 91.41±1.90 481.50±46.97 995.42±145.82 

          

25 Cream 14.25±1.06 12.76±0.87 11.84±0.87 12.95±0.88 12.88±0.87 90.43±2.08 575.73±78.26 1305.66±263.78 

 Light Brown 13.83±1.02 12.20±0.80 11.56±0.80 12.53±0.77 12.46±0.75 90.19±2.36 534.26±75.99 1167.09±261.93 

          

35 Cream 14.40±1.10 12.89±1.05 11.99±0.98 13.09±0.99 13.02±0.99 90.43±2.21 588.45±90.36 1351.79±309.24 

  Light Brown 13.91±1.05 12.28±0.90 11.46±0.77 12.55±0.83 12.47±0.82 89.78±2.73 541.47±78.12 1191.18±263.25 

 

3.1. Seed dimensions 

Length, width, thickness, AMD and GMD of the seeds increased with increasing moisture content within the range of 5 to 35% (db). 

The length increased from 13.41 to 14.40 mm for cream variety and 12.54 to 13.91 mm for light brown variety. The width also increased 

from 12.00 to 12.89 mm for the cream variety and 11.16 to 12.28 mm for light brown variety. The seeds increased in thickness from 

11.36 to 11.99 mm for cream variety and 10.51 mm to 11.46 mm for light brown variety as moisture content increased. AMD increased 

from 12.26 to 13.09 mm for cream variety and from 11.40 to 12.55 mm for light brown variety. GMD increased from 12.19 to 13.02 

mm for cream variety and from 11.34 to 12.47 mm for light brown variety. The ANOVA results showed that the linear dimensions 

measured were significantly different (p≤0.05) at different moisture content levels for both varieties. Similar trends have been reported 

by Tavakoli et al. (2009) and Bamgboye and Adejumo (2009) for soybean and roselle seeds, respectively. 

Variation in sphericity of BGN seeds with respect to moisture content was sinusoidal in nature. Sphericity of cream variety increased 

from 90.94 at 5% MC (db) to 91.25% at 15%, decreased to 90.43% at 25% MC (db) and remained the same at 35% MC (db). Sphericity 

of light brown variety also increased from 90.50 at 5% MC (db) to 91.41% at 15% MC (db), and decreased to 89.78% at 35% MC (db). 

The results were contrary to those reported for other seeds such as pigeon pea and jatropha by Baryeh and Mangope (2002) and 

Bamgboye and Adebayo (2012), respectively, probably due to differences in the shape and moisture content of the seeds.  

Comparison of the results of the dimensions measured for both varieties clearly indicated that the cream variety is bigger than the light 

brown variety. The results of the sphericity also indicated that BGN seeds could be described as being spherical in shape (Garnayak et 

al., 2008). 

3.2. Surface area and volume 

The surface area and volume of the seeds increased from 507.94 mm2 and 1077.59 mm3 to 588.45 mm2 and 1351.79 mm3 respectively 

for cream variety, and from 443.05 mm2 and 541.47 mm3 to 880.63 mm2 and 1191.18 mm3 for light brown variety respectively, as 

moisture content increased. The cream variety had higher values of surface area and volume. ANOVA showed that the observed values 

of surface area and volume of the seeds at different moisture content levels were significantly different (p≤0.05). Similar trends have 

been reported for some cowpea varieties (Davies and Zibokere, 2011). 
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3.3. A thousand seed mass 

The variation in the 1000 seed mass of BGN seeds for both varieties is presented in Figure 1. The seed mass of the cream and light 

brown varieties increased as the seed moisture content increased. The seed mass increased from 833.20 g for cream variety and 718.97 

g for light brown variety at 5% MC (db) to 1116.93 g and 863.83 g at 35% MC (db) for the cream and brown varieties respectively. The 

results were significantly different (p≤0.05) for both varieties. Similar trends were reported for jatropha and melon seeds (Garnayak et 

al., 2008; Bande et al., 2012). 

Equations 11 and 12 represent the relationship established between 1000 seed mass and moisture content. 

M = 10.05 × mc + 790.5  R2 = 0.949 for cream variety (11) 

M = 4.521 × mc + 673.9  R2 = 0.753 for light brown variety (12) 

 

Figure 1: A thousand seed mass of BGN 

 

3.4. True and bulk densities 

Bulk density and true density of BGN seeds are shown in Figures 2 and 3, respectively. The bulk densities decreased from 0.79 to 0.71 

gcm-3 and 0.77 to 0.71 gcm-3 for cream and light brown varieties respectively. The cream variety had higher bulk densities for all the 

moisture levels considered. This is similar to the report given by Davies and Zibokere (2011) for three varieties of cowpea and Carman 

(1996) for lentil seeds. Equations 13 and 14 represent the relationships established for bulk density based on moisture content. 

𝜌B  = −0.284 × mc + 0.807 R2 = 0.987 for cream variety  (13) 

𝜌B  = −0.242 × mc + 0.787 R2 = 0.946 for light brown variety  (14) 

 

Figure 2: Bulk density of BGN seeds 
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Figure 3: True density for BGN seeds 

True density increased from 1.11 to 1.91 gcm-3 as moisture content increased from 5 to 15% and decreased to 1.13 gcm-3 at 25% and 

later increased to 1.21 gcm-3 at 35% MC (db) for cream variety. For light brown variety, true density increased from 1.24 to 1.70 gcm-3 

as moisture content increased from 5 to 25% and decreased to 1.19 gcm-3 at 35% MC (db). Similar findings were reported by Hojat et 

al. (2009) for fennel seed and Tunde-Akintunde and Akintunde (2007) for benniseed. Equations 15 and 16 showed the relationship 

established for true density with respect to moisture content. 

 𝜌T = 0.0004 × 𝑚𝑐3 − 0.026 × 𝑚𝑐2 + 0.472 × 𝑚𝑐 − 0.645  R2 = 1.000 for cream variety (15) 

𝜌T = −0.0002 × 𝑚𝑐3 + 0.010 × 𝑚𝑐2 − 0.136 × 𝑚𝑐 + 1.684 R2 = 1.000 for light brown variety (16) 

3.5. Porosity 

The variation of porosity of BGN seeds is presented in Figure 4. Porosity increased from 28.77% at 5% MC (db) to 59.55% at 15% MC 

(db) and decreased to 35.34% at 25% moisture content and afterwards increased to 41.56% at 35% MC (db) for the cream variety. For 

light brown variety, porosity increased from 37.54% at 5% MC (db) to 57.72% at 25% moisture content and later reduced to 40.84% at 

35% MC (db). The results for light brown variety are similar to those reported for cowpea (Davies and Zibokere, 2011). 

 

Figure 4: Porosity of BGN seeds 

3.6. Angle of repose 

Variations in angle of repose of the seeds are shown in Figure 5. Angle of repose of the seeds decreased from 12.62o at 5% to 9.10 at 

15% MC (db) and then increased to 13.90o at 25% MC (db) with a subsequent reduction to 12.72o at 35% MC (db) for the cream variety. 

For the light brown variety, angle of repose increased linearly from 11.43o at 5% to 15.14o at 35% MC (db). Equations 17 and 18 show 

the relationships established for angle of repose for BGN varieties based on moisture content. 
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𝑅a = −0.0024 × 𝑚𝑐3 + 0.149 × 𝑚𝑐2 − 2.554 × 𝑚𝑐 + 21.969 R2 = 1.000 for cream variety (17) 

 𝑅a = 0.224 × 𝑚𝑐 + 9.520     R2 = 0.982 for light brown variety (18) 

 

Figure 6: Angle of repose for BGN seeds 

3.7. Coefficient of friction 

Variations in the coefficient of friction of BGN seeds on the three plane surfaces are presented in Figures 6 and 7. The coefficient of 

friction of the seeds increased on all contact surfaces as moisture content increased. For cream variety, coefficient of friction on plywood 

surface increased from 0.1733 to 0.2924, from 0.1352 to 0.2044 on galvanized iron surface and from 0.1317 to 0.2717 on aluminium 

surface. For light brown variety, it increased from 0.2451 to 0.4791, 0.2428 to 0.4706 and 0.1817 to 0.3839 on plywood, galvanized 

iron and aluminium surfaces, respectively.  The maximum values were obtained on plywood (0.2924 for cream and 0.4791 for light 

brown variety) while the minimum values were obtained on aluminium (0.1317 and 0.1817 for cream and light brown varieties 

respectively).  Similar results have been reported for pumpkin seeds and jatropha (Joshi et al., 1993; Bamgboye and Adebayo, 2012). 

The relationships established for coefficient of friction based on moisture content are shown in Equations 19 to 24 for different varieties 

on the three surfaces considered. 

𝜇𝑝 = 0.361 × 𝑚𝑐 + 0.146 R = 0.830 for cream variety (19) 

𝜇𝑔 = 0.480 × 𝑚𝑐 + 0.108 R = 0.929 for cream variety (20) 

𝜇𝑎 = 0.453 × 𝑚𝑐 + 0.104 R = 0.929 for cream variety (21) 

𝜇𝑝 = 0.755 × 𝑚𝑐 + 0.179 R = 0.867 for light brown variety (22) 

𝜇𝑔 = 0.732 × 𝑚𝑐 + 0.180 R = 0.871 for light brown variety (23) 

𝜇𝑎 = 0.685 × 𝑚𝑐 + 0.143 R = 0.996 for light brown variety  (24) 

where µp, µg and µa are the coefficients of friction on plywood, galvanized iron and aluminium, respectively. 

 

Figure 6: Coefficient of friction on different contact surfaces for cream variety 
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Figure 7: Coefficient of friction on different contact surfaces for light brown variety 

 

4. CONCLUSION 

Some physical attributes of two selected cultivars of Bambara groundnut seeds were determined in the study. Linear dimensions, 1000 

seed mass, surface area and volume increased with moisture content for both varieties. Coefficient of friction was highest on plywood 

and lowest on the aluminium surface. All the investigated physical attributes were moisture-dependent. These properties are useful for 

the development of equipment for handling and processing of the seeds.  
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