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Abstract 
The Physical Properties of the Kano While variety of Bambara 
Groundnut evaluated as a function of Moisture content varying from 
6.04 to 19 percent dry basis were the principal dimensions, Sphericity, 
Geometric Mean diameter, Bulk Density, Angle of Repose, Coefficient 
of friction, Porosity, Surface area, Volume, 1000 seed Mass and True 
Density. Within these moisture levels the range of average values of the 
Length, Width, Thickness and mass were 14.27 mm to 14.77 mm, 12.10 
mm to 12.37 mm, 10.84 mm to 11.58 mm and 1.31 g tol.58 g 
respectively. 1000 seed mass increased from 1108.04 g to 1131.00 g . 
The bulk density decreased as moisture content from 792.37kg/m3 
to748.60 kg/m3 as the moisture content increased. The True density, 
Sphericity and Geometric Mean Diameter increased linearly as moisture 
content increases from 1406.67 kg/in3 tol439.62 kg/m3, 0.88 to 0.95 and 
12.32 mm to 12.70 mm, the porosity and angle of repose increased 
linearly from 43.7% to 48% and 16.49° to 20.60° respectively. The 
specific gravity, surface area and volume of this variety of Bambara 
groundnut increased from 1.44 to 1.57, 120 min2 tol54.53mm2 and 5x 
10'5 m3 to 6.17 x 10‘5m3. The coefficient of static friction on three 
surfaces plywood, mild steel and glass increased linearly from 0.27 to 
0.36, 0.24 to 0.33 and 0.22 to 0.31. 

Introduction 

Bambara groundnut Vigna subterranean L. Verde is an indigenous crop to Africa with a strong 

indication that Nigeria where the species has been in cultivation for centuries is the centre of origin, 

(Dalziel, 1985). It belongs to the family Leguminosae and it ranks third as the most important leguminous 

plant next to Cowpea and Groundnut, (Hepper, 1963). Rachie and Roberts (1974) estimated that about one 

hundred thousand metric tonnes of the crop is being produced annually in the Country. It is a popular food 

grain among the people living in the Northern part and some of the Southern states of Nigeria. The crop is 

drought tolerant and thrives under condition of high temperature and low rainfall where other pulses fail, 

(Tanimu and Aliyu, 1997). On average Bambara groundnut contains about 18% Protein, 63% Carbohydrate 

and about 7% Oil which makes it an important food grain to combat protein and calorie deficiency, (Goli, 

1997). Despite an extensive literature search, no published information was found on properties of Bambara 

groundnut useful for the designing of equipment for its handling, processing, storing and aeration systems. 

There are documented information in the literature on the measurement of properties of other agricultural 

materials (Olaoye, 2000, Baryeh and Mangope, 2003, Gupta and Das, 1997, Joshi et al., 1993). It is the 

objective of this study to determine the physical properties of Kano white variety of Bambara groundnut as 

a function of moisture content. 

Materials and Methods 

A bulk sample of 50 kg of the dry matured Kano White variety of the Bambara groundnut used in 

this study was purchased from a local market in Bida, Niger State, Nigeria after harvest in October 2003. 

The seeds were cleaned with a seed cleaner where all foreign materials such as stones, chaffs, immature and 

broken seeds, dust and dirt were removed and then stored at an ambient temperature of 29.5 ± 2.5 0 C and 

moisture content of 6.52 ± 0.48 % until used. 

The initial moisture content of the seeds was determined by using the ASAE (1998), standard S 

352.2 involving the use of oven drying method. This standard was chosen as there was no approved method 

of determining the moisture content of this type seed. Three samples each weighing 15g were placed in an 

oven set at 103 0 C for 72 hours. The samples were cooled in a dessicator, weighed and the moisture content 

of the seeds calculated. 

The seed samples of the desired moisture contents were prepared by adding calculated amount of 

distilled water after which they were kept in separate low density polyethylene bags. Such a method of 

wetting technique had earlier been used by Gupta and Das (1997). The samples were kept 



In a refrigerator at a temperature of 4 ± 1° C for a period of five days to give room for uniform distribution 

of moisture within the samples and reduee moisture loss to negligibility. For each test the required 

quantity of the seeds were taken out and allowed to attain the room temperature for two hours. All the 

physical properties of the seeds were determined at five moisture levels in the range of 6.04 to 19 % dry 

basis. 

Several authors (Olaoye, 2000, Baryeh and Mangope, 2003, Mohsenin, 1978, Sahay and Singh, 

1994) have described the size and shape of grains by measuring the length, width and thickness. One 

hundred Bambara groundnut seeds were randomly selected for each of the moisture content considered 

and labelled for easy identification. This method of random sampling is similar to that used by Suthar and 

Das (1996). The three principal dimensions namely the length, width and thickness were measured with a 

micrometer reading to 0.01 mm (Mitutoyo Corporation, Japan). 

The geometric mean diameter (Dg) of the seeds was evaluated by using the relationship given 

below (Baryeh and Mangope, 2003, Desphande et ah, 1993).

Dg is the Geometric Mean Diameter in mm, L is the Length in mm, W is the Width in mm and T is 
the Thickness in mm. 

The degree of Sphericity was determined with the equation given above 

<I> is the Sphericity, L, W and T are as defined above. 

The seed volume, Sv and true density, pt as a function of moisture content were determined by 

water displacement method (Shepherd and Bhardwaj, 1986). The amount of water displaced was 

determined by hanging a bunch of thirty seeds in a graduated measuring cylinder. Prior to immersion in 

water the seeds were coated with a very thin layer of epoxy resin adhesive (Araldite) in order to avoid any 

absorption of water during the experiment. The adhesive was found to be insoluble in water, resistant to 

heat, humidity, solvents and acids. The increase in weight of the seeds as a result of the adhesive coating 

was found to be less than 1.6 % and there was no change in weight of the Bambara groundnut bunches even 

when kept submerged in distilled water for one and a half hours. 

The bulk density, pb of the Bambara groundnuts was determined by using the standard test weight 

procedure, (Dutta et al., 1988). This was done by pouring the seeds in to a container of 500ml from a height 

of 15cm then the excess seeds were removed by a strike off stick. The content was weighed with a digital 

weighing balance, Model MT 2000, (Gibertini Electronical, Italy) having a sensitivity of 0.0 lg. 

Porosity, Ps of the bulk seed was computed from the values of the True density and Bulk' density 

of the seeds by using the relationship given by Mohsenin (1978). 

 

Pf is the Porosity in %, pb is the Bulk Density in kg/m3 and pt is the True Density in kg/m3. 

One Thousand seed weight was obtained by using the digital weighing balance mentioned 

above. 

The emptying or dynamic angle of repose was evaluated by using a specially constructed topless 

and bottomless box made of plywood, 450mm x 450mmx 450mm with a removable front panel (Dutta et 
al., 1988, Olaoye, 2000). The box filled with Bambara groundnuts was placed on the floor and the front 

panel was then quickly removed allowing the seeds to slide down and assume natural slope. The angle of 

repose was calculated from the measurements of the free surface of the seeds at two known horizontal 

distances from one end of the box. 

Static coefficient of friction of the Bambara seed was investigated with respect to each of the 

following three structural materials namely mild steel, planed wood with grains parallel to the direction of 

motion and glass. A four-sided plywood container with dimensions 150mmx 100mm x 40mm open at both 

the top and bottom was filled with the seeds and placed on an adjustable tilting surface. The container was 

raised about 2mm to prevent it from touching the structural surface. The 
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L = 0.0383M + 14.042 r= 1.000 ----------------------------  (4) 
W = 0.021M + 11.986 r = 0.9950  ------------------------  (5) 
T = 0.1227M + 9.971 r = 0.9849  ----------------  (6) 

Graph of Length against Moisture Content 

 

Fig 1: Graph of Length of the Seeds in mm Against the Moisture Content 

 

Fig 2: Graph of Width of the Seeds in mm Against Moisture Content 

structural surface with the box on its top was gradually raised until the box just started to slide 

down. The angle of inclination was read from a graduated scale, (Gupta and Das, 1997). The surface area 

was determined by first coating the surface with paint and coupled with printing on a light flexible paper. 

The surface edges were traced out with a very sharp thin pencil on a graph paper. The surface area was 

measured by counting the number of squares within the traced marks (Oje and Ugbor, 1991). 

Results and Discussions 

Length, Width and Thickness 

Average values of 100 measurements for the length, width and thickness of Kano White variety of 

Bambara Groundnut determined at five different moisture levels are presented in Table 1. each of these 

principal dimensions appeared to be linearly dependent on the moisture content. It was observed that there 

was a very high correlation between these principal dimensions and moisture content showing that on 

moisture absorption the Bambara Groundnut seed expands in length, width and thickness within the 

moisture range of 6.04 to 19 % db. The regression equations 4, 5 and 6 were derived for the length, width 

and thickness and fitted curves shown in Figures 1,2 and 3. 
L is the Length in mm, W is the Width in mm, T is the Thickness in mm, M is the Moisture Content in % db 
and r is the correlation coefficient



Graph of Thickness against Moisture Content 

(8). 

 

 

 

The average length of Kano White Variety of Bambara Groundnut increased from 14.27mm to 

14.77mm which was about 4% of the initial length. A total increase of 0.27mm was noted in the width 

which is 2.5% of the initial width, The total increase observed in the thickness was 0.74 or about 7% 

increase of the initial thickness. 

Geometric Mean Diameter 

The average values of Geometric Mean Diameter of the Kano White Variety of Bambara, 

Groundnut Seeds calculated at the different moisture levels are given in Table 1. The values ranged between 

12.32 mm to 12.70 mm. This parameter varies linearly with the moisture content which is similar to the 

report given on JS-7244 variety of Soybean (Desphande et al., 1993). The average size reported in this study 

was seen to be higher than those of Soybean. Pearl millet and than the value reported for Castor Seed 

(Desphande et al., 1993, Jain and Bal, 1997, Olaoye, 2000). The regression equation 7 describes the 

relationship between this parameter and moisture content. It is also shown in Figure 4. 

 

 

Fig. 3: Graph of Thickness of the Seeds in mm 

Against Moisture Content 

Dg= 0.0288 M+12.161 r = 0.9959 --------------------------------  (7) 

Dg is the Geometric Mean Diameter, M is the Moisture Content 

 

Fig. 4: Graph of the Geometric Mean Diameter in mm Against Moisture Content Sphericity 

The mean values of sphericity of the seeds determined at different moisture contents were seen to increase 

linearly as the moisture content increases. The value ranges from 0.88 to 0.95. This indicates the ease of 

rolling of these seeds on surfaces. The regression equation developed for the values shown in Table 1 is as 

shown in equation 8 and the linear relationship between this parameter is as plotted in Figure 5. 

0 = 0.0051M +0.8716 r = 0.9899..........................................(8) 



 

 

 

 

 

 

 

 

 

 

 

table I: Physical Properties ol Kano White Variety ot liainbara Groundnut ____________   ___  

Property Unit of Moisture Content  

 ____  _____________ Measurement ____ 6.04 9.0  _____ 12.5 16.0 19.0 ___  _  

Length ~ mm   14.27 14.47 14.54 14.64 ..........  14.77 

(+0.78) (±0.80) (±0.56) (±0.54) (±0.62) 

Width mm 12.10 12.23 12.26 12.33 12.37 

(±0.58) (±0.57) (±0.39) (±0.46) (±0.50) 

Thickness mm 10.84 10.90 10.99 11.23 11.58 

(±0.46) (±0.43) (±0.36) (±0.42) (±0.54) 

Mass g 1.31 1.34 1.39 1.5 1.58 

(±0.15) (±0.16) (±0.13) (±0.14) (±0.15) 

Sphericity - 0.88 0.91 0.92 0.93 0.95 

(±0.03) (±0.02) (±0.03) (±0.02) (±0.01) 

Geometric Mean mm 12.32 12.43 12.54 12.62 12.70 

Diameter (±0.51) (±0.50) (±0.33) (±0.36) (±0.50) 

1000 Seed Mass g 1108.04 1119.03 1122.92 1127.87 1131.00 

(±12.8) (±12.6) (±13.3) (±14.0) (±13.0) 

Bulk Density kgmJ 792.37 767.77 765.27 763.6 748 

(±7.30) (±8.00) (±7.50) (±7.20) (±8.30) 

Volume x It)'5 nr1 5.00 5.03 5.33 5.68 6.17 

(±0.03) (±0.02) (±0.01) (±0.03) (±0.05) 

Angle of Repose Degrees 16.49° 16.92° 18.93° 19.281 20.6° 

Surface Area mm2 120 132.93 142.27 146.30 154.53 

(±4.50) (±6.00) (±6.5) (±5.8) (±7.2) 

True Density kgnf3 1406.67 1409.95 1415.74 1432.01 1439.62 

(±10.5) (±9.8) (±10.0) (±10.6) (±10.1) 

Porosity % 43.7 45.0 45.7 46.7 48.0 

(±2.4) (±3.5) (±3.2) (±4.0) (±3.8) 
Coefficient of 
Friction 
(a) Mild Steel - 0.24 0.26 0.30 0.31 0.33 

( ± 0. 01)  ( ± 0. 02)  ( ± 0. 01)  ( ± 0. 01)  ( ± 0. 02)  

(b) Planed wood 

with grains 0.27 0.29 0.32 0.35 0.36 

parallel to the (±0.03) (±0.04) (±0.02) (±0.03) (±0.01) 

direction of 

motion 
©Glass 0.22 0.24 0.28 0.30 0.31 

 _________________________________ (±0,01) (±0.02) ____ (±0.01) (±0.01) (±0.02)

 

Table 1: Physical Properties of Kano White Variety of Bambara Groundnut_ 



 

Figures in the parentheses are the standard deviations 1000 Seed Mass 

The relationship between the moisture content and one thousand seed mass increased linearly from 

1108.04 g to 1131 g when the moisture content increases from 6.04 to 19 % dry basis. This relationship can be 

represented by the following equation. 

TSW= 1.6583M+1101 r = 0.9644  --------------------------------------- (9) 

TSW is the Thousand Seed Mass, M is the Moisture Content 

The plot of the experimentally determined values in Table 1 is as shown in Figure 6. 

 

True Density 

The true density of the Bambara groundnut seeds was found to increase linearly from 1406.67 kg/m3 to 

1439.62 kg/m3 with increase in moisture content from 6.04 % to 19 % db. The variation could be represented by the 

equation given below and Figure 8. 

p, = 2.6427 M+ 1389.5 r = 0.9899 ---------------------------- (11) 

p, is the True Density in kg/m3, M is the Moisture Content in % db. 

The increase in True Density may be attributed to the point that there was a higher weight increase of the 

seeds in relation to its volume expansion on moisture absorption. 

 

Fig. 6:Graph of the Thousand Seed MassAgainstMoistureContent 

Bulk Density 

A decrease in this parameter with increase in moisture content within 

the specified moisture range was observed from the plot of the 

experimentally obtained values against the moisture content, Fig. 7. A 

similar decreasing trend was observed by Desphande et al. (1993) for 

the JS-7244 variety of Soybean and Dutta et al, (1988), for Gram. The 

values for bulk density decreased from 792.37 to 748.60 kg/m3. This 

may be attributed to the increase in volumetric expansion of the seed 

and pore spaces which became proportionally greater that resulted to 

the decrease in the bulk density. The relationship borne by the bulk 

density with moisture content is as shown in equation 10 and 

graphically in Figure 7. 

pb = 810.77 - 3.1862 M r = 0.9899  ------------------- (10) 

pb is the bulk density in kg/m3, M is the moisture content in % db. 
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Porosity 

The magnitude of' Porosity is dependent on the bulk and true densities of the seeds. The values calculated 

based on these parameters increased linearly as the moisture content increases. It increased from 43.7 to 48.0 % 

when the moisture content changed from 6.04 to 19 % db. The relationship between the porosity and moisture 

content was obtained as shown below. 

Pf = 0.31 17 M + 41.921 r = 0.9899 ---------------------------- (12) 

Pf is the Porosity in %, M is the Moisture Content in % db. 

 

Angle of Repose 

The experimental results obtained in this study for the angle of repose was observed to vary from 16.49° to 

20.60° within the moisture range considered. The values are as shown in fig. 10. It bears the following relationship 

with the moisture content. 

0 = 0.2727 M + 15.29 r = 0.9950 ------------------- (13)

 

Fig. 7: Graph of (lie Bulk Density Against Moisture Content 

 

Fig. 8: Graph of True Density Against Moisture 

Content 

 

Fig. 9: Graph of Porosity in % Against the Moisture 

Content in % db 



 

 

 
 



 

 

 

Conclusions 

The study of the various physical properties of Kano White variety of Bambara groundnut 

showed that: 

1. The linear dimensions (length, width and thickness), Geometric mean diameter, Sphericity, Angle of 

repose, Thousand Seed Mass, True Density, Porosity and Coefficient of Static Friction are linearly 

related to its moisture content. They increase as the moisture content increases within the range of 

6.04 % to 19 % db. 

2. The Bulk Density showed a decrease in value as the moisture content increases. 

3. The seeds were observed to have expanded more in thickness with moisture increase when compared with the 

other linear dimensions. 
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