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ABSTRACT 
Some physical properties of selected Nigerian grains of relevant industrial application were selected for 
study under this study work. The grains considered are Phaseolus lanatus, Pisum sativum, Cicer 
arietinum, Glycine max, Vicia fada, Cajanus cajan, Voandzeia subterranea, Lablab niger medik, 
Phaseolus angularis and Phaseolus vulgaris. Standard test and experiment were used in studying the 
physical properties e.g shapes, sizes, number of grains per unit weight, sphericity, roundness, geometric 
mean diameter, surface area, volume and bulk density. Each of the test was replicated hundred times 
and their mean values were obtained. The result thus, obtained fully describes the physical 
characteristics of these grains growth in Nigeria. 
 
KEYWORDS: Lima beans, Field pea, Pigeon pea, Chick pea, Soya bean, Bambara groundnut, 
Hyaciath beans, Adzuki bean, Haricot bean, Broad bean, Physical properties. 

 
INTRODUCTION 
Grains legumes occupy an important place in human nutrition, especially in the dietary pattern of low-income 
groups of people in developing countries. Legumes, considered as poor man’s meat are generally good source of 
carbohydrate and are rich in protein. Legumes are normally consumed after processing, which not only 
improves palatability of foods but also increases the bioavailability of nutrient by in activating trypsin and 
growth inhibitors and haemagg-intinins. (Tharanathan & Mahadivamma, 2003). 
 
Despite the importance of lesser Nigerian grains such as Lima beans (Phaseolus lunatus), Field pea (Pisum 
sativum), Pigeon pea (Cajanus cajan), Chick pea (Cicer arietium), Soya beans ( Voandzeia subbterranea), 
Hyacinth bean (Lablab niger medik), Adzuki beans (Pheseolus angularis) Haricot beans (Phaseolus vulgaris) 
and Broad beans (Vicia faba ) in human nutrition their production is low and restricted to some few part of 
Nigerian agricultural zones as such scientific data on their physical properties are not available and this caused 
low mechanization of technological processes especially as regards harvest and production line processing 
(Gana 2000, Anna and Julitta 2003).  
 
Some researchers have reported the physical and mechanical properties of biomaterials (Manuawa and 
Muhammad 2010; Ogunjimi et.al,. 2002; Olaniyan and Oje 2002 and Davies 2010). The physical properties of 
biomaterials are essential in the design and development of specific equipment and structure and also for 
assessing the behavior of product quality (Kashaninejad et.al,.  2005). 
 
Physical properties of the selected legumes grains are essential in the design of items of equipment for shelling, 
drying, cleaning, sorting, grading storage and oil extraction. The shape of the materials is an important design 
parameter in conveying of solid material by air or water, the areas and dimensions are essential for 
determination of thermal velocity, drag coefficient and Reynolds number. Also the shape and size also important 
in problem of stress distribution in the material under load, in electrostatic separation of seeds and grains, in 
light reflectance, colour evaluation and in development of sizing and grading machinery. Bhatia et. el,. (2009) 
also stated that the physical properties of legumes are very significant for the design of equipment, especially for 
handling, processing and storing the grains. The objective of the study of physical properties of some selected 
Nigerians grains has been an attempt to provide objective measurement resulting in more meaningful data in 
engineering analysis and designers to select appropriate method of processing these grains which will result in 
maximizing the product. 
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EXPERIMENTAL PROCEDURE 
The legumes seeds were procured from Kaduna State, Nigeria. They constitute the commonly grown and 
consumed local seeds of the state. 
 
The moisture content of the representative samples of different grains were determines using electrical 
resistance moisture meter. Chakraverty et. al,. (1980). 
 
PHYSICAL CHARACTERISTICS 
The shape of the grains were determined by tracing of the longitudinal and lateral cross section of the material, 
and then compared with the shape listed on a charted standard (Mohsenin, 1970). Using the standard charts 
descriptive terms were to define the shape of the products of hundred replicates. 
 
The linear dimensions of the selected legume seeds were measured by using three major perpendicular 
dimension length (L), width (W) and thickness (T). The physical dimensions were randomly measured for 100 
samples from each of the grains using vernier caliper. The geometric mean of the grains was determined using 
the relationship 
     (1) (Mohsenin 1970) 

  Where   is the geometric mean 
   a is major diameter 
   b is intermediate diameter 
   c is the minor diameter 
iii) The sphericity of the grains were determined by tracing their outlines on paper and di and de were 

measured and used in the below equation according to Mohsenin (1970). 

 Sphericity     (2) 

  Where S is the sphericity of the grains 
    di is the diameter of the largest inscribing circle 
    de is the diameter of the smallest circumscribing circle 
iii) The roundness of the grains were determined by tracing their outlines on a graph paper, Ap & Ac are 

measured and used in equation 3 according to Mohsenin (1970). 

 Roundness     (3) 

   Where R is the roundness of the grains 
     Ap is the traced area of the grains obtained 
     Ac is the traced area of the smallest circumscribing circle 
iv) The weight of the grains under this study was recorded using electric balance (Ishida co. Ltd Japan) to 

an accuracy of 0.001g. 
v) The Bulk density of the grains under this study was determined using Bulk density method which 

involves filling a standard container with the grains from a certain height, leveling the surface and 
weights the content (Mohsenin 1970). The standard container used in this case is small empty tin of 
tomatoes. 

 
The volume of the grains that filled up the container to the surface is the volume of the inside container which 
is calculated using the conventional method of determination of volume of cylinder, which is given as 

       (4) 
 
  Where V is the volume (m3) 
      is constant 
    r is radius of the inside container 
    h is height of the inside container 
 
The bulk density of the grains under the study were calculated using the conventional method of density 
calculation which is give as 

  Bulk density    (5) 

  Where  is the density of the grains 
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   M is the mass of the grains 
   V is the volume of the grains  
vi) The surface area of the grains under this study was determined by the graph method due to 

unavailability of a palanimeter. The surface area was then calculated from the area covered by the on 
the graph paper. 

 
RESULTS 
Table 1: Moisture content, colour and shape of the Grains 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Radar representation of selected physical characteristics of the selected grains
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Table 2: Size of the Grains 
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Table 3: Sphericity, Roundness and surface area of the Grains 
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Table 4: The number of grains per unit weight, volume and bulk density of the grains 
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Table 5: Standard deviation of the grain 
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Phaseolus lanatus 
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0.106 
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0.085 
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6.400 

 

1.773 

 

7.822 

 

4.090 
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DISCUSSION  
The moisture content of the grains is presented in Table 1. It ranges between 9.4 to 11.8 % dry wet basis, with 
Bambara groundnut (Voandzea Subterranean) having the highest M.C of 11.8% while soya bean (Glycine Max) 
has the lowest M.C of 9.4%. 
 
The shape and colour of the grains under the study is also presented in table 1. The grain varies in colour from 
white, brown, yellow, black to red. Some of the grains like Pigeon pea (Cajanus Cajan), Hyacinth bean (Lablab 
niger medic) and Adzuki beans (Phaseolus angularis) have combination of two or more colours. The shape of 
the grains varies from flat oblong, round and oval to oblong. 
 
The size of the grains is presented in table 2. Lima beans (Phaseolus lanatus) has the highest value of 1.86 cm 
and 1.16cm for major and intermediate diameter respectively while soya bean (Glycine max) has the lowest 
value of 0.69cm for major diameter, pigeon pea (Cajanus cajan)  has the lowest value of 0.58cm for 
intermediate and 0.42cm for minor diameter. 

 
The mean major diameter, mean intermediate and mean minor diameter lies in the of 0.69cm to 1.86cm, 0.58 to 
1.16 and 0.42 to 0.94 respectively (fig. 1) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig 2. Relationship between Type of Grain and mean Geometric mean 

 
From fig. 2 Broad bean (Vicia faba) has the highest value of mean geometric mean of 1.19cm while Pigeon pea 
(Cajanus cajan ) has the lowest value of Broad beans (Vicia faba) geometric mean could be as result of it’s 
large size and greater linear dimension. 
 
The sphericity, roundness and surface area of the grains is presented in table 3. Pigeon pea (Cajanus cajan) has 
the highest value of 0.89 for both sphericity and lowest value of 0.61 and 0.67 for sphericity and roundness 
respectively. 
 
The number of grains per unit weight, the volume and bulk density of the grains is presented in table 4. Pigeon 
pea (Cajanus cajan) has more number of grains of 560 in volume of 7.5 x 10-5m3, while Broad beans (Vicia 
faba) has the least number of grains of 46 in volume 7.5 x 10-5m3. This indicates that Pigeon pea is smaller in 
size while broad bean is bigger in size.  
 
Chick pea (Cicer arietnum) has highest bulk density of 898.74kg/m3 while Haricot beans. (Phaseolus vulgaris) 
has the least bulk density of 066.15 kg/m3.  
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Fig. 3. Relationship between Grain type and Number of Grains per unit weight 
 
From Fig. 3. Pigeon pea (Cajanus cajan) has the highest number of the seeds per unit weight while Broad beans 
(Vicia faba) have the least number of seeds per unit weight. This could be as result of the shape and large size of 
broad bean compare to other grains under the study that allows only few numbers of seeds to occupy a large 
space. 
 
The standard deviation of the grains is presented in Table 6. From the result the surface area of Lima beans 
(Phaseolus lunatus) has the highest value of 8.780 for standard deviation while pigeon pea (Cajanus cajan) 
 
CONCLUSION 
The leguminous grains are an important protein rich biomaterial particularly used as major item of staple food. 
In this work an attempt has been made to determine some physical properties of Phaseolus lanatus, Pisum 
sativum, Cicer arietinum, Glycine max, Vicia fada, Cajanus cajan, Voandzeia subterranca, Lablab niger medik, 
Phaseolus angularis and Phaseolus vulgaris, capble of providing more meaningful data in engineering analysis 
and design of machine structures, process and control to enhance techno-scientific development of grains 
processing plant  
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