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 A B S T R A C T  
 

Physical and mechanical properties are very important in the design and manufacturing of processing machines. In this research work, the 

physical and mechanical properties of soya bean seeds were determined as design parameters for the development of an oil expeller for the 

crop. The physical properties determined were length, width, thickness, arithmetic mean diameter, geometric mean diameter, roundness, 

sphericity, aspect ratio, surface area, projected area, volume, moisture content, one thousand seed weight, bulk density, true density and 

porosity. The average seed length, width and thickness were found to be 6.67 ± 0.27, 5.60 ± 0.22 and 4.64 ± 0.24 mm respectively. The 

average arithmetic and geometric mean diameters were 5.64±0.19 and 5.58±0.17 mm respectively. The average roundness, sphericity and 

aspect ratio were 0.7879±0.023, 0.8359±0.021 and 0.8396±0.025 respectively. The mean surface area, projected area and volume were 

97.66±32.58 mm
2
, 29.34±3.47 mm

2 
and 90.75±29.64 mm

3
 respectively. The average moisture content was 7.34±0.32% dry basis and the 

thousand kernel weight was 104.88±0.53 g. The average bulk and true densities were 750.00 ± 3.28 and 1250.00 ± 4.45 kgm
-3
 respectively 

and the porosity was 40.02 ±0.061%. The mechanical properties determined in this study were angle of repose, coefficient of static friction, 

shear strength and compressive strength. The mean angle of repose was 27.00±0.37
o
 while the mean coefficient of static friction on mild steel 

surface was 0.52±0.022. The mean shear strength and compressive strength of the seeds were 284.56±25.13 and 657.33±46.62 N/mm
2
 

respectively. These parameters would provide important and essential data for the efficient design of oil extractors.    
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INTRODUCTION 

Soya bean (Glycine max) is a leguminous vegetable of the Pea family that grows in tropical, subtropical and temperate 

climates. Soya bean has a high protein content of 40% by weight, 32% carbohydrate, 20% fat, 5% minerals, and 3% fiber and 

other trace substances. It is used as sources of protein in human food, animal feed and in industries (Adekunle et al., 2006). 

Approximately, 85% of the world’s soya bean crop is processed into soya bean meal and vegetable oil (Endres, 2001). Soya 

bean seed contains about 19% oil. According to their different uses, soya bean cultivars are classified as grain-type, which are 

conventional soybeans for oil and animal feeding, and food-type, which are those for human consumption in fermented foods 

like misso, tempeh and natto and non-fermented foods like tofu, soy flour and soy milk (Liu, 1999). 

The soya bean shares the flaw of many plants from the Fabaceae family, namely it is prone to mechanical damage occurring 

during threshing, cleaning, drying, transportation, storage and processing. Knowledge of the physical and mechanical 

properties of soya bean seeds is therefore particularly important for the optimization of harvesting, drying, storing and 
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processes (Rybinski et al., 2009). Unlike cereal grains, soya bean seeds have two cotyledons between which a gap may be 

formed if the water content is low. This leads to an increased susceptibility of the seeds to damage like, for example, breaking 

in half (Shahbazi et al., 2011).  

In order to design equipment used for planting, harvesting, transporting, storage, processing and oil extraction of soya bean, 

there is need to know the various physical and mechanical properties of soya bean. The size, shape and mechanical 

behaviour of soya bean are important in designing of harvesting, separating, sizing, grinding and oil extraction machines. Bulk 

density, true density and porosity (the ratio of inter granular space to the total space occupied by the grain) are used in design 

of storage bins and silos, separation of desirable materials from impurities, cleaning and grading and quality evaluation of the 

products. The angle of repose is important in designing of storage and transporting structures. The static coefficient of friction 

of the grain against the various surfaces is also necessary in designing of conveying, transporting and storing structures.  

In the extraction of soya bean oil from seed, the soya beans are cracked, adjusted for moisture content, rolled into flakes and 

solvent extracted with commercial hexane (Hookgenkamp, 2005). Effective cracking of nut as reported by Eric et al. (2009) is 

dependent on the stiffness modulus and the sizes of nuts. Cracking of palm nut under repeated impact load with the objective 

of minimizing kernel breakage was modeled by koya (2006). The models were based on the conservation of energy impacted 

on the nut by a falling weight, on the kinetic energy of a moving nut and strain energy required in breaking the nut shell. Three 

parameters were identified by Ndukwu and Asoegwu, (2010) as influencing the performance of cracking operation, cracking 

speed, moisture content and the feed rate. The knowledge of compressive strength of grains is generally required by scientist, 

machine designers and processors in the development of appropriate machines for harvesting, milling, and oil extraction from 

the seed (Ajibola et al., 1990).  

The four stages which influence the extraction/expression of oil are seed preparation, cooking, seed pressing and separation 

of solids from expressed oil. In order to design and develop methods and equipment for soya bean oil expression in the 

tropics, knowledge of physical and mechanical properties is necessary. Akinoso (2006) revealed that particle size of the seed, 

applied pressure, moisture content, heating duration and duration processing are identified factors influencing the yield and 

quality of oil seeds using hydraulic press. Mechanical compression was carried out with the aid of carver press. The result 

showed that raw soya bean required the highest pressure to reach the oil point and extruded soya bean. Also, increasing 

moisture content increased the oil point pressure for all the samples (Kamal-din and Appeloquist, 1995). The effect of hydro 

thermal treatment on mechanical oil expression from soya bean was also investigated. The report revealed that boiled splits 

soya bean produces high yield after drying to 7% moisture content and soaked split produces yield at 8% moisture content. 

Energy consumption decreases with an increase in moisture content in boiling treatment but temperature remained high in 

soaked beans (Singh and Bargala, 1990). Sakuniaran and Singh (1987) worked on oil expression characteristics of rape seed 

under uniaxial bulk compression and developed mathematical expression that correlates effects of moisture content, rates of 

deformation and pressure on oil expression characteristics. Oil recovery efficiency for degree of compression was found to be 

an exponential function of these factors. 

Oil bearing crops are subjected to mechanical forces during oil extraction/expression process. These forces frequently result to 

deformation of the crops. Thus, the mechanical strength of the crops plays an important role in the oil extraction/expression 

process. Most agricultural products are visco-elastic in nature; they respond differently to tensile or compressive forces and 

also behave differently when they are subjected to vibration. Therefore, a fundamental knowledge of agricultural product 

behavior under mechanical forces is essential in determining the power requirement for different operations (Ozumba and 
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Obiakor, 2011). A rational approach to the design of agricultural machinery, equipment and facilities involves the knowledge of 

the engineering properties of the agricultural product concerned. Considering this, the knowledge of the mechanical properties 

(properties that have to do with the behaviour of agricultural products under applied forces) such as stress, strain, hardness 

and compressive strength is vital to engineers handling agricultural products (Chukwu and Sunmonu, 2010). Several 

researchers have investigated the physical and mechanical properties of some oil bearing crops considered relevant to the 

design of suitable machines and equipment for their production and processing; but a review of literature showed little 

information on the physical and mechanical properties of soya bean seeds, most especially, in relation to the design of an oil 

expeller. Therefore the objective of this study was to determine the physical and mechanical properties of soya bean seeds in 

relation to the design of an oil expeller. Soya bean processing industries select raw material based on weight, moisture, 

impurities and grain damage. Differences in physical and mechanical properties of soya bean cultivars are not taken into 

consideration in soya bean food processing. Information on these characteristics could help food industries obtain products 

with better functional, nutritional and sensory qualities with greater cost benefits. Soya bean is an important source of high-

quality protein. Soya bean cultivars with high protein content allow the production of foods with superior nutritional value and 

yield, such as soy milk and tofu. To make superior nutritional value and yield products particularly rely on the in-depth 

knowledge of the physical and mechanical properties.  

The soya bean kernels are commercialized at local, regional and international levels, indicating that demand is likely to 

increase. In other to have a good design of machine for handling, drying, cracking and processing knowledge of the 

engineering properties of the agricultural crop is necessary. Engineering properties of biological materials such as soya bean 

seed have unique characteristics which set them apart from other engineering materials. The irregular shape of most 

agricultural materials complicates the analysis of their behaviour. Also due to the increasing importance of agricultural 

products together with the complexity of modern technology for their production, processing and storage, a better knowledge 

of their engineering properties is necessary. The engineering properties of soya bean seeds are pre-requisites in the designing 

of equipment for handling, storage, mechanical extraction of oil and other processes. It is therefore essential to determine the 

relevant characteristics of soya bean seeds which appears to be lacking in literature. Therefore, this work will reveal the 

physical and mechanical properties of soya bean which will aid anyone with the knowledge of soya bean and its physical and 

mechanical properties..  

MATERIALS AND METHODS 

Physical properties of soya bean seeds were grouped into two namely: dimensional properties (length, width, thickness, 

arithmetic mean diameter, geometrical mean diameter, roundness, sphericity, aspect ratio, surface area, projected area and 

volume) and gravimetric properties (moisture content, one thousand seed weight, bulk density, true density and porosity). 

Mechanical properties of soya bean seeds were also grouped into two namely: frictional properties (angle of repose and 

coefficient of static friction) and strength properties (shear strength and compressive strength). These were evaluated as 

design parameters for the development of an oil expeller. They were determined following standard procedures.  

Determination of Physical Properties of Soya Bean Seeds  

Dimensional properties 
 

In order to determine dimensions, one hundred soybeans were randomly selected. For each soya bean, the three principle 

dimensions, namely length, width and thickness were measured using a vernier caliper having the least count of 0.001 mm. 
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The length (L) was defined as the distance from the tip cap to kernel crown. Width (W) was defined as the widest point to point 

measurement taken parallel to the face of the kernel. Thickness (T) was defined as the measured distance between the two 

kernels faces as described by Pordesimo et al. (1990). Measurements were taken and the shape parameters were calculated. 

 

Figure 1: Characteristic dimensions of a soya bean seed 

Arithmetic mean diameter: The arithmetic mean diameter (Da) of the seed was calculated using equation 1 given by Baryeh 

(2002). 

   
     

 
      (1) 

Geometric mean diameter: The geometric mean diameter (Dg) was determined from equation 2 given by Baryeh (2002).   

        
 

 
 

    (2) 

Roundness: The roundness (R) was determined from equation 3 given by Baryeh (2002). 

           
  
 

 
  

 

 
  

 

 
 

 
                 (3) 

Sphericity: The sphericity ( ) was determined from equation 4 given by Mohsenin (1986) and Baryeh (2002). 

          
   

 
           (4) 

Aspect ratio of seeds: The aspect ratio (Ra) was calculated from equation 5 given by Omobuwajo et al. (1999). 

                             
 

 
          (5)  

Surface area of seeds: The surface area (Sa) was obtained from equation 6 given by Baryeh (2002).  

              
            (6) 
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Projected area: The projected area (AP) of the seeds was determined by the Equation 7 given by Mirzabe et al. (2013). 

   
   

 
     (7) 

Volume of seeds: The computation of volume (V) of seeds was determined from equation 8 given by Mohsenin (1986). 

                  
 

 
  
  

 

 
                 (8)   

Gravimetric properties 

Seed moisture content: A known weight of soya bean seeds was manually cleaned to remove foreign matter, dust, dirt, 

broken and immature seeds. The initial moisture content of the samples was determined before processing by oven drying at 

105 °C for 72 h (Baryeh, 2002). Equation 9 was used to calculate the moisture content.  

                 
     

     
                   (9) 

Where; MCdb = Moisture content (% dry basis),    = weight of container (g),   = Weight of fresh sample and container (g) and 

  = Weight of dry sample and container (g). 

 

Thousand-grain weight: The 1000 unit mass (M1000) was determined using mettle electronic balance of accuracy of 0.01g. 

One thousand unit grains were carefully counted out from a cleaned sample of soya bean seeds and weighed in the balance. 

The measurements were replicated ten times (Sirisomboon et al., 2007).  

Bulk density: The bulk density of the seeds was determined by filling a test tube of 20 ml volume with the seeds and the 

content weighed using an electronic balance of 0.01g sensitivity. The measurements were replicated ten times (Garnayak et 

al., 2008). The bulk density was calculated from the mass of the kernels and the volume of the container from equation 10 

given by Garnayak et al. (2008). 

   
     

 
    (10) 

Where;   = bulk density (gcm
-3

), M1 =mass of filled container (g), M2 = mass of empty container (g) and V = Volume of 

container (cm
3
).  

True density: The true density of the seeds was determined by water displacement method as described by Mohsenin (1986). 

50 ml of distilled water was taken in a 100 ml measuring jar and pre-weighed soya bean grains was filled inside the jar and the 

change in the level of water in the measuring jar was recorded. The experiment was done as snappy as possible to minimize 

the absorption of water by the seeds. The measurements were replicated ten times. The true density was calculated as the 

ratio of the mass of seeds to the volume of water displaced as in equation 11 (Pradhan et al., 2013). 

   
 

 
     (11) 

Where;   = True density (gcm
-3

), M =Mass of seeds (g) and V = Volume of water displaced (cm
3
).  
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Porosity: Porosity (  ) is defined as the fraction of space in the bulk grain, which is not occupied by grain. Equation 12 was 

used to obtain the porosity (Mohsenin, 1986). 

      
  

  
        (12) 

Determination of Mechanical Properties of Soya Bean Seeds 

Frictional properties 

Angle of repose: This was determined by using an open-ended cylinder of 15 cm diameter and 30 cm height. The cylinder 

was placed at the centre of circular plate having a diameter of 70 cm and was filled with soya bean seeds, tapping during filling 

were done to obtain uniform packing. The cylinder was raised slowly until it formed a cone on the circular plate. The height H 

of the cone was recorded. The angle of repose   was calculated using equation 13 (Umogbai, 2009; Davies, 2009). 

                       
  

 
             (13) 

Where;   = angle of repose (
o
), H = vertical height of conical heap of grains (mm) and D = the diameter of base of cone formed 

(mm). 

Coefficient of static friction: The coefficient of static friction for seed was determined against mild steel surface using the 

inclined plane method.  This involves placing the soya bean seeds on adjustable tilting surface equipment with the surface 

formed using a mild steel sheet.  Manually, the inclination of the plate was increased gradually until the specimen starts to 

slide down and at that point, the angle of tilt α in degree was read on a graduated scale (protractor). The angle of inclinat ion 

with the horizontal was measured by a scale provided and was taken as an angle of internal friction and tangent of the angle 

was taken as co-efficient of friction between surface and soya bean seeds as in equation 14 (Umogbai, 2009). 

                                      (14) 

Where; µ = Coefficient of static friction (dimensionless) and α = Angle of inclination of material surface (
o
). 

Strength Properties 

Shear strength: The shear strength was measured in double shear using a shear box consisting essentially of two fixed 

parallel hardened steel plates 6 mm apart, between which a third plate can slide freely in a close sliding fit. A series of holes 

with diameters ranging from 0.5 to 2 mm was drilled through the plates to accommodate grains of differing diameters. Shear 

force was applied to the grain specimens by mounting the shear box in the tension/compression testing machine. The sliding 

plate was loaded at a rate of 10mm min
-1

 and, as for the shear test; the applied force was measured by a strain-gauge load 

cell and a force -time record obtained up to the specimen failure. The shear failure stress (or ultimate shear strength), τs, of the 

specimen was calculated using equation 15 (Zareiforoush et al., 2010). 

   
  

  
    (15) 

Where; τs = shear strength (N/mm
2
), Fs = shear force at failure (N) and A = wall area of the specimen at the failure cross-

section (mm
2
).  
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Compressive strength: Compressive strength of the grain is considered as an important mechanical property in relation to 

the grain breakage. A universal testing machine (Testometric M500-100AT) was used to obtain the fracture force of the kernel. 

The slots were screwed to compress the kernel placed between them. The counter reading was taken immediately the first 

cracking sound was heard. Compressive strength was calculated by dividing the fracture force with the area in contact with the 

kernel using equation 16 (Craig et al., 2008). 

                 
  

 
              (16) 

Where; τc = compressive strength (N/mm
2
), Fc = compressive force at failure (N) and A = cross-sectional area defined by the 

length and width dimensions of the specimen (mm
2
).  

Statistical analysis  

In the present study, the results are expressed as mean and standard deviation (S.D.) of various determinations. 

 

RESULTS AND DISCUSSION 

Physical Properties 

A summary of the results for the physical properties measured and determined is shown in Table 1. The average moisture 

content was calculated as 7.34±0.32% dry basis and all the other experiments were conducted at this moisture content. The 

moisture content is very important as it influences the size, shape and angle of repose of the seeds; which in turn determine 

the hopper capacity and the free flow of the seeds. 

It was observed that the longitudinal dimension or Length (L) of the seeds ranged from 6.0 to 7.2 mm with the mean value as 

6.67 ± 0.27 mm, the width (W) varied from 5.0 to 6.1 mm with the mean value as 5.60 ± 0.22 mm and the seed thickness (T) 

varied from 4.1 to 5.4 mm with the mean value as 4.64 ± 0.24 mm. Although, Mohsenin (1986) had effectively highlighted the 

imperativeness of the axial dimensions in machine design, the comparison of the data with existing work on the other seeds 

can be sufficient in making symmetrical projections towards process equipment adaptation. It is seen from Table 1 that the 

arithmetic mean diameter (Da) and geometrical mean diameter (Dg) of the kernels varied from 5.03 to 6.23 mm with the mean 

value of 5.64±0.19 mm and 4.97 to 6.19 mm with the mean value of 5.58±0.17 mm, respectively.  

The results showed that roundness (R) of the seeds ranged from 0.7789 to 0.8275 with the mean value of 0.7879±0.023, 

sphericity (ϕ) varied from 0.8289 to 0.8597 with the mean value of 0.8359±0.021 and aspect ratio (Ra) ranged from 0.8333 to 

0.8472 with the mean value of 0.8396±0.025. Garnayak et al. (2008) considered any grain, fruit and seed as spherical when 

the sphericity value is above 70%, thus, the high sphericity of the soya bean seeds is indicative of the shape towards being a 

sphere. The lower sphericity values thus suggest that the kernels tend towards a cylindrical shape (Omobuwajo et al., 2000). 

The aspect ratio is an indicator of a tendency toward an oblong shape (Heidarbeigi et al., 2009). Thus, the lower values of the 

aspect ratio and sphericity generally indicate a likely difficulty in getting the kernels to roll than that of peas like spheroid 

grains. They can, however, slide on their flat surfaces. This tendency to either roll or slide should be necessary in the design of 

hoppers for milling process. However, the surface area (Sa) ranged from 77.70 to 120.37 mm
2
 with the mean value of 

97.66±32.58 mm
2
, the projected area (AP) ranged from 23.56 to 34.49 mm

2
 with the mean value of 29.34±3.47 mm

2
 and the 

http://ascidatabase.com/author.php?author=K.&last=Heidarbeigi
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seed volume (V) varied from 64.40 to 124.18 mm
3
 with the mean value of 90.75±29.64 mm

3
. The surface area is a relevant 

tool in determining the shape of the seeds. This will actually be an indication of the way the kernels will behave on oscillating 

surfaces during processing. The projected area of the particle is generally indicative of its pattern of behavior in a flowing fluid 

such as air, as well as the ease of separating extraneous materials from the particle during cleaning by pneumatic means 

(Omobuwajo et al., 1999). The values of the dimensions of the soya bean seeds are useful in the calculation of the amount of 

seeds that will be crushed at the feed end portion of the machine. It also assists in determining the total force that will be 

required to express the oil based on the number of seeds to be processed per batch. 

Table 1. Physical properties of soybean seeds 

Physical Properties Unit Minimum Maximum Mean 
Standard 

Deviation 

Dimensional Properties      

Length (L) mm 6.0 7.2 6.67 0.27 

Width (W) mm 5.0 6.1 5.60 0.22 

Thickness (T) mm 4.1 5.4 4.64 0.24 

Arithmetic mean diameter (Da) mm 5.03 6.23 5.64 0.19 

Geometrical mean diameter (Dg) mm 4.97 6.19 5.58 0.17 

Roundness (R)   - 0.7789 0.8275 0.7879 0.023 

Sphericity (ϕ) - 0.8289 0.8597 0.8359 0.021 

Aspect ratio (Ra) - 0.8333 0.8472 0.8396 0.025 

Surface area (Sa) mm
2 

77.70 120.37 97.66 32.58 

Projected area (AP) mm
2 

23.56 34.49 29.34 3.47 

Volume (V)  mm
3 

64.40 124.18 90.75 29.64 

Gravimetric Properties      

Moisture content (Mc) % 6.98 7.59 7.34 0.32 

One thousand seed weight (M1000)  g 104.28 105.62 104.88 0.53 

Bulk density (ρb) kgm
-3 

748.23 752.14 750.00 3.28 

True density (ρt) kgm
-3
 1246.18 1255.92 1250.00 4.45 

Porosity (ρo) % 39.96 40.11 40.02 0.061 

 

The average moisture content (Mc) was 7.34±0.32%, although the moisture content varied between 6.98 and 7.59%. The 

thousand kernel weight (M1000) ranged from 104.28 to 105.62 g with the mean value of 104.88±0.53 g. One point worthy of 

note however that is the one thousand seed weight is a function of the individual mass (weight) of the seed/kernel/grain of the 

crops. Weight is an important parameter to be used in the design of cleaning grains using aerodynamic forces (Oje and Ugbor, 

1991). The bulk density (ρb) of kernels ranged from 748.23 to 752.14 kgm
-3

 with mean value of 750.00 ± 3.28 kgm
-3

, the true 
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density (ρt) value varied from 1246.18 to 1255.92 kgm
-3

 with mean value of 1250.00 ± 4.45 kgm
-3

 and the porosity (ρo) of the 

kernels varied from 39.96 to 40.11% with the mean value as 40.02 ±0.061%. The value of true density indicates that, the 

kernel density is higher than water, which is the important property in case of food grains during wet cleaning, as kernels do 

not float on water. The densities are useful in the theoretical calculation of the capacity of the expeller. 

Overall, handling losses during cleaning and oil expression will be affected by the size and shape of soya bean seeds. 

According to Olayanju (2002), if the screen hole is too big, it may result in uncleaned seeds and if the screen hole is too small, 

it may lead to reduced efficiency. If the oil barrel clearance is too big, it may result in partial crushing of seeds and if it is too 

small, it may lead to excessive choking of the discharge section as the seeds are crushed. For optimum performance of the 

cleaner and oil expeller, the size of perforations and barrel clearance have to be carefully selected (Olayanju, 2002). The 

obtained results from the dimensional properties determination are therefore very important. The sphericity will be useful in 

handling operations such as conveying and discharge from chutes. Since the seeds are to be transferred from one placement 

unit to the other, the sphericity value obtained will be taken into consideration for designing the slope of the transfer unit. The 

bulk density is important in calculating thermal properties in heat transfer processes, in determining Reynolds number in 

pneumatic and hydraulic handling of the material, in separating the product from undesirable materials and in predicting 

physical structures and chemical composition (Olayanju, 2002). The porosity gives knowledge of the percentage void of the 

soya bean seeds and is important in heat and airflow studies. 

Mechanical Properties 

A summary of the results for the mechanical properties determined is shown in Table 2. The mechanical properties include the 

frictional and strength properties. The frictional properties examined for the kernels are the angle of repose ( ) and the 

coefficient of static friction (µ).  

Table 2. Mechanical properties of soybean seeds 

Mechanical Properties Unit Minimum Maximum Mean 
Standard 

Deviation 

Frictional Properties      

Angle of repose ( ) Degrees 25.98 27.36 27.00 0.37 

Coefficient of static friction (µ) - 0.51 0.54 0.52 0.022 

Strength Properties      

Shear strength (  ) N/mm
2
 248.92 331.67 284.56 25.13 

Compressive strength (  ) N/mm
2
 571.08 760.54 657.33 46.62 

 

Essentially, the mean angle of repose was 27.00±0.37
o
, although the angle of repose varied from 25.98 to 27.36

o
. This 

phenomenon is imperative in food grain processing, particularly in the designing of hopper for milling equipment. The angle of 

repose will determine the angle at which chutes must be positioned in order to achieve consistent flow of materials through the 

chute. To ensure free flow, an angle of repose which is modestly higher than the average angle of repose (27.00±0.37
o
) 

obtained for the soya bean seeds would be used. The co-efficient of static friction on mild steel surface found ranged from 0.51 
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to 0.54 with the mean value of 0.52±0.022. The knowledge of the coefficient of friction will be useful during the calculations of 

the various forces required to translate and compress the seeds as well as the frictional force resulting from the motion of the 

screw. 

The strength properties examined for the kernels are the shear strength (  ) and the compressive strength (  ). The shear 

strength and compressive strength of the kernels varied from 248.92 to 331.67 N/mm
2
 with the mean value of 284.56±25.13 

N/mm
2
 and 571.08 to 760.54 N/mm

2
 with the mean value of 657.33±46.62 N/mm

2
, respectively. In designing food processing 

machines, the knowledge of these properties has been emphasized by Adebayo (2004) when he carried out carried a 

compression test on Dura varieties of the palm nut in order to determine the force required for cracking the palm nut. The 

compressive strengths for minor, major and intermediate axis are 396.20 ± 49.40 N/mm
2
, 216.30 ± 23.92 N/mm

2
 and 262.4 ± 

174.80 N/mm
2
 respectively for the white almond. These parameters are important in designing of machines for processing 

biomaterials, particularly in the design of a cracking machine for extraction of nut from the kernel. These parameters also give 

the energy requirement and consideration governing equipment selection in size reduction operation (Orhevba et al., 2013). 

Overall, the mechanical properties determined give an indication of the shear strength and compressive strength of soya bean 

seeds. They also provide useful information about the energy and the force required to crush and expel oil from the seeds at 

the feed end portion of the machine as well as the deformation of the seeds. 

CONCLUSION 

The physical and mechanical properties of soya bean seeds in relation to the design of an oil expeller for the crop have been 

determined. The average seed length, width and thickness were found to be 6.67 ± 0.27, 5.60 ± 0.22 and 4.64 ± 0.24 mm 

respectively. The average arithmetic and geometric mean diameters were 5.64±0.19 and 5.58±0.17 mm respectively. The 

average roundness, sphericity and aspect ratio were 0.7879±0.023, 0.8359±0.021 and 0.8396±0.025 respectively. The mean 

surface area, projected area and volume were 97.66±32.58 mm
2
, 29.34±3.47 mm

2 
and 90.75±29.64 mm

3
 respectively. The 

average moisture content was 7.34±0.32% dry basis and the thousand kernel weight was 104.88±0.53 g. The average bulk 

and true densities were 750.00 ± 3.28 and 1250.00 ± 4.45 kgm
-3

 respectively and the porosity was 40.02 ±0.06%. The mean 

angle of repose was 27.00±0.37
o
 while the mean coefficient of static friction on mild steel surface was 0.52±0.022. The mean 

shear strength and compressive strength of the seeds were 284.56±25.13 and 657.33±46.62 N/mm
2
 respectively. These 

parameters will serve as inputs for the efficient design of oil extractors for soya bean seeds. 
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