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ABSTRACT: The effects of moisture content on physical and mechanical properties of desma seed were 

investigated in the moisture range of 9.2 to 17.8% (w.b.). The physical properties which include geometric mean 

diameter, bulk density and angle of repose were determined using standard known procedures and increased with 

increasing moisture content up to 17.8%. Their maximum values at 17.8 % moisture content were 12.88±1.65 mm, 

667.47±10.2 kg/m
3
, and 35.97±0.24 degrees, respectively. The mechanical properties which include force and 

stress were determined using Instron machine (ZDM50-2313/56/18, Germany) and decreased with increase in 

moisture content up to 17.8% at peak, break and yield points of compression. The energy and deformation 

increased with increase in moisture content at all points of compression. The peak values of force, stress, energy 

and deformation at 17.8% moisture content were 98.623.46 N, 10.500.14 N/mm
2
, 0.240.06 Nm and 2.360.61 

mm, respectively. The results are important in the design of desma seed oil expelling machine. 
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INTRODUCTION 
 

 Pentadesma is a large tree that grows wild in the 

tropical forest of Africa. It is an evergreen tree found in 

the rain forest. The name of the plant is Novella 

pentadesma. The plant produces fruit containing many 

edible seeds rich in oil that can be used for soup, butter, 

liquor, cosmetic products and in biodiesel production. All 

parts of the plant are use traditionally for the treatment of 

small pox, chicken pox and measles thus indicating 

possible medical applications. The oil extracted from the 

seed is being developed as an innovative new agribusiness 

in several countries in Africa (Amanor, 2003). The plant is 

now being cultivated like any other plant in the tropical 

forest of Ovia North East and South West Local 

Government Areas of Edo State, Nigeria.  

 In order to design equipment for the handling, 

conveying, separation, drying, aeration, storing and 

processing of agricultural seeds, it is necessary to 

determine their physical and mechanical properties as a 

function of moisture content. Many researchers have 

studied the physical and mechanical properties of tropical 

seeds (Eissa and Gamea, 2003). Fadeyibi and Osunde 

(2012b) studied the mechanical behaviour of rubber seed 

under compressive loading and reported that rubber seeds 

combined the properties of viscosity and elasticity when 

subjected to compressive loading, Akborpour et al. (2009) 

studied the mechanical properties of pomegranate seeds 

affected by moisture content and reported geometric mean 

diameter, surface area, true and bulk densities increased 

with increasing moisture content.  

 The knowledge bulk density, true density and porosity 

are important considerations in the design of dryers and 

storage systems for agricultural seeds, since they affect the 

resistance to mass flow of air. Angle of repose and 

coefficient of friction are essential in the design of 

equipment for solid flow and storage structures. The 

coefficient of friction between seed and wall is important 
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in the prediction of seed pressure on walls (Fadeyibi and 

Osunde, 2012a). 

 However, study on the physical and mechanical 

properties of desma seed was never reported in literature. 

Therefore, this study was conducted to determine the 

effects of moisture content on physical and mechanical 

properties of desma (Novella pentadesma) seed. 

 

MATERIALS AND METHODS 

 

 Desma seeds were collected from the plantation zones 

of Ovia North-East and South-west of Edo State. The 

seeds were selected and manually cleaned to remove all 

foreign matter such as dust, dirt, stones and chaff as well 

as immature and broken seeds. Figure 1 shows the desma 

seeds spread in thin layer at room temperature. 

 Some of the seeds were taken to the Department of 

Agricultural and Bioresources Engineering, Federal 

University of Technology, Minna, Nigeria for physical 

properties measurements; yet some were taken to the 

Federal Institute of Industrial Research, Oshodi Lagos 

state for Mechanical properties measurements. 

 The initial moisture content of Desma seed was 

determined using oven dry method set at 105
0
C for 24 

hours as 9.2% (w.b.) (AOAC, 2002). Subsequently, the 

final moisture contents were determined as 11.80%, 

13.80%, 17.80% (w.b.) by repeating the drying procedure 

after adding specific amount of distilled water.  

 The physical properties of desma seed which include 

linear dimensions (Figure 2), geometric mean diameter, 

sphericity, roundness, surface area, colour, thousand seed 

weight, bulk and true densities were determined from 100 

randomly selected samples of desma seeds by the method 

described by Ayman et al. (2010). The procedure was 

replicated three times and the average values were 

computed to represent the physical properties of desma 

seed.  

 The mechanical properties of 10 randomly selected 

samples of desma seeds which include force, stress, strain, 

deformation and elastic modulus at peak, break and yield 

points of compression were determined using Instron 

machine (ZDM50-2313/56/18, Germany) (Figure 3). The 

average values of the samples were calculated as the 

mechanical properties of desma seed.

 

 

 
 

Figure 1. Desma seeds in Thin-layer 

 

 
 

Figure 2. Three major dimensions of Desma seeds where x-axis is length, y-axis is width and z-axis is thickness 
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Figure 3. Instron Machine (Model) for Compression Test of Desma Seed 

 

RESULTS AND DISCUSSION 

  

Effect of Moisture Content on Physical Properties of 

Desma Seed 

 Figure 1 shows the variations of the axial dimensions, 

sphericity, volume, thousand seed weights, true and bulk 

densities, angle of friction and angle of repose of desma 

seed. There is a linear increase in axial dimensions, 

geometric diameter and sphericity with increase in 

moisture from 9.2% (w. b.) to 17.8% (w. b.) because of 

increased microscopic structure of the seed as it absorbs 

moisture. The knowledge of the axial dimensions is useful 

in determining screen clearance of a threshing cylinder. If 

the clearance is large, there will be under threshing while 

small clearance may result in excessive damage due to 

crushing. The true density increased with increase in 

moisture content because of decrease in volume as 

compared to the corresponding mass of the seed due to 

water absorption. The angle of repose is paramount in 

designing hopper openings, storage-bin side wall slopes 

and chutes for bulk transport (Irtwange and Igbeke, 2002). 

The bulk density of the seed increased because of an 

increase in mass due to increase in moisture from 9.2% (w. 

b.) to 14.8% (w. b.) accompanied by a reduced volumetric 

expansion of the seed. The decrease in the true density was 

as a result of increase in seeds volume as compared to the 

increase in seeds mass. The bulk density of agricultural 

products have been reported to be importance in the design 

of silos and storage bins, maturity and quality evaluation 

of products which are essential in grain marketing  

(Irtwange and Igbeka, 2002). Similar results were reported 

by Tavakoli et al. (2007) and Fadeyibi and Osunde 

(2012a) for soyabean grains and rubber seeds, 

respectively. The angle of friction over plywood, metal 

and glass surfaces increased as the seed moisture is 

increased because of increase force of adhesion offered by 

the surfaces. The least angle observed for galvanized metal 

may be as a result of its smoother and more polished 

surface than the other materials tested. The knowledge of 

angle of friction is important in the design of an arch free 

hopper, silo and storage structures. The coefficient of 

mobility, which represents the freedom of motion of a 

substance, is inversely relatated to the angle of friction. 

The higher the angle of friction the larger the opening and 

side wall slope of the hopper. Therefore, optimum design 

will avoid immature flow (where some depth of granular 

particles remains stationary) and the arching phenomena to 

ensure a fully developed sliding flow in the hopper 

(Irtwange and Igbeka, 2002). Similar results were reported 

by Mahmoud et al. (2009) for barley grains. The increase 

in angle of repose of desma seed as it absorbs moisture 

may be because of the surface layer holding the seed’s 

aggregate together by surface tension. Similar results were 

reported by Mahmood et al. (2009) for barley grains. The 

thousand seed weight increased as moisture content is 

increase up to 17.8 % (w. b.). The knowledge of thousand 

seeds weight can be applied in the design of storage 

structures for the seed. Similar result was reported by 

Tavakoli et al. (2009) for soyabean grains. 

 

Effect of Moisture Content on Mechanical Properties of 

Desma Seed 
 Table 2 shows the variations of force, stress, energy, 

deformation and elastic modulus of desma seed with 

increasing moisture content from 9.2% to 17.8% (w.b.). 

The force, stress and energy of compression decreased 

with increase in moisture content. This is probably because 

of the flowability of desma seeds with resultant decrease in 

their brittleness at higher moisture contents. This is in 

agreement with the study by Fadeyibi and Osunde (2012b) 

on mechanical behaviour of rubber seed under 

compressive loading. They reported that rubber seeds 

exhibit viscoelastic behaviour at higher moisture contents. 

The deformation and elastic modulus of desma seeds 

increased with increase in moisture content from 9.2% to 

17.8% (w.b.) because of increase in areas of cross section 

of the seeds with resultant decreases in tensile stresses and 

increases in tensile strains at higher moisture contents. 

Similar results were reported for rubber seed by Fadeyibi 

and Osunde (2012b) and Ezeike (1986).

 

 



Intl. J. Farm. & Alli. Sci., 2 (1): 1-5, 2013 

 

4 
 

 
Table 1. Physical properties of Desma (Novella pentadesma) seed 

  
Moisture Content, % (w. b.) 

Parameter Unit 9.2 11.8 13.8 17.8 

Length mm 21.97 ± 2.05 22.03 ± 1.88 22.28 ± 2.19 22.95 ± 2.30 
Width mm 12.26 ± 1.45 12.35± 1.45 12.44 ± 1.44 13.15± 2.29 

Thickness mm 6.65 ± 1.45 6.81± 1.39 6.94± 1.42 7.19± 1.44 

Arithmetic Mean mm 13.56 ± 1.35 13.73 ± 1.01 13.86± 1.18 14.43± 1.66 
Geometric Mean mm 12.06± 1.23 12.20± 0.99 12.36± 1.23 12.88± 1.65 

Sphericity % 55.09± 5.31 11.30± 4.76 55.71± 5.19 56.14± 4.41 

Volume mm3 25264.8± 6834.7 25555.6± 6145.7 26343.5±7219.4 29937± 376 
Aspect Ratio % 55.98± 6.09 56.21± 6.86 56.14± 6.52 57.25 ±7.29 

Measured Surface Area mm2 10067.7±120.48  1012.9± 78.91 1012.90± 199.31 1211.1± 104.01 

Grain Weigth Grams 1099 ± 21.5 1099± 21.50 1147.4± 21.50 1207.8 ± 15.6 
Angle of Repose Degrees 25.85 ± 0.54 26.31 ± 0.46 35.57± 0.23 35.97± 0.24 

True Density kg/m3 876.49± 83.3 876.30± 2.50 889.6± 2.8 911.3± 3.9 

Bulk Density kg/m3 831.3±2.5 831.3±2.5 936.1±3.9 667.47±10.2 
Angle of Friction: 

Plywood Degrees 30.67±1.63 31.57±0.51 30.31±3.17 34.06±1.00 

Glass Degrees 24.33±0.58 24.57±0.51 26.33±3.56 31.56±1.00 

Metal Degrees 26±1.00 26.43±0.51 31.33±3.51 27.0±1.00 

Parameter presented in the form: Value  standard deviation 

 
Table 2.  Mechanical Properties of Desma (Novella pentadesma) Seed 

 
Parameter  Unit 

Moisture Content, % (w. b.) 

9.2 11.8 13.8 17.8 

Force at peak N 108.94  39.37 97.90  22.34 93.82  20.46 98. 62  3.46 

Force at break N 93.50  34.31 91.22  21.13 86. 81  36.12 88.50  35. 15 

Force at yield N 63.60  22. 20 60. 14  08.64 66.32  28.14 62. 60  20. 40 

Stress at peak N/mm2 10.89  0.34 10.26  0.34 09.82  0.26 10. 50  0.14 

Stress at break N/mm2 9.15  0.39 8.69  0.25 7. 84  0.28 8.02  0.52 
Stress at yield N/mm2 4.16  0.24 4.06  0.10 4.88  0.16 3.70  0.64 
Energy at peak Nm 0.23  0.07 0.25  0.11 0.21  0.86 0.24  0.06 
Energy at break Nm 0.21  0.05 0.18  0.64 0.18  0.92 0.20  0.60 
Energy at yield Nm 0.10  0.01 0.18  0.05 0.20  0.03 0.15  0.04 

Deformation at peak mm 1.02  0.45 2.04  0.81 2.01  0.64 2.36  0.61 

Deformation at break mm 0.91  0.43 1.22  0.62 1.06  0.91 1.08  0.42 

Young’s Modulus N/mm2 1.44  0.43 6.34  1.18 4.62  1.86 6.78  2.02 

      Parameter presented in the form: Value  standard deviation 

 

CONCLUSION 

 

 The effect of moisture content on physical and 

mechanical properties of desma seeds was investigated to 

enable the design of oil extraction machine for the seed. 

The determined physical properties of desma seed 

generally increased with increase in moisture content from 

9.2% to 17.8% (w.b.). The mechanical properties which 

include compressive force, stress, energy, deformation, 

and elastic modulus at peak, break and points of 

compression were as well determined. The force, stress 

and energy of compression decreased with increase in 

moisture content while deformation and elastic modulus of 

desma seeds increased with increase in moisture content 

from 9.2% to 17.8% (w.b.). The increased elastic modulus 

at higher moisture content suggests that desma seed is very 

elastic. 
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