
 

 

 

Abstract.  Coconut seed (cocos nucifera L.) is a tropical plant that is 
grown in temperature between 20 0C and 25 0C. As part of steps 
towards the development of processing and handling equipments for 
the seeds, some engineering properties such as size, sphericity, 
roundness, volume, surface area, density, coefficient of friction 
against different materials and compression tests were studied. Major 
diameter varied from 13.23 cm to 10.14 cm with a mean value of 
11.21 cm, surface area varied from 5986 mm2 to 4621 mm2, the seed 
volume varied from 706 cm3 to 435 cm3, with an average density of 
1.043 kg/m3. The coefficient of friction is 0.531 for glass, 0.431 for 
plywood and 0.436 for galvanized steel. 
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Introduction 
The engineering properties of biomaterials constitute an important and essential data for design 
of machines, structures, processes and controls. They are also useful in the analysis and 
determination of the efficiency of a machine or an operation, development of new products and 
equipment and the final quality of products (Mohsenin, 1970). Mechanical properties such as 
compressive strength provide information on the resistance of produce to cracking under 
harvesting and handling conditions and energy required in size reduction. Compressive strength 
is relevant in the choice of stack height to avoid produce damage in storage.  
 
Coefficient of friction of materials on various structural surfaces is important in predicting the 
movement of the materials in handling and harvesting equipment and the pressure exerted on 
the walls of storage structures. These engineering properties are not only useful to the 
engineers but also to food scientists and processors, who may exploit them in their various 
discipline (Mohsenin 1970). 
 
After harvesting the nuts, the husks are removed by dehusking process. Alonge and Adetunji 
(2011) determined the relevant engineering properties to achieve this. Traditional methods of 
cracking coconuts include striking the shell against stone, using sharp or heavy object to hit the 
shell until it cracks or throwing the nut against rocks. After the juice is obtained from the cracked 
coconut, the meat is removed with a heavy or sharp-pointed knife. The oil is then extracted 
locally after allowing the meat to dry for few days naturally before it is then kept in an air-tight 
container in order for the copra to “rot”. The liquid form is then heat to a certain temperature 
before separating out the oil by decanting. 
 
In recent years, efforts have been made to develop improved methods and machinery to crack 
and extract oil from coconut in order to design a cracking and oil extracting machine. Work has 
also been done on the engineering properties of some seeds relevant to cracking and oil 
extraction such as melon, sheer nut, castor nut, palm kernel, and locust bean pods e.t.c.(Oje et 
al., 1999, Olaoye, 2000, Oje, 2002). Very few works have been done on the engineering 
properties of coconut relevant to cracking except for some properties like volume, density, size, 
shape, moisture content, hardness, and surface area etc relevant to dehusking (Alonge and 
Adetunji, 2011). However, several researches have been done on the engineering properties of 
some biomaterials and grains like melon seed, shea kernel, sorghum, castor nut etc. relevant to 
their cracking and extraction of oil (Oje et al.,2001, Makanjuola, 1972, Alonge and Adigun, 
1999). 
 
Machines have been designed and constructed for some of these crops and more works are still 
going on to improve on the design of such machines. This paper presents the determination of 
some engineering properties of coconut shell and kernel relevant to cracking. 
 

Materials and Methods 
Experimental Procedure 
     The coconuts seeds used for this project were obtained in bulk from the sellers around 
Ilorin town, since it is readily available at this period. They were manually cleaned after random 
selections of various sizes were carried out. This was done to reduce the likelihood of obtaining 
erroneous results. A total number of about 50 seeds was used after been randomly selected for 
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the physical properties test such as size, shape, volume, density, surface area, coefficient of 
friction, Sphericity and roundness e.t.c. The following are the procedures used to determine the 
physical properties of the seeds and some of its mechanical properties. 
 

Color and Appearance of the Coconut Seed 
     This was done mainly by direct visual observation of the seeds. The color is green when 
mature and brown when ripe, consisting of a light brown fibrous husk, a hard brown shell and 
one very large hollow seed with whitish oily edible flesh. 
 

Size Determination 
     The grain size (geometric mean diameter) was determined by measuring length (a), 
width (b) and thickness (c) of the coconut seed, the selected seeds were carefully handled in 
order to measure their three principal dimensions using a vernier calliper with an accuracy of 
0.02 mm; which are major, intermediate and the minor diameters respectively. The geometric 
mean diameter (Dm) of the grain was calculated by the following relationship. 
          Dm = (abc) 1/3       (1) 
The instrument was carefully handed in order to avoid exerting undue pressure on the seed 
before taking the readings and error due to parallax was avoided. 
 

Sphericity   
 A direct measurement of the major, intermediate and minor axis of the seeds using a vernier 
calliper. Calculation of sphericity was carried out using the formula below; 

Sphericty = (abc)1/3/a       (2) 
where a, b, c are major, intermediate and minor axes                      (Mohsenin, 1970) 
 

Roundness 
 Roundness of the seed was determined by three different methods. The first is from the 
seed traced after it has been enlarged by photocopying the area of the smallest circumscribing 
circle, which was found by using the formula given below: 

Area  =  π r2  

          where r = radius of the circle 
The projected area (Ap) to the area of circumscribing circle (Ac) gives the roundness of each 
seed.  
 Roundness = Ap/Ac      (3) 
where Ap =  projected area of  traced seed and Ac =  Area of smallest circumscribing circle 
 

Volume 
     The volume of 10 samples of randomly selected seeds was determined by water 
displacement method using a measuring bucket. The difference between the final volume of 
water displaced and the initial volume gives the volume of the coconut seeds. As practiced by 
Shepherd and Bhardwad (1980)  

 Alonge and Adigun (1999) determined the volume of sorghum experimentally using the 
correlation below: 

 Volume = π D3/6 = π  (LBT)/6   (4) 
where L = Major diameter (mm), B = Minor diameter (mm) and T = Intermediate diameter (mm) 
 

Density 
     Ten seeds were selected randomly. The samples were first weighed to get the mass, 
later the volume was determined for each sample by immersing in water to get the volume of the 
water displaced using a measuring bucket. It is however important to note that the readings 
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were taken immediately the seeds were immersed into the bucket. Parallax error was avoided in 
taking each reading. The ratio of each mass of the sample obtained from the volume gives the 
density. 
 

Surface Area Determination 
     The surface area of the seeds was determined using the formulae of the Dutta et al. 
(1988) given below and all the measurements of the principal areas as variables. 

Surface Area S = 2b2  + 2absin-1 e    (5) 
where e = {1-{a/b}2} 1/2  

 a = semi major axis of solid in mm 
          b = semi minor axis of solid in mm. 
 

Static Coefficient of Friction 
     The static coefficient of friction (SCF) was determined against three different structural 
materials, namely; plywood, glass, galvanized steel, with grains perpendicular to the direction of 
the movement of seeds. The structural material was fastened to an adjustable tilting surface.  
The adjustable surface was gradually raised with screw device until seed just starts to slide 
down. The angle of slope was then measured directly from a protractor attached to the tilting 
table.  
 

Determination of Mechanical Properties 
Crushing and Compressive Force on Seed using the Universal Testing Machine 
     The compressive and crushing force was carried out on Universal Testing Machine. The 
machine is meant for testing tensile strength of materials, but under compressive arrangement. 
It was made suitable for this purpose. The machine has a maximum load at 200kN yield. To 
determine the applied load on each coconut seed, the compressive force and the complete 
rupture of the seeds were recorded using the computer system attached to it. 
    The test was carried out along the major and minor axis. The following parameters were 
obtained. 

I. Load at peak (N) 
II. Deformation at peak (mm) 
III. Energy at peak (N.m) 
IV. Load at yield (N) 
V. Deformation at yield (mm) 

VI. Energy at yield (N.m) 
VII. Stress, strain at yield and peak 

VIII. Young modulus. 
 

Results and Discussions 
The result obtained after determining some engineering properties of coconut seed 

relevant to cracking of the seed are presented in Tables 1 and 2. The principal dimensions, 
major, intermediate and minor diameters were measured for thirty seeds using a venier caliper. 
The value of the major diameter ranges from 10.14 cm to 13.23 cm with a mean value of 11.21 
cm and standard deviation of 0.844. The value of intermediate diameter ranges from 8.55 cm to 
10.10 cm, with a mean of 9.42 cm and standard deviation of 0.474. The value of the minor 
diameter ranges from 8.75 cm to 10.70 cm with a mean value of 9.78 cm and a standard 
deviation of 0.516. It was observed that the intermediate, minor diameters and the major 
diameters all have varying mean value and standard deviation. 

The major diameter has the highest value of mean and standard deviation of 11.21 cm 
and 0.844 cm respectively. This indicates that the value of this diameter has the largest spread 
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about the mean and hence the highest variability compared with the two other diameters. The 
mean of the principal dimensions of the seeds in the thirty samples were used to compute the 
sphericity. The sphericity of the coconut seeds varies from 0.7799 to 0.9895 with a standard 
deviation of 0.5882. This value indicates that the shape of the seed approximates that of a 
sphere because of the mean sphericity value is 0.9046 (90.40%) with a very little deviation 
among the seeds. 

The roundness ranges from 0.4573 to 0.8231 with a mean value of 0.6581 and standard 
deviation of 0.8731. The surface area ranges from 4621 mm2 to 5986 mm2 with a standard 
deviation of 411.92 and a mean value of 5739 mm2 as shown in Table 1. The volume of thirty 
seeds measured by using the relationship, V= π (abc), where a, b, and c are the major, minor 
and intermediate diameters respectively. The volume ranges from 435 cm3 to 706 cm3 with a 
mean volume of 578 cm3 as shown in Table 1. The density of the samples ranges from 0.7960 
g/cm3 to 1.306 g/cm3 with a mean value of 1.043 g/cm3 and standard deviation of 0.213. 
     The mean of experimental results obtained for coefficient of static friction with respect to 
three structural surfaces (wood, galvanized steel and glass) are also presented in Table 1. The 
experiment was replicated twenty times for each structural surface. The mean coefficient of 
friction found to be 0.531 for glass, 0.558 for plywood and 0.431 for galvanized steel. The 
coefficient of friction for plywood is higher compared to the other surfaces.    
 
Table 1: Some Engineering Properties of Coconut Shell. 

s/n Property Minimum 
Value 

Mean 
Value 

Maximum 
Value 

Standard 
Deviation 

1 Major Diameter (cm) 10.1400 11.21 13.2300 0.8440 
2 Minor Diameter (cm) 8.7500 9.78 10.7000 0.5160 
3 Intermediate Diameter (cm) 8.5500 9.42 10.1000 0.7440 
4 Sphericity 0.7799 0.9046 0.9895 0.0582 
5. Roundness 0.4573 0.6581 0.8231 0.8731 
6. Surface Area (mm)2 4621.0000 5739 5986.0000 411.9200 
7. Volume (cm)3 435.0000 578 706.0000 92.6300 
8. Density (g/cm3) 0.7960 1.043 1.3060 0.2130 
9. Coefficient of friction on Glass 0.3140 0.531 0.4739 0.0960 
10. Coeff. of friction on plywood 0.3140 0.558 0.4739 0.0370 
11. Coeff. of friction on galvanised Steel 0.3451 0.431 0.5747 0.0410 
12. Modulus of Elasticity 7.0700 14.052 21.0330 5.5320 
13. Load at peak (N) 2357.6000 4789.3 7221.0000 1624.9000 
14. Load at yield (N) 1654.1000 3589.5 5525.0000 1772.9000 
15. Deformation at peak (mm) 3.9150 6.780 11.6460 2.9340 
16. Deformation (mm) 2.1370 4.266 4.2660 14.3390 
17. Energy at peak (N/mm2) 4.9610 18.404 42.1560 14.3390 
18 Energy at yield (Nm) 1.4540 8.560 15.0040 6.4060 
19 Stress at peak (N/mm2) 0.3865 0.5793 0.9810 0.1604 
20 Strain at peak (%) 3.1530 5.912 10.7410 2.8810 
21 Stress at Yield (N/mm2) 0.1789 0.4487 0.6302 0.2100 
22 Strain at Yield (%) 1.9709 3.5075 4.5151 1.1949 
23 Young Modulus (N/mm2) 10.7290 16.269 20.6250 4.2050 
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Table 2: Compression Test for Coconut Shell on Intermediate axis 

TEST 
NO 

Height 
Mm 

Diameter 
Mm 

Load 
@ 

Peak  
N 

Def @ 
Peak 
mm 

Energy 
@ 

Peak 
Nm 

Load 
@ 

Yield 
N 

Def. 
@ 

Yield 
mm 

Energy 
@ 

Yield 
Nm  

Young 
Modulus 
N/mm2 

1. 106.00 102.00 2357.6   4.8260          5.242 - - -   7.070 
2. 90.85 113.50 4593.3 4.5980 10.053 2184.4 2.2570   2.093         11.983 
3. 104.5 103.00 6454.0         5.5960 14.898 5525.0 4.8780               10.601        21.033 
4.      10.80 101.00          2862.2 4.6400 6.350      - - -   8.078 
5. 100.60 105.00           3550.8         4.4680 7.612 2825.2 3.5700   4.767        13.234 
Min.         90.85 101.00 2357.6 4.4680 5.242   2184.4 2.2570   2.090           7.070 
Mean 100.55 104.90           3963.6 4.8240 8.831 3511.5 3.5683   5.820         12.260 
Max 106.00            113.50 6454.0            5.5960          14.898 5525.0          4.8780                10.601         21.033      
S.D.           5.90 5.03 1624.9                   0.4506  3.835 1772.9 1.3105                  4.351           5.532      

 
Table 3 Compression Test for coconut shell on major axis 

TEST 
NO 

Height 
Mm 

Diameter 
Mm 

Load 
@ 

Peak 
N 

Def @ 
Peak 
mm 

Energy 
@ 

Peak 
Nm 

Load 
@ 

Yield 
N 

Def. 
@ 

Yield 
mm 

Energy 
@ 

Yield 
Nm  

Young 
Modulus 
N/mm2 

1. 108.43 108.50 7221.0 11.646 42.156 1654.1 2.1370 1.454 14.543 
2. 105.03 102.26 3676.2 5.859 10120 - - - 10.729 
3. 122.70 100.32 4987.4 5.494 15.532 4981.4 5.3880 15.004 20.625 
4.      124.18 99.78 3022.6 3.915 4.961 3022.6 3.9150 4.961 15.092 
5. 124.56 98.63 4967.4 6.986 19.252 4578.3 5.6240 12.822 20.555 
Min.         105.00 98.63 3022.6 3.915 4.961 1654.1 2.1370 1.454 10.729 
Mean 116.98 101.90 4774.9 6.780 18.404 3559.1 4.2660 8.560 16.269 
Max 124.56 108.50 7221.0 11.646 42.156 4981.4 5.6240 15.044 20.625 
S.D.           9.46 3.92 1608.1 2.934 14.339 1525.2 1.6082 6.406 4.205 
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Conclusions 
The various investigations on some engineering properties of coconut seed revealed the 
following; 

i. That the major diameter of the seeds is between 13.23 cm to 10.14 cm and the mean 
value is 11.21 cm. The intermediate diameter of the seeds range between 10.10 cm to 
8.55 cm and the mean value is 9.42 cm, the minor diameter of the seeds ranges 
between 10.70 cm to 8.75 cm and the mean value is 9.78 cm. 

ii. The shape of the coconut seed was found to be approximately described as that of a 
spheroid. 

iii. The average density of the seed was found to be about 1.043 g/cm3 
iv. The average volume of the seed was found to be 578 cm3 
v. Good and mature seeds have their surface area increasing as weight increases. 

Average surface area of the seed was found to be 5739 mm2. 
vi. The coefficient of friction for glass, plywood and galvanized steel was found to be 0.531, 

0.558 and 0.431 respectively. Therefore, the hopper need not built steeply because of 
the relatively low coefficient of friction. 

vii.  The compression test showed that the load, deformation and energy absorbed at yield 
were 3589.5 N, 4.266 mm and 8.560 Nm respectively. Load, deformation and energy 
absorbed at peak are 4789.3 N, 6.780 mm and 18.404 Nm respectively.  All these are 
the test carried out on both the major and intermediate axis and the mean values given. 
The values of load, deformation and energy at peak for the major axis were higher than 
those at the intermediate axis. Also, the values load, deformation and energy at yield for 
the major axis were higher than those at the intermediate axis which shows that the 
greater amount of energy will be required to crack the coconut from the major axis than 
the intermediate axis. Also, the coconut seed will yield faster when cracked from the 
intermediate axis than the major axis, since it gives a lower values of load, deformation 
and energy. 

viii. The values of the stress and strain at peak and yield for the intermediate axis ranges 
from 0.4569 N/mm2 to 4.8% and 0.4018 N/mm2 to 3.6% respectively while that of major 
axis ranges from 0.5793 N/mm2 to 5.9% and 0.4487 N/mm2 and 3.5% respectively.  
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ix. The mean Young Modulus for the major axis was 16.269 N/mm2 and 12.280 N/mm2 for 
the intermediate axis. This further shows that more force and thus energy is required to 
crack the coconut through the major axis than the intermediate axis  
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