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Abstract 

The flow properties of 

African Elemi 

(Canarium 

schweinfurthii) was 

determined based on 

three dominant sizes 

which are small, 

medium and large size.  

This research was 

carried out to provide 

data that would be 

used in designing 

equipment for 

processing and 

handling this fruit. The 

properties determined 

were angle of repose 

and coefficient of 

friction.  Angle of 

repose box was used 

for the three sizes and 
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Introduction  
African Elemi 

(Canarium 

schweinfurthii), of 

Burseraceae family, is 

a perennial plant 

which is widely 

distributed in the 

East, Central and 

West Africa. In 

Nigeria, the plant is 

found in parts of 

Middle-Belt, South-

East and South-West 

regions of the 

country. Fruiting 

periods are different 

in these regions; 

therefore, availability 

of the fruit is possible 

throughout the year. 

The local names for 

the plant as earlier 

stated include 

‘atili’(Hausa), ‘ako’ 

(Yoruba), ‘ube 

mgba’(Igbo), 

and‘oda’,(Idoma) 

(Orwa et al. 2009). 

In Nigeria, it is mostly 

grown in the 

southeast part of the  
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three different 

surfaces which were 

plywood, plastic and 

galvanized metal sheet 

were used in the tilting 

box for coefficient of 

friction.  These surface 

were used because 

they are mostly used in 

food processing 

industries for design of 

equipment. The result 

showed that, the 

coefficient of friction 

was found to increase 

on all the surfaces with 

increase in size, for 

plywood it was found 

to be 132.62, 132.33 

and141.33 for small, 

medium and large size 

respectively, while for 

plastic it was found to 

be 135.33, 144.67 and 

145.33; and 135.33, 

135.33 and 142.33 for 

galvanized metal 

sheet. The angle of 

repose was found to 

reduce with increase 

in size with values of 

8.23, 6.57 and 7.53 for 

the small, medium and 

large size respectively. 

The analysis of 

variance ANOVA, was 

found to be significant 

for coefficient of 

friction on all the 

surfaces and for angle 

repose at 5% level of 

significance. 

 

ountry. The tree produces edible fruits that contain 20.43% crude 

protein, 23% crude fat, 0.75% crude fiber, 20.10% carbohydrate, 

11.8% cellulose and 3.25% ash. The fruits are eaten fresh or boiled. 

Edou et al. (2012) reported that the fruit pulp and kernel contain about 

30% to 50% oil, which are used industrially for the manufacturing of 

shampoo and waxes and, pharmaceutically to produce drugs for treatment 

of wounds and microbial infections. 

Olawale (2012) reported that the extraction of oils from elemi pulp and 
kernel is not being carried out at commercial level at present, despite the 
availability of the fruit in large quantity in Nigeria and elsewhere in Sub-
Saharan Africa. This situation would improve if data needed for the design 
and operation of the oils’ extraction plants were available. In handling and 
processing agricultural products, some fundamental information about 
their characteristics is essentially needed. 
This information can be obtained through the knowledge of engineering 
properties of the products, which constitutes essential engineering data in 
designing modern technology for their production, 
handling, processing, storage, preservation, quality evaluation, 
distribution and marketing and utilization. Engineering properties of 
agricultural product is profitably used for planting, harvesting, drying and 
storage. It improves working efficiency of processing equipment, reduces 
losses and waste of constructional materials, and proper application of 
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these properties of elemi. It also saves time and money, offers ways in 
which products can be utilized effectively and helps to maintain quality 
even in adverse storage and handling conditions.   
Determination of flow (angle of repose and coefficient of friction) 
properties of agricultural products is very essential in the design and 
construction of machine for handling and storage of canarium 
schweinfurthii (African Elemi). At present no significant equipment has 
been developed for the post-harvest processing of canarium 
schweinfurthii.  
 
Angle of repose  
The angle of repose is the angle with the horizontal at which the material 
will stand when piled.  It is an indicator of a material’s flowability.  
According to Irtwange and Igbeka (2002a), angle of repose has practical 
applications in design of mechanization and agricultural products handling 
systems so as to minimize mechanical damage to the crop during on – the 
- farm and off – the – farm handling, processing and storage.  The lower the 
angle of repose, the easier flowing is the material.  This is useful in the 
design of storage bins and silos (Boumans, 1985).  The angle of repose of 
acorn seeds was determined by Mahbobeh et al. (2011) using a topless and 
bottomless cylinder of 30cm diameter and 50 cm height. The cylinder was 
placed at the center of a raised plate having a diameter of 70 cm and was 
filled with the material. The cylinder was raised slowly until it formed a 
cone on the circular plate. Equation 1 below was used in calculating the 
angle of repose 

Tan   = 
ℎ

𝑟
 - -- - - - - - - (1) 

Where, 
 = the angle of repose 
h =  height of the pile (mm) and 
d =  radius of the pile (mm). 
 
Coefficient of friction. 
Static and sliding coefficient of friction of grains, storage materials and 
some other farm products on metals, wood and other materials are needed 
by design engineers for rational design and prediction of motion of the 
material in harvesting and handling equipment.  Coefficient of friction is 
also important in determining the pressure of grain and silage against bin 
walls and silos (Mohsenin, 1986).  
Faleye and Atere (2009) investigated static coefficient of friction of some 
cowpea varieties with respect to two structural surfaces; plywood and 
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galvanized steel sheet, using the inclined plane method as described by 
Dutta et al., (1988).  The table was gently tilted and the angle of inclination 
to the horizontal at which the material started to slide was read off the 
graduated scale.  Equation 2 below was used in computing it as used by 
(Dash et al., 2008)   
 = tan   - - - - - - - - (2) 
Where; 
 = the coefficient of friction and 
 = the angle of tilting degree. 
 
Objective of the Research 
The objective of this research is to determine some selected flow 
properties of African Elemi (canarium schweinfurthii) which include angle 
of repose and coefficient of friction on three different surfaces based on the 
three categorized sizes. 
 
Materials and Methods 
Test Materials 
Africa elemi (canarium schweinfurthii) which was purchased from local 
market in Jos and transported to the post-harvest laboratory federal 
polytechnic, Bauchi. The samples of the fruits were selected randomly and 
graded into the required sizes, small, medium and large after cleaning. 
They were stored at room temperature. 
 
Determination of Angle of repose.  
Angle of repose was measured by using an open ended cylinder of diameter 
200mm and height 100mm. The cylinder was placed at the center of a 
circular plate of 200mm, and then filled with canarium schweinfurthii fruit. 
The cylinder is slowly lifted until the fruit form a cone on the circular plate. 
The radius and the height of the cone were then measured and recorded 
using meter rule and the angle of repose is calculated. Equation (1) was 
used to calculate the angle of repose. 
 
Determination of Coefficient of friction 
Coefficient of static friction is the tangent of the angle of inclination at 
which a material begins to slide on the surface. The Coefficients of static 
friction of seeds on the three different surfaces which are; plywood, 
galvanized metal sheet, and plastic were determined. The fruits were 
placed on the surface of an inclined apparatus. 
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The plane portion of the apparatus was raised. The angle of inclination to 
the horizontal, as soon as the fruits began to slide, was measured from a 
protractor attached to the inclined plane. This was replicated five times 
using three different surfaces (plywood, plastic, and galvanized metal 
steel). These surfaces were used because they are common materials used 
for grain handling processes (Juana et al., 2008).    
 
Experimental Design and Statistical Analysis 
The experimental design was a complete randomized design CRD, with 
three sizes of African Elemi on three different surfaces replicated five 
times. Analysis of variance ANOVA, was carried out to determine the 
significance of the treatment. 
 
Results and Discussion 
The result for the coefficient of static friction and angle of repose of canarium 
schweinfurthii fruits on plywood, plastic, and galvanized metal sheet are shown 
in the table 1 below, 
The coefficient of static friction for plastic recorded the highest value, followed 
by the galvanized metal sheet and the lowest value was recorded to be the 
plywood surface. That is, for the small, medium, and large. Hence, increase in the 
coefficient of static friction was due to smoother surface of the plastic when 
compared to plywood and lastly the galvanized metal sheet. The increase in the 
coefficient of static friction was due to the weight and size of the canarium 
schweinfurthii fruits which reduces its ability to slide. The fleshy characteristic 
of the canarium schweinfurthii also increases the coefficient of static frictional 
property of the fruit due to the slide sticky nature of the fruit. 
The angles of repose were 8.23, 6.57 and 7.530 small, medium and large size 
respectively.  This was observed to reduce with increase in size. Which is an 
important parameter in determining flowabilty of the materials in the design of 
machine for handling canarium schweinfurthii fruits 
 
Table 4.1. Coefficient of static friction of canarium schweinfurthii fruit 
(African elemi) in degree (0) and Angle of Repose 
+Each value is a mean of 5 replications of test samples 
Coefficient of friction                            Small                        Medium                      Large 

Plastic                                                 135.33+(1.58)SD       144.67(1.53)           
145.33(1.53)  
  Plywood                                           132.62(3.21)            132.33(0.58)           
141.33(2.08) 
Galvanized metal sheeet                       135.33(1.58)            135.33(1.16)           
142.33(2.08) 
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Angle of repose(0)                             8.23(0.21)                 6.57(0.12)            
7.53(0.35) 

Values in parenthesis are standard deviation.  
 
Conclusion 
The following conclusion were drawn from the results of this study, the fruits 
were classified into small, medium and large size.  The coefficient of friction was 
found to increase on all the surfaces with increase in size, for plywood it was 
found to be 132.62, 132.33 and141.33 for small, medium and large size 
respectively, while for plastic it was found to be 135.33, 144.67 and 145.33; and 
135.33, 135.33 and 142.33 for galvanized metal sheet. 
The angle of repose was found to reduce with increase in size with values of 8.23,  
6.57 and 7.53 for the small, medium and large size respectively. 
The analysis of variance ANOVA, was found to be significant for coefficient of 
friction on all the surfaces and for angle repose at 5% level of significance.  
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