
155  africanscholarpublications@gmail.com                                                                               

 2022 

 

 

 

 

 

 

Determination of Some Selected Engineering 

Properties of Tamarind (Tamarindus Indica) Seed 

 

Sanusi, B.A1., Salaudeen, S2., Olanite, W.A3., 

Ariwoola, L.A1. And Azeez, M.O2. 
1Department of Agricultural & Bio-Environmental Engineering, The Oke-Ogun 

Polytechnic Saki2Department of Civil Engineering, The Oke-Ogun Polytechnic 

Saki. 3Department of Mechanical Engineering, The Oke-Ogun Polytechnic 

Saki, 

 

 

Abstract  
An experiment was conducted to investigate some selected engineering 

properties of tamarind seed such as length, width, thickness, arithmetic and 

geometric diameters, surface area, true and true densities, sphericity, angle of 

repose and coefficient of static friction.  An average values of 9.23 mm, 6.56 mm 

and 3.29 mm with coefficient of variation of 10.29, 7.24 and 5.87% were 

determined for length, width and thickness of tamarind seeds. The arithmetic 

mean diameter, geometric mean diameter and sphericity values of 6.14, 5.46 and 

92.05% with CV values of 7.89, 8.10 and7.6% were recorded at 12.90% 

moisture content. The mean surface area, and volume of 84.25 mm2 and 59.36 

mm3were obtained for tamarind seed. Porosity and angle of repose had the 

values of 36.90 and 310, respectively. Stainless steel had the lowest coefficient 

of static friction with an average value of 0.35, followed by galvanized with 

average value of 0.39 while the highest value of 0.42 was observed on plywood 

surface for tamarind seed. 
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Introduction 
Tamarindus indica L, (Tamarind) a 

member of the family Leguminosae 

(Fabaceae), is native to dry Savanna of 

tropical Africa (Mohamed et al., 2015). 

It is an important woody perennial 

fruity species known for its adaptability 

to variable climatic and edaphic 

conditions and for fruit production 

(Yusuf et al., 2007). The fruit is oval in 

shape with brown hard inedible shells 

and length of about 3.8 cm long. The 

fruits hangs in bunches of more than a 

dozen on the tree. The major areas of 

production of tamarind are Asian 

countries like India, Bangladesh, Sri 

Lanka, Thailand, Indonesia and some 

other African and American countries. 

The tamarind fruit contains about 55 per 

cent pulp, 34 per cent seeds and 11 per 

cent shell and fiber in a pod. The seeds 

are very hard, shiny, reddish or purplish 

brown in colour (El-Siddig et al., 2006). 

Tamarind is cultivated mainly for the 

pulp in the fruit, which is used to 

prepare beverages and to flavor 

confectionaries, curries and sauces. 

Apart from pulp, tamarind seeds are 

also used to some extent. In Nigeria 

velvet tamarind is referred to as Awin 

among the Yorubas, Icheku in Igbo and 

Tsamiyarkurm in Hausa (Davis and 

Zibokere, 2016). The bark and leaves 

have medicinal properties and are used 

against several diseases.  

It has been reported that some women 

chewed the fruits to improve lactation 

and check genital infection in Nigeria 

(Akinpelu et al., 2011). According to 

the findings of Arogba et al. (2006), the 

pulp is edible and sweet, low levels of 

ascorbic acid and tannins. The fruit has 

been ranked as one of good source of 

plant protein and minerals (Arogba et 

al., 2006). Some researchers reported 

velvet tamarind is used as chewing stick 

as an indigenous tooth brush among 

Nigerian populace (Davis, 2017). 

Velvet tamarind leaves and stem bark 

have been reportedly used for the 

treatment of infections such as 

diarrhoea, severe cough, bronchitis, 

wound, stomach aches, malaria fever, 

jaundice, antiulcer and haemorrhoids 

(Bero et al., 2009)  

The design and manufacturing of 

equipment for post-harvest processes of 

velvet tamarind fruit such as cleaning, 

grading, sorting, cleaning, handling, 

transportation, separation, drying, 

aeration, juice and oil extraction 

processes, packaging and storing 

requires information on its physical and 

mechanical properties (Manuwa and 

Afuye, 2004).  The knowledge of fruit 

volume, shape and density are 

imperative for the design of fluid 

velocities for transportation (Koocheki 

et al., 2007). Porosity is significant in 

determine the resistance to air flow 

through bulk solids. Information on 

frictional properties of fruits and seeds 

are important for design of handling and 
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storage equipment (Koocheki et al., 2007). Literature reviewed showed no detailed 

study on the engineering properties of velvet tamarind seeds has been investigated.  

 

Materials and Methods 

Source of Materials and Sample preparation 

Tamarind seeds were obtained from wild bush at Igbo-Ologun Village, Saki in Oyo 

North Senatorial District, Oyo State, Nigeria. Samples of tamarind seeds for the 

laboratory experiment were prepared according to the methods described by Yusuf 

et al. (2007). Whole seeds of tamarind were sun dried, and the immature and 

damaged seeds were discarded. The sample was packed inside polythene bags and 

air sealed. The seeds were then put inside the freezer at -5oC to assume maintain 

expected moisture content. The moisture content of the tamarind seeds was 

determined by gravimetric or oven method as described by ASAE (2003) was 

found to be 12.9% dry basis.  

 

Determination of Physical Properties of Tamarind Seeds  

The physical properties determined include size and shape, arithmetic mean, 

geometric mean, surface area and volume. All the physical properties were 

determined at moisture content 12.90% d.b. For 100 seeds, (a) major (b) 

intermediate, and (c) minor diameters were measured using a vernier caliper model 

CD (5cp Mitutoyo England), having a resolution of 0.01 mm.  

 

Arithmetic mean 

The arithmetic mean diameter of the seed was determined using the relationship 

proposed by Mohsenin (1970) 

           (𝐷𝑎) =  (
𝑎+𝑏+𝑐

3
)         

 1 

Where:  

 𝐷𝑎 = Arithmetic mean diameter (mm) 

a = major diameter (mm) 

b = intermediate (mm) 

c = minor diameter (mm) 

 

Geometric mean diameter 

The geometric mean diameter (GMD) was determined from the major (a), 

intermediate (b) and minor (c) diameters using the formula: 
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𝐺𝑀𝐷 =  (𝑎𝑏𝑐)1/3        2 

Where: 

GDM = Geometric mean diameter (mm) 

 

Sphericity 

The sphericity of the seed was determined by using the following relationship 

(Mohsenin, 1970): 

𝑆 =  
𝐷𝑔

𝑎
  𝑥 100         

 3 

Where: 

S = Sphericity (degree)       

   

Surface area 

The surface area of tamarind seed was determined by using equation 4 described 

by Altuntas et al. (2005) 

𝑆 =  𝜋 (𝐷𝑔)             

  4 

Where S = Surface Area (mm2) 

 

Volume 

The unit volume of 100 individual seeds was determined form values of a, b, and 

c using the formula proposed by Olatunji et al. (2011): 

𝑉 =  
𝜋𝑎𝑏𝑐

6
            

 5 

Where V = volume (mm3) 

 

Determination of gravimetric Properties of Tamarind Seed 

The selected gravimetric properties determined are porosity, true and bulk densities 

of the tamarind seed and these properties were determined at 12.90% d.b moisture 

content using the method described by Mohsenin (1970).    

 

Porosity 

The porosity of the bulk seed was computed from the values of the true density and 

bulk density of the seeds by using the relationship given by Mohsenin (1970). 

𝑃𝑓 =  (1 − 
𝜌𝑏

𝜌𝑡
)                                                                                                       6 
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Where: Pf = Porosity in %, 𝜌𝑏 = Bulk density, kg/m3 and 𝜌𝑡 = true density, kg/m3 

 

True density 

The true density of the seed was determined using water displacement method. 

Hundred randomly selected tamarind seeds were selected and lowered into a 

graduated measuring cylinder 100 ml of water. The increased in volume was noted, 

the ratio of the mass (g) of the seed to the volume (mm3) of water displaced due to 

the immersed seed gave the density of the seed (Altuntas et al., 2005). 

𝜌𝑡 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑘𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑(𝑚𝑚3)
       

 7 

 

Bulk density 

A cylindrical container of known mass and volume was filled with tamarind seed 

and weighed. The mass of the tamarind seed was calculated by the difference 

between the weight of the empty cylinder and the mass after it was filled with 

tamarind seeds. The ratio of the mass of the seeds to the volume of the cylindrical 

container gives the bulk density (Amin et al., 2004) and the bulk density was 

calculated as: 

𝜌𝑏 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑
         8  

 

Frictional Properties 

Angle of repose 

A regular cylindrical container opened at both ends and placed on a galvanized 

surface area was filled with tamarind seed to the brim. Afterwards the container 

was lifted gradually and finally emptied to form a conical heap with the seeds. The 

tangent of the angle of inclination to the horizontal was calculated from the height 

(h) and base radius ® of the formed heap (Amin et al., 2004). 

𝜃 =  𝑡𝑎𝑛−1(
ℎ

𝑟
)            9 

      

Where; 𝜃  = the angle of repose, h = height of the pile (mm), r = radius of the pile  

 

Coefficient of friction 

The coefficient of static friction of tamarind seeds was determined on three 

different surfaces namely galvanized, plywood and stainless. The seeds were 

placed on galvanized surface of an inclined apparatus. The plane portion of the 

apparatus was raised and the angle of inclination to the horizontal, as soon as the 
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seeds began to slide, was measured from a protractor attached to the inclined plane. 

The coefficient of friction was calculated from the following equation: 

 𝜇 = 𝑡𝑎𝑛𝛼         10 

 

Where 𝜇 = the coefficient of friction and 𝛼 = the angle of tilting degree. 

 

RESULTS AND DISCUSIONS 

Physical Properties of Tamarind 

The results of some physical properties of tamarind seed such as length, width, 

thickness, mass unit, arithmetic and geometric mean diameter, sphericity, volume, 

1000 unit mass and surface area for tamarind seeds investigated at moisture content 

9.21 % dry basis for are presented in Table 1. The mean length, width and thickness 

of tamarind seeds were 9.23 mm, 6.56 mm and 3.29 mm with coefficient of 

variation of 10.29, 7.24 and 5.87% respectively. This result is similar to the 

findings of Davies and Mohammed (2014) with mean length, width and thickness 

of soursop seeds values of 13.25±0.65 mm, 8.97±0.87 mm and 5.63±0.12 mm 

respectively. The average length, width and thickness of simarouba fruits reported 

by Dash et al. (2008) were 21.26 mm, 13.81 mm and 11.03 mm respectively. 

The arithmetic and geometric mean diameter of tamarind seeds were 6.14 mm and 

5.46 mm with correlation variation of 7.89% and 8.10%. The geometric and 

arithmetic average diameters of palm fruit ranged between 21.36 and 29.23 mm 

and 20.80 and 27.80 mm has been reported by Davies (2012). The average surface 

area of tamarind seeds determined was 84.25 mm2 with correlation variation of 

13.7%. Davies and Mohammed (2014) revealed that the surface area of Soursop 

seeds ranged from 195.10±7.73 mm² to 385.05±4.75 mm². The volume of tamarind 

seeds determined was 59.36 mm3 with correlation variation of 13.5%. Volume of 

any seeds or fruits can be used evaluate the diffusion coefficient of shrinking 

systems.  

 

Table 1: Physical Properties of Selected Tamarind Seed  

Properties Sample 

Number 

Mean Coefficient of 

variation 

Standard 

deviation 

Length (mm) 100 9.23 10.29 0.45 

Width (mm) 100 6.56 7.24 0.62 

Thickness (mm) 100 3.29 5.87 0.53 

Arithmetic mean diameter (mm) 100 6.14 7.89 0.31 

Geometric mean diameter (mm) 100 5.46 8.10 0.83 

Sphericity (%) 100 92.05 7.6 0.80 
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Surface area (mm2) 100 84.25 13.7 0.62 

Volume (mm3) 100 59.36 1.63 1.63 

 

Gravimetric Properties 

The experimental results of gravimetric properties of tamarind seed determined 

such as porosity, true and bulk densities are presented in Table 2. The porosity, true 

density and bulk density values of 36.90%, 1090 and 687.82 (kg/m3) were 

recorded; respectively. The corresponded average values of true and bulk densities 

for hog plum fruits and nuts were 1023.51, 652.90, 431.48 and 837.70 kgm-3 has 

been reported by Davies and Yusuf (2017). 

 

Table 2: Gravimetric Properties of Tamarind  

Properties Mean value 

Porosity (%) 36.90 

True density (kg/m3) 1090.00 

Bulk density (kg/m3) 687.82 

 

Frictional Properties 

The experimental result of frictional properties such as angle of repose and 

coefficient of static friction on three different surfaces is presented in Table 3. The 

mean angle of repose value of 310 was obtained for Tamarind seed while the 

coefficient of static friction recorded were 0.35, 0.42 and 0.390 for stainless sheet, 

plywood and galvanized surface, respectively. Information on angle of repose and 

coefficient of static friction of biomaterial is important in the design of pneumatic 

conveying systems, screw conveyors as well as hoppers. This result is similar to 

the findings of Davis and Zibokere (2011) who reported an average value of 340 

for gbafilo fruit. The static coefficient of friction and angle of repose are imperative 

for the design of conveyor and hoppers for planting of seeds machines. 

 

Table 3: Frictional Properties of Tamarind Seed 

Properties Mean value  

Angle of repose(0) 31 

Coefficient of static friction  

Stainless steel 0.35 

Plywood surface 0.42 

Galvanized sheet 0.39 

 

Conclusions 
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Determination of some engineering properties of tamarind seeds has been 

determined and the following points were drawn from the study: 

i. The mean major, intermediate and minor diameter of tamarind seeds 

were 9.23 mm, 6.56 mm and 3.29 mm with coefficient of variation of 

10.29, 7.24 and 5.8% respectively. The arithmetic mean diameter and 

geometric mean diameter tamarind seed were 6.14 and 5.46 with CV of 

7.89% and 8.10%. The Sphericity, surface area, and volume of tamarind 

seed determined were 92.05, 73.0%, 84.25 mm2 and 59.36 mm3, 

respectively. 

ii. The average porosity, true and bulk densities obtained were 36.90%, 

1090 and 687.82 (kg/m3) 

iii. The mean angle of repose of 310 was recorded while the coefficient of 

static friction of 0.35, 0.42 and 0.390 were recorded on stainless, 

plywood and galvanized surface, respectively. 
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