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ABSTRACT

The knowledge about engineering properties of coffee beans is important in case of design of machine/equipment, 
developing processes and handling procedures, packaging practices and transporting the processed powders. This 
work primarily focused on evaluating engineering properties of Roasted, Unroasted coffee beans and Coffee powder. 
These engineering properties were listed by researchers as size, dynamic angle of repose, coefficient of static friction, 
bulk and true densities, and porosity. The geometrical statistical data collected for these coffee seeds and beans in 
terms of their average length, width and thickness are 8.57 mm, 6.91 mm and 4.39 mm for unroasted and 11.43 mm, 
8.61 mm, 5.66 mm for roasted coffee beans. Bulk density, True density, Angle of repose, Specific gravity, Porosity, 
Moisture content are calculated for Unroasted, Roasted coffee seeds and Coffee powder. Porous density, Compact 
density, Compressibility index, Hauser ratio, Sieve analysis, Static coefficient of friction is calculated for coffee 
powder on Glass, Paper board, Thermocol. There is no doubt that the work done here definitely will aid optimal 
design of machines required for harvesting, processing and handling of coffee seeds and beans for good quality 
products at high efficiency.
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INTRODUCTION 

Advanced technologies of procession, transportation and storage 
of agricultural production as well as planning of new production 
operations and designing of new machines and tools are 
impossible without studies of physical and mechanical properties 
of agricultural materials serving the functions of structural and 
technological parameters of machines and equipment. Before a cup 
of coffee is made, freshly harvested coffee berries have to undergo 
various processes in the post-harvest operation. Then, the coffee 
beans will undergo roasting, grinding, packing and transporting 
processes which require knowledge of basic physical properties data 
of the coffee beans.

Many researches have been carried out on the physical and 
engineering properties of the agricultural products. The 
information on size, density, and crushing strength are required 
for the development of the grading system for barriers and for the 
pulpers. The physical properties such as size, friction angle, angle 
of repose, crushing strength and bulk density are important in the 
design of the handling system, grading and hulling [1,2].

Many researchers agreed that knowledge of the physical and 
engineering properties of agricultural products are important in 
the design and analysis of machines for agricultural processing 
operations. The important properties they recommended include: 
size, shape, bulk and true densities, coefficients of friction, angle 
of repose, geometric mean diameter, sphericity, projected area, 
terminal velocity and cracking force. Some of these researchers 
also reported parameters width, thickness, volume, surface area, 
geometric mean diameter and sphericity. They reported the 
regression equation for the length of pine nut with respect to their 
dimensions mentioned above. Some of them also investigated 
some of these properties at different moisture level but reported 
that some of these properties of coffee such as length, width, 
thickness, were not affected by moisture content. This work intends 
to investigate the following properties of coffee seeds and beans: 
size (length, width and thickness), geometric mean diameter, and 
sphericity, angle of repose, bulk and true densities, porosity, co-
efficient of friction [3-8].

The present study was thus planned and carried out in order to 
fill the knowledge gap on engineering properties of unroasted, 
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roasted and coffee powder. The study on the flow characteristics of 
engineering properties will be useful to have control over processing 
parameter that lead to improved quality and output of the coffee 
beans. The objectives are to: investigate the engineering properties 
of coffee beans and coffee powder. Pictorial views of Micrometer, 
oven for determination of moisture content, roasted beans and 
unroasted beans.

MATERIALS AND METHODS 

Coffee seeds used for all the experiments were obtained from fresh 
and ripe berries. The normal wet processing method of sorting, 
cleaning, and drying was followed to remove impurities. 

Sample preparation

Coffee beans will be roasted separately using an oven with direct 
heating. Roasting coffee transforms the chemical and physical 
properties of green coffee beans. When roasted; the green coffee 
bean expands to nearly double its original size, changing in color 
and density. As the bean absorbs heat it shifts to yellow in color 
then to light cinnamon brown and then to rich dark brown color 
coffee can be roasted by grinding coffee bean.

Moisture content is calculated by taking empty sample and then 
weighted. Now coffee powder is added and weight is measured 
then kept at temperature 1000 in oven and weights are measured 
at regular interval of time, three readings are noted. Likewise for 
roasted and unroasted coffee seeds readings are taken. Percentage 
of moisture content is calculated using Equation (1) [9].

% of moisture content in sample  

100 (1)A B
B
−

×

A is weight of wet sample 

B is weight of dry sample

Determination of engineering properties 

Coffee beans are selected and for each roasted and unroasted 
beans the length (X), width (Y), thickness (Z), was measured using 
micrometer of 0.01 mm accuracy at each moisture level X, Y, Z are 
expressed in mm. 

Equivalent seed diameter (Di) 

The ratio of other dimensions to the length were Equivalent 
diameter is used as a general term for irregular shaped objects such 
as oblong, spherical and conical.  Equivalent diameter gives us an 
idea about the geometry of the object. Fifty seeds and beans each 
were selected at random from a sample and their major diameter 
(length), intermediate diameter (width) and minor diameter 
(thickness) were measured. A Micrometer is used for measurement 
.The geometric mean diameter (Di) expressed in mm and calculated 
using equation (2) Mohsenin.

3 (2)Di XYZ=   
    

Sphericity (Ф)

Sphericity (Ф) is ratio of surface area of the sphere that has volume 

equal to the total volume of the solid to total surface area of the 
solid. In other words, it is measure of the degree by which an object 
is spherical in shape or it is measure of compactness of an object. It 
is expressed in fraction were calculated using the equation (3) [3-4]

3

(3)XYZ
X

φ =
 

Surface area (Sa)

The surface area of a solid object is measure of total area that 
surface of the object occupies, given formula for surface area as 
Equation (4).Surface area is expressed in sqmm. Di is Equivalent 
seed diameter. 

2 (4)Sa Diπ=    
    

Seed volume (v)

Seed volume is the total space occupied by given unit mass of coffee 
seeds. Volume can be calculated using Equation (5) and (6) Seed 
volume is expressed in cubic mm [10].

2 23.14 (5)
62

L CV
L C

=
−   
0.5 (6)C XY=   

Surface area and volume equations are given by other researchers 
[11,12]

Seed mass

Coffee seeds are measured by taking 1000 seeds were selected 
randomly and their mass was measured using an electronic balance 
having accuracy up to 0.001 g and seed mass is expressed in gram 
[13]

Bulk density (ρb) 

Bulk density is defined as mass of particulate matter to the total 
space or volume it occupies. It is denoted by ρb and expressed in 
kilogram per cubic meter. Bulk density of coffee beans both roasted 
and unroasted seeds was measured by filling a cylinder container. 
Cylinder diameter and height is measured, from which the volume 
of the cylinder is calculated, mass of the seeds filled in cylinder is 
measured by electric balance. Now bulk density is calculated using 
equation (7) [3]

  
(7)Masspb

Volume
=

  

True density (ρt)

True density is the ratio of mass of particulate matter to the total 
space or volume occupied by that matter excluding void spaces 
particulate matter. True density is denoted by the symbol ‘ρt’ and 
expressed in kilogram per cubic. True density at various mc levels 
was determined by adopting liquid displacement method where 
toluene was used as liquid. Mass of coffee seeds was taken and 
immersed in toluene and the volume displaced was noted. True 
density is calculated using equation (8) Pome-ramz and Meloan
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(8)Masspb
Volume

=
			   

Porosity (ϴ)

Porosity is the degree or measure of the void or empty space of the 
volume within the substance over the total volume occupied by the 
substance. Porosity is shown by the symbol ϴ.  Porosity expressed in 
percentage. Generally it varies from 0 to 1 (in fraction) and 0 to 100 
(in percent). Porosity was calculated by the standard relationship of 
true and bulk density using equation (9). 

1 (9)b

t

p
p

θ
 

= −  
 

Angle of repose

Sliding or slippery particulate materials are kept on a flat surface, 
they form a heap and in this condition they form an angle with the 
horizontal and slanting plane of the material shown by symbol ‘α’ 
and is expressed in ‘degrees’. Angle of repose varies from 0 to 90 
degrees. Angle of repose was determined using a ply box provided 
with a removal front panel. The box was filled with seed sample, 
front panel was quickly removed so that seeds could flow and 
assume a natural slope. The angle of repose was calculated from the 
measurement of depth of free surface of the sample at the center 
and base diameter of the heap formed outside the container and 
with the help of following equation (10).

		
(10)r

h
α =

Where h is the height of the heap and r is the radius formed by 
the heap. 

Static coefficient of friction

Static coefficient of friction simply indicates the force of friction 
between two bodies under stationary condition.  It is represented 
by µ and it does not have any dimensions as it is simply a ratio of 
two qualities and is shown in fractional values. It varies from 0 
to 1. Static coefficient of friction of coffee seeds was determined 
over three different surfaces those are made up of glass (PBC), 
thermocol, paper board by using equation (11) [14]

		 tan tan (11)µ ϕ=                                                                   

µ is static coefficient of friction (dimension less quantity) and Ø is 
the angle formed between horizontal surface and the sliding plane 
in degrees. 

Compressibility index

Compressibility Index (CPI) is the degree of the powder ability 
to be compacted. The Compressibility index of coffee seeds was 
calculated using the following equation (12) [15].

100 (12)T BC
T
−

= ×
 

Where C is the compressibility index, T is compact density of 
coffee powder, B-Bulk density of coffee powder. 

Hausner ratio (Hr)

Hausner ratio is used as an internal friction index for cohesive 
powders [16] and is the ratio of bulk density of compacted powder 
to that of porous powder of coffee seeds. This ratio correlates 
flowability of the powder and gives an idea about the flowability 
of the powder. Hausner ratio can be obtained from equation (13)

		
(13)c

r
p

H ρ
ρ

=
	

Where Hr represents the Hausner number and ρc and ρp are same 
as mentioned above. Hausner ratio depends on frictional forces 
of coffee powder. Hausner ratio gives indication about powder 
flowability in loosely packed state.

Car index (Ci)

Car index gives an idea indirectly about flow behavior of a powder. 
Car index is determined by H values as given in the equation (14)

100100 (14)i
r

C
H

= ×

Specific gravity

Specific gravity is the ratio of true density of coffee seed to the 
density of water, as density of water has been taken as the density of 
reference substance. If a substance has specific gravity less than one 
it means that the object will easily float on the surface of reference 
substance if the reference material is liquid and if the value is 
the more than one it means the substance will easily sink in the 
reference material if reference substance is liquid. Specific gravity is 
calculated by equation (15)

(15)t

w

SG ρ
ρ

=
	

Specific surface area

The surface area per unit mass of the material is called specific 
surface area. It is represented by ‘Ssa’ and expressed in mm2 g-1. 
A powder has high specific area compared to whole solid block 
of material. In food processing such as in case of functional, 
nutraceutical and fortified food material greater specific surface 
area helps in easy absorption and greater bioavailability of material 
in human body. Specific surface area of coffee seeds is calculated 
using the equation (16)

		 6 (16)sa
t

S Diϕ
ρ
 

=  
  	

Sieve analysis

A sieve analysis is a practice or procedure used to assess the 
particle size distribution of a granular material. The particle size 
distribution is responsible for important physical properties such 
as solubility, flowability and surface reaction. In many industries 
sieve analysis is the standard for production and quality control of 
powders and granules. Advantage of the sieve analysis include easy 
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handling, low investment costs, precise and reproducible results in 
a comparably short time and the possibility to separate the particle 
size. The different sieve sizes are taken they are arranged from top 
to bottom as larger to smaller size. 250 grams of coffee powder was 
poured in top most sieves. Shake the column; after the shaking is 
complete the material on each sieve is weighted.

RESULTS AND DISCUSSION

Size and Shape

Length, Width and Thickness were measured by using micrometer 
for 50 coffee seeds both roasted and unroasted seeds. The average 
of all 50 seeds. By using this length, width, thickness we calculate 
diameter, sphericity, Surface area and seed volume for all the seeds 
are there in average values.

Engineering properties of coffee seeds

Bulk density, true density, angle of repose, specific gravity, porosity 
and moisture content are calculated for coffee seeds of roasted, 
unroasted and coffee powder.   

Engineering properties of coffee powder

Porous density, compact density, compressibility and Hausner ratio 
are calculated for coffee powder.

Static coefficient of friction

Coefficient of friction is calculated for coffee powder on the Glass 
(PBC), Paper board, Thermocol values.

 

Graph 1: Coefficient of static friction of coffee powder.

In the present study (Graph 1) coefficient of static friction of coffee 

powder for glass, paper board, thermocol are drawn graph, the 

highest static friction is for paperboard. The increased coefficient of 

static friction on coffee powder is due to higher moisture content, 

lower moisture content and smooth surface of seeds resulted in the 

easy movement on test surface, while viscous nature of seeds leads 

to high resistance.

Sieve analysis

Coffee powder weight in each sieve is weighed and values in each 
sieve.

Graph 2: Sieve size and percentage passing.

Above logarithmic Graph 2 is for sieve analysis, sieve size on x-axis 
and percentage of passing on y-axis. From the graph it is studied 
that as the percentage of passing of coffee powder is decreased 
when the sieve size also decreases. Sieve size no: 40-80 in between 
coffee powder is fine powder, sieve size no: 30-40 in between it is 
medium, below sieve size no: 30 it is coarse powder.

CONCLUSIONS 

Based on the results obtained and the conditions in which the 
experiment was conducted, the following conclusions are presented:

•	 The engineering properties of roasted coffee beans, unroasted 
coffee beans and coffee powder are calculated

•	 The increased coefficient of static friction on coffee powder 
is due to higher moisture content. Lower moisture content 
and smooth surface of seeds resulted in the easy movement 
on test surface, while viscous nature of seeds leads to high 
resistance

•	 In Sieve analysis when sieve size is decreased, percentage of 
passing of coffee powder also decreased

•	 The uniformity of coffee beans adds to its potential for 
successful mechanization of processing and handling 
operations
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