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Abstract. This work was carried out to characterize the physical and mechanical properties of 
unhulled arabica coffee bean. The results of this work found that at moisture content of 18.76 ± 
0.19 % wb, the average length, width, thickness, geometric diameter and surface area of 
unhulled coffee bean ranged from 12.04 ± 1.06 mm, 8.24 ± 0.45 mm, 4.99± 0.34 mm, 7.90 ± 
0.38 mm and 196.44 ± 19.09 mm2 respectively. The average mass and volume ranged from 
0.21 ± 0.06 g and 0.21 ± 0.06 cm3 respectively. The average particle density, bulk density and 
sphericity ranged from 1.00 ± 0.02 g/cm3, 0.40 ± 0.01 g/cm3 and 0.66 ± 0.04% respectively. 
The average porosity, aspect ratio, and shell content ranged from 60.16 ± 1.09 %, 68.88 ± 
6.38% and 16.55 ± 5.70% respectively. The average hardness and fracturability ranged from 
12.34 ± 1.28 gf and 2.45 ± 0.08 gf respectively. Regarding the angle of repose on the surface of 
stainless steel, aluminum, acrylic, and plywood results showed that the average emptying angle 
of repose ranged from 26.88 ± 3.67°, 29.44 ± 3.35°, 30.01 ± 4.83° and 40.0° ± 7.00° 
respectively, and the average filling angle of repose ranged from 32.02 ± 2.880°. Concerning 
friction, results of measurement indicated that average static friction of stainless steel, 
aluminum, acrylic, and plywood ranged from 0.36 ± 0.02, 0.40 ± 0.03, 0.38 ± 0.04 and 0.45 
±0.03 respectively. The highest emptying angle of repose occurred on the surface of plywood 
inversely of that was occurring on the surface of stainless steel. There was a positive 
relationship between the angle of repose and the static friction.  
 
Keywords:  Un hulled coffee bean, physical properties, mechanical properties, texture    
profile, angle of repose 

 

1.  Introduction 
Among the ASEAN countries, Indonesia has known as a producer and second largest coffee exporter 
after Vietnam [1]. In the world, Indonesia was the fourth largest coffee producer after Brazil, Vietnam, 
and Colombia [2]. In the case of coffee exports, Indonesia was the fourth largest coffee exporter in the 
world after Brazil, Vietnam, and Colombia [2]. In the world, Indonesia has known as specialty coffee 
through coffee variants. With its unique taste and aroma, Indonesia has an excellent opportunity to 
increase trade coffee in the world. 

In Indonesia, coffee is one of the commodities that play an essential role in supporting efforts to 
increase non-oil exports. Foreign exchange earnings from commodity coffee in 2014 generated export 
value of 10.1 percent of the entire export value of agricultural commodities, or 0.5 percent of non-oil 
exports, or 0.4 percent of the total export value [3]. In recent years, the amount of coffee exports has 
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declined. The decline in the value of commodities, aside from the decrease in prices of coffee in the 
international market and has also suspected due to the declining quality of Indonesian coffee. 

As much as 66% of world coffee production was an arabica coffee, and another 34% was robusta 
coffee [4]. It mentioned before that in Indonesia the production of coffee was 73.57 % robusta and 
26.43 % Arabicas. To increase involvement in the world coffee market related to the increase of 
export value, Indonesia had to be able to increase the production of Arabica coffee with quality that 
meets the world coffee standards. 

The physical and mechanical properties of coffee beans, the same as other grains and seeds are 
indispensable in processing, designing, and manufacturing of equipment. Many researchers carried out 
research on the physical and mechanical properties of agricultural products among others were: [4] 
carried research on  physical, mechanical and chemical properties of Jatropha curcas; [5] carried out 
research on physical properties of sugar beet seed, [6], [7], [8], [9], [10] and [11] carried out research 
on physical and mechanical properties of onion, [12] carried out research on physical and mechanical 
properties of wild medlar. Many other researched done on physical and mechanical properties of 
agricultural products were: sweet cherry [13], kiwifruit [14], jujube fruit [15], Simarouba fruit and 
kernel [16], date fruit [17], goldenberry [18], kumquat [19], cocoa bean were [20] and [21], [22], and 
[23]. Relevant parameters to be known to increase the quality of coffee bean among others are 
physical and mechanical properties of the coffee bean. The data of physical and mechanical properties 
of unhulled coffee bean has not been covering yet on those studies mentioned above. Therefore this 
study focused on assessing the physical and mechanical properties of unhulled arabica coffee bean 

2.  Materials and methods  
Unhulled arabica coffee bean samples collected from Cipunagara village (6°46'57.71 "S 107°41'37.15" 
E, 1153 MAMSL), Cisalak district, Subang regency, Indonesia. 

2.1.  Measurement of physical properties  
Moisture content determined by using indirect moisture methods indirect moisture methods. The 
instrument used was Moisture Bulk Density Tester AMTAST JV-010S (P 30) with the specification of 
test range: 0 – 40 %, repeat error ≤ 0.2%, test error ≤ 0.5 %, environment temperature 0-40 °C, relative 
humidity ≤ 80 %, amount of sample 150 - 200 grams.  

Size and dimension of the 50 samples of the unhulled arabica coffee bean measured by digital 
vernier caliper with the accuracy of 0.01 mm. Mass (M) of samples measured by using an analytical 
balance. Volume (V) of samples measured by using a graduated cylinder. The volume quantity 
determined by counting the number of displaced water. The geometric diameter (Dgm), sphericity (ψ), 
surface area (Sa), particle density (ρp), bulk density (ρb), porosity (ε), aspect ratio (Ra) and shell 
/silverskin (Cs) content calculated from equation (1), equation (2), equation (3), equation (4), equation 
(5), equation (6), equation (7), and equation (8) respectively. 

Dgm                                    (1) 
 

ψ                                  (2) 

 
As   (3) 

 
  gr/cm3  (4) 

 
  gr/cm3                (5) 

  (%) %     (6) 
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Ra   x 100 %            (7) 

Cs  %        (8) 

The determination of geometric diameter (Dgm), sphericity (ψ), particle density (ρp), bulk density 
(ρb) referred to [24], [25], [26] and [27]. Sphericity and aspect ratio were calculated regarding [28]. 
Surface area calculated regarding [29], [30], [31] and [32]. Porosity and shell content calculated 
regarding [21]. 

 
2.2 Measurement of mechanical properties 
Hardness and fracturability were measured using TA X plus Texture Analyser Stable Micro System. 
The operative condition of the TA was: test mode of compression, the test speed of 0.1 mm/sec, 
distance of 2.5 mm, data acquisition of 200 pps and probe of P/2. Samples randomly chose and 
positioned horizontally on the platform of the Texture Analyser instrument. 

Samples randomly chose and positioned horizontally on the platform of the Instron testing machine 
(Instron, 5566, USA). Berries placed with its front side facing upward while the beans placed with 
their flat sides facing upward. Uniaxial compression conducted at a rate of 0.83 cm/s. The maximum 
force recorded during the test before the sample fracture taken as the fracture force of the sample. 
Deformation determined from the fracture force. Ten samples were recorded for their values [33]. 
There are two types of the angle of repose, i.e., emptying and filling angle of repose. The emptying 
angle of repose (θe) measured by an apparatus consisting of a sloping platform with adjustable angles. 
The individual of coffee bean sample was dropped from the distance of 10 cm above the device of the 
plane board to get a natural position; then the plane board was raised gradually until the coffee bean 
just started to slide down. The angle of repose determined by measuring the height of the seeds at two 
points on the sloping platform and the horizontal distance between the points as in equation (9) [34], 
[10]. There were four types of materials used in determining the angle of repose, i.e., stainless steel 1 
mm, aluminum 1 mm, acrylic 3 mm and plywood 18 mm. 

In determining the coefficient of friction, the sample filled into a PVC cylinder (diameter 10 cm, 
height 5 cm) which placed on the friction surface. The PVC cylinder was then lifted 3 mm from the 
friction surface so that the barrel did not touch the friction surface. The friction surface was elevated 
gradually until the barrel started to slide down. The angle (θ) between the lifted friction surface and 
the horizontal surface is known as the static angle of friction between the sample and the friction 
surface. The coefficient of static friction obtained from equation (10) [21] and [35]. There were four 
types of material surfaces used to determine the static friction, i.e., stainless steel 1 mm, aluminum 1 
mm, acrylic 3 mm and plywood 18 mm. 

 (9) 

  (10) 

The filling angle of repose (θf) measured by PVC cylinder (10 cm x 10 cm) in which this cylinder 
filled with the sample, then the barrel was lifted gradually until the example formed a cone. The 
diameter and height of the cone were measured, and the angle of repose was calculated using the 
equation as follows [36] and [35] :  

 (11) 

3.  Results and discussion  
All the properties assessed at an average moisture content of 18.76 ± 0.19 % wb. 

3.1.  Physical properties 
Table 1 showed the value of the sample size, minimum, maximum, mean and standard deviation of the 
measured physical properties. The measured physical properties comprised of length (L), width (W), 
thickness (T), mass (M), volume (V), geometric diameter (Dgm), surface area (As), particle density 
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(ρp), bulk density (ρb), sphericity (ψ), porosity (ε), aspect ratio (Ra), shell content (Cs) and moisture 
content (Mc). 

Table 1. Descriptive statistics of coffee bean sample dimensions 
 N Minimum Maximum Mean Std. Deviation 
L (mm) 50 9.51 14.54 12.0406 1.0623 
W (mm) 50 7.45 9.37 8.2386 0.4473 
T (mm) 50 4.21 5.84 4.9906 0.3357 
M (g) 50 0.08 0.44 0.2076 0.0566 
V (cm3) 50 0.08 0.45 0.2084 0.0574 
Dgm (mm) 50 7.08 8.74 7.8998 0.3844 
As (mm2) 50 157.2 239.8 196.437 19.092 
ρp (gr/cm3) 50 0.96 1.04 0.9968 0.0168 
ρb (gr/cm3) 50 0.38 0.42 0.3968 0.0098 
Ψ (%) 50 0.58 0.75 0.6588 0.0394 
ε (%) 50 58.20 62.37 60.1612 1.0874 
Ra (%) 50 57.26 82.12 68.8758 6.3824 
Cs (%) 50 4.72 50.06 16.5474 5.7012 
Mc (%) 50 18.10 19.10 18.7580 0.1939 

Sahin and Sumnu [37] stated that dimension and size were essential parameters in the screening as 
well as grading and evaluating the quality of the products. In the hulling mechanism, the size of the 
coffee bean has also been significant to set the steel huller component clearance. 

Table 2. Correlation coefficients among measures of unhulled coffee bean samples 
 L W T M V Dgm Sa Dp Db Sph E Ra Cs 

L Pearson 
Correlation 

1             

Sig. (2-
tailed) 

 
            

W Pearson 
Correlation 

.213 1            

Sig. (2-
tailed) 

.137 
 

           

T Pearson 
Correlation 

.202 .249 1           

Sig. (2-
tailed) 

.159 .081 
 

          

M Pearson 
Correlation 

.050 .108 .162 1          

Sig. (2-
tailed) 

.728 .457 .262 
 

         

V Pearson 
Correlation 

.053 .099 .178 .998** 1         

Sig. (2-
tailed) 

.714 .494 .216 .000 
 

        

Dgm Pearson 
Correlation 

.773** .606** .677** .146 .152 1        

Sig. (2-
tailed) 

.000 .000 .000 .312 .293 
 

       

Sa Pearson 
Correlation 

.772** .603** .680** .150 .156 .999** 1       

Sig. (2-
tailed) 

.000 .000 .000 .299 .279 .000 
 

      

Dp Pearson 
Correlation 

-.197 .146 -.095 -.047 -.092 -.108 -.111 1      

Sig. (2-
tailed) 

.171 .311 .513 .747 .525 .455 .444 
 

     

Db Pearson 
Correlation 

.189 .072 -.265 .152 .143 .013 .008 .073 1     

Sig. (2-
tailed) 

.188 .618 .063 .292 .321 .929 .955 .615 
 

    

Sph Pearson 
Correlation 

-
.853** 

.171 .244 .015 .019 -.340* -.337* .194 -.275 1    

Sig. (2-
tailed) 

.000 .236 .087 .917 .896 .016 .017 .176 .053 
 

   

E Pearson 
Correlation 

-.272 .071 .192 -.122 -.145 -.045 -.043 .560** -
.749** 

.366** 1   

Sig. (2-
tailed) 

.056 .625 .182 .401 .314 .759 .765 .000 .000 .009 
 

  

Ra Pearson 
Correlation 

-
.820** 

.375** -.026 .000 -.005 -
.371** 

-
.371** 

.266 -.152 .921** .306* 1  

Sig. (2-
tailed) 

.000 .007 .858 1.000 .975 .008 .008 .061 .293 .000 .031 
 

 

Cs Pearson 
Correlation 

.109 -.080 .015 -
.587** 

-
.581** 

.043 .040 -.064 -.184 -.121 .075 -
.146 

1 

Sig. (2-
tailed) 

.452 .582 .920 .000 .000 .768 .784 .659 .202 .403 .604 .313 
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Lang and Sokhansanj [38] reported that mass was an essential parameter in the calculation of 
densities and it could determine the quality of materials. Since coffee was processed using the dry 
method, the volume of coffee bean was essential to consider in drying simulation models where the 
changed of the amount will lead to a significant error in the modeling. The volume quantity also 
played a necessary role in the roasting process where roasting made the beans expanded [39]. 

Surface area and geometric diameter related to length, width and thickness played a significant role 
in the drying process and were also essential for the determination of terminal velocity, the coefficient 
of drag and Reynolds number [24].  

Mohsenin NN. [24] stated that in a separation process such as hulling and in quality evaluation 
particle density played a significant role and bulk density data required in handling and packing 
process. It can observe in Table 1 that the sphericity of coffee bean was 0.66 ± 0.04%; it meant that 
most of the coffee bean samples had a nonspherical shape. The result of the observation found that 
only 12% of the coffee bean samples had a spherical shape. The coffee bean can be defined as a 
spherical if the sphericity value ≥ 0.70 [40]. 

Porosity is one of the most critical indicators of food microstructure and texture. Accurate 
prediction of porosity changes during drying had great importance for the optimization of the drying 
process and control of food quality [41]. 

Table 2 showed that volume had a relationship with mass. Geometric diameter had a relationship 
with length feature, width, and thickness feature. The surface area had a relationship with length, 
width, thickness, and geometric diameter. Sphericity had contact with length, geometric diameter, and 
surface area. Porosity had a relationship with particle density, bulk density, and sphericity.  

Aspect ratio had a relationship with length feature, width, geometric diameter, surface area, and 
sphericity. Moreover, shell content had a relationship with mass and volume. To obtain the best 
statistical model for predicting the relationship between the measures of the sample the stepwise 
multiple regression analysis was applied. The results of stepwise multiple regression analysis among 
the standards of the example presented in Table 3. 

Table 3. Regression equation among the physical measures of the unhulled coffee bean sample 
Equation R2 SEE 

V = 1.013 M – 0.002 0.995 0.0039 

Dgm  =  0.218 L + 0.522 T + 0.311 W + 0.058 0.999 0.0116 

Sa = 49.64 Dgm  - 195.74 0.999 0.6544 

Ψ = 0.002 Sa - 0.054 L + 0.991 0.984 0.0051 

ε = 39.93 ρp – 88.27 ρb + 55.39 0.941 0.2700 

Ra = 107.38 Ψ + 7.92 W – 8.02 Dgm – 3.76 0.998 0.3091 

3.2.  Mechanical properties 

Table 4. Descriptive statistics of hardness and fracturability 
 N Minimum 

(g-force) 
Maximum 
(g-force) 

Mean 
(g-force) 

Std. Deviation 
(g-force) 

Hardness, H 15 10.53 15.13 12.3419 1.27725 
Fracturability, Fr 15 2.26 2.50 2.4517 0.07635 

 
Table 4 shows the value of the samples size, minimum, maximum, mean and standard deviation of 
hardness and fracturability. The fracturability is the typical characteristic of the high degree of 
hardness with a low degree of cohesion materials [42]. Therefore the unhulled coffee bean can be 
defined as the product that had high hardness and low cohesiveness. 

Fracture force was necessary for equipment design such as the crusher. The fracture force will 
determine the maximum strength which applied to a material without damaging the processed product. 
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Table 5 shows the value of emptying angle of repose on various surface materials and filling angle 
of repose. Results show that from 50 samples the emptying angle of repose on surface of stainless 
steel, aluminum, acrylic and plywood ranged from 26.88 ± 3.670, 29.44 ± 3.350, 30.01 ± 4.830 and 
40.00 ± 7.000, with minimum value of 15.260, 19.200, 16.040 and 20.010 and with the maximum 
amount of 32.650, 35.380, 43.170 and 57.360. The average filling angle of reposed ranged from 32.02 
± 2.880 with a minimum value of 20.320 and with the maximum amount of 37.450. 

Table 5. Descriptive statistics of emptying and filling angle of repose 
 N Minimum (°) Maximum (°) Mean (°) Std. Deviation (°) 

EAORss 50 15.26 32.65 26.8838 3.6691 
EAORal 50 19.20 35.38 29.4442 3.3508 
EAORacry 50 16.04 43.17 30.0092 4.8323 
EAORplyw 50 20.01 57.36 40.0024 6.9950 
FAoR 50 20.32 37.45 32.0158 2.8793 

The highest emptying angle of repose occurred on the surface of plywood inversely of that was 
happening on the surface of stainless steel. In general, both emptying and filling angle of repose can 
determine the behavior of materials flow [43]. Therefore, the angle of repose has also used in 
equipment design and storage structures [24]. 

Table 6 shows that average static friction of stainless steel, aluminum, acrylic and plywood ranged 
from 0.36 ± 0.02, 0.40 ± 0.03, 0.38 ± 0.04 and 0.45 ±0.03 with minimum value of 0.32, 0.35, 0.33 and 
0.40 and with the maximum value of 0.40, 0.45, 0.52 and 0.52 respectively.  

The highest static friction occurred on the surface of plywood; the opposite happened on that of 
stainless steel. Static friction showed a positive correlation with the emptying angle of repose. The 
higher emptying angle of repose the higher static friction will occur. The coefficient of friction used in 
designing agricultural equipment, bins, silos, and other storage and handling structures [24]. 

Table 6. Descriptive statistics of static friction on various surfaces 
 N Minimum Maximum Mean Std. Deviation 

μstatisSS 20 0.32 0.40 0.3565 0.0211 
 μstatisAL 20 0.35 0.45 0.3990 0.0255 
μstatisACRY 20 0.33 0.52 0.3765 0.0404 
μstatisPLYW 20 0.40 0.52 0.4505 0.0347 

3.3.  Correlation between physical and mechanical properties 
Best relationship between them obtained by using the stepwise multiple regression analysis. In general 
emptying and filling angle of repose, tangentially were dependent much on the length, width and 
aspect ratio. In more detail, the relationship between the emptying and filling angle of repose was 
presented in Table 7. 

Regarding the correlation between the physical properties and mechanical properties which consisted of 
hardness and fracturability, results of multiple regression analysis showed that there was not found the 
relationship between both of them.  
 

Table 7. The regression equation of the relationship between an emptying angle of repose and 
the physical measures 

Equation R2 SEE 

θf = (3.14 L - 0.175 W + 0.005 Ra – 0.409 ε + 0.10 T) tgθf + 16.707   0.995 0.2124 

θe-ss = (3.919 L- 0.045 W + 0.002 Ra- 0.008 Sa +0.253 T) tg θe-ss + 2.268 0.988 0.4207 

θe-Al = (3.605 L – 0.117 W +0.003 Ra – 0.163 ε+17.685 ψ)  tg θe-al + 4.785 0.991 0.3426 

θe-Acry = (3.413 L – 0.134 W+ 0.003 Ra) tg θe-Acry +8.562 0.991 0.4765 

θe-Plyw = (2.567 L – 0.135 W + 0.003 Ra)tg  θe-Plyw + 12.919 0.962 1.4052 
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4.  Conclusion 
The results of this work found that the analyzed unhulled coffee bean, physically had an average 
length, width, thickness, geometric diameter, and surface area ranged from 12.04 ± 1.06 mm, 8.24 ± 
0.45 mm, 4.99± 0.34 mm, 7.90 ± 0.38 mm and 196.44 ± 19.09 mm2 respectively. The average mass 
and volume ranged from 0.21 ± 0.06 grams and 0.21 ± 0.06 cm3 respectively. The average particle 
density, bulk density and sphericity ranged from 1.00 ± 0.02 gr/cm3, 0.40 ± 0.01 gr/cm3 and 0.66 ± 
0.04% respectively. The average porosity, aspect ratio, and shell content ranged from 60.16 ± 1.09%, 
68.88 ± 6.38% and 16.55 ± 5.70% respectively. 

Concerning the relationship between the physical properties of unhulled coffee bean analyzed, 
stepwise multiple regression analysis indicated that the volume was dependent on mass. The geometric 
diameter was dependent on length, thickness and width, the surface area, was dependent on geometric 
diameter, sphericity was dependent on surface area and length, porosity was dependent on the particle, 
and bulk densities and aspect ratio was dependent on sphericity, width, and geometric diameter. 

Results of mechanical properties measurement indicated that the average hardness and 
fracturability ranged from 12.34 ±1.28 g-force and 2.45±0.08 g-force respectively. Based on the value 
of hardness and fracturability, the unhulled coffee bean samples defined as a product that had high 
hardness and low cohesiveness. Regarding the angle of repose on the surface of stainless steel, 
aluminum, acrylic, and plywood results showed that the average emptying angle of repose ranged 
from 26.88±3.670°, 29.44±3.350°, 30.01±4.830°  and 40.00±7.000° respectively, and the average 
filling angle of repose ranged from 32.02 ±2.880. Concerning friction, results of measurement 
indicated that average static friction of stainless steel, aluminum, acrylic, and plywood ranged from 
0.36 ± 0.02, 0.40 ±0.03, 0.38±0.04 and 0.45±0.03 respectively. The highest emptying angle of repose 
occurred on the surface of plywood inversely of that happened on the surface of stainless steel. There 
was a positive association between the quantity of repose angle and the static friction. The bigger the 
angle of repose was the higher static friction occurred. There was not found any relationship between 
the physical properties and hardness and fracturability of the unhulled coffee bean. 
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Appendices 
Dp : Polar diameter, mm 
De : Equatorial diameter, mm 
Dgm : Geometric diameter, mm 
As : Surface area, mm2 
Π  : 3,14 
M : Mass, gr 
V  : Volume, ml 
ρp : Particle density, gr, ml 
ρb : Bulk density, gr/ml 
ε  : Porosity, % 
ψ : Sphericity, % 

Ra : Aspect ratio, % 
w : Width, mm 
l : Length, mm 
t : Tick, mm 

 :  Emptying angle of repose (°) 
θf  : Filling angle of repose (°) 

 : High 2, mm 
 : High 2, mm 
 : Length 1, mm 
 : Length 2, mm 
  : Coeficient static friction 
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