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Abstract—In this study, some physical and mechanical properties 

of jujube fruits, were measured and compared at constant moisture 
content of 15.5% w.b. The results showed that the mean length, width 
and thickness of jujube fruits were 18.88, 16.79 and 15.9 mm, 
respectively. The mean projected areas of jujube perpendicular to 
length, width, and thickness were 147.01, 224.08 and 274.60 mm2, 
respectively. The mean mass and volume were 1.51 g and 2672.80 
mm3, respectively. The arithmetic mean diameter, geometric mean 
diameter and equivalent diameter varied from 14.53 to 20 mm, 14.5 
to 19.94 mm, and 14.52 to 19.97 mm, respectively. The sphericity, 
aspect ratio and surface area of jujube fruits were 0.91, 0.89 and 
926.28 mm2, respectively. Whole fruit density, bulk density and 
porosity of jujube fruits were measured and found to be 1.52 g/cm3, 
0.3 g/cm3 and 79.3%, respectively. The angle of repose of jujube fruit 
was 14.66° (±0.58°). The static coefficient of friction on galvanized 
iron steel was higher than that on plywood and lower than that on 
glass surface. The values of rupture force, deformation, hardness and 
energy absorbed were found to be between 11.13-19.91N, 2.53-
4.82mm, 3.06-5.81N mm and 20.13-39.08 N/mm, respectively. 

 
Keywords—Mechanical and Physical properties, Jujube fruits, 

friction coefficient 

I. INTRODUCTION 

O properly design machines for harvesting, handling, 
processing and storage one should be aware of material 

physical properties. These properties include size, shape, 
mass, volume, sphericity, bulk density, true density, porosity, 
geometric mean diameter, projected area, surface area, radius 
of curvature, etc. The study of size of fruits is essential for 
uniformity and packing in standard cartons or storage in 
container. Shape and physical dimensions, such as major, 
intermediate and minor diameters, unit mass, volume and 
sphericity, are important in screening solids to separate foreign 
materials and in sorting out various sizes of fruits and 
vegetables [1]. In addition, knowledge of frictional properties 
is necessary in designing of handing equipment and storage 
structures [2]. These engineering properties are useful to the 
engineers as well as food scientist and processors. 

Jujube is a species of Ziziphus in the buckthorn family 
Rhamnaceae, used primarily as a fruiting shade tree. The 
jujube is a little known fruit, but is gaining momentum in 
Western cultures for its high amount of vitamins and minerals.  
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It has been used for thousands of years in Asian countries 

by medicine men and herbalists alike. Jujube contains the 
potassium, phosphorus, manganese and calcium as the major 
minerals. There are also high amounts of sodium, zinc, iron 
and copper. Jujube also contains vitamin C, riboflavin and 
thiamine. It contains 20 times the amount of vitamin C as 
citrus fruits. The vitamin and mineral content of the fruit helps 
to soothe the stomach, ease sore throats, suppress the appetite, 
support cardiovascular health, enhance metabolism and 
cleanse the blood vessels.  

In recent years many researches have been worked to 
measure the physical and mechanical properties of agricultural 
products. Koocheki et al evaluated some physical properties of 
watermelon seed as a function of moisture content and variety 
[3]. Keramat Jahromi et al determined some physical 
properties for data fruit at a moisture content of 10.45% (dry 
basis) [4]. Ozturk et al. evaluated some physical properties of 
olive cultivars [2]. Davies determined some physical 
properties of arigo seeds at a moisture content of 10.3% (wet 
basis) [5]. Altuntas et al determined physical and chemical 
properties of persimmon fruit (cv. Fuyu) [6]. Also, Ercisli et al 
determined physical and mechanical properties of nuts and 
kernels of 12 common hazelnut genotypes to optimize 
hazelnut mechanization and processing [7]. To design the 
dehulling machine, mechanical properties such as rupture 
force, hardness and energy used for rupturing fruits are useful 
information. The rupture force indicates the minimum force 
required for dehulling the fruit. The deformation at rupture 
point can be used for the determination of the gap size 
between the surfaces to compress the fruit for dehulling [8]. 
As far as we know, no study has been reported on physical and 
mechanical properties of jujube fruits. Therefore the aims of 
this study were to investigate the principle dimensions 
(Length, Width, and Thickness), arithmetic mean diameter, 
geometric mean diameter, equivalent diameter, sphericity, 
aspect ratio, surface area, fruit mass, volume, true and bulk 
densities, porosity, angle of repose, coefficient of static 
friction on different surfaces, and rupture force, deformation, 
energy absorbed and hardness of jujube fruits. 

II. MATERIALS AND METHODS 

In this study, about 15 kg jujube fruits were prepared from 
Birjand region in Iran. Before each experiment, foreign 
matters were removed manually from rest of fruits. The initial 
moisture content determined through an oven method at 105 ± 
3 0C during 24 hours [9]. The principle dimensions (Length 
(L), width (W), thickness (T)) of selected randomly 50 jujube 
fruits were measured using a digital micrometer having the 
accuracy of 0.001mm and PL, PW and PT are the projected 
areas taken along these three mutually perpendicular axes [10-
11].  
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Glass 0.38 0.51 0.19 0.07 
 

TABLE II 
CHOSEN PROPERTIES OF JUJUBE FRUIT AT 15.5% (W.B) 

Properties Values Max Min SD 
Bulk density(kg/m³) 0.3 0.39 0.27 0.03 
True density(kg/m³) 1.52 2.18 1.14 0.3 
Porosity (%) 79.32 86.32 71.1 4.46 
Angle of repose(deg) 14.66 15 14 0.58 
Static coefficient 
of friction: 

    

Plywood 0.33 0.51 0.16 0.09 
Galvanized iron 0.35 0.46 0.18 0.06 
 

The values of rupture force, deformation, hardness and 
energy absorbed were found to be between 11.13-19.91 N, 
2.53-4.82 mm, 3.06-5.81 N mm and 20.13-39.08 N/mm. A 
summary of results of the mechanical properties of jujube 
fruits at longitudinal axis is presented in Table III.  

TABLE III 
SOME MECHANICAL PROPERTIES OF JUJUBE AT LONGITUDINAL AXIS 

 Rupture 
force 
(N) 

Deformation 
(mm) 

Hardness 
(N/mm) 

Energy 
absorbed 
(N mm) 

No. of 
sample 

50 50 50 50 

Mean 15.68 3.69 4.31 28.29 
Max 19.91 4.82 5.81 39.08 
Min 11.13 2.53 3.06 20.13 
SD 2.6 0.58 0.72 5.78 

IV. CONCLUSIONS 
1. Dimensions varied from 15.29 to 21.69 mm in length, 13.14 

to 20.45 mm in width, and 13.11 to 18.76 mm in thickness, 
while the arithmetic mean diameter, geometric mean 
diameter and equivalent diameter varied from 14.53 to 20 
mm, 14.5 to 19.94, and 14.52 to 19.97 mm, at moisture 
content of 15.5% (w.b.). 

2. The mean projected areas of jujube perpendicular to length, 
width, and thickness were 147.01, 224.08 and 274.60 mm2, 
respectively. 

3. The average sphericity of jujube fruits was 0.91 and mean 
aspect ratio was obtained as 0.89, with variation of 0.7 to 
0.99. The volume and surface area varied from 1594.29 to 
4147.91 mm3, and 659.87 to 1248.24 mm2, while mean 
values were 2672.80 mm3, and 926.28 mm2, respectively. 

4. The mean mass of jujube fruits was 1.51 g. Whole fruit 
density, bulk density and porosity of jujube fruits were 
measured and found to be 1.52 g/cm3, 0.3 g/cm3 and 79.3%, 
respectively. 

5. The angle of repose of jujube fruit was 14.66° (±0.58°).  
6. Values of mean coefficient of static friction on plywood, 

galvanized iron steel, and glass surfaces were obtained as 
0.33, 0.35 and 0.38, respectively. 

7. The values of rupture force, deformation, hardness and 
energy absorbed were found to be between 11.13-19.91 N, 
2.53-4.82 mm, 3.06-5.81 N mm and 20.13-39.08 N/mm1. 
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TABLE I 
SOME PHYSICAL PROPERTIES OF JUJUBE 

Properties No. 
sample 

Mean Max Min SD 

Mass( g ) 50 1.51 2.33 1.04 0.33 
Length(mm) 50 18.88 21.69 15.29 1.58 
Width(mm) 50 16.79 20.45 13.14 1.39 
Thickness(mm) 50 15.9 18.76 13.11 1.33 
First Projected 
area (PL) (mm2) 

50 147.01 147.61 146.43 0.31 

Second Projected 
area (PW) (mm2) 

50 224.08 245.28 242.84 0.58 

Third Projected 
area (PT) (mm2) 

50 274.60 275.53 273.36 0.53 

Arithmetic mean 
diameter(mm) 

50 17.19 20 14.53 1.27 

Geometric mean 
diameter(mm) 

50 17.13 19.94 14.5 1.27 

Equivalent 
diameter(mm) 

50 17.14 19.97 14.52 1.27 

Sphericity 50 0.91 0.98 0.79 0.04 
Aspect ratio 50 0.89 0.99 0.7 0.06 
Volume(mm3) 50 2672.80 4147.91 1594.29 588.23 
Surface area(mm2) 50 926.28 1248.24 659.87 136.76 


