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Introduction
Sour Cherry (Prunus Cerasus L.) has a native fruit tree in 

Southwest Asia and Europe, as well as sour tart, and it’s red. Its tree 
height is 3 to 10 meters. One hundred grams of cherry contains 16 
grams of sugar, 0.85 grams of protein and 8.6 calories, about 50 
milligrams K, 20 milligrams of phosphorus, 1 milligram of iron, 
400 international units of vitamin A, 0.14 milligrams of thiamine, 
0.12 milligrams of riboflavin, 5mg of vitamin C, as well as some 
potassium, sodium, magnesium, zinc, copper, and other minerals 
[2]. Neglecting the properties of agricultural products, will reduce 
both quantitative and qualitative losses, and the shelf-life of the 
products will not be possible. One of such biological characteristic 
of agricultural products is their susceptibility to damage and injury. 
Damage and injury among agricultural products are more likely to 
occur during harvesting, transport, sorting, and the meaty part of 
the products affected by repeated forces, lose their strength, and 
become softer and weaker, and thus corrupted. Corrupt products 
will endanger the health of neighboring products during long-term 
storage in the warehouse. Therefore, measures that reduce the 
mechanical damage to products have economic significance [1]. 
During the storage period for transport, the tension forces created 
between the products can cause the product to be damaged at 
the point of contact. Fruits transported with the box are affected 
by static and dynamic forces, and if the amount of these forces 
exceeds a certain limit, it can cause damage to them. Static forces 
are due to their weight and dynamic forces are due to vibrations 
generated by transportation. Consequently, due to severe fruit 
vulnerability, it should be packed in shallow boxes. Therefore, 
the aim of this study was to determine the appropriate depth of 
transportation and storage of cherry fruit.

The proper static pressure in order to select the height and 
depth of the transport box in planning the harvest and post-
harvest operations to prevent the damage to the various types of 
fruits, is of great importance. In general, the methods of reducing  

 
the mechanical forces involved in agricultural production can be 
divided into three main categories: 

i. The design of the components of the machine for each 
work must be done in such a way that the forces involved 
attain to the minimum. 

ii. Modification of the types of products that can tolerate 
larger forces without any mechanical damage. 

iii. Harvest and post-harvest operations should be done 
when the mechanical strength of the product is sufficient to 
minimize the sensitivity to damage [1]. 

Research on peach fruit showed that the maximum tolerable 
static force without any mechanical damage to this fruit was 
about 15(N). This force is equivalent to a column of fruit up 
to a height of 70cm [1]. Also, the maximum static strength for 
apricot fruits in initial moisture was 27.82% based on 66.5 (N) 
[4]. The corresponding value for olive fruit in 60% moisture 
was determined as 57.38(N) [5]. In another research, the length, 
width, thickness, geometric mean diameter for cherry fruit were 
20.37(mm), 16.2(mm), 15.1(mm), 17.06(mm), and the breaking 
force was determined 2.48(N) which was approximately equal to 
60 layers of fruit [3].

Materials and Methods

In this study, in year 96.5kg of cherry fruit were prepared 
randomly from Rezvanshahr city, carefully cleaned and damaged 
fruits were separated from the specimens, and then the samples 
were weighed. The initial moisture content of the fruit (MC) was 
determined using an oven in a standard method at 75 °C until 
the fruit completely lost its moisture [4]. The initial moisture 
content was determined 13.77% on the basis of wet. The required 
parameters of the fruit for the calculation included length, width, 
height, geometric mean diameter, sample mass, fruit density and 
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hardness (breaking force) of the fruit. In the fruit storage boxes 
only one part of the fruit was in contact with other fruits or box 
walls. As a result, by using force measurement at the contact point 
and contact surface, the maximum contact stress was calculated 
using the contact stress theory (Figure 1). This theory reflects the 
following principles.

Figure 1: The parallel arrangement of fruits relative to each 
other.

The contact of fruits together was considered on a line that 
formed angle θ with the horizon line. In this model, the angle θ 
depended on the diameter of the fruits (Dg) and the number of 
fruits per unit volume (N). The relationship between these three 
parameters was in the form of relation (1) [7].
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The number of fruits per unit volume was obtained from the 
ratio of mass density to the mass of each fruit multiplied by its unit 
volume. To calculate the total force applied to one layer, a box was 
considered in which n rows of fruit are located. The upper half of 
each fruit is in contact with four fruits in the upper layer and the 
lower half is in contact with four fruits in its lower layer. So there 
is no force on the top half of the first row. Therefore, there was no 
reaction on the lower half and only the forces involved in this part 
have been the weight of the fruits. On the other hand, the fruits in 
the n layer, on the upper side are in contact with their higher-level 
fruit and on the sides are in contact with the floor and the wall of 
the box. As a result, the total force exerted by the upper layers was 
calculated using relation (2) [7].

F n w= ×                                                                                          (2)

In this relation, n is the rows of fruit, F is the total force on the 
fruit in the last layer and W is the average weight of the fruit.

Since, the closer to the bottom of the box, the static force 
enters the fruit in the upper end layers is more, by calculating 
this amount of force, the design of the standard box height for 
storing the cherry fruit is addressed. The amount of force on the 
fruit was considered to be the minimum breaking force and thus, 
the fruit loading was determined by the HTE-series-H45 K Model 
in mechanical experiments. Depth of box (h) was calculated from 
relation (3) [7].

singh nD θ=                                                                                     (3)

In this relation, h is the box height (cm), n is the number of 
fruit layers, Dg is the geometric mean diameter (cm), and θ is 
the angle of the fruits relative to each other inside the box. The 

measurement of the three main vertical dimensions of the cherry 
fruit, length (a) (mm), width (b) (mm) and thickness (c) (mm) was 
determined using a digital caliper with a measurement accuracy 
of 0.01 (mm). The geometric mean diameter of the fruit (Dg) (mm) 
and the spherical coefficient (ψ) (dimensionless) were calculated 
using the following relationships [6]

1/3
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gD abc=                                                                                         (4)

1/3( )gD abc=                                                                                        (5)

The mass of the samples was measured with a measurement 
accuracy of 0.01g (mt) by the digital scale. To measure the density 
of samples (Pb), an empty cylinder with a given volume was filled 
with fruit, and by the division of the mass of the fruit into volume, 
density was obtained.

b
b

b

m
V

ρ =                                                                                                 (6)

In this relation, the mass (mb) was expressed in terms of (g) 
and the volume of cylinder (Vb) in terms of (cm3). The hardness of 
the fruit was measured by a biological measuring device at loading 
speed (0.1) (mm. min-1). 

Results and Discussion
The length, width, thickness, geometric mean diameter, 

spherical coefficient, mass density, and mass of the cherry fruit 
sample were, 12.65(mm), 14.33(mm), 11.46(mm), 12.76(mm), 
0.89, 0.401 (g.cm-3), 2.91 (g), and also the hardness of the fruit was 
calculated 1.98 (N).

Conclusion
Crushing force of cherry is equal to 1.98N, which is equal to 

40 layers of fruit. It is therefore recommended to use boxes with 
a maximum height of 30cm to transport and store cherry fruit, so 
that the fruit of the cherry, during storage and transport, do not 
break due to mass weight.
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