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ABSTRACT

This study was conducted to investigate the mechanical behavior of apricot and cherry pits under
compression loading along the three axial dimensions of the pits. The mechanical behavior was expressed
in terms of force required to rupture of the pit, deformation at rupture point, deformation ratio (strain),
energy absorbed and toughness. Also; masses and geometrical properties (axial dimensions, geometric
mean diameter, sphericity and volume) of these pits were determined. These properties are necessary to
design of cracking machines and knowledge amount of force and energy requirements for cracking
operation. All experiments were carried out at moisture content of 9.81 and 12.92 %, (d.b.) for apricot
and cherry pits, resp. The results showed that; the highest values of rupture force, deformation and energy
required to crack the apricot pit were at loading position through the length axis, while; the lowest values
were through the width axis, whereas; the highest values of rupture force, deformation and energy
required to crack the cherry pit were at loading position through the thickness axis, while; the lowest
values were through the width axis. In conclusion; the results obtained of the mechanical behavior of
apricot and cherry pits indicated that; the compression through the width axis can be recommended for

cracking process with minimum force and energy requirements.
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INTRODUCTION

Apricot and cherry fruits are classified under the
Prunus genus, Prunaidea sub-family and the Rosaceae
family of the Rosales group. Apricots (Prunus armeniaca
L.) cultivates has mainly two types sweet and wild or bitter
apricot Kate et al., (2014). Also; the cherry cultivates has
mainly two types of sweet cherry (Prunus avium L.) and
sour (tart) cherry (Prunus cerasus L.) Vursavus et al.,
(2006) and Yilmaz et al., (2018). Globally, the total
cultivated area of apricot and cherry crops about of
536,072 and 416,445 hectares with an annual production
about of 4.25 and 2.44 million tons, resp. whereas the total
cultivated area of sour cherry about of 188,888 hectares
with an annual production about of 1.12 million tons. In
Egypt the total cultivated area of apricot about of 6271
hectares with an annual production about of 96,226 tons
according to FAO, (2017). Generally; the fruit of cherry
and apricot can be consumed fresh or dried fruits in
addition; production of juice, jam, jelly, molasses and
several types of soft drinks Islam, (2002) and
Fathollahzadeh et al., (2008). After food production from
agricultural crops such as; fruits and vegetables there is
high amount of waste or residual materials such as; stones,
seeds, peels or husks, oilseed cake...etc., Djilas et al.,
(2009). Both of apricot and cherry fruits contain of pit or
stone, this pit consists of two main parts shell and kernel.

The shell of pit is composed of sclerenchyma and
fiber matters, therefore; it is very hard and tough to break
Hassan-Beygi et al, (2009). The percentage of apricot and
cherry seed (pit) based on fruit weight was 7.10 and 6.30 %
by weight, resp. Also; the percentage of apricot and cherry
kernel based on seed weight was 31.50 and 26.60 % by
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weight at moisture content of apricot and cherry kernels of
40.10 and 38.80, resp., Kamel and Kakuda (1992).

The kernels of apricot and cherry contain dietary
proteins and fiber, exhibit antioxidant and antimicrobial
activities and may be used in the production of oils. The
apricot and cherry kernel oil can be used in pharmaceutical,
cosmetic and perfume industry or production of biodiesel.
QOil extracted from the sweet apricot kernel is used for edible
purpose while that of bitter apricot kernel is non-edible
Targais et al., (2011). Apricot and cherry kernels are good
sources for production of oil. The bitter apricot kernel is a
rich source of oil up to 54.21% Dwivedi and Ram (2008).

While; the crude oil content of the dried cherry
kernels about of 41.90 % Kamel and Kakuda (1992). Bitter
apricot kernels have more oil content than jatropha kernels,
therefore; more yield can be produced from same cultivated
area. The physicochemical properties of bitter apricot kernel
biodiesel are almost like jatropha biodiesel; hence it can be
used as blended fuel with mineral diesel in Cl engines
Gurau and Sandhu (2018). Demirbas, (2016) mentioned
that the biodiesel from kernel oil of sweet cherry seed is not
significantly different from biodiesel produced from
common vegetable oils.

Fruit stones/pits constitute a significant waste
disposal problem for the fruit-processing industry Lussier
et al., (1994). The shell of apricot and cherry pits can be
used as solid fuel in rural areas or production of activated
carbon...etc. Activated carbon is an important industrial
raw material, the apricot pits shell is production waste with
wide source, low price and the shell quality of apricot pits
is excellent. On the other hand, the raw material is featured
with the hard texture, large surface area and strong
adsorption Zhu et al., (2013). Also; High-quality activated
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carbon can be produced from waste cherry stones: the
activated carbon is low in impurities and has an adsorption
capacity that compares favorably with commercial
activated carbons Lussier et al., (1994).

Tayel et al., (2011) reported that, average values of
length, width, thickness and mass of apricot pits were 20.81,
17.44, 11.83 mm and 1.75 g, resp., at moisture content of 8
%, dry basis for the Egyptian ‘Amar’ variety. Altuntas et al.,
(2018) reported that, average values of length, width,
thickness and mass of cherry pits were (12.17, 9.18, 7.97
mm and 0.371 g), (10.52, 7.85, 7.18 mm and 0.278 g) and
(12.61, 8.24, 7.09 mm and 0.299 g) for three cherry laurel
genotypes (54 K 01, 55 K 07 and 61 K 04) at moisture
content of 27.16, 35.86 and 29.71 %, wet basis, resp.

The mechanical properties of apricot and cherry pits
are very important in designing of suitable cracking machine
for many uses previously mentioned of apricot and cherry
pits (shell and kernel), in addition that the procedure of
germination increasing when removing the shell of kernel
(seed coat) of fruits pits such as apricot, cherry, plum, peach
and so on. The minimum force requirement for pit cracking
can be determined from important material properties, these
properties found to influence pit cracking such as; pit size,
variety and shell thickness Kate et al., (2015). Vursavus and
Ozgiiven (2004) determined the mechanical behavior of
apricot pits and concluded that the highest values of rupture
force and energy requirements to crack apricot pits were at
compression along the X-axis as compared to other two
axes, while the lowest values of rupture force, deformation
and toughness were obtained at loading along the Y-axis.
Ahmadi et al., (2008) reported that the rupture force of fruit,
pit and kernel were (8.23, 372.75 and 16.20 N) at loading
position through length axis, (6.31, 297.34 and 32.25 N)
through width axis and (5.87, 300.45 and 91.22 N) through
thickness axis. Hassan-Beygi et al., (2009) found that the
values of rupture force, deformation and toughness of the
apricot pit along the X-axis always were more than the two
other axes. Therefore, the pit compression along Y or Z axis
at 0.30 (d.b.) moisture contents can be recommended for
cracking operation with minimum force and energy
requirements. Kate et al., (2014"a") determined the rupture
force of the apricot pit along the X-axis was found to be
594.78 N and 568.96 N at two level of moisture content of
12 and 16 % (w.b.), resp.

Some physical properties of sweet cherry (Prunus
avium L.) fruit were studied by Naderiboldaji et al.,
(2008). Vursavus et al. (2006) found that the length, width
and weight of cherry pit were (9.87, 9.24 and 0.35), (9.78,
7.83 and 0.27) and (11.03 mm, 9.50 mm and 0.39 g) at
moisture content of 78.25, 75.95 and 84.27 %, (d.b.) for
three sweet cherry fruits varieties (Van, Noir De Guben
and 0-900 Ziraat), resp. Rupture force of cherry laurel
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fruits decreased with increasing the moisture content from
9.0to 77.5 %, (W.b.) Calisir and Aydin (2004). Vursavus et
al., (2006) found that the failure properties of three sweet
cherry fruits varieties (Van, Noir De Guben and 0-900
Ziraat) such as force, stress, strain and modulus of
elasticity were (13.67, 31.83, 0.26 and 120.97), (13.34,
38.29, 0.24 and 159.06) and (15.04 N, 33.97 kPa, 0.27
mm/mm and 125.24 kPa) at moisture content of 78.25,
75.95 and 84.27 %, (d.b.) resp. Altuntas et al. (2018)
reported that the rupture force for cherry laurel fruits for Y-
axis (0.740 N in 61 K 04 genotype) was higher than X- and
Z-axes at moisture content of 64.13 %, (w.b.), while; the
rupture force for cherry laurel fruits stone and kernel
samples for X-axis (2.970 in 54 K 01 genotype, and 0.931
N in 61 K 04 genotype, resp.) were higher than Y and Z-
axes at moisture content of 27.16 and 40.79 %, (w.b.) resp.

Knowledge of the mechanical behavior of apricot
and cherry pits that provide useful information to
agricultural engineers for optimum equipment design
required to cracking of apricot and cherry pits with high
efficiency and low damage for kernel. Therefore, the aim
of this study was to determine the mechanical behavior
[rupture force, deformation at rupture point, deformation
ratio, energy absorbed and toughness] of apricot and cherry
pits under compression loading along three axial
dimensions of the pit, in addition to determine the masses
and geometrical properties [axial dimensions, geometric
mean diameter, sphericity and volume] of these pits, these
properties are necessary to design and development of
suitable cracking machines and knowledge amount of
force and energy requirements for cracking operation.

MATERIALS AND METHODS

All experiments were carried out in the Laboratory
of Agricultural Machinery & Power Engineering
Department, Faculty of Agricultural Engineering, Al-
Azhar University, Cairo, Egypt. Fresh apricot and cherry
fruits were obtained from "EI-Obour" market for trade of
vegetables and fruits in Al-Qalyubia Governorate — Egypt.
Pits of apricot and cherry fruits (Fig. "1'") were manually
separate from fruits then dried at ambient temperature. The
moisture content [(Mc), %; dry basis] of apricot and cherry
pits were determined by drying method in a hot air oven at
105 + 3° C until a constant weight of sample according to
Hassan-Beygi et al., (2009). This test was repeated three
times. The moisture content was estimated on dry basis
using the following equation:

m, — m,
MC =

a

Where;
m,; and m, mass of sample before and after heat treatment in (g),
resp.

Fig. 1. Samples of apricot and cherry pits used in this study
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A digital Caliper with accuracy of 0.01 mm was
used to measure the three axial dimensions of randomly
selected 100 pits for each of apricot and cherry pits. The
three axial dimensions of pits are namely length “L, mm”
(longest intercept), width “W, mm” (equatorial width
perpendicular to L) and thickness “T, mm” (breadth
perpendicular to L and W). The geometric mean diameter
(Dg, mm), sphericity (@, %) and volume (Vp, mm®) of
individual 100 pits for each of apricot and cherry pits were
computed from the three axial dimensions (L, W and T)
earlier measured according the following equations
Mohsenin, (1986).

D,= (LW ™ 2)
Dg
0=—25x100 ...... (3)
v, = g LWT) ... )

Test specimen

Displacement sensor

Digital LCD display

lnj controller

The mass (M, g) of individual 100 pits of each of
apricot and cherry pits were randomly selected and
weighed separately using a digital electrical balance with
accuracy of 0.001g. A digital Universal Material Tester
(Fig. "2") was used to investigate the mechanical behavior
of apricot and cherry pits. The specifications of device
were as follows: Model No: MT 20 21, range of the
measurement is 0 to 20000 N and its accuracy is 0.01 N.
The used sample of pits were 90 pits for each of apricot
and cherry pits. This sample was divided to three groups
(30 pits/group) for measure the rupture force and
deformation at three axial dimensions (L "X", W "Y" and
T "Z-axis") of pit. The individual pit was placed on the
moving platform and compressed with a plate fixed by
hydraulic system of material test device until the pit
ruptured. The output data from the device was represented
in a chart on the computer by software of the device.

- Fixed platform
Moving platform
PC with software

Hydraulic system

Fig .2.Universal Material Tester

The mechanical behaviors of apricot and cherry pits
were expressed in terms of force required to rupture the pit,
deformation at rupture point, deformation ratio, energy
absorbed and toughness. Rupture force (Fgr, N) is the
minimum force required for crack the pit. Deformation (d,
mm) at rupture point in loading direction. Deformation
ratio (e, mm/mm) is the axial strain under compression
loading at rupture point of the pit and computed using the
following equation Sirisomboon et al., (2007); Razavi and
Edalatian (2012) and Mousa et al., (2016).

dy dy
Ex = T , Ey = W and
~ %
&€z = T

The energy absorbed (E,;, mJ) for rupture of pit is
equivalent to the area under force-deformation curve
between the initial point (0,0) and the rupture point. The
value of energy absorbed was calculated by using the
following equation according to Altuntas et al., (2010) and
Ardebili, et al., (2012).

Toughness (P, mJ/mm?®) is defined as the energy
absorbed by the pit up to the rupture point per unit volume
of the pit, the value of toughness was calculated by using
the following equation Olaniyan and Oje, (2002).

E
(7

a
P= v,

The data obtained were subjected to descriptive
statistics such as; range (minimum “Min” and maximum
“Max”), mean, standard deviation (SD) and coefficient of
variation (CV) by using spread sheet software program
(Microsoft Excel).

RESULTS AND DISCUSSION

All the experiments were carried out under the
moisture contents of 9.81 + 0.09 and 12.92 + 0.12 % (d.b.)
with coefficient of variation (CV) of 0.96 and 0.91% for
apricot and cherry pits, resp. The results obtained showed that
the values of masses ranged from 1.01 to 1.76 and 0.18 to
0.38 g with the mean values of 1.35 + 0.15 and 0.26 + 0.04 g
for apricot and cherry pits, resp., as shown in Table (1).

1
E,= 2 Fpd ... .. (6)
Table 1. Masses and geometrical properties of apricot and cherry pits.
Parameter Apricot pits Cherry pits
Mean SD Cv Mean SD Cv
M, (9) 1.35 +0.15 10.80 0.26 +0.04 16.96
L . L 20.38 +0.87 4.24 10.78 +0.73 6.79
f‘r%‘rﬁ; dimensions, W 15.83 +0.82 5.14 8.69 +052 5.99
) T 10.73 +0.50 4.63 6.79 +041 5.98
Dy, (mm) 15.14 +0.61 4,01 8.60 +041 481
9, (%) 74.29 +1.74 2.35 79.93 +4.07 5.10
Vp, (Mm?) 1824.85 +219.79 12.04 334.93 +48.10 14.63
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The highest and lowest values of length, width and
thickness were [(22.15, 18.55 and 12.10 mm) and (18.36,
13.89 and 9.28 mm)] for apricot pits and [(12.55, 10.02
and 7.72 mm) and (9.03, 7.41 and 5.79 mm)] for cherry
pits, resp. Whereas; the mean values of length, width and
thickness of apricot and cherry pits were (20.38, 15.88 and
10.73 mm) and (10.78, 8.69 and 6.79 mm), resp. Also; the
results indicated that the values of geometric mean
diameter ranged from 13.78 to 16.87 mm with mean of
15.14 + 0.61 mm and 7.33 to 9.72 mm with mean of 8.60 +
0.41 mm for apricot and cherry pits, resp. The values of
sphericity ranged from 70.11 to 77.89 % with mean of
74.29 + 1.74 % and 69.06 to 89.46 % with mean of 79.93 +
4.07 % for apricot and cherry pits, resp; this result is an
indication that the shape of apricot and cherry pits are close
to the ellipsoidal shape, for the ellipsoidal shape of
material, the volumes of individual apricot and cherry pit
were calculated by using equation (4) in materials and
methods. Knowledge of shape and physical dimensions are
important in screening solids to separate foreign materials
and in sorting and sizing of fruits and pits Naderiboldaji et
al., (2008). Also; the results indicated that the volumes of
apricot and cherry pits ranged from 1369.68 to 2513.44

mm?® with mean of 1824.85 mm® and 206.14 to 481.01
mm? with mean of 334.93 mm?, resp.
1. Rupture force

Table (2) shows the values of rupture force for apricot
and cherry pits at three axial dimensions [X-axis (Length),
Y-axis (Width) and Z-axis (thickness)]; the results showed
that, the values of rupture force for apricot pits along X, Y
and Z-axes ranged from 629.87 to 1223.41, 231.91 to 464.75
and 410.02 to 704.08 N, resp. The results indicated that, the
rupture force of apricot pit at loading position through the
width had the lowest value with mean of 334.38 N followed
by the thickness with mean of 567.25 N; while, the length
had the highest value of the rupture force with mean of
889.13 N, similar trend of this result was observed by
Ahmadi et al., (2008) for apricot pits. From Table (2) the
results showed that, the values of rupture force for cherry
pits along X, Y and Z-axes ranged from 102.97 to 415.58,
113.17 to 368.27 and 174.40 to 415.95 N, resp. The results
indicated that, the rupture force of cherry pit at loading
position through the width had the lowest value with mean
of 229.78 N; while, the thickness had the highest value of
rupture force with mean of 316.00 N.

Table 2. Values of rupture force at three axial dimensions for apricot and cherry pits.

Range CcVv,

Parameter Nin. VEYa Mean SD (%)
Apricot Frx 629.87 122341 889.13 +146.62 16.49
Rubture Pits RY 23191 464.75 334.38 +57.70 17.26
forcF:)e Frz 410.02 704.08 567.25 +68.58 12.09
N). ' Cherry Frx 102.97 415.58 243.85 +103.77 42.56
Pits RY 113.17 368.27 229.78 +68.59 29.85
R-Z 174.40 415.95 316.00 +58.03 18.36

2. Deformation and deformation ratio at rupture point.

Table (3) shows the values of deformation and
deformation ratio (compression strain) for apricot and
cherry pits at three axial dimensions. From Table (3) the
values of deformation at rupture point for apricot pits
ranged from 1.38 to 2.69 mm with mean of 2.07 mm, 0.38
to 1.32 mm with mean of 0.71 mm and 1.29 to 2.05 mm
with mean of 1.67 mm at loading position through length,
width and thickness axes, resp.; this result indicates that the
mean value of deformation for apricot pit compressed

through the length axis is higher than other two axes; this
result is agreement with Vursavus and Ozgiiven (2004), the
reason for this trend is that the apricot pit is more flexible
and is more resistant to rupturing along the X-axis as
compared to the other two axes. For cherry pits; the values
of deformation at rupture point ranged from 0.26 to 1.86
mm with mean of 0.79 mm, 0.25 to 1.51 mm with mean of
0.67 mm and 0.47 to 1.27 mm with mean of 0.90 mm at
loading position through length, width and thickness axes,
resp.

Table 3. Values of deformation and deformation ratio at rupture point for apricot and cherry pits at three axial

dimensions.
Range
Parameter NN, Niax, Mean SD CV, (%)
. dx (D) 138 2.69 2.07 +033 16.10
Apricot g, (w) 0.38 132 0.71 +0.18 25,58
. dy (T) 1.29 2.05 1.67 +0.19 11.42
Deformation, (mm). o (D) 0.26 168 0.79 1037 2662
P dy (W) 0.25 151 0.67 +0.25 37.06
dy (T) 047 1.27 0.90 +0.21 22.86
Aoricot ex (D) 0.07 0.12 0.10 £0.01 14.13
e ey (W) 0.03 0.08 0.04 +0.01 24.50
Deformation ratio, gz (T) 0.12 0.19 0.16 +0.02 10.06
(mm/mm). Cher ex (D) 0.03 0.16 0.07 £0.03 4387
Pitsry ey (W) 0.03 0.15 0.08 +0.02 32.82
&z (T) 0.07 0.18 0.13 +0.03 21.67

The deformation at rupture point is useful to
determine the clearance required to crack the pit, Lim, et al.
(2014) determined the clearance required to cracking of
Jatropha fruits, the value of minimum clearance equal
value of fruit width mins value of deformation at rupture
point as preliminary test for cracking process. The results

showed that the values of deformation ratio at rupture point
for apricot pits ranged from 0.07 to 0.12 with mean of 0.10
mm/mm, 0.03 to 0.08 with mean of 0.04 mm/mm and 0.12
to 0.19 with mean of 0.16 mm/mm at loading position
through length, width and thickness axis, resp. While; the
values of deformation ratio at rupture point for cherry pits
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ranged from 0.03 to 0.16 with mean of 0.07 mm/mm, 0.03
to 0.15 with mean of 0.08 mm/mm and 0.07 to 0.18 with
mean of 0.13 mm/mm at loading position through length,
width and thickness axis, resp. The previously values of
deformation ratio at the rupture point indicates
compression strain required to rupture the pit.

3. Energy absorbed and toughness.

Table (4) shows the values of energy absorbed and
toughness at rupture point for apricot and cherry pits at
three axial dimensions. The results showed that; the
compression along the X-axis (length) required more
energy for the rupture of the pit than other two axes for
apricot pits, while; compression along the Z-axis
(thickness) required more energy for the rupture of the pit
than other two axes for cherry pits. The average highest
values of rupture energy and toughness (energy absorbed

per unit volume) for apricot pits were at loading position
through length axis with mean of 933.05 mJ and 0.487
mJ/mm?®, resp. While; the average lowest values of rupture
energy and toughness were at loading potion through width
axis with mean of 121.02 mJ and 0.066 mJ/mm?, resp. The
result of apricot pit toughness is agreement with Vursavug
and Ozgiiven (2004) and Hassan-Beygi et al., (2009). For
cherry pits, the average highest values of rupture energy
and toughness were at loading position through thickness
axis with mean of 147.27 mJ and 0.453 mJ/mm?>, resp.
While; the average lowest values of rupture energy and
toughness were at loading position through width axis with
mean of 83.32 mJ and 0.234 mJ/mm?, resp. The previously
values of rupture energy for apricot and cherry pits indicate
how easily the pit can be broken.

Table 4. Values of energy absorbed and toughness for apricot and cherry pits at three axial dimensions.

Range

Parameter Nin Niax Mean SD CV, (%)
Apricot Eax 43461 1520.80 933.05 +265.62 28.47
s Eav 44.06 254.08 121.02 +4453 36.79
Eny 297.26 704.08 476.69 +97.97 20.55
Energy absorbed, () or Eox 1339 31169 110.78 T8741 7891
Pitsry Eay 14.73 233.23 83.32 +51.43 61.72
Enz 40.98 260.95 147.27 +55.52 37.70
Aoricot Py 0.285 0.728 0.487 +0.11 23.28
FF’,“S Py 0.027 0.141 0.066 +0.02 34.39
3 P, 0.153 0.424 0.271 +0.05 19.43
Toughness, (m/mm?). — Py 0.048 0.829 0.304 +0.22 7144
Pitsy Py 0.071 0.630 0.243 +0.14 58.37
P, 0.136 0.822 0.453 +0.16 36.22

CONCLUSION e For the apricot pits; the highest average values of

This study focused on the mechanical behavior
[rupture force, deformation, deformation ratio, energy
absorbed and toughness] of apricot and cherry pits under
compression loading at three axial dimensions [L (X), W
(Y) and T (Z-axis)] of the pit, also; masses and geometrical
properties (axial dimensions, geometric mean diameter,
sphericity and volume) of these pits were determined. All
experiments were carried out at moisture content of 9.81
and 12.92 % dray basis for apricot and cherry pits, resp.
The important obtained results from this study can be
summarized as follows:

e The results showed that, the mean values of mass,
length, width, thickness, geometric mean diameter,
sphericity and volume of apricot and cherry pits were
(1.35 g, 20.38 mm, 15.88 mm, 10.73 mm, 15.44 mm,
74.29 % and 1824.85 mm®) and (0.26 g, 10.78 mm,
8.69 mm, 6.79 mm, 8.60 mm, 79.93 % and 334.93
mmq), resp. Also; the results revealed that; the values of
sphericities are an indication that the shape of apricot
and cherry pits are close to the ellipsoidal shape.

e The results revealed that; the mean values of rupture
force, deformation, deformation ratio, energy absorbed
and toughness at three axes X, Y and Z-axis were
[(889.13, 334.38 and 567.25 N), (2.07, 0.71 and 1.76
mm), (0.10, 0.04 and 0.16 mm/mm) (933.05, 121.02
and 476.69 mJ) and (0.487, 0.066 and 0.271 mJ/mm?®)]
for apricot pits, and [(243.85, 229.78 and 316.00 N),
(0.79, 0.67 and 0.90 mm), (0.07, 0.08 and 0.13
mm/mm) (110.78, 83.32 and 147.27 mJ) and (0.304,
0.243 and 0.453 mJ/mm?®)] for cherry pits, resp.

rupture force, deformation and energy required to crack
the pit were at loading position through the length axis,
while; the lowest values were through the width axis.

o For the cherry pits; the highest values of rupture force,
deformation and energy required to crack the pit were
at loading position through the thickness axis, while;
the lowest values were through the width axis.

e In conclusion; the results obtained of the mechanical
behavior of apricot and cherry pits indicated that; the
compression through the width axis can be
recommended for cracking process with minimum
force and energy requirements.
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