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Abstract

Physical, nutritional, and mechanical attributes of the three plum (Prunus domestica L.)
varieties of Ghandi, Gatretala, and Black were investigated. Most physical and mechanical
properties of the varieties were found to be statistically significant at the difference probability
levels of 1% and 5%. Length, width, thickness, and geometric mean diameters of Black and
Ghatretala plums were significantly higher than those of the Ghandi variety. The highest flesh-to-
stone ratio belonged to the Black variety followed by Ghatretala and Ghandi. Black plums showed
maximum values of rupture force, rupture energy, toughness, and minimum values of modulus of
elasticity; rupture in the fruit skin of this variety, thus, the variety is better suited for transport and
export over longer distances. The static friction coefficient at the contact with rubber surfaces was
significantly higher in Black plums than in the other two varieties. Almost equal values were
recorded for protein, fiber, fat, and ash contents of all the varieties studied. The Ghandi variety
showed the highest values for dry mass and nonfiber carbohydrate content, showing it's potential

value for use in making candies, jams, syrups, and juices.
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Introduction

Plums are the most taxonomically diverse of
stone fruits. They are placed within the Pronoidease
subfamily of the Rosaceae, in the subgenus
Prunophora and include several species of Prunus.
The most commonly grown species are Prunus
domestica L. and Prunus salicina L. (Ertekin et al.,
2006). Prunus domestica is the most important plum
species worldwide. Relatively minor use is made of
the fruit of Prunus cerasifera, Prunus spinosa, and
Prunus insititia. Plum (fresh and prune) has recorded
annual yields of about 10137.9 worldwide and
4021.6 kg/ha in Iran (FAOSTAT, 2009). There are
about 75 varieties of plum and prune native to Iran
(Sedaghathoor et al., 2009).

Ghandi, Black, and Ghatretala plums are native
species from Prunus domestica L. grown in Iran.
Plum is known for its large quantities of solid
content, especially different kinds of sugar that make
it consumable both as fresh and as prune. The prune

is used for it's juice and syrup. The juice is widely
used as flavoring in the food industry such as biscuit
making. Plum is also a rich source of K, N, Ca, and
P (Ertekin et al., 2006). Designing equipment for the
handling, transport, separation, drying, aeration,
storing, and processing of fruits requires their
physical properties to be determined. The physical
and mechanical properties of such products as
hackberry (Demir et al., 2002), beans (Esehaghbeygi,
2010), sweet cherry varieties (Vursavus et al., 2006),
wild plum (Calisir et al., 2005), olive fruits (Kilichan
et al., 2008), nectarine fruit (Tarighi et al., 2010),
tomato (Zhiguo et al., 2011), and tung seed (Sharma
et al., 2011) have already been identified and
carefully determined. However, to the best of our
knowledge, no detailed study is found in the
literature on the mechanical properties of plum. The
present study was undertaken to find out some of the
physical, chemical, and mechanical properties of
three plum varieties.
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Materials and Methods

Plum physical properties such as length, width,
thickness, geometric mean diameter, porosity,
volume, sphericity index, mass, surface area, flesh
to stone ratio, true density, bulk density, and aspect
ratio were measured for all the varieties studied.
Their mechanical behavior such as rupture force,
rupture energy, apparent modulus of elasticity,
maximum contact stress, static friction coefficient,
and Poisson ratio determined. The
engineering properties were found to be moisture
dependent that nutritional attributes such as
moisture content, crude protein, crude fat, crude
fiber, total ash, and non-fiber carbohydrate were
also determined.

Wwere

Materials

Three plum cultivars (Ghandi, Ghatretala, and
Black) were used for the experiments. They were
collected from Gahvare, Iran, during the summer
2011. Ripe plums were picked by hand and stored
in the refrigerator at 4°C. Initial moisture content
was determined by oven drying at 105+£1°C for 24
h (AOAC, 1996). All experiments were conducted
under ambient conditions (i.e., 25+2°C, 60-63%
RH). All experiments were laid out in a factorial
arrangement with a completely randomized design
and 50 and 20 replications for physical and
mechanical attributes, respectively. The data were
analyzed using the statistical software MINITAB
Ver. 13.2, State College Pennsylvania, MINITAB
Inc. Comparisons of means were accomplished
using the Duncan test at a probability P<0.05.
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Constants calculated from the material properties

of the two surfaces in contact

Radii of curvature of the convex surface of the
sample at the point of contact with the upper plate, m
Radii of curvature of the convex surface of the
sample at the point of contact with the lower plate, m
Initial length, mm

Final length, mm

Initial width, mm

Final width, mm

The dimensions of the elliptical contact area between
the compression tool and the specimen

Bulk density, g mm™

Density, g mm™

Maximum contact stress, kPa

Apparent modulus of elasticity, kPa

Measurements

To determine the average size of the fruits, 50
plums were randomly selected to measure their
three linear dimensions, projected perimeter, major
axis, and minor axis (namely, length, width, and
thickness) using a digital caliper up to an accuracy
of 0.01 mm (Figure 1). Fruit mass was measured
using an electronic balance up to an accuracy of
0.001 g. The geometric mean diameter, surface
area, sphericity index, and porosity were calculated
using equations 1 to 4, respectively (Mohsenin,
1978). As shown below:

1
D,=(LWT) (1)
1
S, zloow (2

L
S =znD; 3)
~100(1- 22
€ ( pt) 4)

Average bulk density was determined using the
standard weight test procedure by filling a 500 ml
container with fruits from a height of 150 mm at a
constant rate (Vursavus et al., 2006). Average true
determined using the toluene
displacement method. The volume of the toluene
displaced was determined by immersing a weighed
quantity of plum in the toluene. The volume of
plum was determined using the toluene
displacement method (Demir et al., 2002). Flesh to
stone weight ratio was calculated using the method
proposed in Vursavus et al. (2006).

density was
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Figure 1 Three major dimensions of fruit and the direction of
loading.
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Sphericity index is defined as an expression of
the shape of a solid relative to that of a sphere of
the same volume. Aspect ratio expresses the width
to length ratio, which is sign of it's tendency to be
oblong in shape and is calculated using eq. 5.

R,=— (5)

The values of static friction coefficient for plum
fruits were determined against four different
structural materials, namely galvanized iron,
rubber, plywood, and glassy sheet. The fruit was
placed on an adjustable tilting plate facing the test
surface. Maximum value of friction force was
obtained when the fruit started moving, which was
used to calculate its static friction coefficient.
Fruits were subjected to uniaxial loading until
deformation occurred. The Poisson’s ratio was
calculated for the study fruit using eq. 6
(Mohsenin, 1978).

Ll. _Lf
7:£ W. W (6)
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The failure trend for the plum was measured
using an Instron Testing Machine equipped with a
5 kg load cell at a compressive rate of 50 mm/min.
Force-deformation curves were recorded and the
mechanical behavior of plum was expressed in
terms of rupture force, rupture energy, and
toughness obtained from each compression curve
as follows. Rupture energy was determined by
measuring the area under the force-deformation
curve using MATLAB Ver. 7.6. Roughness was
determined via dividing the rupture energy by the
sample volume (Kilickan and Guner, 2008). To
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estimate the value of the apparent modulus of
elasticity (E), the parallel plate contact was used as
in eq. 7 (ASAE, 2009).
%
0.338F(1— %) 11y 11y
E=—2220 0 T8 K (—+— )3+ K, (—+—)>
P e AR A 0

Maximum stress occurred in the center of the
contact surface and was found numerically equal to
1.5 times of the average contact pressure as
calculated from eq. 8 (ASAE, 2009).
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The nutritional attributes of plum samples such
as moisture content, crude protein, crude fat, non-
fiber carbohydrate, crude fiber, and total ash were
determined using the AOAC method (1996) with
three replications. Samples were homogenized and
subjected to extraction for 6 h with petroleum ether
in Soxhlet apparatus. The extracted oil was dried
over anhydrous sodium sulphate and the solvent
was removed under reduced pressure in a rotary
film evaporator. Fat percentages were determined
by weight difference. Ash was determined in a
muffle furnace at 850 °C for 8 h. Nitrogen content
was estimated using the Kjeldahl method and
converted to protein content using a conversion
factor of 6.25. Crude fiber was determined as
described in Haciseferogullari et al, (2007). The
non-fiber carbohydrate percentage was determined
using eq. 9 below:

carbohydrate (%) = 100- (crude protein+
crude fat+ crude fiber+  (9)
total ash)

Results and Discussion

Physical Properties

The differences among most physical properties
of the plum varieties were found to be statistically
significant (Table 1). The values for length, width,
and thickness ranged from 28.05 to 36.52 mm,
26.78 to 3546 mm, and 25.85 to 34.01 mm,
respectively, for all the varieties. The values for
geometric mean diameters ranged from 27.02 to
35.30 mm in all the varieties studied. The length,
width, thickness, and geometric mean diameters of



98

A. Esehaghbeygi et al.

Table 1 Some physical attributes of the plums.
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Particulars Ghandi Ghatretala Black
Porosity (%) 39.17°+1.88 32.18°+2.14 50.39" +1.88
Length of fruit (mm) 28.50°+0.99 34.03* £1.88 36.52% £1.66
Width of fruit (mm) 26.78°+0.89 33.28°+0.92 35.46" £1.55
Thickness of fruit (mm) 25.85" +0.86 32.65%+0.92 34.01* £1.26
Geometric mean diameter (mm) 27.02° +0.85 33.31% +£0.86 35.30% +£1.41
Volume (cm”) 11.72°+1.28 21.14° £1.93 26.22% +2.95
Surface area (mm?) 2298.9°+143.5 3490.9° £183.1 3931.2° +314.9
Sphericity (%) 94.84° £1.21 97.93*+0.82 96.76*+1.15
Fruit mass (g) 12.45° +1.81 22.53"+2.04 27.40" £3.31
Flesh/stone ratio 8.06°+1.21 13.22°+0.85 22.24* £2.35
True density (kg m™) 1062% £96 1057* £78 1060" +87
Bulk density (kg m™) 774 £10 694" £15 687" +23
Aspect ratio 0.94* £0.02 0.97*+0.01 0.97* +£0.01

»b.¢ Different letters shows significant difference in each row plus standard error values, Duncan 5%.

Black and Ghatretala plums were significantly
greater than those of Ghandi plums but similar to
those of Stanley plums reported by Ertekin et al.
(2006). The volume, surface area, and fruit mass of
Black plums were significantly greater than those of
other plum varieties and varied from 11.72 to 26.22
cm’, 2298.9 to 3931.2 mm?, and 12.45 to 27.40 g,
respectively. Some of the Ghandi properties were
agreeing with those obtained for wild plums
(Calisir et al., 2005). The mean values for volume,
surface area, and fruit mass for Black and
Ghatretala plums were similar to those reported for
Stanley plums (Ertekin et al., 2006). The flesh to
stone ratio in all plum varieties showed differences
in the means varying from 8.06 to 22.24. The
highest value was observed in Black plum, which
was three times greater than that in Ghandi,
followed by Ghatretala and Ghandi. Vursavus et
al., (2006) reported flesh to stone ratios for three
sweet cherry varieties varying from 17.70 to 20.73.
If the flesh to stone ratio is regarded as an
important criterion, then Black plum must be a
good breeding variety. The average bulk density
ranged from 774 to 687 kg m> in Ghandi,
Ghatretala, and Black cultivars. The bulk density
values recorded for all the plum varieties in the
present study were higher than those reported for
wild plum (Calisir et al., 2005), Stanley, and Frenze
(Ertekin et al., 2006); this may be attributed to
differences in environmental and growing

conditions. The values for true density in all the
study varieties ranged from 1057 to 1062 kg m™.
This value is agreed with those reported by Calisir
et al. (2005) and Ertekin et al. (2006). This feature
is important for storage and transport purposes
(Sharma et al., 2011).

Quality of food materials can be assessed by
measuring their densities. Density data of foods are
required in separation processes, such as
centrifugation and sedimentation, and in pneumatic
and hydraulic transport of powders and particulates.
Sphericity index in all the study varieties ranged
from 94.84 to 97.93. Average values of sphericity
and aspect ratio revealed that Ghatretala variety
was easier to roll on surfaces, which made it more
suitable for sorting. However, the aspect ratio value
is being close to the sphericity values may also
mean the plum fruit will undergo a combination of
rolling and sliding action on a flat surface. Porosity
ranged from 32.18% to 50.39% in the varieties
studied. These data are valuable for packing task of
plum.

Mechanical Attributes

A typical force-deformation curve for
compressed Ghandi plum is shown in Figure 2. The
values for rupture force, rupture energy, and
toughness were obtained from each compression
curve.
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Figure 2 A typical force-deformation curve for compressed
Ghandi plum.

ANOVA  analyses indicated that such
mechanical properties as rupture force, rupture
energy, toughness, apparent modulus of elasticity,
and maximum contact stress among the three
varieties were significantly different. The rupture
force for Ghandi, Ghatretala, and Black plums
were measured at 29.43, 61.81, and 72.59 N,
respectively (Table 2). The results obtained on the
mechanical properties show the fruits of the
different cultivars are not homogenous and they
behaved differently under identical loading
conditions. Similar non-homogenous, anisotropic
behavior is also found in apples and pears (Wang,
2004). Vursavus et al. (2006) reported the values of
rupture force for three sweet cherry varieties varied
from 13.34 to 15.04 N. Plum rupture energy and

Table 2 Some mechanical properties of the plums.
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toughness ranged from 0.07 to 0.33 Nm and 5.89 to
12.74 kI m>, respectively. Black and Ghandi,
respectively, showed the highest and the lowest
values for rupture force, rupture energy, and
toughness. Therefore, it took longer for rupture to
happen in the skin of Black plums, making them
more suitable for transportation and export
compared to Ghandi and Ghatretala varieties.

The wvalues for modulus of elasticity were
measured at 1.09, 0.86, and 0.73 MPa for Ghandi,
Ghatretala, and Black plums, respectively. The
flexibility of the fruit under higher moisture levels
is one of the reasons for higher deformation in
higher moisture. In addition, skin viscoelastic
property causes higher deformation of the fruit
under compression. Haciseferogullari et al. (2007)
reported the values of modulus of elasticity for six
apricot varieties varied from 2.44 to 4.64 MPa. The
modulus of elasticity for all plum varieties in the
present study were higher than those reported for
three sweet cherry varieties (Vursavus et al., 2006).
These differences may be attributed to differences
in measurement methods and to fruit varieties.
Ghandi recorded a higher value for modulus of
elasticity than the other two varieties. Deformation
decreases with increasing value of modulus of
elasticity so that the fruit will be stiffer. Maximum
contact stress ranged from 283.03 to 343.84 kPa
and no significant differences were observed
between maximum contact stress values for Ghandi
and Ghatretala plums. Black plum had the lowest
value for contact stress; Black plums, therefore,

Particulars Ghandi Ghatretala Black
Rupture force (N) 61.80+1.92% 29.43+1.71° 72.59+1.43%
Rupture energy (Nm) 0.22+0.08* 0.07+0.023° 0.33+0.096"
Toughness (kJ m™) 10.6+0.76" 5.89+0.14° 12.74+0.64°
Modulus of elasticity (MPa) 0.86+0.097" 1.09+0.074* 0.73+0.081°
Maximum contact stress (kPa) 343.849.8° 330.03+7.8% 283.03+10.14°
Poisson ratio 0.301+0.74" 0.187+0.09° 0.268+0.09"
Static friction coefficient on

Galvanized 0.105+0.02° 0.143+0.05° 0.169+0.075%

Rubber 0.131+0.09° 0.170+0.03° 0.194+0.05°

Plywood 0.126+0.04° 0.155+0.02° 0.181+0.07%

Fiberglass 0.09+0.05° 0.101+0.06" 0.137+0.05°

&5¢ Different letters shows significant difference in each row plus standard error values, Duncan 5%.
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must experience less bruising during their shelf life
period. Lewis et al. (2008) reported that the values
for maximum contact stress in apple varied from
320 to 650 kPa. The Poisson ratio for Ghandi,
Ghatretala, and Black plums were measured at
0.187, 0.301, and 0.268, respectively. These values
are agreed with those reported in Ertekin et al.
(2006); this is while the environmental and growing
conditions were different. Ghatretala recorded a
higher value for Poisson's ratio than the other
varieties did. Poisson’s ratio varies between 0.2 and
0.5 for most materials (Mohsenin, 1978).

The static friction coefficient is important for
designing pneumatic conveying, screw conveyors,
hoppers, etc. Its value ranged from 0.105 to 0.169
for plums on galvanized surface, from 0.131 to
0.194 on rubber, from 0.155 to 0.181 on plywood,
and from 0.09 to 0.137 on fiberglass. These values
were lower than those reported by Calisir et al.
(2005) for wild plums. Ertekin et al. (2006)
reported the static friction coefficient of two plum
cultivars ranged from 0.067 to 0.276 on galvanized,
0.082 to 0.277 on rubber, and 0.073 to 0.271 on
plywood. Mild steel surface offered less resistance
for rolling by fruits; it is, therefore, the material that
can be safely used for fabrication of food
processing machineries like grader and pricking
machines. Bahnasawy et al. (2004) reported the
static friction coefficient for all Egyptian onion
cultivars ranged from 0.67 to 1.34 and the highest
value was obtained on plywood followed by rubber
and galvanized surfaces. The same value for Black
plum was significantly higher than those for the
other two varieties. Previous studies have reported
maximum values of static friction coefficient on
rubber surfaces (Akinci et al., 2004; Demir and
Kalyoncu, 2003).

Table 3 Some nutritional attributes of the plums.
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Nutritional Attributes

Some of the nutritional attributes of the three
plum varieties are given in Table 3. Crude protein,
crude fat, crude fiber, total ash,
carbohydrate, and dry mass contents of all plums
were established between 1.1-2.1%, 0.8-1%, 1.4-
2.3%, 1.7-2.9%, 7.51-12.45%, and 12.51-20.75%.
Almost similar values were recorded for protein,
fiber, fat, and ash content of plums. The values
measured for crude protein were lower than those
reported by Ertekin et al. (2006). The highest dry
mass and carbohydrate content of plums were
observed in Ghandi, indicating that Ghandi variety
is useful in manufacturing syrups, jams, and juices.
Calisir et al. (2005) determined the values of crude
fiber (2.1%), crude protein (1.6%), and crude fat
(1.1%) in wild plum. Demir et al. (2002) reported
the values of 19.32, 6.7, 4.4, and 15.29% for crude
protein, crude fat, crude fiber, and ash content of
hackberry, respectively. Protein content in many
edible wild fruits is usually lower than 5%. Oil
levels were low (less than 2%) in most of the fruits
and depended on the crude fiber content. According
to previous studies, protein, fat, fiber, ash, and
carbohydrate are affected by climate, variety,
geographical origin, harvest year, late or soon
season cultivars, and the methods of cultivation
(Ozdemir and Akinci, 2004). These physical and
nutritional results should be considered in the
harvesting, handling and processing of plum.

non-fiber

Conclusions

1. Black plum showed the highest values for
physical properties followed by Ghatretala and
Ghandi.

Component Ghandi Ghatretala Black
Water (%) 87.49 79.25 86.88
Crude protein (%) 1.1 2.1 1.3
Crude fat (%) 0.8 1.0 0.9
Crude fiber (%) 1.4 23 1.5
Total ash (%) 1.7 2.9 1.9
Non-fiber carbohydrate (%) 7.51 12.45 7.52
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2. The average values of sphericity and aspect
ratio revealed that Ghatretala makes it easy to roll
on surfaces and that it is suitable for sorting.

3. Black plum showed maximum values for
rupture force, rupture energy, toughness, and the
minimum value for modulus of elasticity so rupture
in the skin of the fruit happen later, making it more
suitable for transport and export than Ghandi and
Ghatretala.

4. Black plum showed the minimum contact
stress compared to the other varieties; it, therefore,
experienced less bruising during its shelf life
period.

5. Black plum showed a higher value for static
friction coefficient; the highest being recorded for
rubber surfaces followed by plywood, galvanized,
and fiberglass ones.

6. The values for protein, fiber, fat, and ash
content in all the plum varieties studied were found
to be almost identical.

7. The highest dry mass and non-fiber
carbohydrate content were observed in Ghandi; it is,
therefore, more useful for processing into number of
products such as syrups, jams, and juices.
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