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Abstract: Some physical properties of Rasa grape (Vitis vinifera L.) were determined as a function of moisture
content (dry basis). As the moisture content was increased from 12.20 to 71.53% d.b. the average length, width,
thickness and the geometric mean diameter of grape varied from 14.92 to 16.56, 8.53 to 14.13, 6.12 to 13.69 and
9.20 to 14.74 mm, respectively. In the same moisture content range, the study showed that sphericity, surface
area and thousand fruit mass, bulk and true density were increased from 0.61 to 0.89, 265.94mm  to 683.35mm ,2 2

564.8g to 2578.7g, 401.90 kg/m  to 712.71  kg/m , 725.14 kg/m  to 1526.47  kg/m , respectively. In addition, as the3 3 3 3

moisture content was increased from 12.20 to 71.53% d.b. the terminal velocity of grape was increased from 16.38
to 19.86 m/s. The static coefficient of friction was linearly increased with an increase in the moisture content
for all contact surfaces (Plywood, aluminum, rubber and galvanized iron). The research indicated that Rubber
surface had maximum static coefficient of friction. 
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INTRODUCTION

Grape (Vitis vinifera L.) belongs to the Vitaceae, a
large family of plants (Jansen et al. 2006). This fruit is
generally produced in moderate-warm climate zones, e.g.
Italy (9,256,814 MT/year), France (6,787,000 MT/year) and
USA (6,414,610 MT/year). Iran is the seventh highest
grape-producing country in the world (2,800,000 MT/year)
and grape is the third most important agricultural crop in
Iran [1]. The Grape fruit has some types such as Rasa
grape. In Iran Rasa grape is generally produced in the
western part of country and Kurdistan province is one of
the big producers of the Rasa type of grape in Iran. The
Kurdistan Rasa grape, as shown in Figure 1, is beautiful, Fig. 1: Rasa grape, growing in Kurdistan
delicious and black in color. It has some vitamins such as
E, C and some protectors such antioxidant [2]. Black study, grape seed extract was found to inhibit advanced
grape (Rasa) is a food with anticancer power [3]. In human prostate cancer growth and to induce apoptosis
several studies, it has been found that grape and its seed [7].
can exert significant inhibition on tumor initiation, The moisture dependent characteristics of physical
formation and progression [4]. For example, Singh et al [5] properties of agricultural products affect the adjustment
showed that grape seed extract inhibited human prostate and performance of processing machines. A range of
tumor growth significantly. Kweon et al. [6] suggested moisture content usually exists within which optimum
that grape-induced reduction of fatty acid synthase performance of the machine could be achieved [8]. It is
activity in liver might be one of the contributing necessary to determine physical properties of grape,
mechanisms of hepatic cancer prevention. In a cell  culture which mainly  depend  on moisture content, to aid in the
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design of equipment and machines for handling, desired  moisture  content (MC) by the oven method
conveying, drying, separation, storing, packaging and before tests [11]. For the determination of all MCs, four
processing of grape. These physical properties affect the replicates were applied to get an average value of MC for
conveying characteristics of solid materials by air of any sample. Weight loss on drying to a constant final
water. Size, shape and physical dimensions of Rasa grape weight was recorded as moisture content based on the
are important in sizing, sorting and other separation developed method AOAC [25] and using the following
process. Bulk and true densities of Rasa grape are equation:
necessary to design the equipment for processing and
storing such dryers and binds [9]. Terminal velocity is the
most important property for the separation and the
cleaning of materials and the porosity of fruits is the most where, MC is moisture content (d.b.), M  is initial mass
important for packing [10]. and M  is the final mass of grape fruit (g). Moisture

Many studies have been reported on the physical content of Rasa grape berries had fallen down to 55.62,
properties of fruits, grains and seeds, such as Juniperus 34.36, 18.26 and 12.12 (d.b.) respectively. The physical
drupacea fruits [11], bambara groundnuts [12], hackberry properties of the fruits were determined at the above
[13], fababeans [14], apricot pit [15], sunflower seeds [16], moisture contents.
pumpkin seeds [17], chickpea seeds [18], cactus pear [19], A digital vernier caliper (In size model) with the
caper fruit [20], grape seed [1] and strawberry [21]. sensitivity of 0.01 mm was used to measure the axial

Black grape is a sensitive fruit that may be easily dimensions of randomly selected 100 grape fruits; length,
destroyed subject to a small force; therefore, its width and thickness. Geometric mean diameter (D ),
preservation and handling is very difficult. Doymaz [22] sphericity ( ) and surface area (S) were calculated using
study about drying kinetics of Rasa grapes treated with the following equations [22, 12]:
different solutions. He found that the shortest drying time
(25 h) was obtained with black grapes dipped in ethyl
oleate plus potassium carbonate solution. Sivarooban et
al. [23] investigated about Physical and antimicrobial
properties of grape seed extract, nisin and EDTA
incorporated soy protein edible films. But no published
research was found on the detailed physical of Rasa grape where L is the length, W is the width and T is the
fruit and its relationship with moisture content. The aim of thickness of the fruit (Figure 2).
this study is to determine the physical properties of Rasa The mass of grape fruit was determined using one
grape and growing in Kurdistan province in Iran. hundred randomly selected fruits and converted to a 1000

MATERIAL AND METHOD (M ) were measured using an electronic digital balance

The Rasa grape used in this study was obtained from The grape fruit’s volume (V) and its density ( ), as a
the local gardens during September and November, 2010 function of moisture content, were determined, using the
in Kurdistan province, Iran. The fruits were manually liquid displacement method. Toluene (C H ) was used,
cleaned to remove all foreign matter, burst and immature rather than water, because it was not absorbed by the
fruits. The remaining fruits were packed in hermetic glass fruits. Also, its surface tension is low, so that it fills even
vessel and were stored in refrigerator to prevent shallow dips in a fruit and its dissolution power is low
undesirable effect at determined temperature of about [26-28].
+5°C until use. Initial moisture content of fresh grape The bulk density ( ) was determined with a hectoliter
fruits was obtained using oven method. A sample of 20g tester calibrated in kilogram per hectoliter [99]. The grape
in four replicates was dried in a hot oven at 105 ± 2°C for berries were dropped down into a bucket from a height of
5 hours until the mass did not change between the two approximately 15 cm. The extra grape was removed by
weighing intervals [24]. Initial moisture content was about sweeping the surface of the bucket. The fruits were not
73.51% (d.b.) using a precision balance with an accuracy compacted in any way [26,28].
of 0.01g having capacity of 400 g. The required fruits were The porosity  was calculated from the values of bulk
taken randomly from the vessels and dried down to the and true densities using the following relationship:
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Fig. 2: Three major dimensions of Rasa grape the filled cube just started to slide down. The vertical and

Fig. 3: Apparatus for measuring static coefficient of Area: Results show that geometric mean diameter,
friction. sphericity and surface area increase linearly with the

geometric  mean diameter, sphericity and surface area

where  is bulk density and  is fruit density in kg/m 25.85% d.b. and 21.97mm, 0.91 and 1516.62mm  at moistureb f
3

respectively [9,30]. content of 90.20% d.b. respectively. Similar results have
The terminal velocities of grape fruit at different been reported for caper fruit [20], jatropha fruit [37]. The

moisture contents were measured using an air column effect of moisture content on the seed sphericity is
device. For each test, a sample was dropped into an air presented in Figure 4. The relationship between sphericity
stream from the top of the air column. Airflow rate was and moisture  content  was found to be linear and can be

then gradually increased until the fruit became suspended
in the air stream. The air velocity which kept the fruit in
suspension was measured using an electronic
anemometer (YK-2005AM) model having at least count of
0.1 m/s. Each sample consisted of 20 fruits selected
randomly at the same moisture content. Three replications
were taken for each sample [31,32].

The coefficient of static friction was determined with
respect to different surfaces: Plywood, Iron, Rubber and
Galvanized iron. A hollow metal cube (Figure 3) opened at
both ends was filled with the fruits placed on an
adjustable surface such that the metal cube did not touch
the surface. The surface was then raised gradually until

horizontal height values were the ruler when the fruit
started sliding over the surface, the tangent value of the
created angle gives the coefficient of static friction
[15,21,33].

RESULT AND DISCUSSION

Fruit Dimensions: The mean and standard errors of the
axial dimensions of grape at different moisture contents
are given in Table 1. According to the results, three axial
dimensions were increased significantly (P<0.05) with
moisture content in the moisture range of 24.85 to 90.20%
d.b. when the moisture content of grape increases, the
average length, width and thickness of fruits increases
from 18.22 to 24.27 mm, 11.01 to 22.23 mm 7.24 to 19.66 mm,
respectively (table1). ANOVA results showed that the
differences among moisture levels were statistically
significant (P<0.01) for length, width and thickness.
Similar results of increase are reported for soybean [29],
lentil seeds [34], sunflower seed [16], raw cashew nut [35],
chickpea [18], safflower [36], cactus pear [19], caper fruit
[20], jatropha fruit [37], strawberry (Kurdistan variety)
[21].

 The Geometric Mean Diameter, Sphericity and Surface

increase in moisture content (P<0.01) (table1). The

were 11.36 mm, 0.62 and 405.08 mm  at moisture content of2

2
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Table 1: Axial dimensions of grape fruits at different moisture contents
Moisture Axial dimensions, mm
content, --------------------------------------------------------------------- Geometric Sphericity Surface
% w.b. Length Width Thickness mean (mm) (decimal) areas (mm )2

12.20 14.92(1.63) * 8.53(1.03) 6.12(0.92) 9.20 0.61 265.94
18.26 15.28(1.57) 9.75(1.00) 6.62(0.97) 9.94 0.65 310.59
34.36 15.76(1.36) 10.71(1.13) 7.35(0.99) 10.74 0.68 362.72
55.62 16.00(1.19) 11.71(1.42) 8.35(1.26) 11.61 0.73 423.54
71.53 16.56(1.00) 14.13(1.08) 13.69(1.11) 14.74 0.89 683.35
*Values in parentheses are standard deviation

Fig. 4: Variation of the sphericity of grape fruit with Fig. 7: Effect of moisture content on bulk density of
moisture content grape fruit

Fig. 5: Effect of moisture content on the thousand fruit Fig. 8: Porosity variation    with    fruit   moisture
mass content

Fig. 6: Variation of the surface area of grape fruit with Fig. 9: Effect of moisture content on terminal velocity of
moisture content grape fruit 
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Fig. 10: Coefficient of friction variation with fruit moisture true density, , is described by a linear equation as
content follows:

expressed using the following equation with a coefficient  = 12.25MC + 571.59
of determination of 0.90:

 = 0.004MC + 0.56

Thousand Fruit Mass: The thousand fruit mass of grape studies i.e. bulk density increases for apricot pit [15] and
in g was increased from 554.21 to 3668.7 g as the moisture cactus pear [19] and decreases for soybean [29],
content  was  increased  from  24.85  to  90.20% d.b. hackberry [13], chickpea seeds [18] and jatropha fruit [37]
(Figure 5). This is expressed by the following equation: and for fennel seed [39].

TFM= 32.994MC + 246.58 Porosity: Figure 8 reveals that the porosity increases with

with a coefficient of determination of 0.97. Similar trends 24.85% d.b. fruit moisture content to 64.28% at 90.20%
found for cotton seed [38], hemp seed [32] and jatropha fruit moisture content. The relationship between porosity
fruit [37]. and fruit moisture content were linear and can be

Surface Area: As seen from Table 1 and Fig 6, the surface coefficient of determination of 0.91:
area of grape fruit increases exponentially from 405.08 to
1516.62mm  (statistically significant at P<0.01), when the  = 0.134MC + 42.382

moisture content increases from 25.85% to 90.20% d.b
(Figure 6). A similar trend has been reported for caper An increase in porosity with moisture content was
(Capparis ssp.) fruit [20]. The variation of moisture reported for chickpea seeds [18] and green gram [40],
content and surface area (S) can be expressed whereas the results for cactus pear fruit [19] and jatropha
mathematically as follows: fruit [37] showed the decreasing of porosity by increasing

S = 0.1256MC  - 4.273MC + 326.312

with the value of R  equals 0.95. increased from 11.68 to 20.47 ms  by increasing moisture2

Bulk and True Density: As the moisture content As moisture content increased, the terminal velocity was
increased from 24.85 to 90.20% d.b. the bulk density found to increase linearly that expressed the following
increased from 316.00 to 551.80kg.m  (Figure 7). The equation:3

variation of bulk density was linear with the moisture
content and can be expressed as follows:

= 4.79MC + 351b

with the value of R  equals 0.97.2

The true density of the fruit was measured at
different moisture contents and was linearly increased by
increasing the moisture level and the true density of
grape, varied from 624.33 to 1545.24 kgm .  The  increase3

(P < 0.01) in true density value with the increase in
moisture content might be attributed to the relatively
lower true volume as compared to the corresponding mass
of the fruit (Figure 7). The moisture dependence of the

t

t

with the value of R  equals 0.95.2

Different results were reported in some previous

the increase in fruit moisture content from 49.38% at

expressed using the following equation with the

the moisture content.

Terminal Velocity: The terminal velocity of grape was
1

content from 24.85 to 90.20% d.b. respectively (Figure 9).
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V  = 0.0546MC + 15.621  R =0.93 CONCLUSIONt
2

The results are similar to that reported for green gram Some physical properties of grape (Kurdistan
[40] and for myrtle fruits (Myrtus communis L.) [41]. The variety) studied in this research and the results can be
increase in terminal velocity with increase in moisture summarized as:
content can be attributed to the increase in mass of an
individual fruit per unit frontal area presented to the air In the moisture range of 12.20 to 71.53% d.b. the
stream [41]. length, width, thickness and geometric mean

Static Coefficient of Friction: The reason for the 8.53 to 14.13, 6.12 to 13.69 and 9.20 to 14.74 mm,
increased friction coefficient at higher moisture content respectively.
may be owing to the water present  in  the  fruit  offering Thousand Fruit mass, sphericity, bulk and true
a cohesive force on the surface of contact. The static density, porosity and coefficient of friction on
coefficient of friction of Rasa grape varied from 0.34 to rubber, plywood, aluminum, galvanized iron sheet
1.04, 0.58 to 1.56, 0.43 to 1.28 and 0.39 to 0.91 respectively surface increased linearly, while the surface area of
for plywood, rubber, galvanized iron and aluminum sheet. grape increases exponentially by increasing moisture
At all moisture contents, the maximum friction is offered content.
by Rubber. Similar results were found by Akinci et al. [42] The static coefficient of friction is necessary to
for Juniperus drupacea fruits, for bambara groundnuts, design conveying machine and hopers used in
Chung and Verma [12] for beans and peanuts, Demir et al. planter machines. The differences between all the
[13] for hackberry, Konak et al. [18] for chick pea seeds values of static coefficient of friction are statistically
and Kabas, et al. [19] for cactus pear. significant at P < 0.01.

From 12.20 to 71.53% d.b. the static coefficient of
friction increased linearly with increase in moisture ACKNOWLEDGEMENT
content for all contact surfaces (Figure 10). The reason for
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