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Mechanical Properties of Pomegranate Seeds Affected by Moisture Content
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Abstract: In this study some physical properties of pomegranate seeds have been evaluated as a function of
moisture content ranging from 10.06 to 22.91% (w.b.). Length, width, thickness, geometric mean diameter,
sphericity and 1000 seed mass were increased linearly 3.55, 3.48, 8. 87, 5.22, 1.61 and 30.04 percent, respectively
with increasing moisture content from 10.06 to 22.91% (w.b.). Bulk density and true density increased linearly
from 569.3 to 646.3 kg/m’ and 1057.3 to 1147.2 kg/m’, respectively, while porosity was decreased from 46.15 to
43.66%. The angle of repose was mereased from 21.35 to 29.4° with increasing moisture content. The static
coefficient of friction was increased linearly for concrete (7.00%), galvanized iron sheet (7.59%), plywood
(8.05%0) and glass sheet (9.26%), respectively. The highest static coefficient of fricton was observed on
concrete and the lowest on glass sheet among the materials tested.
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INTRODUCTION

Pomegranate (Punica granatum 1.)) belongs to
Punicacia family and i1s one of the most popular fruits
native to Tran. However, it is now widely grown in
many countries such as India, Spam, Egypt Russia,
France, Argentina, China, Japan and USA. Tran is a
native land of the pomegranate which is grown in every
area, both coastal and mountainous areas. The total
pomegranate production in Tran was 670,000 tons in
2005 [1]. Pomegranate fruit has valuable compounds
in different parts of the fruit whose functional and
medicinal effects such as antioxidant, anticancer and
anti-atherosclerotic effects have been confirmed [2-3].

Pomegranate fruits contain considerable amounts
of seeds, ranging between 40 and 100 g/kg of fruit
weight depending on variety. One of the conventional
utilization of pomegranate seeds in Iran is pomegranate
seed powder that is used in many home foods such
as Zeytoon Parvardeh (Special Olive), Kaalekabab and
etc. The pomegranate seeds have estrogenic and
antioxidant activity [6-10]. In addition, seeds are rich in
vitamin C and minerals such as potassium, sodium and
calcium [11,12].

In the process of dehydration, grinding and m other
related processes, the seeds undergo a series of changes
and presently, limited information is available on
engineering properties of seeds. Dried pomegranate
seeds are highly hygroscopic and affect handling and
processing with absorption of moisture. The objective of
this study was to determine the physical properties of
pomegranate seeds in the desired moisture range of
10.06-22.91% (w.b.), thus the knowledge gained will be
used in design and development of equipments for
cleaning, grading, dehydration, storage and handling of
pomegranate seeds in the oil industry.

Dimensions are important to design the cleaning,
sizing and grading machines. Bulk density, true density
and porosity are major considerations in designing the
drying and aeration and storage systems, as these
properties affect the resistance to air flow of the mass.
Angle of repose and coefficient of friction are important
in designing equipment for solid flow and storage
structures. The coefficient of friction between seed and
wall 15 an important parameter in the prediction of seed
pressure on walls.

In this study, moisture dependent selected physical

properties of pomegranate seeds, namely, linear
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dimensions, geometric mean diameter, sphericity index,
true  density, bulk density,
porosity, angle of repose and static coefficient of friction

thousand seeds mass,

against four surfaces were investigated.
MATERIALS AND METHODS
Ferdows variety pomegranates were obtamed
from Khorasan province in Iran from agricultural
research center of Mashhad. The arils with seed were
manually separated from mature fruits. After separation,
the arils were dried to moisture content of 10 % (w.b.).
Experiments were conducted in the moisture range of

10.06-22.91% (w.b.). The
moisture  content level were prepared by adding

samples of the desired

calculated amounts of distilled water i accordance with
Eq (1)[13].

WMy — M)
100 - My

0 (1)

Where @ is mass of added water in grams, W, is
mnitial mass of seed sample in grams and A4, and M,
are the imtial and fnal moisture contents in %w.b.,
respectively.

The samples were packed in polyethylene bags and
stored at 5°C in a refrigerator for 48 h before using them
for the experiments. The experiments were replicated
3 times to avoid error.

To determine the size of seeds, a sample of 50 seeds
was randomly selected. Linear dimensions, 1.e. major (L),
medium (7)) and minor diameter (7), were measured by
using a digital caliper with a 0.01 mm accuracy. to
calculate the geometric mean diameter (D). The geometric
mean diameter (D,) was computed using the following
equation:

D, =({IWT)" (2)

The sphericity mdex value (@) of seeds was
calculated using the following formula [14]:

_ (LWT)% - (3)

O 00

Thousand seed mass (W) was determined by
counting 100 seeds and weighting them 1n an electronic
balance of 0.001 g sensitivity and then multiplied by 10 to
give the mass of 1000 seeds.
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Bulk density (p,) of pomegranate seed was
determined by filling the grains in a cylinder of known
volume (1000 cm”) and weighed in an electronic balance.
The bulk density was then calculated from the mass and
volume [15,16].

The true density (p,) defined as the ratio between the
mass of pomegranate seed and the true volume of the
seed, was determined using the toluene displacement
method. Toluene was used in place of water because it is
absorbed by seeds to a less extent. The volume of toluene
displaced was found by immersing a weighted quantity of
pomegranate seed in the toluene [13]. The percent
porosity (£) was calculated from the relationship between
bulk and true density [14]:

i (4)

2,

e= =100

The angle of repose (@) was determined from the
height (#) and diameter (D) of the naturally formed heap
of seeds on a circular plate [17]. For this purpose, the
seeds were allowed to fall from a height of 20 cm on a
circular plate of 200 mm diameter for the heap formation.

ZH

2H (3)
D

¢ =tan"'(

The static coefficients of friction of pomegranate
seeds were determined on the surfaces of concrete,
galvanized iron sheet, plywood and glass sheet. Tt was
determined by filling a hollow plastic box of dimensions
70 x70 x70 mm with seeds as suggested by Kaleemullah
(1992) [18]. The box was pulled parallel to the surface in
such a way that it just started to move and static
coefficient of friction(p)was determined using the formula:

P S

'LL:

Bts

Where, I = the force required just to move the box
with seeds and I, , = weight of box plus seeds.

RESULTS AND DISCUSSIONS

Seed Size: The major, medium, minor and geometric mean
diameter of dried pomegranate seed at moisture contents
of 10.06,12.31,14.53, 16.07, 18.39, 20.66 and 22.91% (w.b.)
are presented in Table 1. It 1s observed from Table 1 that
all dimensions of seed were increased with increasing
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Table 1: Variation of principal dimensions of pomegranate seed with moisture content (%% w.b.)

Moisture content (% w.b.) Major diameter (mim)

Medium diameter (mim)

Minor diameter (mm) Geometric mean diameter (mm)

10.06 5.861 3.390 2.278 3519
1231 5.943 3.422 2.351 3.583
14.53 5.903 3.477 2.390 3.632
1607 5.991 3.479 2392 3.633
1839 6.040 3.480 2,466 3.683
20.66 6.062 3.493 2.469 3,690
2291 6.069 3.508 2.480 3702
Mean 5.994 3465 2.404 3.635
SD 0.074 0.043 0.074 0.066
moisture content. For the increase in moisture contents 7

from 10.06 to 22.91% (w.b.), the increase of major, medium, E 64 — — & ——
minor and geometric mean diameter were 3.55, 3.48, 8.87, % &l

5.22 and 1.61 % respectively. Therefore, all dimensions of s

seeds were increased linearly when the moisture content g 41 . .- a8 —9
was mncreased from 10.06 to 22.91% (w.b.). The medium _E 34

dimension had the smallest percentage increase (with g_ -

mcerease in moisture content), while the minor diameter g

had largest percentage increase. The geometric mean T 1

diameter of seeds as computed using Eq. (2) mcreased 0 ; ; ; ; ;

1.61% with increasing moisture contents. Kingsly et al.
[12], Amin et al. [20]. Garnayalk et al. [21], Solomon and
Zewdu [30], Karababa and Coskuner [31] and Mwitliga
and Sjfuna [34] found similar results for lentil seeds,
jatropha seeds, sweet corn kernels, ,pomegranate seeds,
sorghum seeds and niger seeds.

The following regression equations were developed
for major, medium, mmor and geometric mean diameter
with moisture content (%ow.b.).

L = 0.0154M+ 5.7414 (R* = 0.9066) %
W = 0.0086M + 3.3247(R* = 0.8328) (8)
T = 0.0155M+ 2.1488(R* = 0.9167) (9)
D, = 0.0138M + 3.4079(R* = 0.9123) (10)

The regression lines of mentioned dimensions are
shown in Fig.1. It 13 obvious from this Figure that the
dimensions of pomegranate seeds were linearly increased
with increasing moisture content.

Sphericity Index: The sphericity index of seeds as
calculated using Eq. (3) was mcreased from 0.600 to 0.610
with increasing the moisture content from 10.06 to 22.91%
(Fig. 2). Therefore, a moderate mcrement mn sphericity
index was seen. The mcrease in the sphericity mdex was
due to greater increase in thickness (minor diameter) as
compared to other dimensions. The sphericity index of
pomegranate seeds was lower than most seeds such as
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Fig. 1. Vanation of seed dimensions with moisture
content. 4, major diameter, B, medium diameter,
A; minor diameter, @, geometric mean diameter
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Fig. 2.  Vanation of sphericity of seeds with moisture

content

chickpea [15], millet [22], hazelnut [19], cacao [24],
safflower [25], popcom kernels [26], pistachio [27], tef
seed [28], roselle seed [29] and jatropha seeds [21], but it
was more than niger seed [30].

The relationship between sphericity index and
moisture content (%w.b.) can be represented by the
following equation:

@= 0.0007M + 0.594 (R* = 0.8922) (11)
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Fig. 4 Bulk and true densities of seeds as a function of

moisture content. W, true density #; bulk density

The different results have been reported for moisture
dependence of sphericity. Zewdu and Solomon [28]
reported an initial decrease followed by an increase in
sphericity for tef seed. However, an increase in the
sphericity with increasing moisture content was reported
for safflower seeds [25], pistachio kernels [27], sweet corn
kernels [31] and jatropha seeds [21].

Thousand Seed Mass: The varation of thousand seed
mass with increasing moisture content is shown in Fig. 3.
Tt is clear that the thousand seed mass was increased from
2530 to 32.90 g with the comesponding increase in
moisture content from 10.06 to 22.91% w.b.

The linear relationship between thousand seed mass
and moisture content could be expressed in the form of
Eq (12).

W 000 = 0.58990M + 19.378 (R* = 0.9855) (12

Such linear relationship between thousand seed mass
and moisture content has been reported for gram [32],
millet [22], cacao [24], caper seed [33], pomegranate seeds
[12], popcorn [26], sweet corn kernels [31], tef seed [28],
jatropha seeds [21] and niger [30].
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Bulk Density and True Density: The bulk and true
densities of samples was increased with increasing
moisture content (Fig. 4). An mcrease from 569.3 to
646.3 kg/m’ and 1057.3 to 1147.2 kg/m’ was observed in
bulk and true densities, respectively, for an increase in
moisture content from 10.06 to 22.91% (w.b.). The bulk
density was found to be lower than true density at the
same moisture content.

The following linear regression equations were
developed for bulk density and true density, respectively.

p, = 6.6458M + 993.99 (R? = 0.9716)
£.= 5.8580M + 509.3 (R = 0.9598)

(13)
(14)

The same trend has also been reported by Aydin and
Ozean (2002) for terebinth fiuats [23]. The increase in bulk
and true densities of pomegranate seeds with increasing
moisture content indicates that the increase in mass
owing to moisture gained in the samples 1s more compared
to the increase in their volume.

The different trend has been observed for gram [32],
lentil seed [20], sorghum seeds [34], sweet comn kernels
[31] and tef seeds [28]. The explanation for these
discrepancies could be relate to the range of seed
moisture content studied, the cell structure and the
volume and mass increase characteristics of the seeds as
seed moisture content increases.

Porosity: Porosity is the property of seeds that depends
on its bulk and true density and this dependence is
different for every seed. The porosity was calculated from
the bulk density and true density of the seeds. The
porosity was decreased from 46.15 to 43.66 % with
increasing moisture content from 10.06 to 22.91% (Fig. 5).
The relationship between the porosity and moisture
content for seeds can be represented by the following
equation:
£=0.1994M- 48.406 (R* = 0.906) (15)
While most of the researcher has reported linear
increasing trend for gram [32], cashew nut [35], chickpea
[21]. millet [22], hazelnut [19], cacao [24], lentil seeds [20],
popeorn [26], tef seed [28], sweet corn kernels [31], roselle
seed [29], jatropha [21] and niger seeds [30], decreasing
trends has reported by Kingsly et «l [12] and
Kashanmejad et al [27] and Chandrasekar and
Viswanathan [36] for coffee, pomegranate seed and
pistachio, respectively.
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Fig. 5: Porosity of seeds as a function of moisture content
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Fig. 6 Variation of the angle of repose with moisture
corntent

Angle of Repose: The angle of repose obtained at
different moisture contents are shown in Fig. 6. A rise in
the moisture content from 10.06 to 22.91% (w.b.) resulted
mn increment of angle of repose from 21.346° to 29.412°.
At higher moisture content seeds tend to stick together
resulting in enhanced stability and less flow ability, which
mcreases the value of ¢.

A linear relationship described the dependence of &
on moisture content as presented below:

@ = 056990+ 16.703 (R’ = 0.9432) (16)

The similar trend has also been reported for green
gram [37], okra seed [38], chickpea [15], arecanut kernel
[39], lentil seeds [20], sweet corn kernels [31], tef seed
[28], jatropha [21] and miger seeds [30].

Static Coefficient of Friction: Tt is observed from Fig. 7
that the static coefficients of friction for pomegranate
seeds was icreased with mereasing moisture content
on all four surfaces. A similar trend was reported by
Demir et al [40] for hackberry fruits. The highest static
coefficients of friction were observed on the concrete
surface followed by plywood and galvanized ron and

were lowest on the glass surface. Therefore static
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Fig. 7: Coefficient of friction of seeds as a function of
moisture content. ¢, glass, W, galvanized iron,
A; plywood, ®; concrete sheet

coefficient of friction varied from material to matenal
due to their surface smoothness and also varied with the
wetness of the seeds. The static coefficients of friction for
pomegranate seeds were found lower than those which
were reported by Kingsly et al. [12] and Amin et al. [20]
and higher than lentil seeds on galvanized iron, plywood
and glass surfaces.

CONCLUSIONS

Several properties of Ferdows pomegranate variety
seeds were mnvestigated i the range of moisture contents
from 10.06 to 22.91% (w.b.). The length, width, thickness,
geometric mean diameter, sphericity and thousand seed
mass of seeds increased linearly with the increase of
moisture content. Bulk density and true density were
increased linearly with the raise of moisture content,
whereas porosity was decreased with increasing moisture
content. Angle of repose increased from 21.346° to 29.412°
as the moisture content was increased from 10.06 to
22.91% (w.b.). Static coefficient of friction varied from
material to material and depended on the roughness of
surface and wetness of the seeds. Static coefficient of
friction was determined on the surfaces of concrete,
galvamzed ron sheet, plywood and glass sheet. The
highest coefficient of static friction was found on the
concrete surface and the lowest for glass sheet among the
materials tested.

In this study, the physical parameters of pomegranate
seeds were expressed in the form of regression equations
as a function of moisture content, that the highest
coefficient of correlation (R*) was seen for thousand
seed mass equation and the lowest was reported for
width equation. Once the moisture content is known the
physical parameters can be obtamed from these
equations.
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Notation

2
=

MEUZS "D 3eUNITERIOQ

Wi

Mass of added water, g

Tnitial mass of seed sample, g
Imtial moisture content, %w.b.
Final moisture content, %ow.b.
Major diameter, mm

Medium diameter, mm

Minor diameter, mim
Geometric mean diameter, min
Sphericity index

Thousand seed mass, g

Bulk density, kg/m3

True density, kg/m3

Porosity, %o

Angle of repose, deg

Height of heap, mm

Diameter of heap, mm

Static coefficient of friction
Force required move box with seeds, N
Weight of box plus seeds, Kg



