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Abstract

This work focuses on studying the physical, mechanical, and chemical characteristics of pomegranate fruits
(Manfaloty and Wonderful varieties). Results from this study can to be used in the design and development of
specific machine. The length, width and thickness of pomegranate fruits were 7.31 and 7.53, 6.85 and 7.20 and 6.67
and 6.20 cm, respectively, for Manfaloty and Wonderful varieties. The geometric mean diameter and arithmetic
mean diameter of the pomegranate fruits were 6.92 and 6.94 and 7.21 and 7.22 cm, respectively, for both Manfaloty
and Wonderful varieties. The pomegranate fruits mass was 279.55 and 306.01 g for Manfaloty and Wonderful
varieties, respectively. The volume of fruits was 276.1 2 and 288.51 cm® for Manfaloty and Wonderful varieties,
respectively. The true and bulk densities of the pomegranate fruits were 1012.42 and 921.51 and 1060.66 and 927.08
kg m™ for Manfaloty and Wonderful varieties, respectively. The moisture content of pomegranate fruit was 84.37
and 86.01 % for Manfaloty and Wonderful varieties, respectively. The repose angle of pomegranate fruits was 41.33
and 43.07° for Manfaloty and Wonderful varieties, respectively. The cutting force and crushing force of
pomegranate fruits were 23.72 and 27.26 and 25.80 and 26.64 kg for Manfaloty and Wonderful varieties,
respectively. The firmness of pomegranate fruits was 46.45 and 47.99% for Manfaloty and Wonderful varieties,
respectively. The total soluble solids (TSS) of pomegranate fruits were 15.17 and 16.09 % for Manfaloty and
Wonderful varieties, respectively.
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1. Introduction

Pomegranate (Punica granatum L.) is grown
in many countries and regions since ancient time.
Several good genotypes were discovered since that.
Pomegranate, fruits, leaves, flowers and roots are
used in several medical purposes [22]. The fruits are
the edible part in the pomegranate plant because it
contains  sugars,  vitamins,  polysaccharides,
polyphenols, and minerals [13] and [4]. Pomegranate
has a high capacity of antioxidant which is very
beneficial for human health. Also, it has high
concentration  of  phenolic compounds and
antimicrobial [24], [32] and [16]. The total area that
is cultivated with pomegranate in Egypt is 85415
feddan (35589.6 ha) with production of 269070 tons

[7].

Physical and chemical properties of
pomegranate  fruits are very important for
understanding the behavior necessary for the design
of equipment’s for harvesting, processing,
transportation, separating and packing. Keeping all
above facts in view, the present project work was
planned to study the physical properties of
pomegranate and to study the chemical properties of
pomegranate In this study some physical and
chemical properties such as moisture content, weight
of fruit, weight of arils and peels, volume of fruit,
specific gravity, overall dimensions (length, width

and thickness), consumable matter, inconsumable
matter and TSS, pH value, ascorbic acid etc. was
determined and results are78.95%, 204.54 gm,
129.12 gm and 75.38 gm, 242 cm3, 0.844
gm/cm®7.07 c¢m, 6.79 cm and 6.75 cm, 63.10%,
38.8%, 15.70 Brix, 3.5, 11.4 respectively [10].

The physical properties of the agricultural
products are very important in studying the efficiency
of the machine that is used in sorting, sizing and
grading the biomaterials. Also, to develop these
machines, the physical properties are required [25]
and [1]. Agricultural materials mixing, conveying,
fluidization and separation processes required the
geometric dimensions of the agricultural materials to
determine the performance and capacity of these
machines [14] , [27] and [29]. Also, hoppers, drying
chambers and storage bins required the information
about density and specific gravity of the biomaterials
that will be handled in them [21] and [19].

[35] studied the weight and volume of the
pomegranate fruits, they found that the weight ranged
from 103.38 to 505.00 g and the volume ranged from
99.41 to 547.88 cm®. They also found that the
density, peel thickness averaged of 0.91 to 1.04 g cm’
®and 1.60 to 6.01 mm, respectively.

Export problems are mainly from the lack of
physical and mechanical properties knowledge.
Physical, mechanical and chemical properties are
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important in many problems associated with the
design of machines and the analysis of the behaviour
of the product during agricultural processing
operations such as handling, planting, harvesting,
milling, threshing, cleaning, grading, sorting and
drying, therefore, the main aim of this investigation is
to study some physical, mechanical and chemical
properties of the pomegranate fruits.
2. Materials and methods

Experimental of work was done at
Agricultural and Bio-Systems  Engineering
Department, Faculty of Agriculture, Moshtohor,

Benha University, during the period of November
and December, 2023.
2.1. Materials
Pomegranate (Punica granatum L.) fruits of
the Manfaloty and Wonderful varieties were
purchased from the local farms at the beginning of
the season (Sep., 2024). Pomegranate fruits were
used in this study to measure and determine the
.physical, mechanical and chemical properties
2.2. Methods
2.2.1. Physical characteristics
For each pomegranate fruit, three principle
dimensions; length (L), width (W) and thickness (T)
were measured using a digital caliper (Model TESA
1p65- Range 0-150 mm + 0.01 mm, Swiss) and the
average of dimensions was taken.
The geometric mean diameter (Dg) of
samples was determined by using the following
formula according to [17]:

Dy

= VLWT (1)
Where:

L = Length of pomegranate fruit, mm

W = Width of pomegranate fruit, mm

T = Thickness of pomegranate fruit, mm

The arithmetic mean diameter (D,) was
calculated from the three principal dimensions using
the following equation [34]:

D,
L+W+T

3
The fruit surface area (S) was calculated by
using the following formula according to [33]:
S
2
= n(D,) ©
The sphericity of the pomegranate fruit (¢)
was determined by using the following equation [34]:
@

L
x 100 4)

The weight of pomegranate fruit was
conducted by balance (Model Vibra — Range 0-12000
g £ 0.01 g, Japan). Toluene displacement method was
used for measuring the volume (V). The true density
was a calculated of a pomegranate weight per unit
volume. Bulk density was calculated as the ratio of
the weight of the fruits to its container volume.

The area of criteria projected (ACP) was
conducted as according to [23]:

APC
AP, + AP, + AP,
3

Where:

AP, is the area projected on the vertical
direction L, mm?

AP, is the area projected on the vertical
direction T, mm?

AP; is the area projected on the vertical
direction W, mm?

The volume of oblate spheroid (V) and
ellipsoid (Venip) shapes were determined as:

Vosp
_47T<L) (W)2
—3\2/\2
Vellip
-T6E6)
—3\2/\2/\2
The measurement moisture level of

pomegranate is conducted according to [5]. Three
pomegranate samples (3 samples) were chosen and
then weighed using balance. Drying oven (Model
655F Cat. No. 13-245-655, range 50 to 300 °C,
Canada) at 70°C until a constant weight was used to
determine the moisture level.
2.2.2. Mechanical Properties:
2.2.2.1. Repose angle of pomegranate fruits
The repose angle of the product was
determined by measuring the angle between the
horizontal level and inclined side of the cone that
formed by the free fall of the pomegranate fruits.
2.2.2.2. Coefficient of friction
The coefficient of friction between
pomegranate fruits and a wall is the ratio of the
normal force to the friction force along the wall
surface. It is dependent on the tubers stored and the
type of surface (Galvanized steel, Plywood and
Concrete) in contact with fruits [6] and [18].
2.2.2.3. Total firmness
Taylor pressure and Magness
determined fruit firmness with a 7/18" plunger.
2.2.3.  Chemical characteristics:
2.2.3.1. Total Soluble solids
The total soluble solids (TSS%) was
determined by using a refractometer (ATAGO Co.,

tester
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LTD., Tokyo, Japan) and the result was expressed as
a percentage (%).

2.2.3.2. Total and reducing sugars

Total and reducing sugars were conducted
calorimetrically by Nelson arsenate—molybdate
colorimetric method [26]. Non-reducing sugars were
determined by the difference between total sugars
and reducing sugars.
3. Results and discussions
3.1. Physical characteristics
Table (1) shows the dimensions of

pomegranate fruits, geometric mean diameter, and
arithmetic mean diameters of the pomegranate fruits
for different pomegranate varieties. The results
showed that the length of pomegranate fruits value
was 7.31 = 2.65 and 7.53 £ 2.54 cm for Manfaloty
and Wonderful varieties, respectively. The width of
pomegranate fruits value was 6.85 + 2.44 and 7.20 +

2.41 cm for Manfaloty and Wonderful varieties,
respectively, respectively. Also, the thickness of
pomegranate fruits value were 6.67 + 2.07 and 6.20 +
2.16 cm for Manfaloty and Wonderful varieties,
respectively. These dimension data are very
important in handling, packing and storage capacity
calculation. These results are in agreement previous
findings by [2].

The results also indicate that the geometric
mean diameter and arithmetic mean diameter of
pomegranate fruits were 6.92 + 1.32 and 6.94 + 1.45
and 7.21x1.51 and 7.22+1.22 cm, respectively, for
Manfaloty and Wonderful varieties. The results
indicate that, the peel thickness of pomegranate fruits
value was 559 + 1.69 and 5.03 + 1.70 mm for
Manfaloty and Wonderful varieties, respectively.
These results are in agreement with [28].

Table (1): Dimensional characteristic of pomegranate fruits for different pomegranate varieties.

Pomegranate Variety

Properties

Length (cm)

Width (cm)

Thickness (cm)

Geometric mean diameter (cm)
Arithmetic mean diameter (cm)
Peel thickness (mm)

Manfaloty Wonderful
7.31+2.65 7.53+2.54
6.85+2.44 7.201£2.41
6.67+2.07 6.20+£2.16
6.92+1.32 7.21+£1.51
6.94+1.45 7.22+1.22
5.59+1.69 5.03+1.70

Table (2) shows the fruit weight, volume, density, surfac

e area, sphericity, moisture content and peel
percentage of the pomegranate fruits for different
pomegranate varieties. The results showed that the
pomegranate fruits weight was 279.55 + 6.03 and
306.01 + 5.74 g for Manfaloty and Wonderful
varieties, respectively. The volume of fruits was
276.12 + 4.91 and 288.51 + 4.99 cm® for Manfaloty
and Wonderful varieties, respectively. The true and
bulk densities of the pomegranate fruits were 1012.42
+ 19.88 and 921.51 + 13.05 and 1060.66 + 20.56 and
927.08 + 13.01 kg m™ for Manfaloty and Wonderful
varieties, respectively. The pomegranate fruits
surface area was 150.57 + 4.11 and 163.01 £ 5.55

cm® for Manfaloty and Wonderful varieties,
respectively. These results are in agreement with [3].

The sphericity pomegranate fruit was 94.74
+ 490 and 95.68 + 4.81 % for Manfaloty and
Wonderful varieties, respectively. These results are in
agreement with [15]. The moisture content of
pomegranate fruit was 84.37+3.73 and 86.01+4.50 %
for Manfaloty and Wonderful varieties, respectively.
The moisture content of peel was 69.92+4.28 and
82.76+3.71 % for Manfaloty and Wonderful
varieties, respectively. The peel percentage of
pomegranate fruits value was 39.52 + 3.21 and 37.61
+ 2.63 % for Manfaloty and Wonderful varieties,
respectively.

Table (2): Weight, volume, density, surface area, sphericity, moisture content and peel percentage of the pomegranate

fruits for different pomegranate varieties.

Properties

Weight (g)

Volume (cm?)

True density (kg m™)

Bulk density (kg m™)

Surface area (cm?)

Sphericity (%)

Moisture content (%, w.b)
Moisture content of peel (%, w.b)
Peel Percentage (%)

Pomegranate Variety

Manfaloty Wonderful
279.5546.03 306.01+5.74
276.12+4.91 288.51+4.99

1012.42+19.88 1060.66+20.56

921.51+13.05 927.08+13.01
150.57+4.11 163.01+5.55
94.74+4.90 95.68+4.81
84.37+3.73 86.01+4.50
69.92+4.28 82.76+3.71
39.52+3.21 37.61+2.63
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Table (3): The projected area, criteria projected area, oblate spheroid volume and ellipsoid shape volume of the

pomegranate fruits for different pomegranate varieties.

Properties

Projected area perpendicular to L direction (cm?)
Projected area perpendicular to W direction (cm?)
Projected area perpendicular to T direction (cm?)
Criteria projected area (cm?)

Oblate spheroid volume (cm?®)

Ellipsoid shape volume (cm®)

Pomegranate Variety

Manfaloty Wonderful

50.07+2.17 54.2243.52
48.76%2.09 46.69+2.37
45.69+1.64 44.64+2.13
48.174£3.11 48.51+3.20
179.51+5.28 204.29+6.32
174.79+4.51 175.91+5.07

Table (3) shows the projected area, criteria
projected area, oblate spheroid volume and ellipsoid
shape volume of the pomegranate fruits for different
pomegranate varieties. The results showed that the
projected area perpendicular to L direction of
pomegranate fruits were 50.07 + 2.17 and 54.22 £
3.52 cm? for Manfaloty and Wonderful varieties,
respectively. The projected area perpendicular to W
direction of pomegranate fruits were 48.76 + 2.09 and
46.69 + 2.37 cm’ for Manfaloty and Wonderful
varieties, respectively, and the projected area
perpendicular to T direction of pomegranate fruits
was 45.69 + 1.64 and 46.69 + 2.37 cm? for Manfaloty
and Wonderful varieties, respectively. The results
also indicate that, the criteria projected area of
pomegranate fruits were 48.17 + 3.11 and 48.51 +
3.20 cm? for Manfaloty and Wonderful varieties,
respectively.

The oblate spheroid volume and ellipsoid
shape volume of pomegranate fruits were
179.51+5.28 and 204.29+6.32 and 174.79+4.51 and

175.91+5.07 cm® for Manfaloty and Wonderful
varieties, respectively

3.2. Mechanical properties:

Table (4) shows repose angle, cutting force,
crushing force, firmness and coefficient of static
friction of the pomegranate fruits for different
pomegranate varieties. The results showed that the
repose angle of pomegranate fruits was 41.33 + 3.06
and 43.07 + 2.52° for Manfaloty and Wonderful
varieties, respectively. The cutting force and crushing
force of pomegranate fruits were 23.72 + 2.64 and
27.26 £+ 3.89 and 25.80 + 3.11 and 26.64 + 3.74 kg
for Manfaloty and Wonderful varieties, respectively.
The firmness of pomegranate fruits was 46.45 + 5.47
and 47.99 = 4.80 % for Manfaloty and Wonderful
varieties, respectively. The results also indicate that
the coefficient of static friction for the pomegranate
fruits was 0.62+ 0.15 and 0.65+ 0.13, 0.64+ 0.14,
0.68+ 0.22 and 0.71+ 0.20 and 0.72+ 0.18 for
Manfaloty and Wonderful varieties, respectively, for
galvanized steel, plywood and concrete surfaces.

Table (4): Some mechanical properties of the pomegranate fruits for different pomegranate varieties.

Pomegranate Variety

Properties

Manfaloty Wonderful

Repose angle (°) 41.33+ 3.06 43.07+£ 2,52
Cutting force (kg) 23.72+2.64 27.26+3.89
Crushing force (kg) 25.80+£3.11 26.64+3.74
Firmness (%) 46.45+5.47 47.99+4.80
Coefficient of static Galvanized steel 0.62+0.15 0.65+ 0.13
friction Plywood 0.64+0.14 0.68+ 0.22
Concrete 0.71+£ 0.20 0.72+0.18

3.3. Chemical properties:
Table (5) shows total soluble solids, dry

matter, total sugar, reducing sugar and non-reducing
sugar of the pomegranate fruits for different
pomegranate varieties. It could be seen that the total
soluble solids (TSS) of pomegranate fruits were 15.17
+ 2.74 and 16.09 = 3.03 % for Manfaloty and
Wonderful varieties, respectively. The dry matter of
pomegranate fruits was 32.15 + 4.66 and 33.99 + 3.61
% for Manfaloty and Wonderful varieties,

respectively. The total sugar of pomegranate fruits was
13.94 £+ 2.54 and 14.01 + 3.08 % for Manfaloty and
Wonderful varieties, respectively. These results are in
agreement with [30].

The reducing sugar of pomegranate fruits
was 10.33 + 2.67 and 10.26 + 2.44 % for Manfaloty
and Wonderful varieties, respectively. The non-
reducing sugar of pomegranate fruits was 3.61+1.05
and 3.75+0.94 % for Manfaloty and Wonderful
varieties, respectively.
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Table (5): Some chemical properties of the pomegranate fruits for different pomegranate varieties.

Pomegranate Variety

Properties
Manfaloty Wonderful
Total soluble solids (TSS), % 15.17+2.74 16.09+ 3.03
Dry matter, % 32.15+4.66 33.99+3.61
Total sugar, % 13.9442.54 14.01+3.08
Reducing sugar, % 10.33+2.67 10.26+2.44
Non-Reducing sugar, % 3.61+1.05 3.75+0.94

4. Conclusions

An experimental study was carried out
successively to determine the physical, mechanical,
and chemical properties of the pomegranate fruits for
different pomegranate varieties. The obtained results
can be summarized as follows:

The length, width and thickness of
pomegranate fruits were 7.31 and 7.53, 6.85 and 7.20
and 6.67 and 6.20 cm, respectively, for Manfaloty
and Wonderful varieties. The geometric mean
diameter and arithmetic mean diameter of the
pomegranate fruits were 6.92 and 6.94 and 7.21 and
7.22 cm, respectively, for Manfaloty and Wonderful
varieties. The pomegranate fruits mass was 279.55
and 306.01 g for Manfaloty and Wonderful varieties,
respectively. The volume of fruits was 276.12 and
288.51 cm® for Manfaloty and Wonderful varieties,
respectively. The true and bulk densities of the
pomegranate fruits were 1012.42 and 921.51 and
1060.66 and 927.08 kg m™ for Manfaloty and
Wonderful varieties, respectively. The moisture
content of pomegranate fruit was 84.37 and 86.01 %
for Manfaloty and Wonderful varieties, respectively.
The repose angle of pomegranate fruits was 41.33
and 43.07 for Manfaloty and Wonderful varieties,
respectively. The cutting force and crushing force of
pomegranate fruits were 23.72 and 27.26 and 25.80
and 26.64 kg for Manfaloty and Wonderful varieties,
respectively. The firmness of pomegranate fruits was
46.45 and 47.99% for Manfaloty and Wonderful
varieties, respectively. The total soluble solids (TSS)
of pomegranate fruits were 15.17 and 16.09 % for
Manfaloty and Wonderful varieties, respectively.
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