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A B S T R A C T 
 

Physical properties are the most important in the design of equipment and processing 

systems. Among the physical properties; dimensions, mass, volume, surface area and 

projected area are the most important parameters in processing systems. Grading fruit 

based on weight reduces packing and handling costs and also provides suitable packing 

patterns. In this study, physical properties of pomegranate were determined, and mass 

modeling with some physical properties was applied based on three classifications: (1) 

single or multiple variable regressions of pomegranate dimensions, (2) single variable 

regression of pomegranate surface area, and single or multiple variable regression of 

pomegranate projected area and (3) estimating pomegranate mass based on its volume. 

Results showed that mass modeling of pomegranate based on major diameter and first 

projected area are the most appropriate models in the first and second classifications, 

respectively. In the third classification, the highest R2 was obtained for mass modeling 

based on the actual volume as 𝑅2 = 0.998, whereas corresponding values were 0.942 and 

0.918 for assumed pomegranate oblate spheroid and ellipsoid shapes, respectively. In an 

economical view, a suitable sizing and grading system of pomegranate mass was justi-

fied based on major diameter as linear relation 𝑀 = 8.7004𝑎 −  470.33 , 𝑅2 = 0.932.

 

1. Introduction 

Pomegranate is one of the major horticultural crops 

in the world used in many food industries. The edible 

portions of pomegranate are an excellent dietary source 

as they contain a significant proportion of organic acids, 

soluble solids, polysaccharides, vitamins, fatty acids, 

and mineral elements of nutritional significance (Fadavi 

et al., 2006). Pomegranate is a very promising and 

emerging crop for its refreshing arils, juice, and chemo-

preventive properties, which have medicinal value 

(Hertog et al., 1997). The pomegranate has been re-

garded as a food medicine of great importance for ther-

apeutic purposes like colic, colitis-diarrhea, dysentery, 

leucorrhea, paralysis, and headache (Schubert et al., 

1999; Sadeghi et al., 2009). Pomegranate fruit is also 

known for its anti-inflammatory and anti-atheroscle-

rotic effect activity against osteoarthritis, prostate 
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cancer, heart disease, and HIV-I (Malik et al., 2005; 

Sumner et al., 2005)  . 

There has been a remarkable increase in the com-

mercial farming of pomegranates globally, due to the 

potential health benefits of the fruit, such as its high an-

tioxidant, anti-mutagenic, and antihypertension activi-

ties and the ability to reduce liver injury (Du et al., 1975; 

Tsuda et al., 1994; Lansky et al., 1998; Gil et al., 1996). 

The annual world production of pomegranate exceeds 

8.1 million Mg. India and China are the biggest pome-

granate-producer countries in the world, followed by 

Iran, Turkey, Afghanistan, the U.S., Iraq, Pakistan, Syria 

and Spain (FAO, 2021). In Egypt, pomegranate is one of 

the important fruit crops that some farmers depend on 

as the main source of income, especially in Upper 

Egypt, which is an important export crop in Egypt. The 

total cultivated area, total production, and productivity 
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of pomegranates in Egypt were 58319 fed, 219663 Mg, 

and 8.13Mg/fed, respectively (Agric. Statistics Eco-

nomic Affairs Sector, 2016) . 

Consumers prefer fruits with equal weight and uni-

form shape. Mass grading of fruit can reduce packaging 

and transportation costs, and also may provide an opti-

mum packaging configuration (Peleg, 1985). Stroshine 

and Hamann (1994) stated that fruits are often graded 

by size, but developing a machine that grades by weight 

may be more economical. Sizing by weighing mecha-

nism is recommended for the irregular shape product. 

Therefore, the relationship between mass and dimen-

sions (major, minor, and intermediate diameters) and 

projected areas may be useful and applicable. Electrical 

sizing mechanism is expensive, and the mechanical siz-

ing mechanism reacts poorly. Therefore, determining 

relationships between mass and some physical proper-

ties may be useful  . 

Chakraverty (1972) stated that knowing the im-

portant physical properties such as shape, size, volume, 

surface, density, porosity, color, and other properties is 

necessary when designing different systems to sepa-

rate, handling, sorting, and drying. Some physical 

properties of pomegranate fruit and its arils have been 

reported by several researchers (Akbarpour et al., 2009; 

Celik and Ercisli, 2009; Tehranifar et al., 2010; Riyahi et 

al., 2011; Badr, 2016; Jithender et al., 2017; Khodabakh-

shian et al., 2017; Patel et al., 2018; Dhake et al., 2023) 

and others . 

Other researchers determined the mass modeling of 

different fruits; orang (Shahbazi and Rahmati, 2013a), 

apple (Saikumar et al., 2023; Chakespari et al., 2010; 

Tabatabaeefar and Rajabipour, 2005), lemon (Baradaran 

et al., 2014), mango (Schulze et al., 2015; Spreer and 

Müller, 2011), cantaloupe (Seyedabadi et al., 2011), kiwi 

(Rashidi and Seyfi, 2008; Lorestani and Tabatabaeefar, 

2006), apricot (Naderi et al., 2008), banana (Kamble et 

al., 2021), persimmon (Shahbazi and Rahmati, 2014), 

guava (Bibwe et al., 2022), cherry (Shahbazi and Rah-

mati, 2013b) and fig (Shahbazi and Rahmati, 2013c)  . 

Also, several researchers have investigated and re-

ported the mass modeling of pomegranate fruit. Khosh-

nam et al. (2007) divided the models required into three 

classifications: the first classification depended on fruit 

dimensions, the second on projected areas, and the 

third on volumes. The recommended equation for cal-

culating pomegranate mass based on minor diameter 

was nonlinear economically. They reported that each of 

the three projected areas can be used to estimate the 

mass, but there is a need to have three cameras, making 

the sizing mechanism more expensive. They suggested 

a mass model based on the first projected area as a non-

linear form. They also found there was a very strong re-

lationship between mass and actual volume with the 

highest R2 value among all models. The sizing mecha-

nism based on measuring volume is more tedious, so 

they suggested a mass model of pomegranates based on 

estimated oblate spheroid volume as was the most ap-

propriate. Mansouri et al. (2010) reported mass model-

ing of two pomegranate varieties (Malas saveh and 

Hondos yal abad). They recommended mass modeling 

based on all fruit dimensions and geometric mean di-

ameter. The study showed that R2 is too weak for mass 

modeling based on the projected area for the two pom-

egranate varieties. They also recommended mass mod-

els based on assumed elliptical and oblate spheroid vol-

umes. Riyahi et al. (2011) reported that the nonlinear 

models, including quadratic and exponential, were not 

suitable for mass modeling based on the physical char-

acteristics of pomegranate fruit, but linear models were 

more suitable. They recommended equations to calcu-

late pomegranate fruit mass based on all axial dimen-

sions, second projected area, and assumed elliptical vol-

ume of fruit  . 

No detailed studies concerning the mass modeling 

of pomegranate have been performed on Egyptian va-

rieties up to now. The objectives of this research were to 

determine some physical properties of pomegranate 

fruit and determine an optimum pomegranate mass 

model based on its physical properties. This infor-

mation is used to design and develop pomegranate pro-

cessing systems, especially sizing and grading systems. 

2. Materials and methods 

2.1. Materials 

2.1.1. Raw Materials 

Measurements were carried out using a local Pom-

egranate fruit (Punica granatum L.) sweet variety, as 

shown in Fig. 1, purchased from the local market in 

Nasr City, Cairo, Egypt. A random sample of 30 fruits 

were used in this study. 

 

Fig. 1. Pomegranate fruit, variety of ‘Sweet’. 

2.1.2. Measuring instruments 
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A. Digital vernier caliper: A digital vernier caliper 

with 0.01 mm accuracy was used to check the dimen-

sions of fruit samples. 

B. Digital balance: The mass of each pomegranate 

fruit M and arils mass was measured by a digital bal-

ance with an accuracy of 0.01 g. 

C. WinArea-Ut-06 modified system: WinArea-Ut-

06 system developed by Mirasheh (2006) (Fig. 2) is mod-

ified by the authors to determined fruit axial dimen-

sions and projected area in three perpendicular direc-

tions. Dimensional characteristics obtained from the 

system are based on image processing. Captured im-

ages from a Scanner, (Hp Scanjet G2410), are transmit-

ted to a computer. Scanned images are then processed 

in the Auto CAD software and the desired user needs 

are determined (Dosoky, 2011). Fruit axial dimensions 

were taken in the scanner field were checked by vernier 

caliper, with accuracy of 0.01 and the total error was less 

than 1%. 

 

Fig. 2. Components of WinArea-Ut-06 system 

(Mirasheh, 2006; Keramat Jahromi et al., 2007; Khosh-

nam et al., 2007). 

2.2. Methods 

2.2.1. Physical properties of Pomegranate fruit 

• Geometric mean diameter (𝐷𝑔 ) was obtained 

using the following equation (Mohsenin, 1970):  

𝐷𝑔 = √𝑎𝑏𝑐
3

 

Where: 

𝑎 = Major diameter in mm.  

𝑏 = Intermediate diameter in mm. 

𝑐 = Minor diameter in mm. 

• Roundness percent (𝑅𝑛) is obtained using the 

following equation (Mohsenin, 1970): 

𝑅𝑛 =
𝐴𝑝

𝐴𝑐

 

 

 

Where: 

𝐴𝑝 = Largest projected area of pomegranate in nat-

ural rest position in mm2.  

𝐴𝑐 = Area of smallest circumscribed circle in mm2. 

Roundness percent was measured in the three car-

tesian directions, Rn1, Rn2 and Rn3, and then the Criteria 

roundness CRn was calculated as follows:  

𝐶𝑅𝑛 =
𝑅𝑛1 + 𝑅𝑛2 + 𝑅𝑛3

3
 

• Sphericity (Sph): 

Sphericity was obtained using the following equa-

tion (Mohsenin, 1970):  

𝑆𝑝ℎ =
𝐷𝑔

𝑎
× 100 

• Actual volume (V): The actual Volumes of the 

individual pomegranates were determined us-

ing the water displacement method. Pomegran-

ate was placed with a metal sponge sinker into 

a measuring cylinder containing known water 

volume such that the fruit did not float during 

water immersion; the weight of water dis-

placed by the fruit was recorded. The actual 

volume of each fruit was calculated by the fol-

lowing equation (Mohsenin, 1986): 

𝑉 =
𝑊

𝛾
 

Where: 

W = Weight of displaced water in Dyne. 

𝛾  = Weight density of water in Dyne/cm3. 

• The volume of regularly geometrical shape: 

The pomegranate shape was assumed as a reg-

ularly geometrical shape, i.e., oblate spheroid 

shape and ellipsoid shape as shown in Fig. 3; 

thus, their volumes were calculated as follow-

ing equations: 

 

Oblate spheroid 

a = b ≠ c; c < a 

𝑉𝑜𝑠ℎ =
4

3
𝜋 (

𝑎

2
)

2

(
𝑐

2
) 

Ellipsoid 

a ≠ b ≠ c 

𝑉𝑒𝑙𝑙𝑖𝑝 =
4

3
𝜋 (

𝑎

2
) (

𝑏

2
) (

𝑐

2
) 

Fig. 3. Oblate spheroid and ellipsoid shapes. 
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• Bulk density (𝜌𝑏): The bulk density is the ratio 

of the mass of the sample to the total volume. It 

was determined by filling a 3000 ml container 

with a sample from a height of about 15 cm and 

then weighing the contents (Deshpande et al., 

1993). 

• True density (𝜌𝑡 ): Random samples of pome-

granate fruits were used to calculate the density 

using the following equation: 

𝜌𝑡 =
𝑀

𝑉
 

Where: 

𝑀 = Mass of the individual pomegranates in g. 

𝑉 = Volume of the individual pomegranates in cm3. 

• Void percent (𝜀): Void percent was calculated 

by the following equation (Mohsenin, 1970): 

𝜀 = 1 −
𝜌𝑏

𝜌𝑡

 

Where: 

𝜀 = Void percent in %. 

𝜌𝑏 = The bulk density in g/cm3. 

𝜌𝑡 = The true density in g/cm3. 

• Surface Area (𝑆𝐴 ): Surface area was obtained 

from the following equation (Fathollahzadeh et 

al., 2008): 

𝑆𝐴 = 𝜋 × 𝐷𝑔2 

Criteria Projected Area ( 𝐶𝐴𝑝 ): Projected sample 

area was plotted to measure using a scanner, and the 

sample pictures were exported to Auto CAD program 

to calculate the area. Projected area was measured in the 

three cartesian directions: Ap1, Ap2 and Ap3. The criteria 

projected area CAp calculated as follows: 

𝐶𝐴𝑝 =
𝐴𝑝1 + 𝐴𝑝2 + 𝐴𝑝3

3
 

Where:  

𝐴𝑝1 , 𝐴𝑝2 , and 𝐴𝑝3  are the projected areas in ac, bc 

and ab levels, respectively. 

2.2.2. Fruit mass modeling with some physical proper-

ties 

In order to estimate the pomegranate mass from di-

mensional characteristics, projected areas, and volume, 

three classifications of models were considered as fol-

lows: 

A. Single or multiple variable regressions of pome-

granate dimensional characteristics: major diameter (a), 

intermediate diameter (b), and minor diameter (c).  

B. Single regression of pomegranate surface area 

(𝑆𝐴), and single or multiple variable regressions of pom-

egranate projected areas: 𝐴𝑝1, 𝐴𝑝2, and 𝐴𝑝3. 

C. Single regression of pomegranate volumes: ac-

tual volume, volume of the fruit assumed as an oblate 

spheroid, and ellipsoid shapes. 

In the case of the first classification, mass modeling 

was accomplished concerning major, intermediate, and 

minor diameters. The model obtained with three varia-

bles for predicting pomegranate mass was: 

𝑀 = 𝛽1𝑎 + 𝛽2𝑏 + 𝛽3𝑐 + 𝛽4 

In this classification, the mass can be estimated as a 

function of one, two, and three dimensions. 

In the second classification model, the mass of the 

pomegranate was estimated based on the surface area, 

and mutually perpendicular projected areas as follows: 

𝑀 = 𝛽1(𝑆𝐴) + 𝛽2 

𝑀 = 𝛽1(𝐴𝑝1) + 𝛽2(𝐴𝑝2) + 𝛽3(𝐴𝑝3) + 𝛽4 

In this classification modeling based on projected 

area, the mass can be estimated as a function of one, 

two, or three projected areas. 

In the case of the third classification, three volume 

values were measured or calculated to achieve the mod-

els which can predict the pomegranate mass based on 

volume. At first, actual volume V, as stated earlier, was 

measured; then, the pomegranate shape was assumed 

to be regularly geometrical, i.e., oblate spheroid (𝑉𝑜𝑠𝑝) 

and ellipsoid (𝑉𝑒𝑙𝑙𝑖𝑝 ) shapes. In this classification, the 

mass can be estimated as either a function of the volume 

of supposed shapes or the measured actual volume as 

represented in the following expressions: 

𝑀 = 𝛽1𝑉 + 𝛽2 

𝑀 = 𝛽1(𝑉𝑜𝑠𝑝) + 𝛽2 

𝑀 = 𝛽1(𝑉𝑒𝑙𝑙𝑖𝑝) + 𝛽2 

3. Results and discussions 

3.1. Physical properties of Pomegranate fruit 

A summary of some selected physical characteris-

tics of the pomegranate fruit is presented in Table 1. 

3.2. Fruit mass modeling with some physical properties 

A summary of linear regression models based on 

the selected independent variables has been repre-

sented in Table 2. The results showed that all selected 

models had a high significance (p < 0.05). Among the 

first classification models No. 1, 2, 3, and 4, model 4, 

where all three dimensions were considered had the 

highest R2 value, and regression standard error R.S.E. 

was also the lowest for all the three regions. However, 

all three diameters must be measured for model 4, 

which makes the sizing mechanism more tedious and 
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expensive. Among models 1, 2, and 3, model 3 had the 

highest R2 value and the lowest R.S.E. for the entire re-

gions. Therefore, model 3, among the one-dimensional 

models, was selected as the best pomegranate mass 

model with the major diameter, as shown in Fig. 4. 

Mansouri et al. (2010) recommended equations to 

calculate mass based on geometric mean diameter for 

two varieties of pomegranate. In another study, Khosh-

nam et al. (2007) recommended an equation calculating 

pomegranate mass based on minor diameter as  
𝑀 = 0.06𝑐2 −  4.11𝑐 + 143.56 , 𝑅2 = 0.91. For the entire 

regions, the best equation to calculate the mass of 

pomegranate based on the major diameter was given in 

linear form as follows : 

𝑀 = 8.7004𝑎 −  470.33 , 𝑅2 = 0.932 

Among the second classification models, Nos. 5, 6, 

7, 8, and 9, shown in Table 2, based on surface and pro-

jected area, model 9 for the entire regions had maxi-

mum R2 value and minimum R.S.E. The overall mass 

model based on three projected areas (model 9) for the 

entire regions, was given as follows: 

𝑀 = 4.355𝐴𝑝1 + 2.226𝐴𝑝2 + 0.256𝐴𝑝3 + 110.653 , 𝑅2 = 0.978  

 Table 1 

       Physical characteristics of pomegranate fruit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

Pomegranate mass models based on selected independent variables. 

No. Models R2 R.S.E. Sig. 

1 M = β1 a + β2 0.932 17.788 0.000 

2 M = β1 b + β2 0.857 25.838 0.000 

3 M = β1 c + β2 0.892 22.485 0.000 

4 M = β1 a + β2 b + β3 c + β4 0.964 13.394 0.000 

5 M = β1 (SA) + β2 0.966 12.592 0.000 

6 M = β1 (Ap1) + β2 0.974 11.122 0.000 

7 M = β1 (Ap2) + β2 0.966 12.643 0.000 

8 M = β1 (Ap3) + β2 0.775 33.800 0.000 

9 M = β1 (Ap1) + β2 (Ap2) + β3 (Ap3) + β4 0.978 10.447 0.000 

10 M = β1 V + β2 0.998 3.385 0.000 

11 M = β1 (Vosp) + β2 0.942 16.398 0.000 

12 M = β1 (Vellip) + β2 0.918 19.560 0.000 

Property 
Range 

Mean* S.D. 
C.V. 

(%) Min. Max. 

Major Dia. (a), mm 73.24 101.70 90.13 7.45 8.27 

Intermediate Dia. (b), mm 69.70 99.88 86.86 7.58 8.73 

Minor Dia (c), mm 61.00 85.40 75.13 5.84 7.78 

Geometric Mean Dia. (Dg), mm 67.78 94.20 83.77 6.67 7.96 

1st Roundness (Rn1), % 78.32 91.16 85.83 3.44 4.01 

2nd Roundness (Rn2), % 84.09 94.83 88.63 2.89 3.26 

3rd Roundness (Rn3), % 84.89 95.80 90.12 3.02 3.35 

Crit. Roundness (CRn), % 85.01 91.59 88.19 2.22 2.52 

Mass (M), g 171.60 413.30 313.83 67.16 21.40 

Sphericity (Sph), % 89.06 96.61 92.98 1.50 1.61 

Actual Volume (V), cm3 118.00 420.00 319.83 66.46 20.78 

Oblate Sph. Volume (Vosp), cm3 142.62 360.49 270.61 58.57 21.64 

Ellip. Volume (Vellip), cm3 162.96 437.50 313.16 69.90 22.32 

True Density (ρt), kg/m3 953.33 999.07 979.86 12.94 1.32 

Bulk Density (ρb), kg/m3 546.78 632.72 588.65 22.32 3.79 

Void (ε), % 35.69 43.96 39.98 2.15 5.37 

Surface Area (SA), cm2 144.26 278.65 221.69 34.10 15.38 

1st Proj. Area (Ap1), cm2 39.91 77.22 62.74 9.90 15.78 

2nd Proj. Area (Ap2), cm2 39.53 76.79 60.49 9.53 15.76 

3rd Proj. Area (Ap3), cm2 44.97 79.62 64.61 10.34 16.00 

Crit. Proj. Area (CAp), cm2 41.47 77.57 62.61 9.61 15.35 

* These data were collected from 30 samples and mean of 3 replicates. 
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Fig. 4. Pomegranate mass model based on major diameter.

The overall mass model of the pomegranate based 

on the one projected area, as shown in Fig. 5, was given 

in nonlinear form in the following equation: 

𝑀 = 1.1219 (𝐴𝑝1)1.3595 , 𝑅2 = 0.976 

The mass model recommended for sizing pome-

granate fruits based on the first projected area was re-

ported by Khoshnam et al (2007) as 𝑀 = 1.29 (𝐴𝑝1)1.28 , 

𝑅2 = 0.96, and for sizing kiwi fruits based on the third 

projected area was reported by Lorestani and Tabata-

baeefar (2006) as 𝑀 = 1.098 (𝐴𝑝3)1.273  , 𝑅2 = 0.97 . 

There is a need to have three cameras, in order to take 

all the projected areas and have an R2 value close to the 

unit or even lower than R2 for just one projected area; 

therefore, a model using only one projected area, possi-

bly model 6, can be used. 

 

Fig. 5. Pomegranate mass model based on first projected area. 

Among the models in the third classification (mod-

els 10, 11, and 12), the R2 for model 10 had maximum 

value and minimum R.S.E. Among models 11 and 12, 

model 11 for the entire region had the highest R2 value 

and the lowest R.S.E. Therefore, model 11 was recom-

mended for predicting pomegranate mass. The mass 

model of overall pomegranates based on measured vol-

ume was given as linear form the following equation: 

𝑀 = 1.0093𝑉 −  8.9848 , 𝑅2 = 0.998 

Measuring actual volume is a time-consuming task; 

therefore, mass modeling based on it is not reasonable; 

consequently, it seems suitable for mass modeling of 

pomegranate to be accomplished based on the volume 

of the assumed oblate spheroid shape as Khoshnam et 

al. (2007) recommended.  

The overall mass model of pomegranate based on 

the oblate spheroid volume, as shown in Fig. 6, was 

given in nonlinear form in the following equation: 

𝑀 = 1.4909 (𝑉𝑜𝑠𝑝)0.9551 , 𝑅2 = 0.9769426 
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Fig. 6. Pomegranate mass model based on the volume of assumed oblate spheroid shape. 

4. Conclusions 

• The recommended equation to calculate pome-

granate mass based on major diameter (model 3 

was the best) was in linear form : 

𝑀 = 8.7004𝑎 −  470.33 , 𝑅2 = 0.932 

• The mass model recommended for sizing pome-

granates based on projected area (model 6 is suita-

ble) was as nonlinear form : 

𝑀 = 1.1219 (𝐴𝑝1)1.3595 , 𝑅2 = 0.976 

• There was a very good relationship between mass 

and measured volume of pomegranates for the en-

tire regions with R2 as 0.998 (the highest R2 value 

among all the models) . 

• The model which predicts the mass of pomegran-

ates based on estimated volume, and the shape of 

pomegranates considered as an oblate spheroid 

was found to be the most appropriate (model 11 is 

recommended) . 

• Lastly, mass model No. 1 is recommended from an 

economic standpoint. 
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 نمذجة كتلة فاكهة الرمان مع بعض الخصائص الطبيعية 
ن غانم  1سمير أحمد طايل ،  1سيد رجب قطب شوشة   1، طارق حسير

 ، مصر. القاهرةالهندسة الزراعية، جامعة الأزهر،  كلية،  تصنيع المنتجات الزراعيةهندسة سم ق 1
 

  الملخص العرب   

الرمان )صنف   لثمار  الطبيعية  الخصائص  الي دراسة بعض  البحث  ي تصميم متطلبات  يهدف 
ي يستفاد منها ف 

سويت( والت 
ي تفيد  

معظم العمليات التصنيعية لثمار الرمان ، كما تهدف الدراسة الي نمذجة كتلة ثمار الرمان مع بعض هذه الخصائص الطبيعية والت 
ي أنظمة المعالجة وبالأ 

 خص نظم التدري    ج. ف 

 :  تتلخص النتائج فيما يلي

 الخصائص الطبيعية :   -1

و    7.58±    86.86و    7.45±    90.13القطر الهندسي  متوسط  و   صغر كان متوسط القطر الرئيسي والقطر المتوسط والقطر الأ 
.    ت  م لليم   6.67±    83.77و    ±5.84    75.13 ±    88.19الاستدارة    متوسط نسبةجم ،  67.16±    313.83الكتلة  متوسط  عل التوالي
الكثافة الحقيقية  متوسط  ،    3سم  66.46±    319.83الحجم الفعلي  متوسط  ٪ ،  1.50±    92.98كروية  متوسط نسبة ال ٪ ،  2.22

  %،   2.15  ±  39.98، متوسط نسبة الفراغات  3كجم / م   22.32±    588.65الكثافة الظاهرية  متوسط  ،    3كجم / م  ±12.94    979.86
ي مساحة الا متوسط ،  2سم 34.10±  221.69مساحة السطح  متوسط 

 2سم 9.61±   62.61 سقاط الضوئ 

 نمذجة كتلة الثمار مع بعض الخصائص الطبيعية:  -2

: نمذجة الكتلة مع الأبعاد  إتمت عملية النمذجة طبقا  لتصنيفها مع الخصائص الطبيعية   لي ثلاث تصنيفات رئيسية وهي
ا مع الحجم ، وتم اختيار أفضل نموذج طبقا لأكت  مساحة ال مساحة السطح و ، ومع    الرئيسية للثمار  ي وأختر

   2Rقيمة    سقاط الضوئ 
 . ي  وأقل خطأ تجريت 

ي التصنيف الأول هو نمذجة الكتلة مع القطر الأكت  للثمار 
ي هو    كان أفضل نموذج ف 

ي التصنيف الثائ 
، وكان أفضل نموذج ف 

ي الأولي للثمار 
ي التصنيف    نمذجة الكتلة مع مساحة السقاط الضوئ 

ي ، وكان أفضل نموذج ف 
الثالث هو نمذجة الكتلة مع الحجم الحقيق 

 للمعادلات الاتية: 
ً
 للثمار، طبقا

𝑀 = 8.7004𝑎 −  470.33 , 𝑅2 = 0.932 

𝑀 = 1.1219 (𝐴𝑝1)1.3595 , 𝑅2 = 0.976 

𝑀 = 1.0093𝑉 −  8.9848 , 𝑅2 = 0.998 


