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ABSTRACT 

The present work aims to study some physical and mechanical 

properties of squash fruit (Cucurbita pepo), to serve as a 

database to be used in the design and development of machines 

used in postharvest processes such as extraction machines for 

squash fruit. The main results in this study can be summarized 

as follows: The average fruit length and diameter were 238.72 

and 92.17 mm respectively. The average volume. was 819.26 

cm3. The average mass was 614.34 g. The fruit's real density of 

the sample ranged between 0.72 and 1.3 g/cm3 (average 0.8 

g/cm3). The fruit projected area of the sample ranges between 

187.53 and 257.5cm2 (average 219.97 cm2). The maximum 

friction angle of 30 degree and the rolling angle of 27 degree 

were obtained with the wood surface. Whereas, the minimum 

friction and rolling angles of 19 and 13 degree respectively, 

were obtained with aluminum surface. The maximum and 

minimum penetration forces were 48.88 and 44.5 N, 

respectively. The firmness distribution along the squash surface 

at 10 and 5mm from the top of the fruit were 115.68 and 

105.33N/cm2, respectively. The maximum, minimum and 

average axial cutting forces of squash fruits were 68, 35 and 

43.75N, respectively. The data obtained were subjected to 

descriptive statistics such as range (maximum “Max” and 

minimum “Min”), mean, standard deviation (SD), coefficient of 

variation (CV), frequency distribution, and coefficient of 

correlation by using a spreadsheet software program (Microsoft 

Excel 365) . 
 

1. INTRODUCTION 

quash belongs to the family (Cucurbitaceae), Scientific Name: (Cucurbita pepo). It is 

the most important crop in the vegetable crops of the cucurbit family, and it is a 

summer crop of general cultivation. Squash is rich in carbohydrates, amino acids, and 

mineral salts that benefit human health. The cultivated area of Squash is 55088 feddan in 

2018 and the annual production is about 427346 tons in 2018, (MoA, 2018). It is cultivated 

throughout the year in the winter, summer, and indigo lugs. Squash contains many important 

nutrients, including vitamins and minerals, that have many health benefits, including 
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improving eyesight, skincare, strengthening the immune system, preventing cancer. Squash is 

an important source of many nutrients, such as vitamin C, magnesium, and other antioxidant 

compounds. These vitamins and minerals help prevent cancer, heart disease, and premature 

aging. In addition, Squash contains high levels of vitamin A, which helps boost the immune 

system. Many authors (Akubuo and Odigboh, 1999), (Abou-Elmagd, et al., 2002), (Awady 

et al., 2004), (El Sayed et al., 2009), and (Yehia et al., 2009) referenced that the information 

on the physical and mechanical qualities of farming items is significant in the plan, of 

horticultural machines and sorts of hardware. They examined the actual properties and 

qualities of some rural harvests and natural products, which can be utilized in the plan and 

improvement of gear.  

(Ghanbarian et al., 2008) found that the average mass of the cantaloupe fruits was 697 and 

1272 g, the fruit volume was 1084 and 1409 cm3, and the geometric average diameter was 

11.7 and 13.12cm for Samsouri and shahabadi varieties respectively. (Rashidi and Seyfi, 

2007) studied the mass of the melon organic product (Samsouri variety) goes from around 

510 to 3380 g, the natural product volume from 538 to 3654 cm3 and the length from 95 to 

185 cm, Major breadth from 106 to 205 cm, Minor width from 101 to 190 cm and density 

from 0.78 to 1.07 g/cm3. (Abd-Alla, 1993) said that the cucumber natural products assortment 

Beta-alpha properties were: organic product length of 20 and 26 cm, organic product breadth 

of 5 and 6.5 cm, organic product mass of 500 and 650 g, and seed number per natural product 

of 200 and 600. (Yehia et al., 2011) studied some physical and mechanical properties of the 

cucumber fruits variety “Beta-alpha” and designed a seed extractor and he said that It is 

presumed that the actual properties of cucumber natural products were: width of 52.15 and 

229.5 mm, length of 52.15 and 68.87 mm, the mass of 273.8 and 470.4 g, the volume of 380 

and 860 cm3, the projected area of 250 and 500 cm2, a real density of 0.94 and1.10 g/cm3, 

bulk density of 0.41 g/cm3, and sphericity of  3.13 and 3.77,  and mechanical properties are: 

cucumber-fruit firmness = 64 – 100.9 N/cm2, the axial cutting force of 30  and 70 N. (Abu El-

Maaty, 2016) used the physical and mechanical properties were used in the design of the 

cucumber-seed extractor such as feeding mechanism, fruit edge-cutting knives, seed-

extraction mechanism, pressing mechanism, and two-wings ejector. The assurance of the 

physical, mechanical, and streamlined properties of quinoa seeds like those different seeds are 

helpful for further developing the innovation related with the various tasks and hardware 

identified with the postharvest cycle (Gallagher et al., 2004).  The target of this examination 

was to research the physical, mechanical, and streamlined properties of the quinoa seeds that 

influence the plan and advancement of the postharvest cycle (Kachru et al., 1994).  

The present research aims to study some of the physical and mechanical properties of squash 

fruit (Cucurbita pepo) to serve as a database to be used in the design and development of 

machines used in postharvest processes such as extraction machines for squash fruit. 

2. MATERIAL AND METHODS 

2. 1. Fruits. 

The squash fruit in this study belongs to the family (Cucurbitaceae), Scientific Name: 

(Cucurbita pepo) is a variety (New Eskandarani H1). This study was considered completed by 

using a random example of 100 natural products in April 2020 season. The plants of squash 

https://mjae.journals.ekb.eg/?_action=article&issue=23447&sb=2410&_sb=Processing+Engineering+of+Agricultural+Products


PROCESSING ENGINEERING OF AGRICULTURAL PRODUCTS 

MJAE ـ October 2021                                                                                                                     365 

trees were randomly sampled (the farm in Shandawil Research Station, Sohag Governorate, 

during this period, echoes of the disease), and this was an indication at the same time. 

2. 2. Physical properties of Squash fruits. 

The physical properties were mass, volume, dimensions, geometric mean diameter, bulk and 

real density, shape and size, projected area, surface area, sphericity, arithmetic mean diameter 

and moisture content were determined for squash. 

Dimensions of squash fruits:  

The measured dimensions of squash fruits were fruit length (L), diameter (d) and thickness (c) 

of 100 fruits. Geometric mean diameter (Dg), arithmetic means diameter (Da) and sphericity 

(𝜑) values were found using the following equation (Mohsenin, 1986), (Guner and Dursun, 

2003). 

𝐷𝑔 = (𝐿. 𝑑. 𝑐)
1

3………………………..(1) 

𝐷𝑎 =  
𝐿+𝑑+𝑐

3
…………………………(2) 

𝜑 =  
(𝐿.𝑑.𝑐)

1
3

𝐿
 ……………….………(3) 

Where: L, d and c are length, diameter and thickness respectively. 

 

L =length of fruit,  d = diameter of fruit 

Fig. 1: The sectional view of squash fruit 

Shape and size of squash fruit.  

A sample of 100 fruits was used to measure the diameter (d), length (L) and thickness of the 

peels (m) of each fruit. The obtained data were used to measure the shape index of each 

sample (Lsh) according to (Buyanov and Voronyuk, 1985).   

𝐿𝑠ℎ =  
𝐿

𝑑
……………………………..(4) 

where:  

Lsh - Shape index.  

L - Length of fruit.  

d - Med diameter of the fruit. 
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The surface and Projected area of squash fruit. 

The surface area of Squash was found by analogy with a sphere of the same geometric mean 

diameter, using expression cited by (Olajide and Ade-Omowaye, 1999), (Rashid and 

Lorestani and Jaliliantabar, 2012). 

𝑆 =  𝜋(𝐷𝑔)2…………..………………(5) 

Projected area = (d * L)  

The moisture content of squash fruit. 

The moisture content was determined by using standard methods (ASAE, 2002).   The initial 

moisture content of the samples was determined by oven drying at 104℃ for 24 h and 

calculated by the following equation. 

𝑀𝑐 =  
𝑚𝑏− 𝑚𝑎

𝑚𝑎
 × 100…………………………(6) 

where: 𝑀𝑐 is moisture content; ma and mb are masses of samples before and after putting them 

in the oven, respectively. 

The Mass of squash fruit 

Mass of squash fruits was measured in kg, the average mass was calculated from a sample of 

100 fruits. The balance has a range between 0.00 to 10.00 kg, and its sensitive to 100 g. 

The volume of squash fruits 

The volume of samples was measured in cm3, the average volume was determined by the 

water displacement method. several samples were weighed and each one was dropped, 

separately into a 2000 mL with an accuracy of 25 mL measuring cylinder filled with distilled 

water up to 500 ml. The rise in water indicated the true volume of the Squash. From the mass 

and the true volume of the Squash, the real density was calculated. For each case, the 

determination was replicated many times and the mean was considered. 

Real and bulk density of squash fruit 

The volume of each fruit was measured by using a container 23×23×35 cm, the container was 

filled with water to max level. Then the fruit completely immersed in the container. The 

flooded water collected in a trough and measured by using beaker of 1-liter capacity. The fruit 

volume was calculated by using the difference between the two measured volumes of water 

for each fruit. The displacement, which equals the volume of fruit was calculated in addition 

the density. The bulk density is calculated. The real density was calculated from the mass and 

the true volume of the squash.  

The mean of density of fruits was calculated as follow: 

𝜌 =  
𝑀

𝑉
 ……………………………….(7) 

where:  

ρ = The density of the individual fruit, g/cm3 

M = Mass of the individual fruit, g  

V = the volume of individual fruit, cm3 
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2. 3. Mechanical properties of Squash fruits 

The Mechanical properties in this research included that the rolling angle, Coefficient of static 

friction, Penetration force, firmness and cutting force of Squash fruits. 

Rolling angle 

The fruits are placed on a horizontal surface one by one then the angle of inclination is 

gradually increased until the fruits begin the roll. For each fruit of an average 50 samples, two 

angles of rolling are determined: for the maximum stable with their base down and minimum 

stable positions (Buyanov and Voronyuk, 1985) 

Coefficient of static friction 

The fruits are placed as a group bonded together on a horizontal surface then the angle of 

inclination is gradually increased until the fruits begin sliding without rolling. For each fruits 

group of an average ten samples, the friction angles were determined, (Oje and Ugbor, 

1991). 

Penetration force 

A penetrometer, made in Italy, with an accuracy of 0.1 N was used to measure the penetration 

force of squash fruits. The firmness of the fruit was obtained by dividing the penetration force 

by the area of 0.28 cm2 of the cylindrical probe, which had 0.6 cm in diameter.  

2. 4. Instrumentation:  

Digital caliper with vernier: with an accuracy of 0.01mm, to measure different dimensions 

of Squash fruits. 

Digital balance: with an accuracy of 0.2 g, to measure the mass of Squash fruits.  

Graduated cylinder: of 2000 mL with an accuracy of 25 mL to determine the real density 

and volume of fruit by immersion in water. 

 2. 6. Statistical analysis. 

The data obtained were subjected to descriptive statistics such as range (maximum “Max” and 

minimum “Min”), mean, standard deviation (SD), coefficient of variation (CV), frequency 

distribution, and coefficient of correlation by using a spreadsheet software program 

(Microsoft Excel 365). 

3. RESULTS AND DISCUSSION 

Table 1 shows dimensions, sphericity, mass, volume, real density, projected area, pulp 

thickness and mass and seed number and mass per fruit of squash fruits. These data were 

measured on 100 fruit samples, according to the standards set by (Mohsenin, 1986). 

3.1. Physical properties: 

As is shown in Table 1 the dimensions (Length, Diameter and thickness) of Squash vary in 

the ranges of 214 –261 mm, 79.8 – 103 mm and 79 – 102 mm, respectively.   The arithmetic 

means diameters and geometric mean diameters of Squash were 124.27 – 155.33 mm and 

110.5 – 139.9 mm, respectively.   The volumes and unit masses of Squash were from 659 to 

998 cm3 and from 528.6 to 896 g. The projected area was from 187.53 to 257.5 cm2. (Bal and 
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Mishra, 1988), and (Dutta, Nema and Bhardwaj, 1988) considered the grain as spherical 

when the sphericity value was more than 0.80and 0.70, respectively. In this study, Squash 

should not be treated as an equivalent sphere for calculation of the surface area, because the 

sphericity of Squash was between 2.21%–3.14%. The ranges of moisture and density are from 

93.1% – 96.7% and 0.72 –1.3 g/cm3 respectively, too. 

The principal dimensions. 

Figure 2 and table 1 show the averages of the dimensions of one hundred fruits. Standard 

deviation and coefficient of variation as shown in table 1.  The measurements of length L, 

diameter D. The highest value of fruit length and diameter were 261- 103 mm respectively, 

while the lowest value of fruit length and diameter were 214 – 79.8 mm, respectively. The 

highest frequencies of fruit length and diameter were 20 and 25 % at (235 – 240 mm), (85 – 

90 mm) respectively. 

Table 1: Physical properties of Squash fruits.  

The Physical properties Max. Min. Ave. S.D C.V % 

Length, mm. 261 214 238.72 12.79 5.35 

Diameter, mm. 103 79.8 92.17 5.18 5.62 

thickness, mm. 102 79 91.9 5.01 5.45 

Sphericity, %. 3.14 2.21 2.60 0.21 8.23 

The projected area, cm2. 257.5 187.53 219.97 16.6 7.55 

Fruit mass, g. 896 528.6 641.34 102.55 15.99 

Fruit volume, cm3. 998 659 819.26 123.44 15.07 

Bulk density, g/cm3 0.49 

Real density, g/cm3 1.3 0.72 0.8 0.16 19.54 

Geometric mean diameter, mm. 139.9 110.5 121.45 8.46 3.54 

Arithmetic means diameter, mm. 155.33 124.27 136.93 11.91 8.52 

Moisture, %. 96.7 93.1 94.45 1.27 1.46 

Pulp thickness, mm. 12 8 9.75 1.28 13.15 

Pulp mass, g. 733 512.4 590.7 81.31 13.77 

Seed mass, g. 40.4 16.2 28.64 8.06 28.14 

(1) S. D. is the standard deviation. 

(2) C. V. is the coefficient of variation. 

 

Fig. 2: Frequency curves distribution of fruit diameter and length of squash fruits 
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Shape and size of fruit: 

If sphericity is less than 0.9, the fruit belongs to the oblate group; if sphericity is greater than 

1.1, it belongs to the oblong group. The remaining fruits with intermediate index values are 

considered to be round (Buyanov and Voronyuk, 1985). 

Figure 3 indicates that the fruit sphericity ranged in the sample between 2.21 and 3.14%. The 

most frequent percent (100 %) squash fruits in the sample were oblong (sphericity 2.21 – 3.14 

%). 

 

Fig. 3: Frequency curves distribution of fruit sphericity of squash fruits 

The volume of squash fruits 

Figure 4 indicates that the volume of Cucurbita pepo fruits was measured in cm3, which 

averages the volume of one hundred fruits. Standard deviation and coefficient of variation as 

shown in table 1.  The measurements of the volume. The highest value of fruit volume was 

998 cm3, while the lowest value of fruit volume was 659 cm3 respectively. 

 

Fig. 4: Frequency curves distribution of fruit volume of squash fruits 

The mass of squash fruits. 

Figure 5 indicates that the Mass of Cucurbita pepo fruits was measured in g, the average mass 

was calculated from a sample of (100 fruits). The balance has a range of 0.00 to 10.00 kg, 

(sensitive to 100 grams). Averages mass of one hundred fruits. Standard deviation and 

coefficient of variation are shown in table 1.  The measurements of the mass. The highest 
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value of fruit mass was 896 cm3, while the lowest value of fruit mass was 528.6cm3 

respectively. 

 

Fig. 5: Frequency curves distribution of fruit mass of squash fruits 

From Table 1, the values of arithmetic mean diameter (Da) ranged from 124.27 to 155.33 mm 

with a mean value of 136.93 mm.  Meanwhile, the values of the geometric mean diameter 

(Dg) ranged from 110.5 to 139.9 mm with a mean value of 121.45 mm. Fig. (6) shows the 

relationship between the arithmetic and geometric mean diameter of squash fruit. 

This relationship indicates that the average diameters calculated by the arithmetic and the 

geometric mean methods were almost the same and the coefficient of correlation is very high 

and closer to 1 (R² = 0.9058). So, the correlation between Da and Dg is a positive strong 

correlation as shown in Fig. (6). Therefore, either the arithmetic mean or the geometric mean 

method can be used to calculate the equivalent diameter of Squash fruit. 

 

Fig. 6: Arithmetic versus geometric mean diameter of squash fruits 

The real density of fruit: 

Figure 7 and table 1 indicate that the fruit real density of the sample ranged between 0.72 and 

1.3 g/cm3 (average 0.8 g/cm3). The most frequent percent (75 %) of squash fruits in the 

sample had 0.85 – 0.95 g/cm3 real density. 

The projected area of fruit. 

Figure 8 and table 1 indicate that the fruit projected area of the sample ranges between 187.53 

and 257.5cm2 (average 219.97 cm2). The most frequent percent (75 %) of squash fruits in the 

sample have 200 - 220 cm2 projected area. 
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Fig. 7: Frequency curves distribution of fruit real density of Squash fruits 

 

Fig. 8: Frequency curves distribution of projected area of Squash fruits 

Pulp thickness and mass. 

Figure 9 indicates that the pulp thickness and mass ranges of the sample were 8 - 12 mm 

(average 9.75 mm) and 512.4 – 733.1 g (average 590.74 g), respectively. The most frequent 

percent (87.5 %) of squash fruits in the sample have 10 - 11 mm thickness and (87.5 %) have 

650 - 700 g mass. 

 

Fig. 9: Frequency curves distribution of pulp thickness and pulp mass of Squash fruits 

3.2. Mechanical properties of squash fruits. 

Friction and rolling angles of squash fruits. 

Table 2, Figure 10 and 11 shows the friction and rolling angles of squash fruits. The 

maximum friction angle 30 degree and rolling angle 27 degree were obtained with the wood 

surface. Whereas, the minimum of friction and rolling angles 19 and 13 degree, respectively, 

were obtained with aluminum surface. 
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Penetration force and firmness of squash fruits. 

Table 3 and Figure 12 show the penetration force and firmness distribution averages along 

squash surface: the maximum of 48.88 N and 115.68 N/cm2 at 10 mm from top of the fruit, 

the minimum of 44.5 N 105.33 N/cm2 at 5 mm from top of the fruit respectively. 

Cutting force of squash fruits. 

Table 2 and Figure 12   shows the axial cutting forces of squash fruits were: the maximum 68 

N, the minimum 35 N, and the average 43.75 N. 

Table 2: Penetration force, Firmness, and cutting force of squash fruits.  

Mechanical properties L, cm(1) Min. Max. Av. S. D.(2) C. V.(3) 

Penetration force, N 
5 32 63 44.5 9.58 21.52 

10 33 85 48.88 15.63 31.99 

15 33 75 47.88 12.08 25.22 

Firmness, N/cm2 
5 75.7 149 105.33 22.67 21.52 

10 78 201 115.68 37 31.99 

15 78 177.5 113.31 28.85 25.23 

Cutting force, N Axial 35 68 43.75 11.09 25.35 

(1) L is the distance from the top of the fruit. 

(1) S. D. is the standard deviation. 

(2) C. V. is the coefficient of variation. 

 
Fig. 10: The friction angle of squash fruits. 

 
Fig. 11: The rolling angle of squash fruits. 
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Fig. 12: The penetration force, firmness, and cutting force distribution averages  

along the squash surface. 

CONCLUSION 

The main results in this study can be summarized as follows: 

1- The highest value of fruit length and diameter were 261and 103 mm respectively, while the 

lowest value of fruit length and diameter were 214 and 79.8 mm respectively. 

2- The measurements of the volume. The highest value of fruit volume was 998 cm3, while 

the lowest value of fruit volume was 659 cm3. 

3- The measurements of the mass. The highest value of fruit mass was 896 cm3, while the 

lowest value of fruit mass was 528.6 cm3. 

4- The fruit's real density of the sample ranged between 0.72 and 1.3 g/cm3 (average 0.8 

g/cm3). The most frequent percent 75 % of squash fruits in the sample had 0.85 and 0.95 

g/cm3 real density. 

5- The fruit projected area of the sample ranges between 187.53 and 257.5cm2 (average 

219.97 cm2). The most frequent percent 75 % of squash fruits in the sample have 200 and 

220 cm2 projected area. 

6- The maximum friction angle 30 degree and rolling angle ranges 27 degree were obtained 

with the wood surface. Whereas, the minimum ranges of friction and rolling angles 19 and 

13 degree respectively were obtained with aluminum surface. 

7- The penetration force and firmness distribution averages along the squash surface: the 

maximum 48.88 N and 115.68 N/cm2 at 10 mm from top of the fruit, the minimum 44.5 N 

105.33 N/cm2 at 5 mm from top of the fruit respectively. 

8- The axial cutting forces of squash fruits were: the maximum 68 N, the minimum 35 N, and 

the average 43.75 N. 
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 تحديد بعض الخواص الطبيعية والميكانيكية لثمار الكوسة المتعلقة بعمليات ما بعد الحصاد 
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 الملخص العربي 

والميكانيكية لثمار الكوسة في يهدف هذا البحث إلى دراسة بعض الخواص الطبيعية  

وتطوير   تصميم  في  منها  للاستفادة  وذلك  البذور،  لتكوين  الفسيولوجي  النضج  حالة 

أهم   من  وهو  البذور.  استخلاص  وآلات  الخضر  ثمار  تداول  ومعدات  آلات  بعض 

بالكربوهيدرات   وغني  صيفي  محصول  وهو  القرعيات،  لعائلة  الخضر  محاصيل 

ويبلغ الإنتاج    2018فدانًا عام    55088مساحته المنزرعة  والأحماض الأمينية. تبلغ  

  .(2018)وزارة الزراعة،  2018طنًا عام  427346السنوي حوالي 

 :وتم الحصول على النتائج التالية 

  :( الخواص الطبيعية1)

  -مم    92.17-مم    238.72والكتلة وحجم الثمار   وجد أن متوسط الطول والقطر   -

  .جم ملم على التوالي 641.34 - 3سم   819.26

 .(3جم / سم  0.8كثافة الحقيقية لثمار الكوسة )المتوسط  - 

 .(2سم  219.97متوسط المساحة المعرضة ) - 

  :( الخواص الميكانيكية2)

احتكاك   -  لزاوية  قيمة  أكبر  أن  وجد  والتدحرج:  الاحتكاك  وأكبر   30زاوية  درجة 

التدحرج   لزاوية  سطح    27قيمة  مع  لزاوية  درجة  قيمة  أقل  كانت  بينما  الخشب. 

( التدحرج  لزاوية  قيمة  وأقل  و  19الاحتكاك  لسطح  13درجة  التوالي(  على  درجة 

 .الألمنيوم

قوة الاختراق والصلابة: وجد أن متوسط قوة الاختراق ومتوسط قوة الصلابة على   -

الأقصى   الحد  الكوسة  ثمرة  سطح  و  48.88طول  سم  115.68نيوتن   /  2نيوتن 

الأدنى    10  عند والحد  الثمرة،  أعلى  من  متر    44.5مم  /   105.33نيوتن  نيوتن 

  مم من أعلى الثمرة على التوالي. 5عند  2سم

 نيوتن. 43.75قوة القطع المحورية: وجد أن متوسط القوة اللازمة لقطع الثمرة   -
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