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ABSTRACT 

The aim of this research is to study some physical and mechanical 

properties of Sodom apple (Calitropis procera), to help in designing and 

developing of specific machine and their operations such as harvesting, 

cleaning, grading and separation.  

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

Physical properties of Sodom apple seeds fruits: length= 5.19 - 6.98 mm, 

width = 3.16 – 5.87mm, thickness = 0.38 – 0.70 mm, geometric 

diameter= 1.99 – 2.82 mm, arithmetic diameter= 3.21- 3.77mm, flat 

surface area = 7.07- 9.84 mm
2
, transverse surface area = 2.89- 

5.06mm
2
, volume 4.12 – 11.68 mm

3
, mass of 1000 seeds = 5.84 – 7.05 g, 

bulk density = 200.97 kg/m
3
, real density = 929.50 kg/m

3
and moisture 

content= 8.43 % w.b. 

 Mechanical properties: The lowest values of repose angle for seeds were 

on fiber glass followed by galvanized sheet, plywood, rubber and the 

highest on perforated sheet (20.86
o
, 34.81

o
, 48.86

o
, 55.63

o
 and 62.46

o
) 

respectively. Tensile strength between fibers and seeds was 0.0986N. 

INTRODUCTION 

odom apple plant belongs to Asclepiadaceae family, this family 

includes about 350 genera and about 1700 species, all kinds of this 

species contain latex which is milky juice. The habitat of this 

species is tropical areas in Africa. Sodom apple plant is chive shrub, 

middle size and about 3-5 m in height. The plant grows in desert sandy 

areas as Sinai, Cairo- Ismailia way and other sporadic desert places in 

Egypt.  
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Also it is found in Saudi Arabia, United Arab Emerates and all of tropical 

countries and desert areas like India, Pakistan, and Afghanistan. Often it 

is found in sandy areas rarely in coastal dunes. The most plentiful areas 

of this plant are dry places with few rains. If it rained in areas where it 

grows, or irrigated frequently, the plant will die, sodom apple plant was 

used hundred years ago in medicine. This was reported in ancient 

Egyptian medicine in "Hirest paper" this paper was described for 

diseased blood vessels contained (sodom apple plant, wheat flour and 

dom) all are placed in an affected area to heal. Also it was used in ancient 

Arabic medicine, sodom apple plant thrives at the beginning of summer 

with violet flowers its fruit appears after this taking the shape and size of 

mango fruit, inside the fruit fibers like cotton  appears, when cut the 

seeds will appear (FAO, 1986). 

Sodom apple is a member of the Asclepiadaceae, woody, broad leaf 

evergreen coarse shrub, 3–5 m tall as in Fig. (1). All parts of the plant 

exude white latex when cut or broken. Leaves are opposite, simple, 

subsessile, stipule absent; blade oblong-obovate to broadly bovate as in 

Fig. (2). Fruit, a simple, fleshy, inflated, subglobose to obliquely ovoid 

follicle up to 10 cm or more in diameter as in Fig. (3). Seeds numerous, 

flat obovate   (6 x 5) mm, with silky white pappus 3 cm or more long as 

in Fig. (4) (Grace, 2006).  

 

 Fig. (1): The parts of the sodom                   Fig. (2): Leaves and latex of the                                                   

apple plant.                                                     sodom apple plant. 
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      Fig. (3): Sodom apple fruits.               Fig. (4): The contents of the        

                                                                                 sodom apple fruit. 

Barbosa et al. (2014) reported that the seed oil content of sodom apple 

plant ranged from 19.7 to 24.0 %. Five main fatty acids were identified, 

with a predominance of unsaturated linoleic and oleic acids 

(approximately 70%). The oil profile of sodom apple plant presents 

interesting features that highlight its potential as a future alternative for 

the biodiesel market, especially in semi-arid regions.  

Abbas (2010) reported that natural sodom apple plant fibers were 

collected the fabrics of the fibers were separated from the seeds by 

manual way and stored in paper bags to reserve it. The fabrics were 

tested and compared with another material to know their specifications to 

help in using them in the textiles field. She concluded that sodom apple 

fibers could be spun with other natural and man made fibers, and produce 

yarns which could be blended with cotton (65% sodom apple and 35% 

cotton), this blended yarn could be weaved. 

Mohsenin (1986) mentioned that the physical properties of material such 

as shape, size, volume, and surface area are important in many problems 

associated with design or development of specific machine, analysis of 

the behavior of the product in handling of the material, stress distribution 

in the material under load, electrostatic separation of grain and light 

reflectance. One of the important design parameters in conveying of solid 

materials by air or water in the assumption for the shape of the materials. 

Accurate estimates of the frontal area and the related diameters are 

essential for the determination of terminal velocity, drag coefficient and 

Reynold number. 
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Kaleem et al. (1993) reported that the angle of repose is very important 

in determining the inclination angle of the machine hopper tank. 

Soliman (1994) studied that the effect of moisture content on angle of 

repose of paddy rice. He mentioned that the dynamic angle of repose is 

one of the mechanical properties needed for the design of agricultural 

material handling systems and storage.  

MATERIALS AND METHODS 

- Raw Materials: 

Experiments was carried out on a new raw material (wild sodom apple 

plant) which was collected from sporadic areas (Mokkatam, Misr-

Ismailia Desert Road, Nasr city) in the summer months before the fruits 

bloom and the seeds spread in the air carried by fibers. The raw material 

(sodom apple) is collected and stored in paper bags to reserve it until the 

experimental work is started. 

-Measuring instruments: 

- Digital caliper:  

A digital caliper (accuracy of 0.01mm) made in China, was used for 

measuring the seed dimensions.  

-Electrical balance:  

Weight of samples were measured by a Sartorius electrical balance made 

in Japan, (HR- 200, max 210 g) having accuracy of (0.0001 g).  

-Electric oven:  

The moisture content of sodom apple was evaluated by oven dried 

(VENTICELL55 type, 230V, 50/60 Hz, 1250W, 250
o
C Max. 

temperature).  

 - The friction angle:  

The friction angle was measured by an instrument fabricated in the 

workshop of Agricultural Engineering Faculty Al-Azhar University, Nasr 

city, Cairo. various materials plywood, perforated sheet, galvanized 

sheet, fiber glass and rubber were installed on the changeable plane to 

study the effect of these materials on the friction angle.   

-Toluene (C7H8):  

Toluene was used to estimate the real volume of seeds by using the liquid 

displacement method because it has the advantage of little absorption by 
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seeds and little surface tension which are valuable for estimating the true 

density with high accuracy.  

-Rigidity force:  

A digital force gauge of accuracy 0.2 % was used for measuring the 

rigidity force. Maximum reading of 2200 g, so a lever construction was 

used for minimizing the reaction force increasing the precision and 

amplifying the force reading, due to lever weight.  

-  Calculations: 

-  Seeds dimension: 

Characteristic dimensions as length, width, and thickness (mm) were 

measured by using digital dial caliper. These physical characteristics can 

be utilized effectively in design and development of the separating 

prototype and affecting their ginning operations and in analyzing the 

behavior of product in handling, sieving and separating processes. The 

following relations can be used for calculating the geometric diameter 

"Dg" (mm) arithmetic diameter "Da" (mm) and volume "V" (mm
3
) of an 

individual seed according to (Matthews, 1991) as: 

      3

1

.. TWLDg        mm                                       ....…...…….(1) 

     






 


3

TWL
Da   mm                                     ..…….……. (2) 

      TWLV ..
6


     mm

3
                                          ..……….…. ( 3)

     

where: L: Length, (mm), W: Width, (mm) and T: Thickness, (mm).  

-Seed surface area: 

The surface area of seeds is very important characteristic in determining 

both volumetric and gravimetric heat transfer coefficients and in 

analyzing heat and moisture transfer during drying processes, and it is 

also useful for describing the rehydration process. The following 

relations were used for calculating the transverse surface area (At), and 

the flat surface area (Af) in (mm
2
), according to (Matthews, 1991) as: 

        TWAt .
4


     mm

2
                                              ….……….. (4)        
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       WLA f .
4


   mm

2
                                              …………… (5) 

- Bulk density (ρd): 

The bulk density was calculated for the seeds by dividing the mass of 

quantity of seeds on its volume, which was measured by using constant 

volume cylinder (Matthews 1991) as: 

       
b

b
d

V

W


                                                           ..…………… (6)  

Where: d : Bulk density of seeds, (kg/m
3
);   

              bW : Mass of the quantity of seeds, (kg); and 

 bV : Volume of the quantity of seeds, (m
3
). 

 

- Moisture content: 

 The moisture content of seeds was determined using oven method for all 

experiments according to the procedure described in the standard 

methods (ASAE, 1994); oven dried at 105ºC for 24 hours, moisture 

content was calculated on wet and dry basis as follows:  

Moisture content "M.C" w. b, (%): 

             100. 



dm

m

WW

W
CM                                  ..………..... (7)     

Moisture content "M" d. b, (%): 

             
100

d

m

W

W
M

                                           …………..... (8)                                                         

Where: Wm: Mass of moisture in sample, (g); and 

 Wd: Mass of bone-dry material, (g). 

                                                                                      

- Friction coefficient (Ψ): 

Friction coefficient was measured between (seeds, fibers and   raw 

material) and fiber glass, rubber, perforated steel, galvanized metal and 

plywood surfaces. 
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          Ψ tantcoefficienFriction                    ...…….…… (9) 

Were:  : Friction angle.   

 

-Repose angle of seeds (∞): 

 It is the angle between the horizontal base and the inclined side of the 

formed cone due to free fall of seeds sample. The horizontal base of the 

cone (x) and its height (L) were measured by a ruler and the repose angle 

can be calculated as follows:  

           
X

L

5.0
tan                                            …….….….. (10) 

-Tensile strength between fibers and seeds:  

A lever setup by Ghanem and Zaalouk (2003) was used for amplifying 

the force measured by the digital force gauge; its maximum reading of 

2200 g to123 N in their study for measuring the rigidity of Cowpea 

seeds. Whereas in this study of sodom apple the tensile strength between 

seed and fiber requires minimizing the reaction force and increasing its 

precision. To achieve this goal, a very light aluminum sheet is used for 

lever setup, as shown in Fig. (5). When the acting force is zero (F0) the 

weight exerted by the lever caused a reaction (R0) on zero load, this 

reaction was measured by the gauge. The R0 reaction can be determined 

as follows: 

  2010 LRLF          and        
2

10

0
L

LF
R                   ………….. (11) 

When the gauge exerted a force on the short arm end (F), the total force 

Fm= (F0+F) on the short arm end (L1) so, the net reaction exerted between 

sodom apple fiber and seed can be determined as follows: 

                















 00

2

1 RFF
L

L
CR     

         

    and      83.558.001.0  mFR                  …....……. (12)  

Where: R: Reaction required for separating fiber from seed, (N);  

     Fm: Force exerted by the gauge sensor, (g); 
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F0: Force exerted by the gauge sensor at zero load, (10 g); 

R0: Reaction caused by the lever weight at zero force, (5.83 g); L1: 

Short arm of the lever, 0.35 m;  

L2: Long arm of the lever, 0.60 m; and  

C: Constant to convert the total load in N.  
 

 
1-Fixed support         2- Fiber        3- Seed          4- Support   

5- Level adjusting screw       6- Holder 

Fig. (5): Lever setup used for amplifying the force    measured by the 

digital force gauge. 

RESULTS AND DISCUSSION 

- Evaluation of some physical and mechanical properties of Sodom 

apple: 

Due to the lack of information about physical and mechanical properties 

related to separation of sodom apple and to set a database for other 

characteristics related to handling, drying, cleaning, storage and other 

future processing. Some physical and mechanical characteristics of raw 

material, seeds and fiber were evaluated in the Faculty of Agricultural 

Engineering, Al-Azhar University, Nasr city, Cairo, in 2013 – 2014. 

Sodom apple raw material (seeds and their fibers) is too light that it can 

fly in stagnant air or we can say that it has very low density. Although 

these characteristics are essential for plant spreading and type 

preservation, they form substantial problems in plant drying, ginning and 

other future processing. 



PROCESS ENGINEERING   

Misr J. Ag. Eng., April 2017  - 1017 - 

- physical properties of sodom apple seeds: 

Tables (1) indicated that the seeds length, width, thickness, geometric 

diameter, arithmetic diameter, flat surface area, transverse surface area 

and volume ranges of sample were 5.19-6.98 (average 6.27 mm), 3.16- 

5.87 (average 3.87 mm), 0.38-0.70 (average 0.58 mm) 1.99-2.82 (average 

2.40 mm), 3.21-3.77 (average 3.57 mm), 7.07 - 9.84 (average 7.96 mm
2
), 

2.89-5.06 (average 3.49 mm
2
) and 4.12-11.68 (average 7.33 mm

3
) 

respectively. 

Table (1): Physical properties of sodom apple seeds. 

Physical properties of seeds Max. Min. Ave. S.D C.V % 

3
-m

aj
o
r 

d
im

en
si

o
n
s Length (mm) 6.98 5.19 6.27 0.45 0.07 

Width (mm) 5.87 3.16 3.87 0.36 0.09 

Thickness (mm) 0.70 0.38 0.58 0.08 0.14 

Geometric diameter (mm) 2.82 1.99 2.40 0.15 0.06 

Arithmetic diameter (mm) 3.77 3.21 3.57 0.19 0.05 

     Flat surface area (mm
2
) 9.84 7.07 7.96 0.43 0.05 

Transverse surface area (mm
2
)

  
5.06 2.89 3.49 0.29 0.08 

Volume (mm
3
) 11.68 4.12 7.33 1.37 0.19 

Mass of 1000-seeds (g) 7.05 5.84 6.26 --- 

Bulk density (kg/m
3
) 200.97 

Real density (kg/m
3
) 929.50 

M
o

is
tu

re
  

co
n

te
n

t % w.b 8.43 7.61 7.92 --- 

% d.b 9.20 8.23 8.61 --- 

- Mechanical properties of sodom apple: 

- Friction angles for seeds, fibers and raw material: 

Figs. (6), (7) and (8) show the friction angle evaluated for seeds, fibers 

and raw material respectively on different surfaces including plywood, 

perforated sheet, galvanized sheet, fiber glass and rubber. 
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The lowest values of friction angle for seeds were on fiber glass followed 

by galvanized sheet, rubber, plywood and the highest on perforated sheet, 

(24.4
o
, 35.2

o
, 35.8

o
, 42.8

o
 and 43

o
) respectively, while the lowest values 

of friction angle for fibers were on galvanized sheet followed by fiber 

glass, rubber, perforated sheet and the highest on plywood, (41.6
o
, 43

o
, 

44.8
o
, 51.4

o
 and 63.8

o
) respectively, it is also clear that the lowest values 

of friction angle for raw material were on fiber glass followed by 

galvanized sheet, rubber, perforated sheet and the highest on plywood, 

(33.4
o
, 38.4

o
, 41

o
, 55.8

o
 and 56.6

o
) respectively. This is due to the 

smoother and more polished surface of galvanized sheet and fiber glass 

than the other tested surfaces. 

 

Fig.(6): Friction angle for seeds on different surfaces. 

 
Fig. (7): Friction angle for fibers on different surfaces. 
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Fig. (8): Friction angle for raw material on different surfaces. 

-Angle of repose for seeds: 

Fig. (9) show the angle of repose for seeds on the selected material 

surface including plywood, perforated sheet, galvanized sheet, fiber glass 

and rubber. 

 
Fig. (9): Angle of repose for seeds on different surfaces. 

The lowest values of repose angle for seeds were on fiber glass followed 

by galvanized sheet, plywood, rubber and the highest on perforated sheet 

(20.86
o
, 34.81

o
, 48.86

o
, 55.63

o
 and 62.46

o
) respectively. 

Present data can be utilized in future work for flat belts conveying of 

seeds. The angle of inclination of the flat belt should be less than repose 

angle of the selected material.   

- Tensile strength between fibers and seeds:  

The Tensile strength ranges of samples were 0.076-0.134 N (average 

0.0986 N).  
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CONCLUSION 

Sodom apple is a valuable source of fiber, which can be used in textiles 

to produce a strong natural fabrics silk with high quality. And the seeds 

of this plant can be used for medicinal purposes to treat some diseases, it 

is also a good source of oils (17 – 30 %) it is possible to intervene in 

some industries to extract oils and it is a promising source for biofuels. 

And then the main objective of the present work is to study some 

physical and mechanical properties of Sodom apple to set a database for 

future studies related this plant. 

  The results can be summarized as follows: 

1.  Some physical properties of averaged values of Sodom apple seeds 

were studied as: length, width, thickness, volume, geometric diameter, 

arithmetic diameter, bulk density, real density, transverse surface area, 

flat surface area, mass of 1000- seeds and moisture content wet and dry 

basis  were 6.27 mm, 3.87 mm,  0.58 mm, 7.33mm
3
, 2.40 mm, 3.57 mm, 

200.97 kg/m
3
, 929.5 kg/m

3
, 3.49 mm

2
, 7.96 mm

2
, 6.26 g and 7.92 % and 

8.61% respectively.  

2. Some mechanical properties as friction angle and angle of repose were 

studied.  

- The lowest values of friction angle for seeds were on fiber glass 

followed by galvanized sheet, rubber, plywood and the highest on 

perforated sheet, (24.4
o
, 35.2

o
, 35.8

o
, 42.8

o
 and 43

o
) respectively  

- The lowest values of repose angle for seeds were on fiber glass 

followed by galvanized sheet, plywood, rubber and the highest on 

perforated sheet (20.86
o
, 34.81

o
, 48.86

o
, 55.63

o
 and 62.46

o
) respectively. 

-  Tensile strength between fibers and seeds was also studied and found 

to be average 0.0986 N. 
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 الملخض العشبى

 لىباث العشاس والميناوينيت الخصائض الطبيعيتبعض 

 ****دسويش على علىان    ***ذسب محمذ محمذ  **واجى سيذ خالذ *  غاوم حسيه طاسق

مصدر قيم لألياف جيده تدخل فى عملية النسيج لإنتاج أقمشة قوية حريرية  نبات العشاريعتبر 

ستخدامها  لأغراض  إبألياف طبيعية ذات جودة عالية. وكذلك بذور هذا النبات من الممكن 

%( 03-71مراض. ونظرا لأن البذور تعد مصدر جيد للزيوت )دوائية وكذلك لعلاج بعض الأ

ناعات لإستخلاص الزيوت وكذلك تعد مصدر واعد للوقود فمن الممكن أن تدخل فى بعض الص

تعتبر المادة الخام لنبات العشار  الحيوى وذلك لإحتوائها على نسبه غنيه من الهيدروكربون.

)ألياف وبذور( خفيفة جدا ذات كثافة منخفضة حيث أنها تتطاير فى الهواء الساكن. وبرغم أن 

حافظة على نوعه ولكنها تمثل معوق رئيسى هذه الخصائص ضرورية لإنتشار النبات والم

 لعمليات التجفيف والحلج وكذا أى عمليات أخرى مستقبلية.  

  .الأصهش جامعت - الضساعيت الهىذست مليت -الضساعيت  الهىذست أستار*

 الضساعيت. البحىث مشمض - الأغزيت تىوىلىجيا بحىث معهذ - التصىيع هىذست أستار **

 القاهشة  -جامعت الأصهش -مليت الهىذست الضساعيت -*** مذسط بقسم هىذست تصىيع المىتجاث الضساعيت 

 جامعت الأصهش. –مليت الهىذست الضساعيت  –****مذسط مساعذ 
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وتهدف هذه الدراسة إلى توفير قاعدة معلومات لبعض الخصائص الطبيعية والميكانيكية لهذا 

 فى عمليات التخزين والتداول والتصنيع. النبات والتى تفيد مستقبليا  

 وقذ تم تلخيض وتائج هزي الذساست مالأتى: 

 الخىاص الطبيعيت: - 1

حٌ دراست اىخىاص اىطبيؼيت الأحيت ىيبذور وأخذ اىَخىسطاث ىهذٓ اىخىاص ىلإسخفادة ٍْها  -

ومذا فً ػَو  اىؼَيياث اىَخخيفت اىخً قذ حدزي ػيً هذا اىْباث ٍثو اىحيح واىخدفيففً 

قاػذة بياّاث ىخيل اىخىاص ىيذراساث اىَسخقبييت. وقذ ماُ ٍخىسط اىطىه واىؼزض 

واىسَل واىحدٌ واىقطزاىهْذسً واىقطز اىحسابً واىنثافت اىظاهزيت واىنثافت اىحقيقيت 

وٍساحت اىقطاع اىَسخؼزض وٍساحت اىسطح ووسُ الأىف حبت ومذا اىَحخىي اىزطىبً 

777ٌٍ,ٌٍ، ,,87ٌٍ، ,,77ٌٍ، ,672ػيً أساص خاف ورطب 
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مدٌ/ً ,0207، 
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%  702,%،  768,خٌ، 6726، 

 ػيً اىخزحيب. 

 الخىاص الميناوينيت:  - 2

حٌ دراست اىخىاص اىَيناّينيت مشاويت الإحخناك وساويت اىخنىيٌ ٍغ الأسطح اىَخخيفت  -

 وماّج ماىخاىً: خلاص واىخشب واىصاج اىَثقب واىديذ( اىصاج اىَديفِ واىفيبز)

 صاويت الإحتناك: -

7,أػيً قيَت ىشاويت الإحخناك ىيبذور  -
°

,2,7ٍغ اىصاج اىَثقب بيَْا أقو قيَت  
°

ٍغ اىفيبز  

 خلاص.

,677أػيً قيَت ىشاويت الإحخناك ىلأىياف  -
°

876,ٍغ اىخشب بيَْا أقو قيَت  
°

ٍغ اىصاج  

 اىَديفِ.

 :صاويت المنىث -

627,6أػيً قيَت ىشاويت اىَنىد ىيبذور   -
°

287,6ٍغ اىصاج اىَثقب بيَْا أقو قيَت  
°

ٍغ  

 اىفيبز خلاص.

 قىة تماسل البزوس مع الألياف: -

مَا حٌ قياص قىة اىخَاسل اىبذور ٍغ الأىياف ىؼذيذ ٍِ اىؼيْاث حيذ قذر ٍخىسط قىة  -

 ّيىحِ. 8780,6اىخَاسل 

 

 


