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DEVELOPMENT AND EVALUATION OF SEED
EXTRACTING MACHINE FOR SEED MELONS

R.M.KHOLIEF' R.R.ABOU-SHIESHAA ' A.EL-MESEERY?

ABSTRACT

The present study was carried out at the Rice mechanization center, Meet EL-
Deeba, Kafr EL-Sheikh Govern orate, Egypt during summer season of 2003/2004 using
watermelon seed fruit. The objective of this work was to construct and evaluate
watermelon seed extracting machine. The studied factor in the present investigation
were as follows: Three various drum shapes (Square, triangle and hexagonal); four
drum speeds 0.35, 0.52, 0.69 and 0.81 m/s and three feed rate 2.0, 2.857 and 3.714
ton/h.

The results showed that, machine productivity increases by the increase of
feeding rate and drum speeds. However the lowest value of specific energy was
obtained by using triangle shape. In the same manner the lowest value f speed damage
was 1.59% at drum speed of 0.35 m/s and feeding rate of 2.0 ton/h for triangle drum
shape. Also, results show a negative relationship between drum speed, feed rate and
seed losses. Separating efficiency reached its maximum value of 96.13% at drum speed
of 0.81 m/s and feed rate 2.0 ton/h. For triangle drum shape. However, manual
separating of watermelon seed costed 5.77 times mechanical separating.

INTRODUCTION

Watermelon (Colocynthis Citrullus) is cultivated in the arid and semi-
arid areas. It is believed that the plant is native to Africa middle east and is
probably an ancestral type of the watermelon. Watermelon seeds are strategic
vegetable products in Egypt that can be exported to several Arab countries.

Recently, watermelon crop has been widely cultivated especially in
Northern Nile Delta regions, such as Kafr El-Sheikh Governorate, and newly
reclaimed lands. According to, Egyptian Ministry of Agriculture and Land
Reclamation, (2001), the total area of watermelon seed is about 170000 Fed.
With an average yield of 470 kg/Fed.

In general watermelon separation machinery are not available in Egypt.
In addition the foreign implements, dose not suit most watermelon fruit and
seed properties. That requires expensive and complicated operations leads to
low efficiency, and high costs (Hussan, 1994). Hence, the development of a
reliable seed separation implement to suit the prevailing Egyptian conditions
still needs more attention.

There is considerable interest in cucubita seeds because of their nutrition
quality, mainly in terms of protein and oil content. The seed from the mature
fruit is used in the from of roasted and salted food items. The kernel, extracted
from the seed in the whole form, traditionally called “Azaza”. The seed melon
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_ fruit physically resembles the watermelon in many respects. It is a fleshy
fruit which is ﬁenerallr Ereen in color, though some varieties have their green

color streaked white. The external surface of the fruits {s relat{vely |1a.rcl ancl
smooth. The majority of the fruits are nearly spherical in shape, but some are
ellipsoids having slightly elongated head-tail axial dimensions. Unlike
watermelon, the flesh of the seed melon fruit is bitter and therefore not edible.
Seed melon is grow for the seed which are very nutrition, rich in protein. The
seeds contain about 53% oil by weight (Opolu, 1977) and 32.6 crude protein
(Oyenuga, 1968) and also unsaturated fatty acids. It’s amino acid content
compares well with those of soybean and whole egg (Oyeoly, 1977). The seed is
a major soup ingredient in the most countries of African (Oyengua, 1968).
Watermelon seeds are symmetrically arranged all around the central septum and
are concentrated more within the central portion of the fruit than at the ends. On
average, the seeds constitute 3.5% of the fruit by weight (Nwosu, 1988).

Up to date, watermelon seed separation in Egypt is accomplished by
manual separation 95%. The traditional method of separating watermelon seeds
from the fruit involves manual cracking of the fruit with cutting the head or tail
portions of the fruits with a knife. All done in order to separate the seeds from
the mesocarp and endocarp at the same time, mainly for seed purposes. The
traditional method requires a lot of time and labor. Whereas, 25-30 workers are
needed for one feddan which costly about 250-300 LE/Fed.

Construction of a seed-melon separating machine is important for
farmer use. This paper discusses some tests which performed to evaluate the
performance of the watermelon separating machine in terms of machine
productivity, the effectiveness of separating with respect to seed extraction,
seed loss energy requirements and cost evaluation.

MATERILS AND METHODS

To fulfill the objective of the present study ,watermelon seeds
separating machine was constructed at the workshop of Rice Mechanization
Center, Meet El- Dyba, kafr El-sheikh, Governorate. Using 1500 W electric
motor it has a potential difference (Voltage) of about 220 v powered it. Figure
1 shows the main parts of watermelon seeds separating machine. It has two
function units for separating and cleaning the seeds from hull, it contains the
following main parts:

a. The main frame (chassis) was constructed from angle bars and
galvanized metal sheets Imm thick.

b. Hopper for feeding the watermelon to the seed extraction zone. It was
fabricated from galvanized sheet Imm thick. The size and shape of the
hopper as determined from the characteristic dimensions of the
watermelon Table 1, facilitates the free flow of watermelon by gravity
into the separating section.

c. Seed separating drum (three different drum namely :triangle , square and
hexagonal shapes) were fabricated and used in the present investigation
Fig. 2.
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Fig. 2 : Three different shapes of separating drum.
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d. The separating screen was fixed under the separating drum. The angle
of inclination of screen can be adjusted.
Test procedures:

After harvesting watermelon fruit were grouped near the machine. Three
various drum shapes were used with four speeds of 0.35, 0.52, 0.69 and 0.81
m/s.. Three feed rate were used of 2.000, 2,857 and 3,714 Mg/h and two
labors were operating the machine, the first one was feeding the machine,
and the second could be take off the fruit from the land to fruit container to
easiness the feeding process. The physical properties determined were: The
characteristic dimensions, weight, volume and density.

Table 1: Physical characteristics of watermelon fruit in the three sizes with
an average moisture content of 95.9 % wet basis, 8-11 cm, 11-14
cm and 14-17 cm diameter range.

r P . Mean values
arameters Small size | Medium size | Large size
. 0.39) (0.51) (1.07
Major diameter (a), cm 10.35 12.74 15.09
. (0.62) (0.65) (1.12)
Intermediate diameter (b),cm 11.15 13.80 15.72
L (0.75) (0.53) (1.47)
Minor diameter(c), cm 10.76 13.07 16.85
Geometric mean diameter (0.59) (0.59) (1.50)
(ab.c)'” 10.75 13.195 15.78
o (0.05) (0.09) (0.06)
Sphercity 1,04 1.04 1.05
. 3 (1.89) (3.18) (4.25)
Unit volume, cm 720.73 128529 | 2317.52
. (3.75) (4.85) (5.73)
Unit watermelon Mass, g 641.45 111820 | 1969.89
. ] 3 (0.03) (0.04) (0.05)
Unit density, g/cm 0.89 0.87 0.85
(0.82) (0.75) (0.54)
Shear force, N 52.58 83.58 118.7
*Values in the parenthesis are standard deviations;
Sphercit_;geOmemeadmmete,?MohsenW’IQ ................................................ )
Majodiameter

Fig.3 shows the transverse and longitudinal section of watermelon fruit. The
transverse section is obtained by cutting the fruit across the head-tail axis.
The epicarp (A) is a thick tough outer coat strongly attached to the much
softer fleshy mesocarp (B) to form what the jointly to as the rind (Mwosu
1988) The epicarp does not decompose easily and cracking is necessary to
initiate decomposition. The endocarp (D) is segmented from each other by
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septum (C). Within the segments are the seeds (F) which lie on their flat
sides in planes nearly perpendicular to the head —tail axis, with their heads
directed towards the septum and distinctly separated from each other by the
flesh component of the endocarp. The longitudinal section is obtained by
cutting the fruit along the head —tail axis. The edges of the seeds are
displayed and look like thick lines perpendicular to the head —tail axis. The
seeds are symmetrically arranged all around the central septum and are
concentrated more within the central portion.

Fig. 3 : Transverse and longitudinal sections of the seed-melon fruit.

The traditional method of seed-melon separating seeds:

It involves manual separating of the fruits from the pint and grouped it in
the field center and cutting off the head or tail portions of the fruits with
knife. Then the seed are removed by washing in water. The traditional
methods requires about eight labors to one feddan, work eight hours.
Miscellaneous equipment:

Digital vernier (with an accuracy of about 0.01milimeter).

Mettler balance (accuracy of 0.01g).

Stop watch.

Tachometer (the rotational speed of seed extraction drum was measured
by using digital tachometer. HT-1500,0n0 Sokki Co.LTD. Japan make).
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Determination of results:

M
Damagesedt= e eereresreeseirerentesennnssraenamanesessnnesesnnnressimnnssseansereen il 2
g MM, 2

_Where:
M, = mass of damage seeds, g. and
M, = mass of total separating seed, g.
Separating efficiency was determined according to the formula by

EL-sayed (1992):
Il .......................................................... G

M
Separatirgfficien 1 2
paratingfi q%{ { MM

Where:
M,; = mass of nonseparating seeds, g.

M
Seedosses¥ e e e et e et eeeas e e aantasnte et aan s re e e te st mmteeareamannaraanns
eIV ®

Where:
M, = mass of total lost seed either with hull or discharged out of the
machine, g.
Estimation of machine productivity:

Machine productivity was calculated by using the following
formula:

M
Machinepructivi{MEI B)=—........couuucemecirrmetirestomeetesieimeers st s emsessssm e {5

T
Where:
M, = mass of total separating seeds, (Mg).
T =the time consumed in operation, (h).
Estimation of power and energy requirements:

The consumed power was estimated using clamp meter by
measuring the line current and voltage potential difference values. Total
consumed power was estimated according to (Lockwood and Dustan, 1971)
as follows:

Totalpowexonsumedk W=%;S0an ......................................................... ©

Where:
I =line current strength in Ampers;
V' = potential difference (Voltage) being equal 220 V,
cos @ = power factor (was taken 0.7) and
n = machine efficiency assumed (0.90).
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The energy requirements was calculated by using the following
equation:
P

EnergyregnementsWh/ Mg=;!— ............................................................

r
Where:
P = power consumed for seed separating, kW and
M, = machine productivity, Mg/h.

Machine operation cost:
The machine operation cost were calculated according to
(Younis, 1997) as follow:
Fixed costs:
Originalog—Salvagealue

=D e I " ... eeer et

Machinkfe
Salvage value 10% of original cost. L.E/ year.

Originadod +Salvagvalue}

—InterestLE/ year—-]nrerestate{ 5

ddsssrrmmsterssmapiiter s

—Shelte;taxe.nnafnsuranw0.04(0riginaios) ............................................ -t0

—Totakog {(DBPfECiMiHWres&ShelterTareﬂndnsuranc}}
Hourpfuseperyear
Variable cost:
Originalog
Hoursofiseperyear

—Repaimndmadntenancel E/ h=0.057‘(

arrrsssmmisaanyHuLnn

}(Bower,d 987.....

—Electricigos, LE/ h=Maximurpoweconsume(Electriq?price} ..................... 43

- Greasing, LE/h.
- Labor cost, , LE/h.

—Totakatiablecos =(Repair+ Electricjtr LubricatiorLabeh.......eoove.cevevevem

The cost of production (Cp) was calculated by the following formula:
Totatos

B L Mmoot et et e -5

Productivity

RESULTS AND DISCUTION
Separating machine productivity:

The observations indicated in Table 2 and Fig. 4 show the effect of drum
speeds, drum shape and the feeding rate on machine productivity. The data
reveal that increasing drum speeds and feeding rate increases the machine

productivity. The highest values of machine productivity was obtained by
562
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Table 2: Effect of drum shape, feeding rate and drum speed on separating

machine performance.

Drum Feeding | Drum Seed Power, Uint dasrflendge I?::::s Sep.
rate seed, prod. cost, eff

shape | om | mis kgp | Y| LEren | g g | %
035 | 4633 | 0.811 | 13043 | 2.18 | 1293|8729

so00 | 052 | 4727 | 0852 | 12766 | 237 11270 87.50

0.69 | 48.67 | 0.847 | 125.00 | 2.56 |12.43 8785

0.81 50.08 | 0.869 | 12000 | 271 | 1225 88.34

035 | 70.15 | 0.858 | 85.71 1.84 1329 86.78

Triangle | 2857 052 | 7259 | 0.884 | 8333 | 208 |1297]87.17
069 | 7370 | 0.897 | 8219 | 231 |12.75 | 8743

081 | 76.15 | 0923 | 7895 2.58 | 12.51 | 87.60

035 | 93.06 | 0.874 | 64.52 1.59 |[13.62|86.59

3714 052 | 9537 | 0.891 | 63.16 1.78 ! 13.26 | 86.92

0.69 | 9855 | 0918 | 61.22 1.99 | 13.05 [ 78.15

0.81 | 10028 | 0933 | 60.00 | 227 |12.78 | 78.46

| 035 | 5694 | 0957 | 107.14 | 2.50 | 8.83 |91.35
000 | 052 | 5834 | 0978 | 10345 | 282 | 849 9174

069 | 59.75 | 0.998 | 101.69 | 3.07 | 834 | 92.10

0.81 61.78 | 1.035 | 9836 | 3.34 | 8.12 | 92.59

035 | 84.14 | 0986 | 7143 221 | 9.17 [ 91.07

052 | 86.14 | 1.007 | 69.77 | 250 | 9.01 [91.49

Square | 2857 | 6o | 8836 | 1.029 | 68.18 | 279 | 8.83 | 91.85
081 | 9058 | 1.053 | 6667 | 3.02 | 865 |92.14

035 | 11358 [ 1.021 { 53.10 | 2.05 | 9.54 | 90.77

714 | 052 | 11589 [ 1038 | 5217 | 232 § 93] 91.05

069 | 119.07 | 1.062 | 5042 | 2.59 | 9.05 [ 91.32

081 | 12225 | 1.086 | 49.18 | 2.80 | 8.81 | 91.58

035 | 7192 | 1.113 | 8451 3.11 | 555 [94.70

000 | 052 | 7488 | 1154 | 8108 | 3.46 527 19527

069 | 77.84 | 1.196 | 7792 | 3.74 | 495 {9585

0.81 7956 | 1217 | 7595 | 4.02 | 473 | 96.13

[ 035 | 111.89 | 1.209 | 54.05 2.85 | 5.98 [94.22
Hexagonal | 2857 052 | 116.11 | 1.247 | 51.72 3.14 | 554 |94.84
0.69 | 11833 | 1.268 | 50.85 3.45 | 5.17 (9536

0.81 | 12121 | 1.292 | 4959 | 3.69 | 4.91 | 9559

0.35 164.15 | 1.290 | 36.59 260 | 6.68 | 9327

3714 | 052 | 17196 | 1347 | 3509 | 287 | 655 | 93.60

069 | 17658 | 1.379 | 34.09 | 3.15 | 6.13 | 94.09
| o8t | 17976 | 1396 | 3352 | 343 | 562 | 9431
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Fig. 4: Effect of drum speed, feeding rate and drum shape on machine productivity.
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using drum the hexagonal shape whereas, the increase of drum speeds from
0.35 to 0.81 m/s cause a corresponding increase in machine productivity of
seed from 71.92 to 79.56 , 11.89 to 121.21 and 164.15t0 179.76 kg\h at
watermelon rate 2.0, 2,857 and 3.714 Mghh.

Power and energy requirements:

Table 2 and Fig. 5 show the power and energy requirements as
affected by three different drum shape, feed rate and drum speed. It is
noticeable that the power requirement of separating operation increases with
the increase of both drum speeds and watermelon feed rate. Meanwhile,
there is a reverse proportion between the unit energy and feed rate and these
due to the increase machine productivity. The results clearly showed that the
hexagonal drum shape having six bars gave the highest values of power
requirement however, it was gave lowest values of unit energy at the same
operating parameters. The increase of drum speed from 0.35 to 0 .81m/s
increases the power required for seed separating from 1.113 to 1.217,from
1.209 to 1.292and 1.290to 1.396 kW.h at watermelon feed rate of about 2.0,
2.857 and 3.714 Mg\h ,respectively. On the other hand, drum shape triangle
gave the lowest values of unit energy and these may be due to the reduce of
the power requirement of machine by using this drum shape. The same
increase in drum speeds increases the unit energy from 0.406 to 0.435, from
0.30 to 0.323 and 0.235 to 0.251 kW.h/ton at the same mentioned above
feed rate, respectively and drum shape, triangle.

Seed damage:

Table 2 shows the relation between drum speed and seed damage
for three various drum shape and three levels of watermelon feed rates. The
results clearly showed that, the increase of drum speeds tend to increase the
seed damage and these may be due to the increase of impact during the
separation of seed from hull. The highest values of seed damage were
obtained by using hexagonal drum shape and reached 4.02 at drum speed of
(.81 m/s and feed rate of 2.00 Mg/h meanwhile, drum shape triangle gave
the lowest values of seed damage where it reached 1.59 % at drum speed of
0.35 m/s and feed rate of 3.71 Mg/h. However, the increase of feeding rates
tend to decrease the seed damage under the various operating parameters.
The reason is due to the more dense of material passing through the
extracting zone at high feed rate which provide more protection and
reducing the repeated of impact by the cylinder bars.

Seed losses:

Data presented in Table 2 and Fig .6 obvious the effect of four various
drum speeds, three different levels of feed rates and four various drum
shape. The results illustrated that, the increase of drum speed decreases the
seed losses and these due the increase in separating efficiency which
otherwise decrease the amount of seed discharged with hull at the higher

Misr J. Ag . Eng., April 2005 565



[—-— ~2000 kg/h  —— 2857 kg/h _—=—3714 kgh | Triangie S.
0.7
.06
<)
=
05
X
= .
BPo.4 "
P2
| o
v £03 i
[— -
' 02 : : : ‘ _
! 0.3 0.4 0.5 06 0.7 0.8 0.8
b
) Square S.
N
c 06
-
| £
©Z 05 -
> -
&
204
. g - —_—
@ l——
Z 03 -
o L,
02 . — :
! 0.3 0.4 0.5 06 0.7 0.8 0.9
| _ P, R _
! Hexagonal S.
. ,
o7
06 - —u
5 "
905
2 I
P - —
-1 B A
- — —*
@
=03
=
e
¢ 02 : :
; 0.3 0.4 0.5 0.6 07 08 0.9
Drum speed, mvs.

Fig. 5: Effect of drum speed, feeding rate and drum shape on unit energy.

Misr J. Ag . Eng., April 2005 566



Triangie S.

"@3714 kg/h

2857 kgth

£12000 kgh

R

14

12

] o]

—

9%, 's9s50| paag

0.81

0.69

0.62

0.35

Square S.

12

[ ] [+s] [1s] -
-

O '$SS50| pRIg

81

0.69

0.52

a5

0.

Hexagonal S.

‘o, '$9580] p3eg

0.8

0.69

0.52

35

0

Drum speed, m/s.

Fig. 6: Effect of drum speed, feeding rate and drum shape on seed losses.

567

Misr J. Ag . Eng., April 2005



speed. Also, the increase of feed rates increases the seed losses due to the
same reason mentioned above. However, the highest values of seed losses
were 13.62, 9.54, and 6.68 % at drum speed of 0.35 m/s and feeding rate of
3.714 mg/h for the drum shapes triangle, square and hexagonal respectively.
The data also, showed that drum speed triangle gave the highest amount of
seed losses and these may be due the reduce of separating efficiency of this
drum shape.

Seed separating efficiency:

Dealing with the effect of drum speeds, drum shape and the feeding
rate of watermelon on seed separating efficiency as shown in Table 2 and
Fig. 7.1t was found that the drum speed increase tends to increase the seed
extracting efficiency. Increasing the drum speed from 0.35 to 0.81 m/s tends
to increase the seed extracting efficiency from 87.29 to 88.34, 91.35 to
92.59 and 94.70 to 96.13 % at the same feeding rate of 2.0 Mg\h and drum
shape triangle, square and hexagonal, respectively. On the other hand
increasing the feed rate from 2.0 to 3.714 Mg/h tends to decrease the seed
separating efficiency from 87.29 to 86.59, 91.35 to 90.77 and 94.7 to 93.27
% at drum speed of 0.35 m/s.and drum shape triangle, square and
hexagonal, respectively
Cost evaluation:

Table 2 summarizes the effect of drum speeds, feed rate and drum shape
on unit cost. It can be stated that, hexagonal drum shape with drum speed
0.81 m/s and feed rate 3.714 Mg/h gave the lowest cost where, it reached
33.52 L.E/ton. Whilst the maximum value of total cost was 130.34 L.E/ton
for drum shape triangle and drum speed 0.35 m/s and feed rate of 2.0 Mg/h.

CONCLUSIONS

From the obtained results the following Conclusions are derived:

1- The data revealed that, increasing both drum speeds and feeding rate
increases drum speeds and feeding rate increases the machine productivity
at three various shape of separating.

2- It can be stated that, the highest value of specific energy requirements
was (.61 kW.h/ton at drum speed of 0.81 m/s and feeding rate of 2000
ton/h for hexagonal drum shape.

3- The lowest value of seed damage was 1.59% at drum speed of 0.35m/s
and feeding rate of 3.714 ton/h for triangle drum shape.

4- The results illustrated that, the increase of drum speed decreases seed
losses whereas, the increase the feeding rate increases seed losses.

5- It can be reported that, the separating efficiency reached to 96.13% at
drum speed of 0.81m/s and feeding rate of 200¢ ton/h for triangle drum
shape.

6- Manual separating cost is about 5.77 times mechanical separating.
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