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MECHANICAL EXTRACTION OF JOJOBA OIL
Matouk, A.M.’; M.M. El-Kholy""; A. Tharwat" and M. El-Menshawy'

ABSTRACT

A study was carried out to determine the proper condition for mechanical
extracting of jojoba oil using laboratory scale hydraulic press. The exper-
imental work was conducted under two different seeds conditions (whole
and crushed seeds) , six different piston pressures (75, 150, 225, 300, 375
and 450 bar) that equal (61, 123,184, 246, 307, 368 bar ) as actual pres-
sure over the surface of mats having jojoba seeds and six different holding
times (20, 40, 60, 80, 100 and 120, min). The results show that, the maxi-
mum percentage of extracted oil was obtained at heating temperature of
60 oC and holding time of 30 mints for both whole and crushed seeds con-
ditions. The mesh size of 8 and 10 mesh ( 2 to 2.36 mm) produced the best
Dparticle size of crushed seeds which give the maximum extraction percent-
age of oil (35.43%). For both whole and crushed seeds conditions, the
percentage of oil extraction increased with the increase of applied pres-
sure.at all levels of holding time. Meanwhile, the crushed seeds condition
recorded higher extracted oil percentage in comparison with the whole
seeds condition. The extraction efficiency also increased with_increase of
applied pressure at all levels of holding times. However, the crushed seeds
condition showed higher extraction efficiency in comparison with the
whole seeds. The oil extraction efficiency ranged from 16.99 to 92.23 %
Jor the whole seeds in comparison with 27.93 to 99.17 % for the crushed
seeds. Also, it should be mentioned that, the crushing process increased
the oil extraction efficiency by 6.75 to 29.25 %.

INTRODUCTION

ojoba (Simmondsia chinensis) belongs to the family

B simmondsiaceae is considered one of the new industrial oilseeds

crops. Selection over years has produced clones having potential

seed yield of 3-4 ton per ha. Some of these clones are currently be-

ing planted in large areas in different countries (Botti et al.,, 1996;
Melthorpe, 1998 and Tobares et al., 2004). .

*Agric. Eng., Dept. — Fac. of Agric. Mansoura Univ., Egypt.

** Handling and processing of Agric. Crops Dept. - Agric. Eng. Res. Institute

The 19", Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 749 -



PROCESS ENGINEERING

According to the IJ.E.C., 2008, jojoba plants in the world occupied an
area reached about 6100 hectare.
In Egypt the area planted with jojoba is over 762 feddans annually pro-
duce about 180 ton of seeds and its plantations are concentrated in El-
Ismailia and Sinai south governorates (MALR, 2007). Regardless of the
forecited economic benefits of jojoba plant products, planting jojoba
shrubs in Egypt has a promising future specially because of its low water
requirements and its high tolerance to salinity, as well as its ability to be
planted in the new reclaimed lands or uncultivated ones. (Hogan et al.,
1980).
Jojoba seeds constituents have a wide range of industrial uses of great
economic value. The wax is used in filtration of natural oils to be a clear
liquid, odorless and stable indigestible that can be used in dietary cook-
ing oil, antifoaming agent in the production of penicillin and leather fat-
liquoring (Katoh and Kunimoto, 1983).
Different methods of oil extraction similar to those applied to other
oilseeds, have been used for extraction of jojoba oil from the seeds.
Those methods are mainly mechanical pressing, mechanical pressing fol-
lowed by leaching (solvent extraction), or leaching only.
Hydraulic pressing as a mechanical expression method is widely used for
oil extraction from rape seed, cotton seed, peanut, coconut and for bran
oil extraction also. This method has advantages over solvent method such
as the cost of equipment can be much less as the system is simpler and
the minimum economic scale is smaller, the operation is easier and does
not require skilled labor, the operation does not use volatile solvent, no
danger of fire hazard nor explosion, small capacity equipment can be de-
signed so as to be suitable for the present small amount of jojoba seeds
production in Egypt (Hendawy, 2009).
Some of the oilseeds such as jojoba require pre-treatments / preparation
including cleaning, de-hulling, crushing, cooking, etc. before the extrac-
tion process. ( Kiritsakis, 1991; Mccabe et al., 1993 and Giovachino,
1999).
The general objective of the present work is to determine the proper con-
. ditions for mechanical extracting of jojoba oil using laboratory scale hy-
draulic press unit and choose the best seed pre-treatment, the prbper ap-
plied pressure and holding time for the extraction process.
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MATERIAL AND METHODS

Material: ‘

Fresh jojoba seeds were used for the experimental work. It was harvested
from the farm of jojoba trees in the Desert Road (90 km Cairo ~ Alexan-
dra) at moisture content of about 7 1% ( d.b ) . The produced jojoba
seeds were temporarily stored in plastic bags in a freezer adjusted at tem-
perature of -5 oC in order to suppress fungal growth and minimize quali-
ty changes.

Equipment:

1 - Crushing unit; :

A simple laboratory scale electric crusher working at 220 volt with rotat-
ed stainless steel knife made in Turkey (Amica Company) was used for
sample crushing.

2 - The hydraulic press unit:

A local hydraulic press unit consists of 50 tons manual hydraulic piston
with pressure gauge (600 bars) was used for jojoba oil extraction. The
hydraulic press unit consists of an iron base with dimensions 0of90 x 51.5
x 20cm, welded to a frame with dimensions of 72 x 51.5 x 51.5¢cm, made
of an angle iron7 x 4cm.

The hydraulic press piston was carried out on a 3cm thick horizontal iron
plate welded at the top surface of the unit frame. For smooth movement
of the pressing plate during the pressing process, four iron steel shafts
(3.5cm diameter and 90cm high) were welded to the horizontal iron plate
and attached with two pressing plates made of steel iron (2.5cm) thick.
The lower pressing plate was rested on the hydraulic piston and allowed
to slide up and down through four vertical shafts. While the upper plate
was fixed on the frame using a set of nuts and washers.

To proceed the extraction process, the piston of the hydraulic unit was
positioned on the center of the upper plate facing the stainless steel cyl-
inder and the lower plate allowed to move up by the hydraulic press arm
until reaching the required pressure. The extracted oil was received in a
stainless steel tray with dimensions of 52 x 27.5 x 6.5cmand discharge
hole of 2.5cm diameter. ~

Schematic diagram of the hydraulic press unit is shown in Fig (1).
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1 | Main frame

2 | Lowerplate of the press

L o 3 | Steel rods of the press

4 | Hydraulic Jake

5 | Middle plate of the press
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6 | Collected liquid phase tray

1 7 | Perforated cylinder I

8 | Stainless steel pressing piston

9 | Upperplate of the press

10| Counter nut ‘
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Fig (1) Schematic diagram of the hydraulic press unit.

Experimental Treatments:
The experimental work was carried out under two different seeds condi-
tions (whole and crushed seeds), six different piston pressures (75, 150,
225, 300, 375 and 450 bar) that equal (61, 123,184, 246, 307, 368 bar) as
actual pressure over the surface area of mats having jojoba seeds and six
different holding times (20, 40, 60, 80, 100 and 120 min).
Measuring Instruments:
1 - Sieves:
A set of sieves with different sizes of mesh was used for sample screen-
ing to assess the fraction of different particle.diameter of crushed seeds.
2 - Drying oven: .

_ An electrical drying oven was used to dry Jojoba samples of both crushed
and whole seeds and also the resulted cake after the pressing process in
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order to determine the moisture content and prepare the samples for par-
ticle analysis.

3_- Soxhlet apparatus:
Soxhlet apparatus with siphon capacity of 100 ml (33 * 80 thimble) and

flask of 250 ml was used to extract the remaining oil from the cake of
different pressed samples.

Test Procedure and Measurements:

Before each experiment, jojoba samples were taken out from the freezing
room and left at the ambient temperature until the initial temperature of
the seeds approached a level (at or around) that of the ambient tempera-
ture.

A - Preliminary experiments:
1 - determination of the pressing pressure over the mats surface:

The actual effective pressure over the mats surface of the pressed sample
as related to the pressure or the effective force over the surface area of
the piston was theoretically calculated, as shown in Fig (2).

The effective force over the surface area of the piston (F;) can be calcu-
lated as follows :

Where : M
Pp = The piston pressure, bar
Aj = the area of piston, mm2
Also, the extraction force over the surface area of mats (F;) can be cal-
culated as follows :
D I P (2)
Where :
P. = the extraction pressure, bar
. Aj = the surface area of mats, mm2
Cansidering the applied force over the surface area of the piston is equal
to the extraction force over the surface area of the mats:
F1 = Fz or . Pe.Al = Pp.Az
So that Pe=(PpA2VALuccuirirerereieneriiieiereriienes

A =8654.625 mm?
A, = 7048.625 mm?
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When P2, Az and A, is known, the extraction pressure or the pressure
over the surface area of Jojoba mats could be calculated and presented in

table (1).
Table (1) The extraction pressure over the surface area of Jojoba mats.
Piston pressure Extraction pressure (bar)
(bar)

75 61

150 123

225 184

300 246

375 307

450 368

{ )
= ==
Fi=P,.A mats
Extract force %
)
Pressure s~ -
Manometer ':’ I*' Manual
A / hydraulic piston
Ew F, (3 Pa.A;
— Piston force

J

L

Fig. (2) Relation between the extraction pressure over the pressed sample
mats and the piston pressure.

2 ~ Determination of the best particle size for crushing Jojoba seeds:

A sample of jojoba seeds (around 200 g) was crushed by the laboratory
electric crusher for 20 seconds and then it was sieved by sieves of Sizes
4,6, 8, 10, 12, 14 mesh (mesh is the number of opening per inch of a
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screen) and divided into three groups: (4 and 6 mesh) — (8 and 10 mesh)
—(12, 14 and over 14 mesh)

Each fraction of seeds particles was collected and prepared for oil extrac-
tion using the hydraulic press unit at constant pressure of 204 bar and
holding time of 60 min. The extracted oil of each treatment was collected
and weighed to assess the most appropriate particles size group of
crushed seeds for the extraction process.

3 - Determination of the suitable seeds temperature .

Before starting of Jojoba oil extraction, the suitable seed temperature for
both seeds condition (whole & crushed seeds) was also determined by
heating samples of about 200 g jojoba seeds (whole & crushed seeds)
inside the oven at different heating temperatures (50, 60 and 70 oC) for
heating period of 25,30 and 35 min . The quantity of extracted oil of eve-
ry sample was determined to assess the optimum heating temperature of
jojoba seeds for both conditions (whole and crushed seeds).

B - Hvdraulic press extraction:
For each experimental run, samples of jojoba seeds (whole or crushed)

were dispersed inside cotton mats for the hydraulic press extraction. All
samples were heated up to (60 oC) for exposure time of 30 min. The mats
were vertically placed inside a perforated stainless steel cylinder and the
hydraulic press unit was manually operated to increase the pressure load
gradually over the mat surface until reaching the required pressure which
kept constant all over the experimental run. The separated oil from jojoba
samples was received in the stainless tray and the jojoba mats were re-
moved by changing the position of pressing plate down and the jojoba
cake was taken out from the mats and manually crushed for determina- -
tion of remaining oil percentage using the soxhelt apparatus.

The percentage of extracted oil was determined as follow:

Percentage of extracted oil % = (wo / wt) x 100 ................ @)

Where:
Wo = weight of extracted oil, g.

Wt = weight of jojoba sample, g.
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C - Extraction efficiency

The extraction efficiency was determined using the following equation:
Extraction efficiency (%) = Ot— O/ Ot evvvvrvneniiiennininnnnn. &)
Where:
O, = percentage of remained oil, %
O, = percentage of total oil in sample, %

RESULTS AND DISCUSSION
1 - Proper seeds temperature for the extraction process:

As shown in fig (3 ) (A and B), the maximum percentage of extracted oil

~ was obtained at heating temperature of 60 oC, while the heating period of

30 and 35 min showed very close values of the percentage of extracted
oil. So, the heating period of 30 min was selected in order to save the
heating energy and heating time. At this time (30 min), the percentages
of extracted oil approached about 15.57 and 32.22 % for the whole and
crushed seed conditions, respectively.

ClSmint
FE T o
*3my

Q25 mint
2 30mint
w35 mit

Figure (3) Percentage of extracted oil at different pre-heating temperatures
and periods (A, for whole seeds and B, for crushed seeds).
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2 - Optimum particle size for the crushed seeds:
The most proper particle size for the crushed jojoba seeds was deter-

mined. The evaluation base included the maximum percentage of ex-
tracted oil obtained at different size groups. As shown in table (2), the
mesh size of 8 and 10 showed the highest extraction percentage of oil
(35.43%).

3 - Effect of seeds condition on the percentage of extracted oil ;
Fig. (4) illustrates the effect of different seeds condition (whole and

crushed seeds) on the percentage of extracted oil at different levels of
applied pressure and holding time.

Table (2) The optimum particle sizes for the crushed seeds.

g Weight | Weight [ extracted oil Average
Code g"" before [after press-| percentage, | Percentage of
g |pressing, gf g, g % extracted oil;, %
1 163.19 105.40 29.49 -
4&6 X
2 163.11 106.29 28.87 29.59+0.5
mesh
3 163.18 104.00 30.40
1 163.45 97.05 34.93
8&10
2 163.15 96.00 35.81 354305
mesh
3 163.78 96.09 35.56
1 163.10 103.23 31.09
12,14 &
upl4 | 2-1 163.88 105.05 29.71 2994+ 0.5
mesh
3 163.95 | 106.16 29.01
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= Z 40

e

20 40 60 80 100 | 120
WHOLE SEEDS | £.75 | 380 | 5.44 | 7.63 | 12.29 | 1480
CRUSHED SEEDS| 10.78 | 14.58 | 160.16 | 21.12 | 24.49 | 26.51

Holding tima (min)
w—prern Whole seeds =~ crushed seeds

S86ber

Bcedal
precantage (%)
\

WHOLE SEEDS | 2444 | TO.58 | 53,76 | 26.99 | 37.64 | 38.63
CRUSHIEEDS | S7.67 | 8993 | 41.77 | 42.58 | 40.22 | 48.52
Holding tima {min}
e Wihhole seetds  weilllees crush seeds

Figure (4) Effect of seeds condition on the percentage of extracted oil.

As shown in the figure, at all levels of applied pressure and holding time,
the crushed seeds recorded higher extracted oil percentage in comparison
with the whole seeds. At the minimum applied pressure of (61 bar) the
increasing percentages of extracted oil for the crushed seeds in compari-
son with the whole seeds were 8.03, 10.78,12.72, 13.40, 13.20 and 11.71
% at holding times of 20, 40, 60, 80, 100 and 120 min respectively.
However, at the maximum applied pressure of (368 bar) the correspond-
ing increase of oil extraction percentages were 13.01, 10.37, 8.01, 5.54,
5.58 and 4.67 % respectively.

The observed increase of oil extraction percentage for the crushed seeds
in comparison with the whole seeds may be attributed to the rupture of
oil cells which causes easier releasing of oil from the cells of crushed
seeds as mentioned by Hendawy (2009).

4 - The effect of applied pressure and holding time on oil extraction:
a - Effect of applied pressure:

Fig (5) illustrates the effect of different applied pressure at the range of (61 —
368 bar) on the percentage of extracted oil for the whole seeds condition. At
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all levels of holding time, the percentage of extracted oil increased with the
increasing of applied pressure. As shown in fig (5), at the minimum holding
time of 20 min, as the applied pressure increased from 61 to 368, bar the
percentage of extracted oil increased from 2.75 to 24.66 %. While, at the
maximum holding time of 120 min, the percentage of extracted oil increased
from 14.8 to 38.65 % as the applied pressure increased from 61 to 368 bar.
Similar trends were found for other levels of holding time.

<50 (A) 0
(3
B 40 - 40
e
30 - 24.66 B 30
. 19.39 20
- 20 - 110515.38
8.94
10 . 10 .
2.7 20 min 120 min
(<] T ¥ (] v v v v ¥
(<] 75 150 225 300 375 450 0 75 150 225 300 375 450
Applied pressure (bar) Appiied pressure {bar)

Fig (5) Effect of applied pressure on the percentage of extracted oil of the
whole seeds of jojoba at (A: 20 min and B: 120 min holding time)

However, for the crushed seeds, fig (6) illustrates the effect of different ap-
plied pressure at the range of 61 — 368 bar on the percentage of extracted oil
at different holding times. At the minimum holding time of 20 min, as the
applied pressure increased from 61 to 368 bar, the percentage of oil extrac-
tion increased from 10.78 to 37.67 %. While, at the maximum holding time of
120 min, the percentage of extracted oil increased from 26.51 to0 43.32 %.

- S0 -
0 . (A) (B),g.3521.714332
A 40 -
® 0 3 31.2734'00
= % ag | 2651
= 30 - % 30
E 20 4 E 20
4 10
10 120 min
o N o 0 e G O
0 75 150 225 300 375 450 1] 75 150 225 300 375 450
’ Applied pressure (bar) Applied pressure (bar)

Fig (6) Effect of applied pressure on the percentage of extracted oil-of
crushed jojoba seeds (A: 20 min and B: 120 min holding time)

The 19®, Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 . 759 -




1 A —

Figures (8) Effect of holding time on the percentage of extracted oil for

PROCESS ENGINEERING

b - Effect of holding time:

Fig. (TXA & B) illustrates the effect of different holding time on extract-
ed oil percentage for the whole and crushed seeds. For the whole seeds
condition, at all levels of applied pressure the oil extraction percentage
increased with the increasing of holding time. As shown in the figure, at
the minimum applied pressure of (61) bar as the holding time increased
from 20 to 120 min the extracted oil percentage increased from 2.75 to
14.80 %. While, at the maximum applied pressure of (368 bar) the ex-
tracted oil percentage increased from 24.66 to 38.65 %.

50 1 (A) 50 (B)
: R .9937.6438.65
=40 1 & 40 - 33.76°°9°
z 2 29.58
3 30 T 30 2466
. 14.80 20 4
g 0 263 112 g
10 1 275 380 544 10 4
1] T ¥ v v v v + o v v v : y . "
0O 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Holding tima (min) Holding time {min)

Figures (7) Effect of holding time on the percentage of extracted oil for
the whole jojoba seeds.

For the crushed seeds, fig. (8) (A and B) shows that, at the'minimum ap-
plied pressure of (61 bar) as the holding time increased from 20 to 120
min, the extracted oil percentage increased from 10.78 to 26.51 % re-
spectively. While, at the maximum applied pressure of (368 bar), the ex-
tracted oil percentage increased from 37.67 to 43.32 %.

o] % 31.7742.53432243.32
17673995
7 _ 40
£ £
3 2a 1224"92&51 € 30 4
'g 20 1a 5818.16 . %
5 1078 _4 ; 20 |
o " ) (B)
il 368 bar
’ 0 40 60 8 100 120 14 0 S— . S
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Holding time {min) e

the crushed jojoba seeds.
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To relate the changes in the extracted oil percentage (Eo) with the ap-
plied pressure (Pa) and the holding time (Ht). A multiple regression anal-
ysis was employed. A generalized relationships for the whole and
crushed seeds are presented in table (3).

Table (3) Equations relating the applied pressure and the holding time
with the extracted oil percentage for both whole and crushed
jojoba seeds

Seeds condi-
tion
Crushed seeds

Regression equations | T-

E, = 0.000824 (P,) + 0.001507 (H,) -

0.066097 0.977154
E,= 0.000735 (P,) + 0.001195 (H,) +

0.064848 0.974949

5 - Extraction efficiency of jojoba seeds:
Fig (9) {A and B} presents the extraction efficiency of jojoba seeds at dif-

ferent applied pressure and holding times for both whole and crushed jojo-
ba seeds. As shown in the figure, the extraction efficiency increased with
the increasing of applied pressure at all levels of holding times. Also, the
crushed seeds condition showed higher extraction efficiency in comparison
with the whole seeds. At the minimum holding time (20 min), as the ap-
plied pressure increased from 61 to 368 bar, the extraction efficiency in-
creased from 16.99 to 57.07 % for the whole seeds and from 27.93 to
40.86 % for the crushed seeds. While, at the maximum holding time (120
min), the extraction efficiency increased from (45.65 to 92.23 %) and from
63.29 t0 99.17 % for the whole and crushed jojoba seeds, respectively.

In general, the extraction efficiency was affected by all studied parame-
ters and it was ranged from 16.99 to 92.23 % for the whole seeds condi-
tion and from 27.93 to 99.17 % for the crushed seeds. Also, it shonld be
mentioned that, the crushing process increased the oil extraction efficien-
cy by about 6.75 to 29.25 %.
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100 (A) 20 min

€2.00 {122.00{184.00{246.00{507.00!368.00
[WHOLESEEDS | '16.99 | 30.80 | 35.87 | 36.20 | 49.47 | 87.07
ICRUSHED SEEDS ; 27.93 | 39.08 | S0.43 | 61.60 | 74.84 | 4531
Applied Prassure (bar)

120 min
100 (B\ -

30 e W HOLE se0dS

20 ~ii—cruthed seeds
10
(]

%\mmm 45.68 | 84.78 | 62,94 | 77.09 | 87.79 | 92,28
{erusiEDSEEDS | 6328 | 72.96 | 2131 | 9292 | 94.58 | 99.17
Appilied pressure {bar)

Figure (9): The oil extraction efficiency at different applied pressures for
whole and crushed seeds condition.

CONCLUSIONS

1 - The maximum percentage of extracted oil was obtained at heating
temperature of 60 °C and holding time of 30 min for both whole and
crushed seeds.

2 - At all levels of the applied pressure, the oil extraction percentage in-
creased with the increase of holding time, for both whole and crushed
seeds conditions.

3 - At all levels of applied pressure and holding time, the crushed seeds
recorded higher extracted oil percentage in comparison with the
whole seeds.

4- The extraction efficiency increased with increase of applied pressure
at all levels of holding times. Also, the crushed seeds condition
showed higher extraction efficiency in comparison with the whole
seeds. '

) REFERENCES .

Botti, C.; E. Doussoulin; X. Lopez; P. Cruz and L. Canaves, (1996). Selec-

tion and evaluation of clonal Jojoba germplasm : 1. Young plants. In:

The 19, Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 762 -



PROCESS ENGINEERING

Princen, L.H. Rossi, C., Proc. 9th Int. Conf. on Jojoba and its Uses,
and of the Third International Conf. on New Industrial Crops and
products, 25-30 September 1994, Catamarca, Argentina, pp. 65-70.

Giovacchino, D. I, (1999). Olive Oil Processing Technology, Prelimi-
nary Operations and Preparation of the Paste International Olive
Oil Council, Florence, page 1 — 34.

Hendawy, Y. T., (2009). Engineering and technological studies on max-
imizing the Benefit of rice bran. Un-published P.HD Thesis , Agric.
Eng. Dept. Fac. Of Agric, Mansoura Uniyv.

Hogan, L.; G. W. Lee; D. A. Palzkill and W. R. Feldman, (1980). Jojo-
ba: A new horticultural crop for arid regions. Hortscience, vol. 15
(2), p. 114.

LJ.E.C, "International Jojoba Export Council", (2008). Worlds commer-
cial jojoba plantations (hectares) & seed production (metric tons)
and consumption.

Katoh, M. and T. Kunimoto, (1983). The use of Jojoba oil in cosmetics
in Japan. In Proc. 5th Int. Conf. on Jojoba and Its Uses, Through
1982., Tucson, AZ. USA.

Kiritsakis, A.K., (1991). Olive oil. Edited by: Am. Oil Chem. Soc.,
~ champaign, Tllinois (USA).
MALR, (2007). Study of the indicators agricultural statistics. Cent. Ad-
min. Agric. Economic, Economic Affairs Sector, MALR.

Mccabe, W.L.; J.C. Smith and P. Harriott, (1993). Unit Operations of
Chemical Engineering, mechanical separation, McGraw-Hill, Inc.
New York, USA.

Milthorpe, P.L., (1998). Jojoba in The new rural industries. (Ed
K.W Hyde) RIRDC, Canberra. 384-9.

Tobares, L.; M. Frati; C. Guzman and D. Maestri, (2004). Agronomical

and chemical traits as descriptors for discrimination and selection

- of jojoba (Simmondisia chinensis (Link) Schneider) clones. Indus-
trial crops and products (19): 107- 111. '

The 19™. Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 763 -



L

PROCESS ENGINEERING

et padial
Lsasadl Cujl (KilSall padasuy)

PR PN VR RVPOPRARPPORLTY. RPN f'ubﬂlu.ihm.\m §' (3950 3 gasa daa)

oadAEY Analiadl Ygagall 93 il eDllaall Juiail apa3 ) Ll o3 cangs
Guaiall S gSl a5 9 dagiaall Juail Jiddy ((Sdg pua e sday plaatiady cy
ALalS 5 9h) ol e cilisa e g Gy el C Al calad gy M (e 4gaS ] LY
Ty (UL YA STV Y ET AL YY) A Akt dogiua | ciald (Ady ey
.(ii‘.'\i.\t\\“ IV A Ty cfe oY) a9 gSadia

25348 (g a8 mg 0 el i el e (gl (S 4 a5l ek o sl
LS padatull Adee JS 408 Vo o2l 4y giada 53 T 3 la A 58 ie 4y jall dldlaall
dpa ol coul Cua (pe Y71 N Y) Alysadl oAl Glaga U il clS
Sy M dgadd 2l paMaduel do g iy ghae paen die 5 yal Lali ey 5l kATl
St Cuga ¢ gyl g ALASH cageall pe JS3 Ay GaNSBRYY e ) B3L s palitusall
VEAe LI Y,V0) e (4 1Y) el daica il die ALISH (3 gaall adaduall dua
YIA) padiiuf hica (guall die Loty (@8 VY e (B ¥o) o &S e ody s (%
2 Al gl agall Aty Wl 9% YAN0 LU YE,1T (e padatalll dp <l 5 (b
Oa 3 (QU1Y) padadiuad i Jif die 95 ¥1,0) (I Y0, VA (e Gt A il
(04 Y1) padtaiud Jainia ol Xie 04 €Y Y YV, Y

Gl gSall dlaJ g QaMATY! da ghia Cligins pap die A Liad gl ekt LS
BUS Congl iy . WS Gugaly eyl AR And el Al pall gl
Gl (% 19,1V B YY,8Y) e A Gagaall (% Y, VY (I 11,99) g padissa)
Adig ol

“Bageaiall dada - Ao 3N 48 - et 30 Auaigl) puad — dge) 30 Auasigl) i)
At 8 dusighl Sigay sgan - Lot 3l ClaTiall Jylad g gyleal dectia pedd gl
-Bageaiall daaly - 450 4588 - Jye 30 Luasighl ped — Lo | g 5M Luetigh (pasia”

S asaiall daaly = o150 408 Al 55 Loatigdh puddy Lle ilaal 3 (il !

The 19%, Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 . 764 -



