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ABSTRACT 
 

A study was carried out to test and evaluate the use of infra-red radiation as a 
heat energy source for drying onion slices( Allium cepa L.) using a laboratory scale 
infra-red dryer. 

The studied parameters included four different levels of infra-red radiation 
intensity (0.861, 0.973, 1.039 and 1.161 kW/m²), three different levels of inlet air 
temperature (40, 50 and 60 

o
C ) and three different thicknesses of onion slices ( 2, 4 

and 6 mm). All the experimental runs were conducted at air velocity of 1 m/s. 
Meanwhile, two different drying models, simple exponential model (Lewis's 1921) and 
the modified exponential model (Henderson and Pabis's 1961) were examined for 
describing the drying behavior and predicting the changes in moisture content of 
onion slices during the drying process. Quality evaluation tests were also conducted 
for the dried onion slices. The measured parameters included, Thiosulphinates, 
anthocyanin and rehydration ratio. The results showed that: 
1- The drying rate of onion slices increased with the increase of radiation intensity and 

drying air temperature while, it was decreased with the increase of slices thickness. 
2- Both studied models could describe the drying behavior of onion slices satisfactory. 

However, the simple exponential model (Lewis's 1921) was selected . 
3- The onion slices dried at radiation intensity of 0.861 kW/m

2
,
 
air temperature of 50 

o
C 

and slices thickness of 4 mm recorded the highest quality of the dried samples in 
terms of thiosulphinates and anthocyanin contents and the best rehydration ratio . 

 
INTRODUCTION 

 
Onion, Allium cepa L., is considered as one of the most important crops 

in all countries. Domestic onion is the round, edible bulb of Allium cepa, a 
species of the lily family, and one of the world’s oldest cultivated vegetable 
crops. Red, white and gold onions represent the most known varieties of this 
species (Bonaccorsi et al., 2008). 

Onion is a strong-flavored vegetable used in a wide variety of ways, 
and its characteristic flavor (pungency) or aroma, biological compounds and 
medical functions are mainly due to their high organo-sulphur  (Corzo-
Martínez et al., 2007). 

Onion has different nutritional compositions, depending on the variety 
and stage of maturity, among others. However, according to the USDA 
National Nutrient Database for Standard Reference (USDA, 2007), the 
nutritional composition of raw onions, per 100 g of edible portion is 89.11 g of 
water, 1.10 g of protein, 0.10 total lipids (fat), 0.35 g of ash, 9.34 g of 
carbohydrate, 4.24 g of total sugars and 1.7 g of total dietary fiber, 
corresponding to an energy of 40 kcal. The most important minerals are 
potassium, calcium and selenium. 

http://www.sciencedirect.com/science/article/pii/S0960308509000741#bib4#bib4
http://www.sciencedirect.com/science/article/pii/S0960308509000741#bib7#bib7
http://www.sciencedirect.com/science/article/pii/S0960308509000741#bib7#bib7
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The gradually increasing production status of onion itself speaks of its 
high demand (The Hindu Survey, 2007). The world production of onion was 
64.48 million ton from 3.45 million ha area (FAO, 2009) .The total planted 
area in Egypt is 101385 feddan and the production is 1,301,175 ton yearly 
(12.834 ton / feddan) (Agricultural Statistics, 2006). 

Onion finds widespread usage in both fresh and dried forms. Dried 
onions are a product of considerable importance in world trade and are made 
in several forms: flaked, minced, chopped and powdered. It is used as flavor 
additives in wide variety of food formulations such as comminuted meats, 
sauces, soups, salad dressings, pickle and pickle relishes (Anonymous, 
2002).  

Infrared radiation has significant advantages over conventional drying. 
Among these advantages are higher drying rates giving significant energy 
savings and uniform temperature distribution giving a better quality product. 
Therefore, it can be used as an energy saving drying method. At present, it 
has been applied in various types of driers (Abdelmotaleb et al., 2009, 
Matouk et al., 2014a and Matouk et al., 2014b). Using the characteristics of 
infra-red radiators, technology development on the utilization of far infrared 
radiation is an energetic advance that can give an increase in drying 
efficiency, space saving, clean working environment, etc.(Ratti and 
Mujumdar, 1995) . However, research which quantitatively analyzed heating 
and drying of some crops such as onion by infrared radiation are very usfeul 
to study. 

The general objective of the present work was to study, evaluate and 
simulate the use of infrared radiation as a heat energy source for drying onion 
slices under different levels of radiation intensity, air temperature and 
thicknesses of onion slices. It also aimed to study the effect of using infra-red 
radiation in decreasing the drying time and enhancing the product quality. 
Two different mathematical models for simulation the drying behavior of onion 
slices were also examined.    
 

MATERIALS AND METHODS 
 

         The experimental work was carried out to analyze the effect of different 
levels of radiation intensity (0.861, 0.973, 1.093, and 1.161 kW/m²) , different 
levels of  drying air temperature (40,50 and 60 

o
C ) and different thicknesses 

of onion slices (2, 4 and 6 mm) on the drying behavior of onion slices and 
quality changes of the dried onion slices. The Behairy of onions which was 
available in a local market was selected for the experimental work. The raw 
onions had an initial moisture content of 86 – 88% (w.b.). Onion preparation 
included manual trimming and peeling followed by slicing with a domestic 
slicer. 
       To achieve the objectives of the present study, the experimental scale 
infra-red dryer developed by Matouk et  al., (2014a) was used as shown in 
Figure (1).   

The dryer consists of three shelves, each shelf was (70*50*40) cm 
(L*W*H). The drying trays which were made of stainless steel wire net were 
situated at 15 cm from each ceramic Infrared heater.        

http://www.sciencedirect.com/science/article/pii/S0960308510000398#bib47#bib47
http://www.sciencedirect.com/science/article/pii/S0960308510000398#bib14#bib14
http://www.sciencedirect.com/science/article/pii/S0023643805000897#bib2#bib2
http://www.sciencedirect.com/science/article/pii/S0023643805000897#bib2#bib2
http://www.sciencedirect.com/science/article/pii/S0260877402000584#bib20#bib20
http://www.sciencedirect.com/science/article/pii/S0260877402000584#bib20#bib20
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For infrared heating process, two (1 kW, 750 
o
C) ceramic Infra-red 

heaters were fixed over two iron blades and assembled into the sealing of 
each drying chamber facing the drying trays .To control the radiation intensity 
of the infra-red heaters, electric dimmers were used .An electric heaters were 
also used for air heating with digital thermostat for temperature control of air. 
Three identical axial flow fans were used for suction of the air passing to each 
drying chamber over the surface of each drying tray. The drying air was 
supplied equally at velocity of 1 m/s as recommended by Matouk et al., 
(2014a). Fig.(1) illustrates schematic diagram of the laboratory scale dryer 
used for the experimental work.  
 
 
 

Fig.(1):Schematic diagram of the laboratory scale dryer. 
 

1-The dryer frame       2- Fan's switch       3-Dimmers of infra-red heaters 
       4-Infra-red heaters      5-Thermostat          6-Tempered glass 

    7-Sample's tray           8- Axial Flow Fa       9- Electric heater        
   10- Wheel 
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Experimental Measurements and Instrumentation:  
1- Radiation intensity measurement:  

A radiation sensor with data recorder (model H-201) was used for 
measuring and calibrating the radiation intensity over the sample of each tray. 
2- Air velocity measurement  

A TRI-SENSE temperature/ humidity/ air velocity meter (model Trotec 
2000S) was used for measuring the air velocity over the samples surface with 
an accuracy of 0.01 m/s. 
3- Temperature measurement:  

A temperature meter model (Trotec-2000S) connected to an Iron-
Constantine thermocouple type (T) was used to measure the temperature of 
air passing over each drying tray. 
4- Mass measurement  

The mass of the samples was recorded using a digital balance with an 
accuracy of 0.01g and 200g max. 
5- Moisture content of onion slices:  

The initial and final moisture contents of onion slices were determined 
by oven method at 70 

o
C for 16 h as recommended by A.O.A.C. (1995) .  

Experimental Procedure: 
The onion bulbs were peeled and cut into slices with thickness of 2, 4 

and 6 mm. After that, onion slices were pre-treated by dipping into a solution 
of 0.5% sodium chloride (NaCl) plus 1% citric acid for 5 min as recommended 
by Hareedy ,(2000). Prior to each experimental run, the radiation intensity, air 
temperature and air velocity were adjusted in presence of dummy samples 
and left until stable operation condition. The pre-treated onion slices were 
distributed uniformly in a single layer at each perforated tray and placed 
directly inside the drying bed. At the same time three sub samples each of 10 
g were taken from the pre-treated onions and kept in tins to determine the 
initial moisture content During the drying process, the weight changes of the 
samples were recorded every 5 min for one hour ,every 10 min for the next 
two hours and every 20 min until the end of each experimental run, or in other 
words at final moisture content of 6-8 % d.b. In order to minimize the 
experimental errors of each run, it was replicated three times, and the 
average was considered.    
Simulation of the Drying Data:  
       The obtained data of the laboratory experiments was employed to 
examine the applicability of two thin layer drying models (Lewis's 1921 and 
Henderson and Pabis's equations 1961) for describing and simulating the 
drying data. 
The examined drying models could be presented as follows:  
Lewis's model: 

MR    = 




fO

f

MM

MM

 

 exp (-kL t)    …………………  (1) 

 

 

Where: 
MR: Moisture ratio, dimensionless 
M: Instantaneous moisture content during the drying process, % (d.b.).    
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Mf: Final moisture content of onion slices, representing the equilibrium  
moisture content, % (d.b.) . 

Mo: Initial moisture content of onion slices,% (d.b.).    
t: Time,  min 
kL: Drying constant , min-1  

 

The values of the drying constant (kL) for the Lewis's model (1) could 
be obtained from the linear relationship between the moisture ratio (MR) of 
the tested sample versus the drying time (t) as follow 
Ln MR = - KL t 

The slope of the equation represents the drying constant (kL). 
Henderson and Pabis's model:  

 
………………… (2)  
 

Where: 
A: Drying constant, dimensionless. 
kh:  Drying constant , min -1  

The values of drying constants (kh) and (A) for Henderson and Pabis's 
(equation 2) could be obtained from the linear relationship between (MR) 
versus the drying time (t) as follow  
Ln MR= Ln A – Kh t 

The slope of the drying curve represents the drying constant (kh) while  
the constant (A) could be calculated from the intercept. 
Quality evaluation of the dried onion: 

The quality evaluation tests for the dried onion slices included: 1- The 
amount of thiosulphinates (µmol/g) which was determined as proceeded by 
Freeman (1974) and then modified by Samaniego et al. (1991), 2- The 
amount of anthocyanins as proceeded by Fossen et al., (1996) with some 
modification by Gennaro et al.(2002) and 3- The rehydration ratio of the dried 
slices as proceeded by Kim and Toledo (1987 ). 
 

 

 
RESULTS AND DISCUSSION 

 
Moisture ratio of onion slices:  

The changes in onion slices moisture ratio as related to drying time at 
different levels of drying air temperature, radiation intensity and slices 
thickness are illustrated in Figures (2 to 4). As shown in the figures, the 
moisture ratio of onion slices varied with the experimental treatments and it 
was decreased with the increase of radiation intensity, and drying air 
temperature, it was increased with the increase of slices thickness. This was 
occurred due to the increase in slices temperature as the radiation intensity 
and the drying air temperature increased while the slices thickness increased. 
The increase in slices temperature increases the vapor pressure inside the 
onion slices and the accelerate the drying process. 

 

)exp( tkAMR h
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Fig. (2) Moisture ratio of onion slices as related to drying time at 

different levels of radiation intensity, drying air temperature of 
40 

o
C and different thicknesses of onion slices. 
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Fig. (3) Moisture ratio of onion slices as related to drying time at 

different levels of radiation intensity, drying air temperature of 
50 

o
C and different thicknesses of onion slices. 
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Fig. (4) Moisture ratio of onion slices as related to drying time at 

different levels of radiation intensity, drying air temperature of 
60 

o
C and different thicknesses of onion slices. 
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Drying analysis of onion slices using Lewis's model:  
Figure (5) illustrates the method of determining the drying constant (kL) 

of Lewis’s model and table (1) presented the obtained data at different levels 
of radiation intensity, air temperature and slices thicknesses. 
 

 
 

Fig.(5) Determination of the drying constant (kL) of Lewis's equation at 
the minimum radiation intensity of 0.861 kW/m

2
, air temperature 

of 40 
o
C and 2 mm slices thickness. 

 
Table (1): Drying constant (kL) for Lewis's equation at different levels of 

radiation intensity, air temperature and slices thickness. 

 Air temp., 
o
C Slices thickness, mm 

Radiation intensity, kW/m
2
 

0.861 0.973 1.093 1.161 

 40 

2 0.0527 0.0663 0.0712 0.0756 

4 0.0202 0.0258 0.0355 0.0424 

6 0.0119 0.0148 0.0290 0.0334 

 50 

2 0.0564 0.0705 0.0799 0.0904 

4 0.0252 0.0284 0.0450 0.0593 

6 0.0161 0.0191 0.0402 0.0495 

 60 

2 0.0597 0.0756 0.0835 0.1069 

4 0.0325 0.0405 0.0471 0.0730 

6 0.0274 0.0360 0.0430 0.0535 

 
As shown in table (1) the drying constant (kL) increased with the 

increase of drying air temperature and the increase of radiation intensity. 
While, it was decreased with the increase of slices thickness. 

A multiple regression analysis was made to relate the radiation 
intensity (I), drying air temperature (T) and slices thickness (Th) with the 
drying constant (kL) at constant air velocity of 1 m/sec. The nature of 
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dependence could be expressed by the following equation: 
 

KL = 0.100696 I + 0.000833 T – 0.01073 Th – 0.05341       ……. (3) 
( R

2
 = 0.9032       ;       S.E = 0.00809) 

 
Drying analysis of thin layer drying of onion slices using Henderson 
and Pabis's model: 

Figure (6) illustrates the method of determining the drying constants 
(kh) , (A) of Henerson and Papis’s model. 
 

 
 

Fig.(6) Determination of the drying constants; (kh, A) of Henderson and 
Pabis's model at the minimum radiation intensity of 0.861 
kW/m

2
, air temperature of 40 

o
C and slices thickness of 2 mm . 

 
Table (2): Drying constants (kh) and (A) of Henderson and Papis`s model 

at different levels of drying air temperature and radiation 
intensity. 

Air 
temp.,

o
C 

Thickness, 
mm 

Radiation intensity, kW/m
2
 

0.861 0.973 1.093 1.161 

Kh A Kh A Kh A Kh A 

40 

2 0.0460 0.5412 0.0589 0.6399 0.0621 0.6970 0.0766 0.7089 

4 0.0214 0.9325 0.0238 0.9561 0.0333 1.0798 0.0388 1.1407 

6 0.0117 0.9443 0.0150 0.9607 0.0280 1.1733 0.0331 1.2541 

50 

2 0.0500 0.6775 0.0652 0.8310 0.0721 0.9569 0.0815 1.0784 

4 0.0229 0.9444 0.0273 0.9901 0.0444 1.1868 0.0611 1.3107 

6 0.0173 0.9845 0.0194 1.0251 0.0381 1.1848 0.0388 1.3101 

60 

2 0.0603 0.9581 0.0787 1.0208 0.0861 1.1591 0.0987 1.3079 

4 0.0295 1.0140 0.0386 1.0705 0.0483 1.2104 0.0712 1.3530 

6 0.0239 1.0392 0.0311 1.1118 0.0430 1.2136 0.0479 1.3529 
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As shown in Table (2) the drying constant (kh) and (A) increased 
with the increase of drying air temperature and the radiation intensity but 
they were decreased with the increase of slices thickness. 

A multiple regression analysis was also made to relate the studied 
parameters (I, T and Th ) with the drying constant (kh) at constant air 
velocity of 1 m/sec. The nature of dependence could be expressed by 
the following equation: 

 
Kh = 0.095716 I + 0.000869 T – 0.01019 Th – 0.05487       ….. (4) 

( R
2
 = 0.908686     ;     SE = 0.007115) 

 
Also a multiple regression analysis was made to relate the studied 

parameters with the drying constant (A) at constant air velocity of 1 
m/sec. The nature of dependence could be expressed by the following 
equation: 

 
A = 1.02976 I + 0.011595 T + 0.062034 Th – 0.84364          ……. (5) 

(R
2
 = 0.80349    ;      SE = 0.095564) 

 
The applicability of the studied models in simulating the laboratory 
drying data:  

1- Lewis's model: 
Figure (7) illustrates the observed and predicted moisture content 

of onion slices at the minimum and maximum radiation intensity of 0.861 
and the maximum radiation intensity of  1.161 kW/m

2
, drying air 

temperature of 40
0
C and slices thickness of 2, 6 mm. The results 

showed that, Lewis's model described the drying behavior of onion 
slices satisfactorily as indicated by the high values of coefficient  of 
determination (R

2
) and low values of standard error (SE). 
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Fig.  (7): The observed and predicted values of onion slices moisture 

content using Lewis's model. 
 

2- Henderson and Pabis's model:  
Figure (8) shows the observed and the predicted values of onion slices 

moisture content at the minimum and maximum radiation intensity of 0.861, 
1.161 kW/m

2
, drying air temperature and slices thickness of 2, 6 mm. 

Henderson  and  Pabis's  model described  the  drying behavior  and  
predicted  the  change  in  moisture  content of  onion slices satisfactorily as 
indicated by the high values of coefficient of determination and low values of 
standard error. 
 

T = 40oC 
I=0.861kW2 

Th = 2 mm 

T = 40oC 
I=1.161kW2 

Th = 6 mm 
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Fig. (8): The observed and predicted values of onion slices moisture 
content using Henderson and Pabis's model.   

 
Comparative evaluation of the studied drying models: 

In general, both studied models could describe the drying behavior of 
onion slices. However, Lewis's model could be considered more proper for 
describing the drying behavior of onion slices and predicting the change in 
moisture content during infra-red drying process due to more simplicity of 
calculations. 

T = 40oC 
I=0.861kW/m2 

Th = 2 mm 

T = 40oC 
I=1.161kW/m2 

Th = 6 mm 
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Quality of onion slices :  
Thiosulphinates content : 

Figure (9) illustrates the changes in thiosulphinates content of onion 
slices at different levels of infrared radiation intensity, drying air temperature 
and slices thickness. As shown in the figure the thiosulphinates content of 
onion slices ranged from 0.411 to 0.744 µmol/g. However, the onion samples 
dried at 0.861 kW/m

2
, air temperature of 50 

o
C and slices thickness of 4mm 

recorded the highest thiosulphinates content of 0.744 µmol/g. 
 

 
 

Fig. (9) The changes in thiosulphinates content of onion slices at 
different levels of the studied parameters. 

 

Anthocyanin : 
Figure (10) illustrates the changes in anthocyanin content of onion 

slices at different levels of infra-red radiation intensity ,drying air temperature 
and slices thickness . As shown in the figure, the anthocyanin content of 
onion slices ranged from 12.7 to 36.7 mg/100g and the onion samples dried 
at 0.861 kW/m

2
, air temperature of 50 

o
C and slices thickness of 4 and 6mm 

recorded the highest thiosulphinates contents of 36.49 and 36.7 mg/100g 
respectively. 
Rehydration ratio: 

Figure (11) illustrates the change in rehydration ratio of onion slices at 
different levels of infra-red radiation intensity, drying air temperature and 
slices thickness. As shown in the figure the percentage of rehydration ratio 
ranged from 4.17 to 5.88 for the onion slices. In general the recorded 
rehydration ratios of all treatments combinations were in the acceptable 
levels mentioned by Sharma et al., (2004). 
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Fig.(10) The changes in anthocyanin content of onion slices at different 
levels of the studied parameters. 

 

 
 
Fig. (11) The changes in rehydration ratio of onion slices at different 

levels of the studied parameters. 
 

CONCLUSIONS 
 

1- The reduction in moisture ratio of onion slices varied with the experimental 
treatments and it was increased with the increase of radiation intensity, and 
drying air temperature. While, it was decreased with the increase of slices 
thickness. 



Matouk, A. M. et al. 

 652 

2- The drying constant (kL) of lewis’s model increased with the increase of 
drying air temperature and the radiation intensity but it was decreased with 
the increase of slices thickness. 

3- The drying constants (kh) and (A) of Henderson and Pabis’s model were 
increased with the increase of drying air temperature and the radiation 
intensity. However, they were decreased with the increase of slices 
thickness. 

4- Both studied models could describe the drying behavior of onion slices 
satisfactory however Lewis's model could be considered more proper for 
describing the drying behavior of onion slices and predicting the change in 
moisture content during infra-red drying process due to more simplicity of 
calculations. 

5- The onion slices dried at radiation intensity of 0.861 kW/m
2
,
 
air temperature 

of 50 
o
C and slices thickness of 4 mm recorded the highest quality in terms 

of higher thiosulphinates and anthocyanin contents and the best 
rehydration ratio. 
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 تجفيف شرائح البصل بإستخدام األشعه تحت الحمراء 
 4آالء محمود عنتر و 3أحمد ثروت  ,  2محمد مصطفي الخولي ,  1أحمد محمود معتوق

 ورة.المنصجامعة  -كلية الزراعة  -قسم الهندسة الزراعية -1
 معهد بحوث الهندسة الزراعية . -2
 المنصورة.جامعة  -كلية الزراعة  -قسم الهندسة الزراعية -3
 جامعة المنصورة. –كلية الزراعة  -4

 
 

استخدام االشعه تحت الحمراء كمصدر للتسخين الحررار  ير   وتقييمأجريت دراسه الختبار 
م 4102عه تحررت الحمررراء خررمت موسررمت باالشررمعملرر  يعمرر مجفرر تجفير  شررراال البصررت باسررتخدام 
 ، 06190 ، 169.0،  168.0راء ) مسرتويات لمشرعه تحرت الحمر 2وشملت المتغيررات التجريبيره 

( مo 1. ، 01،  21الهرواء الحامرت للربوبره ) درجر  حررار مستويات ل 0 و(  4كيلووات/م 060.0
ن النموذج الرياض  البسيب مم( 6 وقد تم اختبار كت م. ، 2، 4مستويات لسمك شراال البصت )  0و

Lewis’s model  والنمروذج الرياضر  المعردتHenderson and Pabis’s model   ير
التجفير    التجفي  والتنبر  برالتغير ير  المحترو  الربروب  لشرراال البصرت النراء عملير  وص  عملي

 تحت الظرو  التجريبيه موضوع الدراسه 6
 : وقد أظهرت النتائج المتحصل عليها ما يلي

الهواء   شده االشعه تحت الحمراء , درجه حرارزاد معدت التجفي  لشراال البصت بزياده كت من  -0
 6 البصت المستخدمه شراالسمك  بينما انخفضت بزياد ربوبه الحامت لل

صروره جيرده اال كم من النموذج الرياض  البسيب والمعدت وصفا عمليه التجفي  لشراال البصت ب -4
التنب  برالتغير يرر  وله إجرراء الحسرابات الخاصرره بريعتبرر االكلرر ممامرره لسره  بسريبأن النمروذج ال

 تغيرات التجريبيه موضوع الدراسه 6مالمحتو  الربوب  لشراال البصت تحت ال
درجره حرراره الهرواء و( 4كيلرو وات / م 168.0) أعبت شراال البصت المجف  عند شرده اشرعاع -0

01 o محترو  الشرراال ت الجروده للشرراال المجففره مرن حير مرم أعلر  درجرا 2م وسمك شراال 
 األنلوليانين , الليوسلفانات ونسبه إعاده التشرب 6 المجففه من

 
 


