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ABSTRACT 

 
A pot experiment was carried out at Agriculture Faculty, Benha University, 

Qalubia Governorate, Egypt, during April to August in 2014 to evaluate 
biodegradability of two types of biodegradable plastic films produced from polylactic 
acid (Bi-OPL

®
 and Ecovio

®
) compared with nondegradable one produced from 

polyethylene that incubated in the soil for five months. As well as, the effects of 
degradation compounds on microbial activity were debated. The obtained data 
revealed increasing amount of evolved carbon dioxide, microbial biomass and 
dehydrogenase activity from the soil amended with degradable plastic by increasing 
incubation period. There are significantly increase in the previous parameters in the 
soil amended with degradable plastic compared with nondegradable one. Bi-OPL

®
 

films that is produced from pure polylactic acid has higher weight loss and lower 
tensile strength compared with Ecovio

®
 which consists of 45% polylactic acid (PLA) 

and 55% Ecoflex. While, polyethylene films have slight decrease in weight during 
incubation periods. It worthy to reported that increasing weight loss values and 
decreasing tensile strength values of degradable plastic films were related to the 
higher values of CO2 evolution, microbial biomass and dehydrogenase activity. 
Accordingly, it may be depended on the previous parameters to evaluate 
biodegradability of PLA. 
Keywords: polylactic acid polymer, biodegradation, microbial biomass, 

dehydrogenase, CO2 evolution, weight loss and tensile strength. 

 

INTRODUCTION 
 

An increased environmental damage was noticed recently due to the 
amount of plastic wastes persisting many years after disposal. A partial 
solution is to replace conventional, petrochemical commodity plastics with 
biodegradable substitutes (Iovino et al., 2008) 

Biodegradable plastics have been developed rapidly owing to rising 
petroleum prices and many environmental concerns related to plastic 
pollution. Increasingly, reduction of carbon dioxide emissions has become 
another reason for promoting bio-based plastics (Gross and Kalra, 2002). 
Such a polymer is polylactic acid (PLA), a biodegradable and bioabsorbable, 
renewably derived polyester that has attracted attention in response to 
increasing concerns about the environmental effects of disposal of non-
biodegradable plastics(Auras et al., 2010 and Lim et al., 2008). Its low 
toxicity, along with its environmentally benign characteristics, has made PLA 
an ideal material for food packaging and for other consumer products (Ren, 
2010). Recently, new techniques which allow economical production of high 
molecular weight PLA polymer have broadened its uses.  
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Among all degradable polymers, PLA plays a key-role because of its 
highly hydrolysable ester bonds, making this polymer highly subject to 
degradation in a humid environment. Degradation of these polyesters in the 
soil burial test depending on the distribution of polyester-degrading 
microorganisms. PLA-degrading microorganisms are not widely distributed in 
the natural environment and thus, PLA is less susceptible to microbial attack 
in the natural environment than other microbial and synthetic aliphatic 
polyesters. For these reasons, it is very important to study the 
biodegradation of PLA and to develop treatment processes for plastic waste 
containing PLA. (Ren, 2010) 

In general, there are two types of degradation of plastic materials, 
surface degradation (erosion) and bulk degradation, depending on the main 
degradation site. Surface degradation may occur when catalytic molecules 
such as an alkaline catalyst or enzyme, exclusively act on the surface of the 
plastics or water molecules cannot diffuse into the bulk layer. During surface 
degradation, the sample weight may decrease soon after the beginning of 
degradation. Changes in the mechanical properties of the sample are 
dependent on the shape of the sample, thickness and crystallinity (Smith, 
2005) 

PLA polymer film was degraded in abiotic and biotic environments to 
understand the role of microbes in the degradation process of lactic acid 
based polymers. CO2 evolved, weight loss, and molecular weights were 
measured to evaluate the extent of degradation. (Agarwal et al., 1998 and 
Rudeekit et al., 2008). In most applications that use films or fibers in contact 
with the soil, loss in tensile properties is the most relevant practical criterion 
to characterize its degradation (Mostafa et al., 2010 and Orhan et al., 2004). 
The polymer carbon is converted by microorganisms into biomass carbon, 
carbon dioxide, water soluble by-products and polymer carbon which is not 
yet degraded (Copinet et al., 2011). 

The aim of this study is to evaluate biodegradability of two types of 
polylactic acid (biodegradable plastic films) that are used in agricultural 
mulch and compost bags compared to nondegradable one in soil under 
incubation periods. Moreover, it contributes to estimate the material stability, 
life expectancy and effects of degradation compounds on microbial activity.  

 

MATERIALS AND METHODS 
 

The biodegradability of three plastic types were studied in pot 
experiment in greenhouse at Agriculture Faculty, Benha University, Qalubia 
Governorate, Egypt, during April to August 2014. Two types of the plastic 
film are biodegradable (produced from commercial bioplastics available on 
the markets (Ecovio and Bi-OPL) and the third type is non-biodegradable 
one (produced from polypropylene plastics available on the local market). 
Three types of the tested plastic films with thickness 0.036 mm were cut into 
slides with dimension 60 mm× 22 mm.  
The tested polymers 
- Ecovio®, a biodegradable polymer consists of 45% polylactic acid and 
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55% Ecoflex (aliphatic-aromatic copolyester based on the monomers 1, 4-
butanediol, adipic acid and terephthalic acid) for film extrusion (BASF, 
2010). 

- Bi-OPL® is produced from polylactic acid only (PLA is made of 
degradable materials and compostable in accordance with DIN EN 13432 
(Oerlemansplastics, 2008). 

- Non-degradable plastic is produced from low density polyethylene 
(LDPE). 

These materials have been developed for conversion to flexible films 
using a blown film or cast film process. Typical applications are agricultural 
films for mulching and compost bags.  
Experimental soil 

An agricultural soil was collected in the area of Moshtohor, Tukh, 
Qalubia, Egypt. Its moisture was corrected to 60% of the maximum water 
retention capacity, keeping its original characteristics and submitting all 
samples to the same moisture level. Physical and chemical analyses of the 
soil (Table 1) were carried out according to Page et al., (1982). 
 

Table 1. Physical and chemical analyses of the experimental soil. 
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Experimental design  

Plastic film pieces (60 mm × 22 mm × 0.036 mm) of both 
biodegradable and nondegradable materials were prepared and weighed. 
Sixty pot with 20 cm diameter were filled with soil. Compost is primarily used 
as a soil conditioner with rate of 20 m

3
/fed for all treatments The physical 

and chemical properties of the used cattle manure and herbal plants 
residues (50: 50) are: pH 7.6, Electrical conductivity (EC) 3.1 dS m

-1
, total 

organic matter values 32.7 ,% bulk density 0.625 g cm-3. The moisture 
content 23.50 %, water holding capacity value 3.7 g water/g dry and the 
porosity 62.67% (Khater, 2012). The pots divide into four groups. The first 
group were left without treatment (control). While the 2

nd
, 3

rd
 and 4

th
 groups 

amended with nondegradable, Ecovio® and Bi-OPL® plastic film pieces, 
respectively with rate of 1% (w/w). All of the pots were kept under 
greenhouse condition and each of them was irrigated every week to adjust 
the humidity to 60% of soil holding capacity.  
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Analytical procedures  
The pieces of plastic films were tested at the beginning of April and 

were retrieved at the 30
th
 day of May, June, July and August of incubation, 

and were gently rinsed with water to remove the soil particles and were air-
dried for 24 h, photographed and weighed. Weight losses percentage and 
tensile strength (TS) were measured. TS was measured with a tensile testing 
machine (Daiei Kagaku – ArimotoKigyo Co., Ltd. Japan). Weight losses for 
the materials were measured according to Mostafa & Abdel-rahman, (2014) 
by the following equation: 

 
 

100    
W

 W- W
   %  lossesWeight  

1

21    

Where: W1 and W2 are the films weight before and after treatment 
respectively. 

Microbial activities 
Dehydrogenase (DH) activity, soil respiration (as mg CO2.g

-1
dm.24h

-1
) 

and biomass-C· (mg. 100 g
-1

 dm) were measured using the methods 
described by Schinner et al., (1996) in soil surrounded to plastic pieces for 
each treatment. 
Statistical analysis 

The data were statistically analyzed according to the procedures 
outlined by Gomez and Gomez (1984). For comparison between means, 
Duncan's multiple range test was used ( Duncan , 1955). Means followed by 
the same alphabetical letters were not significantly different at 5% level of 
significance. 

 

RESULTS AND DISCUSSION 
 

Soil respiration 
Soil respiration results from the degradation of organic matter. This soil 

biological activity consists of numerous individual activities; the formation of 
CO2 is the last step of carbon mineralization. Addition of organic matter 
observe a change in the soil respiration due to more rapid growth and a 
higher mineralization of the microorganisms. CO2 evolution from a soil is thus 
a measure of the total soil biological activity. 

Data in Table 2 showed the amount of carbon dioxide with mg CO2.g
-1 

dm.24h
-1

 that evolved from soil due to microbial activity. In the first month of 
incubation, there are significant increase in CO2 evolution from soil that 
amended with biodegradable plastics compared with that amended with 
nondegradable one. While there are not any significant differences between 
soil amended with nondegradable plastic compared with control. In case of 
soil amended with biodegradable plastic, the amount of carbon dioxide that 
evolution from soil increased by increasing incubation period. The amount of 
evolved CO2 from soil that amended with degradable plastic (Bi-OPL

®
) was 

higher than that amended with degradable plastic (Ecovio
®
). Generally, the 

highest records of evolved CO2 were recorded with soil amended with 
degradable plastic (Bi-OPL

®
). 
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Table 2 Soil respiration (mg CO2. g
-1

 dm.24h
-1

) in soil amended with 
different types of plastic during incubation periods.  

Treatments 
mg CO2.g

-1
 dm.24h

-1
 

1 2 4 5 months 

Control 0.145
g
 0.061

j
 0.070

i
 0.075

h
 

Soil amended with non-degradable plastic 0.146
g
 0.055

k
 0.069

i
 0.077

h
 

Soil amended with degradable plastic (Ecovio
®
) 0.155

f
 0.159

e
 0.178

c
 0.180

bc
 

Soil amended with degradable plastic (Bi-OPL
®
) 0.158

ef
 0.170

d
 0.182

ab
 0.185

a
 

 

The degree of biodegradable plastic decomposition after a certain time 
was first determined as the difference between the quantity of CO2 that had 
evolved in the presence of the biodegradable plastic and the quantity that 
evolved in the absence of the biodegradable plastic (Ohtaki and Nakasaki, 
2000). Carbon dioxide evolution was found to be a useful screening tool for 
plastic film biodegradation (Yabannavar and Bartha, 1994) 

From data in Table 2 it can noticed that the decomposition of 
degradable plastic does not started in earliest stage and evolved CO2 after 
the first month may be due to decomposition of organic matter that exist in 
soil. It is well known that when a microorganism is incubated in the presence 
of two or more substrates, the substrates will be degraded in the order of their 
ease of degradation (e.g., catabolic repression).We call this period from the 
start of composting to the start of plastic degradation the lag time (Ohtaki and 
Nakasaki, 2000). Increasing amount of evolved carbon dioxide from soil 
amended with degradable plastic by increasing incubation period may be 
attributed to increase decomposition rate of degradable plastic. The PLA 
undergoes a hydrolytic degradation process, causing a decrease of the 
polymer molecular weight. The portion of the polymer chains was broken 
down into small fraction (or oligomers) with low molecular weight in a 
biodegradation phase (14 to 96 days). The low molecular weight oligomers 
are consumed by microorganisms to evolve carbon dioxide. (Rudeekit et al., 
2008) 
Dehydrogenase activity 

Table 3 show dehydrogenase activity in soil amended with different 
types of plastic films. Data showed significantly increase in dehydrogenase 
activity in the soil that amended with degradable plastic than that amended 
with nondegradable one during all incubation periods. The highest values of 
dehydrogenase activity were recorded with soil amended with degradable 
plastic (Bi-OPL

®
). It could be also noticed decreasing dehydrogenase activity 

values during the 1
st
 and 2

nd
 months of incubation than control, while they 

increase again in 4
th
 and 5

th
 months.  

 The dehydrogenase activity of a soil result from the activity of different 
dehydrogenases, which are an important component of the enzyme system 
of all microorganisms (enzymes of respiratory metabolism, citrate cycle, and 
nitrogen metabolism). Dehydrogenase activity is thus an indicator of 
biological redox-systems, and can be taken as a measure for the intensity of 
microbial metabolism in soil (Tabatabai, 1982).  
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The role of dehydrogenases may be achieved after polymer 
degradation by hydrolysis or enzymatic process. Where PLA is more easily 
degraded by hydrolysis rather than enzymatic degradation, and its 
degradation products can be totally digested by microorganisms such as 
fungi or bacteria (Corrêa et al., 2008 and Nampoothiri et al., 2010) 

Biodegradation is a process whereby bacteria, fungi, yeasts and their 
enzymes consume the polymer leading to significant changes in the 
material's chemical structure. In essence, biodegradable plastics should 
break down cleanly, in a defined time period, to simple molecules found in 
the environment such as carbon dioxide and water. Biodegradation for 
limited periods is a reasonable target for the complete assimilation and 
disappearance of an article leaving no toxic or environmentally harmful 
residue (Chandra and Rustgi, 1998) 
 

Table 3 Dehydrogenase activity in soil amended with different types of 
plastic during incubation periods.  

Treatments 

Dehydrogenase activity  
(µg TPF.g

-1
dm.24h

-1
) 

1 2 4 5 months 

Control 27.16
bcd

 16.93
e
 14.98

f
 14.98

f
 

Soil amended with non-degradable plastic 26.30
d
 16.02

ef
 16.17

ef
 17.72

e
 

Soil amended with degradable plastic (Ecovio
®
) 26.89

cd
 27.06

cd
 27.67

abcd
 27.87

abcd
 

Soil amended with degradable plastic (Bi-OPL
®
) 27.89

abcd
 28.55

abc
 28.98

ab
 29.40

a
 

 
 

Microbial biomass-c 
Microbial biomass-c in soil amended with different types of plastic was 

tabulated in Table 4. There are significantly increase in microbial biomass-c 
of soil amended with degradable plastic compared with that amended with 
nondegradable one. Soil amended with degradable plastic (Bi-OPL

®
) have 

higher values of microbial biomass-c than that amended with degradable 
plastic (Ecovio

®
). These results confirmed that degradable plastic (Bi-OPL

®
) 

was able to degrade by soil microorganisms more than Ecovio
®
 during the 

incubation periods. Abovementioned results interpreted increasing of the 
dehydrogenase activity in Table 3 in the soil that amended with degradable 
plastic than that amended with nondegradable one. On another side data 
confirmed importance of microbial biomass-c as indicator to evaluate 
biodegradability of polymers.      

The proportion of carbon biomass in the soil has been found to be 1-3 
% of the organic carbon (Sparling,1985). Investigations on cultivated soils 
showed that the proportion of the metabolically active microbial biomass is 1-
5 and 2-8% of the organic matter in arable and grassland soils, respectively 
(Beck et al., 1992).  

Dominant groups of microorganisms and the degradative pathways 
associated with PLA degradation are often determined by the environmental 
conditions. When O2 is available, aerobic microorganisms are mostly 
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responsible for destruction of complex materials, with microbial biomass, 
CO2, and H2O as the final products. In contrast, under anoxic conditions, 
anaerobic consortia of microorganisms are responsible for polymer 
deterioration. The primary products will be microbial biomass, CO2, CH4 and 
H2O under methanogenic (anaerobic) conditions (Barlaz et al., 1989). It is 
important to note that the degradation of polymer can rarely be complete 
because a small portion of the polymer will be incorporated into microbial 
biomass, humus and other natural products (Alexander, 1977; Atlas and 
Bartha, 1997 and Narayan, 1993). 
 

Table 4. Microbial biomass-C in soil amended with different type of 
plastic during incubation periods. 

Treatments 
mg biomass-C· 100 g-

1 
dm 

1 2 4 5 months 

Control 1.65
j
 1.00

m
 0.98

n
 0.89

p
 

Soil amended with non-degradable plastic 1.71
i
 0.96

o
 1.07

k
 1.06

l
 

Soil amended with degradable plastic (Ecovio
®
) 7.22

h
 7.38

g
 7.45

f
 7.60

e
 

Soil amended with degradable plastic (Bi-OPL
®
) 12.54

d
 12.88

c
 12.96

b
 13.57

a
 

 
Weight loss % and tensile strength (MPa) of plastic films during 
incubation periods 

Another frequently method used for estimation biodegradation of 
polymer is measurement of weight loss and tensile strength which illustrated 
in Fig 1. The higher weight losses were related to the higher concentration of 
polylactic acid content in degradable plastic. So degradable plastic (Bi-OPL

®
) 

that contain 100% PLA recorded the highest values of weight loss. The 
weight loss % degradable plastic increases with the increase in incubation 
periods. Compared to degradable plastic, polyethylene films have 
incommodiously decrease in weight. 

Weight-loss degradability strongly depended on the specific types of 
biodegradable plastic and degrading microorganisms. Regarding values of 
tensile strength obtained data showed the same trend with a notable 
decrease until the 5

th
 month with degradable plastic compared with 

nondegradable one. At the end of the experiment, more reduction in weight-
loss was noticed with ECOVIO

®
 and BIO-OPL

®
 (10.5 and 9.8, respectively). 

The losses of tensile strength were slight in first three months but it increased 
at the end of the experiment. According to the photographic observation  
Fig. 2, all degradable plastic became more brittle than before, in addition, 
some cracks appeared while that is on change appeared on nondegradable 
one until the end of the experiment.  Results in Fig 1, 2 indicate that 
biodegradable plastic was not decomposed in the earliest stage of incubation 
periods and the ultimate degradability of the biodegradable plastic tends to 
begin to raise after four months of incubation under soil condition. These 
results show that PLA-degrading microorganisms are not widely distributed in 
the natural environment and thus, PLA is less susceptible to microbial attack 
in the natural environment than other microbial and synthetic aliphatic 
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polyesters. For the above reasons, it is very important to study the 
biodegradation of PLA and to develop treatment processes for plastic waste 
containing PLA (Ohtaki and Nakasaki, 2000). 

  

 

 

 
   
Fig 1. Weight Loss (%) and tensile strength (MPa) of plastic films in Soil 

during incubation periods. 
 

a- Weight Loss (%) of ECOVIO
®
. 

b- Weight Loss (%) of BIO-OPL
®
. 

c- Weight Loss (%) of non-degradable plastic. 

d- Tensile strength (MPa) of different types of plastic. 

 
The degradability of the biodegradable plastics used in the present 

study may be changed by changing soil conditions. So the effects of 
composting conditions on the degradability of biodegradable plastic should 
be performed in the future.  
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Fig2. Photographical comparison between the different types of plastic 
films before and after incubation periods showing the cracks on 
ECOVIO® and Bi-OPL films. 

 

A: original plastic film, B: After one month, C: After two month, D: After four month and 
E: After five month 
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It worthy to reported that increasing weight loss values and decreasing 
tensile strength values of degradable plastic films were related to the higher 
values of CO2 evolution, microbial biomass and dehydrogenase activity. 
Accordingly, it may be depended on previous parameters to evaluate 
biodegradability of PLA. This results is agreement with (Agarwal et al., 1998 
and Rudeekit et al., 2008) who reported that PLA polymer film was degraded 
in abiotic and biotic environments to understand the role of microbes in the 
degradation process of lactic acid based polymers. CO2 evolution, weight 
loss, and molecular weights were measured to evaluate the extent of 
degradation. The polymer carbon is converted by microorganisms into 
biomass carbon, carbon dioxide, water soluble by-products and polymer 
carbon which is not yet degraded (Copinet et al., 2011). Regarding the role 
of tensile strength to evaluate degradability of polymers (Mostafa et al., 2010 
and Orhan et al., 2004) reported that loss in tensile properties is the most 
relevant practical criterion to characterize degradation of polymer films or 
fibers that contact with the soil. 

 

CONCLUSION 
 

From the obtained data, it could be concluded that some microbial 
activities such as amount of evolved carbon dioxide, microbial biomass and 
dehydrogenase activity in the soil amended with degradable plastic 
increased by increasing incubation period. The higher weight loss % was 
related to the higher concentration of polylactic acid in degradable plastic. 
Compared to degradable plastic, polyethylene films have incommodiously 
decrease in weight. It worthy to reported that the higher weight loss of 
degradable plastic films were related to the higher values of CO2 evolution, 
microbial biomass and dehydrogenase activity. Accordingly, it may be 
depended on previous parameters to evaluate biodegradability of PLA 
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تقييييا تحتل ييب تحوييحيييائ حاييلاتتي تحوحيييتيل تحليييين تحقدييمي   قيي  ق قيي  لقيي  
 تححكتيل فئ تحتلاو 

 ألق   و  تحخاحق ياحا ي  هامئ قلق  ألق   و  تحلالق 
 تحقيكلايوييحيايا تحزلات ي ، ك ي  تحزلات  ، ااق   ومها، قدلا.قيا تحموات تحزلات ئ، فلاع 

 

أجرٌتتت رجر تتص داتت  ودةتتس اتتن ص  فتت  دمي تتبت لتتر  دميٌ رن ٌنمتتنجً    ٌتتص دم رد تتص  
مرقٌٌ  دمرح س دم ٌنمتنجً ميتن ٌن يتن  4102عب  مأغفطس نحرً  جبيعص  يهب  ةلاس دمفررة ين أ رٌس

هتب دمييرجتم يتن دم تنمً  يظٌررحيت  دملا رٌتك يقبريتص  شردئح دم لافرٌك دمحٌني دمياين ص ين يعقو
فص أشهر. ن تلمك رت  ييب شتص لً دمرر ص ميوة ةيدمشردئح نضعت   ودٌث ٌن دميقبن  م رح س دم ٌنمنجً ن

  ى دميشبط دميٌ رن ً ودةس دمرر تص. ن تو  شتفت دميرتبئج  م يندو دمفب قص دمرح س دم ٌنمنجً يندرج رأثٌر
ٌص ثبيً أ فٌو دم ر نن دميراب و  ندم ر ص دمحٌنٌص دميٌ رن ٌتص نيشتبط زيت ٌ  دميرحاس   ٌهب  ٌبوة  ي

دموٌهٌتتورنجٌيٌ  لتتً دمرر تتص دميضتتبا دمٌهتتب دم لافتترٌك دمقب تتس م رح تتس ندمياتتين ص يتتن يعقتتو حيتت  
 ٌتتبوة يعينٌتتص لتتً دمرر تتص دميضتتبا دمٌهتتب  دت هتتلا دمقٌبفتتبت دملا رٌتتك   ٌتتبوة لرتترة دمرحضتتٌن. ن تتو 

)شتردئح دم لافرٌك دمقب تس م رح تس يقبريتص  بمرر تص دميضتبا دمٌهتب دم لافتٌرك دملٌتر  ب تس م رح تس دمحٌني
دمييترج يتن   ®BiOPL . ن و دنضحت دميربئج دن شردئح دم لافترٌك دمحٌتني يتن دميتن دم نمً دٌث ٌن(

يقبنيتص دمشتو مأ  ً  تٌ  مفقتودمن ن نأ تس  تٌ    ً حا ت % 011يعقو حي  دملا رٌك  يف ص يقبنة 
دمييترج يتن يعقتو حيت  دملا رٌتك  يفت ص    ®Ecovioيقبريص يع شردئح دم لافرٌك دمحٌني ين دميتن  

٪. لً حٌن دن  شردئح دم تنمً زثٌ تٌن حات ت   تً يقت  طفٌتا 44 يف ص  Ecoflexيعقو ٪ ن 24
ر أن هيبك درر تبط  تٌن  ٌتبوة  تٌ  لقتودن دمتن ن لً دمن ن ةلاس لرردت دمرحضٌن. ن ين دمجوٌر  بمل 

ثتتبيً أ فتتٌو نةفتت   تتٌ  يقبنيتتص دمشتتو م شتتردئح دم لافتترٌ ٌص دمقب  تتص م رح تتس يتتن يبحٌتتص ن ٌتتبوة  يٌتتص  
دميراب وة ين دمرر ص  ندم ر ص دمحٌنٌص دميٌ رن ٌص نيشبط دي ٌ  دموٌهٌتورنجٌيٌ . ن يتبع   تى  دم ر نن

قٌبفتبت دمفتب قص مرقٌتٌ  دمرح تس دم ٌنمتنجً مشتردئح دم لافترٌك دمحٌتني عريو   تى دمٌلمك  لإيم ٌي ن أن 
 دمياين ص ين يعقو حي  دملا رٌك.
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