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ABSTK4CT 

Ten types of starch-po~vethylene plastic films. with no additives 
like prooxidants or photoo:xidants lfere provided by plastic 
Development Cenier. Alexandria. Eg;pt. These films were incubated 
in marine sediment (collected from eastern harbour. Alexandria) and 
compost (prorided from the mam{faClllre site. Abees. Alexandria). 
Two bacterial strains were isolated and identified as Pseudomonas 
stu/zeri and Paellibacillus po{vmyxa. Both represented the major 
bacterial growth present on the tested plastic .films after incubation on 
marine sediment and compost. The plastic biodegradability was 
investigated by weight loss. tensile strength loss and changes in 
percent elongation. after -10. 70 and 120 days of incubation The 
results of the weight loss were inconclusive . while tensile strength 
loss and changes in percent elongation showed a highly significant 
reduction (P< 0.01 ) compared with non-incubated zero time control 
orwith the untreated -polyethylene control (FE) 

INTRODUCTION 

Plastics developed during the last five decades are characteristically inert 
and resistant to microbial attack (Johnson, et aJ., 1993), they accumulate in the 
environment at a rate of 25 million tons per year allover the world (Lee, et al., 
1991). So, there is a growing interest in the development of degradable plastics 





BIODEGRADATION. OF DIFFERENT STARCH-POLYETHYLENE PLASnC FILMS 

STARCH DEGRADATION TEST 
The starch - degrading ability of these bacterial isolates was detected by 

streaking them separately on starch-nitrate agar plates , containing 1% (wt/vol) 
native com starch: Na.N03 2.0 giL K 2HPO.j 1.0 giL Mg SO.. 7H20 0.5 gil; KCl 
0.5 gil and Fe SO.. 7HzO 0.001 gil. The pH was adjusted at 7.0 . The plates 
wear incubated at 37°C for 24 -72 h. Starch hydrolYSIS was confirmed by 
flooding the incubated plates with iodine (Gerhardt, et aI., 1981). The cultures 
were maintained on the former medium at 4°C. 

PLASTIC STRIPS PREPARAnON 
The plastic films used in this study were obtained from the Plastic 

Development Center, Alexandria, Egypt The polyethylene was treated using 
different types of starch, rice starch with 2.5% (PE-R2.5) and 5~o (PE-R5), com 
starch with 2% (PE-C 2), 3% (PE-C) and 4°'0 (PE-C..) and potato starch with 2% 
(PE-P2), 3% (PE-P3), 4% (PE-P.d and 10% (PE-P10). The tested plastic 
materials were compared with untreated control (starch free-polyethylene PE). 
The strips were cut in a transverse direction to the blowing direction of the film, 
with 1.5cm in width, lOcm in length and the thIckness was 0.02 - 0.05mm. 

CULTURING AND INCUBATION OF THE FILM 
The prepared strips of each tested plastic type were washed with distilled 

water and transferred to sterile petri-dishes (I Scm in diameter), containing 50gm 
of marine sediment or compost samples. simulanng some of the emu-onmental 
condinons in which microorganisms may degrade the tested plastic films. The 
petri - dishes were incubated in dark, at room temperature for a period of four 
months, and 10-15ml of sea water (for the sediment samples) or of tap water 
(for the compost samples) were added each five days to avoid dryness. 

ISOLATION AND PURIFICATION PROCESSES 
For detecting the bacteria involved in the biodegradation of the tested plastic 

strips. The isolation process was carried out from the most degraded plastic 
strips in both sediment and compost plates, while the purification process was 
carried out using striking technique on different media, nutrient agar ( peptone, 5 
gil; beef- extract, 3 gil; agar-agar 20 gill. minimal medium (NfLh S04, 1 gil; 
KH2 P04, 1 gil; Mg S04, 0.5 gil; Fe SO.., 0.001 gil; 0.1 gil; agar-agar, 20 gil) and 
starch - nitrate agar ( as mentioned above 1. one grn of small cut pieces of starch 
- polyethylene plastic films were added as a carbon source to each 100 m) 
medium prepared_ 
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FILM HARVEST AND LOSS WEIGHT DETERMINATION:
 
The incubated plastic strips were aseptically harvested after 40,70 and 120 

days of incubation five strips in each. these strips were washed with sterile 
distilled water for five times. Then transferred to a standing 70% ( vol/vol ) 
ethanol solution, and left for 30 min. Each strip was placed into a pre-weighed 
sterile petri dish (Scm in diameter), and dried at 45-50°C overnight, allowed to 
equilibrate to the room temperature and re-weighed to ± 0.1 mg accuracy, then 
the weight of each strip was detennined v-.~th a comparison to the starch free
polyethylene PE (tmtreated control) strips as well as to the corresponding non
incubated plastic strips ( zero time control), (Johnson, et aI., 1993). 

TENSILE STRENGTH AND PERCENT ELONGAnON DETERMINAnONS: 
For detennining the changes in tensile strength and percent elongation a 

Zwick / Z 2.5 N Universal Iesting Machine was used (Fig. 1). Five strips of the 
tested plastic film were retrieved separately after 40, 70 and 120 days of 
incubation, washed with water and mild detergent and left for air drying at room 
temperature. The strips were subjected to tensile strength tests at 50 mm1min 
and the a 5 cm gap, using ASIM D882 standard test method for tensile 
properties of thin plastic sheetin2: (Yabannavar and Bartha, 1994). . 
STATISTICAL Al'IALYSIS 

Ihe design was completely randomized v-.ith five replications, the analysis 
of variance computed according to Steel and Iorrie ,1980. 

The statistical analysis was done by factor (polyethylene treatment "factor 
A" were applied in factorial combination of 1 0 ,II ,12 and 1 3 incubation 
periods "factor B"), ANOVA test , 'T' test and L.s.D. (Least Significant 
Difference) procedures available within the MSIAI-C software package 
(version 1.4 1995). Histogram graphics were produced using Harvard 
graphics software ( HG version 4 ' 1995 ) . 
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BIODEGRADATION OF DIFFERENT STARCH-POLYETHYLENE PLASTIC FILMS 

While the statistical analysis of the sediment samples ( Table 2 ), indicated 
that all treatments showed a highly significant reduction (P < 0.01) in tensile 
strength of the tested strips compared with starch free-polyethylene control or 
with zero time control except in 2.5% rice starch. 2% com starch and 10% potato 
starch no significant difference was obtained. 

ELONGATI01\ PERCENT CHANGES 
The reduction in the elongation percent values was clearly detected along the 

incubation period in both compost and sediment samples in this study (Fig. 3 "A 
and B"). It was found that the elongation percent reduction in compost sample 
ranged from 28.2%, as in 3% potato starch, to 85.5~0 in case of 3% com starch. 
While in the sediment sample the reduction in percent elongation reached to 
78.8%, in 3% potato starch, further more the zero starch control showed 31.1 % 
reduction compared \\ith the corresponding zero time control (non-incubated control). 

From the data of the compost sample ( Table 1) a highly significant reduction 
(P < 0.01) in percent elongation was observed in all studied starch 
polyethylene films except the 2°'0 com starch sample which showed no 
significant change compared w1th starch free- polyethylene and with non
incubated controls. Similarly, in the sediment sample all types of the tested 
starch polyethylene plastic fIlms showed a highly significant reduction (P< 0.01) 
in percent elongation except in the case of 2.5°'0 rice starch and 2% com starch 
which showed no significant reduction in the percent elongation compared with 
zero - starch and non-incubated controls. 

DISCUSSION 

From this study it was showed that the accumulation of the plastic wastes be 
reduced or eliminated in both terrestrial and aquatic environments using these 
isolated bacteria Peanibadllus polymyxa and Pseudomonas stutzeri; 
respectively. One of the advantage of making a comparison with zero starch 
control (starch free- polyethylene strips) is the ability to identify what effect is 
due to the addition of different starch types in manufacturing the biodegradable 
plastic films. However, the comparison of these tested plastic strips with the 
corresponding non-inoculated controls for each of the different starch type tested 
give a good indication for the microbial effect on the degradation process, table 
(l & 2). 
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Results obtained in this study reveled that the weight loss determinations were 
mconcluc;:;ve and It may be due to the bacterial adhesion on the tested plastic 
films. 

Lee, et aI 1991, reponed that some lignocellulose-degrading bacterial strains 
( Streptomyces virit}'sporus . Streptomyces badim and Streptomyces setonii ) 
showed a reduction in elongation percent values of starch-polyethylene plastic 
strips and our resuJ were in accordance with that However. the bacterium 
Paenibacillus polym.:'XlI isolated from the compost showed higher reduction in 
elongation percent ( 85.5% as in 3% corn starch-polyethylene plastic films ) 
compared with the bacterium Pseudomonas stutzeri (78.8% as in 3% potato 
starch-polyethylene plastic films) under the same conditions of incubation. Also, 
the last bacterium can reduce the elongation percent ( 31.1 % ) of the starch free
polyethylene plastic films 

The elongation percent Increased dunng the incubation of the plastic strips 
with 2.5% nee starch in compost sample. or With 10% potato starch in sediment 
sample treatments The possible e>..-planation for this unexpected behavior is that 
the removal of starch granules promotes a slippage of polyethylene strands past 
each other, thus elongation may occured. Also, the variation in the results of 
tensile strength or elonganon percent may be due to the heterogeneity in starch 
granules distribution or to instrument malfunctions ()'abarmavar and Bartha . 
1994) . 

The use of starch as a filler in various plastic manufactured items could be 
considered as a strategy to drive co-metabolic processes (Reich and Bartha, 
1977). Moreover, the filler can enhance the adhesion of bacteria to plastic films 
and thus increase the susceptibility of the polymer to microbial attack (Cacciari, 
et aI, 1991: Imam and Gould, 1990). So, it was necessary to make a comparison 
between the different types of manufactured starch -polyethylene available as 
well as their concentrations that will favour the reduction in the elongation 
percent and the tensile strength ofthe tested polyethylene plastic films. 

In conclUSion. results obtaIned in this study clearl\' indicated that the addition 
of 3.0% corn starch or 3 0 0/0 potato starch in manufacturing of the used 
polyethylene plastic strips will enhance the biodegradation of these plastic 
types, by Paenibacillus po(vmyxa or Pseudomonas stutzeri, respectively. Of 
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course, this will help to keep our terrestrial and aquatic environment free from 
plastic accumulation. 

A further study could be done to determine the activity of the enzymes 
involved in the biodegradation process. also the adhesion percent of these 
degrading bacteria on the tested plastic films could be determined . 
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