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ABSTRACT

Ten npes of swarch-polvethylene plastic films. with no additives
like  prooxidants or photooxidants ere provided by  plastic
Development Center. Alexandria. Egypr. These films were incubated
in marine sediment (collected from eastern harbour. Alexandria) and
compost (provided from the manufacture site. Abees. Alexandria).
Two bacterial strains were isolated and identified as Pseudomonas
stutzeri and Paenibacillus polymyxa.  Both represehlea’ the major
bacterial growth present on the tested plastic films afier incubarion on
marine sediment and compost.  The plastic biodegradability was
investigated by weight loss. tensile sirength loss and changes in
percent elongation. afier 40. 70 and 120 days of incubation . The
results of the weight loss were inconclusive . while tensile strength
loss and changes in percent elongarion showed a highly significant
reduction ( P<. 0.01 ) compared with non-incubated zero time control
orwith the untreated -polyethylene control (PE)

INTRODUCTION

Plastics developed during the last five decades are characteristically inert
and resistant to microbial attack (Johnson, ef al., 1993), they accumulate in the
environment at a rate of 25 million tons per year all over the world (Lee, ef al.,
1991). So, there is a growing interest in the development of degradable plastics
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to enhance the biodegradabilitv of the plastics in land fills and composts, such
as polvlactides, polv (3 hydroxy — butyrate — 3 — hvdroxy valerate), ethylene -

carbon monoxide polvmers. vinvl ketone copolymers and starch - filled
polyethviene (Scott. 1990). Three tvpes of degradation of polvethvlene in these
degradable starch — polvethvlene polvmers occur by different molecular

mechanisms including chemical degradation . photodegradation and biological
degradation. The first two mechanisms are dependent on using pro-oxidants
and photo-oxidants additives in the manufacturing process of the polyethylene
plastic films, causing the material to loss some of its physical properties, to
become oxidized and possibly. to become more accessible to microbial
biodegradation (Comnell, ef al.. 1984: Chanda and Rov, 1986 ;. David, ef al.,
1992).  The biodegradabilitv of various plastic films has been investigated by
different analytical approaches and parameters, including weight loss, tensile
strength loss, changes n elongation percent. changes m polymer molecular
weight distnbution (Lee, ef @l. 1991 and Johnson. et al.. 1993). spectroscopic
determinations ( Cacciari. et al. 1993) and the release of “CO- from C-
labelled polymers ( Albertsoon. ef al.. 1987 : Albertsoon. and Karlsson, 1988).

In this paper, we studied the biological degradation of ten different starch —
polvethvlene plastic films. without attention to any chemical or physical
pretreatments. by two local bactenal strams Pseudomonas stutzeri and
Paenibacillus polymyxa. under a static condition and with no additional carbor
source. The plastic biodegradabilin: was determined by loss of weight, loss of
tenstl> strength and changes in elongation percent. The study was carried out
in order to keep our aquatic and terrestnal environment free from plastic
accumulation hazards.

MATERIALS AND METHODS

MICROORGANISMS

Two local bactenal strains including Pseudomonas stutzeri and
Paenibacillus polymyxa were 1solated from two different local sites, a marine
sediment sample (from the Eastern Harbor of Alexandria) and a compost sample
(from municipal vard waste compost site. Abees, Alexandria). The identification
of the degrading bactenia was made by Micro Check Inc., Microbial — Analysis
Lab., Vermont, USA.
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STARCH DEGRADATION TEST

The starch - degrading ability of these bactenal isolates was detected by
streaking them separately on starch-nitrate agar plates , containing 1% (wt/vol)
native com starch; NaNO; 2.0 ¢/l. K;HPO, 1.0 ¢/l. Mg SO;. 7H-0 0.5 g/i; KCl
0.5 g/l and Fe SO, 7H,O 0.001 gl. The pH was adjusted at 7.0 . The plates
wear incubated at 37°C for 24 -72 h Starch hvdrolysis was confirmed by
flooding the incubated plates with iodine (Gerhardt, er al, 1981). The cultures
were mamtamed on the former medium at 4°C.

PLASTIC STRIPS PREPARATION

The plasuc films used in this studv  were obtained from the Plastic
Development Center, Alexandria, Egypt. The polyethylene was treated using
different types of starch, nice starch with 2.5% (PE-R.s5) and 5% (PE-Rs), com
starch with 2% (PE-C), 3% (PE-C;) and 4% (PE-C,) and potato starch with 2%
(PE-P2), 3% (PE-P:), 4% (PE-Py) and 10% (PE-Pyp). The tested plastic
matenials 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 1.5¢m in width, 10cm in length and the thickness was 0.02 — 0.05mm.

CULTURING AND INCUBATION OF THE FILM

The prepared strips of each tested plastuc tvpe were washed with distilled
water and transferred to stenle petri-dishes (15cm in diameter), contamng 50gm
of marine sediment or compost samples. simulating some of the environmental
condiions n which microorgamisms may degrade the tested plastic films. The
petri — dishes were incubated m dark, at room temperature for a penod 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
stnips. The isolation process was carried out from the most degraded plastic
stips m both sediment and compost plates, while the purification process was
cartied out using striking technique on different media, nutrient agar ( peptone, 5
g/l; beef- extract, 3 ¢/l, agar-agar 20 ¢/1). minimal medium (NHs), SO, 1 g/,
KH, PO;, 1 g/l; Mg SOy, 0.5 g/l; Fe SOs, 0.001 g/l; 0.1 g/l; agar-agar, 20 g/l) and
starch — mitrate agar ( as mentioned above ). one gm of small cut pieces of starch
~ polyethylene plastic films were added as a carbon source to each 100 ml
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 sternle
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 (5cm 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 determined with a companson to the starch free-
polyethylene PE (untreated control) strips as well as to the corresponding non-
incubated plastic strips ( zero time control), (Johnson, ef al , 1993).

TENSILE STRENGTH AND PERCENT ELONGATION DETERMINATIONS:

For determiming the changes in tensile strength and percent elongation a
Zwick / Z 2.5 N Universal Testing Machine was used (Fig. 1). Five strips of the
tested plastic film were retrieved separatelv after 40, 70 and 120 days of
incubation, washed with water and muld detergent and left for air drying at room
temperature. The strips were  subjected to tensile strength tests at 50 mm/min
and the a 5 cm gap. using ASTM D882 standard test method for tensile
properties of thin plastic sheeting (Yabannavar and Bartha, 1994).

STATISTICAL ANALYSIS
The design was completelv randomized with five replications , the analysis
of variance computed according to Steel and Torre ,1980.

The statistical analysis was done by factor (polyethylene- treatment *‘factor
A" were applied in factorial combmation of T, .T; .T> and T: incubation
periods “factor B”), ANOVA test , “F” test and L.SD. (Least Significant
Difference) procedures avalable within the MSTAT-C software package
(version 1.4 1995 ). Histogram graphics were produced using Harvard
graphics software ( HG version 4 11995 ) .
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Fig. (1) : A photograph shows the Zwick Universal Testing
Machine used to measure the changes in the tensile
strength and the elongation percent of the plastic films.

389



MANAL M. EI-NAGGAR & SAMY A. EI-AASSAR

RESULTS

The isolation and the purification processes of bactena from the degraded
plastic strips indicated that two bactenal species Pseudomonas stutzeri and
Puenibacillus polymyxa were present as common distributed species on the most
degraded plastic strips and involved wn the degradation process. The
identification process of the 1solated strains was carmed out using FAME
analysis (Fatty Acid Methvl Ester  Analysis) through a gas liqud
chromatography. The P. stutzeri is a Gram (-), rod shape, motile, non endospore
former and able to utilize starch, while the P. pohmyxa is a Gram (+), rod shape,
motile, endospore former bacterium and able to unlize starch, gelatine and casein
(Sneath, et al,1986 ) These two bactenal species showed a great adaptation to
grow on the tested starch — polvethylene plastic films in the sediment and
compost samples without any addition of carbon or nitrogen sources.

Slight losses of 3.5% and 5% of the original weight of PE-P,, PE-P: after 70
days and 6% of PE-P, after 120 davs were observed in the sediment samples.
While in the compost samples PE-C: and PE-Py, strips showed 4 and 5% loss
after 70 davs. also PE-P, showed 6% loss after an incubation period of 120
days.

TENSILE STRENGTH DETERMINATIONS

The histograms (Fig. 2 "A and B"), showed that the maximum reduction in
the tensile strength of the polyethylene plastic strips incubated i compost
sample were 55% and 47°% obtaned for polyethylene strips treated with 4% com
starch and 4% potato starch. respectively. In the sediment sample the reduction
percent was 56.3% and 354.8% In case of 4% com starch and 2.3% nce starch
respectively compared with the corresponding non-incubated stnps .On the other
hand, 2% and 3% corn starch sample showed an increase in tensile strength of
4.5% and 21.3%, respectively.

Statistical analysis for different compost samples (Table 1). showed that a
highly significant decrease (P < 0.01) In tensile strength occurred m all tested
starch treatments except In case of 2.5 rice starch where no significant change
was obtaned 1n the manufactured biodegradable polvethvlene plastic films,
compared with starch free- polyethvlene strips (untreated control) or with the
corresponding non-incubated strnips (zero ime control).
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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-polvethylene control or
with zero time control except in 2.3% nce starch. 2% comn starch and 10% potato
starch no significant difference was obtained.

ELONGATION PERCENT CHANGES

The reduction in the elonganon 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% in case of 3% comn starch .
While in the sediment sample the reducton in percent elongation reached to
78.8%, mn 3% potato starch, further more the zero starch control showed 31.1%
reduction compared with the corresponding zero time control (non—incubated control).

From the data of the compost sample ( Table 1) a highly significant reduction
(P < 001) in percent elongaton was observed in all studied starch -
polyethylene films except the 2% com siarch sample which showed no
significant change compared with starch free- polvethylene and with non-
incubated controls. Similarly, in the sediment sample all types of the tested
starch polyethvlene plastic films showed a highlv significant reduction (P< 0.01)
In percent elongation except in the case of 2.5% rnice 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 1t was showed that the accumulation of the plastic wastes be
reduced or eliminated in both terrestrial and aquatic environments using these
isolated bacteria  Peanibacillus 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 identfy whar effect is
due to the addition of different starch types in manufacturing the biodegradable
plastic films. However, the companson 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
(1&2).

393



MANAL M. EI-NAGGAR & SAMY A. El-4AASSAR

"KjpAnoadsal 8¢ bl pue €161 = (4 % uoneduoje pue | ySuass a[isua)) pousad uoneqnour 103 100 ('S™T 44

‘Appanoadsal ¢/ 7z pue vz o€ = (9 2 uoneduc(a pue I yiGuails a[isual) sduis suafAyreijod-yasers 10y 100 (ST

(100 > d) wediudis A1y3uy oe s1ons) JUIIYIP NG JUBIFIUSIS J0U Sk 13119] wes Y} Aq Pamoj[O] SUBIN
‘(sdins painseat 3A1j IOJ 3N|BA UBIWI B S| anjea Yyaea) shep Qg [ Joj sduis pajeqnoul = €9 ‘€

‘shep oy 10 sdus pajeqnoul = 29 ‘T]  ‘sAep Qp Joy sduis pateqnoul = 19 1] ‘sds pajeqnout-un = ‘0g ‘0

I

866 | ,S'801 | T'€€1 | TILY L0°TST L 90l mm.-cN .:.ao.:& UCIP!

L v | s | eer| ovin| op?89 | ovon | soor| Toer | 999t | o

P850 wor| oos| 6o9| voor| opf8Y | ever| oemr| ewer| reie|

SIS 6'ST 6'€7 oer | oerr | WE0 | gorr| evrr| viel | et £

£°6L o1 | es| eor| owrr| Y| ysor| cen| eer | gstr] 1 Ya.1w)s 0jeI0g

pEt6 gos | rzo| ssor| o | SFEO| oot | veer| eour | vesz r

SSOFL L oprr | Tzer ] esst| 9ser | WP puez| evst| soer | 6Lt £

3859 | rent | eser| reel | geor| PUC| rrer| 6961 | gerr| roe| T 1218)S 110))

£V | w6l | rier| sor| vost| opPY'| evur| sssi| ruvr| 9sez] s

VOBL | go9r | 891 | w61 | el | p2 €61 | worr| wert| swur| roie| su oIe)s 201y

GOS8 009 | rsor | west | oeer | gt T | oot | sust| susz| wsz] o 10u0)
ucap | iy [T [T ucop £l L L 0y
(%) UEELIN
(%) (;ma/3>)) el e} ad4y,
uoneduery 1138ud.00G ApsUI], Iy

*spotsad uorpeqnoul UL
ye ajdwres Juaunipas uj swyy anserd Judlyrofjod-yaaeys jo uonepeidaporg :(7) a|qeL

394



BIODEGRADATION OF DIFFERENT STARCH-POLYETHYLENE PLASTIC FILMS

e e o O PV VT
P e TR o V) PO G
SN AR AL

AT

Y,
%
> [(—3 [—4 [—] > >
uw; [—] [Ve] [—] "¢}
o~ (o} v— y—

LiTEL IO ERT ERRER |

Type & starch consentration ( %)

(B)

ZAEO |
EHE1 |
BEE2
EHE3

D o |
| RN HOTTTC R LR AVTRTL

7\(‘}

....... 9,

o 3‘

Yo,

(4]

[ — 2 — I — S — B — B — N — 9
S v o v o W
M Nl N e ww

uonE3no|d JuINIIJ

Type & starch concentration ( % )
Changes in elongation percent after 0 (E;),40 (E;), 70 (I,) and 120 (E;) days of incubation

Figure (3)

t (A) andin sediment ( B )samples.The control is starch free-polyethylene

plastic strips.Eash bar value represents the mean of five replicates.

in compos



MANAL M. EI-NAGGAR. & SAMY A. EI-FAASSAR

Results obtamned in this studv reveled that the weight loss determinations were
inconclusive and 1t mav be due to the bactenal adhesion on the tested plastic
films .

Lee, et al 1991, reported that some lignocellulose-degrading bactenal strains
( Streptomyces viric »sporus . Streptomyces badius and Streptomyces setonii )
showed a reduction n elonganon percent values of starch-polvethvlene plastic
stnps and our resu! were in accordance with that However, the bacterium
Paenibacillus polymi:xa isolated from the compost showed higher reduction in
elongation percent ( 85.5% as mn 3% com starch-polyethylene plastic films )
compared with the bactenum Pseudomonas stutzeri (78.8% as m 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% nce starch in compost sample. or with 10% potato starch in sediment
sample treatments. The possible explanation for this unexpected behavior is that
the removal of starch granules promotes a slippage of polyethylene strands past
each other, thus elongation mav occured Also, the vanation in the results of
tensile strength or elongation percent may be due to the heterogeneity in starch
granules distnbution or to instrument malfunctions (Yabannavar 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 bactena to plasnc films
and thus increase the susceptibility of the polymer to microbial attack (Cacciari,
et al., 1991. Imam and Gould, 1990). So, 1t 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 i the elongation
percent and the tensile strength of the tested polyethylene plastic films.

In conclusion. results obtamed in this studv clearlv indicated that the addition
of 3.0% comn starch or 30 % potato starch in manufacturing of the used
polyethylene plastic strips will enhance the biodegradation of these plastic
types, by Paenibacillus polymyxa 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
mvolved m the biodegradation process. also the adhesion percent of these
degrading bacteria on the tested plastic films could be determined .
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