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Bacterial isolates degrading acylated cornstarch-plastic in soil
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Abstract: Among 13 bacterial isolates from physicochemically
different soil samples, eight strains identified as A/laligens sp.,
Bacillus sp., Acinetobacter sp., Psendomonas sp., Arthrobacter sp.
and Acetobacter sp. showed a significant (p<0.05) degradation of
a novel biodegradable acylated cornstarch-plastic in pure cul-
tures. The culture medium contained plastic powder as the sole
carbon source. The degradation was determined by the amount
of starch and glucose produced after one and two weeks of incu-
The study revealed the presence of plastic
degrading bacteria in a variety of soil types, and also the ability
of plastic degradation of the isclates in soil types collected in Sri
Lanka and Japan.

bation respectively.
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INTRODUCTION

Accumulation of plastic as waste material has become a major
environmental problem. Disposable plastics such as wraps,
shopping bags, cups, plates, and packaging materials
contribute significantly for the plastic waste in the
environment. Petrochemically derived plastic has become a
pollutant because of their non-biodegradability and nature
of remaining for a long time in the environment. Despite
these problems, plastics have become indispensable in the
modern world due to its versatility and cost effectiveness.
The annual consumption of plastic products in Sti Lanka is
around 5.0 kg per capita and is expected to rise to 12.7 kg in
2010.! The plastic content in Colombo municipal waste alone
amounts about 1260 tonnes a month.?

Development of biodegradable plastics is being
extensively promoted as one of the solutions to the plastic
waste crisis. An effective degradable plastic must possess
all of the physical properties expected by the consumer and
then when placed in the environment, should degrade more
rapidly than conventional plastics. Bacterial polyesters such
as polyhydroxy butyrates and polyhydroxy valerates are
considered as biodegradable and are used in the producton

of biodegradable plastics. Bacteria and fungi that degrade these
plastic products were isolated from a wide variety of
environments.> * Plastics like Polylacticacid, poly € -
caprolactone , and polytetramethylene succninate, produced
by bacterial fermentation of agricultural waste products such
as potato peels are considered as biodegradable.®® The
disadvantage of these biodegradables is that they cannot
replace current polyethylene and polypropylene plastics due
to their high production cost.

Natural polymers such as cellulose and starch ate
being used to render biodegradable properties to plastics.”
But to achieve adequate biodegradation of the
copolymer, the level of natural polymer should be
30-50%. ® At this high level of natural polymer the loss
of tensile strength is evident. Research on cornstarch
based biodegradable plastic is increasing from tecent
years.”!! Since it has very good thermoplastic properties
it can be turned into a plastic with less effort. But in all
these plastics the incorporated starch has been either
blended with other polymers or processed and casted
into films in a way to make it biodegradable.

However, in the biodegradable plastic subjected to
the present study, the starch polymer itself has been
modified and turned into a plastic. Modification has
been done by acylation with acetic acid and lawric acid.
The degradation of different compositions of this
particular modified plastic in physicochemically
different soil types collected in Japan and the impacts
of the repeated use of a mulch film of this plastic on soil
microflora were assessed in our previous studies.’'
Several micro-organisms grown on this plastic were also
isolated from plastic debtis collected from soil

In the present study, we report the ptesence of
bacteria that degrade this particular plastic in Sti Lankan
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soils, and the properties of plastic degradability by these
bacteria in comparison with some bacteria isolated from
Japanese soils during eatlier studies.

METHODS AND MATERIALS

The biodegradable plastic used in this study was
synthesized from cornstarch by Japan Corn Starch
Company limited, Nagoya, Japan. Cornstarch was
modified by acylation through substitution (75%) by
acetic (2 C) and lawrtic acids (12 C). The modified crude
comnstarch powder without the addition of plasticizets
and other pigmenting agents was used in this study.

Soil samples were collected from two plastic
dumping sites at Ambalangoda (soil A) and Kelaniya
(soil K) in Sti Lanka. Both samples wete sieved through
2 mm sieves to remove gravel and organic debris and
incubated at room temperature (30°C) for 3 d ptior to
the experiment. The pH, Organic matter content and
the texture of soil A and soil K respectively are 6.8,
0.8%, sandy clay loam and 7.2, 0.6%, sandy loam.

Five grams of each soil were added into separate
flasks containing 50 mL of autoclaved liquid mineral
medium prepared according to the protocol reported
eatlier, '* with some modifications by supplementing
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with 1% (w/v) plastic powdet. The flasks were incubated
on a shaker at 100 rpm at 30 °C. After every 2 wks, 1 ml,
of the culture was transferred into new flasks containing
the same medium. The plastic powder was sterilized
with 6% H,0O,, followed by three setial washings with
sterilized distilled water, before adding into the medium.
After 6 wks, 1 mL sample of each culture was plated on
mineral agar supplemented with starch plastic powder.

Five bacterial strains that were isolated from the
enrichment cultures and cight bacterial isolates from a
previous study done by burying the same acylated
cornstarch-plastic films in two types of soil, 2 sandy clay
loam with a pH of 6.4 and an otganic matter content of
0.5%, and a volcanic andosol with a pH of 6.0 and an
organic matter content of 5.2%, collected from Japan,
were tested for their degradability. The bacteria were
grown in 1% nutrient broth for 2 d and centrifuged at
12000 g for 5 min to get a pellet of the cells. The pellets
were washed with sterilized distilled water and three
loops of each bacterial culture were transferred into a
tube containing 3 mL of sterilized distilled water and
votexed. Each culture suspension was adjusted into equal
tutbidity, so that the inoculum contains approximately
equal number of bactetial cells. One mililitre of each
culture suspension was inoculated into flasks containing
50 mL of 0.1% plastic supplemented mineral medium,

Table 1: Starch and glucose production in culture media inoculated with bactetia

Bacterial Strain Country isolated Starch (g/100mL) Glucose’ (mM)
(M*SE) (M=SE)
Arthrobacter sp. (B26) Japan 0.24 ih *, 005 7.12 a.t 095
Baciflus sp. (EB3) Sri Lanka 0.34 cbx .003 6.95 at 017
Alcaligens sp. (EB2) - 0.31 ced* .002 6.40 at 083
Acetobacter sp. (EA2) » 0.35 bt .003 5.26 bx .192
Pseudomonas sp. (NB1) » 0.33 cbdx .003 5.18 bt .221
Acenitobacter sp. (M2) Japan 0.30 fget .005 5.13 bt .019
Acetobacter sp. (M6) » 0.28 fge * .005 4.75 bt .055
Arthrobacter sp. (M4) » 0.32cbd + .009 3.31 ¢t .024
B30 » 0.27 fgh +. 005 2.37 d£ .035
M7 » 0.42 at .008 213 d+ 011
B27 » 0.28 fgeht .003 1.63 dx .017
Mi » 0.27 gh £ .003 0.23 et .035
- B12 » 0.23 ij +. 003 0.14 et 019
CTL 0.20 j = .006 0.81 et .003
LSD (e = 0.05) 0.0343 0.7887
CV (%) 6.89 13.15

Means followed by the same letter are not significantly different at 5% probability level.

NI = Not identified.
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and incubated in a shaker at 100 rpm and at 30° C for 2
wks.

After 1 wk of incubation, the amount of starch
present in the culture medium was determined by mixing
a 3 mL sample of each culture with 0.2 mL of KI/I
solution. Absorbance was measured at 620 nm using a
spectrophotometer. The starch content was calculated
standard plotted with known
concentrations of starch solutions.

using a curve

The amount of glucose present in the culture
medium was determined after 2 wks of incubation by
dinitrosalicylic colorimetric method, '* where 3 mL of
3, 5, dinitrosalicylic acid reagent was added to 3 mL of
each culture, and the tubes containing the mixture was
heated for 15 min at 90° C until the red brown colour
developed. After cooling, 40% potassium sodium
tartrate was added and the absorbance was measured at
575 nm.

Eight bacterial strains that showed significandy high
capability of degrading the plastic were identified by
morphological and biochemical charactetistics using 2
bacteriological key according to the Bergey’s manual.'®All the
assessments were done in triplicate samples in the completely
randomized design, and data were analyzed by one way
ANOVA, SAS (1999). Means were separated using least
significant difference (LSD) at p<0.05.

RESULTS AND DISCUSSION

As shown in the Table 1 among the 13 bacterial
isolates, 8 strains produced a significantly high level of
glucose in the culture medium after two weeks compared
This revealed that the
bacterial isolates possess the enzyme systems that can

with the uninoculated control.

degrade this acylated starch-plastic into glucose. The
rates of glucose production of the strains (degradation)
wete in the following order; B26>EB3>EB2>EA2>
NB1>M2>M6>M4>B30.

Very little is currently known about the interactions
of amylolitic bacteria and starch containing plastics. Im
am and Gould" reported about an Arthrobacter sp. with
high amylase activity that degrade more than 80% of the
starch within 30 days from starch-polymethylacrylic
gtaft polymers and starch polyethylene-coacrylic
plastics. In the present study, the bacterial strains B26
and M2 that showed the highest and substantial glucose
production respectively were identified to be
Arthrobacter sp.
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It appears that in bioplastics, high levels of starch in
polymer blends tend to deteriorate physical properties of
the plastic, and on the other hand, when the starch
volume is lower, the plastic shows resistance to
degradation. However, the modified starch plastic in
this study is advantageous, because it is purely cornstarch
and the percentage of acylation can be altered in order
to achieve required physical strength.!?

Starch is a possible intermediate product of the
process of degradation of this plastic, because once the
ester bonds between the hydroxyl moieties of the
amylase and the carboxylic moieties of the fatty acids
(acetic and lawric acids) are digested, starch and fatty
acids could be released. As presented in Table 1, the
rates of degradation of the plastic by the strains into
starch at a significant level were in the following order;
M7>EA2> EB3> NB1> M4> EB2>M2>M6>
B27>B30>M1. When these results are compared with
the results of glucose production assay, it reveals that
the mechanisms of degradation are different between
the bacterial isolates. The highest level of starch was
detected in the tube containing the strain M7, which on
the other hand gave a comparatively low glucose
production. The strain B26 that produced the highest
level of glucose showed a very low amount of starch in
the cultute medium after one week. Thus, it can be
assumed that the degraders of this plastic produce
esterases that cleave the ester bond between the starch
polymer and fatty acids, and then the enzymes amylases
and lipases act on the amylose and fatty acids
respectively and break them down to glucose. A
Psendomonas sp. and Variovorax sp. in a similar study
degraded a biodegradable polyhexamehtylene carbonate
plastic by secreting lipolytic enzymes.'® The bacterium
Lactobacillus amylovorus, isolated from a corn waste
fermentation secreted amylases that degrade starch
granules in a starch —plastic blend.!’

The behaviour of B26, and M7 can be explained in
two ways. The strain B26 could have cither rapidly
degraded all the starch produced as an intermediate
product or produced glucose in an alternative pathway
where starch is not involved as an intermediatory
product. In contrast, the strain M7 could have lacked or
had very low amylase enzyme activity, but possessed
high esterase activity so that it could cleave the ester
bonds between the fatty acids and amylase molecule in
the plastic. With respect to glucose production the
strains EB2 and EB3 are also not significantly different
from the strain B26, and the starch production of these
strains also substantial. Therefore it can be proposed
that in addition to amylase activity the enzymes esterase
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and lipase could be considerably active in the strains
EB2 and EB3. '

The strain EA2, the strains EB2, EB3, and NB1 were
isolated by enrichment of the culture medium with
plastic from two different soil types, soil A and soil K
collected from two areas in Sri Lanka; Ambalangoda
and Kelaniya respectively. The strains B12, B26, B27,
B30 and the strains M1, M2, M4, M7 wete isolated from
two different types of soil from two different places in
Japan using partially degrading plastic films butied in
soil. The results in this study suggest that the bactetia
isolated in entrichment cultures are capable of high rates
of degradation when compared to those isolated directly
from degrading plastic films.

However, strains B26, M2, M6, M4 and M7 show
evidence of the existence of better degraders of this plastic
in Japanese soils. The results also reveal the presence of
bacteria that degrade this plastic in a variety of
physicochemically different soil types regardless of the
locations from where the soil samples are collected.
Nevertheless, the performance of the strains B26, EB2, EB3
and M7 is interesting and further research is required
for proper understanding of their behaviour in the
degradation of this plastic.

Acknowledgement
The authors gratefully acknowledge Prof. D. M. Sirisena for

providing facilities to carty out this research in the
Department of Botany, University of Kelaniya.

References

1.  Plastic waste management policies and status of recycling in
Sri Lanka (2001). International conference on plastic waste
management and environment. 15-16 March, India.

2.  Ministry of Forestry and Environment (1999). Database of
municipal waste in Sri Lanka. Ministry of Forestry and
Environment, Battaramulla.

3. Mergaert ]. & Swings J. (1996). Biodiversity of microorganisms
that degrade bacterial and synthetic polyesters. Journal of
Industrial Microbiology 17: 463-469.

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

W.Chrishanthi Fernando et al.

Matavulj M. & Molitoris H.P. (1992). Fungal degradation of
polyhydroxyalkanoates and a semiquantitave assay for
screening their degradation by terrestrial fungl. FEMS
(Federation of European Microbiological Sovieties) Microbiology
Reviews 103: 323-332.

Pranamuda H., Tokiwa Y. & Tanaka H. (1997). Polylactide
degradation by an Amycolatopsis sp. Applied and Environmental
Microbiolsgy 63: 1637-1640.

Pranamuda H., Tokiwa Y. & Tanaka H. (1995). Microbial
degradation of an aliphatic polyester with a high melting
point, polytetram ethylene succinate. Applied and Environmental
Microbiology 61: 1828-1832.

Roper H. & Koch H. (1990). 'The role of starch in biodegradable
thermoplastic materials. Starch/ Starke 42(4): 123-130.
Lawton J.W. & Fanta G.H. (1994). Glycerol plasticized films
prepared from starch poly(vinyl alcohol) mixtures: effect of
polyethylene-co-acrylic acid. Carbobydrate Polymers 23: 275-
280.

Otey F.H. & Mark A.M. (1976). Degradable starch-based
agricultural mulch film, U.S. Patent 3, 949,145,

Griffin G.J.L. (1977). Biodegradable synthetic resin sheet
material containing starch and a fatty acid. U.S. Patent 4016,117 17.
Otey F.H. & Westhoff R.P. (1982). Biodegtadable starch-
based blown films, U.S. Pasent 4,337,181.

Fernando W.C., Suyama $., Itho K., Tanaka H. & Yamamoto
H. (2002). Biodegradability of acylated starch-plastic in four
types of soils. Environmental Science 15: 95-102.

Fernando W. C., Suyama S., Itho K., Tanaka H. & Yamamoto
H. (2002). Degradation of an acylated starch-plastic mulch
film in soil and impact on soil microflora, Soi/ Science and
Plant Nutrition 48: 701-709.

Suyama T., Hosoya H. & Tokiwa Y. (1998). Bacterial isolates
degrading aliphatic polycarbonates. FEMS (Federation of
European Microbiological Societies) Microbiology Letters 161: 255-
261.

Miller G. L. (1959). Use of dinitrosalicylic acid reagent for
determination of reducing sugat. Anafytical Chemistry 31:
426-428.

Bergey’s manual of systematic bacteriology Vol 1 and 2. (1984).
(Eds. J. G. Hold & N.R. Krieg.) Williams and Wilkins.
Baltimore.

Imam S.H. & Gould J. M. (1990). Adhesion of an amylolitic
Arthrobacter sp. to starch containing plastic films. Applied
Environmental Microbiology 56: 827-876.

Lee B., Pometto 111 A F., & Baily T. J. R. ( 1991). Biodegr-
adation of degradable plastic polyethylene by Phanerochaete
and Strepromyces sp. Applied and Enviromental Microbiology
57: 678-685.

Burgess-Cassler A., Imam S. H. & Gould J. M. (1991). High
molecular weight amylase activities from bacteria degrading
starchplastic films. Applied and Environmental Microbiology
57: 612-614.

September 2006

Journal of the National Science Foundation of Sri Lanka 34(3)



