
Journal of King Saud University – Science 33 (2021) 101362
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Review
Microbial degradation of plastics: Sustainable approach to tackling
environmental threats facing big cities of the future
https://doi.org/10.1016/j.jksus.2021.101362
1018-3647/� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: mushahid@ksu.edu.sa (S. Mahboob).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
S. Venkatesh a, Shahid Mahboob b,⇑, Marimuthu Govindarajan c,d, Khalid A. Al-Ghanimb, Zubair Ahmed b,
Norah Al-Mulhmb, R. Gayathri a, S. Vijayalakshmi a

aCO2 Research and Green Technologies Centre, VIT University, Vellore 14, India
bDepartment of Zoology, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
cUnit of Vector Control, Phytochemistry and Nanotechnology, Department of Zoology, Annamalai University, Annamalainagar 608 002, Tamil Nadu, India
dUnit of Natural Products and Nanotechnology, Department of Zoology, Government College for Women (Autonomous), Kumbakonam 612 001, Tamil Nadu, India
a r t i c l e i n f o

Article history:
Received 21 December 2020
Revised 14 January 2021
Accepted 28 January 2021
Available online 10 February 2021

Keywords:
Microorganisms
Decomposition
Bioplastic
Solid wastes
a b s t r a c t

Most microorganisms are used as a foundation of bioplastic production and also used for the decompo-
sition of plastics. Although bioplastics production is considered expensive than artificial plastic, it has
many advantages over them. Some bio-polymers have also gained public acceptance and are now being
produced. The useful breakdown of plastic bags takes more than a thousand years. For the decomposition
of plastics, microorganisms should be calculated extensively so that solid wastes can be decomposed.
Thus, microbes have been played an important role in decompose as well as the production of plastics.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Plastic usage has transformed our life in various ways. The pro-
duction and utilization of plastics are always increasing due to the
rising demand. They are inexpensive, strong, lightweight,
corrosion-resistant, duration and electrical insulation properties
and have high thermal (Aruna and Shanthi, 2015). Five hundred
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billion to one trillion/annum PE (polythene) covers have been under
regular use worldwide. The useful breakdown of plastic bags takes
more than a thousand years. Plastic causes global warming and pol-
lution not only as a major issue of waste disposal but then also
releases dioxides and CO2 while burning (Swapnil et al., 2015).

Microplastic is being formed due to the photodegradation of large
plastic by the sunlight, converting it to be even toxic, thereby contam-
inating the sand and water. It can be accidentally be consumed (both
micro/macro forms) by the terrestrial and aquatic animals and enter
the food chain/web. Especially microplastic has become a mandatory
product in the food chain of marine biota nowadays (Denuncio et al.,
2011). In the aquatic ecosystem, PE waste is the principal risk factor
for marine animals. It causes abdominal obstruction in the fishes, birds
and other aquatic and terrestrial animals (Spear et al., 1995; Secchi and
Zarzur, l999). As per the report of Coe and Rogers (1997), plastic con-
taminants dumped in the aquatic environment affect at least 276 spe-
cies, including all animals, especially 44% of seabirds and 86% of sea
turtles. The postpartum of the dead terrestrial animals, have been
reported to have PE carry bags in the intestine (Ghosh and Singh,
2005), which is considered to be a major root cause for its death. This
PE has blocked the entire alimentary canal and its secondary toxin and
intermediate digestive products of the PE. The undigested PE has been
the major cause of problems in various animals (Ghosh and Singh,
2005). It has been reported that the PE obstructed digestive function,
such as fermentation via blocking the other components from blending
with digestive enzymes and juices, resulting in indigestion (Hartman,
1975). The blockage of the opening between the reticulum and oma-
sum due to the obstruction of PE becomes highly fatal for the animal,
if the PE is not being removed (Smith, 1964).

The digestive salts react with the PE and form complexes that
obstruct the digestive tract’s food passage, leading to irritation in
the rumen and pain due to immunosuppression (Derraik, 2002).
The plastic accumulated in the alimentary canal reduced the
immunity and led to secondary infection such as hemorrhagic sep-
ticemia in the dead cow. At a global scale, nearly 10% of the Munic-
ipal Waste contains used plastic covers and materials (Barnes et al.,
2009). Based on a survey, every year, 100,000 tons of plastic prod-
ucts have been dumped into the oceans, sea and aquatic environ-
ment, resulting in various animals death (Rutkowska et al.,
2002). During the biodegradation of plastic, the plastic it enters
into the food chain and produces secondary toxic material and tox-
ins, which is fatal for aquatic animals.

Natural decomposition is a common phenomenon in which com-
plex organic matter is transformed into a simple organic substance
by living organisms, especially microbes. The microorganism obtains
nutrients from the plastic via the enzymatic degradation process.
Plastic waste serves as the source of energy and carbon required
for their growth and development. It is a key part of recycling mate-
rials by the natural ecosystem (Joel, 1995). The plastic materials can
be degraded either under anaerobic or aerobic conditions. Aerobic
bacteria utilize O2 as an electron acceptor and break down the com-
plex organic chemicals into simpler forms, often producing CO2 and
water as the end product (Seymour, 1989). Aerobic and anaerobic
decomposition act as a major environmental component for the nat-
ural remediation of contaminants at many harmful waste sites. In
anaerobic decomposition, the microbial mechanism degrades the
organic pollutants without the involvement of O2. Certain anaerobic
bacteria involve carbon dioxide, manganese, sulphate, iron, nitrate,
organic chemicals during the degradation process as electron accep-
tors to form simple products (Datta et al., 1998).
2. Available methods for study of plastic biodegradation

Polymer degradation is defined as any alteration in its physical
or chemical properties due to environmental factors, including
2

light, heat and moisture, or biological activity (Pospisil and
Nespurek, 1997). There are three types of polymer degradation
methods, photodegradation, thermo-oxidative degradation and
biodegradation based upon the factors involved (Shah et al., 2008).

Rutkowska et al. (2002) reported that microorganisms such as
bacteria, fungi, and algae could degrade polymer materials through
their metabolic activity, the so-called ‘‘biodegradation,” without
the involvement of heat energy under aerobic or anaerobic condi-
tions. In the aerobic biodegradation, the end products produced
were CO2 and H2O in the soil composite method. The anaerobic
biodegradation of landfills and sediments includes methane, H2O
and CO2 as the end products. Usually, it is a complex process to
produce water and CO2 from the long-chain polymer, which needs
various steps and different microbial activity. In each step, a partic-
ular microbial community will break the polymer into granules
and the others will utilize the monomers and excrete them. The
microbial community of the detritus food chain utilizes the
excreted waste. It is an eco-friendly, cost-effective, globally
accepted method, however, the efficiency is moderate. (Shah
et al., 2008). A study in the biodegradation of three types of PE
carry bags have been experimentally tested in aquatic ecosystem.
Ordinary polythene, along with two other types of plastic carry
bags, were subjected for degradation and found that 2% of degrada-
tion at the surface of the biodegradable polythene carry bags have
been reported after forty weeks under experimental conditions.
The degradation of standard polythene was reported to be negligi-
ble (O’Brine and Thompson, 2010).
3. Plastic degradation by bacteria and fungi

There were various reports available on polytene degradation
by microbe (Table. 1). Aswale and Ade (2008) reported the
biodegradation of carry bags. Bacterial isolates from the dumping
areas was used and tested for the characterization of tensile
strength, surface corrosion, percentage of weight are the parame-
ters analyzed. The sample exposed under the experimental condi-
tion for three months with regular shivering of the polythene discs
showed surface corrosion, reduction in tensile strength, and a max-
imum rate of 12.5% of weight loss by Pseudomonas sp. and Bacillus
cereus were the two strains identified using biochemical tests and
morphological keys, actively involved in this degradation experi-
ment. Biodegradation of degradable plastic polyethylene by fungi
Phanerochaete and bacteria Streptomyces species have been
reported by Lee et al., 1991. The methods used for testing plastic
degradation are molecular weight distribution, weight loss, change
in tensile strength and changes in percentage of elongation. The
type of microorganism used was lignocellulose degrading fungal
and bacterial strains. The fungi Phanerochaete chrysosporium and
bacterial strains including Streptomyces, S. setonii 75Vi2 and Viri-
dosporus T7A, S. badius 252 actively degraded the test sample with
50% reduction in tensile strength. The initial test sample contained
6% starch and pro-oxidant, which facilitated the degradation
process.

Priyanka and Archana (2011) evaluating the biodegradation
potential of microbial isolates obtained from various soil sources,
such as agricultural, sludge zone, energy park, sewage water,
medicinal garden etc. The experimental sample used for analysis
was plastic cups and polythene bags, which was incubated with
fungal and bacterial strains for 31 days. The maximum biodegrada-
tion rate shown was 12.25% and 12.5% by the fungal strain Asper-
gillus niger and Streptococcus lactis bacteria respectively. Other
microbes such as Pseudomonas, Aspergillus nidulance, Bacillus sub-
tilis, Proteus vulgaris, Staphylococcus aureus, Aspergillus niger, Strep-
tococcus lactis, Aspergillus glaucus, Aspergillus flavus, Penicillium,
Micrococcus luteus also showed the potency for degrading the plas-



Table 1
Microbial degradation of polyethene.

Sl.
No.

Polythene Tested Parameters checked Microbes/ enzymes used for degradation References

1. Carry bags Tensile strength, surface
corrosion, weight percentage

Pseudomonas sp; Bacillus cereus Aswale and Ade,
2008

2. Biodegradable plastic with
starch and pro-oxidant

Molecular weight distribution,
weight loss, tensile strength,
elongation percentage

Streptomyces;Phanerochaete chrysosporium; S. setonii 75Vi2;
Viridosporus T7A; S. badius 252,

Lee et al., 1991

3. Plastic cups and polythene bags Loss of weight Pseudomonas; A.nidulance; B.subtilis; P.vulgaris; S.aureus; A.niger; S.
lactis; A.glaucus; A.flavus; Penicillium; M. luteus

Priyanka and
Archana, 2011

4. Branched low density
polyethylene

Gravimetric and molecular
weight loss

B.borstelensis strain 707 Hadad et al., 2005

6 Powdered form of low density
polyethylene

Sturm test and SEM analysis. Aspergillus sp; Aspergillus versicolor Pramila and
Vijaya Ramesh,
2011

7 Low density polythene films Weight measurements, Tensile
strength, SEM, FTIR, GC-MS

P.aeruginosa; P.putida; P.syringae Kyaw et al., 2012

8 Linear low density polyethylene
torque blended using starch

SEM, DSC, TGA, FTIR
spectroscopy, loss in weight.

P.funiculosum; G.virens; P.pullulans; A.niger; C.globosum Gilan et al., 2004

9 Low Density Polythene and
LinearLow Density Polythene

GC-MS and FTIR B. megaterium; Brevibacillus; B.cereus; B. subtilis Abrusci et al.,
2011

11 Branched Low Density
polyethylene

FTIR, SEM, Average Weight loss. Rhodococcus ruber C208 Chandra and
Rustgi, 1997

12 LDPE, HDPE and LLDPE with a
balanced contented of
antioxidants and pro oxidants

FTIR, H NMR, SEM Rhodococcus rhodochrous ATCC 29,672 Fontanella et al.,
2009

14 HDPE and LDPE Average heaviness Listeria; Bacillus; Micrococcus; Vibrio Kumar et al., 2007
16 PE carry bags Loss of weight Serretia marscence Aswale and Ade,

2009
17 Low density polythene Percentage elongation, FTIR,

Tensile strength, SEM, Weight
loss and spectroscopy,

Aspergillus oryzae Konduri et al.,
2011

18 Commercial environmentaly
degradable polythene

Epifluorescence microscopy, SEM
and FTIR

Cladosporium cladosporides ATCC 20251; Nocardia steroids GK 911;
Rhodococus rhodocorous ATCC 29,672

Bonhomme et al.,
2003

19 Extruded low density
polyethylene (LDPE)

FTIR and SEM Staphylococcus epidermis Chatterjee et al.,
2010

20 High density polyethylene
(HDPE)

Loss of weight, Crystallinity
percentage and FTIR

Arthrobacter; Pseudomonas sp Balasubramanian
et al., 2010

21 PE carry bags and cups Tensile strength and Weight loss Bacillus; Staphylococcus; Streptococuus;, Diplococcus; Micrococcus;
Pseudomonas; Moraxella; A. ornatus; A. nidulans; A. flavus, A.
candidus, A. cremeus, fungi (Aspergillus niger & A. glaucus

Reddy, 2008

22 BPE 10 & Low density polythene
and

Elongation prcentage, Tensile
strength, FTIR, SEM, Surface
energy, and Contact angle.

Bacillus cereus (C1) Suresh et al., 2011

23 Polyethylene bag waste and
water sachets

Weight loss percentage Aspergillus niger; Pseudomonas putida; Bacillus subtilis; Pseudomonas
aeruginosa

Nwachukwu
et al., 2010

24 Disposable plastic films Tensile strength, Percentage of
elongation and Average weight
loss

M. rouxii NRRL 1835; Streptomyces strains; Aspergillus flavus El-Shafei et al.,
1998

25 Plastic cups and bags. Weight loss Streptococcus; Staphylococcus; Moraxella; Micrococcus; Pseudomonas;
A. glaucus; A. niger

Kathiresan, 2003

26 High molecular weight
polyethylene

Tensile strength, Relative
elongation

Trametes versicolor IFO 7043 and IZU-15413; Phanerochaete
chrysosporium ME-446

Iiyoshi et al., 1998

27 Degradable polyethylene Strum test and Percentage of
weight loss.

Bacillus mycoides; Penicillium frequentans Seneviratne et al.,
2006

28 Plastic carry bags Loss of weight Aspergillus niger Aswale and Ade,
2011

29 Starch polyethyleneprooxidant
degradable plastics

Mechanical properties, molecular
weight distribution and FTIR

Streptomyces setonii 75Vi2; Streptomyces badius 252; Streptomyces
viridosporus T7A

Pometto et al.,
1992

30 LDPE powder Loss of weight Streptomyces KU1; Streptomyces KU8; Streptomyces KU6;
Streptomyces KU5; Pseudomonas sp; Bacillus sp; Staphylococcus sp; A.
flavus; Aspergillus nidulans

Usha et al., 2011

31 PE carry bags FTIR, GC-MS, TLC and Weight
loss.

B.cereus; S.marcescens, P.aeruginosa; S.aureus B-324; A.glaucus;
M.lylae B-429; A.niger; P.chrysosporium; P.ostretus

Aswale, 2010

32 Ordinary polyethylene
(vegetable starch 6%) and
artificial polyethylene

Weight loss Pseudomonas spp. Nanda et al., 2010

33 HDPE flims Elongation, FTIR, Tensile strength,
Elongation break.

A.oryzae; A. niger; A.flavus Konduri et al.,
2010

34 Powdered Low Density
Polythene

XRD, DSC, SEM and FTIR Penicillium pinophilum; A.niger Volke-Sepulveda
et al., 2002
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tic cups and polythene bag. Biochemical and morphological tests
were used for the identification of microbial strains. The rate of
biodegradation has been evaluated using the loss of the weight
method. The bacterial strain Brevibaccillus borstelensis 707 was iso-
3

lated from bare soil, had been experimentally reported for its
active degradation of branched low-density polyethylene 0.92
gcm�3. It has been reported that the rate of biodegradation was
found to be 11% in gravimetric and 30% in molecular weight loss
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methods. The rate of biodegradation was calculated using the
gravimetric, molecular weight-loss method and FTIR analysis
(Hadad et al., 2005).

Rutkowska et al, 2002 investigated the biodegradation potency
of microbial isolates from the Baltic sea and tested with various
polymers. Samples include clear polyethylene with 5% of starch,
modified polyethylene films containing 8% and polyethylene with
20% pro-degradant additives. Tensile strength, change in weight
and morphology of polymer were the methods used for evaluating
the rate of biodegradation. The samples were incubated in the Bal-
tic Sea water for 20 months. The polyethylene blends showed only
minimal degradation during the summer and winter. Around 26%
of biodegradation has been reported for polyethylene with the
additive during summer which was calculated by weight loss
method. Pramila and Ramesh (2011) reported the biodegradation
of powdered form of the low-density polyethylene (LPDE) using
Aspergillus sp. and Aspergillus versicolor, which was analysed in
SEM and sturm test to calculate the rate of biodegradation by the
volume of CO2 release and found to be maximum of 4.1594 g
CO2/l/week. Low-density polythene (LDPE) films biodegradation
have been reported by Kyaw et al., 2012 and tested for weight
measurements, testing of tensile strength, scanning based on elec-
tron microscope analysis, FTIR-ATR spectrophotometer, and gc-ms
for calculating biodegradation rate. Four bacterial strains including
Pseudomonas aeruginosa, PAO1 (ATCC 15729) Pseudomonas aerugi-
nosa, (KT2440 ATCC 47054) Pseudomonas putida and (DC3000 ATCC
10862) Pseudomonas syringae showed 20% biodegradation rate for
the LDPE sample.

Linear low density polyethylene torque blended using starch
was inoculated with various microbial strains such as Penicilliurn
funiculosum, Gliocladiurn virens and Pullularia pullulans, Aspergillus
niger, Chaetomium globosum SEM, DSC, TGA, FTIR spectroscopy, loss
in weight are the techniques for calculation of the biodegradation
rate. It has been identified that the presence of starch content in
the sample polymer is highly responsible for its decomposition
by microbial consortia. The rate of degradation is directly propor-
tional to the starch content in the mixture. Therefore, the higher
the starch content, the greater will be the degree of degradation
(Gilan et al., 2004). The biodegradation potency of the following
strains such as Bacillus cereus, B. subtilis, B. megaterium, borstelensis,
and Brevibacillus have been evaluated by Abrusci et al., 2011. The
sample includes Low-Density Polythene and Linear Low-Density
Polythene. The polythene films were sprinkled in agricultural fields
for the segregation of microbes after 30 days. Polythene films with
Fe stearate (75–85%) and Ca stearate (31–67%) at 45 �C indicated a
reduction in carbonyl groups. The Rhodococcus ruber (C208)
showed 7.5% of biodegradation in the branched low density poly-
ethylene (0.92 gcm�3) after incubating for about 8 weeks. The
films were analysed by using SEM, loss of weight, extracellular pro-
tein formation and polysaccharide in biofilm. Another study with
Rhodococcus ruber C208 showed active biodegradation of branched
low density polyethylene at a rate of 8% after incubating for 28 days
and analysed in FTIR, scanning electron microscopy and loss of
weight for calculating the biodegradation rate (Chandra and
Rustgi, 1997).

Fontanella et al. (2009), conducted an experiment to evaluate
the biodegradation rate of the different polymer samples such as
LDPE, HDPE and LLDPE with a balanced content of antioxidants
and pro-oxidants. Polymer samples were incubated with Rhodococ-
cus rhodochrous ATCC 29,672 and Pseudomonas stutzeri for 45 days
and analysed in FTIR, SEC measurements, HNMR spectroscopy,
SEM, elongation, extension percentage after incubation to estimate
the rate of biodegradation. The rate of biodegradation is highly
depend on pro-oxidant additive and ecology conditions. The poly-
mers such as LDPE (Low-density polythene) and PE (polythene)
were degraded by Pseudomonas stutzeri. The PE elongation change
4

had been recorded at regular intervals of 15, 30 and 45 days with
an elongation rates of 1.8 cm in 30 days and a maximum rate of
73.38% in 45 days. The modification in the tensile strength was
recorded to be 0.01 N/cm2. An experiment conducted by Kumar
et al., 2007, involved in degrading the polymers HDPE and LDPE.
Soil samples from Suva, Fiji Islands were used for the isolation of
microbial consortium used in polymer degradation such as Listeria,
Bacillus, Micrococcus, and Vibrio showed 5% biodegradation rate.
Average heaviness analysis were used for the calculation of
biodegradation rate.

A study to bioremediate the plastic waste in municipal solid
waste were done by isolating the microbe from the soil samples
collected fro municipal solid waste compost. From which, 250
strains were isolated and screened for plastic degradation and
found that the fungi Trichoderma viride showed active bioremedia-
tion potential. The fungal strain was incubated for a period of
60 days and analysed for average weight loss and the strain was
identified by using biochemical and morphological tests. Produc-
tion of cellulose enzyme and loss of weight were the parameters
used for calculating the bioremediation rate and found to have
weight loss of 20.10% and 33.35% with plastic plates and 33.35%
with compost pile.

An experiment with PE carry bags have been conducted by
Aswale and Ade (2009). PE carry bags have been collected from
dumping sites and incubated with Serretia marscence and found
to have 22.22% degradation potential. The carry bags with S.-
marscence was incubated at 24�C with pH 4.0. and incubated in
shaking condition. Weight loss was analysed to determine the
biodegradation efficiency. Another experiment with LDPE was con-
ducted by Konduri et al, in the year 2011 and found that Aspergillus
oryzae has the capability to degrade LDPE with a molecular weight
of 1,80,000 Da. The parameters analysed after degradation experi-
ments were elongation percentage, FTIR, tensile strength, SEM and
weight loss. The tensile strength, weight loss and percentage elon-
gation was found to be 51%, 47.2% and 62% respectiviely after
90 days of incubation. Sample were exposed to UV radiation and
manganese stirrer treatments before inoculation.

Microbe such as Cladosporium cladosporides ATCC 20,251 and
Nocardia steroids GK 911 and Rhodococus rhodocorous ATCC
29,672 showed biodegradation of commercially produced
biodegradable polythene after incubating for a period of 243 days
(Bonhomme et al., 2003). Staphylococcus epidermis enzymatically
degraded the low-density polyethylene (LDPE) of 20 mm thickness.
Extracellular enzymes secreted by the bacteria were responsible
for the biodegradation process and causes enzymatic breakdown
results in the creation of holes in the shredded polythene samples
which was identified in SEM and FTIR analysis (Chatterjee et al.,
2010). Commercially available High-density polyethylene (HDPE)
was actively degraded by Arthrobacter sp. and Pseudomonas species.
Samples were collected from polythene dumping sites and incu-
bated with the selected microbe for about 30 days and character-
ized for weight loss, crystallinity percentage and in FTIR. The
Biodegradation capability of Arthrobacter sp. and Pseudomonas sp
were found to be 12% and 15% respectively (Balasubramanian
et al., 2010).

A study to degrade the PE carry bags and cups were conducted
in the year 2008. Two different samples were used in this experi-
ment. 1. The sample polythene strips were buried in the soil of
the MSW pile. 2. Naturally dumped polythene cups and carry bags
were collected and buried at the onsite municipal composite. A
microbial consortia includes the bacterial strains such as Bacillus
sp., Staphylococcus sp., Streptococcus sp., Diplococcus sp., Micrococ-
cus sp., Pseudomonas sp. and Moraxella sp., and fungal strains the
Aspergillus nidulans, A. flavus, A. candidus, A. cremeus, A. niger and
A. glaucus were isolated from the soil. In the presence of mixed
microbial consortia, a maximum biodegradation rate of 11.54%
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weight loss was recorded in LDPE. The High-density polythene
showed maximum reduction in tensile with a incubation period
of 12 months (Reddy, 2008).

The BPE 10 and Low-density polythene (with 10% oxo-
biodegrading additive) materials were degraded by using the bac-
terial strain Bacillus cereus (C1). Microbial isolates from the munic-
ipal composting yard were inoculated with the sample and
subjected to 90 days of incubation. BPE10 was pre-treated before
the incubation. The techniques for testing the biodegradation rate
were percentage elongation, change in tensile strength, FT-IR spec-
troscopy, SEM analyses, surface energy and contact angle. Around
17.036% change in tensile strength along with 17.40 decrease in
contact angle were recorded (Suresh et al., 2011). The bacteria con-
sortial strains Pseudomonas putida, Bacillus subtilis and Pseu-
domonas aeruginosa and fungi Aspergillus niger showed 1.19%
biodegradation of the polythene bags. About 1.19% of weight loss
was recorded when treated with 0.5 M HNO3 which was monitored
by change in colour (Nwachukwu et al., 2010). Another study con-
ducted an experiment with disposable plastic films with microbial
strains such as streptomyces, Aspergillus flavus, Mucor rouxii NRRL
1835. An extracellular enzyme production from the microbe was
found to be responsible for the biodegradation of samples. After
incubation, the change in tensile strength, percentage of elongation
and Average weight loss were analysed to calculate the rate of
biodegradation. The elongation percentage showed a reduction of
28.5% and 46.5% for fungal and bacterial strains respectively. All
the samples were heated for about 10 days before incubating with
microbial inoculants (El-Shafei et al., 1998).

Pseudomonas sp and Aspergillus glaucus species showed
biodegradation of plastic cups and bags at a rate of 20.54 ± 0.13
and 28.80 ± 2.40, respectively. The percentage of weight loss/-
month is the method used for measuring the rate of biodegrada-
tion. The samples plastic cups and bags were incubated with the
microbial strains isolated from mangroves rhizosphere soil and
incubated in shaking condition. Eventhough other strains such as
Streptococcus, Staphylococcus, Moraxella, Micrococcus, Aspergillus.
niger showed biodegradation potential, the maximum rate of
biodegradation has been recorded for Psedumonas sp. and Aspergil-
lus glaucus (Kathiresan, 2003). According to the report by Iiyoshi
et al., 1998, microbial strains Trametes versicolor IFO 7043 and
IZU-15413 and Phanerochaete chrysosporium ME-446 will actively
degrade the High-molecular-weight polyethylene. Tensile strength
changes, relative elongation (Strograph-R3) and polyethylene
molecular weight distribution (Waters model 150 -C) were used
to measure the biodegradation rate. About 100.0 ± 1.3% change
in relative tensile strength, 91.2 ± 9% relative elongation was
recorded. Another research with various types of polythene waste
materials were conducted by burying the soil containing indige-
nous microorganisms for 2–4 years. Among the isolated microbial
strains, Bacillus mycoides and Penicillium frequentans found to pos-
sess degradation capability of biodegradable polyethylene sam-
ples. The combination of B. mycoides and P. frequentans showed a
biodegradation rate of 7.15% of weight loss for sample preheated
at 70 �C and 6.65% for the unheated sample after the incubation
period of 60 days. Among the indigenous microbial consortia Bacil-
lus mycoides and Penicillium frequentans were found to be the most
effective strains (Seneviratne et al., 2006).

The Aspergillus niger showed active biodegradation of plastic
carry bags. The loss of weight is the method used for calculating
the biodegradation rate. Microbial isolates from polythene dump-
ing sites were collected and inoculated with polythene carry bags.
About 25% of the weight was observed after an incubation period
of 32 weeks in shaking condition. The morphological identification
revealed that Aspergillus niger was responsible for the biodegrada-
tion of PE carry bags (Aswale and Ade, 2011). Starch polyethylene
pro-oxidant degradable plastics were used for evaluating the
5

biodegradation potency of Streptomyces setonii 75Vi2, Streptomyces
badius 252 and Streptomyces viridosporus T7A. Lignocellulose
degrading microorganism was incubated with the sample poly-
mers. The extracellular enzyme degradation has been reported
for the Streptomyces setonii 75Vi2, Streptomyces badius 252, and
Streptomyces viridosporus T7A. The biodegradation rate was tested
using the following methods, mechanical properties, polyethylene
molecular weight distribution, FTIR, percentage elongation, strain
energy (Kg mm) and tensile strength (kg/mm2) etc. FTIR analysis
revealed the presence of enzyme concentrates on the degraded
areas (Pometto et al., 1992). LDPE (Low-density polyethylene)
powder was subjected to the biodegradation assay by using the
microbial isolates obtained from plastic waste dumping sites. The
loss of weight method was used to calculate the biodegradation
rate. The rate of biodegradation in weight loss was found to be
46.16% by Actinomycetes (Streptomyces KU8), Aspergillus flavus
37.09%, and bacteria Pseudomonas sp, 20.63% after an incubation
period of 6 months (Usha et al., 2011).

The Phanerochaete chrysosporium and Pseudomonas aeruginosa
showed extreme biodegradation potency for the PE carry bag sam-
ples. The rate of biodegradation reported was 50% by Phanerochaete
chrysosporium and 35% for Pseudomonas aeruginosa under the
experimental conditions of 24 �C with 4 pH. After incubation, sam-
ples were analysed in FTIR, GC-MS, TLC, and weight loss percentage
to determine the biodegradation rate. The following microbe have
also showed positive results, including Bacillus cereus, Serratia mar-
cescens 724, Pseudomonas aeruginosa, Streptococcus aureus B-324,
Aspergillus glaucus, Micrococcus lylae B-429, Aspergillus niger, Phane-
rochaete chrysosporiu, Pleurotus ostretus (Aswale 2010). Pseu-
domonas sp. (P1, P2, and P3), showed active degradation of two
plastic samples, the natural polythene with 6% starch and artificial
polyethylene. About 46.25% of weight loss for natural polythene
and 29.1% weight loss for artificial polythene has been recorded
using Pseudomonas sp (Nanda et al., 2010). Aspergillus oryzae
degraded the HDPE films (0.1 lm width) at a rate of 72% after
90 days of incubation. High-Density Polythene film subjected to
biodegradation showed carbonyl peak at 1718.32 cm was analysed
in FTIR, tensile strength and percentage elongation (Konduri et al.,
2010). Powdered Low-Density Polythene was subjected to
biodegradation test using the microbial strains Penicillium pinophi-
lum and Aspergillus niger. Analytical characterization was done by
using X-ray diffraction, DSC, SEM, and FTIR. After 31 months of
incubation, a maximum rate of 5% reduction in crystallinity was
seen by A.niger and 11.07% of the change in glassy with Pencillium
pinophilum has been recorded. The samples were incubated under
2 different conditions, such as the presence and absence of ethanol.
Mineralization was found to be high for Pencillium pinophilum
when incubated with ethanol (Volke-Sepulveda et al., 2002).
4. Microbial mechanism of PE degradation

Decomposition of PE has been initiated with its attachment to
the microbial cell surface (Fig. 1). Various bacteria, including Strep-
tomyces setonii 75Vi2 and Streptomyces viridosporus T7A and Strep-
tomyces badius 252 and fungi, secrete extracellular enzymes that
facilitate the decomposition of PE (Iiyoshi et al., 1998; Pometto
et al., 1992; Kim et al., 2005). In fungi, the ligninolytic system’s
extracellular enzymes contain laccases, oxidases enzymes and
catalases that produce the extracellular hydrogen peroxide (Ruiz-
Dueñas and Martínez, 2009). Based on the microbe, culture condi-
tions, strains, and enzymes involved the degradation of plastic may
vary (Seneviratne et al., 2006). The decomposition of lignin
involves three enzymes, the MnO2 (Manganese peroxidase) and
lignin peroxidase (LiP) and phenoloxidase, with copper, called lac-
case. (Iiyoshi et al., 1998; Maciel et al., 2010). Based on this ligni-



Fig. 1. Microbial degradation of plastic polymers.
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nolytic enzyme’s potency, they have been used widely in different
industries such as chemical, textile, fuel, agricultural, food, cos-
metic, paper, and used to remediate xenobiotic compounds dyes
(Maciel et al., 2010). During the degradation of phenolic com-
pounds, the lignin materials are degraded via oxidation under
MnO2 (MnP) and H2O2. MnO2 oxidizes monomeric phenols and
Mn-II to Mn-III (Gilan et al., 2004), and Mn-III oxidizes synthetic
lignin (Wariishi et al., 1991) and phenolic lignin dimmers
(Wariishi et al., 1989) via the formation of phenoxy radicals (Kim
et al., 2005). The production of various secondary products from
PE degradation is based on biodegradation conditions. Under aero-
bic conditions, CO2, H2O is the end product produced and anaerobic
degradation leads to methane (under methanogens), water and
Table 2
Existing techniques for assessment of plastic degradation (Swapnil et al., 2015).

S.
No.

Variations in characteristics of
polymer

Various Types of technique

1 Mechanical: Modulus of the polymer &
Tensile strength -Elongation at fail

Dynamic Mechanical Analysis (DMR)

2 Physical: Morphology- Microcracks Scanning Electron Microscope (SEM)
Density, Molecular Weight
Distribution, Contact angle, Viscosity

HT-GPC (High-Temperature Gel Perm

Glass Transition temperature and
Melting

DSC, Thermogravimetric analysis.

Amorphous region and Crystalline X-diffraction, Small and Wide-angle
3 Chemical properties Fourier Transformed Infrared Spectro
4 Molecular Weight Gas Chromatography-Mass Spectrom

Chromatography (TLC), Nuclear Mag
Desorption Ionization-Time Of Flight

5 Evolution test of CO2 Gas Chromatography (GC)

6 Metabolic force of the cell protein analysis, Fluorescein Diaceta

6

carbon dioxide as final products. H2S is produced under the exis-
tence of sulfate-reducing bacteria (Arutchelvi et al., 2008).
5. Investigating the techniques involved in the bioremediation
of plastic.

Natural decomposition of the polymer can be characterized by
uptake of O2, the rate of CO2 released alterations in the polymer’s
physical and chemical properties, and microbial growth rate
(Mohan and Srivastava, 2010) used different assessments method
for evaluating the polymer degradation based on the following rea-
sons (Table 2).
References

Huang et al., 2005;

Kathiresan, 2003
eation Chromatography) Kathiresan. 2003

Zuchoswka et al., 1999

X ray Scattering. Albertson et al., 1995
scopy (FTIR) Doble et al., 2008.
etry (GC-MS), Gas Chromatography (GC), Thin-layer
netic Resonance (NMR), Matrix-Assisted Laser
, Chemiluminescence.

Albertson et al., 1995;
Deguchi et al., 1997.

Albertson et al., 1995;
Seneviratne et al., 2006

te (FDA), Adenosine triphosphate (ATP) Gilan et al., 2004;
Kounty et al., 2006
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1. CO2 production may result in the decomposition of the poly-
thene’s low molecular weight fraction, with no degradation in
the elongated chain.

2. Loss of additives or minor changes in chemical makeup may
affect the plastic strength.

3. Loss of weight may be due to the percolating of additives with
plasticizers.

6. Toxicity of biodegradable plastic

Pure plastics are less toxic due to their relative chemical inert-
ness and insolubility in water. Adipates and phthalates are plasti-
cizers added as an additive in several plastic products such as
polyvinyl chloride (PVC) to change its tensile strength and perco-
late these compounds out of the product in trace amounts. Poly-
styrene in the food containers has been predicted to be leached
and entered into the human body resulting in hormonal imbalance,
highly carcinogenic, and adverse effects in the living organism. The
entirely produced parent polymers are free from toxicity, but the
monomers used during the production process are highly toxic.
In 2010, Aswale monitored the effect of biodegraded polythene
on seed germination in plants including soya bean, safflower,
groundnut, sesame and sunflower. During the observation, the
pre-treated seeds show a decreased percentage in seed germina-
tion. The degradation of polythene bags, cups were studied using
P. aeruginosa, Streptomyces sp, A. niger, S. aureus, Rhizopus sp. and
biodegraded polythene toxicity level (Pramila and Ramesh, 2011;
Seneviratne et al., 2006) Carbon dioxide gas is the main product
produced during the degradation of PE (polythene). The granules
from the bio-treated polythene showed adverse effects on the
roots, which leads to abnormalities in the production of polysac-
charides, proteins & also nutrient uptake (Abrusci et al., 2011). Pro-
tein was the only product produced in Nocardia asteroids GK911
(Bacterium) reported by Bonhomme in the year 2003. Kannahi
and Sudha (2013) observed the production of carboxylic acids,
ketones, and aldehyde in the smoke of film extrusion of low-
density polythene (LDPE).
7. Conclusion

Awareness must be created about plastic pollution and its
adverse effects on living organisms. Mass level through monthly
campaigns and eminence of PE (polythene) pollution should be
updated area wise to create awareness among the public. People
should be encouraged to use eco-friendly products. Methods for
Proper disposal of plastics must disseminate among people using
all available media platforms. Selection of appropriate microbial
strains, adapting suitable in-situ and ex-situ remediation tech-
niques, continuous monitoring of remediation site, and proper
maintenance such as providing proper aeration, nutrients neces-
sary for microbial growth and physicochemical conditions are
highly required. Genetic, molecular analysis for identifying genes
responsible for producing plastic degrading enzymes and recombi-
nant DNA technology can improve and accelerate remediation of
plastic waste and its disposal. The awareness should be highly cre-
ated at the school level by guiding the students to properly sepa-
rate the biodegradable and non-biodegradable plastic waste
before its disposal.
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