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Plastics are the synthetic(man-made) polymers. 
They are the petroleum products made by 
extracting oil, coal and natural gas which are the 
basic material for plastics. They are made by 
polymerizing of monomers. They are widely used 
in packaging, agricultural products, medical and 
paramedical equipments, defense, information and 
space science. The advantages of using plastics are:

 Cost-effective
 Light in weight
 Better shelf life
 Extreme durability
 Unbreakable

Approximately 140 million tons of synthetic 
[29]

polymers annually are being produced globally . 
Plastic material has several disadvantages and the 
most important one is that they are resistant to 
degradation in environment. They persist for 

longer time in the environment. After its use, 
plastic wastes are  dumped at landll sites, natural 
terrestrial habitat and oceans.
At landll sites, they pose threat of groundwater 
contamination due to leach ate percolation and 
make it unt for drinking purpose. When these 
plastic wastes are dumped at coastal areas, they 
generate problem for marine life. Due to the 
buoyant nature of plastics and their long term 
persistence, they oat over the surface of water and 
pose hazards to marine ora and fauna.
Plastic pollution is of major concern throughout the 
world. About 57 million tons of plastic waste is  

 [16]generated annually . Continuous research is being 
done by the science community to nd a solution 
for plastic pollution. Some of the solutions 
developed for decreasing the plastic pollution are 
recycling of plastic, developing biodegradable 
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ABSTRACT

Plastics are the synthetic (man- made) polymers. They are the petroleum products made by extracting oil, 
coal and natural gas which are the basic material for plastics. They are made by polymerizing of 
monomers. They are widely used in packaging, agricultural products, medical and paramedical 
equipments, defense, information and space science. Extensive use of plastic in past few decades has 
resulted several environmental problems. The removal of plastic from environmental sphere has emerged 
as a big scientific challenge for scientific community across the globe. Continuous research is being 
undertaken by the researchers to mitigate the problem of plastic pollution. Recycling, sustainable use and 
development of biodegradable plastic has been proposed as an effective mean to combat plastic pollution. 
Microbial degradation of plastic is an eco-friendly and eco-incentive approach to minimize plastic 
pollution. Present article critically reviews role of different microbes and their enzyme system involved in 
biodegradation of plastic, factors affecting biodegradation of plastic and development of biopolymers by 
employing microbes.

Keywords: Plastic; Environmental Problems; Plastic Pollution; Microbial Degradation; Bio-degradable 
Plastics

INTRODUCTION

MICROBIAL DEGRADATION OF PLASTICS: A REVIEW
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plastics etc. But economically, they may not be the 
good solution. So,  there is need to nd some other 
alternative which is economically sound and eco-
friendly. Among such alternatives microbial 
degradation of plastic is gaining importance to 
overcome environmental problems associated with 
plastic.

BIODEGRADATION OF PLASTICS
Biodegradation is an eco-friendly process in which 
microorganism like fungi and bacteria degrade the 
natural polymer(cellulose, lignin) and synthetic 

[8]polymer such as polyethylene, polyurethane . 
These micro-organisms use synthetic polymers as a 

[6]substrate for their growth . Several factors that are 
responsible for the biodegradation are: type of 
polymer, characteristic of organism and the type of 

[8,1]
treatment process required . Some of the 
characteristics indicating the degradation of 
plastics are: discoloration, phase separation, 
cracking and erosion.
Biodegradation can take place aerobically and 
anaerobically. In aerobic biodegradation of 
plastic, microbes utilize oxygen as an electron 
acceptor and then break down organic compound 
into smaller and simpler compound such as carbon 

 [14]dioxide and water as nal product .

C plastic   + O2 CO2 + H2O + C residual + Biomass 

In anaerobic biodegradation, polymers are 
degraded  in  the  absence  of  oxygen  by 
microorganism which breakdown the organic 
contaminant. Mohan and Srivastava in 2010 
reported that anaerobic bacteria uses nitrate, 
sulphate, iron , manganese and carbon dioxide as 
electron acceptor and break down organic 

compound into simpler ones. In anaerobic or 
anoxic condition, the nal products formed are 
carbon dioxide, methane and water under 
methanogenic condition or hydrogen sulde, 
carbon dioxide and water under suldogenic 

 [14]conditions .

C plastic                 CO2 + CH4 + H2O+ C residual + Biomass 

1.Steps involved in biodegradation of polymers
There are four important steps involved in the 

[17]degradation of plastic :
a) Bio-deterioration
b) Bio-fragmentation
c) Assimilation

Mineralization      
1.1.Bio-deterioration:Deterioration means to 
become gradually worse. In this process, there are 
some modications in chemical, physical and 
mechanical properties of plastic. Bio -deterioration 
process initiate by the development of microbial 
bio-lm on the surface and inside the plastic. The 
development of the bio-lm depends on the 
composition and the structure of the plastic. In 
addition to this, environmental conditions are also 

[18]important in the development of bio-lm .

1.1.1.Physical deterioration: Extracellular 
polymeric substances(EPS) are secreted by the 
microorganism to regulate the formation of 
microbial bio-lm helps in the attachment or 
adhesion of the bio-lm to the plastic surface. EPS 
are the high molecular weight compounds, which 

are secreted by the microbes and establish the 
functional and structural integrity of bio-lm. EPS 
enters the pores and then microorganism grows 
inside. This results in increase of pore size and 
develops cracks that reduce the physical properties 

[3]of plastic .

1.1.2.Chemical deterioration:
Bio-lm developed over the plastic releases some 
acidic compounds such as nitrous acid, nitric acid 
or sulfuric acid by chemolithotrophic bacteria. 
They change the pH inside the pores which results 
in the changes in the microstructure of the plastic 

[6]
matrix .

1.2.Bio-fragmentation: The polymers are 
fragmented into monomers, dimmers or oligomers. 
Fragmentation is the important step in the 
biodegradation of plastics because the polymers 
are not capable of directly passing through the 
cellular membranes of microbes. So,  there is need 
of depolymerisation in which polymers are broken 
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down into monomers which then enter the cellular 
membrane of microorganism for mineralization 
process. Extracellular enzymes(exoenzymes) are 
secreted by the microbes to catalyze the reaction of 

[18]
conversion of polymers into monomers . 

1.3.Assimilation:  The monomers formed enter 
inside the cell of microorganism ,where they are 
oxidized through catabolic pathways. The 
assimilation refers to incorporation of atoms inside 
the microbial cells, but the degradation process 

[6]may not be complete .

1.4.Mineralization:Mineralization is a process in 
which organic substances like polymers are 
converted into inorganic substances such as carbon 
dioxide and water. Assimilation process produces 
numerous secondary metabolites which are 
transported outside the microorganism that do not 
have capability to metabolize it. These secondary 
metabolites may be used by the another cell for 
further degradation that results in the production of 
completely oxidized metabolites like  CO , N  CH , 2 2, 4

[6]H O as a nal product .2

[28]
2.Enzymatic mechanism of biodegradation of plastics

3.Various enzymes involved in plastic 
degradation
Enzymes are the biological macromolecules with 

 [36]
bio-catalytic functions . Enzymes are the part of 
every living cell so they are also present in 
microorganism. The amount of enzymes produced 
varies with the species of microorganism and even 
varies between the strains of the same species. 
Enzymes act specically on the substrates, so 
different enzymes are involved in degradation of 

[34]various types of polymer . Some of the enzymes 
responsible for the degradation of are mentioned as 
follows:
a. Laccase (EC1.10.3.2) –  reported that It was

laccase helps in oxidation of hydrocarbon 
chain of polyethylene . Gel permeation 

[30]

chromatography has shown that laccase 

incubated with polyethylene helps in the 
reduction of average molecular weight and 
average molecular number of polyethylene by 

[30]
20% and 50% respectively . Laccase is 
produced by actinomycetesRhodococcus 
ruber  and have tendency to degrade 
polyethylene .[19]

b. Tw o  p r o t e o l y t i c  e n z y m e s  P a p a i n 
(EC3.4.22.2) and Urease (EC3.5.1.5) were 
found to degrade medical  polyester 
polyurethane. Papain degraded polymer by 
hydrolyzing urethane and urea linkage 

[23]produced free amine and hydroxyl group .
c. Lipase (EC3.1.1.3): Masaki et al., in the year 

2005reported that laccase could be obtained 
from Rhizopus delema and polyurethane 
esterase from Comamonas acidovorans. They  
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  have been found to degrade low molecular 
weight polylactic acid(PLA). PLA is the 
polymer obtained from renewable resources. 
Lipase is also known to degrade polyester 

[29]
type-polyurethane (ES-PU) up to 53% .

d. Proteases(EC3.4.21)enzyme obtained from 

Brevibacillus spp., Bacillus spp. is capable of 
[30]degrading polyethylene .

e. The endophytic fungi Pestalotiopsis 
microspora  has been isolated which 
containsserine hydrolase(EC3.1).This 

[26]
enzyme utilizes polyurethane as a substrate .  

Table 1:Some bacterial and fungal strains along with their enzymes responsible for biodegradation 
[20]

of plastics

4.Microbes involved in biodegradation of 
plastics
Microorganisms are important because they play 
major role in biological degradation of substances. 
They possess capability of degrading polymers. So,   
researchers are taking interest in degrading 
synthetic polymers by microorganism. Number of 
bacteria and fungi have been isolated which have 
potential to degrade polymers.Fungi have been 
found to be more efcient in degrading 
plastic.Aspergillus niger A. japonicas have shown 
degradation of low density polyethylene up to 58% 

[24]in one month . Brevibacillus borstelensis strain, a 
thermophilic bacteria isolated from soil has 
degraded branched low-density polyethylene using 

[2]it as a sole source of carbon and energy . 
[ 2 7 ]

Saminathan et al., (2014)  reported that 
Pseudomonas putidahas been found efcient in 
degrading plastic material. After treating plastic 
with Pseudomonas putida, surface of plastic 
material turned rough from smooth alongwith 
cracks developed over it. Micrococcus luteus and 
Masoniella spp. isolated from polluted soil sample 
collected from Thanjavur have shown degradation 
of plastic cups. M. luteus degraded 32% of plastic 
cups in 55 days and Masoniella spp., degraded 27% 
of plastic in 55 days only.Research is being done by 
the scientists and researchers to nd out the novel 
bacterial and fungal strains which can degrade the 

[31]plastic in eco-friendly manner .
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[28]
Table 2:Different microorganism involved in degradation of different polymers

Plastic Microorganism 
Polyethylene 
 
 
 
Polyurethane 
 
 
 
 Polyvinylchloride 

 
 
 
 BTA copolymer

 
 Low density polythene    

 

Brevibacillus borstelensis 
Rhodococcus ruber 
Penicillium simplicisimum YK 
 
Curvularia senegalensis 
Fusarium solani 
Aureobasidium pullulans

 
Cladosporium

 
sp.

 
 Pseudomonas chlororaphis

 Pseudomonas fluorescens
 
B-22

 Aspergillus  niger
 

 Thermomonospora fusca
 

 Aspergillus japonicas
 

 
5.Factors affecting biodegradation of plastics
Numbers of factors are responsible for plastic 
degradation by microbes. It is inuenced by the 
physical and chemical properties of plastics. 
Physicochemical parameters that determine the 
plastic degradation are surface area, hydrophilic 
and hydrophobic nature of polymer, molecular 
weight, chemical structure, melting temperature, 
crystallinityetc.
Molecular weight: Molecular weight of polymer 
is important for biodegradation because it 
determines various physical properties of polymer. 
Degradation process decreases with the increase in 

[28]
molecular weight . As the molecular weight of 
polymer increases, solubility of polymer decreases 
due to which microorganism does not get favorable 

conditions for polymer degradation.
Crystallinity: Crystallinity is a major factor which 
affects degradation because enzymes mainly attack 
on the amorphous domain of the polymer and 
crystalline part of polymer is more resistant to 
degradation as compared to amorphous region. So, 
rate of degradation of plastic goes on decreasing 

[25]with the increase in crystallinity of polymer .
Hydrophobicity: In chemistry,  it is the physical 
property of a molecule (known as a hydrophobe) 
that is seemingly repelled from a mass of water. 
Polymers are hydrophobic in nature so they cannot 
enter inside the bacterial cell membrane. When 
they are broken down into monomers then only 

[28]
they could enter inside the cellular membrane .

[28]Table3:Comparison of biodegradation of plastic with other degradation methods

International Journal of Scientific and Innovative Research 2016; 4(1)
P-ISSN 2347-2189, E- ISSN 2347-4971

www.ijsir.co.in116



3. BIO-PLASTICS
Bio-plastics consist of two terms: Biodegradable 
plastic and Bio-based plastic. Biodegradable 
plastics are the plastics which are produced from 
fossil materials and bio- based plastic are the 
plastics which are synthesized from biomass or 

[ 3 3 ]r e n e w a b l e  r e s o u r c e s .  F o r  e x a m p l e : 
Polycaprolactone(PCL) is a petroleum based 
p r o d u c t  b u t  t h e y  a r e  d e g r a d e d  b y  t h e 
microorganism. On the other hand, Polyhy-
droxybutyrate (PHB) is obtained from biomass and 

[33]
is biodegradable .
1.Biodegradation of some of biodegradable 
polymers
1.1.Polyhydroxyalkanoate (PHA): 
Polyhydroxyalkanoate(PHA) is polyester which 
o c c u r s  n a t u r a l l y .  P H A  c o n s i s t s  o f 
Polyhydroxybutyrate(PHB) and copolymers 
which are used in the production of biodegradable 

[9]polymers . In the rst step, polymers are 
fragmented into monomers to enter inside the 
bacterial cell. Bacteria secrete extracellular 
hydrolases that convert polymer into hydroxyl acid 
monomer. Hydrolysis of PHB gives R-3-
hydroxybutyric acid and hydrolysis of PHBV gives 
both 3- hydroxybutyrate and 3-hydroxyvalerate. 
Both of these monomers are water soluble and can 
pass through the cellular membranes. After they 
enter the cell they are metabolized by beta 
oxidation and tricarboxilic acid(TCA) cycle to 
produce carbon dioxide and water in aerobic 
condition. In anaerobic condition, methane is 

[11]
produced along with other products .
1.2.Polylactic acid(PLA):  PLA is a lactic acid 
based aliphatic polyester. Several enzymes can 
degrade polymer which are proteinase K, 
propanase and bromelain.Actinomycete, a PLA 
degrading strain, reduced 100mg of PLA lm by 
60% in the rst 14 days in liquid culture at 303k. 
Bacillus brevishas also been found to degrade 

[22]PLA .
1.3.Polyurethanes:They are produced by 

[5]diisocyanate poly addition process . Degradation 
of polyurethanes occurs in selective manner. Its 
amorphous region degrades rstly then crystalline 
region degrades. Comamonas acidovorans TB-35 

[21]
uses polyester PUR as the sole source of carbon . 
It has been found that C. acidovorans can 
completely degrade 50mg of PUR dissolved in 
mineral salt medium at 303K. Products of 

[21]
degradation are adipic acid and diethyl glycol .
1.4 Polyvinyl alcohol (PVA):It is a vinyl polymer. 
Carbon-carbon linkage joins the main chains. PVA 

[27]is water soluble .It was reported that PVA was rst 
time shown to degrade by Pseudomonas O-3  It 

[32].
utilizes PVA as a sole source of carbon and energy. 
2.Advantages of biodegradable plastics
There are number of advantages of using 
biodegradable plastic. Some of them are as follows:
a) Less time required to break
Biodegradable plastics take less time to degrade. 
So,  there is no accumulation of discarded plastic 
waste.
b) Renewable nature
Biodegradable plastics are obtained from 
renewable resource like biomass. Biomass are the 
organic compounds. Biodegradable plastics 
obtained from biomass degrade easily. These 
resources are available in huge amount so this will 
decrease our dependency on fossil fuels.
c) Non- toxic nature of biodegradable polymers
By-products formed from the synthetic plastic are 
toxic in nature but in case of biodegradable plastic, 
it has been observed that the by-products formed 
after the breakdown of polymers are not toxic in 
nature.
d) Recycling is easy
Biodegradable plastics are obtained from 
substances which degrade completely so they 
break down faster and their recycling does not 
require much energy. They can be reused 
efciently.
3.Demerits of biodegradable polymer
Despite having many advantages, biodegradable 
polymers may not always be the good alternative. 
Their production may be costlier as compared to 
petrochemical based polymer because they utilize 
innovative methods to create them. The discarded 
biodegradable plastic needs to be collected from 
door to door for their proper degradation. After 
their collection, they are subjected to higher 
temperature in the industry. This requires 
contemporary techniques , which brings its cost up. 
I t  can be concluded that r ight from the 
manufacturing of biodegradable polymers to its 
decomposition the overall cost is very high as 

[14]
compared to synthetic polymers .  So,   they are 
not cost effective and economically viable. Their 
degradation products may be less harmful as 
compared to synthetic polymers but it is not sure 
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 that they do not pose any threat to the environment. 
So,  the better way is to avoid use of plastics or nd 
an effective manner with which it can be degraded 

 [14]
completely .
4. Future aspects of biodegradable plastics
Biodegradable plastic industry has a better future 
aspect because it was reported in the year1999 
estimated that plastic waste generation will grow 

[4]
by 15% per year for the next decade . Carbon 
dioxide emissions generated by the formation and 
disposal of synthetic plastics are reaching at high 
levels. So there is need to substitute petroleum 
based plastics by renewable resource based 
polymers which would lead to balanced CO  level 2

in atmosphere. European nations are leading in the 
biopolymer research. In China, the researchers are 
focusing on renement of microbial produced 
PHA. North America researchers are also 
interested in developing biopolymer. The 
Government of Canada has accepted the Kyoto 
accord to reduce the fossil fuel feedstock and 
increase the use of renewable resource feedstock. 

 
Biodegradable plastic fullls this requirement.
[13]

.The biopolymer industry has a positive future. 
The researchers who are working in this eld need 
to nd out a material which has optimum technical 

 [1]
performance and fully degradability
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