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Introduction 
Biological degradation is generally considered as a phenomenon of 

biological transformation of organic compounds by living organisms 
particularly microbes. It has been considered as a natural process in 
the microbial world as carbon and energy source for their growth and 
takes a key role in the recycling of materials in the natural ecosystem 
[1]. Organic material can be degraded aerobically with oxygen, or an-
aerobically, without oxygen.

Aerobic biodegradation

Aerobic biodegradation is also known as aerobic respiration and it is 
an important component of the natural attenuation of contaminants at 
many hazardous waste sites. Aerobic bacteria use oxygen as an electron 
acceptor, and break down organic chemicals into smaller organic 
compounds, often producing CO2 and water as the final product [2]. 

Anaerobic biodegradation

Anaerobic biodegradation is an important component of 
the natural attenuation of contaminants at many hazardous waste sites. 
It is the breakdown of organic contaminants by microorganisms when 
oxygen is not present. Some anaerobic bacteria use nitrate, sulfate, iron, 
manganese, and carbon dioxide as their electron acceptors, and break 
down organic chemicals into smaller compounds [3]. A very visible 
portion of municipal and industrial waste consists of polyethylene 
(PE) films utilized on a massive scale as wrapping material, a typical 
example for the end- consumer being shopping bags. PE is also used in 
large quantities in agriculture for green-house construction or directly 
applied on the soil surface as mulching films. Plastic litter has become 
an omnipresent part of our environment. Although there are almost no 
data about the environmental fate of the fragments, it seems that their 
biodegradation is extremely slow and currently it is hardly possible to 
make even a rough estimation regarding the time necessary for their 
biodegradation to some substantial extent [3]. The only known adverse 
environmental effects of PE films are when they are swallowed by wild 
animals and encapsulation of material on landfills and in the soil, thus 
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altering microbial processes towards anaerobiosis [2]. For this type of 
contamination the term ‘‘macropollutants’’ is sometimes used. The 
polythene and plastic could sometimes cause blockage in intestine 
of fish, birds, cow, deer and various mammals [4]. Plastic is one of 
the few new chemical material which pose environmental problems. 
Polyethylene, polypropinyl chloride, polystyrene is largely used in the 
manufacture of plastics. These chemicals are resistant to biodegradation 
and persist in soil environment for a long time. And the degradable 
plastic is substance created from a polymer called Polyolefin combined 
with certain additives, in order for it decompose or degrade. High 
density and low density polyethylene’s are the most commonly used 
synthetic plastics [5]. They are extremely hazardous particularly the 
thin color ones. They release toxic chemicals which contaminate food 
items [6]. Biodegradation is governed by different factors that include 
polymer characteristics, type of organism, and nature of pretreatment. 
The polymer characteristics such as its mobility, crystallinity, molecular 
weight, the type of functional groups and substituents present in its 
structure, and plasticizers or additives added to the polymer all play 
an important role in its degradation [7]. Degradable plastics is a plastic 
designed to undergo a significant change in its chemical structure under 
specific environmental conditions resulting in a loss of some properties 
that may vary as measured by standard test methods appropriate to 
the plastic and the application in a period of time that determines its 
classification [8]. Degradability of a material is a property of a material 
to break down into simpler parts by bacterial (biodegradable), thermal 
(oxidative) or ultraviolet (photodegradable) action. In order for 
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The current research makes a comparative analysis between the biodegradation of polythene and plastic by five 

different types of soil sample collected from different sources. The five soil sample (A, B, C, D, E) were indigenous to 
locations: (A) Medicinal Garden soil, (B) Sewage Water Soil, (C) Energy Park soil, (D) Sludge Area soil, (E) Agricultural 
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of biodegradation. The initial and final dry weight of polythene and plastic before and after incubation in the culture 
medium were compared and the % of degradation was calculated. Among all the treatments various species of bacteria 
and fungi such as Bacillus subtilis, Aspergillus niger, Aspergillus nidulance, Aspergillus flavus, Aspergillus glaucus, 
Penicillum species, Pseudomonas sp., Staphylococcus aureus., Streptococcus lactis, Proteus vulgaris, Micrococcus 
sp. were found to degrade polythene and plastic efficiently. However various species of fungi and bacteria isolated from 
different soil sample. Overall polythene gave rapid biodegradation as compare to plastic. The active enzymes produced 
by the bacteria and fungi caused weight loss in the sample of polythene and plastic. 
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polyolefin or a degradable polymer to be used as a plastic bag, it needs 
to comply by the following requirements: Be able to be formed into 
film, Have adequate tensile strength and elongation [9]. Have adequate 
puncture resistance, and usually possess properties that resemble low-
density polyethylene (LDPE) or high density polyethylene (HDPE) in 
overall physical properties and rheological characteristics. Degradable 
polymers are usually classified in two different ways: First is the way 
degradation method: If the process requires microbial action or whether 
they require heat, UV light, mechanical stress or water in order to break 
down. Second is the way they are manufactured: If they are produced 
using natural starch polymers, from synthetic polymers or from a 
mixture of a usual polymer with an additive to aid the degradation 
[10]. It is important to consider the microbial degradation of natural 
and synthetic polymers in order to understand what is necessary 
for biodegradation and the mechanism involved. This required 
understanding of the interaction between materials and microorganism 
and the biochemical changes involved [11]. As the polythene & plastic 
has become a part of modern day living right from packaging to making 
toys and various other applications. Normally they are petroleum 
products where alkenes oxides are polymerized to form plastics such as 
polythene. Plastic is one of the few new chemical material which pose 
environmental problems. Some microorganism such as bacteria, fungi, 
and actinomycetes are involved in the degradation of both natural 
and synthetic plastics [12-13]. The biodegradation of plastics proceeds 
actively under different soil conditions according to their properties, 
because the microorganism responsible for the degradation differs 
from each other and they have their own optimal growth conditions 
in the soil [14]. In the last 10 years, several biodegradable plastics have 
been introduced into the market. However, none of them is efficiently 
biodegradable in landfills. For this reason, none of the products has 
gained widespread use. Hence, there is an urgent need to develop 
efficient microorganism and their products to solve this global issue. 
Thus the main objective of this review is the biodegradation studies of 
polythene and plastics in soil, inside the laboratory (under controlled 

condition) and outside the laboratory (under natural condition) by the 
help of microbial tools [15].

Materials and Methods
Sample collection from different sites for microbial 
degradation

Soil sample from 5 different locations (A=Medicinal garden soil, 
B=Sewage soil, C=Energy park soil, D=Sludge area soil, E=Agricultural 
soil) were collected to isolate microorganism on the basis of the type 
of microorganism available in various environmental condition [16] 
(Table 1).

Physico-chemical parameters
Various parameters were tested for the soil morphology, which 

are pH, Temperature, Total Alkalinity, % of Organic Matter, % of 
Chlorides, and Moisture content which are present in the soil samples 
[17] (Table 1).

In-situ Degradation of polythene and plastics in the soil
 In this the Polythene bags and plastic cups were cut in small 

strips, Thoroughly rinsed with tap water and then distilled water, Dry 
these strips under room temperature, Then take the initial weight of 
the strips, Polythene bags and plastic cups will be incubated in the 
container, containing selected soil, After a specific period of time, 
films were removed from the soil, Again rinsed with tap water and 
then immersion in distilled water, until it remained clear and drying in 
oven, Now measure the weight. Biodegradation of the samples (Figure 
1)was followed by measuring the weight loss of samples, and bacterial 
activity in soil [18].

Isolation of Microorganism
Serial dilution

1gm of soil sample was taken and is mixed with 10ml of distilled 

Soil Sample Sample location pH Temperature Total alkalinity % of organic matter % of chloride Moisture content
A Medicinal Garden 7.0 310C 30 2.212 0.00284 4.721
B Sewage Water Soil 6.8 29.80C 20 9.482 0.00852 4.872
C  Energy Park 6.9 300C 20 1.738 0.00923 4.833
D Sludge Area 7.1 310C 50 8.850 0.09088 4.830
E AgriculturalSoil 7.0 290C 50 1.896 0.0197 4.859

Table 1:

Table 2:

Characteristics B1 B2 B3 B4 B5 B6
Colony color White growth White waxy growth                                                        White shiny growth Thin even growth Grayish growth Yellow growth
Gram staining Rod –ve Rod +ve Cocci +ve Cocci +ve Rod –ve Cocci +ve
Amylase -ve -ve A A -ve -ve
Indole -ve -ve -ve -ve +ve -ve
Catalase +ve +ve +ve -ve +ve +ve
Citrate +ve -ve -ve -ve - -ve
Methyl red -ve -ve +ve +ve +ve -ve

Table 3:

FUNGI COLONY MORPHOLOGY MICROSCOPIC APPEARANCE
F1 White colonies becomes greenish blue, black or brown Single celled spores (conidia) in chains developing at the end
F2 Plain green in color, which turns gray brown Conidial head are short and columnar
F3 Yellow colonies at first but quickly becoming dark brown Granular flat with radial grooves
F4 Colony color is grayish Smooth pale brown spores, texture of the colonies varies from downy to powdery.
F5 Mature cultures usually greenish or blue green Single celled spores, dense conidiospores 
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water, then 8 sterile test tubes were taken with 9ml of distilled water 
in each tube, 1ml of soil sample was transfer serially to all the tubes to 
make a dilution 10-1 to 10-8. Then they were placed on following media 
either by spread plate or pour plate method. Now 1ml of solution 
from each tube was plated on the Petri plates containing nutrient agar 
medium (NAM). Plates were incubated for 2-days at 30°C [21]

Pure culture method

Prepare starch agar media and pour it aseptically into sterile Petri 
dish, allowed it to solidify. Inoculate the culture with a loop. Incubate 
the inoculated starch agar plate at 30°C for 2 days. At the end of 
incubation period flood the agar surface with grams iodine solution. 
Keep it for a min and pour off. Observe the plate carefully and describe 
the result. After that a single colony is taken from the grown culture 
and streaked on agar media, it was incubated for 1 or 2 days, after 
the specified period growth of the organism is observed. Among the 
bacterial and fungal colonies, the dominant ones were isolated and sub-
cultured repeatedly for getting pure colonies. (Figure 2)

Identification and Characterization of Microorganism

Gram staining

Gram-staining is a four part procedure which uses certain dyes to 
make a bacterial cell stand out against its background [22].

Biochemical test

These tests were done for the conformation of microorganism. The 
tests are amylase test, indole test, catalase test, citrate utilization test, 
and methyl red test and amylase test [17]. As Amylase is an exoenzyme 
that hydrolyses starch a polysaccharide into maltose, a disaccharide 
and some monosaccharide such as glucose. In which examine the plates 
for the starch hydrolysis around the line of growth of each organism 
i.e the colour change of the medium. The ability of few organisms to 
produce indole may be used as one of the differentiation characters for 
enterobacteriaceac. The presence of indole can be detected by Kovac’s 
reagent. React with indole producing a bright red colour on the surface 
of the medium.The negative result is shown for Bacillus & proteus sp. 
i.e. the absence of red colour indicating that the tryptophan was not 
hydrolyzed and so the bacteria are indole negative. In the absence of 
glucose or lactose some micro organism uses citrate as the carbon 
source which depends upon the presence of citrate permease [23]. 
A positive test shows a blue color on the streak of growth Retention 
of original green color & no growth on the line of streak indicates a 

negative reaction. Methyl red is used in the Methyl Red (MR) Test, 
used to identify bacteria. This test is used to differentiate among the 
Gram-Negative bacilli in the family Enterobacteriaceae. A bright red 
color indicating a pH of 4.2 or less is a positive test. Yellow or orange 
color indicates a negative reaction while a weak positive test will be red 
orange. Catalase production can be determined by adding the substrate 
hydrogen peroxide to an approximately incubated nutrient agar slant 
culture. Examine immediately and after 5 min for the evolution of 
bubbles which indicates a positive test (Table 2).

Microbial Degradation of Polythene and Plastic under 
laboratory Condition

 It means the degradation inside the media for which Prepare 
starch agar medium, Pour it on Petri dish and allow it to solidify 
[24-26] (Table 4  and Table 5). Now inoculate the degraded strips in 
the medium. Incubate the disc at 37°C for 48 hrs. And the growth is 
observed on the plate. Now sub culturing is done in every 15 days and 
observed the % of degradation. (Figure 3)

Microorganism associated with Plastics and Polythene 

The microorganism associated with the polythene bags and plastic 
cups were quantified and identified [19]. The microbial species identified 
from degrading polythene bags and plastic cups were:-Bacillus subtilis, 

DAY 1 DAY 5 DAY 10 DAY 15 DAY 20 DAY 25 DAY 30
F1 48mg 48mg 46mg 46mg 45mg 44mg 42mg
F2 50mg 49mg 49mg 48mg 47mg 46mg 45mg
F3 44mg 44mg 43mg 42mg 42mg 41mg 41mg
F4 45mg 45mg 44mg 43mg 42mg 42mg 41mg
F5 43mg 43mg 42mg 42mg 41mg 40mg 39mg

Table 4: Degradation of fungi inside the laboratory.

Table 5: Degradation of bacteria inside the laboratory.

DAY 1 DAY 5 DAY 10 DAY 15 DAY 20 DAY 25 DAY 30
B1 42mg 42mg 41mg 41mg 40mg 40mg 39mg
B2 39mg 39mg 38mg 37mg 36mg 36mg 35mg
B3 44mg 44mg 43mg 43mg 42mg 42mg 41mg
B4 45mg 44mg 44mg 43mg 42mg 41mg 40mg
B5 40mg 40mg 39mg 39mg 38mg 37mg 35mg
B6 43mg 43mg 42mg 42mg 42mg 40mg 39mg

Figure 1: In-situ degradation of soil.

Figure 1

    

     

Figure 2: microorganism associated as bacteria and fungi.
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Aspergillus niger, Aspergillus nidulance, Aspergillus flavus, Aspergillus 
glaucus, Penicillum species, Pseudomonas sp., Staphylococcus aureus., 
Streptococcus lactis, Proteus vulgaris, Micrococcus luteus (Table 2 and 
Table 3).

Result and Discussion
Various species from 5 different locations (Table 1) were isolated 

and characterized basing on their morphological and biochemical 
characteristics. The polythene and plastic degradation in the soil, serves 
as a dumping site of these materials. The biodegradation of polythene 
is relatively faster and earlier than that of the plastics. The surface of 
materials has turned from smooth to rough with cracking. This may 
be due to the compounds secreted extracellularly by the microbes that 
may break the complex molecular structure of plastics. The bacterial 
and fungal species from 5 different locations of soil were isolated 
and characterized basing on their morphological and biochemical 
characteristics. Various microbial species were tested in the laboratory 
for their ability and degrading the polythene and plastics. The species 
tested were B1(Pseudomonas), B2(Bacillus subtilis), B3(Staphylococcus 
aureus), B4(Streptococcus lactis), B5(Proteus vulgaris),B6 (Micrococcus 
luteus), F1(Aspergillus niger), F2(Aspergillus nidulance),F3(Aspergillus 
flavus), F4(Aspergillus glaucus), F5(Penicillium).  These microbes were 
separately allowed to degrade the polythene and plastics inside the 
laboratory and outside the laboratory. The degradation of polythene 
and plastic films was compared by the weight loss of the samples inside 
the soil/outside the environment and in the media/inside the laboratory. 
This study evidence that the degradation rate is faster in the laboratory 
condition because individual microorganism inoculated with sample 
which may help in the degradation of polythene and plastics.
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