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Abstract

The present study describes the ability to degrade biodegradable plastics by bacteria isolated from sludge and soil. The content of 
plastic are carbon, hydrogen, silicon, oxygen, chloride, nitrogen and are derived from different sources such as coal, oil, and natural 
gas. Biodegradable plastic was buried in the glass bottle with three layers of different soil like Rhizospheric soil, Sludge and Garden 
soil for four months. The bacteria was then isolated and identified as Micrococcus sp. VC4 on the basis of biochemical studies. The 
bacteria Micrococcus sp. VC4 breaks the polymers and used as sole carbon source for their metabolic activities was estimated by FTIR 
analysis and Strum Test.
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Introduction
Plastic is defined as the polymer which become mobile on 

applying high temperature and thus can be cast into moulds. 
Plastics are made up of linking monomers unit together by 
chemical bonds. Polythene comprises of 64% of total plastic, 
which is a linear hydrocarbon polymers consisting of long chains 
of the (C2H4)ethylene monomers. General formula of polyethylene 
is CnH2n, where “n” is the number of carbon atoms [1]. A plastic 
consists of carbon, hydrogen, silicon, oxygen, chloride and nitrogen. 
It is derived from different sources such as oil, coal and natural 
gas. The backbone is the part of the chain on the main “path” 
linking a large number of repeat units together. This property of 
the polymer of repeating unit’s molecular structure, has allowed 
plastics to become an indispensable part of the 21st century world.

Some plastic product can be toxic due to presence of some 
additives. For example, plasticizers like phthalates and adipates 
are often added to brittle plastics like PVC to make them pliable 
enough. Traces of these compounds can leach out of the product. 
The compounds leaching from polystyrene food containers have 
been proposed to interfere with hormone function and also human 
carcinogens. Biodegradable plastics are materials designed to 
degrade under environmental conditions or in municipal and 
industrial biological waste treatment facilities, and thus open the 
way for new waste management strategies (Gouda., et al. 2012). 
Microorganisms can also play a vital role in this process, as over 
90 genera of bacteria, fungi and actinomycetes have the ability 
to degrade plastic [2]. Generally, the biodegradation of plastic by 
microorganisms is a very slow process, and some microorganisms 
cannot degrade certain plastics (Singh., et al. 2014).
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The present study aimed to isolate polythene degrading bacteria 
from the soil after soil burial of biodegradable plastic and analysis 
of its degradation through FTIR analysis and STRUM test.

Materials and Methods
Isolation of biodegradable polythene degrading bacteria

Biodegradable plastic was buried in the glass bottle with three 
layers of different soil like Garden soil, Sludge and Rhizospheric 
soil for 4 months at room temperature amended with Bushnell’s 
broth(g/l: MgSO4.7H2O 0.2, CaCl2 0.02, KH2PO4 1, K2HPO4 1, NH4NO3 
1, FeCl3 0.05 pH adjusted to 7.0) to maintain the availability of trace 
elements and moisture. Soil suspension was prepared from the 
three layers and diluted as per the requirement. The soil suspension 
was spreaded over the Nutrient agar plates by spreading method. 
The bacteria were incubated at room temperature; the isolated 
bacteria were then purified and proceed further for the study of 
biodegradation.

Identification of selected isolates

The bacterial isolates were then identified macroscopically 
(colony morphology, surface pigment, shape, size, margin, 
surface), microscopically (Gram staining, shape, cell arrangement, 
granulation, presence of spore, motility) and biochemically based 
on Bergey’s Manual of Determinative Bacteriology. 

FTIR analysis

Test flask contained pieces of plastic as substrate and an 
inoculum in Bushnell’s Broth. The test was performed at room 
temperature for 45 days with continuous stirring. 

After the termination of biodegradable experiment plastic 
was recovered from the broth and washed with sterile water and 
surface sterilization with alcohol to remove all material attached 
on the surface of the sample. The plastic sample was air dried 
and proceeds for FTIR analysis. A Bruker FTIR spectrometer was 
used for FTIR analysis. The sampling station was equipped with an 
overhead ATR accessory. The ATR diamond crystal was carefully 
cleaned with pure isopropanol between measurements.

Plastic sample was carefully placed on the diamond crystal 
surface and each spectrum was recorded as absorbance under 100 
N. The spectra were scanned between 4000 and 650 cm-1 [3].

Strum test

Test flask contained pieces of plastic as substrate and an 
inoculum in Bushnell’s Broth. The test was performed at room 
temperature for 45 days with continuous stirring. After culturing, 
the amount of CO2 produced was calculated in the test flask 
gravimetrically. Evolution of CO2 as a result of degradation of 
polymeric chain was trapped in the absorption flasks containing 
1 M KOH. BaCl2 solution (0.1 M) was added to the CO2 containing 
KOH flasks and as a result precipitates of BaCO3 (using CO2 
released from breakdown of polymer) were formed. CO2 produced 
was calculated gravimetrically by measuring amount (g) of CO2 
precipitates evolved by addition of BaCl2. The precipitates of BaCO3 
were then washed and dried. The weight of precipitates (BaCO3) 
was noted for each bacterium (Aamer., et al. 2008).

Results and Discussions
The present study deals with the isolation of Biodegradable 

Polythene degrading bacteria from the soil and sludge, analysis 
of biodegradation by FTIR. In our study out of 6 isolates, 4 were 
obtained through enrichment technique utilizing Biodegradable 
Polythene as sole carbon source. 

Identification of selected isolates

The bacterial isolate was identified as Micrococcus sp. VC4 on 
the basis of colony and morphological characteristics are shown in 
(Table 1) and biochemical test are shown in (Table 2). 

Characteristics VC4
Shape Round
Size Small
Colour White (gives orange pigment at low temp.)
Margin Even
Surface Flat
Straight rod -
Cocci +
Gram stain +
Cell 
arrangement Cluster

Table 1: Colony and cell morphology of biodegradable polythene 
degrading bacterial strain.

Note: -, Negative; +, Positive;
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Biochemical test VC4

Glucose -

Fructose -

Maltose -

Lactose -

Sucrose -

Mannose -

Mannitol -

Trehalose -

Indole -

Citrate -

Urea Utilization +

MR Test -

VP Test -

TSI -

Motility +

Catalase +

Table 2: Biochemical test of biodegradable polythene degrading 
bacterial strain.

Note: -, Negative; +, Positive.

FTIR analysis

In these present study, FTIR analysis of biodegradable plastic 
sample treated with Micrococcus sp. showed removal of peaks at 
wavenumber 3731.39 cm-1 and 3664.52 cm-1 corresponding to O-H 
of functional group alcohol, 2964.83 cm-1 corresponding to C-H of 
functional group alkane, 1515.55 cm-1 corresponding to N-O of fun-
ctional group nitro compound, 1030.30 cm-1 corresponding to CO-
O-CO of functional group anhydride as compared to control plastic 
sample. Some peaks show the stretching vibration from wavenum-
ber 3732.44 cm-1 to 3241.76 cm-1 corresponding to O-H hydrogen 
bond stretching of functional group alcohol, 2895.69 cm-1 cor-
responding to N-H amide bond stretching of functional group amine 
salt, 1258.81 cm-1 corresponding to C-O bond stretching of functio-
nal group alkyl aryl ether, 1174.30 cm-1 corresponding to C-O bond 
stretching of functional group tertiary alcohol. Some peaks show 
the bending vibration at wave umber 725.31 cm-1 corresponding 

to C-H bending of functional group monosubstitude, 785.98 cm-1 
corresponding to C-H bending of functional group 1, 4 - disubstitu-
te, 1381.02 cm-1 corresponding to C-H bending of functional group 
aldehyde. Formation of new peaks shows the accumulation of pro-
ducts of biodegradation at wavenumber 687.46 cm-1 corresponding 
to C-Br of functional group halo compound, 785.98 cm-1 correspon-
ding to C-H of functional group 1, 2, 3 – trisubstitude. There is a 
shift on left and right side of the FTIR spectra of existing peak at 
wavenumber 2964.83 cm-1 and 868.16 cm-1, respectively.

Figure 1: FTIR spectra of polythene after biodegradation.

On the basis of transmittance (%), there is increase in the 
transmittance of the absorbed light by polymer after degradation 
by Micrococcus sp. this shows the breakdown of functional 
group. The transmittance (%) of control polymer was 85% at 
725.14 cm-1, 90% at 945.57 cm-1, 78% at 1085.90 cm-1, 85.1% at 
1260.88 cm-1, 93% at 1452.81 cm-1, 84% at 1717.03 cm-1, 96% at 
2310.10 cm-1, 95% at 2964.83 cm-1, 96.5% at 3664.52 cm-1, 96% at 
3731.39 cm-1. After degradation of polymer by Micrococcus sp. the 
transmittance (%) are 95.7% at 725.31 cm-1, 97% at 953.82 cm-1, 
95.5% at 1085.46 cm-1, 97% at 1258.81 cm-1, 98% at 1453.02 cm-

1, 97% at 1717.07 cm-1, 98.3% at 2311.95 cm-1, 97.4% at 2977.77 
cm-1, 98.4% at 3666.18 cm-1, 98% at 3732.44 cm-1, respectively. 
According to previous study by Orhan., et al. 2003, Aerobic 
mesophilic heterotrophic bacteria; the infrared spectrum stayed 
unchanged for HDPE samples. After a period of burial the carbonyl 
absorption bend for LDPE and NP extending from 1625 cm-1 to 
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1850 cm-1, indicating various types of oxidation products formed 
during the biodegradation of polyethylene. The appearance of the 
carbonyl peak (1720 cm-1) and more double bonds (1650 cm-1) for 
NP samples. The infrared spectrum for starch also absorbs in this 
region and therefore, much of the 1400-1800 cm-1 absorbance may 
be due to the absorption of enzymes and proteins onto the remained 
starch granules in NP. However, there was a loss of C-O absorption 
bends (960-1290 cm-1), indicating removal of starch from the 
plastic film. The starch contained in NP samples is preferentially 
removed leaving the polyethylene network. Biodegradation 
of 2-Nitrotoluene by Micrococcus sp. the IR spectrum showed 
characteristic absorption bends of –OH stretching at 3049 cm-1, 
C=O stretching at 1674 cm-1, aromatic C-H stretching at 2923 cm-1, 
C-O stretching at 1281 cm-1 and C=C stretching at 1625 cm-1. The 
proton magnetic resonance spectrum of the isolated metabolite 
showed aromatic protons appeared as multiple ranging from 6.4 
to 6.8 ppm, phenolic hydroxyl protons appeared at 5.2 and 5.1 ppm 
and methyl protons appeared as multiple ranging from 2.0 to 2.4 
ppm (Mulla., et al. 2011).

Strum test

In these present study, CO2 evolution as a result of 
biodegradation of Biodegradable plastic was determined by Sturm 
test. The bacteria Micrococcus sp. breaks the polymers and used 
as sole carbon source for their metabolic activities and results in 
release of CO2 as end product. Amount of CO2 evolved as a product 
of degradation by bacterial isolates is 2.654 g/l by Micrococcus sp.

Figure 2: Amount of CO2 evolution (g/l) as product of  
degradation.

Degradation of polyester polyurethane by Bacillus subtilis 
strain MZA-75 indirect measurement of the capacity of MZA-
75 to mineralize PU was quantified by estimating the amount of 
CO2 evolved and number of viable cells count over the course of 
experiment. Polyurethane containing media inoculated with MZA-
75 accumulated more CO2 (7.62 g/l) (P\0.001) than biotic control 
without polyurethane (3.5 g/l) (P\0.001). Culture containing 
polyurethane increased approximately 4-log fold in cell numbers 
whereas no growth was observed in case of biotic control without 
polyurethane [4].

According to Shah., et al. 2010 at the end of the degradation 
experiment of Polyisoprene Rubber by Bacillus sp. AF–666, 
gravimetric analysis of CO2, evolved in case of test was higher 4.43 
g/1, than control 1.57 g/1. The CO2 produced after mineralization 
of polymer for 30 days was found to be 10.21 g/l, which showed 
significant degradation of the polymer. The result is in agreement 
with the studies done by Sielicki., et al. 1978. Degradation of LDPE 
by fungi isolated from municipal landfill area, the total amount of 
CO2 evolved as calculated gravimetrically and volumetrically for the 
isolate Mucor circinelloides was found to be 5.9g/l and Aspergillus 
flavus evolved around 4.4g/l of CO2 (Pramila., et al. 2011) [5-16].

Conclusions
Now-a-days, biodegradable plastics are used in packaging, 

paper coatings, bottles, bags, etc. Biodegradable plastic, soil and 
sludge sample were procured from Ahmedabad, Gujarat, India. 
The bacterial isolate VC4 Micrococcus sp. wasable to degrade 
the polymer sample by formation of new peaks that shows the 
accumulation of products of biodegradation group such as Alcohol 
(O-H) and Alkane (C-H). There was a stretching vibration in 
functional group such as Alcohol (O-H), Amine salt (N-H) and Alkyl 
aryl ether (C-O) in laboratory studies. The production of CO2 as a 
product of biodegradation analyzed through STRUM test showed 
2.654 g/l by Micrococcus sp. It can be concluded that the soil and 
sludge contains potential bacteria for plastic waste bioremediation 
and it can be used in future to reduce polymer waste which causes 
environmental issues.
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