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ABSTRACT 
Environmental biotechnology has the intention of increasing sustainability of production process 
by employing biological systems and human life. In the present study, three different types of 
plastics were used to check their degradability by using degradability test. The microorganism 
isolated from oil contaminated soil was found to utilize the edible oil (coconut oil) as a carbon 
source. These microorganisms were used for the further investigation to produce plastic from the 
granules, its durability and degradability is in progress. Sudan black staining of this 
microorganism reveals the presence of PHA granules inside the microorganism. These granules 
are after extraction useful to produce the plastic film assuming to be used as one of alternatives 
of biodegradation plastic. TiO2 powders are used for the preparation of microbial plastic. Check 
their degradability at same time and same species in MMSB medium during these study 
microbial plastic is highly degradable compare to starch based plastic and polythene plastic.    
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INTRODUCTION 
Plastic is the most useful synthetic manmade 
substance, made up of elements extracted from 
the fossil fuel. It has made possible most of the 
industrial and technological revolutions of the 
19th and 20th centuries. The plastic are defined 
as the polymers, which become mobile on 
heating and can be cast into various moulds. 
They can use in almost every aspect of human 
life ranging from household to manufacturing 
industry. Plastic materials, which have involved 
in every sphere of human life are now causing 
serious environmental problem due to their non-
biodegradability. Plastic is the generic name of 
synthetic, semi-synthetic or natural materials.1 

During the past 30 years plastic materials have 
been widely used in medicine, clothing, shelter, 
transportation, construction, medical and leisure 
industries because they are lightweight, low cost, 
extremely durable and relatively unbreakable2 
(Fig. 1). A very general estimate of worldwide 
plastic waste generation is annually about 57 
million tons.3 In 2009,  around 230 million  tones  

of  plastic were  produced and around  25 percent 
of these plastics were used in the EU. They do 
not break down in the environment easily 
because they are resistant to microbial attack, due 
to their excessive molecular mass, high number 
of aromatic rings, unusual bonds or halogen 
substitutions.4 As a result they remain in the 
environment for a very long time without any 
deterioration and the large-scale accumulation of 
waste plastics in the biosphere has given rise to 
the problem of severe environmental pollution.5,6 
Plastic is also dangerous for various animals, 
including cattle’s, wild animals and the sea 
creatures die every day by discarded plastic 
materials. These problems have made plastic 
waste a major focus in the management of solid 
waste.7 There is considerable research on the 
development of biodegradable plastics as well as 
on the degradation of existing plastics using 
microorganisms. Since, microorganisms are 
capable of degrading most of the organic and 
inorganic materials, including lignin, starch, 
cellulose,   and   hemicelluloses.   There   is lot of  
interest in the microbial degradation of plastic 
and polythene waste material 8-10 isolated and *Author for correspondence 
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characterized a bacterium from soil which 
utilizes polyester polyurethane as a sole carbon 
and nitrogen source. Recent research has 
revealed that the high diversity of the 
microorganisms in the oil contaminated soil is 
capable of degrading the plastics, although at a 
slower rate.11 This highly beneficial plastic is 
now become a serious threat to environment due 
to its uncontrolled and low quality production. 
As well known, synthetic polymer materials have 
been widely used in every field of human activity 
during last decades, i.e. post-staudinger times. 
These artificial macromolecular substances are 
usually originating from petroleum and most of 
the conventional ones are regarded as non-
degradable. However, the petroleum resources 
are limited and the blooming use of non-
biodegradable polymers has caused serious 
environmental problems. In addition, the non-
biodegradable polymers are not suitable for 
temporary use such as sutures. Thus, the polymer 
materials, which are degradable and/or 
biodegradable have being paid more and more 
attention   since   1970s.12   The current challenges   

of removing such plastic from the environment 
needs some alternative material which can be 
used to replace the synthetic plastic and also 
possesses the properties like the synthetic plastic 
and can easily decomposed in the environment. 
Biodegradable plastic is emerged as one of the 
potential options that is produced through 
microbial production and can easily degrade in 
the environment through microbial action. 
However, the production of plastic like material 
through microorganisms is expensive and 
various harmful chemicals like hydrogen 
chloride and hydrogen cyanide are releases in to 
air during the production process of such plastic 
like materials.  

The present work is carried out to produce the 
plastic like materials from PHB granules 
produced by microorganisms isolated from 
edible oil contaminated soil using low cost 
carbon sources like coconut oil, palm oil, 
soybean oil etc. Its degradability has been 
checked with other bio plastic produced through 
starch and the commercial synthetic plastic.  

 
Fig. 1 :  Utilization of plastic in various fields 13 

AIMS AND OBJECTIVES 
The present study has been carried out as a pilot 
research focusing on the objectives such as to 
accomplish PHB production and extraction from 
microorganisms and to check the biodegradation 
capabilities of this plastic and identify the 
organisms responsible for its degradation. 

MATERIAL AND METHODS  
Degradability of the PHB based microbial 
plastic was tested by degrading them through 
different microbial strains and compared with 

two other plastic materials, the one is starch 
based plastic, which is produced in laboratory 
condition14 and another one is commercially 
available synthetic plastic.  
PHB based plastic  
The potential microorganisms producing 
PHB which were isolated in previous study 
and their pure strains preserved in the 
laboratory at 4°C for the further used for the 
production of PHB granules. This strains 
were also genetically identified by using 16s 
r-RNA sequencing. 15 
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Isolation and identification 
The isolation of bacterial strain was performed 
by serial dilution technique, enrichment 
technique13 and spread plate technique. Isolation 
of microorganism was followed by primary and 
secondary screening. 16 
Characterization and identification of PHB 
producing bacteria isolate were carried out with 
microscopic examination through Sudan black 
staining method as well as biochemical test 
according to Bergys’ manual of systematic 
bacteriology and various staining methods.1 

Fermentation 
The production of the PHB was carried out by 
two stage cultivation.17 The isolated organism 
were cultivated in the nutrient broth medium 
without any nutrient limitation, at 370C and 150 
rpm for 24 hrs after incubation 2 ml of culture 
was taken to inoculate the flask containing 200 
ml of sterile production medium containing 
nutrient broth medium without any nutrient 
limitation and all the isolates were first grown for 
72 hrs at 37˚C with shaking at 150 rpm in a 
carbon rich MSB medium containing 
Na2H2PO4.12H2O (5g/l), (NH4)2SO4 (2g/l), 
MgSO4.7H2O (0.4g/l), Tween  80 (0.1%), Edible 
oil (1% w/v).1 

Extraction 
After fermentation the bacterial biomass was 
collected and washed. PHB extracted with a 
solvent and separated from the remaining 
biomass. PHB precipitates were washed by water 
for further purification. This purified powder was 
processed in the extruder to obtain PHB film 
from which a plastic film was prepared on a pilot 
scale by following some experimentally proved 
methods.14

 The PHB granules were extracted by 
solvent cast technique 1 as described below.  
Fermentation broth was incubated for 96 hrs, at 
37 0C and 10 ml  of  culture was  taken into clean  

polypropylene centrifuge tubes which had been 
previously washed thoroughly with ethanol and 
hot chloroform to remove plasticizers. In each 
tube, 5 drops of formaldehydes were added in 
order to prevent further biological activity and 
then centrifuged at 8000 rpm for 15 minutes. The 
supernatant was discarded and pellet was washed 
twice with 5 ml cold water and 2 ml cold hexane 
twice to remove hydrophobic residual oil. The 
remaining pellets were oven dried until obtaining 
of constant weight. The dry pellets were treated 
with equal to original volume of culture (10 ml 
of 30 % v/v) sodium hypochlorite (NaOCl) and 
the mixture was incubated at 37 0C for 1 hr .15 
After incubation the mixture containing the lipid 
granules was centrifuged at 6000 rpm for 15 
minutes and washed with water and then with 5 
ml 96 % cold acetone and ethanol (1:1). The 
precipitates thus formed were allowed to dry to 
obtain PHB crystals. 
These PHB crystals were re dissolved in 5 ml of 
chloroform in a test tube in water bath at 1000C 
for 20 minutes and filtrate through Whatman no 
1 filter paper chloroform was evaporated by 
pouring the solution on sterile glass petriplate, 
kept at 4 ˚C in deep fridge for few hours. The dry 
powder was collected from petriplates by 
scratching slowly for further analysis.15 

Preparing of PHB-TiO2 composite film 
The PHB was further purified by dissolving 
it in hot chloroform and precipitating in cold 
methanol. All films were prepared by 
conventional solvent cast technique the ratio 
of PHB TiO2 for PHB/ 57 wt %. TiO2 
composite film was 1.0:1.3 (w/w). While 
that for PHB/ 38 wt % TiO2 was 1.0:0.6 
(w/w).15 This mixture in chloroform was 
poured into glass petri dish in the solvent 
was allowed to evaporate at ambient 
condition. The resulting films appear on 
TiO2 containing film (Fig. 2).18 

 
           (- No turbidity, + Turbidity observed) 

Fig. 2 : Different strain with different turbidity after inoculation 
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Biodegradation test 
The plastic film produced was checked for 
its degradability in soil and the 
microorganisms were isolated from the soil. 
The isolates were further checked for its 
degradation capacity of the produced 
biodegradable plastic.  
The pure PHB films were also being 
experimented under the same conditions for 
comparison purposes. The duplicate test 
pieces were retrieved from the medium, 
washed in sterile distilled water, dried for 
one day at room temperature and weighed. 
The degradation of these films was evaluated 
conventionally in terms of percentage using 
the following formula.18 

 
Microbial degradation of starch based 
plastic 
Starch based plastic film was prepared by 
adding  2.6 g gelatin and 2 ml glycerol with 
desired colour into 60 ml distilled water 
conical flask the mixture was heated 
thoroughly and 5 g of starch was added. The 
temperature was monitored to prevent the 
melting point (95 0C). After the heating, the 
liquid medium was spread in different 
container and allowed to dry at room temp- 
erature for two to three days.14 

The starch based plastic film was tested for 
its degradation by Staphylococcus species in 
MMSB (Modified Mineral Salt Basal) 
medium (NH4)2HPO4 (1.1g), K2HPO4 (3.7 
g), 0.1 M MgSO4 (10ml) and 1.0 ml of 
microelement solution, containing FeSO4. 
7H2O (2.789), MnCl2.4H2O (1.989), COSO4. 
7H2O (2.819), CaCl2.2H2O (0.179), ZnSO4. 
7H2O  (0.299)  in  1 L  of 1N HCl.1 0.12g  or   

1.5 cm plastic was cut and placed in to flask 
containing MMSB medium, incubated on 
shaker for three days. The degradation was 
tested by percentage weight loss in the 
medium using the above formula. The 
similar method has been used to test the 
degradation of synthetic plastic, 
commercially available in market and the 
results of all above tests were recorded.  

RESULTS AND DISCUSSION 
Edible oil was used as a carbon source in the 
growth medium so that the microorganisms 
use this carbon source for their growth. The 
previous study had demonstrated that 
inexpensive renewable plant oils are 
excellent carbon sources for the efficient 
production of PHA.19 The MSB medium in 
present study was enriched by coconut oil 
commercially available in the market for 
domestic use. Hence, the oil is the only 
available carbon source for growth of 
microorganisms in the media and behaves as 
precursors for PHB, which allow selective 
organisms to grow in the medium. The 
organism isolated from the turbid medium 
after 72 hrs of growth were identified 
through various staining and morphological 
techniques, Sudan black staining reveals 
presence of PHB granules which was 
confirmed by molecular characterization 
through 16S r RNA partial sequencing 
isolate DSM-4 was identified and confirmed 
as Staphylococcus epidcermidis. Fig. 3 
shows the PHB powder which was produced 
after the extraction process. The dry PHB 
powder was dissolve in hot chloroform to 
make slurry and spreaded on the glass plate 
containing TiO2 powder at room temperature 
after 48 hrs incubation.  

 
 
 
 
 
 
 
 

Fig. 3 : PHB- TiO2 composite film 
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PHB produced by S. epidermidis was further 
utilized for degradability study. Degradability 
studies shown that PHB film produced and 
finally degrade by Staphylococcus epidermidis, 
when submerged in the in MMSB medium. 
The results depicts that the film was 
completely degraded after the incubation of 72 
hrs. The degradation and synthesis of PHB 
occur by same organism because organisms in 
growth limiting environment produce PHB but 
in the normal condition it leads to production 
of enzyme for PHB degradation. PHB 
synthesis and PHB degradation can happen 
simultaneously. Under appropriate conditions 
the same granules catalyzed formation of PHB 
from acetyl-CoA and degradation of PHB to 
acetyl-CoA.20 
Starch based plastics are made from thermo 
starch which is bio degradable in nature. 
Starch is a cheap biopolymer that is totally 
biodegradable, ultimately up to carbon dioxide 
and water. Starch is used as natural food-

ingredients and is a main energy provider in 
the human diet. A starch based plastic was 
prepared at the laboratory scale using glycerol 
on aluminum foil which gives an orange 
coloured plastic film within 24 hrs (Fig. 4). 
This thermoplastic starch is known as a Bio-
Plastic Starch (BPS).21 BPS is a semi 
crystalline polymeric material composed of 
gelatinized or destructurised starch containing 
mixture of plasticizers like glycerol. 
Glycerol is added for the gelatinization of 
starch during thermal processing and water is 
also most commonly used in the thermal 
processing of starch based polymers. Starch 
based plastic containing only water; however 
this results in poor mechanical properties 
such as brittleness due to the fast 
retrogradation (recrystallization). Therefore 
other non-volatile plasticizers like glycerol 
are investigated to improve the processing 
ability and the product properties as starch 
based plastic.13 

 
 
 
  
 
 
 
 
 

Fig. 4 : Observation of starch based plastic film on 1st day and after 48 hrs 

As shown in Fig. 5, the starch based plastic 
material found degraded as the pieces of plastic 
of 0.12g were converted into the fine powder of 
0.5g. This weight was put in the degradation 
formula (1) and reveals 58% degradability after 
72 hrs of shaking at 150rpm. (Table 1) 
Polyethylene   bags   were   used for comparative  

investigation of their biodegradability. The 
synthetic polyethylene bag is of conventional 
plastic polymer of petroleum origin. The above 
mentioned same method was used for study. 
During the incubation of 72 hrs with S. 
epidermidis in MMSB media, showing pint-sized 
degradation.  

                  
Fig. 5 : Degradation of starch based plastic in 48 hrs 
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Table 1 : Degradation of three different plastic materials in 72 hours 

Materials Initial weight Final weight 
(after 72 hrs) Results 

Microbial plastic 1.27g          0.00g >99.99% 
Starch based plastic 0.12g          0.05 g 58.33% 
Polythene plastic 0.38g          0.31g 18.38% 

Table 1 shows the percentage degradability of 
three different types of plastic material using a 
single microbial strain (S. epidermidis) in a 
MMSB medium for 72 hrs of incubation. It 
also depicts >99.99% degradation of microbial 
plastic whereas starch based plastic shows 
almost 50% degradation than microbial plastic 
and polythene plastic do not gives desired 
result and showing very minute degradation.  
Total degradation of microbial plastic through 
microorganism isolated from nature reveals the 
scope of PHB based plastic as a sustainable 
alternative of synthetic plastic. However, its 
commercial production viability, durability and 
stability tests require further research on a 
large scale. The findings of the present 
research may provide the new opportunities 
and areas for long term research. Moreover, 
the microorganisms used in present study were 
isolated from contaminated soil suggests the 
possible abetment of soil pollution and 
bioremediation.22-24  

CONCLUSION 
Microbial strains already isolated from oil 
contaminated soil 1 were used for present study 
and these organisms were screened through 
visual turbidity to select the most potential 
microbial strain. One microbial strain 
identified as Staphylococcus epidermidis was 
used for the production of PHB granules. The 
bacteria were subjected for fermentation and 
determination of cell dry weight with sesame 
oil and produced 2.65 g PHB/100ml. Finally, 
PHB powder was used for preparation PHB 
based plastic film using TiO2. Another plastic 
film was prepared using thermo starch. This 
starch based plastic films exhibit physical 
characteristics similar to synthetic polymers. 
Both the plastics were tested for their bio 
degradability through microorganism isolated 
from contaminated soil and was compared 
with that of the synthetic plastic. The        
results   revealed that the microbial plastics are 

completely degraded through microorganisms 
while partial degradation was observed in 
starch based plastic as organisms possesses 
tendency to produce enzymes for synthesis and 
degradation of PHB.  
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