Available online at www.pelagiaresearchlibrary.com

4
4 = ) )
o~ ' R Pelagia Research Library
I Advancesin Applied Science Research, 2015, 6(4):183-189
Library

Library
I SSN: 0976-8610
CODEN (USA): AASRFC

Enhanced biodegradation of polyethylene by development of a consortium
V. Mahalakshmi* and S. Abubakker Siddiq

Madras Christian College, Chennai

ABSTRACT

Mixed cultures may be more useful than individudfures for biodegradation studies since they gimwymbiosis
and enhance the degradation process. The potesttiins of six microorganisms, able to utilize mahylene (PE)
as the sole carbon source were selected for theldpment of a consortium. In vitro biodegradatidficeency of
the consortium for degradation of PE was testeddsnning electron microscope (SEM)-Energy Disper3ivway
Analyzer (EDAX), to analyze the growth of the nti@bcultures on the PE films and Fourier Transfohnfrared
Spectrophotometer (FTIR) to reveal the shiftingxikting chemical bonds and formation of new basla result
of microbial activity. The degraded products of ®Ere determined by Gas Chromatography- Mass Spaeter
(GC-MS).
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INTRODUCTION

The most common polymer is polyethylene, which iade from ethylene monomers (CH2=CH2). The first
polyethylene was made in 1934. Today, we call w-tensity polyethylene (LDPE) because it will float a
mixture of alcohol and water. In LDPE, the polynsérands are entangled and loosely organized, isositft and
flexible. It was first used to insulate electrigéles, but today it is used in films, wraps, bafldisposable gloves
and garbage bags. In the 1950s, Karl Ziegler polizeéd ethylene in the presence of varioust iais. The resulting
polyethylene polymer was composed of mostly lingalymers. This linear form produced tighter, denseore
organized structures and is now called high-densityethylene (HDPE). HDPE is a harder plastic vathigher
melting point than LDPE, and it sinks in an alcetalter mixture. HDPE was first introduced in thdahboop, but
today it is mostly used in containers. Polyethyl@RE) is one of the synthetic polymers of high toyhobic level
and high molecular weight. In natural form, it ist toiodegradable. Thus, their use in the produabbdisposal or
packing materials causes dangerous environmeraalgms (Kwpp and Jewell, 1992). To make PE biodésjvke
requires modifying its crystalline level, moleculaeight and mechanical properties that are resptmn$or PE
resistance towards degradation (Albertsson etl@P4). This can be achieved by improving PE hyditaptevel
and/or reducing its polymer chain length by oxidatio be accessible for microbial degradation @iki et al.,
1999). The present study was focused on analyZziegenhhanced degradation of PE by developing coasoft
microbial cultures.

Aim & objectives:

1.Screening of microbial cultures for PE degradation.
2.Identification and characterization of the cultures
3.Development of a consortium.

4.Invitro biodegradation assay by SEM-EDAX, FTIR a8@-MS.
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MATERIALSAND METHODS

ISOLATION AND SCREENING OF MICROBIAL CULTURES:

Soil samples were collected from a plastic dumpegale Madras Christian college campus, Chennaataél of 1g
of the soil sample was suspended in 10ml of stéilé-Q water and vortexed for 15 minutes. Neafl§0 pl of
suspension was used as inoculum. Erlenmeyer flaskéaining 100 ml of mineral salt medium, strigsintreated
polyethylene, 0.01 %( w/v) glucose and 1 ml of mom were used for maintaining the first preculture

The later subcultures did not contain glucose Inly the polymer as the sole carbon source. Afterdlsuccessive
subcultures, microorganisms grew in the presenc®®Bfand without glucose. Pure cultures were isolabe

Nutrient agar plates (Himedia Limited, Mumbai, lagifor bacterial isolation and potato dextrose agates

containing 50 mg of chloramphenicol to avoid bdatecontamination for fungal isolation(Artham andtide .,

2009).

Polyethylene powder was added into mineral saltismedor a final concentration of 0.1% (w/v) and thexture

was sonicated for lhour at 120 rpm in shaker. Afterication the medium was sterilized at 121°C pmedsure for
15 Ibs/inch2 for 20 minutes. About 15ml sterilizeg:dium was poured before cooling in each plate. iSbkated
organisms were inoculated on polymer containing gdmes and then incubated at 25-30°C for 2-4 wegke
organisms, producing zone of clearance around tt@anies were selected for further analysis (Atges al,

1993).

IDENTIFICATION AND CHARACTERIZATION OF PE DEGRADING STRAINS

Bacterial strains were identified based on colonyrphology and gram staining. Biochemical tests wais
performed for the identification of the isolatee(Bey’'s manual of determinative bacteriology, 19@tnfirmation
of the isolates was based on molecular characteniza

Fungal strains were identified by the morphologiéedhtures of their colony and conidia using micopsc
examination.

DEVELOPMENT OF CONSORTIUM

A single colony from each culture of Bacillus megatm, Pseudomonas mediterranea, Aspergillus spcifiem

sp, and the standard strains, Pseudomonas putil@OvL192 and Phanerochaete chrysogenum-MTCC-788 wa
inoculated in 20ml test tubes containing 5ml nutrigroth (pH 7.0+ 0.2) and the tubes were incubatei’°c for 10
hours with continuous shaking at 120rpm( Soni,et24l09).

INVITRO BIODEGRADATION ASSAY

For biodegradation assay, 100ml deci-strength mahialt broth was taken in 250ml Erlenmeyer flaghtaining
PE film strips. The flasks were inoculated with |9I0of active consortium and incubated at 37°c veitimtinuous
shaking (120rpm) for 30 days. (Soni.R, et al.,200%e plastic films were recovered from the bratk subjected
to physiochemical analysis viz. SEM-EDAX, FITR faurface and chemical changes and for degraded gisoby
Gas chromatography-Mass Spectrometer.

Physicochemical analysis

1. Surface changes-SEM-EDAX analysis

Surface morphology and composition of the polymaswnvestigated with a scanning electron micros¢&isv)-
Energy Dispersive X-ray Analyzer (EDAX; FEI Quar@0). A 10x10mm piece was cut from the polymer demp
and placed on the sample holder and was scannbihwit area of 100 um?2 at a magnification of 50@temical
analysis (microanalysis) of the polymer surface vpasformed by measuring the wavelength and intgnsit
distribution of X-ray signals generated by a foclsdectron beam on the specimen with the Energpddgve
Spectrometer (EDS). The sample preparation forah#ysis was the same used for SEM analyses. dltege was
set at 20 kV, and the magnification was set at 208ham and Doble., 2009).

2. Chemical changes:

A PERKIN ELMER spectrum one Fourier Transform Inée Spectrophotometer (FTIR) was used to detect the
formation of new functional groups or changes ie #imount of existing functional groups. The Perkimer
spectrum one FT-IR instrument consists of Nernstvgl as source, an interferometer chamber comprisfirkKBr
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(potassium bromide) beam splitters followed by m@i@ chamber and detector. Entire region of 4000-e5-1 is
covered by this instrument. The spectrometer warlder purged conditions. Solid samples were diggeirs KBr
or polyethylene pellets depending on the regiofintdrest. This instrument has a typical resoluwd.0 cm-1.
Signal averaging, signal enhancement, base lineecoyn and other spectral manipulations are ptessih KBr
method, the solid sample was grounded using ar agattar and pestle to give a very fine powder.

The fine powder sample was then mixed with 100ngddKBr salt. The mixture was then pressed unddrduylic
press using a dye to yield a transparent disc miegsabout 13mm diameter and 0.3mm in thicknes®nTtine
sample was placed in the instrument sample hotitesdanning.

Theprocedurefor recordingthe % T or %A isasfollows:

Air was first scanned for the reference and stoféd sample was then recorded and finally the w@itithe sample
and reference data was computed to give require@®f88A at various frequencies (Indian InstituteTethnology,
Chennai).

1. ANALYSISOF DEGRADED PRODUCTSBY GASCHROMATOGRAPHY

After 2 months of incubation period, the myceliallpt (in case of fungal culture) or the bactepallet (in case of
bacterial culture) was removed by filtration, ame ffiltrates were extracted with distilled etheheTdegraded
products of PE were determined by Gas chromatogramss spectrometer (JEOL GCMATE Il GC-MASS
SPECTROMETER, Indian Institute of Technology, Charnusing HP5 column. Helium gas was programmed to
raise the oven temperature from 70°C to 200°C (mari temperature - 250°C at 15°C/min, Injection il
micro liter). Mass spectrometer with tungsten fiearh as electron source works with 70eV, a doubtaiging
analyzer and photo multiplier tube as detector wétolution of maximum 5000. Using PerFluoro KereséPFK)

as standard, mass spectrometer was calibrated CNain et al. 2008)

RESULTS
SCREENING OF PE DEGRADING MICROORGANISM S

The formation of a clear halo around the colonyidated that microorganisms were able to depolyreetie PE by
utilizing it as a carbon source, since that wasothlg nutrient available in the medium.

CHARACTERIZATION AND IDENTIFICATION OF PE DEGRADING STRAINS

Based on molecular characterization the bactetrains BS1 was identified as Bacillus megateriunaistrB1,
Accession number(Gen bank) - JQ904750 and thefigctrain BS2 was identified as Pseudomonas taeednea
and strain M2, Accession number (Gen bank) - JQ9847
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After staining with cotton blue following the key&aper and Fennell (Rapeat al,1987), the fungus was finally
identified. Based on colony morphology and Lactermdl cotton blue staining the fungal strain(FS1)vdesntified
as Penicillium species and the fungal strain FS&spergillus species.

SEM Analysis of consortium

Within 30 days of incubation with the microbial comtia, the PE film appeared corroded. This mayie to the
combined effort of individual cultures in the cortaam to effectively degrade PE. SEM images of degd films
showed the presence of different types of bacter@dlls and hyphal structures. This therefore, cordd the
utilization of PE as a carbon source by these rbiesoFurther incubation would have yielded betsults. (Figure
1).

-

WD det | mode
30.00 kV|5000x| 9.7 mm|ETD| SE

8/6/2012 ‘ HV mag

10:28:46 AM

Figure 1- SEM image of degraded PE film inoculated with the microbial consortia
EDAX Analysis of consortium
EDAX analysis further confirms the effective use &Ea carbon source by the consortium when compartdd
control (Table 1).

Table 1 - Elemental analysis of degraded PE film by consortium compared with control

Element Wt % | Control | Consortium
Carbon 80.13 72.55
Oxygen 5.63 4.62

FTIR Analysis of consortium

The FTIR spectrum of degraded PE film by consortglmowed considerable changes in the absortiondities
when compared to control. The peak at wavelengft® X' in control increased to 1051 €nin the consortium.
Newer peaks with wavelength 2331 tmi641 cni and 1368 crm were also observed in the consortia sample as
compared to control. This showed the shifting ofid®in the PE structure whereby the chemical siracdf the
film was altered, which is a prerequisite for bigdedation. (Figure 2).
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Figure 2 - FTIR spectrum of degraded PE film by consortium compared with control

GC-MS Analysis of consortium

The consortia of six cultures namely the four itedaand two standard strains were found to dedPadeffectively
within an incubation period of 30 days and the dgoosed products were analysed by GC-MS (Figur&B8)yMS
spectra of degraded products by consortium (a-c@ as follows: Compound a. m/z : 136 (45)[M]+ to(98)[M]+,
Compound b. m/z : 136 (85)[M]+ to 67 (15)[M]+ andm@pound c. m/z : 162 (100)[M]+ to 77 (45)[M]+. The
spectra of compound a was found to be Cyclohexdnatethyl-4-{1-methylethenyl}-acetate, compounddbhte
Cyclohexene, 1-methyl1-3-{1-methylethenyl}-[n] andmpound c to be Benzene,1,2-[methylenedioxy]-fenyl-
J[EL

Compound A
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Figure 3 - The spectrum of products (A-C) using Consortium analyzed by GC-M S
DISCUSSION

Individual cultures, both bacterial and fungal @éayeen used for the biodegradation of polyethylame other
polymers (Hadad Det al., 2005; Goel Ret al, 2008; Manzur Agt al., 1997; Soni Ret al, 2009) but consortia
have been found to be more efficient biodegraderhdn Y,et al, 2000; Kapri Aet al, 2009). The suggestive
reason behind this behavior is that the degradaifoa polymer compound might involve multiple stepwd for
catalyzing the formation and catabolism of interragicompounds, different enzymes/co-factors aegle@, which
is carried out by suitable microbial ‘consortia’of® R, et al, 2009). FTIR analysis further substantiated that
chemical bonds in the polymer backbone of LDPE vested upon by the consortium, causing breakagmioie
native bonds and formation of newer ones. Significsifts in CH2 and C-O stretching frequenciesemercorded
in the biodegraded supernatants of both non-poeodnés well as poronized LDPE (SonieRal., 2009).

Mixed culture can be more useful than single celtand when they grow in symbiosis they may enhadhee
growth of the biofilm formed. It also increases thalropillicity of the polymer surface when compate growth
of individual organism which may ultimately makestholymer more susceptible to degradation. Miclotudture
like Klebsiella pneumonia and

Pseudomonas aeruginosa are reported to form dnbiofi the surface of steel. The later colonisesstivéace faster
while the former grows faster on the surface layfethis biofilm [Stewart , 1997]. The mixed cultureduced the
weight of the polymer by 7% whereas single cultafehe same microorganism showed ~ 0.50% redudtion
weight, indicating a synergy between the two micganisms leading to 14 — times increase in thedgoabability
of the polymer [Seneviratne, 2006]. Effective detztion of PE films were observed in the microbiahsortia of
Bacillus megaterium, Pseudomomas mediterranea, rgi#lpe sp, Penicillium sp, Pseudomonas putidad
Phanerochaete within 45 days of incubation comptrye®D days of incubation with individual microbialltures.
SEM micrograph showed a mixed growth of culturegshanfilm surface and EDAX results substantiatezl uke of
PE film as carbon source. FTIR analysis also cordd the formation of newer bonds with waveleng882,cm-1,
1,641 cm-1 and 1,368 cm-1 as when compared toalashie to effective degradation of PE by the cotiaofhe
spectra of compounds as analysed by GC-MS fomtizeobial consortia were found to be Cyclohexade
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methyl-4-{1-methylethenyl}-acetate, Cyclohexene,&thyl1-3-{1-methylethenyl}-[n] and Benzene,1,2-[thgene
dioxy]-4-propenyl-,[E].
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