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Abstract— This article reveals the bio-degradation of low-

density polyethylene by Acrophialophora fusispora. LDPE 

sheets were immersed in MSM contains A. fusispora. After 

the period of incubation, the LDP materials were collected 

from the MSM (mineral salt media) and washed with 

ethanol and air drayed. The collected sample was 

undergone to analyze the rate of bio-degradation and 

morphological changes through Weight loss method and 

FTIR, SEM analysis. 

 

Index Terms- Acrophialophora fusispora, Zone, SEM, 

FTIR, LDPE. 

 

I. INTRODUCTION 

 

Trillions of plastic bags are consumed each year and 

were thrown in the street or road side after their use. 

These waste materials were collected by the sweeper 

and dumped in the garbage area. It takes more than 

a thousand years for complete degradation. To make 

pollution free metro pollutant city we apply various 

methods to degrade them, but it doesn’t show 

sufficient result, so by using microorganisms or 

biological additives, known as biodegradation is 

employed to degrade LDPE. In this process of 

degradation, plastic reacts with oxygen from the air 

and then the microorganisms, facilitate this 

degradation process by secreting polyethylene 

degrading enzymes to oxidize or break down the 

products for its energy into smaller byproducts such 

as carbon dioxide and water (Nupur Ojha et al., 

2017). Compare to another method, it is natural 

oriented one and degradation rate also much higher 

compare to other. Efforts should be intense on 

emergent eco-friendly methods of degrading LDPE 

materials by utilizing the potential of fungi 

(Sudhakara, et al., 2008). 

 

The present study concentrates on isolating the 

potential fungal isolates responsible for the 

degradation of LDPE materials was isolated from a 

soil sample of the Tiruchirappalli garbage area.  The 

study also focuses to catalysis the media for improving 

the degradation rate.  To analysis the percentage of 

degradation, several analytical methods have been 

used in the degradation of the LDPE materials. 

 

II. MATERIALS AND METHODS 

 

• Isolation of LDPE degrading fungal species: 

After the successful growth of the microorganisms, 

each single colony was identified (based on colony 

morphology and color) and re-streaked as primary 

inoculants on the surface of the PDA for fungi. The 

plates were then incubated at 27 ± 2ºC for 6 days and 

the isolated strains were maintained on PDA (fungi) 

slants at low temperature (4 ± 10C) for further use. 

 

• Identification of fungal isolated from the garbage 

area of the LDPE contaminated site of 

Tiruchirappalli D.t: 

Identification of every chosen fungus was done by 

observing colony morphology and fungal staining 

(Carmichael and Bryce Kendrick, 1980; Domsch and 

Games, 1993 and Barnatt and Hunter, 1998). 

 

• Examination of colony morphological characters: 

The colony morphological character i.e., colour was 

studied on the selected fungal strains and the results 

were recorded and obtainable.  

 

• Rapper and fennel method for identification of 

fungi: 

1 or 2 drops of lacto phenol cotton blue strain are 

poured in the clear slide, to that 6 days old fungal 

mycelium was added into the same slide and smear it 

until the mycelium spread over the strain, excess 

solution was removed with blotted paper, and covered 

it with the cover slip with the help of vaseline and kept 

https://www.nature.com/articles/srep39515#auth-1
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for few minutes and observed under the oil immersion 

microscope. 

 

• Screening of Low-density polyethylene (LDPE) 

degrading microbes’ fungi through clear- zone 

formation:  

The agar plate is emulsified with LDPE, a pure fungal 

culture was spreader over it and incubate the plate at 

30ºC for 2 to five days, a clear zone is observed around 

the LDPE sample were determined modified method 

of (Augusta et al., 1993), microbes were screened 

based on the diameter of zone formation for further 

degradation studies. 

 

• Inoculation of Polythene Strips into Mineral salt 

medium:  

LDPE bags (purchased local market) were cut into 

small strips (each 3cm size) and inoculated into the 

mineral salt medium and kept it for 3,6-,9- and 12-

month of incubation period. 

 

• Biodegradation of LDPE materials were 

characterized through various analytical 

techniques: 

Weight loss method: 

Determination of dry weight of residual LDPE for the 

accurate measurement of dry weight of residual 

LDPE, the LDPE films were recovered from the 

degradation medium and they were washed with 2 % 

(v/v) sodium dodecyl sulfate (SDS) solution and 

further rinsed with distilled water (Gilan et al. 2004). 

The washed LDPE film was air dried overnight at 600 

c before weighing and the percentage of weight loss 

was determined using the formula (Kyaw et al. 2012). 

Based on this the following weight loss percentage 

was determinate using the following formula: 

 

Weight loss (%) =     Initial weight – Final weight *100 

          

Initial 

weight 

 

• Fourier Transform Infrared (FTIR) Spectroscopic 

Studies: 

Fourier transform infrared spectroscopy analysis was 

performed for detecting the formation of new 

functional groups or changes in the amount of existing 

functional group. 

• Scanning Electron Microscopy analysis: 

The treated samples over a period of incubation were 

washed with 2 % (v/v) aqueous SDS and distilled 

water for a few minutes and flushed with 70 % ethanol 

to remove the cells. After that the sample was pasted 

onto the SEM analysis stub using a carbon tube and 

the sample was coated with the gold for 40 s and 

analyzed under high-resolution scanning electron 

microscope (EVO LS15; Carl Zeiss, German) for 

analysis. 

 

III. RESULTS AND DISCUSSION 

 

Isolation and Identification of Acrophialophora 

fusispora from the garbage area of Tiruchirappalli 

D.T: 

 

Acrophialophora fusispora is isolated from garbage 

area contaminated with LDPE materials in 

Tiruchirappalli D.T.  They were identified based on 

Raper and fennel key. It’s pure culture and its 

microscopic view were given in picture format in 

figure 1. 

 

 
Figure 1. Acrophialophora fusispora and its 

microscopic view 
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Screening of Low-density polyethylene (LDPE) 

degrading microbes fungi through clear- zone 

formation: 

Acrophialophora fusispora was inoculated into the 

medium containing LDPE powder and kept for 2 to 3 

days for incubation. A halo zone was formed around 

the fungus indicate the chosen fungus have the ability 

to degrade the LDPE materials. The clear zone 

formation was measured with a ruler and its shows 1.5 

cm. Zone formation and its diameter of zone were 

predicted in table 1 and figure 2. 

 

Table 1. Diameter of clear zone of Acrophialophora 

fusispora 

S.No Name of the Organisms Diameter of 

Zone 

1 Acrophialophora 

fusispora 

1.5cm 

 

 
Figure 2. Zone formation of Acrophialophora 

fusispora 

 

The gradual increase in zone formation around the 

colony was measured in centimeters with the ruler 

every day. It implies the initiation of biodegradation 

(Vatselductt, and S.Anbuselvi. 2014) that can be 

interacted and made changes in mechanical properties 

of tensile strength, optical changes of cracking, 

erosion and decolorization. It is clear that the 

organisms are at least able to de polymerize the 

polymer. Because it secrete the extracellular enzymes 

which degrade the polymeric substances into water 

soluble materials, resulting into the formation of a 

clear zone around the microbial culture, indicating 

utilization of polyethylene powder as the sole carbon 

source., which is the first step of biodegradation. 

Augusta et al., 1993 have reported that the zone of 

clearance around the colony is due to extracellular 

hydrolyzing enzymes secreted by the target organisms 

into suspended polyester agar medium. This method is 

usually applied to screen organisms that can degrade a 

certain polymer (Nishida and Tokiwa, 1993; Abou-

Zeid, 2001), but it can also use to obtain semi- 

quantitative results by analyzing the growth of clear 

zones. 

 

Monoculture of Acrophialophora fusispora in various 

incubation periods for biodegradation of LDPE under 

mineral salt media: 

Acrophialophora fusispora was inoculated into the 

mineral salt media (MSM) along with LDPE materials 

(3*3cm) and kept for 3, 6, and 9 month of incubation 

period. After the incubation period, the LDPE strips 

were taken and washed with ethanol and air dried and 

undergo for analytical studies for calculating the 

percentage of degradation rate. Acrophialophora 

fusispora in various incubation periods were given in 

figure 3. 

 

Figure 3. Monoculture of Acrophialophora fusispora 

in various incubation periods for biodegradation of 

LDPE under mineral salt media: 

 
A 
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B 

 

 
C 

 

A: 3 month of incubation period of Acrophialophora 

fusispora + LDPE material in MSM 

B: 6 and 9 month of incubation period of 

Acrophialophora fusispora + LDPE material in MSM 

C: 12 month of incubation period of Acrophialophora 

fusispora + LDPE material in MSM 

 

Biodegradation of LDPE materials were characterized 

through various analytical techniques: 

After 3, 6, 9 and 12 month of incubation period, the 

LDPE strips were taken and washed with ethanol and 

air dried. After that they were undergone for analytical 

studies. 

 

IV. WEIGHT LOSS METHOD 

 

LDPE strips were kept in weight balance to determine 

the weight loss percentage method. The reduction in 

weight was observed after the biodegradation said by 

(Merina Paul Das and Santhosh kumar 2015) Mona 

goundar et al., 2012, states that it, usually enzymatic 

degradation of polyethylene is a surface erosion 

process. The weight loss can be used to measure the 

enzymatic cleavage of the polymer. The microbial 

enzyme catalyzed the depolymerization and thus there 

was weight reduction ( Merina Paul Das et al., 2014).  

The reading was predicted followed by the formula 

and results were predicated in table 2. 

 

Table 2. Percentage of degradation LDPE 

S.N

o 

Period on 

 

incubatio

n  

Name of the 

Organisms with 

LDPE materials 

Percentage 

of  

degradatio

n 

1 3 month  

 

Acrophialophor

a fusispora + 

LDPE 

04% 

2 6 month 09% 

3 9 month 11% 

4 12 month 16% 

 

V. FOURIER TRANSFORMS INFRARED 

(FTIR) SPECTROSCOPIC STUDIES 

 

After the incubation period, the sample was collected 

and washed with water and followed by ethanol to 

remove debris and again washed with distilled water 

to remove excess precipitation and then allowed it to 

dry. The surface changes made on LDPE pieces were 

analyzed through FTIR studies. Based on carbonyl 

group, the percentage of LDPE degraded by the 

microorganisms was calculated. 

  

Figure 4. FTIR analysis for monoculture of 

Acrophialophora fusispora in various incubation 

periods for biodegradation of LDPE under mineral salt 

media 
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Different month’s incubation period of 

Acrophialophora fusispora + LDPE material in MSM 

 

A band around1461.11 cm-1 revealed a rocking 

deformation but it was however showed bending 

deformation due to microbial growth, the deformation 

is good in sample which is inoculated with 

microorganisms. The carbonyl band corresponding to 

the ketone and ester carbonyl groups and it is a typical 

product of oxidative degradation of polyethylene. A 

band around 1019.04 cm-1 revealed a bending 

deformation but it is however been shown rocking 

deformation due to microbial growth (Ibine et al., 

2013).The changes in the polymer bonds due to 

biodegradation were determined using FTIR 

spectrophotometer. The LDPE film exposed to the 

isolates was analyzed after 3, 6, 9 and 12 month of 

incubation period. The result was predicted in figure 

4. It is used as an analytical technique in many 

biodegradation studies reported by (Kiatkamjornwong 

et al., 2007; Dirmal et a.,l 2007, Kirbas et al., 1999; 

Arboleda et al., 2004 and Shalini et al., 2014). Since it 

is known that the degradation of polymer can proceed 

via both hydrolysis and oxidation, with this tool it is 

possible to estimate the extend of modification of the 

polymer main chain due to the action of abiotic or 

biotic factors., that the mechanisms of polymer 

degradation can be determined by measuring the levels 

of ketone carbonyl, ester carbonyl and internal double 

bond absorbance peaks said by (Sudhakar et al., 2008). 

 

VI. SCANNING ELECTRON MICROSCOPY 

ANALYSIS 

 

H V Sowmya et al., 2014 states that the analyzed 

degraded products showed formation of cavities and 

erosion. In our work, also LDPE treated with selected 

microbes shows the formation of cavities and erosions. 

Revealed the presence of cracks and fungal and 

bacteria growth in the LDPE materials. Increasing the 

degradation time increased the cracks Mona gounda et 

al., 2012. Before processing, the surface has a smooth 

surface with no cracks. The surface changes made on 

LDPE pieces were analyzed through scanning electron 

microscopy in different magnification and results were 

predicted in figure 5. However after incubation with 

the selected microorganisms surface erosion and the 

formation of pits and cavities on the surface of the 

samples can be observed (Atefeh Esmaeilli et al., 

2013). Kawai et al 1995 suggested that the strong 

pressure caused by growth of the roots of fungi and 

bacteria leads to such crack formation in the case of 

biodegradation. 

 

Figure 5. SEM analysis for monoculture of 

Acrophialophora fusispora in various incubation 

periods for biodegradation of LDPE under mineral 

salt media: 

 
A 

 
B 

 
C 

 

A: 3 and 6 month of incubation period of 

Acrophialophora fusispora + LDPE material in MSM 

https://www.researchgate.net/scientific-contributions/2051743761_HV_Sowmya?_sg=Hoy6R8F7Y5Ciey0NXUEwaLHTRXARIUcEd83PrO94RAbAa9Zm0jObgX_vzr_WUo-L03MjMQg.7g-gV9Sys1XHxVzG5PtTFHohdpudPdX0FDzCGCuveB_kkzXC6j7KrlrewV_XmxIe3E5WIE88drjNPf8jC2voQg
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B: 9 month of incubation period of Acrophialophora 

fusispora + LDPE material in MSM 

C: 12 month of incubation period of Acrophialophora 

fusispora + LDPE material in MSM 

 

CONCLUSION 

 

From this investigation, we concluded that 

Acrophialophora fusispora is able to grow well MSM 

with LDPE. Weight loss method clearly proved the 

percentage of degradation. The FTIR analysis again 

conformed, where some new bond appears and some 

bond get deformation also predict the same result 

above said. Finally SEM analysis clearly exhibited 

that microbes grown the film makes surface changes 

like cracks, erosion and formation of pits. Further it 

proves that microorganisms have the ability to degrade 

low density polyethylene material when it cultured in 

MSM and kept for long time incubation period. 
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