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Plastic Biodegradation Potential of Soil Mangrove Mold 

Isolated from Wonorejo, Indonesia  
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Maya Shovitri1, Nimerta Kumari3, Arif Luqman1* 

 

ackground: Plastic has become one of the most significant environmental threats, especially in 

mangrove areas due to their non-biodegradable nature. This indicates that there is a need to find 

alternative degradation methods for these materials, such as the use of mold. Therefore, this study 

aims to isolate potential plastic degradation mold from the Wonorejo mangrove sediments.  

Methods: The isolates were identified based on their morphological characteristic and ITS rDNA sequence. 

Plastic degradation ability of the samples was evaluated using parameters of plastic dry weight loss, FTIR 

pattern, SEM, and AFM image.  

Results: A total of eight sediment mold were identified, including Perenniporia spp., Trametes polyzona, 

Aspergillus terreus, Porostereum spadiceum, Leptosphaerulina chartarum, Aspergillus fumigatus, and 

Hypocreales sp. Among these molds, the best activity was exhibited by Aspergillus terreus, which degraded 

12.5% LDPE and 4.9% white plastic after 30 days, followed by Perenniporia sp. with 10.6% LDPE and 3.4% 

white plastic degradation. Furthermore, the SEM and AFM images showed that the surface of plastic was 

damaged after incubation. There were also several attenuations of particular peaks, which indicated the 

occurrence of chemical changes along plastic chains belonging to the C-H alkane group at wavenumber 

2914.94, 2847.38, and 1471 cm-1. Enzyme produced by mold in this study were measured qualitatively. 

Perenniporia sp. produced laccase, manganese peroxidase, alkane hydroxylase, and lipase. Trametes polyzona 
also secreted similar enzyme, except lipase, while Porostereum spadiceum was negative for alkane 

hydroxylase. Aspergillus terreus isolates were positive for lipase and alkane hydroxylase, but Aspergillus 
fumigatus only produced lipase. 

Conclusion: In this study, 8 mold with plastic biodegradation potential by producing various enzyme were 

identified. 
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Introduction 

Plastic wastes have become a global threat to the 

environment due to their low degradation rate. 

Previous reports have also shown that the global 

production volume of these synthetic materials is likely 

to increase by 25 million tons per year [1]. Furthermore, 

plastic wastes have a half-life of tens or even hundreds 

of years [2], making their presence an environmental 

issue that needs to be handled seriously by all parties. 

One of the ways to manage plastic waste is 

biodegradation, involving the breakdown of polymers 

into carbon dioxide, water, and biomass through the 

action of microorganisms that consume these materials 

as carbon sources [3]. Moldare the primary 

decomposers in nature and can form colonies in various 

environmental conditions. Furthermore, the 

saprotrophic properties of these decomposers, as well 

as the ability to live in stressed conditions enable them 

to produce several enzyme that degrade recalcitrant 

compounds [4]. 

   Several enzyme have been reported to be involved in 

plastic biodegradation, including ligninolytic enzyme, 

such as manganese peroxidase, lignin peroxidase, and 

laccase, which are used for breaking polyethylene [5-8]. 

Alkane hydroxylase is often used to degrade 

hydrocarbons [9-12], while lipase can break 

downplastic[13-15]. Previous studies showed that each 

enzyme has its specific catalytic activity on the 

substrate. 

   Mangrove areas are located at the border between 

land and marine environment and are characterized by 

the presence of mangrove forests. This unique location 

makes these regions vulnerable to the accumulation of 

plastic wastes from the mainland. The existence of 

these wastes in mangrove areas has led to the discovery 

of microorganisms, particularly mold, that are capable 

of degrading plastic. Furthermore, Nathania and 

Kuswytasari (2013) identified some mangrove mold 

with the ability to degrade bioplastic Poly Hydroxy 

Butyrate (PHB)[16].  

   Mold characterization is generally carried out 

phenotypically based on the macroscopic and 

microscopic structures [17,18], but these characteristics 

can be influenced by environmental conditions. An 

effective alternative to overcome this challenge is the 

use of genotypic characterization based on the Internal 

Transcribed Spacer (ITS) rDNA area. This technique is 

faster and more appropriate for mold analysis 

compared to 18S rDNA [19] because the degree of 

variation in the ITS area is higher than the other rDNA 

genes (Small Subunit (SSU) and Large Subunit (LSU)). 

Among the various kinds of ITS rDNA standard 

primers, the universal ITS1 and ITS4 primers are often 

used because they allow selective amplification of mold 

sequences [20].Therefore, this study aims to identify 

and determine the ability of the Wonorejo mangrove 

soil mold to degrade plastic as well as to detect 

enzyme-producing mold that play a role in 

biodegradation process. 

Methods 

Plastic material 

This study used plastic as a substrate for 

biodegradation assay. Plastic bags were obtained from 

Bunga Api, Surabaya, Indonesia, while Low-density 

polyethylene (LDPE, type GF57836537) was purchased 

from Aldrich in Huntingdon, England. Furthermore, 

each plastic was cut into small sizes measuring 20 mm 

x 20 mm squares. 

Isolation of soil mangrove mold from Wonorejo  

Mold were isolated from plastic surfaces, which were 

buried in the Wonorejo mangrove soil. Approximately 1 

g of partially degraded plastic waste samples from 

mangrove sediments were then transferred to a 50 ml 

Falcon tube containing 10 ml sterile distilled water, 

followed by vigorous vortexing for 5 min. Subsequently, 

0.1 ml of sample in the dilution tube was spread onto 

plates containing Potato Dextrose Agar (PDA) 

(HiMedia, Mumbai, India) media, with incubation at 

room temperature for 3-7 days [21]. The growing mold 

colonies were purified 3 times by colony propagation 

[22] and then inoculated into a PDA tube medium. 

Phenotypic characterization 

Mold identification was carried out based on 

macroscopic and microscopic morphology. Macroscopic 

observation included surface and reverse side color, 

colony surface, the presence or absence of exudate 

drops, radial furrow, and concentric circles [23]. 

Meanwhile, the microscopic observation consisted of 

the shape of hyphae or mycelium, the shape of the 

spore, and the presence or absence of a septum on the 

hyphae. Phenotypic data were then compared with key 

books, such as identification keys for the introduction 

of general tropical fungi [23], Illustrated Genera of 

Fungi Imperfecti [24], Pictorial Atlas of Soil and Seed 

Fungi Morphologies of Cultured Fungi and Key to 

Species [18], and Phylogenetic and taxonomic studies 

on The Genera Penicillium and Talaromyces [25]. 

DNA isolation 

DNA isolation was performed based on the Promega Kit 

Extraction protocol with slight modifications. The 

fungal mycelium (7 days) was taken from the surface of 

the PDA with a sterile toothpick of 0.1-1 mg and placed 

into a 1.5 ml microcentrifuge tube. It was then 

suspended with 300 µl of nuclei lysis solution and 300 

µl of glass bead. The mixture obtained was then 

vortexed vigorously at 3000 rpm for 5 min, followed by 

the addition of 100 μl protein precipitation solution. 
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Subsequently, the tube was inverted about 10 times and 

incubated on ice for 5 min. The sample was centrifuged 

at 13500 for 3 min, and the supernatant containing the 

DNA was transferred to a clean 1.5ml microcentrifuge 

tube filled with isopropanol in a ratio of 1:1. The tube 

content was then gently mixed by inversion until 

thread-like strands of DNA formed a visible mass. The 

sample was centrifuged at 13500 for 2 minutes to 

precipitate the DNA. The supernatant was then 

discarded using a pipette, while the pellet was mixed 

with 70% ethanol, and the tube was gently inverted to 

wash the DNA pellet, followed by centrifugation for 1 

minute. Ethanol was discarded and dried at 65 °C for 10 

min, and the pellet was mixed with 100 μl of DNA 

rehydration solution and 1 μl RNase, followed by 

incubation at 65 °C for 1 hour. The DNA concentration 

was calculated using a Nanodrop at 260/280 nm, while 

the remaining DNA was stored at -20 °C. 

Amplification of ITS rRNA gene fragment  

Isolates were identified based on the ITS area of DNA 

(rDNA) [26]. Amplification was carried out using the 

ITS1 universal primer (5'-TCCGTAGGTGAACCTGCGG-

3') and ITS 4 (5'-TCCTCCGCTTATTGAT-GC-3') [27]. 

The total volume of the reaction mixture was 50 μl, 

consisting of 10 µl of 10x amplification reaction buffer, 

1.5 μl dNTP (dTTP, dCTP, dATP, and dGTP), 2.5 μl of 

each primer (100 pmol) forward and reverse, 1 μl of 

DNA genome, 0.5 μl of polymerase enzyme Q5, as well 

as H2O, which was added to the final volume. 

PCR consisted of initial denaturation at 98ᵒC for 30 

seconds, followed by 35 cycles consisting of 

denaturation at 98ᵒC for 15 seconds, attachment at 

63ᵒC for 30 seconds, and extension at 72ᵒC for 1 minute, 

with a final extension at 72ᵒC for 2 min. The 

temperature of the annealing step in the cycle was 

determined using the online program 

tmcalculator.neb.com, and the PCR amplicons varied 

by ±500bp. Furthermore, the PCR product was 

confirmed by loading a sample onto 0.8% gel 

electrophoresis at 135 Volts for 15 minutes. A total of 5 

μl of ladder and sample was mixed with loading dye and 

loaded into the wells. The DNA migration results were 

observed under a UV transilluminator after the gel 

electrophoresis was flooded in ethidium bromide 

solution for 15 minutes. The PCR products were then 

purified using NucleoSpin® Gel and PCR Clean-up 

(Macherey-Nagel).  

Bioinformatic analysis of sequence product 

DNA sequences from forward and reverse primers were 

compiled using the Bioedit program. The sequence 

results were then identified to the taxa level of the 

species using the Basic Local Alignment Search Tool 

(BLAST) bioinformatics method online at the website 

address http://blast.ncbi.nlm.nih.gov/Blast.cgi. 

Subsequently, multiple alignments of the sequences 

were carried out using the MEGA X program [28] with 

the CLUSTAL W method [29]. The phylogenetic trees 

were constructed using the Neighbor-joining tree 

method [30] with a 500 bootstrap value. 

Biodegradation Assay 

For biodegradation assay, 90 ml of Mineral Salt (MS) 

medium, consisting of 100 mg/L yeast extract, 1 gr/L 

(NH4)2SO4, 200 mg/L MgSO4.7H2O, 0.5 mg/L 

Na2MoO4.2H2O, 100 mg/L NaCl, 20 mg/L CaCl2.2H2O, 10 

mg/L FeSO4.7H2O, 0.5 mg/L MnSO4, 1.6 gr/L K2HPO4, 

and 200 mg/L KH2PO4, was added to 250 ml Erlenmeyer 

flask containing 3 strips of plastic films (20 mm x 20 

mm).  Furthermore, the flask was inoculated with 10 ml 

of mold starter and incubated on a rotary shaker (120 

rpm) at 30 °C for 30 days[31]. Plastic films were 

recovered from the broth and then washed thoroughly 

using sterile water and 70% alcohol. The samples were 

placed in an oven at 80ºC for 24 hours and subjected to 

weight loss, SEM, FTIR, and AFM analyses. 

Assessment of biodegradation 

Percentage Efficiency Degradation (ED) 

Biodegradation value was determined by measuring the 

final weight of plastic film on an analytical balance 

BBI-31 (BOECO, Germany). The degradation of plastic 

was evaluated in terms of weight loss percentage, 

which was calculated using the equation below [32]: 

 

Percentage of weight loss =[
Initial weight−Final weight  

Initial weight
] ×  100 

Fourier Transform Infrared  (FTIR) 

The analysis of chemical structure change was carried 

out using the FTIR. The infrared spectra of the 

Functional group structure of plastic films were 

recorded on a Nicolet Is50 spectrophotometer (Thermo 

Scientific, Massachusetts, USA). Furthermore, the 

relative peak differences in the C-C stretch, C-H 

bending, CH2 deformation, CH2 (symmetrical) bending, 

CH2 (asymmetric) bending, and CH2 stretching between 

the control and degraded plastic were compared. 

Absorbance was measured in the IR-medium region at 

wave numbers ranging from 400-4000 cm-1. 

Scanning Electron Microscope (SEM) 

Morphological changes in plastic surface were observed 

using SEM after the incubation period. For observation 

of cell morphology, plastic samples with attached cells 

were washed gently with distilled water gently to 

remove the remaining medium. Meanwhile, for 

observation of degradation results on plastic surfaces, 

the samples were washed with 2% sodium dodecyl 

sulphate and distilled water to remove the attached 

cells. The films were sputter-coated with gold using 

SC7620 sputter coated (EMITECH, Dubai, UAE) at 18 
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mA and 8 mbar, followed by visualization under SEM 

Evo Ma 10 (Carl Zeiss).  

Atomic Force Microscopy (AFM) 

Plastic damage was observed based on the topology 

obtained from the results of polymer degradation tests 

using AFM (BRUKER type N8 NEOS, Germany).  

Detection of plastic degradation enzyme 

Qualitative Tests for Enzyme Laccase and Manganese 

Peroxidase 

Laccase detection was performed on a PDA medium 

containing 0.02% Guaiacol, while the identification of 

manganese peroxidase was carried out using a laccase 

test medium added with hydrogen peroxidase (H2O2). 

The samples were then incubated at room temperature 

for 7 days, and the formation of the reddish brown halo 

on the medium showed positive results [33]. 

Qualitative Test of Alkana hydroxylase enzyme 

A qualitative test of enzyme alkane hydroxylase was 

carried out on the agar medium, which was coated with 

n-hexadecane. Furthermore, the basal medium 

consisted of 3.815 g K2HPO4, 0.5 g KH2PO4, 0.825 g 

(NH4) 2HPO4, 1.2625 g KNO3, 0.2 g Na2SO4, 0.02 g CaCl2, 

0.002 g FeCl3, 0.02 g MgCl2, and 15g/L agar. Mold was 

inoculated into basal medium + n-hexadecane, and the 

growth of the colony was observed [19]. The positive 

control used for this process was isolates grown on a 

PDA medium. 

Qualitative Test of Lipase Enzyme 

A qualitative test of the lipase enzyme was carried out 

using Tween 80 as a substrate [34]. Furthermore, the 

medium consisted of peptone 10 g/L, 0.5 g NaCl, 0.1 g/L 

CaCl2.5H2O, 7g/L MgSO4.7H2O, 7 g/L KH2PO4, 20g/L 

agar, and 80ml/L tween. Mold was then inoculated on 

the medium and incubated at room temperature for 48 

hours. The positive results were indicated by the 

presence of a clear circular precipitation area around 

the colony. 

Results 

Isolation of mold from soil of the Wonorejo mangrove 

The Wonorejo mangrove area located on the east coast 

of Surabaya, Indonesia, was selected as the location for 

isolating plastic degradation soil mold. The coastal 

conditions, including river estuaries, caused the cause 

mangrove areas to be polluted by waste, especially 

plastic. Isolation was carried out on the Wonorejo 

mangrove soil with and without the intended waste. 

Furthermore, plastic was added to soil, and the mixture 

was incubated for 1 year to trigger indigenous mold to 

utilize the waste as a carbon source. Kuswytasari et al., 

(2011) had previously reported the isolation of 37 pure 

isolates from the Wonerejo soil without plastic [35]. In 

this study, three potential isolates were selected, 

namely LM1018, LM1020, and LM1021. Based on the 

isolation results from soil with waste, a total of 5 

dominant pure isolates were obtained, including PF1, 

PF2, PF3, S2, and S3.  

Conventional identification of mold was carried out 

phenotypically based on morphological characteristics 

[36]. The macroscopic and microscopic morphology of 

mold is presented in Figure 1. Identification can also be 

carried out genotypically using molecular 

characterization [37]. The molecular targets used were 

sustainableareas with variation, such as ribosomal 

DNA, which can be used for identification up to the 

species level [38]. 

Morphology of the Wonorejo mangrove soil isolate 

The Wonorejo mangrove soil isolate colonies showed 

diversity in terms of color, namely white, brown, green, 

and yellow. The mycelia from various types of mold 

were observed macroscopically and microscopically in 

PDA medium. This morphology was then matched with 

a mold identification book [18,23,24]. Dark brown and 

granular-shaped colonies were observed in LM1021 and 

PF1 isolates, as shown in Figures 1.3A and 4A. 

Furthermore, their microscopic characteristics showed 

septate hyphae, yellowish-brown conidium heads, 

compact appearance, and columnar shape (Figures 1.3B 

and 4B). Other colonies observed were isolates with S2 

codes, which were granular and had a light to old green 

coloration (Figure 1.7A). The results showed that the S2 

isolates had the same microscopic characteristics, 

namely septate hyphae, conidiophores with a spherical 

shape, and colored conidia forming elongated  chains 

(Figure 1.7B). The brownish colony surface was 

observed in the sample with the PF3 code, as shown in 

Figure 1.6A. Based on microscopic observation, the 

mycelium appeared transparent with branched septate 

hyphae, while the conidium had a round to ellipse 

shape (Figure 1.6B). The S3 isolates had a flat shape 

with a wet and pale yellow texture, as shown in Figure 

1.8A. The microscopic observation showed the 

presence of a clear yellow coloration with uneptic and 

conidial mycelia, which were cylindrical or ellipsoidal. 

The conidiospore of the samples was also observed to 

form a pin-head ball, as shown in Figure 1.8B. White 

colonies, which were spread to the entire surface of the 

Petri dishes and had cotton-like surfaces were observed 

in LM1018, LM1020, and PF2 isolates (Figures 1.1A, 2A, 

and 5A). The microscopic morphology of the three 

samples only showed hyphae that were not septate and 

branched (Figure 1.1B, 2B, and 5B). 

   Identification of species using only morphological 

criteria is quite difficult, it is stated by Sierra and 

Henricot (2002) that there are several cases requiring 

information on the biochemistry and ecology of 
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culture, and similarities in the characteristics of 

mycelium are very similar between different species 

[39]. For this reason, identification is needed based on 

molecular character. Molecular identification has been 

evaluated in several fungi groups to the species level 

[37]. 

 
Figure 1: Morphology of the Wonorejo Mangrove Soil Isolates 
from soil without plastic (1-3) and soil with plastic (4-8). The 
features were observed based on morphology macroscopically 
(A), and microscopically (B). The following number written 
represents the isolates as listed: 1: LM1018; 2:LM1020; 3: 
LM1021; 4: PF1; 5: PF2; 6: PF3; 7:S2; 8:S3. 

Molecular characterization  

Molecular characterization in this study was carried out 

to identify genotypic mold isolates. Gherbawy and 

Voigt (2010) stated that the incorporation of 

morphological and molecular-based identifications can 

help mold taxonomy in species-level differentiation, 

even in varieties [40]. The results of PCR products were 

obtained using a pair of universal primers, namely ITS1 

and ITS4 for forward and reverse, respectively. 

Furthermore, the sequences obtained from each 

forward and reverse primer were processed by cutting 

the samples with low peaks using the Bioedit program. 

Sequences from the ITS rDNA area were then analyzed 

for intraspecies similarity with data in Genbank NCBI 

using the BLAST algorithm, as shown in Table 1. The 

overall similarity of queries with data on Genbank was 

found to be 99% and 100%. These results can then be 

used for identification up to the species level through 

comparison with the phenotypic observations of mold 

isolates. 

   A total of three isolates, namely LM1021, PF1, and S2 

were identified as potentially belonging to the 

Aspergillus genus, with 100% identical results observed 

for Aspergillus terreus in LM1021 and PF1 isolates, and 

100% similarity with Aspergillus fumigatus in S2. 

Furthermore, PF3 isolates were included in the genus 

Leptosphaerulina, showing identical results of 99% 

with Leptosphaerulina chartarum. Some of these 

samples also showed 99% similarity with Hypocreales 

sp. The results showed that three isolates included in 

the Basidiomycota phylum, namely LM1020, LM1018, 

and PF2 were identical at 100% with Trametes 
polyzona and 99% with Perenniporia sp. and 

Porostereum spadiceum. 

    Similarity and kinship between sequences in the 

Wonorejo mangrove soil isolates can be observed 

through phylogenetic tree construction using the 

neighbor-joining method, which involved distance 

calculation. The method was utilized to determine the 

position of the isolate sequence in relation to the 

closest sequence, which has a small base pair 

difference. This allowed for the visualization of the 

distance between each sequence in the samples [41]. 

The phylogeny tree construction results from the 

Wonorejo mangrove soil isolates are presented in 

Figure 2. 

 
Figure 2: Phylogenetic Analysis of Mangrove Wonorejo Isolates. 
Construction using the Neighbor-Joining method. The Wonorejo 
mangrove soil isolate was indicated by bold font as the subject of 
phylogenetic analysis with the species associated with the 
neighbor-joining phylogenetic tree (bootstrap value=1000). 
Sequences were obtained from the results of BLAST. The 
branching value showed the bootstrap value (percentage of 500 
x replication), while the bar scale indicated the branch length. 

    Alignment sequences were carried out using 

CLUSTAL W in the MEGA6 program along with the 

construction of a phylogenetic tree, as shown in Figure 

2. The bootstrap value located in the branch showed 
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the significance of the data set, which had been 

scrambled in predicting the same branches [41]. The 

results of phylogenetic trees from the Wonorejo 

mangrove soil isolates had a value of >70%, indicating 

that the prediction of kinship was significantly 

different and can be trusted. 

   The main branch after the outgroup (Coronilla 
sistotrema) showed the level of the phylum, with the 

upper and lower side representing Ascomycota and 

Basidiomycota phylum, respectively. In the 

Ascomycota phylum, three branches indicated the class 

level, namely Eurotiomycetes (isolates code LM1021, 

PF1, and S2), Dothideomycetes (isolate PF3 code), and 

Sordariomycetes (S3). Meanwhile, in the phylum 

Basidiomycota, the sequence showed the same class 

and order, namely Agaricomycetes and Polyporales. 

The results also revealed that there were three 

branches indicating different families, namely 

Phanerochaetaceae (isolate PF2 code) and 

Polyporaceae (isolates code LM1018 and LM1020). 

Plastic Biodegradation 

Plastic biodegradation can be seen from the 

observations of several parameters, such as the 

formation of % ED, FTIR, SEM, and AFM analysis. 

Biodegradation process began with biofilm formation 

and penetration of hyphae into plastic polymers. 

Furthermore, based on the observations of LDPE plastic 

using SEM, there was a rod formation embedded in the 

substrate, as shown in Figure 3. This indicated the 

penetration of hyphae into plastic, which marked the 

beginning of the degradation process. The % ED of all 

the isolates obtained in this study is presented in 

Figure 4. Based on the ANOVA test, the three isolates 

had a significant effect on the degradation value, but in 

ordinary plastic, only LM1021 had an influence. The % 

ED data showed higher values in LDPE plastic 

compared to the white variant. This was because the 

LDPE plastic contained a purer composition compared 

to the white variant containing additives. 

 
Figure 3: Scan result of hypha formation in LDPE plastic using 
SEM in isolates Perenniporia sp. LM1018 (a) and Trametes 
polyzona LM1020 (b). 

   Aspergillus terreus LM1021 had the highest %ED of 

12.2% and 4.9% in LDPE and white plastic, respectively, 

with an incubation period of 30 days. This was 

positively correlated with the highest biomass 

produced between the two other isolates, namely 45.7 

gr. Perenniporia sp. LM1018 showed % ED of 10.8% and 

3.4% in LDPE white plastic respectively. Meanwhile, 

Trametes polyzona LM1020 produced values of 8.1% 

and 3.4% in LDPE and white plastic, respectively. 

 
Figure 4: Graph of plastic degradation value after 30 days of 
incubation in MS medium. 

 
Figure 5: FTIR spectra of LDPE plastic (1) and white plastic bag 
(2). Spectra with a range of wavenumber 1500-3500 cm-1 (A1 
and B1) and 1000-2500 cm-1 (A2 and B2). 

FTIR analysis on test plastic was carried out to 

determine structural changes that occurred in the 

functional group. The sensitivity of FTIR to the local 

molecular environment had been widely used to 

analyze interactions between molecules. The LDPE and 

white plastic showed that there was a stretch in the C-

H alkane group at wavenumber 2914.94, 2847.38, and 

1471 cm-1. This indicated that mold isolate catalyzed 

the breakdown of the polymer in the polyethylene  
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Code Size Closest with NCBI  Accession no. Max Score % Similarity 

Isolates from the Wonorejo Mangrove soil without plastic 

LM 1018 603 bp Perenniporia sp. KY849400.1 1107 99 

LM 1020 557 bp Trametes polyzona GQ141700.1 1029 100 

LM 1021 546 bp Aspergillus terreus  MG654693.1 1009 100 

Isolate from the Wonorejo Mangrove soil with plastic 

PF1 463 bp Aspergillus terreus  MG725681.1 856 100 

PF2 620 bp Porostereum spadiceum KJ668473.1 1129 99 

PF3 567 bp Leptosphaerulina chartarum LK936369.1 1024 99 

S2 480 bp Aspergillus fumigatus MF540307.1 887 100 

S3 462 bp Hypocreales sp. KM268693.1 846 99 

Table 1: Genotypic Identification of the Wonorejo Mangrove Soil Isolates 

Isolate code SEM analysis in LDPE Plastic SEM analysis in white Plastic AFM analysis in LDPE Plastic 

Control 

   
LM1018 

   

LM1020 

   

LM1021 

   

Table 2: Morphology of Plastic Surface by AFM dan SEM Analysis 

Isolate code Laccase Manganese Peroxidase Lipase Alkane Hydroxylase  

Isolates from the Wonorejo Mangrove soil with plastic 

PF1 - - + + 

PF2 + + + - 

PF3 - - - + 

S2 - - - + 

S3 - - - - 

Isolates from the Wonorejo Mangrove soil without plastic 

LM1018 + + + + 

LM1020 + + - + 

LM1021 - - + + 

+: activity detected; -:no activity detected 

Table 3: Qualitative Test for Plastic Degradation Enzyme 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KY849400.1?report=genbank&log$=nucltop&blast_rank=1&RID=5RZ1V22M015
https://www.ncbi.nlm.nih.gov/nucleotide/GQ141700.1?report=genbank&log$=nucltop&blast_rank=3&RID=5RZ407MA014
https://www.ncbi.nlm.nih.gov/nucleotide/MG654693.1?report=genbank&log$=nucltop&blast_rank=1&RID=5RZ7WZW4014
https://www.ncbi.nlm.nih.gov/nucleotide/MG725681.1?report=genbank&log$=nucltop&blast_rank=1&RID=5RYKSJKM014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_758329835
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_827025628
https://www.ncbi.nlm.nih.gov/nucleotide/LK936369.1?report=genbank&log$=nucltop&blast_rank=2&RID=5RYR2XZ7014
https://www.ncbi.nlm.nih.gov/nucleotide/MF540307.1?report=genbank&log$=nucltop&blast_rank=1&RID=5RYTUKDN015
https://www.ncbi.nlm.nih.gov/nucleotide/KM268693.1?report=genbank&log$=nucltop&blast_rank=1&RID=5RYW7W7B014
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chain. Stretching also occurred in the symmetrical C-

C=C group of the aromatic ring at 1462.43 cm-1 and the 

C=C from the alkyne group at 2159.93 cm-1. The 

highest stretch was shown by isolates Aspergillus 
terreusLM1021, and this was in line with the high ED. 

The FTIR test results on degraded white plastic provide 

a quite different picture from the results of LDPE 

plastic FTIR. The transmittance intensity of the C-H 

alkane group on LDPE plastic after biodegradation was 

lower than the control, whereas in the white plastic the 

transmittance intensity was higher than the control. 

Stretching also shown on the C=C aromatic ring in 

1461.30 and 1471.67cm-1 and the C-H alkane group at 

2913.70 and 2846.60 cm-1 (Figure 5). SEM analysis 

showed changes in plastic surface after biodegradation 

process. Changes in plastic morphology can also be 

seen from plastic surface roughness using the Atomic 

Force Microscopic (AFM). Table 2 showed variations in 

the sample morphology based on AFM and SEM 

analyses. SEM results revealed the presence of 

significant changes in all films with different 

destructive patterns. The LDPE plastic surface after 

biodegradation exhibited grinding and peeling, while 

the white plastic showed holes (Table 2). Changes in 

the surface of LDPE and white plastic by isolates 

Perenniporia spp. LM1018 (Table 2) showed evenly 

distributed damage. The structural variations in the 

Trametes polyzona LM1020 (Table 2) contained rod 

fragments attached to the surface, which allowed 

hyphae penetration. The initial plastic peeling stage 

was characterized by indentations on plastic surface. 

Furthermore, surface changes were evident in isolates 

Aspergillus terreusLM1021, which illustrated the 

occurrence of erosion by random peeling. Similar forms 

of damage are also reported by a previous study [42]. 

    The 3-dimensional topography of LDPE plastic is 

presented in Table 2 (Left). The topography was 

indicated by color changes, where the lighter the 

surface, the higher the topographic condition, and vice 

versa. The AFM test results showed that the 

topography of the LDPE plastic from biodegradation 

test results (Table 2) had several dark-colored valley 

areas compared to LDPE plastic control with more 

bright regions. The AFM observations reported by Ojha 

et al. also showed similar results [43]. The results of 

enzyme detection test of laccase, manganese 

peroxidase, lipase, and alkane hydroxylase are 

presented in Table 3. The detection of lipase was 

carried out using Tween 80, where positive results were 

indicated by the presence of a zone of precipitation 

around the microorganisms that produced enzyme in 

the agar medium. The Wonorejo mangrove soil isolates 

with the ability to produce lipases included 

Perenniporia sp. (LM1018), Aspergillus terreus 

(LM1021 and PF1), Porostereum spadiceum (PF2), and 

Aspergillus fumigatus (S2). 

    Alkane hydroxylase detection was carried out based 

on the method proposed by Liu et al.  (2014), which 

involved growing mold isolates on BS (Basal Salt) agar 

medium coated with n-hexadecane [19]. Positive 

results were indicated by growth in the test medium. 

The positive controls used for the procedure consisted 

of mold isolates grown on a PDA medium. The test 

results showed the six Wonorejo mangrove mold 

isolates with the ability to grow on the UI medium, 

namely LM1018, LM1020, PF1, PF3, and S2. However, 

the observation showed that PF2 and S3 could not grow 

on the test medium. 

    Perenniporia sp. (LM1018), Trametes polyzona 
(LM1020), and Porostereum spadiceum (PF2) were 

classified as white rot fungi. Based on the results, they 

had potential to produce lignin peroxidase enzyme, as 

indicated by the positive results in the qualitative 

laccase and manganese peroxidase tests. The 

qualitative test results of laccase and manganese 

peroxidase in isolates capable of producing ligninolytic 

enzyme showed a brown zone around the 

microorganisms. This was due to the oxidation reaction 

on the guaiacol substrate (laccase) and guaiacol + H2O2 

substrate (manganese peroxidase). 

Discussion 

The phenotypic characteristics of LM1021 and PF1 

showed that they can be included in the genus 

Aspergillus, as reported by Gandjar et al.  [23]. Based on 

this morphology, there was a high possibility that the 

S2 isolates belonged to the same genus Aspergillus. 

There was also a possibility that the PF3 code was a 

member of Leptosphaerulina, and this was consistent 

with the report of Wu et al., [44]. Furthermore, the 

morphological characteristics showed that isolate S3 

can be included in the genus Hypocreales. The 

characteristics of LM1018, LM1020, and PF2 were 

observed to be almost the same as the phylum 

Basidiomycota. Advanced identification of the phylum 

can be carried out genotypically based on the ITS rDNA 

area. Molecular characterization was carried out in the 

Internal area of the ITS rDNA. There were more than 

90,000 fungal sequences in the ITS area, which was 

commonly used for fungi barcoding [45]. The results 

showed that the more biomass produced, the higher 

enzyme released, thereby increasing the degradation 

value. Potential of Aspergillus terreusLM1021 in 

degrading plastic had been reported by several studies 

[46-48], but there was limited information on the  

plasticdegradationproperties of LM1018 and LM1020 

isolates. However, LM1018 and LM1020 isolates were 

known to have potential as lignin-degrading fungi [49-

52]. The transformation of the LDPE structure pattern 
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from the results of degradation was similar to the 

findings of Ojha et al., [43]. Detection of the formation 

or removal of carbonyl groups and double bonds using 

FTIR showed the occurrence of a biodegradation 

process [42]. The results showed that the different 

types of plastic had their unique degradation 

mechanism. Bonhomme et al., stated that polymer 

biodegradation was divided into two pathways, namely 

hydro and/or oxo biodegradation [53]. The initiation of 

the breakdown of the polyethylene chain was the 

longest and most difficult step in the degradation 

process. Consequently, a longer incubation time was 

required to produce sufficient quantities of carbonyl 

groups to continue the decomposition process. 

Albertsson et al., (2004) reported that only a few 

biologically oxidized polyethylene chains were used by 

intracellular enzyme in β-oxidation and cutting of 

methylene units [54]. According to Bonhomme et al., 

the peaks became wider along with the rate of 

degradation due to production of several monomeric 

forms and oxidative yields of polyethylene [53]. 

Morphological damage in the form of indentation and 

erosion that appears on biodegradation results 

occurred due to the absence of uniform distribution of 

the polymer matrix. The morphological changes 

observed served as the confirmation of plastic fragility 

caused by mold culture. Lipase was one of the 

hydrolase enzyme that was responsible for the 

degradation of hydrocarbons [13-15]. It also had the 

ability to catalyze hydrolytic cleavage, leading to a 

decrease in hydrophobicity on the polymer surface [55]. 

The precipitation zone formed was the crystallization 

of calcium salt with fatty acids produced from the 

hydrolysis of Tween [34]. The involvement of alkane 

hydroxylase in the degradation process of plastic, 

especially polyethylene had been reported by Jeon and 

Kim (2015)[56]. The degradation process occurred 

through the alkane hydroxylase system, which can 

reduce the alkane chain with the alkane 

monooxygenase present in the first stage of the 

pathway, leading to alkane terminal carbon 

hydroxylation [57]. Lignin was a natural aromatic 

polymer of woody and recalcitrant biomass. 

Furthermore, white rot fungi had been reported to be 

the most effective and widely studied lignin-degrading 

microorganisms for plastic degradation [58]. The three 

main enzyme involved in the ligninolytic system 

included Lignin peroxidase (LiP), Manganese 

peroxidase (MnP), and laccase [15]. Several studies 

have proven that the degradation of polyethylene was 

carried out by ligninolytic enzyme. Laccase was the 

main enzyme secreted by lignin-degrading mold, and it 

had the ability to catalyze various polyaromatic 

compounds and non-aromatic substrates. According to 

Mayer and Staple (2002), it was responsible for the 

oxidation of hydrocarbon chains from polyethylene. 

Manganese peroxidase had been reported to be a 

lignin-degrading enzyme that used manganese as an 

important cofactor, especially as a regulator of MnP 

production and an active mediator in the MnP catalytic 

cycle [59]. Manganese played an important role in the 

degradation system of polyethylene, and MnP was 

involved in the degradation activities by fungi in a 

culture containing sufficient manganese [60].  

    Based on the results, the eight Wonorejo mangrove 

soil isolates had been identified using their 

morphological and molecular characteristics, namely 

Perenniporia sp. (LM1018), Trametes polyzona 

(LM1020), Aspergillus terreus (LM1021), Aspergillus 
terreus (PF1), Porostereum spadiceum (PF2), 

Leptosphaerulina chartarum (PF3), Aspergillus 
fumigatus (S2) and Hypocreales sp. (S3). Isolate 

Aspergillus terreus LM1021 showed the highest 

potential in plastic degradation with a % ED value of 

12.5% and 4.9% in LDPE and white plastic, respectively. 

Perenniporia sp. LM1018 had a % ED of 10.6% and 3.4% 

in LDPE and white plastic, respectively. Meanwhile, 

Trametes polyzonaLM1020 isolates showed values of 

8% and 3.4% in LDPE and white plastic. The Wonorejo 

mangrove soil isolates, which were capable of 

producing laccase and manganese peroxidase were 

LM1018, 1020, and PF2. LM1018, LM1021, PF1, and PF2 

can produce lipase enzyme, while LM1018, LM1020, 

LM1021, PF1, PF3, and S2 secreated Alkana 

hydroxylase. 
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