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Abstract

The current study aimed at assessing the significant impact of plastic waste on ecosystems has raised concerns regarding
its detrimental effects. Microplastics are extensively spread and a significant contaminant in our environment. Microplastics are
microscopic plastic particles (< 5mm) found in the environment which come from agrarian, businesses and home trash. Plastic
particles are more durable because they include the plasticizers and chemicals or additives. Plastic pollutants are more resilient to
degradation. Improper recycling and over use of plastic cause a considerable quantity of debris to accumulate in the natural landscape
addressing danger to both humans and creatures. There is a strong urge to reduce microplastic pollution through various methods to
prevent environmental hazards. Degradation through biological processes or biodegradation is one of the methods that can be applied
depending on several factors such as chemical structures, functional groups, molecular weights, crystallinity, and additives. The
several microbes that are used as agents to degrade molecular plastic have not been extensively studied. Sort out mandatorily for it
to degrade due to microplastic problems. This review takes an advances towards different microbes to degrade different polymers
by assembling data from Dimension, Scopus and VOS Viewers as analysis tools. This current study highlights the potentiality
bacteria and fungi to breakdown plastic. To the current state of our study comprehension, this serve as the earliest article mapping
trend in scope of potential microorganism capability to microplastic biodegradation waste with the highlight to aligning such
endeavors with the commitment of sustainable development.
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1. Introduction

Plastic waste is a globally common problem to
ecosystem. Plastic that form microplastic are organic
polymers come from non-renewable sources such as coal,
natural gas, and crude oil [1]. Plastic who is very small size
with <5mm diameter is referred as microplastic [2].
Microplastic that come from plastic waste widely distributed
and become hazardous that cause threat in healthiness. In
daily life, Microplastic could dispersed into water, soil, and
sediments through daily use product, microplastic classified
into two main type base on their source; primary and
secondary microplastic. The first category is primary
microplastic are generated from beauty products, dental
products, healthcare supplies, and garment fibers, whereas
secondary microplastic appears by the deformation of bigger
plastic-based goods [3] [4]. Due to improper handling of the
dump site, a significant quantity of microplastic circulates in
the environment via several channels [4]. Based on [5] is
about 8660 million metric ton of microplastic have been
manufactured enormously, with 132 million metric tons of
plastic was produced in Asia by 2021. Due to very small size
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it easily accumulates through the soil and water and cause
change in physical properties and also chemical properties
such as density, surfaces, and porosity. Both fauna that lives
on such as pisces, nematodes snails and other invertebrate
which are reported swollen microplastic [6] [7][8].
Categorized by the basic degradation which is biodegradable
and non-biodegradable. The eco-friendly plastic form can
completely degraded by microbes such as bacteria, fungi, and
microalgae dissolved into carbon dioxide and water[9].
Despite the non-biodegradable microplastic refuse to
degraded by microorganism. Numerous factor take effect in
many ways to breakdown the plastic waste such as sun
radiation and ocean waves[10]. Through the divergent
methods;  biological, thermal, photochemical and
photocatalytic microplastic waste could be manageable [11]
[12].

Biological degradable or most known as
biodegradable is accomplish by some of type microorganisms
that potentially to decompose organic elements in
microplastic without reveal any threat for the environment
[13]. The ambience have an important role for optimizing the
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microorganisms metabolic rate such as moisture,
temperature, and also pH [14].

Thus far, a couple of microorganisms are studied to
partly degrade microplastic. There are lacks of consciousness
about biodegradation process for microplastic. However,
there is nothing like an article review that employs of
publications  especially  bibliometric  analysis  on
biodegradation utilizing particular microbes to decompose
microplastic under optimal circumstances. Few of them
mostly focused on management of plastic waste, their impact
on marine ecosystem, and tracers for monitoring by the
country. The author highlights the gap by using tools VOS
Viewers with future discussion for further research directions
to gain its efficiency potential. The tools guide the authors
more comprehensive integrated to multidisciplinary possible
collaboration.

2. Materials and methods

The various data was performed for information on
Dimension and Scopus on July, 3" 2024. Those documents
were redeemed from Dimension and Scopus for further
processing. The following search scoped were :

e Dimension : ((“PLASTIC BIODEGRADATION” OR
“POLYMER BIODEGRDATAION” OR
“MICROPLASTIC BIODEGRADATION”) AND
(“MICROBES” OR “MICROOGRANISMS” OR
“BACTERIA” OR “FUNGI” OR “MICROALGAE”))

e Scopus : (“PLASTIC BIODEGRDATAION” OR
“MICROPLASTIC  BIODEGRADATION”)  AND
(“MICROBES” OR “MICROOGRANISMS” OR
“BACTERIA” OR “FUNGI” OR “MICROALGAE”))

Period time from 2017 to 2024 (n=550) and
eliminated non-scientific article (n=548). A total 425
documents from Dimension. Associate with the Scopus core
collection was scooped from 2019 to 2024 laid trends on
biodegradation of plastic (n=325) and were found 81
documents were excluded as scientific articles. So thus, 244
articles more suitable. Related to those data, because the data
from Dimension was higher than in Scopus, more advanced
studies rely on Dimension database[15]. In this Bibliometric
analysis, countries, authors, and keywords were analyzed
using VOSviewer 1.16.19 [16]. Microorganisms such as
bacteria, fungi, microalgae and other microbes are the agents
to decomposed polymer. In this study, the type of polymer
was not target, and the microorganisms that capable to
degrade is the limitation.

3. Results and Discussions

In the extension of this case study, the terminations
were collected and analyzed. These documents were retrivied
from Dimensions and Scopus. The total 425 articles exported
from Dimensions were published in 163 sources by 2243
authors. The number of collaboration was 13. The documents
per Author were 5. The value of the collaboration index
scored with average citation was 2.6 signifies high research
collaboration[17].

3.1 Major Data Information

The main data focused on the microorganism role at
biodegradation of plastic research are laid in Table 1. Total
articles were 425 taken from Dimension.
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3.2 Analysis Annual Trend

The number of published research documents
through specific field are valuable for the broadening
production trend[18]. As shown in Figure 1. It shown the
publication in general had a growing trend over the years
from both databases. The annual research increase in
publication started from 2015 to 2020 the data was grown
stable, but when 2020 to 2023 was grow extreme doubling
each year. These consist of the year of publication and open
paid access journal [17]. Previous publication is had been
estimated to receive more citations than the recent releases.
Although, publication in open access journals are simply
accessible via various research search engines causing
commonly cited compare to papers in paid access. Citation
are expected to desirable by the quality of the research, for
some cases it is not likely. The relationship among the quality
and citation is an endless debate in scientometric [19]. Those
number be accordance with statement global pandemic issues
that impacted at amount of plastic waste [20] that become a
concerned to support biodegradation processed [21]. The
decreasing happened in 2023 to 2024 the data were collected
this amount will increase due the developmental scope by the
end of the year. Have a butcher’s at study in biotechnology
advanced through the year specially at microbe potential had
grew rapidly [22]. Thus, should become an opportunity to
investigate the processes. Figure 2 represents the cooperation
between countries all over the world through the years. From
total 64 countries the most up to date country was recorded
for the most up-to-date are China (n=178) and India (n=69).
Anyhow, China known as the largest polymer-based material
industry in global scale [23], [24] due the responsibility China
take an effort to do research with plastic as their concern.

3.3 Analysis Authorship, Journal and Institution

The number of the publication in related field can
reproach the research’s scope[25]. Currently, most authors in
related fields biodegradation-microplastic are from China
went to Tamer Elsamahy with 6 documents, Cited by 586.
Though there are 10 most relevant authors shown in Table 2.
For the bibliographic coupling of authors, it determine
relation between documents based on the number references
matched by the names [26]. The method establishes the
possibility from the total documents had comparable subject
and constructs a map that contains authors, institution and
sources to reveal the involvement connection in
biodegradation-polymer research. analysis authors, journal
and relevant institution was achieved using the complete
counting method with VOSviewer software. For
bibliographic coupling, the requisite quantity document of
author was three and 63 authors to meet the criteria. It shown
on Figure 3, The 63 authors were grouped into 7 cluster in
VOSviewer array into strength link. The author with the most
connected consists of 6 documents with 586 citations. For the
bibliographic coupling analysis of institution as shown in
Figure 4, the minimum number of documents of an
organization was 5. Thus, from 902 institution creates 31
meet thresholds. The 31 institutions were classified into 4
clusters. The foremost influential institution in plastic-
biodegradation research between 2017 to 2024 was
University of Chinese Academy of Sciences with 16
documents and already cited by 412 other documents.
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Table 1: Major Data Information from 2017 to 2024

Description Dimension Scopus
Timespan 2017:2024 2017:2024
Documents 550 325
Avrticles 425 244
Authors 2243 243
Sources 163 143
Number of Collaboration 13 6
Documents per Author 5 2
Average Citations 2.6 3.1
Keywords (ID) - 3.4
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Figure 1: Analysis of Publication Years

Table 2: Rank of The Most Relevant Author

Rank Author Documents Citation Country
1 Tamer Elsamahy 6 586 China
2 Jianzhong Sun 6 586 China
3 Alok Prasad Das 7 125 India
4 Xiuna Ren 5 135 China
5 Daochen Zhu 3 556 China
6 Rania Altohamy 3 219 India
7 Abhijit Dey 3 108 India
8 Satarupa Dey 3 108 India
9 Yalan, Chen 6 73 China
10 Bo Jiang 3 76 China
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Table 3: Potential Microbes in Current Study

Taxon Isolate Polymer Enzyme Time Percentage of Ref.
degradation
Bacteria  Lysinibacillus sp. PE 6mo 19% [58]
Salinibacterium sp.
Bacillus pumilus PE 40d 1.8-7.4% [59]
PP
PS
Bacillus cereus PP 40d 12% [60]
Sporosarcina globispora 11%
Bacillus sp. PLA 40d [61]
Pseudomonas sp.
Bacillus thuringiensis PP 15d 12% [62]
Bacillus licheniformis PLA 10%
Aneurinbacillus sp HDPE 140d 47% [63]
Brevibacillus sp. LDPE 58%
PP 56%
Bacillus sp. PP 60 14.7% [64]
Paenibacillus sp.
Pseudomonas sp. PP 40d 17.3% [65]
Rhodococcus sp. 7.3%
Alcanivorax LDPE 34d 0.9% [66]
Fungi Zallerion Maritimum PE 28d [67]
Aspergillus tubingensis PU [68]
Monascus sp. PU Prolase 14d [69]
Esterase
Lipase
Penicillium sp.. HDPE 60d [70]
LDPE
Aspergillus Oryzae LDPE 4mo 5.53% [47]
PET 4d 26% [71]
Trichoderma viride LDPE 45d 58% [72]
Aspergillus nomius 40%
Aspergillus terreus PE 60d 8.14% [73]
Aspergillus sydowii
Chaetomium globosum PVC 28d 45% [74]
Yarrowia lipolytica PCL Lipase 6d [75]
Cutinase
Aspergillus fumigatus PHA 22-31% [76]
Mycothermus termophilia
Trichoderma hamatum PVvC 110d 33.2% [77]
Algae Scenedesmus abundans PS 6d 84% [57]
PLA
Scenedesmus sp. PS 21d [56]
Tertraselmis sp. PMMA

Gloeocapsa sp.
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The majority research studies already used
bibliometric to determine the influential institution by the
authors in one particular area of interest [27], [28]. The
allocation of this scope in peculiar topics are greatest
described in journals with subject categories in bibliometric
analysis [29]. As shown Figure 5, A total of 163 journals the
425 articles analyzed. The most relevant journal on this scope
is The Science of Total Environment with 51 documents and
cited by 2367. Then followed by Journal of Hazardous
Material with 40 documents and cited by 1310. The analysis
of relevant journal proofed that the studies in this scope had
heterogeneous topic but point up the environmental issues.
Plastics are not only critical issues but also threatened to
human, soil, water, and the food chain [1], [6], [30]. Studies
on the interaction between microplastic, microorganisms and
human well-being may be likely improvement in
biodegradation process.

3.4 Analysis Keywords

The trend of topics by year is shown in Figure 6,
Keywords are selected based on data from Scopus. Co-
occurrence analysis could be applied for discover current
topics and trends for monitoring also tracking progress in
scientific research and initiatives [31], [32]. Keywords are
terms with significant meaning in communicating the
essential topic of a work and draw attention to the main
research directions in the field of study [33]. By using the full
counting method, from the total 2895 keywords through
minimum of occurrence of a keyword are 10, only 121
keywords meet the threshold and allocated into 4 cluster. The
keywords indicators seem had a huge size, indicate the
frequency occurrences. The amount of distance accross two
keywords that connected through the link makes an uneven
estimate of the relationship between the keywords. Every
single cluster represented with different certain color to
proclaim the connection between the keywords through the
links [34]. Following this data, the most-mentioned keywords
is “Biodegradation” seems the common occurrence density of
keywords had strongest light yellow represent frequently
cited keywords. From Figure 7, those keyword are evidences
of the research scope over a decades between Scopus and
other various researcher search engine to discover an advance
field of biodegradation-plastic [22], [30], [35].

3.5 Analysis Degradation Mechanisms

Microplastic are polymeric substances that alrady
existed in the environment for long time and hardly to
degrade [36]. In recent years, build upon Co-occurance
keywords from the data Scopus showed different types of
microorganisms involved in the biodegradation process
within enzymatic reaction. The aspect of the biological
degradation of microplastic associated with degradation
mechanism like its shown in Figure 8.

Microplastic ~ biodegradation  involves  the
breakdown of plastic particles by microorganisms through 6
simplified mechanisms. First, “Initial attachment” when the
microbes attach to the surface of microplastic particles then
facilitated by biofilms formed by microbial communities.
Then, “Biofilm Formation” when microorganism produce
extracellular polymeric substances (EPS) to form biofilm,
providing environment for microbial communities to live.
Microplastic is capable of providing a habitat that supports
various specific microbial population, such as microplastic-
Melania and Purbasari, 2024

degrading bacteria, who can affect the ecological function of
the ecosystem and play a part in microplastic biodegradation.
[37]. Next, “Enzymatic Breakdown” while microorganism
secrete enzyme such as hydrolase, esterase, etc. that
breakdown the complex polymer chains of plastics into
smaller molecules. Afterwards, ‘“Primary Degradation”
where the plastic loses its structural integrity through
enzymes degrade the long polymer chains of polymer into
oligomers, dimers, and monomers. Thereafter, “Metabolizing
Molecules” during primary degradation microorganism
metabolize into smaller molecules that taken up by microbial
cells and used as a carbon and energy sources. Lastly,
“Mineralization” where the end products are carbon dioxide,
water, biomass, and various organic compounds[14], [38].

Future studies also evaluate the interjection in
decomposed polymers. Thus, had identified enzymes
capability to degrading plastics with diverse level. The
enzyme could be grouped into intercellular and extracellular
depolymerases [13]. The enzyme that capable to catalyzing
the hydrolysis of ester bonds in polyester (intercellular) are
esterases and lipases [39]. The extracellular enzyme that
capable to decompose complex polymer into short chains
which are oligomers, dimers or monomers and the absorbed
by microorganisms as carbon sources [40], [41]. The
enzymes were secreted from microorganism as the key to
degradation process that responsible to decompose polymer
into methane, carbon dioxide, and water [42]. So, the
intercellular and extracellular secreted by microorganism
break the molecules and turn them into smaller molecules as
shown in Figure 9.

3.6 Analysis Microorganisms

Currently, various organisms and enzymes have the
potential of degrading plastic and have been published, while
a degradation mechanism has been established[35]. The
forthcoming research should involve the genomics role and
metabolic method to make treasure trove field on
microplastic biodegradation by fungi, bacteria, and enzymes.
The fine points on list potential candidate natural
microorganisms shown at Table 3.

The fungi have been used in various environmental
intervention, and the data suggests that certain fungi are
suitable target for plastic breakdown. Take a look at its
structural units, mycelia, have the ability to penetrate the
plastic surface, stretch and diffuse into the substrate to
acquire nutrients, facilitating fungi to firmly adhere to the
plastic surface[30]. The extracellular enzyme from fungal
cells such as peroxidases, laccases, cutinases, lipases, and
proteases extracted for did an important role to process
depolymerizing polymeric materials into smaller molecules
[43], [44]. Another studies, discover capability fungi to
secreted hydrophobins (surfactant) which as the most active
surface proteins do self-assemble to form amphiphilic protein
membranes that enhance hydrophilicity of the polymer
surface and support fungal colonization on the polymer
surfaces [45], [46]. As a comparison, [47] studied 26 species
of fungi (mostly Penicillium spp. And Aspergillus spp.) were
more efficient in LDPE biodegradation based on weight
reduction than bacteria in the soil colonies. At the end of the
day, through these benefits are applicable and promising in
the plastic biodegradation fields. The bacterial candidates
majority capable of biodegrading plastic which have been
identified as potential degradation agents [48]. Bacteria
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depolymerize plastic into low molecular weight compounds
that can be utilized by cells through forming biofilms and
series of enzymatic reactions [44]. Between all the bacteria,
the most mentioned were Pseudomonas spp., Bacillus spp.,
and Stn reptomyces spp., effectively degrading plastic since
its versatile, and adaptable[49], [50]. Also, it has been
reported few bacteria consortium discovered on arthropods
guts degraded vary polymer [44], [51], [52]. Moreover,
several studies were implemented under the artificial
laboratory system where the impact of environmental factor
such as pH, temperature, substrate concentration, and atypical
surfactant [53], [54]. Nevertheless, it also has some
limitations as the most of the type of polymer are distinctly
lasting and degrade uneasily. Mostly, it takes prolonged and
might visible between 8-12 weeks.The ocean where plastic
pollution heavy-handed while algae are inhibiting, thus are
suitable match to aid the urgency. Even if the specific
degradation mechanism particularly elusive, the key elements
are the capability algae to adhere on polymer while
extracellular polymeric substances (EPS) secreted to
strengthen adsorption and help to form hetero-aggregation for
automatically sediment [55], [56]. In this case, microplastic
which PS (Polystyrene) in 2um diameter up to 84% in 9h by
the microalgae Scendesmus abundans[57]. Set side by side
current research in fungi and bacteria, the ability of algae
between biodegradation and heterogeneous aggregation grant
them to potentially remove microplastic from aqueous
environment.

4. Conclusions

Large amount of plastic waste accumulating in the
environment as microplastic that causing risk to human and
ecosystem. There is an urge to develop technologies to
decompose the microplastic, one possible way is
biodegradation microplastic helped by microorganism.

In summary, the study demonstrates the remarkable
potential of microbe for degradation especially microplastic.
Different strains of microorganisms involved in the
biodegradation process. Showcasing the mechanism of
biodegradation absolutely must be under optimal condition
with different factors. The degradation process was helped by
enzymes reaction that secreted from microorganisms. This
finding suggests promising application in environmental
remediation, particularly in addressing pollution from
environmental and human well-being. While the current
results are promising, further research is needed to assess the
feasibility of large scale application and long-term effects. So
far, from the total article have been published encouraging the
unambiguous mechanisms for biodegradation process of
microplastic is an analytical experimental gap that should be
run through. The present review, highlight the microorganism
capability to degrade polymer focused on microplastic
associated with enzymatic mechanism. The continued
exploration of microbial solutions could revolutionize waste
management and contribute to a more sustainable future.
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