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Malaysia is one of the top eight countries that has a drawback of mismanaged plastic waste. This study intended
to investigate polymer degradation using the biological technique with the help of microalgae to minimise the
time required for biodegradation. This research article aims to identify the collected sample with the most suitable
microalgae for the biodegradation of microplastic and to analyse the biodegradation of the polymer by microalgae.
The results revealed that the consortium of Chlorella sp. and Cyanobacteria sp. were able to deteriorate low-density
polyethene (LDPE sample) through several stages, and this was confirmed by UV-Spec, FESEM, EDX, CHNO, FTIR
and DSC analysis. The results obtained revealed that microalgae producing exopolysaccharides (EPS) decreased
the carbon and oxygen ratio. According to SEM micrographs, microalga may colonise, agglomerate, and adhere
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microplastics to its surface, regardless of its fractional size. The EDX analysis showed that the initial composition of
carbon was 92.30 ± 1.23 %, while after the incubation, the carbon composition started decreasing from 53.18 % to
39.12 ± 1.08 %. Finally, there was a 37.91 % decrease in carbon weight from elemental analysis.
Keywords: phycodegradation, microalgae, plastic pollution microplastics, EPS.

Graphical Abstract

Introduction
The amount of plastic trash that flows into the oceans
every year is widely increasing. If current rates of plastic manufacturing and garbage accumulation continue,
the yearly amount of unmanaged garbage is expected
to more than quadruple by 2050, and the cumulative
amount of ocean plastic might increase by order of
magnitude by 2025 compared with 2010 levels (Cole
et al., 2011; Lau et al., 2020). Due to its exceptional
properties such as lightweight, durability, and low cost,
plastic has been widely utilized as a packaging material
for plastic bags, plastic trays, plastic bottles and cups
(Rensburg et al., 2020). Also, the chemical constituent
of polyethylene is highly stable due to the solid intermolecular bonding. Its degradation has become a significant problem nowadays, while 25 million tons of plastic
waste accumulate every year (Govindan et al., 2019).
Although there are many types of plastics like polypropylene (PP), polyvinyl chloride (PVC), polyethylene terephthalate (PET), low-density polyethylene (LDPE) and
high-density PE (HDPE), only a few among them are
mainly used for commercial purposes (Ojha et al., 2017;

Park et al., 2019). There are three traditional methods
commonly used to treat polyethylene waste (recycling,
landfill, and incineration) (Mostafa et al., 2018). Several
studies indicate that polyethylene could be degraded by
photo-degradation and chemical degradation methods
(Genovese et al., 2016; Peixoto et al., 2017) In addition,
biodegradation of polyethylene occurs by two mechanisms: hydro-biodegradation and oxo-biodegradation
(Singh and Sharma, 2008). Microorganisms can easily
attach to the surface of hydrophilic polyethylene, with the
matrix being hydro-biodegraded (Lv et al., 2019). The usage of enzymes and microbes for the bioremediation of
plastics can still break down the larger polymeric molecules into simple forms (Saengsawang et al., 2020).
Biodegradation of polyethylene mainly using microbial
consortium is considered an environmentally friendly
method. The main limitation of conventional petroleum-based plastics is the fact that plastics get fragmented under abiotic factors (UV radiation, temperature,
physical stress) for a long time, and they cannot be decomposed entirely and assimilated by microorganisms
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(biotic factors) in a biodegradation process (Kunlere et
al., 2019). This alarming scenario triggers attention towards the design of new enzyme structures capable of
degrading synthetic polymers effectively and in a short
period (Paço et al., 2017).
Some microalgae species, such as blue-green algae,
diatoms, and green algae, can also break down polyethylene (Kumar et al., 2017). Microalgae are green
photosynthetic organisms that prefer to adhere to
polymers. Furthermore, the most common bacteria
identified in wastewater ecosystems are blue-green
microalgae. Due to the availability of nutrients, water,
and sunlight, microalgal colonies have been found to be
dominating on the surface of the discarded polyethylene bags (Cunha et al., 2019). As a result of the available
literature, it has been established that microalgae can
colonise the surface of polyethylene sheets and that biodegradation occurs under normal conditions (Cunha et
al., 2019; Lv et al., 2019). A microalgae consortium was
used for a recent study showing some positive hetero
aggregation on the polymers. Phycodegradation is considered a better method to treat plastic waste due to its
relevance and eco-friendly nature compared with other
techniques (Gnanavel et al., 2012). The main objective
of the present study stands to degrade the plastics in
an environmentally friendly manner by using photosynthetic microalgae. The steps involve collecting the
samples, identifying microalgae, collecting plastic polymers, screening, polymer treatment, and analysis of
degradation results.

Materials and Methods
Collection of samples
Three distinct locations yielded a total of ten waste
polyethylene bags with a green mat of photosynthetic
microalgae, such as Teluk Chempedak (5 samples),
Taman Gelora (3 samples) and Pekan coast (2 samples),
around Kuantan city (3.812601-103.372003.3°48’45.36”N,
103°22’19.21”E), Pahang, Malaysia. Sampling was done
in January, 2019. Water samples were obtained using
sterile vials in addition to the HDPE samples. These are
the areas where a large number of industries have been
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built with a considerable amount of human economic
activity. Within 24 hours, the collected polyethylene bags
were transported to the laboratory, labelled with their locations, and stored.

Collection, isolation, and identification of
microalgae
The microalgal samples from both the polyethylene
bags and the water samples were serially diluted with
sterile distilled water. Based on the spread plate approach, all serials from 10-1 to 10-10 were employed
as inoculums (1 mL) in various solidified media, including BBM (for green microalgae) and BG-11 (for bluegreen algae). The inoculated Petri dishes were incubated at room temperature (25±2 °C) for a week under
12 hours of light. The microalgae formed as colonies
on the surface of the solidified media were tagged and
photographed using an Olympus CH20i fluorescence
microscope. Pure microalgal cultures were isolated
using a variety of streak plate methods and solidified
media. Based on the manual ‘Microalgae Identification
for Aquaculture’, all of the various microalgae were
morphologically recognised (Karlo et al., 2015; Bhuyar
et al., 2020).

Mass cultivation of microalgae
The cultures (20 mL of media with microalgae) were
shaken using the shaker for two weeks under the proper light condition to produce inoculum. After two weeks,
about 50 mL of the inoculum was transferred again into
another 2L BG-11 media in 5 L conical flasks to obtain
a pure mass subculture of microalgae. The subcultures
were shaken for another two weeks again under proper light conditions. The subcultures were observed daily
for growth absorbance at 680 nm for approximately two
weeks (Govindan et al., 2019).

Determination of growth of microalgae
The growth of microalgae was determined using the cell
turbidity method. Cell turbidity was determined by measuring the optical density at 680 nm (OD680) using a UV-Vis
spectrophotometer (Spectroquant Pharo 300 Merck, Singapore) (Sue et al., 2011; Khammee et al., 2020) in regular
time intervals, and absorption was measured. The turbidity was measured and recorded daily for two weeks.
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Biological treatment of polyethylene

C, H, N and O analysis

For the biological treatment, low density (LD) polyethylene sheets were chosen and trimmed to 1 sq. cm. The
bacterial contamination of the polyethylene sheets was
overcome by UV pre-treated before being used in the
algae treatment. The LD polyethylene sheets were used
to treat biologically and individually with the microalgae
culture media (BG-11) utilising the selected microalgae
based on their dominance over other microalgae, which
are a consortium of both Chlorella Sp. (green microalga) and Cyanobacteria sp. (blue-green alga). In 500 mL
Erlenmeyer flasks, 200 mL culture media were created,
with two conical flasks for each culture media named
control and LD, respectively. All culture media were autoclaved at 121 °C, 15 psi for 15 minutes before incubation except for the control.

The microalgae treated LDPE film together with the
control was taken out and allowed to dry overnight. The
samples were ground into a powder form and weighed
before sending to the analyser. Qualitative elemental
analysis of crude algal biomass was determined
and analysed by a CHNO elemental analyser (ELTRA
GmbH. Retsch-Allee 1-5 42781 Haan, Germany). The
higher heating value (HHV) of biomass-based CHN was
calculated using the Dulong formula (Sudhakar and
Premalatha, 2015).

FESEM analysis and EDX measurement
FESEM (JEOL JSM 7800F, Japan) optimal voltage at 10
kV was used to analyse the microalgae-treated polythene sheets qualitatively. A sample tipped in a micro
tip was transferred to a sample plate and analysed by
several imaging modes. EDX analysis was conducted
with the same FESEM EDX (OXFORD, UK) instrument,
which is confirmed for the elemental composition of
algae treated and control samples. The materials were
ionised for 20 minutes using an ion sputter on a metal
stub. After platinum coating, the samples were held under vacuum for microscopy and photography at magnifications ranging from 50 to 15 000.

Fourier transform infrared spectroscopy (FTIR)
analysis
A Perkin Elmer Spectrum 100 FTIR spectrometer, USA,
was used to obtain spectra from the treated polymer.
FTIR spectroscopy can be used as physiological fingerprints to study the structure and chemical bonding of the
algal biomass, and especially to identify the functional
groups. The instrument was equipped with a mercury
cadmium telluride (MCT) detector, and the spectra were
recorded in the frequency range of 450 to 4000 cm–1 at
a resolution of 4 cm–1. For FTIR measurement, the polymer samples were used directly to carry out the scanning (Bhuyar et al., 2020).

Differential scanning calorimetry (DSC)
The differential scanning calorimetry (DSC) was conducted with a Mettler Toledo 821 equipment (Mettler
Toledo, Schwerzenbach, Switzerland) using control and
treated LDPE samples of 4–6 mg. The heating and cooling programs were performed at a 10 °C/min speed in
a nitrogen atmosphere (60 mL/min). The DSC program
was carried out in three stages: the first heating took
place from 30 °C to 200 °C, followed by a cooling process up to 30 °C to −20 °C followed by a second heating
up to 250 °C. The first heating was carried out to remove the thermal history of the materials. The melting
temperature, Tm, and the melting enthalpy, ∆Hm, were
obtained from the second heating.

Results and Discussion
Identification and species description
At the primary screening, the microalgae species were
mixed by different species. The microalgae sample
was grown on the BG-11 Agar medium by spreading and streaking techniques (Fig. 1). A single drop of
microalgae culture was placed on the glass slide and
slowly covered with a coverslip, and was observed under the microscope. The identification of the microalgae
was made by using fluorescence microscope analysis
(Olympus, BX53). Two dominating species of microalgae were identified from all the sampling locations. The
two different groups of microalgae, including green
algae and blue-green algae, were isolated and identified. Among the green microalgae isolated from the
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Fig. 1.

The microalgae primary screening by BG-11 Agar Medium: (a) the mixture of microalgae isolation by the streak plate technique; (b) the
mixture of microalgae isolation by the spread plate technique

Fig. 2. The fluorescent microscopy for mmicroalgae species identification: (a) Chlorella sp. with round-shaped cells; (b) Cyanobacteria sp. found in
the chains

a

collected polythene bags and seashore water, Chlorella sp. (Fig. 2 a) was found to be the dominant species.
Similarly, Cyanobacteria sp. (Fig. 2b) blatantly dominated the blue-green algae compared with all three sites.

Growth analysis of microalgae
Spectrophotometry is a rapid and convenient indirect
method to take the optical density (OD) reading at a specific
wavelength. OD is represented in terms of transmittance
applied by the Beer-Lambert Law of Absorbance (Adrien,
1998). Fig. 3 shows the graph that has been interpreted
from the absorbance of the microalgae culture in the BG11 media at 680 nm using Thermo-Scientific Genesys 10S
UV/VIS Spectrophotometer from 0 hr to 24 hr and day 1 to

b

day 30. The consortium of Cyanobacteria sp. and Chlorella
sp. microalgae showed maximum growth compared with
the single sp. growth of Cyanobacteria sp. and Chlorella
sp. Fig. 3 indicates that the consortium growth was higher
compared with separate single algae growth. The results
showed that in the consortium of both species they were
helping each other for growth enhancement. The results
were compared with other research carried out elsewhere (Aslam et al., 2018; Padmaperuma et al., 2018).
The microalgae consortium was harvested when they
reached the exponential phase because, during this
phase, the growth of microalgae is maximum and rapid as all the nutrients in the growth medium were consumed by the microalgae for their rapid multiplication.
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Fig. 3. The growth rate of microalgae observed by UV absorbance at 680 nm
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microalgae sample continued their other cultivation process with the addition of the polymer (LDPE).
Fig. 3 shows the microalgae growth under regulated
circumstances. Chlorella sp. was found to be in a stationary phase without renewal after 30 days of growth,
while Cyanobacteria sp. and the consortium were still in
an exponential phase. The initial dilution done by the consortium secured the exponential phase towards the end
of the trial period. The cell abundance of each microalga
at low concentrations of polyethylene was assessed at
the end of the experiment and compared with the control
groups (Table 1). In the microplastics condition cultures,
both blue-green microalgae species showed a decrease

Table 1. The cell abundance (cells mL-1) for each microalga studied at the end of the experimental period. Cell abundance variation was calculated
for the microplastic conditions against the control for each microalga
Microalgae

Consortium

Cyanobacteria sp.

Chlorella sp.

Microplastic
concentration

Cell abundance
(104 cells/mL-1)

Cell abundance
variation (%)

Control

6897 ± 112

–

LDPE

4763 ± 167

−28

Control

1598 ± 68

–

LDPE

1346 ± 143

−23

Control

496 ± 54

–

LDPE

369 ± 13

+1
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in cell abundance compared with the control groups (Table 1). A substantial drop (p > 0.05) in LDPE microplastic
concentrations was reported in the consortium, with a
more pronounced decrease (28 %) in the low microplastics (LDPE) concentration. Though the decrease in cell
abundance was higher for the high microplastics concentration condition (23 %) in Cyanobacteria sp. cultures,
no significant differences were identified between microplastic concentration treatments in Cyanobacteria sp.
cultures. The cell abundance of the microalgae Chlorella
sp. did not differ significantly between the microplastic
exposure settings and the control treatment (p > 0.05).
However, the growth rate of cyanobacteria is usually
much lower than that of many algal species compared
with previous studies (Skulberg and Utkilen, 1999).
Slow growth rates require long water retention times
to enable a bloom of cyanobacteria to form. Therefore,
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cyanobacteria do not bloom in water with short retention times. The consortium of both species helps each
other for the rapid growth improvement and shows an
increase in cell abundance.

FESEM-EDX measurement
The reduced size of the consortium’s exopolysaccharides (EPS) was confirmed by SEM images (Fig. 4).
These micrographs also demonstrated that the consortium’s exopolymer size and type did not allow for
proper aggregation of microplastics larger than 20
mm, but they did reveal its microplastics colonisation
capability. The SEM pictures of Cyanobacteria sp. (Fig.
4 a, b) revealed that the EPS tended to form a network,
which benefits the capitation, aggregation, and adhesion of Cyanobacteria sp. and Chlorella sp. microplastics consortium. The microalga and EPS agglomerates

Fig. 4. FESEM showing degradation by forming groves: (a) the microalgae consortium started colonising on the LDPE; (b) the consortium releasing
EPS followed by groove formation; (c) microalgae started colonising on the polyethylene; (d) LDPE and consortium interaction

(homo-aggregates) were visible in SEM images (Fig. 4
c, d), with EPS forming a viscous mesh. Cyanobacteria
sp. colonises and coats the microplastics, as shown by
fluorescence microscopy, with no microplastics visible aggregated on the surface. The SEM scans of the
consortium’s EPS revealed a fibrous, thick, and vicious

character. The SEM micrographs also revealed that this
microalga could colonise, agglomerate, and adhere microplastics to its surface regardless of the fraction size.
Fig. 4 shows the colonisation potential of the consortium and its ability to create hetero aggregates with the
help of microplastics.
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Energy dispersive analysis was conducted to study the
elemental analysis. The results were analysed from
Fig. 5. At the early stage of incubation, the LDPE control sample with microalgae showed the carbon composition as 92.30 ± 1.23 %, and during the incubation
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process, the carbon composition decreased to 53.18
% and turned out to be 39.12 ± 1.08%. The oxygen
composition throughout the incubation time increased
by about 42.63 ± 0.94 % (which is from 7.70 ± 0.54 %
to 12.63 ± 0.34 %) during the biodegradation process.

r polymers and then start accumulating on the polymers’

Fig. 5. Energy dispersive x-ray analysis
of LDPE after microalgae treatment under 5 kv at 2000X
).

dispersive x-ray analysis of LDPE after microalgae treatment under 5 kv at 2000X.

infraredoccurred
spectroscopy
The catabolic reaction
on the(FTIR)
LDPE analysis
frag- using the FTIR approach. Some biodegradable polyments where the carbon atoms were degraded by the mers’ characteristic bands (PLA, PHB, and TPS) do not
microalgae when oxygen gases were released. EDX overlap with the PP characteristic bands (Shah et al.,
analysis showed few different elements from the con- 2016). Fourier transform
infrared spectroscopy (FT-IR)
’
trol sample, as shown in Fig. 5. These different ele- was widely used
to identify
the polymer’s
composition
Fourier
transform
i
ments appeared
to the production
of extracellular
andand
differentiate
the types
polymers. Each poluseddue
to identify
the polymer’s
composition
differentiate
thebetween
types between
enzymes by microalgae for the accumulation and pos- yethene type may be different due to branching in their
sible degradation of polymers. The treated samples chain based on the number of atoms and size of the
showed the occurrence of sodium, magnesium, sili- chain (Jung et al., 2018a). FTIR has its own advantages
cate, sulphur, and calcium. The previous research has in that it requires less sample preparation and can inreported that microalgae release some enzymes such vestigate the entire sample (Park et al., 2019). Generalas exopolysaccharides when they encounter polymers ly, FTIR is a non-destructive, simple and efficient methand then start accumulating on the polymers’ surface od to evaluate the plastic polymer based on infrared
(Cunha et al., 2019; Bhuyar et al., 2019)
absorption representing specific chemical functionality
present in the polymer (Guénaëlle et al., 2001).
Fourier transform infrared spectroscopy (FTIR)
analysis

According to the existing literature, biodegradable elements can be easily discovered in recycled polypropylene

Fig. 6 shows the FTIR spectrometry analysis of the LDPE
microalgae sample acquired before and after the cultivation (or treatment). In this spectrum, one peak is relatively near to the most vigorous intensity with stable –CH2
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Fig. 6. FTIR spectrum of LDPE at day 30, 60 and 90 of cultivation treatment with microalgae
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bonding. The peak sited at 2839 cm-1 with % T is 0.007115.
The peak at 2839 cm-1 represents the carbonyl bond which
indicates degradation of the polymer. Percentage T (% T)
indicates the absorption of light in the infrared region of
the electromagnetic spectrum. Absorption corresponds
precisely to the bonds that are present in the molecule or
sample. This chosen peak has the most vital stability at
the exact band location of 2839 cm-1 with % T as 0.002774.
There is a slight decrease in T (% T) as they reduce with
0.004341 at 61 %, showing that the LDPE started to degrade whilst at the early stage of the biodegradation
phase. In other words, the bond between the carbon and
hydrogen atoms starts to weaken and lose its asymmetry
stability. Although the FTIR method does not quantify the
quantity of the biopolymer in the blends, it is a quick and

straightforward way to detect these contaminants in the
recycled PP process, and it is easily scalable for the plastic
recycling sector (Samper et al., 2018). Theoretically, the
absorption band identifies LDPE in the range of 717cm-1
until 2915 cm-1 (Jung et al., 2018b). At 2915 cm-1 of absorption, it has the band’s vigorous intensity as –CH2 at
symmetry stretching (Sivan, 2011).

C, H, N and S analysis of treated polymer
The carbon and hydrogen weight percentage in C, H, N
and S analysis are the essential parameters in determining the degradation ability of microalgae. During
the degradation process, the carbon weight percentage
for low-density polyethylene decreased significantly, by
37.91 %, as shown in Fig. 7.

Fig. 7. Comparative analysis of C, H, N and S elements present in polymer sheet: spectrum analysis of elements in control and treated low-density
polyethylene (LDPE)
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As microalgae used polyethylene as a carbon source
for growth, random chain links and cross-linking transpired, leading to a decrease in the carbon backbone.
The material becomes brittle and subject to fragmentation (Cai et al., 2018). Furthermore, the hydrogen content of LDPE decreased as the cleavage of hydrogen and
oxidation during the degradation process. Furthermore,
sulphur and nitrogen are detected according to the material characterisation and the quality control testing of
polymers and plastics. Sulphur-containing compounds
are often added as plasticisers, flame retardants, and
heat stabilisers (Luckachan and Pillai, 2011).

Differential scanning calorimetry of polyethylene

a

b

The oxidative deterioration of polyethylene (PE) composites is studied using differential scanning calorimetry
equipment. In a typical test, a sample is heated to 500 °C
in a nitrogen environment. The commencement of exothermic oxidation is timed and recorded. Alternatively,
the polymer samples can be heated in oxygen, and the
temperature at which oxidation begins can be determined (Khanam and AlMaadeed, 2015). DSC can be used
to determine the glass transition temperature (Tg) of PE
composites, as an endothermic shift from the baseline is
observed in the case of crystallisable polymers. The DSC
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compared with the Tc acquired from the DSC cooling procedure, it can be shown that LDPE crystallises at 124.5
°C and that the crystallisation temperature in all treated
samples containing degraded polymers of LDPE reduced
falling between 120.5 °C and 121.6 °C. As the enthalpy values of crystallisation and melting fell, biodegradable polymers in the PE matrix decreased crystallinity. Because

biodegradable polymers function as contaminants and
hence diminish the free volume of PP, the loss in crystallinity could be attributed to biodegradable polymers in
the mix, making the peak of PE chains more complicated (Amin et al., 2019). As a result, the inclusion of biodegradable polymers influences the treated polyethene’s
mechanical properties and its thermal performance,
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particularly the PP crystallinity, given that the melting
temperature is only minimally altered (Olewnik-Kruszkowska et al., 2016; Li et al., 2018).

Conclusions
In this study, a consortium of blue-green microalgae
was successfully isolated, identified, and used for biodegradation of low-density polyethylene. The consortium
(the mixture of Cyanobacteria sp. and Chlorella sp.) biodegraded low-density polyethylene without adding any
chemicals or capping agents. The consortium behaves
as an economically reducing and stabilising agent to degrade polymers of the size < 100 nm. The consortium
secretes various exopolysaccharides such as carbohydrates and proteins. They may act as colonising agents
and degradative agents for polymers into monomers.
Microalgae secrete exoenzymes and polysaccharides at
room temperature. It is observed that the consortium of
microalgae has been effectively attached on the low-density polyethylene surface with the highest aggregation.
Finally, the characterisation of consortium’s morphology,
physical and chemical properties of treated polyethylene
samples are studied by various analytical techniques
such as UV-Spec, FESEM, EDX, CHNO, FTIR and DSC,
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and it is clear from the results that potential aggregation of the consortium passed through bio-deterioration, bio-fragmentation, assimilation, and mineralisation
phase. This study demonstrated that the microalgal colonisation or aggregation of the consortium (Cyanobacteria sp. and Chlorella sp.) acts against both low-density
and high-density polyethylene, and designing this biodegradation method targets plastic waste pollution and
promises a new environmentally friendly process to treat
plastic waste generation. As a result of the current investigation, biodegradation was evident, and the microalgae
successfully colonised the polythene sheets’ surface.
As a result, it was determined that the consortium (Cyanobacteria sp. and Chlorella sp.), a filamentous form of
blue-green algae, effectively destroys the polyethylene
sheet among different kinds of microalgae.
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