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1. Introduction
  

	 Ambon Bay is located at 128°1'33,6''-128°18'7.20'' 
East Longitude and 3°34'4.80''-3°47'38.4'' South 
Latitude. These waters consist of two main parts: 
Outer Ambon Bay and Inner Ambon Bay (Gemilang 
et al. 2017). The Inner Ambon Bay has a serious 
problem due to the accumulation of plastic waste 
in its waters of Ambon Bay. These waters have 
serious problems due to the accumulation of plastic 
waste in the waters of Ambon Bay. The plastic waste 
accumulated in these waters originates from the 
activities of coastal communities that throw garbage 
in coastal waters. The circulation patterns influence 
the transportation pattern of marine debris in these 
waters. Morphologically, these waters are semi-

enclosed bays; therefore, the water circulation 
pattern is strongly influenced by tidal parameters. 
This results in the accumulation of plastic waste 
(Noya and Tuahatu 2021).
	 Plastic pollution remains a problem because 
plastics can break down into smaller particles, 
known as microplastics (Manullang 2019). It can be 
caused by physical, chemical, or biological processes 
(Meng et al. 2023). Microplastics are hydrocarbon-
based synthetic particles with sizes between 5 mm 
and 1 µm. Microplastic waste comes from cosmetics, 
synthetic textiles, packaging, larger fragments of 
plastic items (Liu et al. 2021), and wastewater (Habib 
et al. 2020). 
	 Microplastics have a negative impact on 
the balance of marine ecosystems (Fachrul and 
Rinanti 2018). Microplastics have sizes and colors 
resembling those of food; therefore, many marine 
organisms consider microplastics as food (Gurjar et 
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al. 2023). According to Auta et al. (2017), microplastic 
degradation by bacteria has the potential to degrade 
LDPE-type microplastics to reduce the risk of 
negative impacts on marine biota, the environment, 
and humans. LDPE was chosen for this study 
because of its wide availability and resistance to 
environmental degradation.
	 Microplastic biodegradation consists of three 
steps: colonization of the polymer surface by 
microbes, biofilm formation, and depolymerization 
by extracellular enzymes (Meng et al. 2023). 
Several species of marine bacteria that can degrade 
microplastics are Kocuria palustris M16, Bacillus 
pumilus M27, Bacillus subtilis H1584, Cucumis 
sativus, and Pseudomonas stutzeri, which are capable 
of producing microbial flocculants and have cell 
biocatalysts for microplastic biodegradation (Gong 
et al. 2018). The microplastic content in the waters 
of Ambon Bay needs to be addressed immediately 
so that an effective solution can be found, which is 
to utilize bacteria as microplastic degraders.
	 This research was conducted as an initial step to 
overcome the microplastic pollution found in the 
waters of Ambon Bay. This study aimed to analyze 
the potential of indigenous bacteria for microplastic 
degradation, the condition of microplastics after 
degradation, and the bacteria with the best potential 
for microplastic degradation in the waters of Ambon 
Bay.

2. Materials and Methods

2.1. Sampling and Physicochemical 
Measurements of Sea Water and Sediments
	 This study was conducted from March 2023 to 
December 2023. Sampling was carried out in Inner 
Ambon Bay, Indonesia (Figure 1). This location 
was chosen based on the amount of plastic waste. 
Seawater and sediment samples were collected from 
four locations in Inner Ambon Bay waters using 
purposive sampling.
	 The samples were composited into seawater and 
sediment samples, and the bacteria were isolated and 
identified. Physicochemical measurements of the 
sampling locations were performed, including water 
temperature, water pH, light intensity, wind speed, 
water salinity, and water depth. Water samples were 
taken from surface seawater, and sediment samples 
were taken at a depth of 3-5 cm from the surface. 
The samples were stored in an ice box under cold 
conditions (4°C) prior to laboratory analysis.

2.2. Isolation and Identification of Bacteria
	 Bacterial isolation was performed on Nutrient Agar 
(NA) medium (Merck, Germany) using serial dilution 
and spread plates and incubated for 48 h to obtain 
morphologically distinct colonies. The colonies were 
purified using the streak plate method (quadrant) 
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Figure 1. Sampling location



and confirmed by microscopic observation following 
Gram staining (Leboffe and Pierce 2012).

2.3. Measurement of Clear Zone of Microplastic 
Degrading Bacteria
	 Test the ability of bacteria to degrade microplastics 
using Mineral Salt Media (MSM) agar (yeast extract: 
1 g/L, peptone: 2.5 g/L, NaNO3:1 g/L, CaCl2:0.02 g/L, 
K2HPO4:0.3 g/L, MgSO4:0.05 g/L, FeSO4:0.03 g/L, NaCl: 
20 g/L, LDPE powder: 5 g/L, and agar 17 g/L) (Dey et 
al. 2020). The bacterial isolates were inoculated onto 
MSM and incubated for 3-5 days at room temperature 
using a paper disk. The clear zone in the qualitative 
test was calculated using the formula (Surjowardojo 
et al. 2016):

absorbance had been measured were supplemented 
with 0.2 ml of hexane (Samet and Icen 2022), and the 
organic phase was discarded. The liquid phase was 
used for the second hydrophobicity value (final OD) 
measurement. The absorbance was measured using 
a spectrophotometer at a wavelength of 400 nm. PBS 
without cells was used as blank. This formula was 
used to measure the percentage hydrophobicity of 
the bacteria (Adithama et al. 2023).

2.4.3. Measurement of OD Value of Bacterial 
Isolates
	 Measurement of OD values under treatment and 
control conditions using spectrophotometry at a 
wavelength of 600 nm (Auta et al. 2017).

2.5. Microplastic Degradation Ability
	 The degradation test was carried out by growing 
the bacterial isolates on MSM + LDPE powder (5 g/L) 
and incubating for 40 days at room temperature. In 
each experiment, the OD values were measured on 
days 0, 10, 20, 30, and 40. The microplastics were 
separated from the biofilm, washed using 70% alcohol 
and Tween 80 (1%), dried in an oven at 50°C for 24 
h, and the final weight was taken. The final weight 
of the microplastics was determined by measuring 
their degree of degradation. Based on Habib et al. 
(2020), the percentage of microplastic weight loss 
was calculated using the following equation:
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2.4. Measurement of Biofilm Formation, 
Hydrophobicity, and OD Value of Bacterial 
Isolates
	 Bacterial isolates with clear zone values were 
further analyzed by measuring biofilm formation, 
hydrophobicity, and OD values simultaneously on 
days 0, 10, 20, 30, and 40. The microplastic weight 
percentage was determined on Day 40. These 
measurements were performed by growing the 
bacterial isolates on MSM (Dey et al. 2020).

2.4.1. Biofilm Formation of Bacterial Isolates
	 Biofilm formation on the LDPE surface in NA 
medium and LDPE (5 g/L) was assessed using the 
spread plate method of 0.1 ml. The number of 
colonies was counted after overnight incubation at 
room temperature, and the following formula was 
used to determine the biofilm cell growth. Biofilm 
growth was measured on days 0, 10, 20, 30, and 40 
(Dey et al. 2020).

2.4.2. Measurement of Bacterial Hydrophobicity
	 The hydrophobicity of the bacterial cells 
was measured using the bacterial adhesion to 
hydrophobicity (BATH) method (Rosenberg et al. 
1980). Bacteria were cultured with 1 ml in phosphate-
buffered saline (PBS) (NaH2PO4:1.44 g/L, K2HPO4, 8 
g/L; NaCl, 8 g/L) and washed twice. The washed cell 
pellet was resuspended in 4 ml PBS, and the initial 
optical density (OD) was plotted. The samples whose 

	 The data were further analyzed to determine 
the rate constant of microplastic polymer reduction 
using a first-order kinetic model based on the 
equation of Auta et al. (2017). After the microplastic 
polymer removal rate constant was obtained, the 
half-life (t1/2) with an ln value of 0.69 was calculated 
based on the equation from Auta et al. (2017).

2.6. Characterization of Microplastics After 
Degradation
	 The sample used to observe the changes in 
chemical groups was a 5% LDPE sample from MSM 
after 40 days. Microplastics with bacterial isolates 
that show potential degradation ability were 
analyzed using FESEM/EDS, ATR-FTIR, and XRD. 



2.7. Identification of Bacteria Based on 16S 
rDNA Sequences
	 Isolates with the potential to degrade 
microplastics were identified by 16S rDNA 
sequencing. Genomic DNA was extracted from 
the isolates using a Quick-DNA Magbead Plus Kit 
(Zymo Research, D4082). The 16S rRNA gene was 
amplified by PCR using universal bacterial primers 
(27F: 5’–AGAGTTTGATCMTGGCTCAG–3’ and 1492R: 
5’–TACGGYTACCTTGTTACGACTT–3’). Phylogenetic 
tree analysis was performed using the bootstrap 
neighbor-joining (NJ) method with a sample 
repetition of 1.000 times on Molecular Evolutionary 
Genetics Analysis (MEGA) 11.0.

2.8. Data Analysis
	 Various tests were analyzed using ANOVA 
(p<0.05). Physicochemical analysis and importance 
value index were examined using CCA and Diversity 
Index in PAST 4.12 software.

3. Results

3.1. Physicochemical Conditions and 
Microplastic Waste in Ambon Bay Waters

Samples from the four sites were analyzed for 
temperature, pH, light intensity, wind speed, salinity, 
and depth using multiple ANOVA (p>0.05) (Table 1).

3.2. Importance Value Index (IVI)
Isolation of bacteria from the waters of Inner 

Ambon Bay amounted to twenty isolates. Ten 
bacterial isolates from seawater samples were KA1-
KA10. Ten bacterial isolates from sediment samples 
were KS1-KS10. The importance value indices (IVI) in 
the two areas, seawater and sediment, were different. 
This index represents the relative proportion of 
each bacterial isolate in the sample. The difference 
in index values in the two areas showed variations 
in the composition and diversity of bacteria in 
the waters of Ambon Bay. Isolate KA3 showed the 
highest IVI (24.35%), and isolate KA1 showed the 
smallest IVI (3.47%) in the seawater samples. Isolates 

KS6 and KS10 had the highest and smallest IVI, which 
were 16.66% and 4.32%, respectively, in the sediment 
samples (Figure 2).

The diversity index of bacterial diversity was 
determined using the Simpson and Shannon indices 
(Table 2). The Simpson index values were 0.6963 
(seawater) and 0.7374 (sediment). The Shannon index 
values were 1.564 (sediment) and 1.676 (seawater).

3.3. Correlation between Bacteria and the 
Aquatic Environment

Isolates KA5, KA7, KA10, and KS5 were negatively 
correlated with depth but not with pH, temperature, 
salinity, wind speed, and light. Isolates KA2, KA3, 
KA6, KS1, KS2, and KS10 were positively correlated 
with pH, temperature, salinity, and light and 
negatively correlated with wind speed, with no depth 
correlation. Isolates KA1, KA9, KS6, and KS9 have a 
positive correlation with wind speed and a negative 
correlation with pH, temperature, salinity, and light 
without light correlation. Isolates KA4, KA8, KS3, KS4, 
KS7, and KS8 have a positive correlation with depth 
without correlation with pH, temperature, salinity, 
wind speed, or light (Figure 3).

3.4. Ability of Microplastic Degradation 
Bacteria Based on Clear Zone

Bacteria that show clear zones have the potential 
as LDPE microplastic degraders. Nine out of the 20 
bacterial isolates formed clear zones. The bacterial 
isolates are KA1, KA2, KA3, KA4, KA5, KA9, KA10, KS6, 
and KS8 (Table 3).

3.5. Biofilm Formation, Hydrophobicity, and 
Bacterial Growth

Nine bacterial isolates with clear zones showed 
potential for microplastic degradation. The 

Table 2. Bacterial diversity index

Seawater (KA)
Sediment (KS)

1.676
1.564

0.6963
0.7374

ShannonSimpson
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Table 1. Physicochemical conditions

Numbers followed by the same letter in the same parameter are not significantly different based on ANOVA (p<0.05)

Location Temperature 
(°C)

pH Light 
Intensity (lux)

Wind 
Speed (m/s)

Salinity (‰) Depth (m)

1
2
3
4

29.9±1.46a

29±0.15a

29.3±0.12a

29.6±0.08a

8.5±0.37a

8.4±0.15a

8.4±0.04a

8.4±0.04a

6707±692.5a

1731±361.73b

1850±71.65b

1888±12.81b

0.7±10.17a

2.9±1.62b

1.4±0.36ab

1.5±0.16ab

15±0.7a

14.8±0.46a

14.7±0.47a

16.7±0.47b

0.8±0.04a

0.8±0.3a

1±0.05a

1.1±0.45b
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Figure 2. Importance value index of bacteria in seawater and sediment samples

Figure 3. Correlation between bacterial isolates and physicochemical conditions



isolates were tested for biofilm formation ability, 
hydrophobicity, and bacterial growth on days 0, 10, 
20, 30, and 40.

3.5.1.	 Biofilms Formation on Bacterial Isolates
Isolates KA1, KA2, KA3, KA4, KA5, KA10, KS6, and 

KS8 showed biofilm formation ability on days 0, 
10, 20, 30, and 40. Isolate KA5 showed the highest 
biofilm value of 3.73, while the control (without 
bacterial inoculation) only reached a biofilm value of 
0.84 on day 40 (Figure 4).

3.5.2. Hydrophobicity in Bacterial Isolates
Isolates KA1, KA2, KA3, KA4, KA5, KA10, KS6 and 

KS8 showed hydrophobicity. Isolate KA10 showed 
the highest hydrophobicity value of 11.22%, and the 
control showed the lowest hydrophobicity value of 
0.17% on day 40 (Figure 5).

3.5.3. Growth of LDPE Microplastic 
Degradation Bacteria

The growth of nine bacterial isolates was increased 
from day 0 to day 20. Isolates KA4 and KA9 decreased 
from day 20 to 40. Isolates KA1, KA2, KA3, KA5, KA10, 
KS6, and KS8 increased on day 30. The growth of the 
nine isolates decreased by day 40. Isolate KA10 had 
the highest OD value on day 40 of 0.64. The control 
had the lowest OD value of 0.011 (Figure 6).

3.6. Microplastic Weight Percentage
Four of the nine bacterial isolates with the highest 

percentage of microplastic degradation were used for 
16S rDNA identification. The isolates were KA1, KA2, 
KA3, and KA10. The KA1 bacteria reduced the plastic 
weight by 36.19%, KA2 by 10.16%, KA3 by 28.39%, and 
KA10 by 17.07% from the initial weight (Table 4).

Table 3. Clear zone index

Numbers followed by the same letter in the same parameter are not significantly different based on ANOVA (p<0.05)

Isolate Clear zone (mm) Isolate Clear zone (mm) Isolate Clear zone (mm)
KA1
KA2
KA3
KA4
KA5
KA6
KA7

9.33±3.171b

6.5±2.858ab

4.5±1.224ab

3.5±6.276ab

2±4.027ab

0a

0a

KA8
KA9
KA10
KS1
KS2
KS3
KS4

0a

2.17±2.4836ab

2.67±1.886ab

0a

0a

0a

0a

KS5
KS6
KS7
KS8
KS9
KS10
K

0a

2.67±3.171ab

0a

3.33±2.867ab

0a

0a

0a

Figure 4. Biofilm formation rate

0 10 20 30 40
Incubation time (d)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

5.0

Bi
of

ilm

Figure 5. Hydrophobicity of bacterial isolates

0 10 20 30 40
Incubation time (d)

0

2

4

6

8

10

12

14

16

18

H
yd

ro
ph

ob
ic

it
y 

(%
)

872	                                                                                                                                          	               Zakaria IH et al.



HAYATI J Biosci                                                                                                                                                               	    873
Vol. 31 No. 5, September 2024

3.7. Characteristics of Post-Degradation 
Microplastics

The characteristics of the microplastics in the four 
potential isolates were analyzed using FESEM/EDS, 
FTIR-ATR, and XRD. The isolates were identified as 
KA1, KA2, KA3, and KA10.

3.7.1. Morphological analysis using FESEM 
and EDS

FESEM observations showed morphological 
changes on the surface of microplastics caused by 
KA1, KA2, KA3, and KA10 compared to the control 
(Figure 7). This was confirmed by the EDS results, 
which showed the elements in each treatment and 

the control (Figure 8). Observations were performed 
at a magnification of 3000 ×.

3.7.2. Changes in Microplastic Function 
Groups Using ATR-FTIR

KA1, KA2, KA3, and KA10 exhibited changes in 
transmittance values, including the addition and 
removal of several absorbances. New indentations 
were formed in the single-bond (2,500-4,000 
cm-1) and double-bond (1,500-2,000 cm-1) regions, 
as well as in the fingerprint region (500-1,500 cm-1). 
The treatment of KA1, KA2, KA3, and KA10 produced 
new peaks at 1465 cm-1, 1636 cm-1, 1646 cm-1, and 
1648 cm-1, which are related to the C-O (carbonyl) 
functional group. KA2 had a higher percentage 
transmittance than KA1, KA3, KA10, and the control, 
indicating a weakening of the C-H bond. A new peak 
was detected at 1078 cm-1 for KA1, KA2, KA3, and 
KA10, whereas no peak was detected in the control. 
Loss of absorption at 853 cm-1 in the treatments. 

Figure 6. Bacterial growth rate
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Table 4. Weight reduction efficiency, reduction rate, and 
half-life of bacterial isolates in MSM containing 
microplastics

Numbers followed by the same letter in the same parameter 
are not significantly different based on ANOVA (p<0.05)

KA1
KA2
KA3
KA4
KA5
KA9
KA10
KS6
KS8
K

91.98
11601.73
382.85
22126.67
12247.5
187130.74
2684.15
2261195.26
23037.42
10687395229

0.0033
0.00087
0.002
0.00045
0.00099
0.00037
0.0012
0.00016
0.00067
1.56E-05

36.19f

10.16c

28.39e

6.82dbc

10.01c

4.57dabc

17.07d

1.76ab

9.09c

0.22a

Half-life (ln 2/k) 
(days)

Reduction 
rate constant 

(k) day-1

Percentage 
of weight 
loss (%)

Isolate

Figure 7. FESEM analysis of isolates KA1 (A), KA2 (B), KA3 
(C), KA10 (D), and control (E) with 3,000 times 
magnification

A

C
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B
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Waves 717 cm-1 (KA1), 717 cm-1 (KA2), 715 cm-1 (KA3), 
and 719 cm-1 (KA10), but not in the control (Figure 9).

3.7.3. Crystallinity Change Using XRD
The crystallinity index measured by X-ray 

diffraction (XRD) was 28.27% for the control and 
between 24.01% and 27.84% for treatments KA1, 
KA2, KA3, and KA10. The crystallinity index value 
decreased in treatments KA1, KA2, KA3, and KA10, 
with the largest decrease of 4.26% in KA1 and the 
smallest of 0.43% in KA10 (Figure 10). The strongest 
peak positions for the control and treatment groups 
were in the range of 21-36 θ.

 

4. Discussion

	 The temperature in the waters of Ambon Bay was 
in accordance with the optimum growth of bacteria. 
This is based on a study by Lu et al. (2020). The pH 
of the waters of Ambon Bay was not in accordance 
with the optimum growth of the bacteria. This was 
based on the study by Krause et al. (2012). High pH 
is caused by the presence of carbonate minerals, 
photosynthesis, and human activities such as waste 
disposal (Hu et al. 2021). The light intensity at 
location one shows the optimum bacterial growth. 
This was based on the study by Hotos and Avramidou  
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Figure 9. LDPE microplastic FTIR spectra after 40 days of incubation

Figure 10. XRD spectra of LDPE fragments
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(2021), which found that light intensity at locations 
two, three, and four tends to be low. This is likely due 
to the weather conditions during physicochemical 
measurements, which indirectly affect the light 
intensity received by the bacteria. The wind speed 
in the waters of Ambon Bay ranged from 0.7-2.9 
m/s. This was due to the weather conditions during 
the physicochemical measurements. Salinity in 
these waters ranged from 14.7-16.7‰, and Ambon 
was not in accordance with the optimum growth 
of bacteria. Weather conditions caused this during 
physicochemical measurements, namely, high 
rainfall and water input from rivers (Li et al. 2021). 
The water depth in Ambon Bay ranges from 0.8 to 
1.1m. This depth plays a role in the transport and 
accumulation of microplastics (Bertoldi et al. 2023; 
Fardami et al. 2023).
	 Bacterial isolates from seawater and sediment 
samples showed different Simpson and Shannon 
indices. The sediment samples had the highest 
Simpson's index value of 0.7374, indicating the 
dominance of certain species. The seawater samples 
had the smallest Simpson's index value of 0.6963, 
indicating that many species were evenly distributed 
without dominance. The seawater samples had the 
highest Shannon index value of 1.676, indicating 
greater species diversity with balanced proportions. 
Sediments had the smallest index value (1.564), 
indicating a lower species diversity. Bacterial 
isolates from seawater and sediment samples 
were correlated with physicochemical conditions. 
Positive, negative, and no correlations indicated a 
relationship between physicochemical conditions 
and bacterial isolates.
	 Nine of the 20 bacterial isolates formed clear 
zones. The bacterial isolates were KA1, KA2, KA3, 
KA4, KA5, KA9, KA10, KS6, and KS8. This indicates 
that these isolates have the potential for microplastic 
degradation. According to Gupta et al. (2012), the 
clear zone value of each bacterial isolate can be 
different because of the genetic makeup of the 
isolate, growth conditions, and specific substrates, 
causing variations in the size of the clear zone 
around the bacterial colony. 
	 The isolates were tested for biofilm formation 
ability, hydrophobicity, and bacterial growth on 
days 0, 10, 20, 30, and 40. Isolates KA1, KA2, KA3, 
KA4, KA5, KA10, KS6, and KS8 on day 10 showed 
decreased biofilm formation ability. On days 20, 30, 
and 40, these isolates showed increased biofilm-

forming ability. Isolate KA5 showed the highest 
biofilm value of 3.73, while the control (without 
bacterial inoculation) only reached a biofilm value 
of 0.84 on day 40. According to Wagner et al. (2021), 
variability in biofilm formation by bacterial isolates 
is caused by several factors, including genetic 
diversity, microcolony formation, and surface 
specificity.
	 Isolates KA2, KA4, KA5, KA10, and KS8 on day 
10 showed decreased hydrophobicity. Isolates KA1, 
KA2, KA3, KA9, and KA6 on day 20 showed decreased 
hydrophobicity ability. Isolates KA5, KA9, KA10, and 
KS8 on day 30 showed decreased hydrophobicity. 
Isolate KA10 showed the highest hydrophobicity 
value of 11.22%, and the control showed the lowest 
hydrophobicity value of 0.17% on day 40. The 
percentage of hydrophobicity indicates the tendency 
of bacteria to attach to the surface of the LDPE 
microplastics due to the penetration of bacteria into 
the LDPE surface facilitated by enzymatic activities 
present in bacterial strains, including laccase, 
esterase, monooxygenase, and peroxidase (Ru et al. 
2020). The greater the hydrophobicity of bacteria, 
the more bacterial cells adhere to the surface of 
hydrophobic objects (Krasowska and Silger 2014).
	 The growth of the nine bacterial isolates 
increased from day 0 to 20. Isolates KA4 and KA9 
decreased from day 20 to 40. Isolates KA1, KA2, KA3, 
KA5, KA10, KS6, and KS8 increased on day 30. The 
growth of the nine isolates decreased by day 40. 
Isolate KA10 had the highest OD value on day 40 of 
0.64. The control condition had the lowest OD value 
(0.011). This increase in bacterial growth is thought 
to be related to nutritional and other factors that 
support bacterial growth (Adithama et al. 2023).
	 Nine bacterial isolates showed the ability to 
degrade microplastics based on the percentage 
of microplastic weight. Four of the nine bacterial 
isolates with the highest percentage of microplastic 
degradation were used for 16S rDNA identification. 
The isolates were KA1, KA2, KA3, and KA10. 
Microplastics from these isolates were further 
analyzed using FESEM/EDS, ATR-FTIR, and EDS. 
The KA1 bacteria reduced the plastic weight by 
36.19%, KA2 by 10.16%, KA3 by 28.39%, and KA10 
by 17.07% from the initial weight. Based on Dey et 
al. (2020), Stenotrophomas sp. isolates were only 
able to reduce the weight of LDPE microplastics 
by 8% for 100 days. Stenotrophomonas maltophilia 
and Enterococcus sp. were able to reduce weight by 
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5% and 8%, respectively, for 90 days (Adithama et 
al. 2023). The 36.19% weight loss in this study was 
much greater than that reported in previous studies. 
This difference is thought to be caused by several 
factors, including enzymatic activity and surface 
colonization (Akarsu et al. 2023).
	 The bacterial isolates showed significant 
potential to affect the weight of microplastics on 
day 40, which can be seen from the percentage 
of weight lost, the constant rate of reduction (K), 
and the calculated half-life. Isolate KS6 showed 
the highest rate of reduction, at 0.00014 day-1, and 
a half-life of approximately 2261195.262 days in 
the LDPE degradation process. The results showed 
that isolate KS6 could degrade 0.00014 g of LDPE 
microplastics daily. KS6 required approximately 
2261195.262 days to degrade the LDPE microplastics 
fully. This removal rate may stem from the genetic 
traits of the isolate, which may have a significant 
capacity to degrade polymers (Auta et al. 2017).
	 The observation results show that morphological 
changes were observed on the surfaces of LDPE 
microplastics treated with KA1, KA2, KA3, and KA10 
bacteria. These changes show the significant effect 
of bacterial treatment on the surface structure of 
microplastics. The EDS analysis results revealed the 
elemental composition of the LDPE microplastics. 
The control treatment only found the elements 
carbon (C) and oxygen (O), indicating that no 
bacteria were attached to the LDPE microplastics 
in the control treatment. Bacteria KA1, KA2, KA3, 
and KA10 were detected. This was indicated by the 
presence of other elements on the surface of the 
microplastics analyzed using EDS. Calcium (Ca), 
phosphorus (P), sodium (Na), oxygen (O), and carbon 
(C) elements were found in KA1. Phosphorus (P), 
oxygen (O), chlorine (Cl), sodium (Na), and carbon 
(C) were detected in KA2. Calcium (Ca), sodium (Na), 
and carbon (C) were detected in KA3. In comparison, 
Chlorine (Cl), magnesium (Mg), oxygen (O), sodium 
(Na), and carbon (C) were detected in KA10.
	 Treatment with bacteria KA1, KA2, KA3, and 
KA10 showed the addition of IR absorption peaks, 
indicating a change in chemical structure (Bhatia et 
al. 2014). Treatment of LDPE microplastic powders 
with KA1, KA2, KA3, and KA10 bacteria resulted 
in the loss of the absorption peak at 853 cm-1, 
indicating the loss of the C=C group. The addition 

of absorption peaks in KA1, KA2, KA3, and KA10 
at 1078 cm-1, 1081 cm-1, 1074 cm-1, and 1071 cm-1, 
respectively, indicate the stretching of the C-O group, 
which occurs due to the presence of alkyl groups in 
ester groups, carboxylates, and hydroxy alcohols. 
The addition of C-O (carbonyl) groups in KA1 (1646 
cm-1), KA2 (1641 cm-1), KA3 (1645 cm-1), and KA10 
(1648 cm-1) indicates the presence of ester groups 
(Adithama et al. 2023). The oxidation of -OH on the 
C-O group occurs as a result of microbial activity 
(Esmaeili et al. 2013). The surface deterioration of 
LDPE microplastics begins with bacterial adhesion, 
which leads to the formation of biofilms and new 
structures. These structures trigger hydrolysis to 
produce hydroxyl and ester intermediates. These 
intermediates undergo oxidase and dehydrogenase 
reactions, converting fatty acids, esters, ketones, 
hydroxyls, alkanes, and other functional groups into 
simpler molecules (Dey et al. 2020; Ru et al. 2020).
	 After degradation, the LDPE microplastics 
exhibited a decrease in the crystallinity index. 
According to Esmaeilli et al. (2013), this decrease 
signifies structural changes that affect the particle 
size of the LDPE. This degradation is related to 
the carbonyl index and double bonds in the LDPE 
powders. Changes in the carbonyl index indicate the 
presence of ketones and aldehydes in LDPE as well 
as the production of CO2 and H2O as products of the 
β-oxidation process (Adithama et al. 2023).
	 Based on the DNA BLAST results, the bacteria KA1, 
KA2, KA3, and KA10 were identified as Bacillus cereus 
strain DN-55, Bacillus toyonesis strain BCT7112, 
Bacillus paramycoides strain 3664, and Escherichia 
coli strain NCTC9085, respectively (Figure 11).
	 Bacteria KA1, KA2, KA3, and KA10 have an INP of 
3.47%, 6.18%, 24.35%, and 3.79%, respectively, thus 
requiring biostimulation to enhance the growth of 
microplastic degrading bacteria. Indigenous bacteria 
from the waters of Ambon Bay have the potential to 
degrade LDPE microplastics. The characteristics of 
microplastics after degradation by bacteria included 
changes in the surface structure of the microplastics, 
decreased crystallinity, decreased weight of LDPE 
microplastics, and decreased C=C groups that made 
up LDPE monomers. The KA1 bacterial isolate had 
the best potential for LDPE microplastic degradation 
(36.19 %) and was identified as Bacillus cereus.



Figure 11. Phylogenetic tree of bacteria KA1, KA2, KA3, and K10, grouping based on Neighbor Joining DNA barcoding of 
16S rRNA gene
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