Characterizing Low-Density Polyethylene Degrading Bacteria from Surabaya Riverbed
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Abstract. This research investigates the potential of bacteria to biodegrade Low-Density Polyethylene (LDPE) plastic waste collected from Surabaya River, Indonesia, a region heavily impacted by plastic pollution. Four bacterial strains (two Gram-positive and two Gram-negative) were isolated from the riverbed, and their ability to degrade LDPE plastic was tested. The bacteria were acclimatized and then observed for changes in plastic mass over a 30-day period. Of the four isolates, strain B2 exhibited the most significant plastic degradation, reducing the plastic’s weight by 3.619%. Through Fourier-Transform Infrared (FTIR) spectroscopy, it was found that the bacteria not only decreased the plastic's mass but also chemically altered its structure, introducing hydroxyl groups and breaking down carbon bonds. This suggests that bacterial action can convert LDPE into simpler, more environmentally friendly substances. The findings highlight the potential of specific bacterial strains, particularly B2, as an effective and natural method to mitigate plastic pollution. By harnessing bacterial biodegradation, this study paves the way for more sustainable waste management solutions, offering a promising tool in the global effort to reduce plastic pollution and its environmental impact. Further research into optimizing bacterial performance could enhance the biodegradation process, making it a key component in tackling plastic waste and preserving ecosystems.
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introduction
The global plastic waste output is predicted to hit 220 million tons by 2024, with Indonesia ranking as the fifth-largest source of plastic waste globally, exacerbating the ongoing environmental issue. The persistence of non-biodegradable plastics in the environment is one of the primary reasons for this overwhelming accumulation. These plastics not only damage aquatic ecosystems but also pose serious risks to human health [1], [2], [3]. 
In Indonesia’s Kali Surabaya River, Low-Density Polyethylene (LDPE) is one of the most common types of plastic waste [4]. LDPE is composed of long ethylene molecular chains, forming the chemical structure (C2H4)n. Its melting point is about 115 °C, and it remains chemically resistant to most compounds at temperatures under 60 °C. With a density range of 0.91-0.94  g/cm3, LDPE has a semi-crystalline structure, made up of 50-60% crystalline components, providing it with sufficient mechanical strength for various uses [5], [6]. 
The degradation of plastic waste is a complex process that depends heavily on environmental factors such as temperature, humidity, pH levels, and solar radiation [7], [8]. Among the various methods for managing plastic waste, biological degradation offers a cleaner, more sustainable solution since it avoids the toxic emissions that typically arise from plastic incineration [9]. The biological breakdown of plastics happens in four key stages: biodeterioration, biofragmentation, assimilation, and mineralization [10], [11]. 
Initially, microorganisms begin to attack the plastic, initiating biodeterioration. In the biofragmentation stage, the plastic molecules are broken down into smaller fragments. Next, during assimilation, these smaller fragments are absorbed by the microorganisms and used for energy and carbon. Finally, in the mineralization stage, the fragments are completely broken down into simpler, inorganic materials.
Microorganisms produce enzymes like lipases, alkane hydroxylases, laccases, and esterases, which are capable of breaking down plastic polymers. These enzymes help degrade the complex plastic structures into monomers that can be absorbed by the bacteria, where they are metabolized into energy and carbon [12], [13]. As the plastics decompose, they are transformed into products like carbon dioxide, methane, water, and various inorganic compounds [14]. 
Several bacterial species have been identified for their plastic-degrading capabilities, including Bacillus spp., Pseudomonas spp., Alcanivorax spp., and many others [15], [16], [17]. Despite these findings, more research is needed to discover even more efficient bacteria, particularly those capable of breaking down LDPE, which is more challenging to degrade. The aim of this study is to explore the potential of bacteria to break down LDPE plastic waste found in the Surabaya River. To assess this, the study will measure the bacteria’s ability to grow on the surface of the plastic, track changes in the plastic’s dry weight over time, identify shifts in the chemical groups of the plastic, and observe any changes in the plastic’s surface morphology. This research will help us better understand how bacteria interact with LDPE plastic waste and could contribute to the development of more effective and environmentally friendly solutions to combat plastic pollution, particularly in regions like Indonesia that are facing the devastating effects of plastic waste accumulation. 
METHODOLOGY
Sampling Methods
The sampling took place at the Surabaya River in Indonesia, specifically at the coordinates 7°21'06.3" S and 112°39'43.9" E (Figure 1). A net with 1 cm-sized holes was placed about 3 meters from the river’s center and left there for 7 days to collect plastic waste. Afterward, the plastic waste found at the river's bottom was carefully gathered and brought back to the lab in sterile conditions.
Bacterial Isolation and Purification
We used a swabbing method to isolate the bacteria. We swabbed the plastic samples with a sterile cotton swab, dipped them into 10 mL of sterile distilled water, and mixed them well. After that, we made dilutions up to 10-5 and plated the 10-5 dilution onto Nutrient Agar (NA). Any colonies that grew were then purified by streaking them onto a fresh plate. From there, we picked a single colony, made a smear on a slide, and stained it with crystal violet for a minute. We rinsed it with water, applied iodine for another minute, and rinsed it again. The smear was washed with 70% alcohol, rinsed with water once more, and stained with safranin for 45 seconds before drying it and examining it under a microscope.
Sample Preparation
We cut LDPE plastic bags into 1x1 cm pieces, sterilized them with 70% alcohol, and exposed them to UV light for an hour. After sterilizing, we let them dry in a desiccator and then weighed them to get their starting weight. 


Bacterial Acclimatization
Before testing the bacteria's ability to degrade plastic, we acclimatized them. The process involved gradually introducing them to two different media: Nutrient Broth (NB) and Mineral Salt Medium (MSM). The MSM mixture contained a variety of minerals such as MgSO4, CaCl2, KH2PO4, K2HPO4, NH4NO3, and FeCl2. Initially, the bacteria were cultured in NB for 24 hours, then transferred to a 1:1 mix of NB and MSM for another 24 hours. Afterward, the culture was moved to a 1:2 mix of NB and MSM and incubated for 48 hours before being used in the biodegradation test.
Biodegradation Test
For the biodegradation test, we added 15 mL of the acclimatized bacterial culture to 135 mL of MSM in an Erlenmeyer flask, along with 10 sterilized plastic sheets. The mixture was incubated at 25-30°C while shaking at 125 rotary per minute for 30 days. This test was repeated three times to ensure accuracy.
Optical Density (OD) Analysis
To measure bacterial growth, we performed Optical Density (OD) analysis. After the 30-day incubation, we took 5 mL of the sample, placed it in a cuvette, and measured it with a ThermoScientific Genesys 30 spectrophotometer at 600 nm. The higher the OD reading, the more bacterial cells were present in the sample.

Bacterial count analysis
We analyzed the bacteria in the medium by taking 1 mL of the sample, diluting it to 10-5, and plating it using the pour plate method. After a 24-hour incubation at 37°C, we counted the bacterial colonies. We also tested the bacteria that might have adhered to the plastic surfaces. After the incubation, we placed the plastic samples in test tubes with 10 mL of sterile physiological solution, vortexed for 5 minutes to detach the bacteria, and then diluted it to 10-5. This was also plated and incubated at 37°C for 24 hours. 
Difference in Dry Weight of Plastics
After the incubation, the plastic samples were dried in an oven at 80°C for 24 hours. We then weighed them using an analytic balance. The percentage of dry weight loss was calculated using this formula: 

          (1)

Fourier Transform Infrared (FTIR) Analysis
To track any chemical changes in the plastic, we used Fourier Transform Infrared (FTIR) analysis. After measuring the dry weight change, the plastics were analyzed on an Agilent Cary 630 spectrophotometer, using wavelengths between 400-4000 cm-1. The results were processed using Agilent Microlab software. 
RESULTS AND DISCUSSION
Isolation and Purification of Bacteria from Surabaya River
The Surabaya River holds significant importance as it serves as a primary source of raw water for drinking and sustains surrounding aquatic ecosystems. However, like many rivers globally, it is increasingly suffering from pollution, especially plastic waste, which poses a serious environmental threat. Among the various types of plastics polluting the river, low-density polyethylene (LDPE) is particularly abundant. As part of an effort to address this pollution, bacterial isolation from the riverbed's plastic bags was conducted. Four distinct bacterial isolates were successfully identified, each capable of potentially aiding in the biodegradation of LDPE plastic. 


TABLE 1. Morphology of Bacteria
	Isolate
	Color
	Elevation
	Colony form
	Margin
	Shape
	Gram

	B1
	white
	convex
	round
	entire
	rod
	-

	B2
	white
	umbonate
	round
	entire
	rod
	+

	B3
	crem
	draughtsman
	round
	entire
	rod
	+

	B4
	crem
	raise
	irregular
	undulate
	rod
	-



Table 1 provides a detailed description of the morphological characteristics of these isolates. From the analysis, it was observed that all four bacterial isolates were rod-shaped, but each displayed distinct differences in colony elevation, shape, edge characteristics, and color. Notably, two of these isolates were classified as Gram-positive, while the other two were Gram-negative, as depicted in Figure 1. These findings underline the diversity of bacterial species found in the riverbed environment and their potential role in plastic degradation.
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FIGURE 1. Isolate LDPE Plastic Degrading Bacteria from Surabaya Riverbed (1). Macroscopic of Bacterial Isolate. (2). Microscopic of Bacterial Isolate. Red color indicates lipid bonds on the bacterial membrane with safranin. Blue/bronze color indicates peptidoglycan bond with crystal violet.
Bacterial Acclimatization
Before the bacteria could be tested for their ability to biodegrade plastics, an acclimatization phase was necessary to ensure the bacteria could adapt to the plastic-rich environment. This process prepares the bacteria for the biodegradation tests by adapting them to the medium with limited carbon sources. The density of bacterial cells was monitored as an indicator of bacterial growth, utilizing Optical Density (OD) measurements. Figure 2 illustrates the results of the acclimatization process.
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FIGURE 2. Optical Density Value during Acclimatization

The four isolates exhibited significant increases in OD values when subjected to a 48-hour incubation period in a 1:1 and 1:2 mixture of Nutrient Broth (NB) and Mineral Salt Medium (MSM). This suggests that the bacteria were metabolically active and capable of utilizing the available carbon sources effectively, despite the limited nutrients in the medium. This adaptive growth indicates that the bacteria were sufficiently prepared for the subsequent biodegradation tests. The acclimatization process is crucial for optimizing the efficiency of bacterial biodegradation, as it enhances the bacteria's ability to break down organic contaminants such as plastics [18], [19].  The importance of acclimatization extends beyond bacterial survival; it is also an essential step in enhancing the biodegradation process of bioplastics, converting them into more eco-friendly products like biogas [20]. While acclimatization optimizes bacterial efficiency, its success can be influenced by several factors, including the age of bacterial isolates, nutrient availability, and the presence of growth-limiting factors [21]. These findings emphasize the necessity of an acclimatization stage before any successful biodegradation can occur, ensuring that the bacteria are at their peak metabolic activity.
Biodegradation Test
Following acclimatization, the biodegradation test was conducted to evaluate the plastic-degrading potential of the four bacterial isolates. The ability of each isolate to degrade LDPE plastic was assessed by monitoring the change in the dry weight of the plastic over a 30-day period. According to previous research, microorganisms are known to effectively damage the surface of LDPE plastics within this timeframe [22], [23]. The results of this biodegradation process revealed noticeable differences in the degradation abilities of the bacterial isolates, as shown in Table 2.
TABLE 2. Biodegradation Result
	Isolate
	OD
	Total Plate Count (cfu/mL)
	Weight loss (%)

	
	
	Medium
	Plastic Surface
	

	B1
	0,205
	15 x 105
	13 x 105
	0,575

	B2
	0,201
	15 x 104
	48 x 105
	3,619

	B3
	0,306
	77 x 105
	82x105
	0,691

	B4
	0,299
	23 x 105
	65x105
	3,486



Among the four isolates, B2 demonstrated the highest potential for plastic biodegradation, with a weight loss percentage of 3.619%. Interestingly, although isolate B3 had the highest bacterial cell count, it did not show the most effective plastic degradation. This suggests that the quantity of bacteria does not always correlate with biodegradation efficiency. Factors such as the type of bacteria and the specific enzymes they produce are likely to have a more significant impact on plastic degradation [24]. Previous studies have shown that bacterial enzymes, such as laccase and peroxidase, can degrade polyethylene plastics by breaking down their molecular structure. For example, laccase can reduce plastic weight by 0.5%, while peroxidase can achieve a 0.6% reduction [25]. The enzymes produced by the bacteria during the biodegradation process help to break down the complex polymer chains of LDPE plastic into simpler molecules, such as carboxylic acids, aldehydes, aromatics, alcohols, esters, ethers, and alkyl groups. These molecules are often more environmentally friendly and easier to degrade further by microorganisms. The products of enzymatic degradation can be detected through various analytical techniques, including Fourier-Transform Infrared Spectroscopy (FTIR), which helps identify changes in the chemical composition of the plastic.
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FIGURE 3. Changes in plastic chemical groups by bacterial isolates after 30 days
Fourier Transform Infrared (FTIR) Analysis
FTIR analysis was employed to examine the chemical changes in the LDPE plastic as a result of bacterial activity. Significant changes were observed in the FTIR spectra of the plastic samples exposed to bacterial isolates. For example, isolate B3 produced significant changes at the wavenumber of 3675.15 cm-1, corresponding to the stretching of the -OH group. This finding suggests that the bacteria may have introduced hydroxyl groups into the plastic structure. Isolate B3 also caused noticeable shifts at wavelengths of 1751.84 cm-1 (C=O group), 1699.66 cm-1 (C=C group), and 1468.57 cm-1 (C=C group), indicating further chemical modifications. Additionally, isolate B2 was capable of stretching the C-H group at 2899.86 cm-1, as shown in Figure 3.
These differences in the FTIR spectra suggest that the bacterial isolates are not merely reducing the mass of the plastic but also altering its chemical structure. Such changes are crucial because they signify the breakdown of the plastic into simpler, more biodegradable components, which can then be more easily processed by other microorganisms or environmental factors. This transformation significantly reduces the environmental impact of plastic waste by converting it into less harmful substances [26]. Furthermore, the FTIR results indicate that isolates B2 and B3 hold the greatest promise as effective biodegradation agents for LDPE plastics. These findings are consistent with earlier studies, which suggested that Gram-positive bacteria tend to produce more enzymes than Gram-negative bacteria, making them more efficient at breaking down complex plastic polymers [27]. However, it is also important to note that bacterial enzyme activity can be enhanced under optimal environmental conditions, which could potentially increase the biodegradation efficiency by two to three times [28].
The results of this study provide valuable insights into the potential of using bacteria to address the growing environmental issue of plastic pollution. As the world grapples with the overwhelming accumulation of plastic waste, innovative and eco-friendly solutions, such as biodegradation through bacterial activity, offer a promising approach. The use of bacteria to degrade LDPE plastics could help reduce the long-term impact of plastic pollution on ecosystems and human health. Furthermore, the ability of certain bacterial isolates to produce enzymes that break down plastic polymers is particularly important in the context of environmental sustainability. By harnessing the natural biodegradation processes of bacteria, it may be possible to develop more efficient waste management strategies, reduce plastic waste in landfills, and minimize the overall environmental footprint of plastic materials. As the study suggests, bacteria such as B2 and B3 are particularly effective at breaking down LDPE plastics, making them prime candidates for future research and application in bioremediation efforts. Further studies on optimizing bacterial enzyme production and enhancing biodegradation efficiency under controlled environmental conditions could lead to even more effective methods for managing plastic waste. With the right advancements, this biotechnological approach could become an integral part of global efforts to combat plastic pollution and protect the environment for future generations. 
CONCLUSION
This study highlights the potential of bacteria in tackling plastic pollution, particularly in breaking down LDPE plastic. Four bacterial strains were isolated: two Gram-positive and two Gram-negative, with the Gram-positive strains showing a greater ability to produce enzymes needed for biodegradation. Among them, B2 proved to be the most effective, reducing plastic weight by 3.619%. FT-IR analysis revealed that the bacteria not only break down the plastic physically but also chemically altered its structure, introducing hydroxyl groups and stretching carbon bonds, making it more environmentally friendly. These findings adders the research gap identified in the introduction by demonstrating the capability of bacteria, specifically strain B2, to break down LDPE plastic waste effectively. This research not only show that bacteria can reduce the mass of plastic waste but also transform it into simpler, less harmful compounds. By providing evidence of microbial degradation LDPE, the study opens up exciting possibilities for using bacteria as a sustainable, eco-friendly solution to the global plastic pollution problem, offering a natural way to help manage and reduce plastic waste in our ecosystems. With further development, bacterial biodegradation could become an important tool in our ongoing efforts to protect the environment.
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