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Abstract:

In the present scenario people are living with plastics because day today life is filled with
plastics and its any source being taken easy for living. Hence the present study focus on plastic
degradation with two bacterial strains viz., Pseudomonas aeruginosa and Staphylococcus aureus,
isolated from soil sample located in Nadar Saraswathi College of Arts and Science, Theni, Tamil
Nadu, India. Plastics are of different types in this study three different plastics viz., HDPE, LDPE
and MDPE were screened for their percentage weight loss using plastic degrading bacterial
pseudomonas aeruginosa, Staphylococcus aereus. The degradation study was carried out for a
period of 30 days in minimal salt medium and the study was regularly monitored with an interval of
5 days. The maximum percentage weight loss is observed with 20.71(LDPE), 20.00 (MDPE) and
17.80 (HDPE) by pseudomonas aeruginosa followed by 19.20 (LDPE), 18.70 (MDPE), and 16.80
(HDPE) by Staphylococcus aereus on 30" day at 37°C.

Keywords: Plastic film (LDPE), Package cover (MDPE), Lamination cover (HDPE), Microbial
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Introduction:

The rapid expansion of industry has resulted in the discharge of synthetic chemicals into the
surrounding environment (Negoro, 2002). One hundred forty million metric tonnes worth of
synthetic polymers are produced each year. Because polymers are so durable, the cycles of their
degradation in the environment are completely natural. Polluting the environment are synthetic
polymers such as garbage made of plastic and polymers that are water-soluble and found in
wastewater (Premraj and Doble, 2005). Because plastic trash is so difficult to break down, it often
ends up in environmentally sensitive areas. Toxic water flow obstruction caused by buried plastic
waste may have devastating effects on farming and irrigation systems. There is an adverse effect on
the ecology as a whole due to the high number of animal deaths caused by waste plastics, which die
from being trapped in plastics or from ingesting trash (Usha et al., 2011). Natural biodegradation is
crucial because of the massive quantities of synthetic polymers produced and consumed (Mohan
and Srivastava, 2010). The polymers employed in packaging have a tendency to accumulate in
landfills, parks, and streets. Polyethylene is one of the most widely used manmade polymers
(Huang et al.,2005).

The component parts of polyethylene are ethylene monomers. Since polyethylene is
chemically inert and repels water, it cannot be broken down by any bacteria found on Earth. There
has been a lot of study on how to reduce polyethylene's environmental impact (Kavitha et al., 2014).
Hydrophobicity in polyethylene may be enhanced by abiotic pretreatments such weathering, UV
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irradiation, and heat treatment by the incorporation of polar molecules into the polyethylene
backbone chain. These polar compounds, which may contain carbonyl groups, facilitate bacterial
digestion of the voluminous polymers (Albertsson et al., 1987; Groning et al., 2004).

Soil, ocean, compost, and activated sludge all contain bacteria that may decompose
polyethylene after it has been prepped for digestion (Yoon et al., 2012). Since microorganisms can
break down a wide variety of organic and inorganic compounds, including lignin, starch, cellulose,
and hemicelluloses, it is intriguing to consider the possibility of polyethylene waste being degraded
by microbes (Sadocco et al., 1997). For example: (Kambe et al., 1999). If the microbe responsible
for polyethylene biodegradation can attach itself to the plastic in the form of a biofilm, the process
might be sped up (Shah et al., 2009). Pseudomonas, Streptococcus, Staphylococcus, Micrococcus,
and Moraxella, and fungus like Aspergillus niger and Aspergillus glaucus, Actinomycetes, etc., and
the Saccharomonospora species, have all been linked to decomposition of organic materials (Swift,
1997; chee et al., 2010). Extracellular enzymes that breakdown potentially hazardous chemicals are
secreted by the white rod fungus. Aerobic and anaerobic microbial metabolism may break down
plastic into smaller molecules, called oligomers and monomers, respectively. This might happen in
the presence of oxygen or in the absence of it (Kumar et al., 2013). This research aims to
corroborate FTIR analysis's findings that Pseudomonas putida S3A may degrade polyethylene as a
carbon and nitrogen source.

Materials and methods:

The soil sample was collected from Nadar Saraswathi College of Arts and Science,
Vadapudupatti, Theni District, Tamil Nadu, India. One gram of soil was serially diluted and
appropriate dilutions of 10° and 10 were plated and the colonies were picked out individually after
24 hrs and grown in selective medium viz., cetrimide agar medium and nutrient agar medium and
used for further study. (Brown and Lowbury, 1985) and David et al., 2010. Biochemical
identification was carried out based Bergeys Mannual of Determinative Bacteriology, 1994.

Polythene degration was carried out using three different polythene viz., plastic film (LDPE),
Package cover (MDPE) and Lamination cover (HDPE). The minimal salt broth was made, then
sterilised in an autoclave or other suitable device at 121 degrees Celsius for fifteen minutes. One
hundred millilitre (ml) conical flasks were filled with fifty millilitres (ml) of MSM broth. Aseptic
procedures were used to remove the MSM particles from the weighted sterile polythene bag
components. Two different bacterial strains, Staphylococcus aureus and Pseudomonas aeruginosa,
were added to each broth in their own separate bacterial culture loops. At all times throughout the
experiment, a control flask was kept going in which no bacteria could grow. Minimal salt broth
Anudurga Gajendiran et al 2016, was used for degradation study with both the culture individually
in conical flasks at 37C for 30 days. The degradation rate was determined with an regular interval of
5 days using the formula given below;

Weight loss % = Initial Weight — eV 19Rt o 100
ergitt toss vo = fmtiat Welgnt = 1itial Weight
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Results and Discussion

The soil that was collected from the Nadar Saraswathi College of Arts and Science in
Theni, Tamil Nadu, India, for the purpose of the present study yielded two bacterial isolates. These
samples were used for the research. The bacterial strains that were identified as having been isolated
were Pseudomonas sp and Staphylococcus aureus, respectively. Priyanka and Archana conducted a
research in 2011 in which they analysed polythene and plastic degrading bacterial isolates from five
different soil samples. Polythene and plastic degrading bacteria were discovered in the soil,
including Bacillus subtilis, A. niger, Aspergillus nidulance, Aspergillus flavus, Aspregillus glaucus,
Penicillium, Pseudomonas, Staphylococcus aureus, Streptococcus lactis, Proteus vulgaris, and
Micrococcus. Some of the research on micrococcus include those by Abrusci et al. (2011), Aswale
and Ade (2008), Kathiresan (2003), Nanda et al. (2010), and Reddy (2008). Staphylococcus aureus
and Pseudomonas aeruginosa both had similar outcomes.

Table 2 reveal the degradation of three different types of polythene degradation in
minimal salt broth medium for a period of 30 days, the degradation study is regularlt molnitored at
an interval of 5 days at 37°C. The maximum degradation is observed with 20.71 percentage weight
loss on 30" day by Pseudomonas aeruginosa with plastic film (LDPE), followed by MDPE
degradation on 30" day with 20.00 percentage weight loss, and HDPE degradation on 30" day with
17.80 percentage weight loss.

Staphylococcus aureus degradation is also observed for an period of 30 days at a regular
interval of five days in Table 3 reveals the degradation of LDPE with 19.20 percentage weight loss,
followed by MDPE with 18.70 percentage weight loss and HDPE with 16.30 percentage weight
loss. Similarly the minimum degradation occurs with 1.61 percentage weight loss in HDPE by
Pseudomomas aeruginosa, followed by 1.48 percentage weight loss in HDPE by Staphylococcus
aureus on 5™ day of incubation in minimal salt broth at 37°C.

Polythene glycol 6000 is a polymer which can also be able to degrade by using
Pseudomonas fluorescence, Pseudomonas aeruginosa 2962, Pseudomonas stutzeri 2643 (Shyamala
Gowri R et al., 2016)

Results were similar when evaluating two soil-isolated bacteria for their ability to
breakdown polythene material (Kathiresan, 2003). Soil microbes might eventually decompose
plastics like polyethylene bags.

Pseudomonas aeruginosa and Staphylococcus aureus were evaluated for their degradation
potential after 30 days using many criteria, and the results were interpreted in terms of mass loss.
Examining the amount of weight lost is a simple and quick way to assess the biodegradation of
polymers. Bacteria that colonise the polymer will cause its mass to rise, while degradation of the
material will cause it to decrease. Because LDPE biodegrades from the outside in, it loses mass
proportionally to its exposed area. SDS, which denaturizes cells and removes them from the
surface, was applied after the LDPE sheets had degraded. A lighter object is the end outcome of
LDPE biodegradation.
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Raaman et al. (2012) found that after 90 days of incubation with A. clavatus strain JASK1,
LDPE films lost 35% of their weight while the weight of the control flask remained unchanged.
Aspergillus japonicas, when cultivated with strain JASK1, degraded 11.11% of LDPE in one
month, whereas A. niger only degraded 5.8%.

Hence the present study confirm the degration of different grade plastic with bacterial
source is possible. This is also evidenced by Haben Fesseha et al., 2019. Microorganisms degrade
plastic via extracellular enzymes they create. Further research is required before this complicated
enzymatic process may be applied in environmental applications, however it is possible that these
enzymes can disintegrate plastic. With the use of molecular methods, it may be possible to pinpoint
the exact bacteria responsible for material degradation, which would greatly improve our
understanding of the microbial population involved in this process. Genomics and proteomics
research may speed up the deterioration process.

Plate 1 Pseudomonas aeruginosa. Plate 2 Staphylococcus aureus.

Table 1: Identification of Bacterial Isolates:

S.No | Gram staining | Motility Catalase | Oxidase Growth | Result
in
Selective
media
1 -ve Motile Positive | Positive Cetrimide | Pseudomonas
agar aeruginosa
2 +ve Non motile | Positive | Negative | Mannitol | Staphylococcus
Saltagar | aureus
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Table 2: Degradation percentage of Different Types of Polythene by Pseudomonas aeruginosa:

S.No | Types of Polythene | Days of | Initial Final Percentage of
Treatment | Weight Weight weight loss

1 Plastic film (LDPE) |5 1.000 0.9661 3.39

2 10 1.000 0.9345 6.55

3 15 1.000 0.9038 9.62

4 20 1.000 0.8676 13.24

5 25 1.000 0.8336 16.64

6 30 1.000 0.7929 20.71

7 Package cover | 5 1.000 0.9724 2.76

8 (MDPE) 10 1.000 0.9400 6.00

9 15 1.000 0.9083 9.17

10 20 1.000 0.8728 12.27

11 25 1.000 0.8402 15.98

12 30 1.000 0.8000 20.00

13 Lamination cover | 5 1.000 0.9831 1.61

14 (HDPE) 10 1.000 0.9539 4.61

15 15 1.000 0.9153 8.47

16 20 1.000 0.8999 10.50

17 25 1.000 0.8628 13.72

18 30 1.000 0.8220 17.80

Table 3: Degradation percentage of Different Types of Polythene by Staphylococcus aureus

S.No | Types of Polythene | Days of | Initial Final Percentage
Treatment | Weight Weight of  weight

loss

1 Plastic film (LDPE) |5 1.000 0.9674 3.26

2 10 1.000 0.9352 6.48

3 15 1.000 0.9080 9.20

4 20 1.000 0.8626 12.74

5 25 1.000 0.8350 16.50

6 30 1.000 0.8080 19.20

7 Package cover | 5 1.000 0.9735 2.65

8 (MDPE) 10 1.000 0.9531 4.67

9 15 1.000 0.9149 8.51

10 20 1.000 0.8873 11.27

11 25 1.000 0.8489 15.11

12 30 1.000 0.8130 18.70

13 Lamination cover | 5 1.000 0.9852 1.48

14 (HDPE) 10 1.000 0.9641 3.59
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15

16

17

18

15 1.000 0.9387 6.13
20 1.000 0.9099 9.01
25 1.000 0.8748 12.52
30 1.000 0.8397 16.30
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