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Abstract

The paper’s aim was to select the optimal mineral medium for LDPE biodegradation by the strain
Penicillium verrucosum CNM-FP-02. It was selected 5 mineral salt media (MSM), which differed in
salt content and N/P ratio. After 40 days of submerged cultivation, the following parameters were
determined: catalase activity and pH of cultural media, biomass accumulation, rate of LDPE
degradation, optical microscopy and the tensile testing of polyethylene. It was observed that
catalase activity on all media, except MSM 4, was higher in the presence of LDPE. The addition of
polyethylene to the growth media stimulated the fungal biomass accumulation by 19.3-93.1% (4
media out of 5 tested). The percentage of degradation of LDPE films was different, depending on
the culture medium, from 0.41% to 0.92%. The most active LDPE films were degraded on medium
MSM 2. Visualization of plastic strips under an optical microscope revealed the immobilization of
the microorganism and the damage on the polyethylene surface. The tensile test showed increased
elasticity of the plastic in the variants treated with fungal strain. In conclusion, in order to stimulate
the biodegradation of LDPE by the strain P. verrucosum CNM-FP-02, the medium MSM 2 (N/P
ratio 1:1) was selected.
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INTRODUCTION

Due to its versatile properties, such as waterproof, strong, stability and durability, plastic materials
are widely used in the modern economy. Low-density polyethylene (LDPE), the most common
plastic, has become a major source of environmental pollution because it is inert and extremely
recalcitrant to natural biodegradation processes [1-3].

The polyethylene can be degraded in various methods: chemical degradation, thermal degradation,
photo degradation and biological degradation [4-6]. When compared to other methods,
biodegradation is the best method, because it is cheap and does not generate harmful pollutants [7-
9]. The use of microorganisms in plastic biodegradation is based on their ability to produce
extracellular enzymes, which cleaves polymers into low-molecular weight fragments. These
fragments are used by microbes as a source of carbon and energy [1, 7, 9-14].

The initial stage of microbial degradation usually include isolation of microorganisms from
different sources (soil, plastic debris, solid waste, dumps sites, or landfill areas, water and water
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waste) by use of conventional, culture-dependent methods to find best potential microbial ability to
degrade polymeric polyethylene chain [10, 14-18]. For the screening of microorganisms capable of
degrading LDPE different mineral salt media (MSM) have been reported in the scientific literature
[8, 16, 17, 19-21]

Thus, the aim of our research was to select the optimal mineral medium for LDPE biodegradation
by the strain Penicillium verrucosum CNM-FP-02.

MATERIALS AND METHODS
The object of study was strain Penicillium verrucosum CNM-FP-02, stored in the National
Collection of Non-Pathogenic Microorganisms.
LDPE sheets used in this work were produced by Kraus Folie Sp.J. Film thickness was 35 pm.
LDPE films were cut into longitudinal and transverse strips, weighed and sterilized by washing with
70% alcohol for 15 min, and treated with UV-rays for 1 hour twice.
It was selected 5 mineral salt media (MSM), which differed in salt content and N/P ratio (Table 1).
The composition of the mineral media was as follows, g/L:
* MSM 1: K2HPO4 — 7.0, KH2PO4 — 2.0, NH4sNO3 — 1.0, MgSOg4 - 7H20 — 0.1, FeSO4 - 7H20
—0.01, MnSO4 - 6H20 —0.002, ZnSO4 - 7TH20 — 0.001, CuSO4 - 7H,O — 0.0001 [8];
» MSM 2: KoHPO4 — 1.0, KH2PO4 — 1.0, NH4NO3 — 1.0, (NH4)2HPO4 — 1.0, MgSOs - 7H20 —
0.2, FeCl3 - 0.05, CaCl, —0.02 [19];
* MSM  3: KoHPO4— 7.0, KH2POs— 2.0, (NH4)2HPOs— 1.0, M@gSOs:7H.O - 0.1,
NazCeHs07 — 0.5 [16];
* MSM 4: FeCl3 - 10.0, NaNOz — 2.0, MgSOs - 7H20 — 0.5, CaCl2 - 0.5, KCI - 0.5, BaClz —
0.2 [20];
* MSM 5: NH4Cl — 4.0, NaNOs — 2.0, KoHPO4 — 1.8, MgSQO4 - 7H.0O — 0.2, NaCl — 0.1,
FeSO,4 - 7TH20 — 0.01 [21].
The composition of the selected media was formulated so that the suspended polymer, LDPE, was
the sole carbon source for the microorganism. As a growth inducer, 0.1% glucose was added to the
medium. The pH of the media was adjusted to 5.5, according to the physiological needs of the
fungus.

Table 1. Nitrogen / phosphorus content and ratio in the tested mineral media
Mineral Nitrogen, | Phosphorus,

media g/L g/L Ratio N/P
MSM 1 0.35 1.70 1/4.8
MSM 2 0.25 0.41 1/1.2
MSM 3 0.21 1.70 1/8
MSM 4 0.33 0.0 1/0
MSM 5 1.40 0.32 1/0.2

Each medium had 2 experimental variants — with LDPE films and without LDPE films (control
variant). After 40 days of submerged cultivation, the following parameters were determined:
catalase activity and pH of cultural media, quantity of accumulated biomass, the rate of LDPE
degradation, optical microscopy of films. Also the tensile testing of polyethylene was performed
using the tensile testing machine CQ-508B (COMETECH Testing Machines Co., LTD). Such
parameters as elongation at break (%) and tensile strength at break (N/mm?) were determined.

The catalase test of cultural media was performed by the slide method. After 40 days of cultivation,
the LDPE films were recovered, washed with sterile distilled water, air-dried and examined under
an optical microscope.

The degradation of LDPE films was determined gravimetrically, by weighing the films before and
after incubation. The fungal cell mass adhering to the polyethylene surface was washed by a 2%
aqueous sodium dodecyl sulphate solution for 3 hours and finally with distilled water. The washed
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LDPE films were air-dried and weighed. Percentage degradation of polyethylene films was
determined by the formula:
Weight loss (in %) = [(Initial Weight — Final Weight) / Initial Weight] % 100.

RESULTS AND DISCUSSION

After submerged cultivation of P. verrucosum CNM-FP-02 strain for 40 days on different mineral
media, with and without the addition of LDPE films, the activity of catalase and pH of the cultural
media were determined (Table 2). It was observed that on MSM 1, 2, 3 and 5 the strain was
catalase-positive, and on MSM media 4 catalase-negative. On the control media, the catalase
activity had a weak reaction, while in the presence of LDPE the catalase activity was good (MSM 2,
3, 5) and very good (MSM 1).

The pH index in the presence of LDPE became less acidic by 0.1 units in all media except MSM 5,
where the pH became more acidic by 0.2 units.

Table 2. Catalase activity and pH of the cultural media after cultivation of P. verrucosum CNM FP-
02 on different MSM with and without plastic

Mineral Catalase activi_ty pH of cultural meQia
media No With No With
LDPE LDPE LDPE LDPE
MSM 1 + +4+++ 5.3 5.4
MSM 2 + +++ 5.8 59
MSM 3 ++ +++ 55 5.6
MSM 4 - - 1.7 1.8
MSM 5 + +++ 6.1 5.9

N.B.: + - Weak reaction, ++ - Moderate reaction, +++ - Good reaction, ++++ - Very good reaction (energetic).

It was observed that the presence of LDPE in the culture medium also influenced the growth
activity of the strain, i.e. the amount of accumulated biomass (Fig. 1). Thus, on MSM 1, 2, 4, and 5,
the stimulation of biomass growth by 19.1-93.33% occurred. A significant increase was noted on
MSM 2 (by 92.7%) and MSM 3 (by 93.1%). The addition of LDPE to MSM 3 had an opposed
effect, decreased the fungal biomass accumulation by 29.3%.
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Fig. 1. Accumulation of P. verrucosum CNM FP-02 biomass on different mineral media,
with and without LDPE

Weighing the LDPE strips after 40 days of cultivation showed that in the presence of the fungal
strain the strips lost mass and the degradation processes of plastic had begun. The percentage of
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degradation was different, depending on the culture medium, from 0.41% to 0.92% (Fig. 2). The
most active the LDPE films were degraded on medium MSM 2.

It has been observed that the amount of accumulated biomass does not always correlate with the
degradation activity of LDPE (Fig. 2). Thus, on the medium MSM 4, the strain accumulated the
highest amount of biomass, but the catalase test was negative and the plastic degradation was only
0.45%. On the MSM 3 medium, although the strain accumulated less biomass than in the control,
the catalase test was positive and the LDPE degradation was 0.49%. On MSM 5 the strain
accumulated more biomass than in the control, the catalase activity was good, but in the cultivation
process the pH of the medium became more acidic, and the percentage of LDPE degradation was
the lowest — 0.41%. Thus, of all the tested media, MSM 2 proved to be the most favorable for
catalase activity, biomass accumulation and LDPE degradation by strain the P. verrucosum CNM-
FP-02.
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Fig. 2. LDPE degradation and the amount of P. verrucosum CNM FP-02 biomass
on different MSM media

The study of LDPE films under an optical microscope revealed that after the contact with the fungal
cells, both the immobilization of the microorganism and the damage on the polyethylene surface
occurred (Fig. 3).

Immobilization of fungal hyphae on the surface of
~polyethylene

Traces of damage on the surface of polyethylene
Fig. 3. Photo of LDPE films after treatment with P. verrucosum CNM FP-02 strain
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Performing polyethylene tensile tests using the tensile testing machine CQ-508B showed that the
elasticity of the films increased in the samples processed with microorganisms (Fig. 4). Thus, in the
longitudinal strips, the elasticity most obviously changed on the MSM 2 medium (by 18.2% the
tensile strength and by 39% the elongation at break), followed by MSM 4 (with 12% tensile
strength and 27.6% elongation at break. The elasticity of the transverse bands increased the most on
MSM 4 (by 9.7% the tensile strength and by 43.5% the elongation at break), followed by MSM 1
and MSM 5. The elasticity of LDPE, both longitudinal and transverse strips, practically did not
changed on the MSM 3 medium, the tested values being within the limits of the control variant, or
lower (the tensile strength 18% lower than in the control).
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Fig. 4. The tensile strength and elongation at break of LDPE films treated with P. verrucosum
CNM FP-02 strain, depending on the culture medium

Activation of the catalase ferment at the P. verrucosum CNM-FP-02 strain in the presence of plastic
indicates the initiation of the enzymatic process of cleavage of the LDPE polymeric chains.
Exoenzymes released by microorganisms acts at the initial stage of biodegradation by cleaving
complex polymers into shorter chains of oligomers, dimers or monomers, which further pass the
cell membrane and are used as a source of carbon and energy. The rate of microbial degradation is
affected by both the environmental conditions as well as by polymer characteristics [1, 5, 7, 12, 22].
In our case, the environmental conditions such as pH, composition and the ratio between nitrogen
and phosphorus in the cultivation medium, had a decisive role on the growth and metabolic activity
of the strain, respectively on the degradation of LDPE by P. verrucosum CNM-FP-02.

CONCLUSIONS

In conclusion we can say that the strain P. verrucosum CNM-FP-02 has the ability to modify the
physical properties of LDPE film. Damaging the film surface and acting as a plasticizer,
P.verrucosum CNM-FP-02 can lead to the biodegradation of LDPE film.

The most favorable conditions for the growth and activity of the fungus, as well as for the
biodegradation of LDPE, were ensured by cultivation on MSM 2 medium, where the N/P ratio
was 1:1.
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