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Abstract

The extensive production and usage of petroleum based plastic materials represent a great threat to the environment
(both terrestrial and marine) due to their properties of slow degradation and landfill accumulation. Therefore, many
researches were conducted in order to develop friendly packaging materials, which fulfil the current requirements in
terms of biodegradability, bioavailability and compatibility. Among different types of biodegradable materials,
polylactic acid (PLA) received more and more attention as green material due to the fact that it is derived from natural
and renewable resources and present great physical-mechanical properties. This study aims to present the research
conducted for the biodegradability degree determination of some novel biomaterials based on PLA that could be used
as packaging materials. The newly developed materials were buried in a natural characterized soil and their
biodegradability was determined after 30, 60 and 90 days of maintaining in soil. Furthermore, they were tested from a
microbial colonisation and degradation point of view. The results showed low rates of biodegradability for PLA based
samples.
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INTRODUCTION 2021). One of these polyesters is represented

by polylactic acid (PLA), which is a renewable
Petro-chemical based packaging materials  material (Jeon & Kim, 2013), considered one of
present many advantages such as low price,  the most promising alternatives to conventional
high manufacturing speed, great physical -  petroleum based plastic materials (Castro-
mechanical and barrier properties (lordache et ~ Aguirre et al.,, 2018). It has good processing
al., 2018); however, they accumulate in the  properties, high transparency and is easy to
environment representing a great concern for  process (Janczak et al., 2018). It is also
both waste management industry and natural  commercially available at a large scale (Mistry

environment (Peng et al., 2021). et al., 2022), accounting for 25% of the total
In recent years, consumer attention has been biopolymer production at a global level (Kalita
focused on environmentally friendly products, et al., 2021; Sun et al., 2022). It can be used in
including packaging materials for their daily = various domains, such as food industry,
use commodities (Turco et al., 2021). agriculture, textile ~and  medical or

Therefore, many studies were conducted for the  pharmaceutical fields (Lv et al., 2017; Freitas et
development of packaging materials derived al., 2017), being suitable for conventional
from natural and renewable resources with  plastic materials replacement (Boonluksiri et
high-performing  properties  similar  to  al., 2021).

conventional materials (Kalita et al., 2020) and  Biodegradation of polymers represents a
environmentally friendly. Aliphatic polyesters complex process based on the breaking of the
in particular, represents the most promising  molecular structure of the materials (Lammi et
polymers for obtaining biopolymers that fulfil al., 2019). Under aerobic conditions two steps
the properties mentioned above (Turco et al., occur, namely fragmentation (or hydrolysis of
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the polymer in short chains) and enzymes
action (produced by microorganisms) which
uses as source of energy hydrolysis products
such as monomers, oligomers and dimers;
following this process results HoO, CO>, CH4
and biomass (Freitas et al., 2017; Janczak et al.,
2018; Eslami & Mekonnen, 2022). Soil
biodegradation is a method that has been
widely applied in the last years on various
biopolymers, due to researchers’ interest over
the biodegradation of different materials in
environmental conditions. Another method that
could be used for polymers biodegradation is
the microorganism development observation on
the polymer substrate (Janczak et al., 2018),
namely colonisation analysis.

The aim of this study was to asses soil and
microbial biodegradation on several polymeric
materials based on PLA.

MATERIALS AND METHODS
Soil burial biodegradation test

The samples tested in this experiment are
presented in Table 1.

Table 1. Tested samples based on PLA

Sample Code
PLA

Description
PLA film obtained by
casting method (control
sample)
PLA film covered with a
nanoemulsion based on
polyvinyl alcohol (APV)
and nisin (Ns) by
electrospinning process
PLA film covered with a
nanoemulsion (Ne) based on
dill essential oil and nisin
encapsulated into APV by
electrospinning process
PLA film covered by
electrospinning process with
silver nanoparticles (AgNps)
dispersed into APV

PLA/Ns

PLA/Ne

PLA/AgNps

An active soil with a water content of (60 +
5)% of the soil's water retention capacity was
used within the experiments. The samples were
cut in a rectangular form (3.0 x 1.5 cm). To
determine the mass variations, the tested
materials were kept at room temperature in a
desiccator, until the mass of each sample
reached a constant value (approximately after
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48 hours), samples being weighed both at the
beginning and at the end of the test period. The
soil used in these experiments presented the
characteristics described in Table 2.

Table 2. Characteristics of the soil used in the
experiments

Ph 5.0-7.0 pH units
Total N in dry matter max. 1.9%

P20: in dry matter max. 0.5%

K-O in dry matter max. 0.9%
Content of combustion | min. 50%
substances

Electrical conductivity max. 1.2 mS cm™!
Particles over 20 mm max. 5%
Humidity max. 65%

The microbiological activity of the soil was
determined and analysis showed that the soil
was active from a microbiological point of
view (Figure 1).

Figure 1. The visual aspect of the development of
existing microorganisms in the soil

The polymer samples were buried in soil; the
thickness of the layer covering the samples
must not be greater than 12.5 cm. To ensure the
circulation of oxygen, the containers were not
hermetically closed. The containers were then

stored at room temperature, which was
monitored  throughout the  experiment
(~ 25£1°C), for 30 days, 60 days and 90 days,
respectively.

To examine the morphology of the studied
samples, a FEI Inspect S50 scanning electron
microscope was used, at accelerating voltages
of 5 kV, at 200x magnification, in Low
Vacuum.

Colonisation and in vitro biodegradation test

The method used was according to SR EN ISO
846:2000. The principle of this method consists
of samples exposure to microorganisms’ action,
for a certain period of time at constant



temperature. Two minimal culture media were
used - one without (M I) and one with carbon
source (M II) -, both being prepared according
to their recipes, sterilized at 121°C for 15
minutes, then cooled at approximate 45°C and
poured into Petri dishes. Both Aspergillus
brasiliensis ATCC 16404 and Aspergillus
terreus fungi were grown on Potato Dextrose
Agar (PDA) medium for 7-9 days and stored at
25°C, before use. The test samples (3.0 x 1.5
cm dimension) were added to the culture media
just before the solidifying phase, and then each
sample was inoculated in four points with the
spore suspension. Two replicates were used for
each sample.

The colonization of the samples was monitored
by visual observation after 30 and 60 days of
incubation in order to evaluate the degree of
colonization. Five-grade scale of invasion
ranging from 0 to 4 was established as a
function of fungi observed on the surface of the
films (Table 3).

Table 3. Evaluation of colonization degree over the
studied polymeric materials

Growth | Evaluation
intensity
0 absence of invasion
1 low attack with a maximum 25 % of the
film surface covered with fungi
2 expansion of moderate intensity with a
maximum 50 % of the film covered with
fungi
3 high degree of colonization over 50 %
4 growth of fungi occupying the whole
surface of the specimen

After 60 days of exposure to microorganism’s
action, the specimens were washed, submerged
in ethylic alcohol and dried until a constant
weight was obtained.

To determine the biodegradation rate for both
soil burial test and microorganisms’ action, the
samples were weighed, and the mass variation
(degree of biodegradation) was determined
using the equation:

AM; — AM
AMbiol. = T X 100
1

where: AMyiol. represents the variation in the
mass of the samples (degree of biodegradation),
AM,; represents the average of the initial masses
of the samples and AM represents the average

of the final masses of the samples (at the end of
the maintenance period under controlled
conditions).

RESULTS AND DISCUSSIONS
Soil burial biodegradation test - results

At the end of each test period (30 days, 60
days, 90 days), the studied polymeric materials
were extracted from the soil, washed with
distilled water to remove the soil and dried on
filter paper. The samples were dried at room
temperature and stored in a desiccator for 48
hours, until a constant mass was obtained.

90 days —
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—
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PLA/AgNps

30 days

90 days
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Figure 2. The weight loss values of the PLA based
samples at the end of each testing period

Figure 2 presents the values obtained for the
biodegradation rate of the PLA based samples.
For PLA/Ne, an increase in weight was regis-
tered after 30 and 60 days of maintaining in soil,
probably due to water absorption of the sample.

The PLA based samples presented low biode-
gradation rate, between -1.085% and 0.590%.
These results are in accordance with other stu-
dies, accordingly the biodegradability of PLA
taking a long time compared to other bio-
degradable biopolymers (Pattanasuttichonlakul
et al., 2018; Boonluksiri et al., 2021; Mistry et
al., 2022). It is mention that the composting is
one of the most wused methods of
biodegradation for this type of material which
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can be degraded within 180 days in these types
of conditions (Kalita et al., 2021).

The morphology of the studied samples was
determined using a scanning electron
microscope (SEM). No modifications were

PLA/Ne PLA/Ns PLA

PLA/AgNps

observed on the surface of the tested samples at
the end of the soil burial test (after 90 days).
The analysis showed dense, continuous and
smooth structure of the PLA based materials
(Figure 3).

Figure 3. SEM morphology of PLA based samples at the beginning (a) and the end (b) of testing period

Colonisation and in vitro biodegradation test -
results

The growth rate of both Aspergillus brasiliensis
ATCC 16404 and Aspergillus terreus fungi on
the surface of the studied polymeric samples is
presented in Tables 4 and 5.
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Table 4. The development degree of Aspergillus
brasiliensis ATCC 16404 fungus on the surface of the
tested polymeric materials

Sample Incubation time (days)
MI MII
30 days | 60 days |30 days | 60 days
PLA 0 0 0 1
PLA/Ns 1 1 1 2
PLA/Ne 1 1 1 2
PLA/AgNps 0 0 1 1




Table 5. The development degree of Aspergillus terreus
fungus on the surface of the tested polymeric materials

Sample Incubation time (days)
MI MII
30 60 30 60
days days days days

PLA 1 1 1 1
PLA/Ns 1 1 2 2
PLA/Ne 1 2 1 2
PLA/AgNps 0 0 0 1

The colonisation degree for the studied samples
varied between 0 (absence of fungal growth)
and 2 (expansion of moderate intensity with a
maximum 50 % of the film covered with
fungi), depending on the used culture media.
The most susceptible samples to be colonised
by both fungi were PLA/Ns and PLA/Ne
samples. At the end of the testing period (after

60 days) on MII, both samples presented the
highest amount of fungal growth on their
surface compared to the other tested samples.
The colonisation degree was very low (0 on M
I and 1 on M II) for PLA sample when
Aspergillus brasiliensis ATCC 16404 was used
and same values were obtained in the case of
PLA/AgNps sample treated with Aspergillus
terreus. Overall, the colonisation degree was
higher for the samples inoculated and incubated
on culture media M II, which contained carbon
source for microorganism development. This
result shows that in order to be colonised, the
materials needed support in form of carbon
source, found in the culture media. The aspect
of the samples after 60 days of incubation is
shown in Figure 4.

MII

Sample Aspﬂfﬁm brasiliensis ATCC 16404
PLA

PLA/Ns

PLA/Ne

PLA/AgNps

Aspergillus terreus
MI

Figure 4. The aspect of PLA based materials after 60 days of incubation for colonisation assessment

At the end of the tested period, samples were
taken out of the Petri dishes and cleaned, being
stored in a desiccator until constant weight.

The in vitro biodegradation rate values for the
studies samples are presented in Figures 5 and
6.

The results obtained for in vitro biodegradation
using two fungal strains are in accordance with
the colonisation rate of the studied samples
(Table 4 and Table 5). The samples maintained
on M II presented higher biodegradation rate
compared to the samples exposed to M I, for
both Aspergillus brasiliensis ATCC 16404 and
Aspergillus terreus. The highest value for this
parameter was determined for PLA/APV/Ns
sample, of ~1.42% and ~4.61% on M II when
inoculated with Aspergillus brasiliensis ATCC
16404 and Aspergillus terreus, respectively.
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Figure 5. The in vitro biodegradation rate of PLA based
samples by Aspergillus brasiliensis ATCC 16404 fungus
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Figure 6. The in vitro biodegradation rate of PLA based
samples by Aspergillus terreus fungus

Within natural environment there are few
microorganisms that degrade PLA materials.
Therefore, breaking down this polymeric
matrix by microorganisms is realized to a lesser
extent compared with other biopolymers
(Janczak et al., 2018).

CONCLUSIONS

This study aimed at presenting the behaviour
and biodegradation aptitude of some PLA
based biomaterials approaching two biodegra-
dation methods (soil burial biodegradation and
degradation using microorganisms, namely two
fungal strains of Aspergillus brasiliensis ATCC
16404 and Aspergillus terreus). The results are
in accordance with other literature studies, PLA
being a great biopolymer that could be used to
replace  conventional packaging plastics.
However, its degradation in environmental
conditions take a long time, more suitable for
PLA  biodegradation being composting
conditions. The highest biodegradation rate at
the end of testing period for soil burial test was
obtained for PLA/AgNps sample (0.37%). In
the case of in vitro biodegradation using fungi,
the highest rate of biodegradation was recorded
for PLA/Ns (4.61%). The results presented in
this study are promising, even though the
biodegradation rate is slow, the PLA based
materials showed biodegradation properties.
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