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ABSTRACT

Chitosan has applications in different industries, due to the superior properties, causing an increase in the production
of chitosan containing waste. Although composting is the most suitable method for biodegradable wastes like
chitosan, less is known about the degradation of chitosan within the composting environment. In this study,
biodegradation behavior of bare chitosan films and neutralized chitosan films were investigated under controlled
composting environment according to international standards. CO2 emission data showed higher degradation rate of
bare chitosan films compared with neutralized chitosan films, which was also supported by SEM images and digital
photographs in addition to the TGA and FTIR results. It can be concluded that the biodegradation rate of chitosan
films under the composting environment is highly related to the amount of glycerol present in the films and the

extraction rate of glycerol from film structure.
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1. INTRODUCTION

Recently, with increasing economic growth, rapidly
growing population, with the alteration of the
standard of living, the amount of solid waste is
increasing along with the changes in its composition.
A large part of the generated solid waste is plastics,
generally petrochemical-derived synthetic polymers.
The overuse of plastic products causes some
difficulties in waste management since they are not
biodegradable. So, such wastes cause pollution of soil,
groundwater and surface water resources. For this
reason, the use of biodegradable polymers for various
applications has become widespread. Chitosan is one
of the most important biopolymers, which is
deacetylated form of chitin, has applications in
various fields such as medical, food and chemical
industries due to mainly its biocompatible,
biodegradable, antimicrobial, and nontoxic properties
[1]. The form of the chitosan-based products in these
areas can be diversified membranes, gels, films and
hydrogels related to the intended purpose. The film is

the preferred form of chitosan, incorporating with or
without other polymers, essential oils, etc., in different
areas like chemical engineering, medical,
biotechnology, especially in the food industry as a
packaging material [2-5]. Chitosan-based films have
selective permeability to gases besides to non-toxic,
biodegradable and antimicrobial nature thus they
have great potential as a packaging material to extend
of food shelf life [6-9]. For this reason usage of
chitosan films will increase and in the meanwhile
requirement to dispose of chitosan containing waste
also.

Composting is a decomposition process of organic
materials into stable humus that can be used to
improve soil fertility [10, 11]. Composting is a suitable
method for the disposal of biodegradable organic
waste like chitosan containing wastes providing not
only environmental benefits but also economic
benefits [12]. There are only a few studies about
biodegradation of chitosan in soil and the composting
environment in the literature. Dean et al. [13] have
reported that addition of nanoclay to chitosan films
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had no significant effect on degradation both in soil
and composting conditions, which was prepared using
melt processing method with or without glycerol as a
plasticizer. Another study by Xie et al. [14] which has
reported that the addition of glycerol and unmodified
nanoclay caused to increase of biodegradation degree,
mainly related to the addition of unmodified nanoclay.
As a consequence, the chitosan biodegradation
mechanism in a composting environment is not well
defined yet. Therefore, we aimed to contribute to the
studies related to the understanding of the
biodegradation of chitosan in the composting
environment by investigating the effect of
neutralization of chitosan films since it was reported
that neutralized films have no antimicrobial activity

[4].

In this study, the effect of the neutralization process
on biodegradation behavior of chitosan films, under
controlled composting environment was investigated.
Biodegradation of chitosan films, obtained with and
without neutralization process, were investigated
under controlled composting conditions according to
international standards. In order to compare
biodegradation behaviors of bare chitosan and
neutralized chitosan films within composting
environment, the amount of emitted COz, proof of the
biodegradation by microbial activity, was evaluated in
addition to characterization studies performed by
FTIR, TGA, and SEM.

2. MATERIALS & METHOD
2.1. Preparation of films

Chitosan films were produced by the solvent casting
method. Acetic acid (Sigma Aldrich) was used as a
solvent and glycerol (Glycerol solution 84-88%, Sigma
Aldrich) as a plasticizer. A 1% (w/v) chitosan (low
molecular weight, with degree of deacetylation 75-
85%, Sigma Aldrich) film solution was prepared with
1% (v/v) acetic acid solution [15]. After totally
dissolving chitosan, glycerol was added at 0.2% (v/v).
Solutions were filtered and then poured into petri
dishes followed by drying of films at room
temperature. After drying, for neutralization of
chitosan films, the films were kept in 0.1 M NaOH
solution for 30 minutes and then washed with
distilled water and re-dried [16].

2.2. Composting system and Dbiodegradation
analysis

Biodegradation of films was investigated by
measuring CO2 emissions from composting reactors
according to ASTM D-5338 and ISO 14855: 1, 2012
standards [17, 18]. Among the six parallel composting
reactors used, two reactors were containing bare
chitosan films, two were containing neutralized
chitosan films while the remaining two were used as
positive and negative controls containing cellulose
and polyethylene films, respectively. Reactors were
designed to incorporate 180 g total dry solids of
compost and 30 g total dry solids of films according to
the compost to polymer ratio given in the ASTM D-
5338 and ISO 14855: 1, 2012 standards. Before

biodegradation analysis, the films were cut to obtain a
size of 1.5 cm x 1.5 cm of each piece of films. Mature
compost was taken from a commercial composting
plant that processes municipal solid wastes to high
quality compost via tunnel composting system.

To obtain aerobic conditions, the air system was
designed to send compressed air that provides CO3-
free, H20 saturated air to each of the reactors at a
sufficient airflow rate. Each reactor’s air flow rate was
regulated with a volumetric gas flow meter. Reactors
were mixed periodically to obtain homogenous
content. The temperature of the reactors was
maintained at 58+2°C according to standards. During
the process, moisture content was maintained over
50%. pH was measured throughout the process and
digital photographs were taken at different time
periods. The amount of CO2 emitted as a
biodegradation product, was measured by an infrared
CO2 analyzer (Model 902P 02/CO2 Analyzer, Quantek
Instruments, USA).

2.3. SEM

Film samples were collected during the
biodegradation process, rinsed with distilled water,
air-dried, and coated with gold for sample imaging.
Images of samples were obtained by scanning
electron microscopy (SEM) using Nova™ NanoSEM
430 (FEI Company, USA).

2.4. FTIR

Fourier transform infrared (FTIR) spectra were
measured on FTIR spectrophotometry (Nicolet 6700,
Thermo Scientific) in the range of 4000 to 400 cm-!
for bare chitosan and neutralized chitosan films.

2.5. Thermal analysis

Thermal properties of the bare chitosan and
neutralized chitosan films were investigated by
thermogravimetric analysis (TGA) using TGA SII
Exstar 6000 TG/DTA 6300. TGA was performed under
a nitrogen atmosphere (10 mL min?) and film
samples were heated to 600°C at a rate of 10°C min-1.

3. RESULTS & DISCUSSION

In order to compare biodegradation behavior of bare
and neutralized chitosan films digital photographs
and SEM images, FTIR spectra and TGA thermograms
of samples and carbon dioxide emission data were
given below.

3.1. Digital photographs and SEM images

SEM images and digital photographs of bare chitosan
film samples collected during the degradation process
at different time periods are given in Fig 1. SEM
images of bare chitosan films showed that the films
had a homogeneous structure before degradation.
After 5 days of biodegradation regular structure of
film surfaces started to change. At the end of the first
week, films were highly degraded, so it was not
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possible to take of bare chitosan film samples after 7
days. Different days were selected depending on the
maximum COz emissions for bare chitosan films. Size
of films decreased during biodegradation as observed
by digital photographs and by SEM images.

SEM images and digital photographs of neutralized
chitosan film samples collected at different times of
biodegradation are given in Fig 2. For neutralized
chitosan films, same days were selected to compare
the results with bare chitosan films. Digital

photographs of neutralized chitosan films showed
that the films were retained their structure for a long
time when compared with bare chitosan films.
Therefore, sampling from the reactors containing
neutralized chitosan films was able to be continued to
the end of the composting process. Correspondingly,
the results of SEM analysis showed that at the end of
the biodegradation process only a small amount of
degradation has occurred.

Fig 1. Digital photographs and SEM images of bare chitosan film samples

Fig 2. Digital photographs and SEM images of neutralized chitosan film samples

3.2. FTIR spectra

The  absorption bands  (1160-1140 cm1)
corresponding to the FTIR spectra of C-O-C bond
between the glucosidic units were used to represent
the degradation of films due to microbial activity [19].
The decrease in intensity of the peak at 1150 cm-! for
bare chitosan films was attributed to the
biodegradation of films by microbial activity (Fig 3, a
and b). The intensity of the peak was not changed for
neutralized chitosan films so it can be concluded that
the films were not degraded by microorganisms (Fig
3,cand d).

3.3. Thermal Analysis

TGA of bare chitosan films and neutralized chitosan
films that were collected before and after
biodegradation process was carried out. Before
degradation, weight loss was observed in three
regions as 0-100°C, 150-200°C and 250-300°C for
bare chitosan film samples corresponding to moisture
loss, evaporation of glycerol [20] and degradation of
chitosan respectively (Fig 4). Results of TG analysis
emphasized that the degradation of chitosan films
pursues upon glycerol molecules because the peak
that corresponds to the evaporation of glycerol was
disappeared for the samples of bare chitosan films
after degradation. Meanwhile, there were only two
peaks for neutralized films and the third peak
corresponding to the evaporation of glycerol was
already absent before degradation. Therefore, limited
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degradation could only be observed due to the lack of
glycerol within the neutralized samples. Supporting
these findings, it has been previously reported that
using glycerol as a plasticizer makes films more
hydrophilic and increase the biodegradation rate of
films by microbial activity [21, 22]. Xie et al. [14] have
reported that plasticized chitosan-based nano-
biocomposites  degraded more easily than
unplasticized chitosan due to the presence of glycerol.
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Fig 3. FTIR spectra of bare chitosan films (a) before and (b)
after the degradation process; neutralized chitosan films (c)
before and (d) after degradation process
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Fig 4. TGA thermograms of bare chitosan films and
neutralized chitosan films before and after degradation
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3.4. CO:z Emissions

CO2 emission data given in Fig 5 showed a high
degradation rate of bare chitosan films compared with
neutralized chitosan films especially during the first
week of the process supporting the result given above.
The probable reason for the lack of biodegradability
after neutralization could be the elimination of
glycerol during the neutralization step, the presence
of which promotes microbial degradation. Therefore
it can be concluded that the presence of glycerol is so
dominant in biodegradability of chitosan films that
the effect of the change in antimicrobial properties
couldn't even be recognized in which case reverse
data would be expected. Plasticization with glycerol
makes films easily accessible for the microbial attack
through the increase of water vapor permeability. The
amount of carbon available to be metabolized to CO2
in neutralized films would be less hence it is
reasonable to observe less carbon dioxide emission
from neutralized films containing reactor. But being
even smaller than that of the negative control reactor
may not be related only to the lack of glycerol.
Microorganisms in the composting environment are
mainly responsible for the biodegradation process of
organic materials. Therefore it is reasonable to
identify the microbial diversity, which has a major
role in the degradation process. Further research is
needed to understand the role of microorganisms and
enzymes in the biodegradation of chitosan in the
composting environment.
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Fig 5. Cumulative CO2 values (per vessel)
4. CONCLUSIONS

It was observed that the biodegradation rate of bare
chitosan films is higher than that of neutralized
chitosan films. Therefore, it can be concluded that the
biodegradation rate of chitosan films under the
composting environment is highly related to the
amount of glycerol present in the films, and the

Time (Days)

extraction rate of glycerol from film structure but not
the antimicrobial properties at all. Further research is
needed to identify the microbial diversity, enzymes,
plasticizer amount and film synthesizing techniques
that play a role in the degradation process in order to
increase the biodegradation rate of chitosan in the
composting environment.
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