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ABSTRACT

Incorporation of chitosan into the bioplastic film could improve its mechanical properties. However,
aqueous acidic solution is required to dissolve the chitosan. The aim of the present work was to explore
the potential use of acidic NADES as the plasticizer as well as a solvent for chitosan without the
addition of aqueous acidic solution. The film-forming solution consisted of sago starch as the matrix
and chitosan as the filler was prepared by solution casting and evaporation method in the presence of
acidic NADES. Acidic NADES was obtained by mixing choline chloride (ChCI) and lactic acid (LA)
as the hydrogen bond acceptor and hydrogen bond donor, respectively. The mechanical properties and
water uptake ability of chitosan-reinforced starch-based bioplastic films plasticized with acidic NADES
were compared with the bioplastic films plasticized with conventional plasticizer, glycerol in the
absence and presence of acetic acid solution. The results revealed that acidic NADES was capable of
plasticizing the starch and dissolving the chitosan. Bioplastic film plasticized with acidic NADES
achieved higher tensile strength and lower water uptake than the bioplastic film plasticized with glycerol
in the presence of acetic acid solution. The interaction between chitosan and acidic NADES was
confirmed by Fourier-transform infrared spectroscopy (FTIR). FTIR results exhibited that the amide
II band of chitosan in the ChCl/LA film had shifted, and its intensity had decteased to almost

undetectable.
Keywords: Bioplastic, choline chloride, chitosan

1 Introduction

Starch is an abundant, inexpensive, and natural renewable raw material [1]. Brittleness and poor film
forming capacity of native starch limit its application in bioplastic film synthesis. Plasticization is often
adopted to overcome these shortcomings [2]. Water and glycerol are the most common plasticizers for
starch. However, high volatility of water is not suggested as the film produced will be brittle [3]. On the
other hand, glycerol is susceptible to migration in starch materials, causing starch retrogradation after
prolong storage time [4]. Ionic liquid is emerging as a new plasticizer in bioplastic film synthesis to its
dissolving ability. Nonetheless, time consuming synthesis and purification have incurred high production
cost. Moreover, its green character is disputable from the aspect of its toxicity [5]. It is sometimes even

more toxic than some organic solvents [0].
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Considering the limitations of the aforementioned plasticizers, natural deep eutectic solvent (NADES) is a
potential candidate as green plasticizer in bioplastic film synthesis. NADES has high dissolution ability as
water and glycerol [5]. As compared with ionic liquid, NADES is non-toxic and cheaper to be prepared. It
can be prepared from natural and easily available compounds in a simple and convenient way via thermal
mixing [5, 6]. DES is formed by mixing hydrogen bond donor (HBD) and hydrogen bond acceptor (HBA)
[7]. Choline chloride (ChCl) is the commonly applied HBA as it is easily available, cheap, biodegradable
(over 93% within 14 days) [5].

In addition to plasticization, addition of filler such as chitosan could enhance the mechanical properties of
starch-based bioplastic film. However, chitosan only can be dissolved in aqueous acidic solution with pH
<6.3 due to the conversion of glucosamine units into soluble protonated form R-NH3* [§, 9]. In view of
this, acidic NADES such as choline chloride/lactic acid (ChCl/LA) could act as a plasticizing agent and a

solvent for chitosan as well.

To present, there is no report available on the fabrication of chitosan-reinforced starch-based bioplastic
film using acidic NADES as the plasticizer. Herein, the mechanical properties of the bioplastic films
plasticized with ChCl/LA were compared to the bioplastic film plasticized with the conventional plasticizer,
glycerol in the absence and presence of acetic acid solution. Plasticization efficiency of NADES in the

starch-based bioplastic films was investigated through tensile test, FTIR analysis and water uptake test.

2  Materials and Methods
2.1 Materials

Starch was extracted from sago pith waste (SPW) as matrix of bioplastic film. SPW was provided by Craun
Research Sdn. Bhd., Kuching, Malaysia. Choline chloride (= 98% purity) and glycerol (= 99% purity) were
procured from Sigma Aldrich. Lactic acid (88% purity) was supplied by R&M Chemicals whereas acetic
acid (100% purity) was procured from Merck.

2.2 Preparation of natural deep eutectic solvent (NADES)
ChCl and lactic acid (LA) were utilized as the HBA and HBD, respectively. ChCl and LA were mixed at

the molar ratio of 1:1. Mixtures were heated in 80°C water bath under stirring until a homogeneous and
pellucid liquid was obtained. NADES was allowed to cool to room temperature for overnight before use

[10].
2.3 Preparation of bioplastic film

The chitosan-reinforced starch-based bioplastic film was fabricated as described by Agustin et al. [11] with
slight modification. 100 mL of distilled water was mixed with 5.0 g of sago starch and 0.25 g of chitosan to
produce starch solution. It was homogenized at 250 rpm and heated at 60 °C for 15 min. 40 wt.% of
NADES (with respect to dried starch) [12] was added into the starch solution and heated at 70°C until it
was gelatinized. 15.0 g of starch mixture was placed in a square container (10 cm X 10 cm) and dried in a
heating oven at 60°C for 24 h. The ChCl/LA film was a sealed in a plastic bag and was stored in a desiccator
after drying. Glycerol as the conventional plasticizer was used for the comparison purpose. The chitosan
was dissolved in 100 mL of 1 vol% acetic acid solution (Gly/AA film) and distilled water (Gly film) in the

presence of glycerol, respectively.
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2.4 Characterization of prepared bioplastic films
241  Tensile test

A bioplastic film with dimension of 7 cm X 1 cm was subjected to tensile test using Universal Testing
Machine (Autograph AG-X, Shimadzu, Japan) equipped with 500 N load cell and interfaced with computer
operating Trapezium software according to ASTM D882-02 [13]. Grip separation and crosshead speed
used were 30 mm and 5 mm/min. Three measurements were taken at three random places of each film and

the average value was reported.

2.4.2  Fourier-transform infrared (FTIR) analysis

The functional groups and chemical bonds of the films were measured using FTIR spectrometer (Perkin
Elmer, model Spectrum 400) in attenuated total reflectance (ATR) mode. Measurements were taken in a

wavenumber range of 4000-550 cm~! with 32 scans at a resolution of 4 cm™!.

2.4.3  Water uptake test

A bioplastic film with dimension of 1.5 cm X 2 cm was dried in the oven at 50 °C for 24 h and weighed as
Wo. The bioplastic film was immersed in distilled water for 10 s at room temperature and reweighed as W

Water uptake was calculated according to Eq. (1). Average reading was taken from triplicate runs [14].
Water uptake (%) = We=Wo/W, X 100 1)

3 Results and Discussion
3.1 Visual appearance of bioplastic films

It is noticed from Figure 1 that all the three films were in semi-transparent brownish colour without any
cracks. In general, all the films exhibited good handling properties and were easily separated from their
containers. Both ChCI/LA and Gly/AA films showed smooth and homogeneous with thickness of
0.11+0.01 mm but Gly film was not homogeneous with insoluble particles observed. The thickness of Gly
film was 0.13 £0.01 mm.

Figure 1: Appearance of bioplastic films with (a) ChCI/LA, (b) Gly/AA and (c) Gly as plasticizers.

3.2 Fourier transform infrared spectroscopy (FTIR)

Figure 2 shows the FTIR spectra of chitosan powder, ChCl/LA, Gly/AA and Gly films. Characteristic
peaks of chitosan powder at 1647 cm~! and 1571 ecm™! were attributed to amide I (C=O stretching) and
amide II (C-N stretching and C-N-H bending vibrations), respectively [15]. In the ChCI/LA film, the
amide II band had shifted, and its intensity had decreased to almost undetectable. This observation could

be related to the ionic interaction between protonated amino groups of chitosan and carboxylate (—COO)
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ions of lactic acid [9, 10]. On the other hand, the amide II band was remained noticeable at 1569 cm! in
the Gly/AA film. This finding could possibly reveal that chitosan dissolved better in ChCl/LA. Although
both Gly and Gly/AA films depicted similar spectrum, some minor differences were observed. Besides
shifting of the absorption bands, one new peak was observed at 1015 cm™!in the Gly/AA film. This
phenomenon could be the results of the interaction between cation of the acetic acid and the nitrogen atom

of the amine group [10].
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Figure 2: FTIR spectra of chitosan powder, ChCI/LA, Gly/AA and Gly films.
3.3 Mechanical properties of bioplastic films

It is observed from Figure 3 that the tensile strength of films was in the decreasing order of ChCl/LA >
Gly/AA > Gly and elongation at break was in the dectreasing order of Gly/AA > Gly > ChCl/LA. Film
with ChCl/LA achieved the highest tensile strength of 4.38 MPa and the lowest elongation at break of
16.74% among all the films. These could be attributed to more available functional groups in the eutectic
mixtures to hydrogen bond formation with starch chains [17]. Stronger O-N.H hydrogen bonds could be
formed between the N* of the ChCl and the -OH of starch. Moreover, O-H.Cl hydrogen bonds could be
also formed between the Cl- of ChCl and the -OH of starch [1, 18]. In the present of acetic acid, tensile
strength of 2.77 MPa and elongation at break of 25.93% were attained by Gly/AA film. On the hand,
chitosan could not dissolve completely in the absence of acetic acid solution. Therefore, the lowest tensile
strength of 0.58 MPa was obsetved for Gly film. Although both the glycerol containing films (Gly/AA and
Gly) had higher elongation at break than ChCl/LA containing films, its higher evaporation than NADES

would result in stiffening of the film which is unfavourable in many applications [19].
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Figure 3: Mechanical properties of bioplastic films with different plasticizers.

3.4 Water uptake

It was noticed from Figure 4 that Gly/AA had the highest water uptake percentage of 54.1% followed by
ChCl/LA (39.9%) and Gly (35.3%). The highest water uptake by Gly/AA film could be related to its highest
flexibility among the three bioplastic films. An increase in the intramolecular distance between the starch
and chitosan chains could lead to an increase in the water uptake [9]. For ChCl/LA and Gly films, there
was a minor difference in the water uptake between them. Glycerol has three -OH groups which can interact
with water molecular to form hydrogen bonds whereas ChCl/LA is a highly hydrophilic plasticizer in which
both plasticizers favour the water uptake [9]. Slightly higher water uptake in the ChCl/LA film than the Gly
film could be possibly due to higher hydrophilicity of ChCl/LA than the glycerol. Higher water uptake is
preferable as higher water absorption attracts the microorganisms to attack the bioplastic and thus

improving the biodegradability properties of bioplastic [20].
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Figure 4: Water uptake percentages of bioplastic films with different plasticizers.
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4  Conclusions

Chitosan-reinforced starch-based bioplastic films plasticized with acidic NADES was successfully prepared
via solution casting and evaporation method. The preliminary results of the present work revealed that
ChCl/LA as the acidic NADES could be the plasticizer for starch-based bioplastic film as well as a solvent
for chitosan. This finding proved that ChCl/LA could serve the same function as acetic acid. From the
tensile test results, ChCl/LA film achieved the highest tensile strength of 4.38 MPa with the lowest
elongation at break of 16.74%. In view of the low flexibility of ChCl/LA film, different formulations of the
chitosan and plasticizer loadings could be conducted to improve the flexibility of the film. Future studies
could focus the mechanical properties of chitosan-reinforced starch-based bioplastic film plasticized with
different acidic NADES.
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