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Oxidized starch/CMC based biofilm:
Synthesis and characterization
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Starch-based biopolymers derived from renewable resources offer a sustainable alternative to plastic
packaging. One of the main advantages of starch-based biopolymers is their ability to biodegrade,
as well as being economical due to the availability and low cost of starch. This makes them more
economically attractive for producers and consumers. Although there are still problems with improving
their properties. This research centered on developing a biodegradable biofilm from oxidized corn starch
and carboxymethylcellulose, using succinic anhydride as a crosslinker. The biofilm’s mechanical strength,
water absorption, and biodegradability were evaluated and compared to a commercial biopolymer. The
biofilm exhibited a strength of 0.78 MPa, absorbed 0.21% water, and had a biodegradability rate of 0.008%.
These findings suggest that the biofilm has significant potential for industrial applications, particularly
in the biofilms and bioplastics sector. This study contributes to the ongoing global efforts to create
sustainable alternatives to conventional plastic packaging, a critical aspect of environmental preservation.
The promising characteristics of the synthesized biofilm indicate its potential to significantly influence
the future of packaging materials. This research marks a progressive step in the pursuit of sustainable

packaging solutions.

Key words: starch, biofilm, cellulose, biodegradable, composite film.

PACS number(s): 82.35.Lr.

1 Introduction

Plastic is a product with wide potential, which is
obtained from petroleum raw materials. Currently,
due to the low mechanical properties and moisture
permeability of plastic products, the largest area
of consumption is the production of packaging
materials. In addition, more than 42% of all plastic
materials are used in this industry [1-3]. This has led
to the excessive accumulation of household plastic
waste and the creation of an island of plastic waste.
Because of plastic is chemically and mechanically
stable, the process of its decomposition in the
environment is very slow. As a result, the soil layer,
atmosphere and hydrosphere are in great danger [4,
5]. In this regard, the last ten years, the development
and production of biodegradable films based on
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biopolymers: starch, cellulose, pectin and chitosan
has started to develop rapidly. In particular, the scope
of starch-based biofilms is increasing everyday [6,
7]. However, due to the special hydrophilicity and
mechanical properties of starch, it becomes brittle
and therefore requires starch modification. 8, 9].

In the study [10], a starch-chitosan-based
packaging for food products with antibacterial
properties was developed, which can reduce the
amount of Escherichia coli up to 23.8%, and
Staphylococcus aureus up to 25.6%. Also, in research
[11], a package for storing lamb was developed by
modifying the starch-pectin composite with broccoli
leaf polyphenols. In addition, by oxidizing starch
with a strong oxidation agent, increasing the carboxyl
and carbonyl groups in its molecule, it is possible
to obtain thermoplastic starch for film production
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which was reported by researchers [12]. This, in turn,
proves that it is possible to modify starch with other
monomers.

Based on the research of scientists related to
biofilms, it can be seen that the biodegradation,
physical and chemical properties of materials obtained
by modifying oxidized starch with biomonomers are
effective.

In this regard, current study investigated the
possibility of obtaining biodegradable biofilm by
modifying oxidized corn starch with a cellulose ester
derivative in the presence of a crosslinking agent.

2 Materials and methods

2.1 Materials

H,O, (STST 177-88, 30%), starch (STST 32159-
2013), carboxyl methylcellulose (STST 5.588-70),
succinic anhydride (Sigma Aldrich), glycerin (STST
6259-75) and distilled water. All reagents were used
without preliminary purification.

2.2 Oxidation of starch

A suspension of corn starch and distilled water
in a ratio of 1:10 g/ml was intensively stirred
continuously in a flask with a rotary cooler at a
temperature of 80+£2°C for 1 hour until a stable
solution was formed. The resulting thick solution
was cooled to a temperature of 25+2°C. Then, 100
ml of 8% hydrogen peroxide solution was added
dropwise to the prepared starch thick solution. The
resulting mixture was continuously stirred at room
temperature for 24 hours, and the prepared suspension
was neutralized with distilled water until pH=7 using
a centrifuge. The neutralized suspension was dried to
a constant mass in a vacuum cabinet (Grodtorgmash
DC-80, Belarus) at a temperature of 50+2°C. The
dried mass was ground to obtain a film.

2.3 Starch/carboxyl methylcellulose (CMC)
biofilm preparation

In order to develop a biodegradable film, 0.875
g of oxidized starch was weighed into 50 ml of a
pre-prepared 5% carboxymethyl cellulose (CMC)
solution and continuously stirred in a magnetic stirrer
until a homogeneous solution was formed. Further,
0.75 g of succinic anhydride and 7.5 ml of glycerol
were added to the prepared solution and stirred for
another 30 minutes until a homogeneous mixture
was formed. The resulting mixture was poured into a
disk-shaped plate and placed in a vacuum cabinet at
a temperature of 60+£2°C for 16 hours. As a result, a
film was obtained Figure 1.

Figure 1 — Obtained biofilm from Starch, /CMC

2.4 FTIR analysis

The analysis was performed using an FT-801
FTIR spectrometer (Simex, Russia), with a resolution
of 1 cm™! atarange of 300-4700 cm!, at a temperature
of 25+10°C, in accordance with the standard method.
An accessory was used to measure attenuated total
reflection (ATR) and specular-diffuse reflection
(SDR).

2.5 Mechanical Characterization

The mechanical characteristics of the biofilm was
studied using a texture analyzer (TA-3000, LabSol,
China) with a measured load range of 0.01-60N and
a loading speed range of 0.0005-500 mm/min. The
data registration was performed automatically using
a computer. During the testing of the samples under
a load of 0.01 N, the movement speed was 0.1 mm/
min. The samples were tested until the maximum
tensile force was reached or before the sample
became deformed.

2.6 Water absorption and biodegradation
properties

The film sample was prepared and dried at 50°C
for 24 hours. The dried film was placed in a buffer
solution with a pH of 5.5 for 3 days, removed from
the water and dried using a filter paper, and its weight
was measured with an accuracy of 0.0001 g.

3 Results and disscussion
3.1 FTIR analysis of oxidized starch
Figure 2 shows the result of FTIR analysis of

oxidized starch compared to the original starch. In the
figure 2a represented spectra region between 3500-
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3000 cm™ indicates the presence of OH groups and
signal on 1653 cm™! is characterized by the absorption
of the C-O bond [13,14]. Corresponding absorption
of all CH, groups was identified on 2868 cm™'. The
absorption at 1147 cm, 1078 c¢cm™ and 990 cm,
respectively, reflects the valence oscillations of the
C-0 bond, C-O-H and C-O-C groups in the glucose
ring. The absorption signals 855 cm, 856 cm’!
and 867 cm’! indicate a B-glycosidic bond [15,16].
In Figure 2b, absorption of C=0 bond in carboxyl
and carbonyl groups formed in oxidized starch was
observed in the range of 2100-2150 cm™! [17].
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Figure 2 — FTIR spectrum of a-initial starch;
b- oxidized starch

3.2 FTIR analysis of biofilm

Figure 3 shows the relative FTIR spectrum of the
starch/CMC biofilm with the original monomers. The
intensity of the signal can be noticed in the absorption
region of 1710 cm™, characteristic of the carboxyl
groups in the molecule of oxidized starch and CMC,
is maximally reduced in the spectrum of the biofilm.
This may be due to the fact that during the synthesis,
the bonding agent succinic anhydride leads to low
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intensity by cross-linking the carboxyl groups in the
monomer molecule [18-20].
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Figure 3 — FTIR spectrum of biofilm Starch  /CMC

3.3 Mechanical Characterization

During the study, the mechanical properties
and water absorption properties of the biofilm were
compared with the polyester-based biodegradable
commercial ~ product  TAPIOPLAST  (SMS
Corporation, Thailand). The result of studying the
mechanical properties of the biofilm is shown in
Figure 4. The commercial product TAPIOPLAST
has been found to have a mechanical strength of 2.5
MPa. The mechanical strength limit was to be found,
of starch/CMC biofilm is equal to 0.78 MPa, that is,
3 times smaller than that of TAPIOPLAST. This is
because the main composition of the TAPIOPLAST
film can be synthetic polyester in addition to the
biodegradable component.

In the studies [21, 22], it was determined that the
mechanical strength limits of films based on oat starch and
topaca starch are equal to 0.36 and 0.78 MPa. It shows
that the result obtained in this study corresponds to the
indicators of the previous study.
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Figure 4 — Plot of mechanical strength of Starch  /CMC
biofilm compared to commercial film

3.4 Water absorption and biodegradation
properties

Short-term  biodegradability ~ of  Starch /
CMC-based biofilm compared with commercial
product TAPIOPLAST (Table 1). Since the pH
of the surface layer of the soil is between 5.5 and
6.5, the biodegradation properties of biofilms were
studied over a period of 3 days using a weak acid
buffer solution with a pH of 5.5 as a soil model. In
addition, the property of water absorption in this
environment was also determined. According to
the obtained results, the degree of water absorption
of polyester-based biodegradable commercial
product TAPIOPLAST was 0.19%, and the degree
of biodegradation was 0.0001%. Starch /CMC
biofilm had a water absorption degree 0of 0.21% and a
biodegradation degree of 0.008%. The values of the
degree of water absorption of both obtained samples

were insignificant and showed that the Starch  /CMC
film was exposed to biodegradation for a longer time
[23,24].

Table 1 — Starch  /CMC comparative values of the short-
term biodegradation rate of the biofilm based on the
commercial product TAPIOPLAST

Water absorption | Biodegradability,
Sample degree, % %
TAPIOPLAST 0,19% 0,0001
Biofilm 0,21% 0,008

4 Conclusions

The chemical structure of the Starch, /CMC bio-
film obtained during the study revealed that the cross-
linking agent succinic anhydride binds the carboxyl
groups in the starch and CMC molecules. In addition,
the biodegradation, mechanical and water-swelling
properties of the obtained biofilm were compared
with the commercial film TAPIOPLAST. As a result,
the mechanical strength limit of Starch  /CMC bio-
film was 0.78 MPa. The degree of water absorption
was to be determined in a short period of time was
0.21%, and the degree of biodegradation was equal to
0.008%. The Starch /CMC biofilm obtained within
the framework of this study has the potential to be
used in the development of food packaging, mulch-
ing coatings in agriculture, and drug-carrying cap-
sules in pharmaceuticals.
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