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Abstract

Recent developments of materials for food packaging have been attempted to utilize biodegradable materials such
as nanochitosan. The composite film of nanochitosan can be synthesized with various suitable materials. In this particular
study, nanochitosan was paired with polyethylene glycol (PEG) because PEG has the ability to strengthen nanochitosan
film. This study aims to determine the characteristics of nanochitosan and nanochitosan-PEG in an effort to develop smart
edible film designed to monitor food freshness. Several stages had been conducted, it all began with the synthesis of
nanochitosan and nanochitosan-PEG. The samples of nanochitosan-PEG were conditioned consecutively with various
PEG concentrations of 1, 1.5 and 2 %. Nanochitosan and nanochitosan-PEG were characterized by using Fourier
Transform Infrared (FTIR), Particle Size Analyzer (PSA), and Structural Equation Modeling (SEM) spectrophotometer,
while stability was tested with a UV-Vis spectrophotometer. The results of FTIR interpretation showed the functional
groups like -OH, -NH, C=0 carboxylate, P=0, and C-O-C. These functional groups featured a fairly sharp absorption
peak implying the characteristic of PEG. The PSA test revealed that the nanochitosan-PEG 2 % obtained the smallest
particle size. The treatment of time variations was required to react the nanochitosan-PEG 2 % with the ionic gelation
method within 30, 60, and 120 min. After a 2-hour reaction, the smallest size particle reached 9.78 nm with a
polydispersity index value of 0.021. The morphology of samples in the SEM test showed non-uniform spherical
aggregates. The film yield proceeded to use on chicken meat for indicating the meat’s freshness. It took 48 h signifying a
decline of protein content from 18.30 to 15.86 % as the film experienced a color change from purple to green according
to the pH level of the decaying meat. This suggests that the film is smart and reliable to monitor food freshness through
visual pH changes.
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Introduction
The food packaging industry has been responsible explore the emerging concept of sustainable

to the massive and uncontrolled use of petroleum-based
materials such as plastics. Plastics continously
perpetuate a serius enviromental problem. Researchers
have been encouraged to develop new biomaterials that

development. Chitosan is a biopolymer derived from
chitin, which is widely distributed in nature and is the
second most abundant polysaccharide after cellulose
[1]. Chitosan offers immense advantages as an edible
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packaging material owing to its good film-forming
properties and low toxicity; it can also be an excellent
vehicle for incorporating a wide variety of additives [2].

The manufacture of nanochitosan requires the
addition of triphosphate (TPP) which functions as a
crosslinking agent to strengthen the matrix [3,4]. To
enhance the stability of the material, polymers such as
polyethylene glycol (PEG) are often incorporated [5,6].
PEG can bind water, with the extent of blinding
dependent on its molecular weight and concentration
[7.8].

Several methods have been developed for
producing nanochitosan such as microemulsion and
sonication. The microemulsion is time-consuming and
requires complex nanochitosan washing stages [9,10],
Sonication, despite being widely used demands
significant energy and costs, while the particle size
produced tends to be larger than the ionic gelation
method [11,12]. Additional methods, such as solvent
diffusion emulsification using magnetic stirring and
high-pressure homogenization, have also been explored
[13,14]. This study uses ionic gelation to minimize the
limitations of other methods. lonic gelation is a simple
and efficient synthesis process that includes chemical
reactions in solution without heating at high
temperatures. It is easily controlled without using
dangerous organic solvents, requires low energy, and is
relatively inexpensive [11,15].

Synthesis of nanochitosan with the addition of
PEG improves the stability. This is because the
compound contains an O atom in the hydroxyl chain
structure, which interacts with cations in chitosan. The
interaction produces particles measuring 1 - 100
nanometers, with morphological size of less than 1,000
nm in the form of balls [6,16,17]. Extended stirring
further reduces the size by breaking down larger
particles into nanoscale dimensions, with nanochitosan
measuring 85.3 nm and a polydispersity index value of
0.287 [18-20].

Chitosan modification into nano form is utilized as
a filler in edible formulations to enhance antibacterial
activity. Nanochitosan can also be combined with other

materials to obtain edible films with superior
mechanical and functional properties [21,22]. At low
concentrations, nanochitosan disperses effectively in
edible solutions, contributing to better film formation
[12].

To meet consumer needs for fresh, clean, safe, and
quality food ingredients, the development of smart
packaging with integrated colorimetric indicators has
gained significant attention [23,24]. In this study, an
edible film was developed in the form of smart food
packaging, utilizing anthocyanin extract as a
colorimetric indicator to monitor the freshness of
chicken meat during storage.

Materials and methods

Materials

The materials used in this study were Merck
chitosan, concentrated glacial acetic acid (CH3COOH),
anthocyanin extract, Merck glycerol (CsHgOs3), Sigma-
Aldrich sodium tripolyphosphate (Na-TPP), Merck
tween 80 and Merck PEG 6,000.

Methods

Synthesis of nanochitosan and nanochitosan-
PEG with concentration variations (1, 1.5 and 2 %)

First and foremost, the preparation of of
nanochitosan sample was conducted by dissolving 0.1 g
of chitosan in 100 mL of 1 % (v/v) acetic acid and it
required stirring for 1 h. Then the solution was mixed
with 10 mL of 0.15 % NaTPP (w/v) and 0.5 mL of tween
80. This step required stirring for 2 h. The 1t mixture
would become the nanochitosan sample. Secondly, the
preparation of 3 nanochitosan-PEG samples were
obtained by repeating the exact procedures like the 1%
sample. However, various concentrations of 1 mL PEG
solution were added in the end to each mixture. There
were 1, 1.5 and 2 % (w/v) PEG solution consecutively
for each of nanochitosan-PEG samples. These samples
required stirring for 30 min [25,26]. The following
images presented in Figure 1 are to better comprehend
the procedures of synthesizing nanochitosan-PEG.
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Figure 1 The synthesis procedures of hanochitosan-PEG.

Characterization of nanochitosan and
nanochitosan-PEG  using FTIR and PSA

spectrophotometer
Fourier Transform Infrared (FTIR)
spectrophotometer (Prestige-21, Shimadzu)

characterization was conducted to determine the degree
of chitosan deacetylation. It was calculated by
combining the baseline determination method on the
Avuess/Asaso absorption band [27] as shown by the
following equation.

% DD = 100 — (5oe X =) )

FTIR characterization provided information of the
functional groups that belong to chitosan, nanochitosan,
and nanochitosan-PEG. The vibration and rotation of
molecules influenced by infrared radiation at a
particular wavelength could identify structural
differences in molecular binding between entities,
which can reveal details about the existence of their
interactions.

Particle Size Analyzer (PSA) (Horiba SZ-100)
was also conducted for the characterization. It was able
to determine particle sizes and polydispersity index
values of nanochitosan and nanochitosan-PEG with
various concentrations consecutively of 1, 1.5 and 2 %.
When the result obtains the smallest polydispersity
index value, it would be further tested with various
reaction times.

Morphological analysis of the smart film using
SEM (JSM-6510LA-EX-36180D3A) was required to
observe the surface and microstructure of the film. This
allowed researchers to evaluate homogeneity, porosity,
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and the presence of cracks or imperfections at
micrometer scales.

Application of nanochitosan-PEG in indicating
food freshness

The method for this application started off by
dissolving chitosan with 1 % acetic acid [28]. The
solution was stirred using a magnetic stirrer at a speed
of 750 rpm and a temperature of 80 °C for 45 min.
Furthermore, 0.2 g of PEG and 1 mL of anthocyanin
extract were added. The mixture was added with
glycerol at a concentration of 3 % [29]. The film solution
was poured into a Teflon plate to mold and then it
required an oven to dry at a temperature of 50 °C for 24
h. Later the film obtained was attached to the top part of
a petri dish where the chicken meat was put or packaged.
The film attempted to act smartly as an indicator of meat
freshness. The sample used was chicken breast meat
aged 1.5 - 2 months.

Indicating the freshness of meat in this study is
asscoicated with a change in pH implying the meat has
started to decay. So, the smart film as the indicator
required a pH standar. In order to make the
standardization of pH on the smart film, certain addition
of solutions needed to mix beforehand such as 11.88 mL
of nanochitosan, 1.25 mL of anthocyanin extract, 1 mL
of PEG 2 %, and 3 mL of pH solution ranging from 2 to
11. This process attained 10 different standardized films
consecutively based on each addition of pH solutions.
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Kjeldahl test
Kjeldahl testing was carried out at the Makassar
Health Laboratory using SNI ISO 1871:2015.

Results and discussion

Nanochitosan and nanochitosan-PEG  were
synthesized by the ionic gelation method. This aimed to
obtain chitosan powder with a uniform size as shown in
Figure 2.

Figure 2 The result of sieved chitosan at a mesh of < 100.

Prior to the synthesis of nanochitosan and
nanochitosan-PEG, the degree of deacetylation (DD) of
chitosan was determined to learn the percentage acetyl
groups lost in the deacetylation process. In other words,
the DD value suggested the purity of chitosan. This was
based on the results of the FTIR test in Figure 3 which
plot the baseline on the absorption band Aigss/Aszaso.

Avess is the absorbance value at a wavenumber of 1,650
- 1,500 cm™ corresponding to NHCO group while Assso
is the absorbance value at a wavenumber of 3,500 - 200
cm™ [30]. Therefore the degree of deacetylation of
chitosan reached a percentage of 88.6 %. The higher the
DD value, the more amino groups existed in the chitosan
molecule. This could make the chitosan more reactive.
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Figure 3 FTIR spectroscopy of chitosan.

The mechanism of nanochitosan formation relies
on the interaction between the positively charged

chitosan and the negatively charged tripolyphosphate as
shown in Figure 4. In acidic conditions, chitosan
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becomes protonated which is able to produce NHs* ions.
Then it interacts electrostatically with the oxygen atom
of NaTPP. Crosslinking occurs through these ionic

under acidic conditions is essential in order to create
these strong electrical interactions [31].
The addition of PEG functions as a stabilizer [6].

interactions between the cationic chitosan and the
anionic tripolyphosphate ions. Treating nanochitosan

The compound contains oxygen atoms (O) in the chain
structure and hydroxyl groups (-OH) that interact with
cations in chitosan [32-35].
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Figure 4 The mechanism of nanochitosan and nanochitosan-PEG interaction.

FTIR analysis of nanochitosan and
nanochitosan-PEG

FTIR spectroscopy was adopted to identify the
functional groups present in the nanochitosan-PEG

compound. This analysis was conducted across a
wavenumber range of 4,000 - 500 cm™® FTIR
spectroscopy of chitosan, protonated chitosan and
nanochitosan is shown in Figure 5.
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Figure 5 FTIR spectroscopy of chitosan, protonation of chitosan and nanochitosan.

Table 1 FTIR spectroscopy data of chitosan, protonation of chitosan and nanochitosan.

Wavenumber (cm?)

Types of absorption Reference ) Protonation of .
Chitosan ) Nanochitosan
chitosan
OH 3,200 - 3,600" 3,449.63 3,441.01 3,439.08
NH amine bend 1,575 - 1,650™ 1,638.36 1,649.35 1,639.49
Carboxylate C=0 Stretch 1,700 - 1,725™ - 1,734.93 1,735.93
P=0 Extension 1,200 - 1,500™ - - 1,249.87

C-0-C 1,320 - 1,000

“[26], ""[36], “"[37].

The spectrum of chitosan shows an absorption at
1,638.36 cm*, corresponding to the bending vibration
of N-H at wavenumber 3,449.63 cm™. N-H and -OH
groups are characteristic of chitosan because based on
the molecular structure it has both hydroxyl group -OH
and HN groups [38,39]. After chitosan is bound to acetic
acid, a new absorption appears at 1,735.95 cm™,
representing the stretching vibration of the carbonyl
group C=O carboxylate. This peak signified the
interaction of acetic acid with chitosan through O- atom
and NHs*, respectively [40]. The presence of chitosan
crosslinked with NaTPP is proven by the emergence of
new absorption in the P=0 stretching vibration with a
wavenumber of 1,249.87 cm™. This indicates that

the NH; group protonated into NHs* chitosan has been
crosslinked with the oxygen atom of NaTPP [41].

Subsequent testing with FTIR includes a few
nanochitosan samples modified with PEG at various
concentrations consecutively of 1, 1.5 and 2 %. It also
includes the nanochitosan-PEG 2 % subjected to various
reaction times of 30, 60, and 120 min. Based on the
FTIR spectroscopy, the spectrums of nanochitosan with
the treatment of concentration variations are presented
in Figure 6. Meanwhile in Figure 7 exhibits the
spectrums of primarily nanochitosan 2 % with the
treatment of time variations. The data in Table 2
provides types of absorption and their wavenumbers
which is divided into 2 groups, the concentration
variations and the time variations.
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Figure 6 FTIR spectroscopy of nanochitosan-PEG with concentration variations (1, 1.5 and 2 %).
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Figure 7 FTIR spectroscopy of primarily nanochitosan-PEG 2 % with time variations (30 min, 60 min, and 120 min).

Table 2 FTIR spectroscopy data of nanochitosan samples with concentration variations and nanochitosan-PEG 2 %

samples with time variations.

Wavenumber (cm™)

Types of Reference Nanochitosan samples with Nanochitosan-PEG 2 % samples with
absorption concentration variations time variations

1% 15% 2% 30 min 60 min 120 min

OH 3,200 - 3,500  3,435.22 3,446.79 3,444.87  3,442.94 3,441.01 3,442.94

Bend NH Amin 1,640-1,560" 1,620.21 1,634.35 1,639.49  1,643.35 1,625.99 1,639.49

C=0 Carboxylate 1,730-1,700™ 1,735.93 1,735.93 1,734.01 1,734.01 1,735.93 1,735.93

P=0 Extension 1,200- 1,500  1,249.87 1,249.87 1,249.87  1,249.87 1,249.87 1,249.87

C-O-C ether stretch 1,320 - 1,000™" 1,109.07 1,107.14

1,093.64  1,105.21 1,109.07 1,105.21

“[26], "[36], ""[42].

The results of FTIR spectroscopy on each
nanochitosan-PEG ~ sample  with  comcemtratom
variations and stirring time showed a shift in
wavelength. This suggested the presence of a fairly
sharp C-O-C ether functional group which was a

characteristic of PEG [43]. C-O-C spectrum was in the
range of 1,320 - 1,000 cm™ [44]. It was important to
acknowledge that there was no significant difference in
functional groups in all variations of nanochitosan-PEG
samples. Previous studies identified a fairly sharp C-O-
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C ether functional group in the 1,095.57 cm™ region
[43,44], confirming that PEG was bound to chitosan.
The interaction was further characterized by the NH and
OH spectrum [45].

The presence of OH, NH, C=0 carboxylate, P=0,
and C-O-C functional groups shows that nanochitosan
has formed and structurally bonded with PEG. The
absorption of OH groups appeared at 3,367.1 cm™
which was a characteristic of chitosan [26]. Meanwhile,
the P=0 group appeared at wave number 1,145.51 cm™*

with the presence of a fairly sharp ether group C-O-C,
which was a characteristic of PEG [43,44].

PSA analysis of nanochitosan and
nanochitosan-PEG

Analysis of nanochitosan-PEG using PSA was
conducted to determine particle size. The results of PSA
tests of nanochitosan and nanochitosan-PEG with
various PEG concentrations of 1, 1.5 and 2 %, are shown
in Table 3.

Table 3 PSA test results of nanochitosan and nanochitosan-PEG with concentration variations.

No Synthesis of nanochitosan-PEG

Polydispersity index  Average particle size (nm)

1 Nanochitosan

2 Nanochitosan-PEG 1 %
3 Nanochitosan-PEG 1.5 %
4 Nanochitosan-PEG 2 %

0.6021 10.44
0.5450 10.22
0.6101 10.12
0.1211 9.70

Synthesis of nanochitosan, generated particles
with an average size of 10.44 nm and a polydispersity
index of 0.6021. Variations in the concentration of
nanochitosan-PEG, using the ionic gelation method,
produced particle sizes ranging from 9.70 - 10.22 nm.
These measurements confirmed that both nanochitosan
and nanochitosan-PEG fell in the nanomaterial range of
1-100 nm [46,47]. The downward trend in particle size
as the PEG concentration increases is due to the PEG’s
capacity to bind water through -OH groups and long-
chain structure, which enhances the homogeneity of

nanochitosan [48]. PEG coats the chitosan surface and
greatly affects the van der Waals forces and increases
the repulsive forces. This causes gradual reduction in
particle size and prevents aggregation.

The results of the first PSA test dictates the 2"
one. The smallest particle size was obtained by
nanochitosan-PEG 2 %. Further treatment for this
particular concentration is required to react within
selected time variations. The results of PSA test with
various reaction times are shown in Table 4.

Table 4 PSA test results of nanochitosan-PEG 2 % with time variations.

No Synthesis of nanochitosan-PEG 2 % Polydispersity index Average particle size (nm)
1 30 min 0.0443 9.93
2 60 min 0.0410 9.84
3 120 min 0.0214 9.78

Synthesis of nanochitosan-PEG 2 % with time
variations using the ionic gelation method obtained
particles ranging in size from 9.78 to 9.93 nm. This
confirmed  that  nanochitosan-PEG  falls  in
the nanomaterial range of 1 - 100 nm [46,47].
Additionally, the stirring time increases as particle size
decreases. The trend is attributed to the progressive
breakdown of larger particles into smaller, nano-sized
particles [49].

Characterization using structural equation
modeling (SEM)

Nanochitosan and nanochitosan-PEG variations in
concentration and time were analyzed morphologically
by using SEM. The results are shown in Figure 8(a)
Morphology of nanochitosan at 100x and 500x
magnification (b) Morphology of nanochitosan-PEG 2
% at 100x and 3,000x magnification and (c)
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Morphology of nanochitosan-PEG 2 % after a 2-hour
reaction at 100x and 500x magnification.

Figure 8 (a) Morphology of nanochitosan at 100x and 500x magnification. (b) Morphology of nanochitosan-PEG 2 % at
100x% and 3,000x magnification, and (c) Morphology of nanochitosan-PEG2 % after a 2-hour reaction at 100x and 500x

magnification.

The results of SEM analysis showed a morphology
in the form of small, non-uniform (heterogeneous)
circles forming nanochitosan aggregates [50]. The ionic
gelation method includes dissolving chitosan in a dilute
acid and then adding TPP solution with a different
charge, specifically polycationic. This led to
the complexation of different charges, causing ionic
gelation and precipitation to form round particles such
as balls [51]. The non-uniform shape is caused by the
coagulation effect of nanochitosan [9].

Stability test of nanochitosan, nanochitosan-
PEG 2 %, and nanochitosan-PEG 2 % 120 min with
UV-Vis

UV-Vis spectrophotometer was used to determine
the stability of nanochitosan, nanochitosan-PEG 2 %,
and nanochitosan-PEG 2 % after a 120-minute reaction
where each one had been observed within 5 periods (1,
2, 3, 4 and 5 days). This test obtained wavenumbers as
displayed in the following bar graph in Figure 9.
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Figure 9 Stability graph of nanochitosan, nanochitosan-PEG 2 %, and nanochitosan-PEG 2 % 120 min using UV-Vis.

For nanochitosan, the wavelength started off with
231 nm and decreased at a wavelength of 229.1 in day 2
and remained relatively constant afterward with a minor
decrease at wavelength of 228.9 nm in day 5. For
nanochitosan-PEG 2 %, the wavelength stayed at a
number of 231 nm throughout 4 days period, and then
changed at a wavelength of 228.9 nm in day 5.
Meanwhile, the wavelength for nanochitosan-PEG 2 %
120 min initially remained at a wavelength of 229 nm
only for 3 days period but decreased in day 4 to a
wavelength of 228 nm. The decrease of wavenumbers
that belongs to nanochitosan, nanochitosan-PEG 2 %,
and nanochitosan-PEG 2 % 120 min is not significant.
This suggests the stability of the 3 entities.

The best stability goes to nanochitosan-PEG 2 %,
which is characterized by no decrease in wavenumber
for 4 days. This shows how the protective capacity of

_———

PEG-6000 works during the storage period [14,57]. This
reinforces the fact that PEG have the capacity to
stabilize or to aggregrate particles in order to coat
chitosan surface. The wavelength is directly
proportional to the size of nanochitosan [52,53]. This
reflects a reduction in size and prevents the aggregation
process of particles [54]. A shorter wavelength will
cause a higher number of scatterings, and a smaller
particle size will produce lower energy resonances.

Application of nanochitosan-PEG 2 % after a
2-hour reaction in indicating food freshness

The vyield of nanochitosan-PEG after 2-hour
reaction was chosen to apply as an indicator of food
freshness. The smart film appeared to be transparent in
the shape of 2x5 cm rectangular with a thickness of 0.08
mm as shown in Figure 10.

N

Figure 10 The physical appearance of nanochitosan-PEG as a smart film.

Freshness of food especially in this study is
indicated through visual pH changes of the film. It is

essential to standardize pH solely for the film first before
the application begins. Several solutions such as
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nanochitosan, anthocyanin extract, PEG 2 % are mixed
to attain the following standardized films in Figure 11

consecutively based on each addition of pH solutions
ranging from 2 to 11.

pH2 pH3 pH4

pHS pH6

Figure 11 Fabrication of the smart films as the pH standard.

The results of standardized process for the smart
films signify a variety of colors as shown in Figure 11.
The pH 2 standard appears purple and changes color
most visibly after the pH 8 standard. Later this
standardization of the smart films can be referenced
when indicating food freshness.

Front View Top View
0 Hour 0 Hour 24 Hour

Front view

pH 7 pH 8 pHY pH 10 pH 11

The application of the smart film in indicating
food freshness specifically used chicken meat. Visual
and olfactory changes were observed within 0, 24 and
48 h at a room temperature as shown in Figure 12.

Top View Front View Top View
24 Hour 48 Hour 48 Hour

Figure 12 The application of smart film for chicken meat at 0, 24, and 48 h.

The smart film initially matches pH 6 and changes
over time to pH 10. According to the colors of pH
standard, the smart film appears purple when it’s still
fresh (0 h), changes to dark green as the meat begins to
develop a fishy odor (24 h), and eventually turns
brownish green as the chicken rots away and its texture
deteriorates. The increase in pH is caused by microbial

Table 5 Protein content of chicken meat.

activity, which breaks down amino acids and produces
basic compounds such as ammonia or NH4 [23,55,56].

The last requirement for this study is the Kjehdal
test. It is a method to determine nitrogen levels in a
sample, especially to measure protein content in food,
animal feed, or other organic materials. The protein
content of fresh chicken meat and chicken meat after 2
days of storage are presented in Table 5.

No Sample Protein content (%)
1 Day 0 chicken meat 18.30
2 Day 2 chicken meat 15.86

Storage condition affects the protein content of
chicken meat through various chemical, physical and
microbiological mechanisms. During storage, especially
at room temperature or uncontrolled temperatures,
proteolytic enzymes and microorganism activity can

break down proteins into peptides and free amino acids,
reducing total protein content. Long-term storage can
also trigger the Maillard reaction and protein oxidation,
especially when meat is not properly packaged.
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Conclusions

The synthesis of nanochitosan and nanochitosan-
PEG has been successfully carried out by mixing
chitosan, NaTPP, tween 80, PEG and anthocyanin
extract. The concentrations of PEG varied at 1, 1.5 and
2 % consecutively to obtain nanochitosan-PEG. The
characterization with FTIR indicates the presence of
functional groups like OH, NH, C=0 carboxylate, P=0,
and C-O-C which confirms that nanochitosan has
formed and structurally bonded with PEG. The
characterization with PSA shows that the result of
downward trend in particle size as the PEG
concentration increases reinforces the idea that PEG can
bind water through -OH groups and long-chain
structure. PEG has protective capacity where it coats
nanochitosan surface, makes gradual reduction in
particle size, and prevents aggregation. Subsequent
characterization of PSA was conducted to react
nanochitosan-PEG 2 % within 30, 60 and 120 min. The
optimum time of nanochitosan PEG reached after 120
min as the result shows the smallest particle size of 9.78
nm. Morphological results with SEM show non-uniform
particles that are spherical or round-shaped. The
stability test with UV-Vis reveals that nanochitosan-
PEG 2 % can endure the same wavenumber for 4 days.
The smart film application of nanchitosan-PEG in
indicating food freshness concludes that the film wields
the smart capacity to indicate pH of chicken meat. Based
on the pH standard, the smart film matches the purple
color signifying pH 6 and over 48 h changes to brownish
green signifying pH 10. The meat experiences a decline
in quality over time as pH of the meat changes due to
the microbial growth.
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