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Modifying chitosan by increasing its hydrophilic properties through sulfonation
reactions will increase its solubility in water and antibacterial activity and expand
the application of chitosan. This study aims to determine the antibacterial activity
of sulfonated chitosan film applied as fish fillet packaging using the total plate
count method. Sulfonated chitosan in this study was successfully synthesized by
reacting chitosan with 1,3-propane sultone. Sulfonated chitosan products were
characterized using FTIR and UV-Vis spectrophotometers, while antibacterial
activity was measured using the disc diffusion method. The optimum temperature
for sulfonated chitosan synthesis was 60°C (SCS60). The resulting SCS 60 was a
yellowish-white solid soluble in water with a yield of 61.46% and a degree of
substitution of 33%. The diameters of the SCS 60 inhibition zone against E. coli
and S. aureus isolates were 7 and 10 mm, respectively. SCS60-gelatin film is elastic
(elongation 272%) and more hydrophobic with a contact angle of 90.12°
compared to chitosan-gelatin film (62.8°). SCC60-gelatin film was able to
suppress bacterial growth in fish fillets by up to 0.3 x 10* cfu/g compared to
unpackaged fish (30 x 104 cfu/g). Sulfonated chitosan has the potential to be an

antibacterial food packaging material.

1. Introduction

Food safety is a critical concern in relation to human
health today. One of the key factors in ensuring food
safety is the role of food packaging, which protects food
from damage during processing, transportation, and
storage. A major cause of food spoilage during these
processes is contamination by microorganisms, such as
bacteria, resulting from environmental, physical, and
biochemical factors inherent to the food itself [1].
Bacterial contamination leads to spoilage, manifesting as
alterations in taste, appearance, odor, nutritional value,
and microbial composition, rendering the food unfit for
human consumption and potentially causing illness [2].
Common bacteria responsible for food spoilage include
Escherichia  coli,  Staphylococcus  aureus, Listeria
monocytogenes, and Salmonella [3]. Using antibacterial
packaging materials offers a promising solution to inhibit
or eliminate bacterial growth during transportation and

storage, thereby preserving food quality and ensuring
both health and safety for consumers [4].

Chitosan has long been recognized as a packaging
material capable of forming antimicrobial and antifungal
films, thereby extending the shelf life of various foods [5].
Its application in food preservation has been extensively
studied, particularly in the extension of the shelf life of
several fish species, including Solea solea and Merluccius
merluccius [6], mackerel (Rastrelliger sp.) and catfish
(Clarias batrachus) [7], fresh anchovies [8], Sardinella
longiceps [9], and catfish [10]. Chitosan exhibits broad-
spectrum antibacterial activity, effectively inhibiting the
growth of both spoilage and pathogenic bacteria in food
products [11, 12]. Specifically, chitosan has been shown to
suppress the growth of spoilage bacteria, such as
Pseudomonas, lactic acid bacteria, Enterobacteriaceae, and
Clostridium spp. in poultry [13], as well as L. monocytogenes
and S. aureus in beef and lamb [14]. Additionally, it has
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demonstrated efficacy in inhibiting pathogenic bacteria,
including Aeromonas hydrophila, Edwardsiella ictaluri, and
Flavobacterium columnare in warm-water fish [15].

The studies mentioned above utilized dilute acid
solvents, particularly acetic acid (1-2%), which is the
most commonly used solvent for dissolving chitosan [16,
17]. However, the use of acetic acid in producing chitosan
films presents several drawbacks regarding film
characteristics. These include mechanical issues such as
brittleness, ease of rolling, rapid drying, and poor barrier
properties, specifically low water vapor permeability, and
high water vapor absorption [18, 19, 20]. Additionally, the
removal of acetic acid residue from the film is
challenging, even after neutralization with a base like
NaOH solution [19, 21]. The residual acetic acid in the film
may migrate into the packaged food, potentially affecting
its organoleptic properties, including odor, taste, and
texture [19]. Casalini et al. [21] reported that the migration
of acetic acid from chitosan films into cheese can
adversely impact the quality and sensory characteristics
of the product. The concern over acetic acid residue
migration has led to regulatory measures limiting its
presence in food to a maximum of 60 ppm [22].

Researchers have implemented several strategies to
address these limitations, one of which involves
modifying the structure of chitosan. Structural
modification of chitosan has been widely reported as a
straightforward and effective approach for altering its
physical, chemical, and biological properties [23]. The
amine group (C2) and primary hydroxyl group (C6) in
chitosan are reactive sites that can be readily modified
through chemical reactions such as sulfonation,
alkylation, carboxylation, phosphorylation, and
esterification [24, 25]. Transforming chitosan into
water-soluble derivatives represents a promising
solution to these challenges. Among these modifications,
sulfonation is an economical and efficient method [26].
Sulfonated chitosan has attracted significant interest
from researchers due to its water solubility, potent
antibacterial activity, antioxidant properties,
biocompatibility, and excellent metal chelation capacity
[27,28].

Sulfonated chitosan has been reported to exhibit
potent antibacterial activity against both Gram-negative
and Gram-positive bacteria. It has been shown to inhibit
the growth of Gram-negative bacteria, including
Escherichia coli [27, 28, 29, 30, 31], Shigella dysenteriae,
Aeromonas hydrophila, Salmonella typhimurium [30],
Pseudomonas aeruginosa [31], Shewanella putrefaciens, and
Pseudomonas fluorescens [27]. Gram-positive bacteria
inhibited by sulfonated chitosan include Staphylococcus
aureus [27, 28, 29, 30, 31], Bacillus cereus [30], and
Propionibacterium acnes [31]. Additionally, sulfonated
chitosan demonstrates antifungal activity against several
fungi, such as Arthrinium sacchari and Botrytis cinerea [29],
as well as Malassezia furfur, Malassezia pachydermatis,
Trichophyton rubrum, Trichophyton mentagrophytes, and
Candida albicans [31].

Sulfonated chitosan has also been reported to exhibit
strong antibiofilm activity against E. coliand S. aureus [28,

32]. Due to its potent antibacterial and antibiofilm
properties, sulfonated chitosan holds promise for
applications in the food processing industry. However,
there remains limited information regarding the
application and utilization of chitosan in food processing,
particularly as a food packaging material. This study aims
to determine the antibacterial activity of sulfonated
chitosan films used as packaging for fish fillets. The
sulfonated chitosan products were characterized using
UV-Vis and FTIR spectroscopy, while their antibacterial
activity against E. coli and S. aureus was assessed using the
disc diffusion method. The antibacterial activity of the
sulfonated chitosan films was further evaluated through
the total plate count method.

2. Experimental
2.1. Tools and Materials

The equipment used in this study included an
Ubbelohde viscometer, standard laboratory glassware
(Pyrex), a hot plate stirrer (Corning PC-420D), an
incubator (Memmert IN 30), a caliper (Krisbow), a UV-Vis
spectrophotometer (Genesys 10S, Thermo Scientific), an
infrared spectrophotometer (Perkin Elmer UATR
Spectrum Two), and pH indicator paper (Merck). The
materials utilized were low molecular weight chitosan
(CV. ChiMultiguna), 1,3-propane sultone (Chongging
Rongguangda Chemical Co., LTD), NaCl (Merck), NaOH
(Merck), bovine gelatin (Rousselot), acetone (Merck),
glacial acetic acid (Merck), distilled water (Bratachem),
Mueller Hinton Agar (MHA) (HiMedia), Mueller Hinton
Broth (MHB) (HiMedia), plate count agar (HiMedia), and
bacterial isolates of E. coli and S. aureus.

2.2. Procedures
2.2.1. Determination of Molecular Weight of Chitosan

The average molecular weight of chitosan was
determined by measuring its intrinsic viscosity using a
Ubbelohde viscometer and calculating it using the Mark-
Houwink equation (1).

n = KM* (1)

Where, Il represents the intrinsic viscosity, Kand o are the
viscometric constants for chitosan in 0.1 M CH;COOH and
0.2 M NaCl solvents (1.81x1073 and 0.93, respectively), and
M denotes the average molecular weight of chitosan (Da)
(33].

A chitosan stock solution was prepared at a
concentration of 1 g/mL using a mixture of 0.1 M
CH;COOH and 0.2 M NaCl (3:1 v/v). From this stock
solution, chitosan solutions of varying concentrations
(0.001, 0.002, 0.003, 0.004, and 0.005 g/mL) were
prepared. The flow time for each concentration was
measured with five repetitions to ensure consistency in
the results.

2.2.2. Determination of The Degree of Deacetylation of
Chitosan (%DD)

The degree of deacetylation was determined using
FTIR data, measured at wavenumbers ranging from 4000
to 400 cm™, employing the baseline method. The degree
of deacetylation was calculated by comparing the
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absorbance of the carbonyl/acetyl group at 1655 cm ™ with
that of the hydroxyl group at 3450 cmm™. The calculation of

the degree of deacetylation can be expressed
mathematically using Equation (2).
_ A1655 100
%DD =100 - [ (572) x (123 (2)

Where, A1655 represents the absorbance of the carbonyl
functional group at a wavenumber of 1655 cm™, A3450
corresponds to the absorbance of the hydroxyl functional
group at a wavenumber of 3450 cm™, and 1.33 is the ratio
of the absorbance of the carbonyl to hydroxyl groups for
fully deacetylated chitosan [34, 35].

2.2.3. Synthesis of Sulfonated Chitosan

The synthesis of sulfonated chitosan was conducted
following the method developed by Sun et al. [29], with
modifications. Five grams of chitosan (1.67 x 107> mol)
were dissolved in 150 mL of 2% acetic acid. Atotal of 4.8 g
(40 mmol) of 1,3-propane sultone was added dropwise,
and the mixture was refluxed for 6 hours at varying
temperatures of 25, 40, 60, and 80°C. After refluxing, the
resulting mixture was combined with cold acetone and
stirred vigorously until a white solid precipitate formed.
The precipitate was filtered using a Buchner funnel and
washed with acetone five times. The solid product was
dried in an oven at 50°C for 8 hours, resulting in
sulfonated chitosan as a powdered solid. The synthesis
products were characterized using FTIR and UV-Vis
spectrophotometers.

2.2.4. Film Preparation

Chitosan and sulfonated chitosan-gelatin films were
prepared using the solution casting method. A total of
15 mL of chitosan and sulfonated chitosan, each at a
concentration of 1% in acetic acid, were combined with
0.7 g of gelatin and 0.3 mL of glycerol. The film solution
was stirred gently using a magnetic stirrer for 30 minutes
at a temperature of 70°C, resulting in a final
concentration of 0.75% for both chitosan and sulfonated
chitosan in the film solution. The resulting film solution
was then poured into a petri dish with a diameter of 10 cm
and dried in a drying oven at 40°C for 8 hours to yield
chitosan and sulfonated chitosan-gelatin films. The films
were subsequently subjected to contact angle analysis
[36], tensile strength and elongation tests [19], and
biodegradability assessment [36].

2.2.5. Antibacterial Activity Testing

The antibacterial activities of chitosan and
sulfonated chitosan film solutions were assessed using
the disc diffusion method, following the guidelines
established by the International Clinical Laboratory
Standards [37]. This assessment was conducted against
E. coliand S. aureus isolates. Additionally, the antibacterial
activity of the chitosan and sulfonated chitosan films was
evaluated using the total plate count method, specifically
with fish fillets [38].

2.2.6. Antibacterial Activity of Disc Diffusion Method

The antibacterial activities of chitosan and
sulfonated chitosan were evaluated using the disc
diffusion method in accordance with the International

Clinical Laboratory Standards [37]. This assessment
targeted E. coli and S. aureus bacterial isolates, utilizing
both chitosan film solutions and sulfonated chitosan
samples. Ciprofloxacin at a concentration of 500 ppm
served as the positive control, while a gelatin and glycerol
solution in 1% acetic acid acted as the negative control.

A total of 100 pL of bacterial suspension,
standardized to a concentration of 0.5 McFarland, was
inoculated onto sterile MHA media in a 150 x 25 mm petri
dish, serving as the test medium. The bacterial
suspension was evenly distributed across the entire
surface of the test medium using a sterile cell spreader.
Sterile filter paper discs, 6 mm in diameter, were
impregnated with 10 pL of each sample at a concentration
of 0.75% and placed onto the surface of the test medium.
The dishes were incubated for 24 hours at 37°C. The
diameter of the resulting inhibition zones was measured
using a caliper.

2.2.7. Antibacterial Activity of Total Plate Count
Method

Antibacterial activity was assessed using the total
plate count method on chitosan and sulfonated chitosan
(SCS60) film samples, which exhibited the most
significant antibacterial activity in the disc diffusion
assay. Fresh fish fillet samples, weighing 25 g and
purchased from a local market, were wrapped in
chitosan-gelatin film and SCS60-gelatin film, while
unwrapped fish fillets served as the control. The fish
samples were stored at 4°C for 24 hours.

Following the incubation period, the fish samples
were homogenized with 225 mL of sterile 0.9% NaCl
solution. The homogenate was subsequently subjected to
serial dilutions, ranging from 107! to 1079, using sterile
0.9% NaCl as the diluent. A total of 1 mL from each
dilution was transferred into a sterile petri dish, which
was then filled with plate count agar (PCA) media
maintained at approximately 45°C. The petri dishes were
incubated at 37°C for 24 hours. The number of bacterial
colonies in each dish was counted visually, adhering to
the criteria of having 25 to 250 colonies per petri dish. The
concentration of bacterial colonies was reported as the
number of colonies per gram (cfu/g).

3. Results and Discussion
3.1. Characterization of Chitosan

The average molecular weight and degree of
deacetylation of chitosan significantly influence its
antibacterial properties and the modification process.
Chitosan with a lower molecular weight exhibits higher
solubility in water compared to its higher molecular
weight counterparts, which in turn affects the
modification process [27]. In this study, the results of
intrinsic viscosity measurements conducted using an
Ubbelohde viscometer, along with calculations utilizing
the Mark-Houwink equation, indicated that the average
molecular weight of the chitosan utilized was 299,992
Daltons. This corresponds to an estimated number of
approximately 1,852 monomers. The chitosan employed
in this study is categorized as having a medium molecular
weight, ranging from 150 to 700 kDa [39].
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Figure 1. FTIR spectra of chitosan

The FTIR spectra of chitosan (Figure 1) reveal several
significant absorption peaks. The peak at a wavenumber
of 3354 cm™ indicates the overlap of the hydroxyl (-OH)
and amino (-NH,) functional groups. The absorption
observed at 2877 cm™ corresponds to the stretching
vibration of aliphatic C;-H bonds. Additionally, the
bending vibration of the carbonyl (C=0) acetyl group is
identified at a wavenumber of 1645 cm™. In this study, the
chitosan was determined to have a degree of
deacetylation of 59%, calculated using the baseline
method. The estimated number of monomers present in
the chitosan is approximately 1,093. Chitosan, with a high
degree of deacetylation, contains a more significant
number of amino groups, which enhances its
antibacterial properties. Furthermore, the modification
of chitosan through a sulfonation reaction is more
effectively achieved when using chitosan with a higher
concentration of amino groups [27].

3.2. Synthesis and Characterization of Sulfonated
Chitosan

The synthesis of chitosan with 1,3-propane sultone
under weakly acidic conditions yields water-soluble
sulfonated chitosan. This method is currently regarded as
the most efficient due to its minimal chemical usage and
environmentally friendly approach [40]. The synthesis
mechanism involves a nucleophilic substitution reaction,
wherein the sulfonate group preferentially attaches to the
amino (-NH,) group on the C2 carbon atom of chitosan
rather than the hydroxyl (-OH) group on the C6 carbon
atom [26, 27]. The mechanism of the chitosan sulfonation
reaction is illustrated in Figure 2. The resulting
sulfonated chitosan product appears as a yellowish-white
solid and is soluble in water, except for the sulfonated
chitosan synthesized at 80°C, which does not yield any
solid sulfonated chitosan.
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Figure 2. Reaction mechanism for the synthesis of
sulfonated chitosan

The variation in reaction temperature during the
synthesis of sulfonated chitosan results in products with
differing yields and degrees of substitution, as presented
in Table 1. The optimal condition identified in this study
for sulfonated chitosan synthesis was a reaction
temperature of 60°C. This finding aligns with the studies
conducted by Tamer et al. [41] and Sun et al. [29], which
reported high degrees of substitution at reaction
temperatures of 65°C and 60°C, respectively. Notably, at
a reaction temperature of 80°C, no sulfonated chitosan
product was generated. This absence of product
formation can be attributed to the inhibitory effect of
elevated temperatures, which alters the equilibrium of
the chemical reaction, driving it in the opposite direction
for exothermic reactions, such as the sulfation process

[42].

The FTIR characterization results for SCS 25, SCS 40,
and SCS 60 (Figure 3) revealed strong absorption peaks at
wavenumbers 1027, 1025, and 1024 cm™, along with a
peak at 1378 cm™, respectively (Table 2). These
absorptions correspond to the stretching of the S=0
group, indicating the presence of sulfonate groups in the
sulfonated chitosan. Additionally, strong absorptions
around 1634 cm™ and 1528 cm™ are attributed to NH
bending and C=0 stretching, respectively. These findings
are consistent with previous studies conducted by Sun et
al. [29], Tamer et al. [41], and Rwei and Lien [43].

The appearance of new peaks at wavenumbers 1027,
1025, and 1024 cm™ for SCS 25, SCS 40, and SCS 60,
respectively, compared to chitosan, can be linked to the
presence of sulfopropyl groups in the synthesized
products. Moreover, the intensity of the peaks associated
with the sulfopropyl groups at wavenumbers between
1027 and 1024 cm™ increases with the degree of
substitution. Notably, SCS 60 exhibits a higher
attachment of sulfopropyl groups to the main chitosan
chain compared to SCS 25 and SCS 40.

Table 1. Synthesis products of sulfonated chitosan at different temperatures

No. Sample Siti)l;i Degree o(foZl;Zstltutlon
1 SCS 25 7173 26
2 SCS 40 61.24 31
3 SCS 60 71.82 33
4 SCS 80 - -

SCS 25 = sulfonated chitosan product at 25°C; SCS 40 = sulfonated chitosan product at 40°C; SCS 60 = sulfonated chitosan product at 60°C; SCS 80 = sulfonated chitosan product at 80°C.

*Determined by FTIR



Jurnal Kimia Sains dan Aplikasi 27 (9) (2024): 409-418 413

Table 2. Interpretation data of IR spectra of sulfonated chitosan

Wavenumber (cm™)

Functional group vibration

Chitosan SCS 25 SCS 40 SCS 60
3354 3367 3364 3270 O-H stretching
1645 1633 1632 1634 >C=0 stretching
1589 1528 1528 1528 N-H bending
- 1378 1378 1378 S=0 stretching
1024 1025 1025 1024 C-O stretching
~——— Chitosan 30 :E::‘:J "
) —— —scs
_ 10 ses s _ 257 SCs 25
3354 3 —_—
E 3364 16321528 E
= « 1

— T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 0

‘Wavenumber (cm')

Figure 3. FTIR spectra of sulfonated chitosan

The comparison of FTIR spectra between chitosan
and sulfonated chitosan at various temperatures
indicates a shift in wavenumbers, suggesting that the
sulfonation reaction primarily occurs in the amino group.
Utilizing the ratio of C=0 stretching absorption, NH
bending, and S=0 stretching relative to OH stretching
reveals that sulfonation predominantly occurs at the
amino group (-NH,) of chitosan. NH and OH absorption
ratios are relatively consistent, measuring 0.63 for SCS
25, 0.63 for SCS 40, and 0.60 for SCS 60. This consistency
illustrates that sulfonation is more likely to occur in the
amine group (C2) compared to the hydroxyl group (C6) of
chitosan, as amines exhibit greater nucleophilicity than
hydroxyl groups [44].

UV-Vis analysis of chitosan and sulfonated chitosan
demonstrates a shift in the maximum wavelength (Figure
4). The success of the chitosan sulfonation reaction is
evident from the absorption band of SCS 25, observed at a
wavelength of 221 nm, which indicates the m->m*
electronic transition of the S=O chromophore group.
Similarly, the successful sulfonation of chitosan at 40°C
is indicated by an absorption band at 223 nm, also
associated with the t->7* of the S=0 chromophore group.
The peak at 295 nm reflects the n->m* electronic
transition of the S=0 chromophore group in conjunction
with the OH group. The synthesis of SCS 60 is confirmed
by the absorption band at 223 nm, indicative of the T->m*
of the S=0 chromophore group, along with an additional
peak at 300 nm representing another n>n* electronic
transition. An interpretation of the maximum
wavelengths for chitosan and sulfonated chitosan is
presented in Table 3.

—Tr"——"—7 77771
200 220 240 260 280 300 320 340 360 380 400

Wavelength (nm)

Figure 4. UV-Vis spectra of chitosan and sulfonated
chitosan

3.3. Antibacterial Activity

The antibacterial activity of chitosan and sulfonated
chitosan was evaluated using the disc diffusion method to
determine the inhibition zones against E. coli and
S. aureus. Ciprofloxacin, dissolved in a glycerol-gelatin
solution in 1% acetic acid, served as the positive control,
while a film solution was utilized as the negative control.
The diameters of the inhibition zones for both chitosan
and sulfonated chitosan are presented in Table 4.

Chitosan exhibits inhibition zones of 6 mm and 8 mm
against E. coli and S. aureus, respectively. The antibacterial
activity of chitosan is attributed to the presence of
ammonium ions in its acetic acid solution. Generally, the
antibacterial activity of sulfonated chitosan increases
with the degree of substitution. Among the various
formulations, SCS 60 demonstrates the largest inhibition
zone compared to chitosan and other sulfonated chitosan
products. The alkyl sulfonate groups in the main chain of
chitosan increase its antibacterial properties [29].
Furthermore, SCS 60 exhibits greater effectiveness
against gram-positive bacteria than gram-negative ones.
This finding aligns with research conducted by Wang et al.
[45], which indicates that the minimal inhibitory
concentration of N-sulfopropyl chitosan against S. aureus
is lower than that against E. coli. Conversely, other studies
suggest that the antibacterial activity of sulfonated
chitosan is stronger against E. coli than S. aureus [29, 32].
These discrepancies in antibacterial activity can be
attributed to variations in the degree of substitution of
sulfonated chitosan, as well as differences in the degree
of deacetylation and molecular weight of chitosan
employed in the synthesis of sulfonated chitosan [44, 45].
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Table 3. Interpretation of UV-Vis spectra analysis for chitosan and sulfonated chitosan

A
Sample (nm) A

&

(cm-M-) Information

Chitosan 230 2.594

257 0.386
SCS 25 221

0.290

SCS 40 223 0.218

SCS 40 295 0.097

SCS 60 223 0.318

SCS 60 300 0.182

m->7* transition from carbonyl

5
1.553x10 group (>C=0) to amide system

n->7* transition from the
carbonyl group (>C=0) and the
N-H group

2.310x10%

m->7* transition of carbonyl
group (>S=0) of sulfonated
chitosan at 25°C

2.638x105

mt->7* transition of carbonyl
group (>S=0) of sulfonated
chitosan at 40°C

n->7* transition of the carbonyl
group (>S=0) and the O-H
group of sulfonated chitosan at
£40°C
m->7* transition of carbonyl
group (>S=0) of sulfonated
chitosan at 60°C

1.482x10%

6.625x%103

2.893x10%

n->7* transition of the carbonyl
group (>S=0) and the OH group
of sulfonated chitosan at 60°C

1.656x10%

Table 4. Diameter of the antibacterial inhibition zone

Inhibition zone

diameter
No. Compound Concentration (mm)
E.coli  S.aureus

1 Chitosan 0.75% 6 8
2 SCS 25 0.75% 7 6
3 SCS 40 0.75% 6 7
4 SCS 60 0.75% 7 10

Positive
5 control 5Hg 20 20
6 Negative _ ~ ~

control

*Negative control: gelatin-glycerol solution in 1% acetic acid

The polycationic nature of chitosan and its modified
forms is recognized as a crucial factor influencing their
antibacterial properties [30, 44, 46]. SCS 60, which
contains more sulfonate groups, exhibits increased
acidity compared to SCS 25, SCS 40, and chitosan. The
presence of a stronger acidic group facilitates the
protonation of the amino group (-NH), leading to a more
rapid formation of quaternary ammonium ions.
Consequently, SCS 60 possesses a stronger positive
partial charge than SCS 25, SCS 40, and chitosan. This
enhanced positive charge enables more -effective
interactions with the negatively charged components of
bacterial cell membranes, such as proteins and
phospholipids, ultimately resulting in bacterial cell lysis
due to the release of intracellular fluid [46, 47].

3.4. Characterization and Antibacterial Properties of
Films

The characteristics of films, particularly their
mechanical properties, hydrophobicity, and
biodegradability, are critical factors for applications in
food packaging. These properties are vital in protecting
food, maintaining its quality, and extending its shelf life.
The mechanical properties of the film can encompass
tensile strength and elongation, while hydrophobicity
can be quantified through the measurement of the
contact angle.

Table 5 presents the mechanical properties (tensile
strength, elongation, and contact angle) of chitosan-
gelatin and SCS60-gelatin films alongside their
antibacterial activity during the storage of fish fillets for
24 hours. Incorporating alkyl sulfonate groups into
sulfonated chitosan did not significantly impact the
tensile strength of the gelatin-based films. Abd-elnaeem
etal. [48] reported a relatively low tensile strength of 4.95
MPa for sulfonated chitosan films. However, the presence
of alkyl sulfonate groups in sulfonated chitosan enhanced
the elongation properties of the SCS60-gelatin film
compared to the chitosan-gelatin film, likely due to the
elastic nature of sulfonated chitosan. The mechanical
properties of the film are crucial for protecting food from
external forces, including friction during handling and
transportation processes [49].

The SCS60-gelatin film demonstrated greater
hydrophobicity than the chitosan-gelatin film, as
evidenced by a larger contact angle measurement. The
contact angle for the SCS60-gelatin film was recorded at
90.12°, in contrast to 62.8° for the chitosan-gelatin film
(Table 5). Farhadian et al. [50] reported a contact angle of
95.3° for a film containing 3000 ppm sulfonated chitosan
applied to steel, indicating its hydrophobic nature. This
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increased hydrophobicity can be attributed to alkyl
groups ((-CH:);-SOsH) within the main chain of
sulfonated chitosan. Wang et al. [49] noted that films
exhibiting contact angles greater than 65° are classified
as hydrophobic. Hydrophobic films play a crucial role in
food preservation by preventing freezing, inhibiting
spoilage (due to their antibacterial properties), and
maintaining overall food quality [49, 51].

The antibacterial activity of the films was assessed
using the total plate count method to determine the
ability of chitosan-gelatin and SCS60-gelatin films to
inhibit bacterial growth during the storage of fish fillets.
In this study, the SCS60-gelatin film effectively inhibited
the growth of bacteria in fish fillets stored at 4°C for 24
hours, as compared to unpackaged fish fillets (Table 5).
The bacterial growth in fish fillets was reduced to 0.3 x 10%
cfu/g when packaged with SCS60-gelatin film, in contrast
to 30 x 10% cfu/g observed in the absence of film
packaging. The antibacterial performance of the SCS60-
gelatin film was found to be superior to that of the
chitosan-gelatin film. The hydrophobic nature of the
SCS60 film surface contributes to its enhanced
antibacterial capability compared to the chitosan-gelatin
film. Gelatin is widely utilized in food packaging
materials, particularly for meat and fish products, due to
its biodegradable properties, antioxidant capacity,
antibacterial effects, and cost-effectiveness [52, 53].
Furthermore, gelatin can be combined with chitosan and
its derivatives to enhance the mechanical properties,
hydrophobicity, and antibacterial properties of the films,
thereby preserving nutritional value and extending the
shelf life of food [44].

The SCS60-gelatin film completely degraded after
10 days, whereas the chitosan-gelatin film degraded after
8 days (Figure 5). The chitosan-gelatin film decomposes
more easily in soil than the SCS60-gelatin film due to its
hydrophilic nature. This hydrophilicity arises from the
active groups in chitosan, specifically the -OH and NH-
groups. These groups are polar compounds that readily
bind to water [54]. Film biodegradation begins with
hydration, leading to increased water absorption, which
causes the film to swell. This swelling allows enzymes and
microorganisms responsible for film/polymer
degradation to diffuse into the film [55]. The introduction
of propyl sulfonate groups to sulfonated chitosan, an
alkyl group, reduces the hydrophilic properties of
chitosan. This result aligns with the contact angle
analysis, where the SCS60-gelatin film exhibited greater
hydrophobicity compared to the chitosan-gelatin film.

Table 5. Characteristics and antibacterial properties of
chitosan-gelatin and SCS60-gelatin films

Tensile Contact Antibacterial

Sample  strength Elongatlon angle activity
pa) (P ) (10cfu/g)
Without film - - - 30.00
gi?;i?;?ﬁ;n 1.21 222.5 62.80 0.36
5CS60- 1.18 278.0 90.12 0.30

gelatin film
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Figure 5. Biodegradability of chitosan-gelatin and
SCS60-gelatin films

4. Conclusion

Based on the results of this study, the optimal
temperature for synthesizing sulfonated chitosan using
1,3-propane sultone is 60°C. The resulting sulfonated
chitosan product (SCS60) is a yellowish-white solid,
water-soluble, with a yield of 61.46% and a degree of
substitution (DS) of 33%. The antibacterial activity of
SCS60 is better than that of chitosan, SCS25, and SCS40,
showing inhibition zone diameters of 7 mm against E. coli
and 10 mm against S. aureus. The SCS60-gelatin film
effectively suppresses bacterial growth in fish to 0.3 x 104
cfu/g, compared to 30 x 10% cfu/g in unpackaged fish.
Additionally, the SCS60-gelatin film exhibits better
mechanical properties and hydrophobicity than the
chitosan-gelatin film. Thus, sulfonated chitosan shows
great potential as an antibacterial food packaging
material.
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