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Article Info Abstract

Article history: Chitosan-HPMC-methylparaben hydrogel film has been successfully
synthesized. Chitosan, a key component with desirable characteristics for the
production of hydrogel films, has some shortcomings that can be overcome by
adding HPMC, a commonly used gelling agent that improves the physical
properties of hydrogel films, and methylparaben, which enhances mechanical
properties and antibacterial activity. The physical properties test of the hydrogel
film, i.e., the solubility and swelling test, showed that the addition of HPMC
reduced the solubility ratio and increased the swelling ratio in the chitosan
hydrogel film. The addition of methylparaben relatively increases the
antibacterial activity, tensile strength, and elongation of chitosan-HPMC-
methylparaben hydrogel films. The chitosan-HPMC-methylparaben dry film
exhibits a tensile strength of 19.56 MPa and an elongation of 1.98%. Surface
morphological characterization of the hydrogel film through SEM tests showed
that the chitosan-HPMC-methylparaben hydrogel film has granules on its
surface, whereas the chitosan-HPMC hydrogel film has a smooth texture with a
flat surface. The addition of methylparaben reduces the degree of crystallinity and
produces an amorphous phase. The chitosan-HPMC-methylparaben hydrogel
film shows strong activity against S. aureus and E. coli. Based on these results, the
hydrogel film can be considered an antibacterial material for wound dressings,
although elongation still needs to be improved.
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damaged skin tissue, aiming to minimize the rate of
damage and prevent bacterial infections [2]. Bacteria that

1. Introduction

Skin is one of the largest organs, covering 15% of the
body’s surface area and receiving one-third of the blood
supply in adults. The skin plays a major role as a barrier
and protector from the environment. In addition, the skin
functions in homeostasis and in the prevention of
microbial invasion. This prevention requires that the
wound be closed immediately to avoid damage to the
skin’s morphology or deeper tissues [1]. Wounds occur
when the skin loses its tissues, resulting in damage to
skin cells. Injuries can arise as a result of trauma caused
by sharp objects or blunt objects, temperature changes,
chemicals, explosions, electric shocks, or animal bites.
Wound healing is closely related to the inflammatory
process. The inflammatory process serves to protect

cause skin infections include Staphylococcus aureus,
Staphylococcus  epidermidis,  Escherichia coli, and
Pseudomonas aeruginosa.

Skin damage caused by Staphylococcus aureus and
Escherichia coli can be minimized with wound dressings
[3]. Wound dressings aim to stop bleeding and protect the
wound from environmental irritants such as water,
bacteria, and electrolyte disturbances. Hydrogel is
considered an ideal candidate for wound dressing due to
its 3D structure, high permeability, superior
biocompatibility, and ability to provide a moist
environment that favors wound healing, thereby
overcoming the disadvantages of traditional dressings [4,
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5]. The hydrogel can absorb large amounts of biological
fluids, making it highly effective as a wound dressing [6].

One ingredient with good absorption potential is
chitosan, a copolymer of 2-glucosamine and N-acetyl-2-
glucosamine, an environmentally friendly derivative of
chitin [7]. It is supported by chitosan characteristics,
including high resistance, biodegradability, good
biocompatibility, low toxicity, liquid absorption ability,
and antibacterial activity [1]. However, chitosan has
drawbacks, including poor mechanical and swelling
properties and low antibacterial activity against bacterial
growth. To address these weaknesses, additional agents
are needed, such as HPMC (hydroxypropyl
methylcellulose) to improve mechanical and swelling
properties and methylparaben to increase antibacterial
activity. The addition of HPMC and methylparaben to
chitosan hydrogel can occur via hydrogen bonding and
entanglement processes. The entanglement of HPMC and
chitosan molecular chains contributes to gel formation
and enhances the network structure and physical
integrity of the hydrogel formulation by connecting the
polymer chains, thereby improving mechanical
properties [8]. Chitosan, through the entanglement
process, has a structure that contributes to good
mechanical properties [9], affects its compatibility [10],
and can significantly inhibit bacterial growth [11].

HPMC is a non-ionic derivative of cellulose with
large hydrophobic segments, which results in strong
surface activity. Previous studies have shown that using
HPMC as a thickening agent yields stable formulations
[12]. HPMC, formulated with sodium alginate, can form a
polyelectrolyte complex used in drug delivery [13]. In
general, HPMC has been used extensively in a variety of
research applications as an emulsifier, suspension agent,
and stabilizer for topical formulations such as gels and
ointments. HPMC has also been researched to increase
the tensile strength of films [14]. Therefore, this study
aims to utilize HPMC in film form to investigate how its
effects in film form, combined with chitosan, can expand
its application potential.

Methylparaben is a preservative commonly used in
cosmetic formulations due to its antibacterial and
antifungal properties. Parabens are more -effective
against gram-positive bacteria (Staphylococcus aureus)
compared to gram-negative bacteria (Escherichia coli)
[15]. The addition of methylparaben as a preservative and
antimicrobial agent aims to improve the quality of the
hydrogel film produced. Methylparaben is commonly
used as an antimicrobial preservative in cosmetic
products and topical preparations at concentrations
ranging from 0.02% to 0.3% [16]. Therefore, this study
aims to leverage the characteristics of methylparaben to
develop wound-dressing materials that increase the
antibacterial activity of hydrogel films.

Based on the problems and background explained
above, a study was conducted to synthesize chitosan
hydrogel films incorporating HPMC and methylparaben
as antibacterial agents. Chitosan hydrogel films
entangled with HPMC and methylparaben were analyzed
using FTIR to determine functional group structure, SEM

for morphological analysis, and solubility, swelling, and
tensile strength tests to evaluate the mechanical
properties of the hydrogel films. The antibacterial activity
of chitosan hydrogel films entangled with HPMC and
Methylparaben was tested against Staphylococcus aureus
(S. aureus) and Escherichia coli (E. coli) to determine their
effectiveness.

2. Experimental
2.1. Materials and Equipment

The materials used in this study included food-grade
chitosan supplied by CV ChiMultiguna Indonesia, glacial
acetic acid (Merck), technical-grade hydroxypropyl
methylcellulose (HPMC), technical-grade
methylparaben, and distilled water. The equipment
consisted of standard laboratory glassware and a
magnetic stirrer. The characterization instruments
included an ATR-FTIR spectrometer (Agilent Cary 630), a
scanning electron microscope (SEM; Zeiss DSM 960), and
an X-ray diffractometer (XRD; Rigaku).

2.2. Synthesis of Chitosan-HPMC-Methylparaben
Hydrogel Film

Chitosan—-HPMC-methylparaben hydrogel films
were prepared according to the method described by
Susilowati et al. [17] with slight modifications. First, a
1.5% (w/v) chitosan solution was prepared by dissolving
1.5 g of chitosan in 1% (v/v) acetic acid solution under
continuous stirring until a homogeneous solution was
obtained. Separately, a 1% (w/v) HPMC solution was
prepared by dissolving 1 g of HPMC in distilled water and
stirring at 60°C until completely dissolved. The chitosan
and HPMC solutions were then mixed to obtain HPMC
concentrations of 2.9%, 4.8%, and 6.7% (w/v), followed
by continuous stirring until homogeneous. Next, a 0.1%
(w/v) methylparaben solution was prepared by dissolving
0.1 g of methylparaben in 100 mL of distilled water under
stirring. This solution was subsequently added to the
chitosan—HPMC mixture to obtain final methylparaben
concentrations of 0.02%, 0.04%, and 0.06% (w/v). The
resulting mixtures were cast into molds and dried in an
oven at 60°C for 22 h to obtain hydrogel films.

2.3. Solubility Test

Chitosan—HPMC hydrogel films containing HPMC
concentrations of 2.9%, 4.8%, and 6.7% (w/v), as well as
chitosan—-HPMC-methylparaben hydrogel films
containing methylparaben concentrations of 0.02%,
0.04%, and 0.06% (w/v), were cut into 3 x 3 cm
specimens. Each specimen was weighed to obtain its
initial dry weight (Wo). The specimens were then
immersed in 30 mL of distilled water for 30 min. After
immersion, the insoluble portions of the hydrogel films
were removed, gently blotted with filter paper to
eliminate excess surface water, and dried in an oven at
100°C for 10 min. The dried specimens were reweighed to
determine the final dry weight (W). The solubility (S) of
each hydrogel film was calculated using Equation (1).

S= T.W x 100% (1)



Jurnal Kimia Sains dan Aplikasi 29 (6) (2026): 414-422 416

2.4. Swelling Test

Chitosan—HPMC hydrogel films containing HPMC
concentrations of 2.9%, 4.8%, and 6.7% (w/v), as well as
chitosan—HPMC—-methylparaben hydrogel films
containing methylparaben concentrations of 0.02%,
0.04%, and 0.06% (w/v), were cut into 3 x 3 cm
specimens. Each specimen was weighed to determine its
initial dry weight (Wo). The specimens were then
immersed in 30 mL of distilled water for 2 h. After
immersion, the films were carefully removed, gently
blotted with tissue paper to remove excess surface water,
and immediately weighed to obtain the swollen weight
(W1). The swelling ratio (Sw) was calculated using
Equation (2).

S, = %W" x 100% (2)

2.5. FTIR Analysis

Fourier-transform infrared (FTIR) spectroscopy was
performed to identify the functional groups present in the
prepared chitosan—HPMC-methylparaben hydrogel
films. The analysis was carried out using an attenuated
total reflectance Fourier-transform infrared (ATR-FTIR)
spectrophotometer (Agilent Cary 630). Prior to analysis,
the hydrogel films were cut into 3 x 3 cm specimens and
placed directly on the ATR crystal. The FTIR spectra were
recorded as absorbance versus wavenumber (cm™), and
the characteristic absorption bands were analyzed to
identify the functional groups and possible interactions
among the hydrogel components.

2.6. XRD Analysis

X-ray diffraction (XRD) analysis was performed to
evaluate the crystalline structure of the prepared
chitosan—HPMC—-methylparaben hydrogel films. Prior to
analysis, the hydrogel films were cut into suitable
specimens and mounted on the sample holder of an X-ray
diffractometer (Rigaku). The diffraction patterns were
recorded over a 26 range of 5°-65° using Cu Ka radiation
under the instrument’s standard operating conditions.
The obtained diffractograms were analyzed to identify
the crystalline characteristics and structural changes of
the hydrogel films resulting from the incorporation of
HPMC and methylparaben.

2.7. SEM Analysis

Scanning electron microscopy (SEM) was performed
to examine the surface morphology of the prepared
chitosan—HPMC-methylparaben hydrogel films. Prior to
analysis, the hydrogel film specimens were mounted on
aluminum stubs using double-sided conductive adhesive
tape [18] and sputter-coated with a thin layer of gold
under vacuum to enhance surface conductivity. The
coated specimens were then examined using a Zeiss DSM
960 scanning electron microscope. Surface micrographs
were acquired and analyzed to evaluate the morphological
characteristics of the hydrogel films.

2.8. Tensile Strength Test

The tensile properties of the prepared chitosan—
HPMC and chitosan-HPMC-methylparaben hydrogel
films were evaluated in accordance with ISO 527-3:1996.

The hydrogel films were cut into rectangular specimens
measuring 15 cm in length and 2 ¢cm in width. Each
specimen was mounted on a Universal Tensile Testing
Machine, and a uniaxial tensile load was applied until the
specimen fractured [19].

2.9. Antibacterial Activity Test

The antibacterial activity of the prepared chitosan—
HPMC and chitosan—-HPMC-methylparaben hydrogel
films was evaluated against S. aureus and E. coli using the
disc diffusion method. The hydrogel films were cut into
circular discs using a sterile paper punch.
A chloramphenicol disc was used as the positive control,
while a blank disc impregnated with dimethyl sulfoxide
(DMSO) served as the negative control. The sample and
control discs were placed on Mueller—Hinton agar (MHA)
plates that had been inoculated with the test bacteria. The
plates were incubated at 37°C for 20-24 h. After
incubation, the diameter of the bacterial growth
inhibition zone surrounding each disc was measured
using a digital caliper.

3. Results and Discussion
3.1. Hydrogel Films

Hydrogel films were prepared in three formulations:
chitosan, chitosan-HPMC, and chitosan-HPMC-
methylparaben. The films formed thin, whitish-yellow
sheets. As shown in Figure 1, the chitosan hydrogel film is
yellowish-white with a smooth texture, while the whiter
chitosan-HPMC is almost transparent with a fine texture,
similar to chitosan-HPMC-methylparaben (0.06%). The
addition of methylparabens, which serve as antibacterial
and softening agents, causes the yellowish color of
chitosan to fade because of the colorless solution formed
by HPMC and methylparaben. The interaction between
chitosan and HPMC produced a homogeneous hydrogel
film through polymer entanglement and hydrogen
bonding between the -NH., groups of chitosan and the
-OH groups of HPMC [20]. HPMC forms a strong
hydrogen bond with chitosan [21].

3.2. Solubility of Hydrogel Films

The solubility of hydrogel films is influenced by the
composition and concentration of their constituent
polymers, as these factors determine the extent of
intermolecular interactions and the stability of the
polymer network [22]. As shown in Table 1, increasing the
HPMC concentration significantly decreased the
solubility of the chitosan hydrogel films. The solubility
values decreased from 89.69% for the chitosan film
without HPMC (0%) to 7.72%, 5.97%, and 3.06% for films
containing HPMC at 2.9%, 4.8%, and 6.7% (w/v),
respectively.

o

Figure 1. Hydrogel films: (a) chitosan, (b) chitosan-
HPMC, (c) chitosan-HPMC-methylparaben
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Table 1. Effect of HPMC concentration on the solubility

Table 2. Effect of HPMC concentration on the swelling

of hydrogel films ratio of hydrogel films
Hydrogel film SOl(lizi)lity Hydrogel film Svii}:i)ng
Chitosan 89.69 + 0.72 Chitosan 9.47 +1.50
Chitosan-HPMC(2.9%) 7.72 + 0.51 Chitosan-HPMC(2.9%) 817.34 + 32.92
Chitosan-HPMC(4.8%) 5.97 + 0.30 Chitosan-HPMC(4.8%) 971.24 + 14.57
Chitosan-HPMC(6.7%) 3.06 + 0.05 Chitosan-HPMC(6.7%) 1005.53 + 5.29
Chitosan-HPMC(6.7%)- 10.37 + 010 Chitosan-HPMC(6.7%)- 763.62 £ 6.99

Methylparaben(0.06%)

Methylparaben(0.06%)

The high solubility of the pure chitosan film can be
attributed to the presence of protonated amino groups
associated with acetate ions, which increase the
hydrophilicity of the polymer and facilitate chain
dispersion upon immersion in water. As the polymer
chains become hydrated, they are more readily released
into the surrounding medium, resulting in a high degree
of solubility. In contrast, the incorporation of HPMC
promotes the formation of intermolecular hydrogen
bonds and physical chain entanglements between
chitosan and HPMC molecules. These interactions
generate a more compact and stable polymer network,
thereby restricting polymer chain mobility and reducing
chain dissolution in water. Consequently, increasing the
HPMC concentration enhances the density of
intermolecular interactions, making the hydrogel film
more resistant to dissolution and resulting in
progressively lower solubility [23].

As shown in Table 1, the solubility decreased from
89.69% for pure chitosan to 3.06% after HPMC
incorporation, then increased to 10.37% following
methylparaben addition. Methylparaben increases
solubility by weakening hydrogen bonds and polymer
chain entanglements [24].

3.3. Swelling Ratio of Hydrogel Films

The results of the swelling test on chitosan hydrogel
films with varying HPMC concentrations are listed in
Table 2. The addition of HPMC results in a homogeneous
interaction with chitosan, as evidenced by the observed
increase in the degree of swelling. The interaction
between the amine group (-NH.) of chitosan and the
hydroxyl group (-OH) of HPMC forms a hydrogen bond
and entanglement, which affects the swelling of the
hydrogel [25]. The bonds formed during the reaction
occur as the distance between molecules increases and
the hydrogen bonds of the reaction weaken. Swelling in
the chitosan hydrogel film with HPMC occurs when the
hydration of the hydrophobic groups forms a swelling
skeleton over the soaking period [26]. HPMC, as a non-
ionic cellulose derivative containing -OH group that
promotes polymer hydration, explains the increased
degree of swelling at higher HPMC concentrations [27].

Swelling tests were performed on chitosan,
chitosan—HPMC, and chitosan—-HPMC-methylparaben
hydrogel films, and the results are presented in Table 2.
The swelling ratio increased markedly with increasing
HPMC concentration. Pure chitosan exhibited the lowest
swelling ratio (9.47%), whereas chitosan—HPMC
hydrogel films containing 2.9%, 4.8%, and 6.7% HPMC
showed swelling ratios of 817.34%, 971.24%, and
1005.53%, respectively. The highest swelling ratio was
therefore observed for the chitosan—HPMC hydrogel film
containing 6.7% HPMC.

The increase in the swelling ratio with increasing
HPMC concentration is attributed to the greater number
of hydrophilic hydroxyl groups introduced by HPMC,
which readily interact with water molecules through
hydrogen bonding. Compared with chitosan, HPMC has a
higher affinity for water; therefore, increasing its
proportion enhances the hydrophilicity of the polymer
matrix, facilitating water diffusion into the hydrogel
network and resulting in greater expansion of the film
structure. In addition, the interactions between chitosan
and HPMC are primarily governed by hydrogen bonding
and physical chain entanglement, producing a polymer
network that remains sufficiently flexible to absorb a
large amount of water [28]. These findings are consistent
with previous studies [29, 30], which reported that
hydrogel films with good swelling properties are capable
of absorbing water several times their dry weight.

3.4. Surface Morphology of Hydrogel Films

The surface morphology of the hydrogel films was
examined using SEM. The SEM micrographs of chitosan,
chitosan—HPMC, and chitosan—HPMC-methylparaben
hydrogel films are presented in Figure 2. The SEM
analysis revealed that the pure chitosan hydrogel film
exhibited a smooth and homogeneous surface. The
incorporation of 6.7% (w/v) HPMC produced a hydrogel
film with a similarly smooth and compact surface,
whereas the addition of 0.06% (w/v) methylparaben
resulted in a rougher and more heterogeneous surface
characterized by the presence of fine particles.
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Figure 2. SEM micrographs of (a) chitosan, (b) chitosan—HPMC, and (c) chitosan—-HPMC-methylparaben hydrogel
films

The observed morphological differences indicate
that the interactions among the film components
influence the surface structure of the hydrogel films. The
smooth and pore-free morphology of the chitosan—
HPMC hydrogel film is consistent with previous studies,
which reported that hydrogen bonding and polymer chain
entanglement between chitosan and HPMC contribute to
the formation of a dense and homogeneous film structure
without visible pores or cracks [31]. In addition,
electrostatic interactions, hydrogen bonding, and
hydrophobic interactions between chitosan and HPMC
further contribute to the structural organization and
stability of the hydrogel film (32, 33].

3.5. FTIR Analysis of Hydrogel Films

FTIR spectroscopy was performed to identify the
functional groups and investigate the interactions among
the components of chitosan, chitosan-HPMC, and
chitosan-HPMC-methylparaben hydrogel films. The
FTIR spectra are presented in Figure 3. The FTIR spectrum
of the chitosan hydrogel film (Figure 3a) exhibited

absorption bands at 3274 cm™ (O—H stretching), 2920
cm™ (CH: stretching), 1543 cm™ (NH, bending), 1407 cm™
(C—H bending), 1341 cm™ (C—OH stretching), 1261 cm™
(C-0 stretching), 1151 cm™ (C—N stretching), 1019 cm™
(O—H bending), and 836 cm™ corresponding to the
aromatic ring vibration of methylparaben [40, 41, 42].

As summarized in Table 3, the shift of the O-H
stretching band from 3192 cm™ in the chitosan film to
3235 cm™ in the chitosan—HPMC film and subsequently
to 3274 cm™ in the chitosan—HPMC—-methylparaben
film, accompanied by peak broadening, suggests
enhanced intermolecular hydrogen-bonding interactions
among chitosan, HPMC, and methylparaben [37]. The
O-H and NH, functional groups facilitate hydrogen-
bond formation between chitosan and HPMC,
contributing to the stability of the hydrogel network. The
characteristic aromatic band at 836 cm™, assigned to the
benzene ring of methylparaben, confirms its successful
incorporation into the chitosan—HPMC hydrogel matrix
through intermolecular interactions [43].

characteristic absorption bands at 3192 cm™ — chiosan
corresponding to O-H stretching, 2920 cm™ to CH, ——Chitosan-HPMC 6.7% (w/w)
. 1 . 1 3.5+ ——Chitosan-HPMC 6.7%-Methylparaben 0.06% (w/w)

stretching, 1543 cm™ to NH; bending, 1401 cm™ to C—-H ()
bending, 1341 cm™ to C—OH stretching, 1254 cm™ to C-0 3.0 "
stretching, 1151 cm™ to C—N stretching, 1019 cm™ to O—H > N
bending, and 896 cm™ to glycosidic bond vibrations [25, 251 oH  cH, ) C‘EVN -
34, 35,36, 37]. 2 20 = e pE

The FTIR spectrum of the chitosan—HPMC hydrogel % 15 i 4 A,
film (Figure 3b) showed absorption bands at 3235 cm™ g oH G A
(O—H stretching), 2920 cm™ (CH. stretching), 1543 cm™ = 104 @ BT W
(NH. bending), 1407 c¢cm™ (C—H bending), 1341 cm™ o5l S W WA
(C— OH stretching), 1261 cm™ (C—O stretching), 1151 cm™ ol Ok 24 ol Al
(C—N stretching), 1019 cm™ (O—H bending), and 896 cm™* 0.0+ LR o

(glycosidic bond vibrations) [31, 34, 35, 36, 37, 38, 39].

The FTIR spectrum of the chitosan-HPMC—
methylparaben hydrogel film (Figure 3c) exhibited

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™1)

Figure 3. FTIR spectra of chitosan and hydrogel films

Table 3. Characteristic FTIR absorption bands of hydrogel films

Wavenumber (cm™)

Chitosan-HPMC- Functional group/ Reference
Chitosan Chitosan-HPMC methylparaben Vibration
3192 3235 3274 O-H stretching [32]
1401 1407 1407 C-Hbending [37]
1254 1261 1261 C-O stretching [11]
896 896 - Glycosidic bond vibration [44]
- - 836 Aromatic ring vibration [45]
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3.6. XRD Analysis of Hydrogel Films

XRD analysis was performed to investigate the
crystalline structure and degree of crystallinity of
chitosan, chitosan—-HPMC, and chitosan—-HPMC-
methylparaben hydrogel films. The XRD patterns are
presented in Figure 4. The chitosan hydrogel film
(Figure 4a) exhibited a broad diffraction peak, indicating
a predominantly amorphous structure [44]. The
chitosan—-HPMC film (Figure 4b) showed a similar
pattern with lower peak intensity, suggesting that HPMC
incorporation promoted hydrogen bonding with chitosan
and reduced the structural order of the polymer matrix
[16]. In addition, a characteristic diffraction peak
attributed to HPMC was observed in the chitosan-HPMC
hydrogel film [23].

The XRD pattern of the chitosan—-HPMC-
methylparaben hydrogel film (Figure 4c) exhibited a
predominantly amorphous halo without distinct
crystalline peaks, indicating that methylparaben further
disrupted the ordered arrangement of the polymer
chains. Consequently, the film became less crystalline due
to increased intermolecular interactions and reduced
molecular packing.

The degree of crystallinity was calculated from the
ratio of the crystalline area to the total area of the
diffractogram [46], and the results are presented in
Table 6. The degree of crystallinity decreased from
27.01% in the chitosan hydrogel film to 17.69% after
incorporating HPMC, indicating that HPMC reduced the
crystalline regions of the polymer matrix. The degree of
crystallinity of the chitosan—HPMC-methylparaben
hydrogel film could not be determined because the
diffraction pattern showed a predominantly amorphous
profile with no distinguishable crystalline peaks.

Chitosan-HPMC-Methylparaben
Chitosan-HPMC
Chitosan

2500

2000 1 1.,45“

1500 4

Intensity

1000 4+

12_‘23< 18.83° 23‘.66“ hie, > PR (b)
A ——

A
f “.J \\’_....._,_
otmituir! g™

T T T T T T

10 20 30 40 50 60
2 theta

500 +

(a)

e

Figure 4. XRD pattern of hydrogel films
Table 6. Degree of crystallinity of the hydrogel films

Degree of crystallinity

Hydrogel film (%)
Chitosan 27.01
Chitosan-HPMC 17.69

Chitosan-HPMC-Methylparaben -

3.7. Tensile Strength and Elongation of Hydrogel Films

The mechanical properties of chitosan, chitosan—
HPMC, and chitosan-HPMC-methylparaben hydrogel
films were evaluated by measuring their tensile strength
and elongation at break, as presented in Table 7 [44]. Pure
chitosan exhibited the highest tensile strength (26.06
4.42 MPa). The incorporation of HPMC reduced the
tensile strength to 16.83 + 3.03 MPa, which may be
attributed to hydrogen-bonding interactions between
chitosan and HPMC that altered the intermolecular
interactions within the polymer matrix [47, 48]. The
addition of methylparaben slightly increased the tensile
strength to 19.65 + 138 MPa, suggesting that
methylparaben contributed to improving the structural
integrity of the hydrogel film through intermolecular
interactions [49].

The elongation at break decreased from 2.49 + 0.33%
for the chitosan film to 1.51 + 0.59% after HPMC
incorporation, indicating reduced flexibility. The addition
of methylparaben slightly increased the elongation to
1.98 + 0.24%, indicating a modest improvement in film
flexibility. However, the elongation values remained
relatively low, indicating that the hydrogel films
remained brittle under dry conditions [16].

3.8. Antibacterial Activity of Hydrogel Films

The antibacterial activity of chitosan, chitosan-
HPMC, and chitosan—-HPMC-methylparaben hydrogel
films containing different  concentrations  of
methylparaben (0.02%, 0.04%, and 0.06%), designated
as S1, S2, S3, S4, and S5, was evaluated against S. aureus
and E. coli using the disc diffusion method. The
antibacterial activity was determined by measuring the
diameter of the inhibition zone, where a larger inhibition
zone indicates stronger antibacterial activity. The
inhibition zones are presented in Figure 5.

As shown in Table 8, antibacterial activity against
S.aureus was observed only for chitosan-HPMC-
methylparaben hydrogel films containing 0.04% (S4) and
0.06% (S5) methylparaben, with inhibition zones of 11.54
mm and 12.25 mm, respectively. In contrast, the chitosan
hydrogel film (S1), chitosan-HPMC hydrogel film (S2),
and chitosan-HPMC—methylparaben hydrogel film
containing 0.02% methylparaben (S3) did not exhibit
significant antibacterial activity against S. aureus. These
findings are consistent with previous studies reporting
that the antibacterial activity of chitosan is influenced by
its molecular weight [45].

Table 7. Mechanical properties of hydrogel films

Hydrogel film Tensile strength Elongation

(MPa) (%)
Chitosan 26.06 + 4.42 2.49 + 0.33
Chitosan-HPMC 16.83 + 3.03 1.51 £ 0.59
Chitosan-HPMC- 19.65+1.38  1.98 + 0.24

Methylparaben
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O

Control(-)

Figure 5. Inhibition zones against (a) S. aureus and
(b) E. coli. S1 = chitosan; S2 = chitosan—HPMC; S3 =
chitosan—HPMC-methylparaben (0.02%, w/v); S4 =
chitosan—HPMC-methylparaben (0.04%, w/v); S5 =
chitosan—HPMC-methylparaben (0.06%, w/v)

Table 8. Inhibition zones of hydrogel films against
S. aureus and E. coli

E. coli
(mm)

S. aureus

Hydrogel film (mm)

Chitosan - -

Chitosan-HPMC(6.7%) - -

Chitosan-HPMC(6.7%)-
Methylparaben(0.02%) (w/v)

Chitosan-HPMC 6.7%
Methylparaben 0.04% (w/v)

Chitosan-HPMC 6.7%
Methylparaben 0.06% (w/v)

11.54 + 0.81 11.29 + 0.84
12.25 + 0.70 12.03 £ 0.69
31.54 + 0.72 30.54 + 0.68

Positive control

Negative control - -

Chitosan and chitosan—HPMC hydrogel films did not
exhibit antibacterial activity against either S. aureus or
E. coli. This may be attributed to the limited diffusion of
chitosan from the film matrix into the agar medium,
thereby reducing its antibacterial effect in the disc
diffusion assay. A similar result was observed for the
chitosan—HPMC—-methylparaben hydrogel film
containing 0.02% (w/v) methylparaben (S3), which did
not produce an inhibition zone.

In  contrast, chitosan—-HPMC—methylparaben
hydrogel films containing 0.04% (S4) and 0.06% (S5)
methylparaben exhibited antibacterial activity against
E. coli, with inhibition zones of 11.29 mm and 12.03 mm,
respectively. The increased antibacterial activity with
increasing methylparaben concentration indicates a
concentration-dependent antibacterial effect. Based on
the results presented in Table 8, the antibacterial activity
of the hydrogel films was primarily attributed to
methylparaben. Moreover, the inhibition zones against
S. aureus were slightly larger than those against E. coli,
indicating that methylparaben was more effective against
Gram-positive bacteria than Gram-negative bacteria.
The antibacterial activity of methylparaben has been
associated with its ability to disrupt bacterial membrane
transport and interfere with DNA and RNA synthesis.

4. Conclusion

Chitosan—-HPMC-methylparaben hydrogel films
were successfully prepared. The incorporation of HPMC
into chitosan hydrogel films decreased solubility,
increased the swelling ratio, and reduced both tensile
strength and elongation due to the formation of hydrogen
bonds and polymer chain entanglements between
chitosan and HPMC. In contrast, the incorporation of
methylparaben increased the solubility and the
mechanical properties of the hydrogel films, as indicated
by the increased tensile strength and elongation, while
reducing the swelling ratio. The chitosan-HPMC-
methylparaben hydrogel film exhibited a tensile strength
0f 19.65 MPa, an elongation at break of 1.98%, a swelling
ratio of 763.62%, and a solubility of 10.37%. FTIR analysis
confirmed the presence of 0—H, C—H, C—N, and aromatic
functional groups, while SEM analysis revealed a rougher
surface with fine particle formation following the
incorporation of methylparaben. The chitosan—-HPMC—
methylparaben hydrogel film exhibited antibacterial
activity against S. aureus and E. coli, with inhibition zones
0f12.25 + 0.70 mm and 12.03 = 0.69 mm, respectively. The
antibacterial activity was primarily attributed to the
presence of methylparaben.
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