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Abstract

Microbial infections pose serious threats to human health, emphasizing the need to develop effective antimicrobial materials. This
study aims to synthesize, characterize, and evaluate the antimicrobial properties of ester vanillin-benzoate (1) and its chitosan-based
composite material (2). Furthermore, the synthesized compound was tested for antibacterial and antifungal activities against
Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans using the Kirby-Bauer
diffusion method. The synthesized compounds were effective against S. aureus and B. subtilis but had minimal action against P.
aeruginosa, E. coli, and C. albicans. The formation of the Schiff-base composite could increase its antibacterial activity, indicating
a synergistic effect arising from the combination of compound 1 and chitosan.
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1. INTRODUCTION

Chitosan is a biopolymer derived through the
deacetylation of chitin (f-(1—4)-2-amino-2-deoxy-
D-glucopyranose) [1][2]. It is widely recognized for
its remarkable chelating ability, which emerges
from the amount of primary amino groups dispersed
uniformly along its molecular chains [3]. Chitosan
is the second most abundant natural polysaccharide
after cellulose. It is well-known for its remarkable
biocompatibility, biodegradability, and
toxicity, making it highly valuable for a wide range
of applications [4][5].
insoluble in water, it rapidly dissolves in aqueous
solutions of organic acids,

non-
Although chitosan is
acetic,

including

formic, and citric acids, as well as diluted
hydrochloric acid, resulting in viscous solutions
[6]. Chitosan has drawn significant interest in
research due to its cationic nature, biocompatibility,
biodegradability, non-toxicity, and  diverse
biological activities [7]-[9]. Chemical alteration,
particularly focusing on its hydroxyl and amino

functional groups, can increase its physicochemical
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properties [10].

Schiff bases are a class of organic compounds
characterized by the presence of an imine
(azomethine) group (H—C=N). These compounds
are typically formed when amino groups readily
react with aldehydes or ketones [11]. When
chitosan interacts with aldehydes or ketones, it
forms aldimines or ketoimines, respectively,
through a condensation process that releases a
water molecule [12]-[14]. Functionalized chitosan
with  Schiff base typically
synthesized by condensation of chitosan’s amino

derivatives are

groups with the carbonyl groups of aldehydes or
ketones, generating stable imine linkages [15]-[17].
Under neutral conditions, chitosan rapidly reacts
with both aromatic and aliphatic aldehydes or
ketones to produce Schiff bases [18][19]. The
efficiency of this synthesis can be improved by
employing different solvents, such as acetic acid,
ethanol, methanol, or their mixtures [20]-[22]. In
addition, chitosan Schiff bases have been
synthesized using a number of solvents, including
dimethylformamide (DMF),
liquids [23][24].
alterations, the formation of Schiff base derivatives
is one of the most important [25][26]. The
introduction of imine groups significantly enhances

and ionic
Among the various chitosan

water,

chitosan’s biological potential, improving its anti-
inflammatory, antioxidant, anticancer, antibacterial,
and antifungal properties [27]-[30].

Previous studies on the antimicrobial activity of
chitosan and its derivatives, particularly chitosan
Schiff bases, have highlighted their significant
potential as antibacterial agents [31][32]. A
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Figure 1. Synthesis of composite material (2).

growing number of research has demonstrated that
chitosan derivatives, particularly those modified
into Schiff bases, exhibit increased antibacterial and
antifungal activity against a range of pathogenic
microorganisms [33][34]. Schiff bases, which are
generated by functionalized chitosan containing
aromatic ester groups, have been demonstrated to
possess potent antibacterial properties
several pathogens,

Staphylococcus aureus, Escherichia coli, and
Candida albicans [35][36]. To our knowledge,
there has been no publication on the antibacterial

against

common including

activity of Schiff bases derived from chitosan and
vanillin-benzoate. In this
esterified using benzoyl chloride to produce vanillin

work, vanillin was

benzoate ester, which was then combined with
chitosan through a Schiff base reaction to form a
composite material. This is notable because such a
substance might increase the economic value of
vanillin, one of Indonesia’s plentiful and valuable
natural products.

This study explores the synthesis and
antimicrobial properties of ester vanillin-benzoate
(1) and its composite material (2), building on prior
research on chitosan and Schiff base derivatives.

The structural features of both compounds were
thoroughly characterized multiple
spectroscopic
transform infrared spectroscopy (FTIR), nuclear
magnetic resonance (NMR)

using
techniques, including Fourier
spectroscopy, gas
chromatography—mass spectrometry (GC-MS), X-
ray diffraction (XRD), and Raman spectroscopy. In
addition, the surface morphology of the samples
was examined using scanning electron microscopy
with energy-dispersive X-ray spectroscopy (SEM-
EDX). These extensive characterization procedures
provided valuable insights into the structural and
morphological characteristics of the synthesized
chitosan derivatives, highlighting their potential as
antibacterial agents.

2. MATERIALS AND METHODS

2.1. Materials

The study employed analytical-grade chemicals
(Merck), including vanillin (CsHgOs), potassium
hydroxide (KOH), ethanol (CHsCH:OH), ethyl
acetate (CHs;CO2C2Hs), benzoyl chloride
(CsHsCOCI), and acetic acid (CHs;COOH), as well
as culture media such as tryptic soy agar and
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Sabouraud dextrose agar.
2.2. Methods

2.2.1. Synthesis of 4-formyl-2-methoxyphenyl
benzoate (1)

A mixture of KOH (0.56 g, 10 mmol) in 10 mL
of 96% ethanol, benzoyl chloride (1.70 mL, 10
mmol), and vanillin (1.52 g, 10 mmol) was refluxed
for 2 h. The progress of the reaction was monitored
using thin-layer chromatography (TLC) with an
ethyl acetate:n-hexane solvent system (3:2 v/v).
Next, 2 mL of a 5% w/v KOH solution and 30 mL
of distilled water were slowly added to the mixture,
which was then stirred for another 30 min before
being poured into an ice bath. The target product
was obtained by filtering the resulting solid, then
drying and recrystallizing it in ethanol (see Figure

0.

2.2.2. Synthesis of Composite Material (2)

One mmol of chitosan (161.97 mg, DD 97.69%)
was combined with 30 mL of 0.1 M CH;COOH
overnight at room temperature. Subsequently, one
mmol (282.30 mg) of 4-formyl-2-methoxyphenyl
benzoate (1) was dissolved in 10 mL of ethyl
acetate and added to the chitosan solution, followed

by 10 mL of ethanol. The same procedure was
applied to dissolve chitosan for the reaction. After
24 h, the precipitate was filtered, dried, and its
melting point was determined (see Figure 1).

2.2.3. In Vitro Antimicrobial Assays

The Kirby—Bauer disc diffusion method was used
to assess antibacterial activity. Utilizing these
methods, the antibacterial properties of chitosan and
its derivatives were evaluated against Candida
albicans (ATCC 90028), two Gram-positive
bacteria (Staphylococcus aureus, ATCC 25923 and
Bacillus subtilis, ATCC 6633), and two Gram-
negative bacteria (Escherichia coli, ATCC 8739
and Pseudomonas aeruginosa, ATCC 9027). The
antimicrobial activity assay used 10 mg of the
sample dissolved in 100 pL of ethyl acetate in a
microtube thoroughly  vortexed.
Subsequently, 1 mL of the test microbial culture

and  was
was added to an Erlenmeyer flask containing 100
mL of tryptic soy agar (TSA) for bacterial tests or
Sabouraudd dextrose agar (SDA) for fungal tests.
To assess antimicrobial activity, sterile paper discs
(Whatman No. 42, 6 mm in diameter) were dipped
in 10 pL of the sample solution and placed at the
center of the medium containing the test microbes.
The media were incubated for 24 h at 37 °C for
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Figure 2. (a) FTIR, (b) IH-NMR, (¢) MS, and (d) 13C-NMR spectrum of ester vanillin-benzoate (1).
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Figure 3. FTIR spectra of (a) chitosan (blue line), (b) ester vanillin-benzoate (1) (red line), and (c)
composite material (2) (green line).
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Figure 4. XRD diffractograms of chitosan (blue line), ester vanillin-benzoate (1) (red line), and composite
material (2) (green line).

antimicrobial testing and at 30 °C for antifungal
testing. For comparison, chloramphenicol was used
as a positive control in antibacterial assays against
S. aureus, B. subtilis, E. coli, and P. aeruginosa.
Antimicrobial and antifungal tests were performed
in duplicate.

2.2.4. Determination of the Degree of Chitosan
Deacetylation
The degree of deacetylation (DD) of chitosan

was measured using Fourier-transform infrared
(FTIR) spectroscopy. Chitosan samples were dried
at 50 °C to remove moisture before finely grinding.
Spectra were recorded over the 4000400 cm™
range at 4 cm™ resolution, using 64 scans. After
baseline correction, the absorbance intensities at
1320cm™ (CHs deformation of the acetyl group)
and 1420 cm™ (CH deformation of the glucosamine
ring) were measured, and the ratio Ajz;o/Ajs0 Was
calculated. The degree of acetylation (DA) was
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obtained from a calibration curve developed using
known DA standards, and the DD was expressed as
DD =100 — DA [37].

2.2.5. Characterization of Synthesized Compounds

The synthesized composite was characterized
using a variety of instrumental techniques.
Functional groups were analyzed using FTIR
(Bruker Alpha), while the crystal structure was
examined through XRD (D6 PHASER). Raman

spectroscopy (Bruker Senterra II) revealed the
chemical structure and molecular identification,
while SEM (Phenom ProX G6) was used to
examine the composite's surface shape. The
compound 4-formyl-2-methoxyphenyl benzoate (1),
a vanillin benzoate ester, was characterized using
FTIR, 'H-NMR, “C-NMR, and MS spectroscopic
techniques, as presented in Figures 2(a) — (d).
Furthermore, the formation of the composite
material (2) was confirmed through FTIR, XRD,
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Figure 5. Raman spectra of (a) chitosan (blue line), (b) ester vanillin-benzoate (1) (red line), and (c)
composite material (2) (green line).

Element
Name

Atomic
Cenc.

Weight
Conc.

Element
Symbol

Atomic
number

Atomic Atomic

Conc.

Eloment
Namo

Atomic
Conc.

Element
Name

Weight

Woght
Conc. Conc

Carbon | 86,013 88.600

AL 6 Cc

Carbon | 67.940 61.400 | - 6 C | Corbon | 76.081 70.500

Nitrogen | 4,546 4.100 8 o

Oxygen | 32.060 38.600 7 N | Naogen | 0.185 0.200

Oxygen | 9.441 7.300

Oxygen | 23734 29.300

T ho T

o
78 358 counts in 0:00:30 (2 603 c/s)

° T
30 779 counts in 0:00:30 (1 023 c/s)

o T ho J

44 691 counts in 0:00:30 (1 483 c/s)
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Figure 7. Esterification mechanism of vanillin by benzoyl chloride.

Raman, and SEM analyses (Figures 3 — 6). The
synthesis pathway of the composite material is
illustrated in Figure 1.

3. RESULTS AND DISCUSSIONS

3.1. 4-formyl-2-methoxyphenyl benzoate (1)

Colourless crystal in 93.28% yield. Melting point
(m.p.) 70 °C. FTIR (cm ), str. = stretching, bend. =
bending: 3111 (C—H sp”str.), 3004 and 2914 (C-H
spstr.), 1732 (C=0 str.), 1592 and 1502 (C=C str.),
and 1256 (C—-O str.). '"H-NMR (ppm): 3.88 (s, 3H,
OCHs;), 7.33-7.35 (d, 2H, Hja, vanillin), 7.50-7.52
(t, 2H, Hy; phenyl), 7.53-7.54 (d, 1H, Hy, vanillin),
7.63-7.66 (t, 1H, Hy, phenyl), 8.19-8.22 (d, 2H,
Ha: phenyl), 9.97 (s, 1H, CHO). “C-NMR: 56.22
(OCHs;), 110.96, 123.69, 124.93, 135.57, 145.33;
152.31 (Ca,; vanillin), 128.75, 130.50, 133.96 (Cx;
phenyl), 164.27 (O-C=0), and 191.25 (CHO). MS
(m/z): 256 (M), 151, 119, 105 (base peak), 95, 77,
65, 51, 39, and 28. The spectroscopic data are
shown in Figure 2.

3.2 Composite Material (2)

Colorless beads in a 90.21% yield and
decomposed at 220 °C. FTIR (cm'): 3062 (C-H
sp”str.), 3004 and 2914 (C-H sp’ str.), 1732 (C=0
str.), 1592 and 1502 (C=C str.), and 1247 (C-O
str.). 26 (°): 12.29°, 15.98°, 16.26°, 17.89°, 19.97°,
22.29°, 23.11°, 23.71°, 25.91°, 26.55°, 27.29°,
28.94°, and 33.08°. Raman (cm '): 626 and 727 (C—
H out-of-plane substituted benzene ring), 1061 and
1180 (C-O str. and C—H bend.), 1276 and 1328 (C—
O-CHj), 1455 (CH2/CHs in-plane bend.), 1596
(C=C str.), and 1732 (C=0 str.).

The synthesis of the composite material in this

study involved two consecutive reaction processes.
In the first stage, the hydroxyl group of vanillin was
esterified with benzoyl chloride, generating
colorless crystals of compound 1 (93.28% yield).
Figures 2 — 6 provide a complete characterization of
the synthesized compound. The FTIR spectra of
the compound revealed the absence of vanillin’s O
—H group, which generally shows at 3400 cm™.
This observation was further confirmed by the 'H-
NMR spectra, where the characteristic hydroxyl
proton 6.39 ppm had
disappeared, indicating successful modification of

signal of vanillin at

the hydroxyl group during the synthesis process.
The aromatic protons corresponding to the benzoate
functional group appeared with chemical shifts
ranging from 7.50 to 7.66 ppm. Similarly, the *C
-NMR spectra displayed aromatic carbon signals
between 128.75 and 133.94 ppm, consistent with
the benzoate moieties. Furthermore, the presence
of molecular ion peaks in the mass spectrum
verified the successful
vanillin-benzoate (1),

synthesis of the ester
thereby validating its
structural integrity.

Ester vanillin-benzoate (1) was reacted with
chitosan via a Schiff base reaction in the acidic
media, allowing the aldehyde group to react with
the chitosan amine group. The resulting composite
material (2) exhibited satisfactory reactivity and
good thermal stability, producing a white solid with
a high yield of 90.21% and thermal decomposition
at 220 °C. The FTIR spectrum of compound 2
shows absorptions at 1674 cm ™' (C=N), 1732 cm'
(C=0), and 1592 and 1502 cm ' (C=C alkene),
while chitosan lacks these three absorptions (Figure
3).

The XRD diffractogram of composite material
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(2) displays 20 values that correspond to both
chitosan and ester vanillin benzoate (1), indicating
that the ester compound is primarily distributed on
the surface of the chitosan matrix. As shown in
Figure 4, the XRD pattern reveals characteristic 20
peaks at 10.08°, 19.91°, and 29.39° for chitosan

oligosaccharide; 9.62°, 12.67°, 13.06°, 14.25°,
14.62°, 15.14°, 15.71°, 16.12°, 17.36°, 18.08°,
22.21°, 22.89°, 23.67°, 24.56°, 25.73°, 26.30°,
27.10°, 28.81°, 29.16°, 33.46°, 36.63°, 37.88°,
38.76°, 39.73°, 40.41°, 43.64°, 45.26°, and 47.50°
for ester vanillin benzoate (1); and 12.29°, 15.98°,
16.26°, 17.89°, 19.97°, 22.29° 23.11°, 23.71°,
25.91°, 26.55°, 27.29°, 28.94°, and 33.08° for the

composite material (2).

The XRD spectrum indicates that the ester
compound is predominantly distributed on the
chitosan matrix's surface, as evidenced by the
retention of sharp crystalline peaks and the absence
of substantial peak shifts or broadening in the
composite pattern. In the XRD analysis, the ester
vanillin-benzoate (red line) exhibits multiple sharp
and intense peaks, indicating high crystallinity.
When incorporated into the chitosan matrix (blue
these
suggesting that the ester compound retains its
crystalline structure and is not disrupted by

line), peaks remain mostly unaltered,

molecular interactions with chitosan. If the ester

were embedded within the chitosan matrix,

amorphization or molecular dispersion would cause
peak widening or even disappearance. Instead, the
composite pattern shows a superposition of the
ester’s crystalline peaks and the broad amorphous
peaks of chitosan (green line), implying surface-
level dispersion rather than matrix integration. This
is consistent with the findings of Podgorbunskikh et
al. [38], who demonstrated that mechanical mixing
or surface adsorption of crystalline compounds onto
amorphous polymers, such as chitosan, causes the
compound to remain structurally intact and
externally distributed rather than molecularly
dispersed within the chitosan matrix.

The Raman band observed at 1087 cm™ (Figure
5) in chitosan corresponds to C—O-C stretching
vibrations due to glycosidic bonds. This feature
provides valuable insight into the structural
characteristics of the polysaccharide backbone. The
Raman peak at 1375 cm™ corresponds to the
symmetrical bending of —CHs groups, suggesting
the presence of residual N-acetyl groups and the
degree of deacetylation inside the chitosan matrix.
The Raman spectrum of composite material (2)
shows distinctive wavenumbers from both ester
vanillin benzoate (1) and chitosan, indicating that
the ester compound is predominantly distributed on
the surface of the chitosan matrix. Raman spectra
demonstrate that the vibration observed at 522 cm™
corresponds to skeletal motions in the aromatic

OH o
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/‘ H—N}H
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/ \CH;
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Figure 8. Mechanism for the synthesis of a composite material via the Schiff base reaction.
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Figure 9. Photographic images of bacterial and fungal inhibition zones of ester vanillin benzoate (1), com-
posite material (2), and chitosan beads.

ring. Meanwhile, the bands at 626 and 727 cm™ are
attributed to C—H out-of-plane bending vibrations in
the substituted benzene ring. The prominent signal
at 1001 cm™ represents the symmetric ring-
breathing mode found in aromatic compounds. The
absorption bands at 1061 and 1180 cm™ represent C
—O stretching and C-H bending vibrations,
respectively. Meanwhile, the signals at 1276 and
1328 cm™ indicate methoxy group vibrations and
aromatic ring stretching. The peak at 1455 cm™!
denotes CH:/CHs in-plane bending, whereas the
band at 1596 cm™ corresponds to C=C stretching
inside the aromatic rings. The peak at 1674 cm™
indicates a C=N bond in the composite material (2).
The stretching vibration of the imine (C=N)
functional group is commonly detected at 1650-

1690cm™. The absorption bands at higher
frequencies (1644, 1680, and 1732 cm™)
correspond to conjugated C=0O stretching

vibrations, confirming esterification and resonance
behavior within the vanillin structure.

This study's Raman spectrum results are
consistent with those of Xiao Da et al. [39], who
discovered that ester and vinyl functionalities
retained their characteristic peaks following surface
grafting, confirming that Raman spectroscopy
effectively distinguishes surface-bound versus

embedded molecular interactions. Similarly, Chen
et al. [40] demonstrated that chitosan-nanosilver
composites used for SERS detection preserved the
vibrational modes of adsorbed analytes, supporting
the hypothesis that strong Raman signals from the
ester compound in their composite arise from
surface localization rather than matrix entrapment.
The SEM-EDX analysis provides further
confirmation of the successful synthesis. The SEM
image of composite material (2) (Figure 6(c))
shows a uniform and well-organized surface shape.
In contrast, the SEM image of chitosan (Figure 6
(a)) reveals a crumpled, heterogeneous structure
characterized by densely packed particles and an
irregular, rough surface texture. After modification,
SEM analysis of composite material (2) revealed a
uniform and homogeneous surface morphology.
The EDX results for ester vanillin benzoate (1)
showed the presence of carbon (C) and oxygen (O),
whereas both chitosan and the composite material
(2) contained C, O, and nitrogen (N), as illustrated
in Figure 6. The thermal behavior of composite
material (2) provides additional evidence of its
successful synthesis. The composite decomposes at
220 °C, exhibiting higher thermal stability
compared to its separate components, chitosan and
ester vanillin benzoate (1), which have melting
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points of 196 and 70 °C, respectively.

The SEM image reveals a heterogeneous surface
with identifiable regions. At the same time, the
EDX spectrum shows elevated oxygen content and
reduced nitrogen content compared to pure
chitosan, indicating the presence of predominantly
esterified vanillin-benzoate on the surface. This
result is consistent with Andrew et al. [41], who
reported that chitosan nanocomposites loaded with
functional additives exhibited surface roughness
and compositional shifts in EDX, confirming
surface-level adsorption rather than
embedding. These findings are consistent with
Lewandowska and Szulc [42], who found that
chitosan composites formed via physical mixing
retained distinct elemental profiles and surface
textures, supporting the non-covalent, superficial
distribution of additives.

Vanillin is esterified by benzoyl chloride through
a nucleophilic acyl substitution reaction (Figure 7).
In this mechanism, vanillin's hydroxyl group serves
as a nucleophile, interacting with the electrophilic
carbonyl carbon of benzoyl chloride to form an
ester bond. This process leads to the formation of a
tetrahedral which
collapses, releasing a chloride ion and forming an
ester bond. The resultant compound, vanillin
exhibits
lipophilicity. Gendron [43] describes a similar
esterification procedure utilizing vanillin and

matrix

intermediate, subsequently

benzoate, improved  stability and

benzoyl chloride, where vanillin is used as a
biosourced building block for various functional
derivatives, including esters.

In the subsequent Schiff base reaction, ester
vanillin benzoate (1) interacts with chitosan to
produce a composite material (2) through the
condensation of imine (C=N) bonds, as illustrated
in Figure 8. The aldehyde group of the ester
vanillin benzoate forms a strong C=N (Schiff base)
bond with the chitosan backbone's primary amine
groups. This bond
composite’s structural integrity and functional
performance, particularly its thermal stability. This

covalent enhances the

is supported by the fact that vanillin benzoate,
which melts at 70 °C, has a higher decomposition
temperature of approximately 220 °C after being
incorporated into the composite, indicating
improved thermal stability. In the study by Zhu et
al. [44], vanillin-conjugated chitosan emulsions

were synthesized via a Schiff base reaction, where
the aldehyde group of wvanillin reacts with the
primary amine group of chitosan while stirring. The
mechanism involves a nucleophilic collision by the
chitosan amine on the carbonyl carbon of vanillin,
forming a tetrahedral intermediate that eliminates
water to yield a stable imine (Schiff base) linkage.

3.3. Antibacterial and Antifungal Studies of Vanillin
Benzoate Ester (1) and Composite Material (2)
Ester vanillin benzoate (1) and its composite
material (2) were tested for antibacterial and
antifungal activity against two Gram-positive
bacteria (S. aureus and B. subtilis), two Gram-
negative bacteria (E. coli and P. aeruginosa), and
the fungal strain C. albicans. The antibacterial and
antifungal properties of the synthesized compounds
were compared to those of conventional drugs,
chloramphenicol and nystatin. The results,
illustrated in Figure 9 and summarized in Table 1,
reveal that ester vanillin benzoate (1) had moderate
antibacterial activity, producing inhibition zones of
10.025 and 10.195 mm against S. aureus and B.
subtilis, respectively. However,
transformed into a composite

after being
material, the
inhibition zones increased slightly to 10.665 and
10.215 mm. These findings suggest that both
compounds exhibit relatively weak antibacterial
activity, which falls within the moderate inhibition
zone category according to Davis and Stout [45].
The slight improvement reported in vanillin
benzoate ester after insertion into a chitosan-based
composite is likely attributable to synergistic
interactions between the ester molecule and the
biopolymer [46][47].
benzoate ester is added to the chitosan matrix, its

matrix When vanillin
diffusion and controlled release are increased,
thereby allowing longer and more consistent
exposure to bacterial cells [48]. Furthermore, the
composite structure may improve the ester’s
solubility and stability, enhancing its
bioavailability and capacity to interact with
[49]. This synergistic
chitosan and the ester

membranes
between

microbial
connection
molecule contributes to a moderate but significant
improvement in antibacterial activity.

Vanillin benzoate ester (1) and composite
material (2) revealed weak antibacterial activity
against S. aureus and B. substilis but showed no
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and P.
compounds

antibacterial activity against E. coli

aeruginosa.  Furthermore, these
exhibited no detectable antifungal activity. This
difference mainly arises from the distinct structural
organization of bacterial cell walls. Gram-positive
bacteria, such as S. aureus and B. subtilis, possess
thick peptidoglycan layers that are more exposed
and permeable to external compounds, enabling
direct interaction with cell wall or membrane
[50].
bacteria, such as E. coli and P. aeruginosa, have an
outer membrane composed of lipopolysaccharides

components In contrast, Gram-negative

that serve as a selective barrier, preventing the
penetration of hydrophobic or large molecules [51].
This structural constraint most likely prevents the
active components of compounds (1) and (2) from
penetrating bacterial cells and reaching their
intracellular targets, resulting in low antibacterial
activity. Consequently, the observed selectivity
suggests that their mode of action is more
compatible with the physiological structure of Gram
-positive bacteria.

Based on Table 1, chitosan beads only form an
inhibitor zone of approximately 6 mm against S.
aureus, B. subtilis, P. aeruginosa, E. coli, and C.
albicans. Chitosan beads, due to their larger size
and compact matrix, release antimicrobial agents
slowly and disperse less effectively in agar-based
experiments. This results in smaller inhibition zones
despite having the same base material. This is
consistent with the findings of Al-Zahrani et al.
[52], who discovered that chitosan beads merely
provide an inhibition zone of 6-8 mm, much
narrower than that of chitosan nanoparticles as
antimicrobials and antifungals.

The limited antifungal performance of vanillin
benzoate ester (1) and its composite material (2)
against C. albicans appears to be linked to their
The O-H
group, which is crucial to antifungal activity, is
covered during the esterification of vanillin by

structural characteristics. phenolic

benzoic acid, decreasing the compound's capacity to
interact  effectively with fungal cells. This
functional group plays a key role in antifungal
activity by disrupting the integrity of fungal cell
membranes. When this group is covered by ester
formation, the compound loses much of its
reactivity, diminishing its ability to inhibit fungal
proliferation.  Furthermore, when the active

substance is incorporated into a composite matrix,
it may become physically confined or chemically
bound, limiting its release and accessibility to
fungal cells. These characteristics work together to
prevent fungus from interacting effectively,
reducing the antifungal efficacy of both the ester
and composite forms.

4. CONCLUSIONS

This study successfully synthesized ester vanillin
benzoate (1) and its composite material (2) derived
by a chitosan Schiff base, yielding 93.28% and
90.21%, respectively. The chemical structures of
both compounds were fully studied using analytical
techniques. The produced compound exhibits weak
antibacterial activity against S. aureus and B.
subtilis, with inhibition zones of 10.025 and 10.195
respectively. Interestingly, after being
transformed into a composite material, the
compound showed increased antibacterial activity,

mm,

as evidenced by inhibition zone diameters of 10.665
mm and 10.215 mm. In contrast, ester vanillin
benzoate (1) and a composite material (2) are
ineffective against P. aeruginosa, E. coli, and C.
albicans due to membrane-layer composition
discrepancies. Our findings indicate that when
vanillin is esterified with benzoic acid, the phenolic
hydroxyl group of chitosan, which is responsible for
damaging fungal cell membranes, is concealed.
Consequently, this modification reduces the
compound’s ability to interact with the fungal
membrane, thereby weakening its antifungal
properties. Moreover, when the active compound is
added to a composite matrix, its release might be
restricted by either physical entrapment within the
material or by chemical binding to other
components. As a result, its capacity to interact
directly with fungal cells diminishes, reducing total
antifungal efficacy.
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