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Synthesis and Characterization of Chitosan–Silver
Nanocomposite Film: Antibacterial and Cytotoxicity Study
Shephrah Olubusola Ogungbesan,*[a] Eduardo Buxaderas,[b, c] Rosemary Anwuli Adedokun,[d]

Yanina Moglie,[b, c, e] Santiago Grijalvo,[f] María Teresa García,[g] Cui Bingbing,[a]

David Díaz Díaz,*[b, e] and Guodong Fu*[a]

This study is aimed at the in situ preparation and antibac-
terial study of silver nanoparticles within the matrix of an
eco-friendly, biocompatible, biodegradable, and bioavailable
biopolymer (chitosan) to form Chi–AgNP film via multiple non-
covalent interactions between the organic polymer and the
nanoparticles. The film is fully characterized by infrared and
ultraviolet spectroscopy, scanning electron microscopy, trans-
mission electron microscopy, X-ray photoelectron spectroscopy,
and thermogravimetric analysis. The characterization confirms
the successful incorporation of silver nanoparticles into the

polymeric network. Infrared spectroscopy reveals peaks cor-
responding to the vibration of functional groups present in
chitosan with enhanced intensity and blueshifts caused by the
presence of silver nanoparticles. Well-monodispersed spherical
silver nanoparticles with an average size of 10 nm are observed
in the Chi–AgNP film. The surface plasmon resonance at 447 nm
is consistent with a typical silver plasmon. Furthermore, the
antibacterial effects on E. coli and S. aureus were determined and
attributed to the release of AgNPs observed by UV absorption.

1. Introduction

Pathogenic infections and diseases arising from bacteria have
continued to remain a global challenge despite the myriad
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of available antibiotics. The emergence of antimicrobial resis-
tance through the formation of biofilms further exacerbates
these challenges.[1] A biofilm is an assemblage of microbial cells
residing within a self-produced extracellular polymeric matrix
attached to a living organism. These films have the ability to
protect the microbial community from external stresses.[2] These
biofilms discharge into the human body, thereby causing chronic
infections. It has been estimated that biofilms are responsi-
ble for 65% of nosocomial infections, approximately 80% of
chronic infections, and 60% of human bacterial infections.[3] The
development of biofilms involves four stages. These include the
attachment of bacteria cells to the surface of a biomaterial, the
adhesion of the cell to the surface, the maturation stage, which
involves the formation of a microcolony matrix, and finally, the
dispersion of the microcolony. One strategy for tackling these
biofilm infections is to develop novel antibacterial films and drug
delivery systems for the controlled release of antibiotics.[3,4]

Currently, silver-containing nanocomposite films are receiv-
ing considerable attention for use in antimicrobial coatings,
patches, plasters, and medication encapsulation. The antimi-
crobial property of silver has been known for several decades.
However, owing to its toxicity, only a few decades ago did
exploration intensify its use in antimicrobial activities.[5] How-
ever, the manipulation of silver at the nanoscale makes it
nontoxic to humans and improves its antimicrobial activity.[6]

Silver nanoparticles (AgNPs) can interact with the cell surface of
a broad spectrum of microorganisms to cause cytotoxic effects
against both Gram-positive and Gram-negative pathogens.[7]

The cytotoxic effect increases with decreasing AgNP particle size
as smaller particles have an increased ability to penetrate the
cell membrane;[8] however, this will not be part of our study.
Although the mechanism of action of AgNPs is unclear, it has
been suggested that the antibacterial activity of AgNPs hinges
on their ability to release silver ions, thereby leading to the for-
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mation of free radicals and reactive oxygen species that inhibit
deoxyribonucleic acid replication. These features of AgNPs make
them excellent candidates for antibacterial and antimicrobial
applications in various medical and industrial settings.[1a,6d,9]

Despite the unique properties of antibiotics against drug-
resistant pathogens, stabilization is usually needed, and in this
regard, biopolymers have gained considerable attention as
stabilizing agents. Furthermore, stabilization with biopolymers
further reduces AgNP toxicity and increases bioavailability.[1a]

Chitosan, a biopolymer formed from the deacetylation of
chitin, is one of the most preferred stabilizing agents. This
stems from its biodegradable, bioavailable, biocompatible, and
mucoadhesive properties.[10] In addition, its drug encapsula-
tion ability, gradual burst release, drug efficiency modification,
release rate regulation, and therapeutic selectivity improvement
have attracted much research attention, and its use in diagnos-
tic tools, food packaging, animal food production, targeted drug
delivery systems, and drug encapsulation has been limited.[11]

Chitosan, in the form of nanoparticles, nanofibers, nanosponges,
nanoscaffolds, nanocomposite film, nanogels, nanocapsules, and
hydrogels, has been used to improve drug stability, solubil-
ity, therapeutic, and pharmacokinetic properties.[12] Chitosan
is a cationic linear polyaminosaccharide composed of poly[β-
(1–4)-linked-2-amino-2-deoxy-d-glucose]. The manipulation and
functionalization of chitosan molecules with different functional
groups can involve physical or chemical processes such as graft-
ing, crosslinking complexation, and polymer doping.[13] Equally
advantageous is that chitosan also serves as reducing and sta-
bilizing agent in the reduction of silver substrates to AgNPs,[14]

leading to a greener protocol compared to the ones reported
in the literature where the use of other reducing agents is
conventional.[15] The incorporation of AgNPs through multiple
noncovalent interactions into the polymeric matrix of chitosan
to form Chi–AgNP film will provide a nontoxic material with an
efficient drug delivery system for the sustained release of antimi-
crobial agents capable of penetrating biofilms and microbial
cells responsible for antibiotic resistance.[16]

Herein, we describe the in situ preparation, characteri-
zation, antibacterial, and cytotoxic activities of stable silver
nanoparticle-embedded chitosan (Chi–AgNP) films. The fabrica-
tion of films of the Chi–AgNP in such films may prevent drug
degradation during storage or during blood circulation com-
pared to other formats such as bulk gels,[14] solid particles,[17]

or liquid formulations.[18] Preliminary data regarding the release
dynamics of these materials are also included in our study.

2. Experimental Section

2.1. Materials

Chitosan with a degree of deacetylation ≥95%, 100–200 (mPa·s),
sodium hydroxide (NaOH), silver nitrate (AgNO3), buffer solutions pH
7 and pH 4, acetic acid, and all other reagents were purchased from
Shanghai Aladdin Biochemical Technology Co. Ltd. All reagents were
of analytical grade and were used as received from the supplier.
Double-distilled water was used in the preparation of all aqueous

solutions. E. coli (DH5α), S. aureus (ATCC 25,923), U-937 cells, human
skin fibroblast, lysogeny broth (LB), and Mueller–Hinton agar (MHA)
were purchased from BeyoClickTM, China.

2.2. Preparation of Chitosan Film (Chi Film)

Chitosan film was prepared following the known casting and sol-
vent evaporation methods.[19] First, 1.2 g of chitosan was dissolved
in 100 mL of 0.175 M glacial acetic acid. The mixture was vigorously
stirred at room temperature for 3 h to obtain a clear transpar-
ent slurry, which was cast on a glass petri dish for even contact.
The excess slurry was poured off the petri dish, and the well-
coated petri dish was placed in a vacuum dryer (Electrothermal
Blast Drying Oven PS-9040BS model) and allowed to dry at 35 °C
for 3 h. To harvest the film, the petri dish was soaked in 0.01 M
NaOH solution for 60 s, washed with double-distilled water three
times until the medium became pH 6.89, and carefully removed
from the petri dish. The harvested film was thereafter dried and
stored for characterization, in vitro release, and bacterial inhibitory
studies.

2.3. Preparation of Chitosan–Silver Nanoparticles Film
(Chi–AgNP Film)

The Chi–AgNP film was prepared by dissolving 0.6 g of chitosan
in 50 mL of 0.175 M glacial acetic acid. The mixture was vigorously
stirred at room temperature until a clear transparent slurry was
formed. This was followed by the addition of 20 mL of 0.0589 M
AgNO3 solution, and the mixture was stirred for 6 h during which
the slurry gradually turned blackish brown, indicating the formation
of silver nanoparticles. The slurry was subsequently cast into a petri
dish and dried. The dried film was soaked in 0.01 M NaOH solution
for 60 s, washed with double-distilled water three times until the
medium became pH 6.89, before final drying and storage, as in the
preparation of the chitosan film.

2.4. Material Characterization

Fourier transform infrared (FTIR) spectroscopy was used to identify
the presence of functional groups. Vacuum-dried samples of Chi film
and Chi–AgNP film were evenly combined with KBr powder at a
ratio of 1:100, ground, and then compressed to 10 tons to create
pellets. The disc containing the prepared pellet was then placed
inside FTIR spectrometer (Nicolet 8700 American Nancorporation)
disc holder. One hundred scans were performed on the samples to
obtain a transmission spectrum at a 4 cm−1 spectral resolution in
the mid-infrared region from 4000 to 400 cm−1.

The morphology was determined using high-resolution trans-
mission electron microscopy (Talos F200X). The samples were dis-
persed in acetic acid (0.5%). The suspension was ultrasonicated for
10 min, the mixture was dotted on a TEM grid and left to incubate
for 5 min after which the excess sample on the grid was removed.
The grid was then allowed to air dry. Later, the grid was placed in
the sample holder, and the sample holder was carefully placed in
the transmission electron microscope.

The surface morphology and elemental analysis of Chi film and
Chi–AgNP film were determined using field emission scanning elec-
tron microscopy with energy-dispersive x-ray (SEM–EDX) (FEI Inspect
F50 American Nancorporation).
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The particle scattering, size distribution and average size of the
particles were ascertained via dynamic light scattering (DLS) on a
Brookhaven’s nanoparticle size and zeta potential analyzer.

X-ray photoelectron spectroscopy (XPS) studies of Chi–AgNP
film was performed using an AXIS HIS 165 spectrometer (Kratos Ana-
lytical, Manchester, UK) with a monochromatic Al Kα X-ray source
(1486.71 eV photons). A Shirley background type was employed for
the XPS fitting, and the carbon deposit peak at 284.7 eV served as
the reference calibration standard. The XPS chamber vacuum was
10−9 mbar.

UV–visible absorption spectra of the Chi film and Chi–AgNP film
were recorded at wavelengths ranging from 200 to 800 nm using
an UV–visible spectrophotometer (UV 2600) (Shimadzu Corporation,
Japan).

Thermogravimetric analysis (TGA) was conducted utilizing a
NETZSCH TG 209F3A apparatus in a nitrogen environment with a
heating rate of 10 °C/min and a scanning range spanning from 30
to 960 °C.

The swelling of films was assessed in phosphate-buffered saline
(PBS) solution at pH 7.4. First, 0.0089 g of Chi film and 0.0041 g of
Chi–AgNP film were immersed in PBS for several hours. After that,
the films were removed from the solution and the mass of the films
were obtained after careful removal of the excess of water from the
surface of the films.

The swelling ratio of each film was calculated at each time
interval using the formula below:

Swelling Ratio = weight per time − initial weight
initial weight

× 100 (1)

2.5. In Vitro Antibacterial Activity Study

The sample solution was first prepared at a concentration of
1 mg/mL and subsequently diluted to 50 and 25 μg/mL in 96-well
plates and sterilized with UV light. Next, 100 μL of bacterial suspen-
sion was added to each well of a 96-well plate, containing different
concentrations of sample solution, to obtain final concentration as
106 CFU/mL of E. coli or 107 CFU/mL of S. aureus, after which the mix-
ture was mixed well. The optical density of each well was measured
at 600 nm with a microplate reader. The microplates were then
placed in a biochemical incubator and incubated for 24 h. Finally,
after this period of time, the optical density (OD) value of each well
was measured at 600 nm.

The minimum inhibitory concentration (MIC) was calculated
using the Equation (2):

MIC = � (OD) − �′ (OD)
� (OD)

(2)

where �(OD) is the increase of the optical density in the blank con-
trol group and �′(OD) is the increase of the optical density value of
the different samples after 24 h of incubation.

Mueller-Hinton (MH) agar plates were used to cultivate S. aureus,
whereas Luria-Bertani (LB) agar plates were used to cultivate E. coli.

2.6. Cytotoxicity Test

A human skin fibroblast suspension (5 × 104 cells/mL) were seeded
in a 96-well plate and incubated at 37 °C in a 5% CO2. After 24
h, samples (Amoxil, Chi film, and Chi–AgNPs) were prepared to a
final concentration of 500 μg/mL and sterilized by UV light. The pre-
pared sample solutions (100 μL) were added to a 96-well plate and
incubated in the presence of cells for an additional 24 h. Untreated
cells incubated with only 100 μL of 1 × PBS were used as the blank

Figure 1. a) Formation of AgNPs in the slurry after 10 min of slurry casting.
b) Harvested fully populated Chi–AgNP film.

control. Next, 10 μL of CCK-8 solution was added to the above mix-
ture, which was subsequently incubated at 37 °C for 1 h. The OD
at 450 nm was subsequently measured using a microplate reader
(Infinite F50, Tecan, Switzerland).

The cell viability rate was calculated using the Equation (3).

Cell viability rate% = d′ (OD)
d (OD)

× 100 (3)

2.7. Statistical Analysis

OriginPro 8.5 was used to statistically examine the data received
from each analysis, which was carried out in triplicate. The findings
were presented in the manner of mean. Using Duncan’s multi-
ple range tests and one-way analysis of variance (ANOVA), the
mean significant differences between treatments were computed. A
significance threshold of p < 0.05 was applied.

3. Results and Discussion

3.1. Preparation of Chitosan–Silver Nanoparticles Film
(Chi–AgNP film)

During preparation of the Chi–AgNP film, the mixture was first
transparent, but after one hour of stirring, it became brown, indi-
cating the in situ formation of silver nanoparticles inside the
chitosan matrix (Figure 1). As acetic-acid-activated chitosan was
the only reducing agent present in the mixture, chitosan demon-
strated an effective reducing capacity.[20] The mechanism for the
formation of the chitosan–silver nanocomposite film involves the
activation of the amine sites of chitosan by protonation using
diluted glacial acetic acid. The silver atoms could then attach to
each monomer of chitosan through the amine group. The for-
mation of chitosan-capped silver nanoparticles is achieved after
the reduction of silver ions through the amino group. The same
amino group of chitosan also coordinates with the pH-based
controlled release of the metal ion.[21]

3.2. Characterization of Film and Nanocomposite

3.2.1. FTIR Analyses

The FTIR spectra showed the vibrational frequencies of the
absorbing functional groups present in the Chi-film and Chi–
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Figure 2. FTIR spectra of Chi film and Chi–AgNP film.

AgNP film (Figure 2). The spectrum of the Chi-film showed a
strong peak at 3462 cm−1 that was suspected to be a result of
OH/NH band stretching in chitosan. The weak peak appearing at
2910 cm−1 was assigned to aliphatic CH2/CH3 groups in the Chi-
film. The band at 1585 cm−1 matched the bending vibration of
the NH2, and the signals at 1423 and 1086 cm−1 were attributed
to C─N and C─O─C bands. The introduction of silver nanoparti-
cles into the chitosan matrix led to a broadening of the OH/NH
bands, with a shift from 3462 to 3442 cm−1 due to hydrogen
bonding and a shift in the aliphatic CH2/CH3 band from 2910 to
2896 cm−1. Moreover, the bending vibration of the NH2 band suf-
fered a slight blueshift from 1585 to 1596 cm−1, whereas the C─N
band was shifted from 1423 to 1394 cm−1, and the C─O─C band
suffered a tiny shift from 1086 to 1081 cm−1.

3.2.2. TEM, SEM, and EDX Analyses

TEM observed well-defined spherical silver nanoparticles, with
a particle size distribution of ca. 10.0 ± 1.5 nm (Figure 3a). The
particle size of the chitosan–silver nanocomposite synthesized
in this study was smaller than that reported in Kalaivani et
al.,[22] but larger than that reported by Gowda and Sriram.[23]

The selected area electron diffraction (SAED) pattern of Chi–
AgNP film is shown in Figure 3b. The corresponding (111), (200),
(220), (311), and (420) lattice planes indicate the formation of crys-

talline silver nanoparticles in the synthesized Chi–AgNP film.[24]

SEM analysis (Figure 3c,d) shows the surface morphology of
Chi film and Chi–AgNP films. The micrograph showing the sur-
face morphology of silver nanocomposite film was quite similar
to the micrographs obtained by Susilowati et al., Gowda and
Sriram, and Pan et al.[20,23,25] These authors prepared chitosan–
silver nanoparticles using chemical reduction, electrodeposition,
and chemical reduction assisted by microwave irradiation. The
SEM micrograph, which was in agreement with the TEM results,
showed that the particles were spherical. The surface of Chi–
AgNP film was relatively homogenous, suggesting that the
silver nanoparticles were uniformly dispersed within the chitosan
matrix.

The elemental composition determined by EDX showed a
distinct peak for silver, indicating that the silver was well dis-
persed in the chitosan polymeric matrix (Figure 4a). The absorp-
tion signal at approximately 3 keV indicated the presence of
silver nanoparticles.[26] Other peaks, which included those of C
and O, were attributed to the presence of chitosan surrounding
the silver nanoparticles.[23] Figure 4c–e shows the peak maps for
the distributions of Ag, C, and O.

3.2.3. DLS Analyses

The particle size distribution of the Chi–AgNP film is shown in
Figure 5. DLS analysis revealed that the mean hydrodynamic
diameter of silver nanocomposite was 113.48 nm. Compared to
that of the TEM analysis, the DLS revealed a larger particle
size because DLS measures the hydrodynamic diameter of the
hydrated polymer shell. The polydispersity index (PDI) for this
nanocomposite was 0.206. A PDI less than 0.4 suggests that the
Chi–AgNP film was fairly monodispersed.[1a]

3.2.4. XPS Analyses

XPS was used to determine the valence states of silver nanocom-
posite and the chemical makeup of the products. The survey-
scan XPS spectra of Chi–AgNP film (Figure 6a–d) showed that
the sample was composed of silver (368.83 and 374.87 eV), nitro-
gen, with one peak at 399.70 eV; oxygen, with two peaks (528.18
and 535.13 eV); and carbon, with three peaks (283.88, 288.41,
and 291.54 eV). Figure 6e displays the silver high-resolution XPS
result. Two distinct peaks in the Ag 3d XPS signals are linked

Figure 3. (a) TEM image of Chi–AgNP film. (b) SAED image of Chi–AgNP film. SEM image of (c) pure Chi film and (d) Chi–AgNP film.
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Figure 4. EDX image of Chi–AgNP film.

Figure 5. DLS spectrum of Chi–AgNP film.

to the Ag 3d5/2 (368.83 eV) and Ag 3d3/2 (374.87 eV) orbitals.
Ag0 was assigned to the two silver peaks suggesting that the
sample consisted of metallic silver, which is consistent with the
SAED results displayed in Figure 3b.[27] The XPS results indicate
that pure metallic silver was produced throughout the reac-
tion, which supports the notion that chitosan was used as the
reducing agent to completely reduce Ag+ to Ag0.

3.2.5. UV Analyses

The UV–vis spectra in Figure 7b show that the synthesized Chi–
AgNP film has blue-shifted absorption compared to that of bulk
silver with a resonance of approximately 1000 nm. The surface
plasmon resonance (SPR) band for this nanocomposite film was
centered at 446 nm. This finding is consistent with the literature
as it has been reported that AgNPs have a surface plasmon res-
onance within the range of 410–450 nm.[7a,28] The SPR peak at
446 nm further confirmed that spherical particles were formed,
as revealed by TEM analysis.[29] The Chi film spectrum shows
one absorption peak at 305 nm, which is the π–π* transition
(Figure 7a). On the other hand, Chi–AgNP film exhibit two peaks

at 268 nm and 446 nm, which signifies successful incorporation
of the silver nanoparticles in the polymeric matrix.

Moreover, the Chi film showed a bandgap of 5.85 eV, whereas
the bandgap of the Chi–AgNP was 5.35 eV. This decrease in the
energy gap means that the material becomes more absorptive
in the visible light range (see Supporting Information).

3.2.6. TGA and DTG Analyses

The presence of AgNPs normally enhances the thermal stability
of chitosan. TGA thermograms (black line) and DTG analyses (red
line) of Chi film and Chi–AgNP film are shown in Figure 8. From
30 to 160 °C, Chi film exhibited a weight loss of 11%, and from
approximately 250 °C to 400 °C, another 54% decrease in mass
was observed (Figure 8a). In the silver nanocomposite, the first
weight loss of approximately 7% is observed between 30 and 100
°C (Figure 8b). The second rapid weight loss began at approxi-
mately 220 °C and flattened as the temperature approached 400
°C, for a weight loss of 42%. In both cases, the weight losses
can be attributed to the loss of water molecules and amine and
CH2OH, respectively, revealing that most of the organic matter
was degraded, leaving more thermally stable AgNPs.[30] The
effect of AgNPs on the thermal stability of the nanocomposite
is markedly evident as the temperature approaches 250 °C. The
total mass loss was 63% and 50% for Chi film and Chi–AgNP film,
respectively. This result is consistent with the findings of Hasi-
buan et al.[7a] The temperatures for maximum weight losses were
determined and are clearly presented in the DTG graphs. Chi
film decomposition temperature was about 274 °C. The intro-
duction of AgNPs increased the decomposition temperature
to 284 °C.

3.2.7. Swelling Analyses

The ability of the synthesized film to swell is crucial to this study
because it affects how drugs are released, how wounds heal,

ChemistrySelect 2024, 9, e202404909 (5 of 9) © 2024 The Author(s). ChemistrySelect published by Wiley-VCH GmbH
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Figure 6. (a) XPS spectrum of Chi–AgNP film. (b) O1s. (c) N1s. (d) C1s and (e) Ag3d.

Figure 7. UV–visible spectrum of (a) Chi film and (b) Chi–AgNP film.

Figure 8. Thermograms of (a) Chi film and (b) Chi–AgNP film. (c) Overlap thermograms of Chi film and Chi–AgNP film.

how antibacterial properties work, and other medicinal applica-
tions. The swelling ratios of the prepared Chi film and Chi–AgNP
film are displayed in Figure 9. The structural porosity of the chi-
tosan film network explains why the swelling ratio of Chi film

was greater than that of Chi–AgNP film. The decreased swelling
ratio of Chi–AgNP film could be explained by the attachment of
silver nanoparticles to the electron-rich atoms of chitosan and
the binding of the nanoparticles to the porous surface of the chi-

ChemistrySelect 2024, 9, e202404909 (6 of 9) © 2024 The Author(s). ChemistrySelect published by Wiley-VCH GmbH
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Figure 9. Swelling study of Chi film and Chi–AgNP film.

tosan. As a result, the network develops crosslinks that limit the
intake of water.[31]

In addition, the release dynamics of silver nanoparticles in
the Chi–AgNP film were preliminary analyzed via UV–visible
spectrometry in a qualitative manner (see Supporting Informa-
tion). The observed trends suggest a controlled and sustained
release mechanism. However, further studies are still necessary
to demonstrate this point and establish undoubtedly the mech-
anism and the kinetics. We are currently working on this aspect
and the results will be published at due course.

3.3. Evaluation of Biological Activity

3.3.1. Antibacterial Efficacy

Amoxicillin (Amoxil) served as the standard for assessing the
antibacterial efficacy of Chi film and Chi–AgNP film against E.
coli (Figure 10a) and S. aureus (Figure 10b). Two distinct concen-
trations (25 μg/mL and 50 μg/mL) of amoxicillin, Chi film, and
Chi–AgNP film were tested in this study.

Amoxil at 25 and 50 μg/mL demonstrated ineffectiveness in
inhibiting both test organisms. In contrast, Chi-film and Chi–

AgNP film exhibited a concentration-dependent response. At
25 μg/mL, they did not inhibit bacterial growth against S. aureus
and showed only low inhibitory activity against E. coli. In con-
trast, at 50 μg/mL, there was a marked increase in their biocidal
activity. At this concentration, the Chi film demonstrated inhibi-
tion values of approximately 60% against both bacterial strains,
whereas the Chi–AgNP film exhibited inhibition values close to
100% against S. aureus (92%) and completely inhibited bacterial
growth against E. coli (100%). Therefore, the incorporation of sil-
ver nanoparticles into the chitosan film significantly enhances its
antibacterial activity.

Notably, the efficiency of the synthesized Chi film and Chi–
AgNP film at the observed concentration surpasses that of
amoxicillin, a well-known antibiotic in clinical use.

3.3.2. Citotoxicity

Following the confirmation of the quality of our synthesized
Chi–AgNP film, we were tasked with evaluating the biological
characteristics of Chi–AgNP film. Viability assays are fundamen-
tal as they provide insights into cellular responses to toxicants,
including metabolic activities. The CCK-8 assay facilitates sensi-
tive colorimetric assessments, which enables the determination
of viable cell numbers in cell proliferation processes and cytotox-
icity. Figure 11 illustrates the variation in human skin fibroblasts
after exposure to 500 μg/mL of Chi–AgNP film for 24 h. Addi-
tionally, Chi film, Amoxil, and untreated cells (blank control) were
included in this study. As depicted in Figure 11, both Chi and Chi–
AgNP film caused a relatively moderate decrease in cell activity
with viability percentages of 83.7 ± 7.3% and 71.9 ± 13.5% at the
same concentration. The slight variation in the cellular viability
produced by Chi and Chi–AgNP film were not statistically signif-
icant (p > 0.05). Conversely, Amoxil did not produce any effect
on the cellular proliferation of skin fibroblasts.

The Chi–AgNP film showed great antibacterial activity at
low minimum inhibition concentration in comparison with other
related systems found in the literature (see Supporting Infor-
mation). In addition, the cytotoxicity of the Chi–AgNP film
synthesized is significantly lower compared to similar systems in
the literature (see Supporting Information).

Figure 10. Inhibition of bacterial growth of (a) S. aureus and (b) E. coli by amoxicillin, Chi film, and Chi–AgNP film.
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Figure 11. Cytotoxicity of Chi and Chi–AgNP film did not affect human skin fibroblasts according to the CCK-8 assay. Fibroblasts were exposed to Chi and
Chi–AgNP film at 500 μg/mL for 24 h. Results are shown as the % of treated cells compared to untreated cells. Data is the average of three independent
experiments (SD = 3).

4. Conclusions

Chitosan was used in the synthesis of silver nanoparticle films
as a reducing and stabilizing agent. An analysis of the pro-
duced films showed that the antibacterial qualities were superior
to those of traditional antibiotics. The optimum particle sizes
inside the film matrix and the uniform dispersion of silver
nanoparticles within the chitosan matrix are responsible for
this exceptional efficacy. Additionally, the investigation revealed
how silver nanoparticles catalytically degrade chitosan without
causing denaturation. This catalytic characteristic highlights the
adaptability of nanocomposite films for possible use in con-
trolled deterioration or environmental remediation scenarios.
Cytotoxicity evaluations showed that biocompatibility was main-
tained at greater doses while being at its best at the lowest
inhibitory concentration. This shows that nanocomposite films
may be used in biomedical applications without having a neg-
ative impact on the viability of cells. Preliminary dynamic release
data of the nanocomposite films are in agreement with the
antibacterial activity observed.
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