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Cosmetic products are prone to microbial contamination, with studies showing that 40-70% of used cosmetics
contain harmful fungi like Penicillium spp., Aspergillus fumigatus, and Candida albicans, posing infection risks,
especially for immunocompromised individuals. This study aims to synthesize and characterize chitosan
nanoparticles (CSNPs) to prevent microbial contamination in cosmetics and determine the minimum effective
dose required for complete fungal inhibition. CSNPs were synthesized via chitin deacetylation and characterized
using Transmission Electron Microscopy (TEM), Dynamic Light Scattering (DLS), Zeta potential analysis, and
Fourier-transform infrared (FTIR). TEM confirmed spherical nanoparticles of 100-110 nm, while DLS showed a
polydisperse system with a peak near 100 nm. Zeta potential analysis indicated around 25 mV surface charges,
suggesting minimal electrostatic repulsion. FTIR had several peaks, the first at 663.23 cm~" which represents C-
H bending, alkynes. Bands appearing at 1643.14, and 3354.21 cm! represented C=C stretching, alkene, and N-H
stretching of aliphatic primary amine. The antifungal efficacy of CSNPs was tested using a spore germination
inhibitory assay against Aspergillus flavus, the most potent fungus from cosmetic samples. Germination
decreased with increasing CS-NP concentration. The Minimum inhibitory concentration was at 25 pug/mL. CSNPs
also showed an inhibitory effect against Staphylococcus aureus, Streptococcus mutans, Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Candida albicans, and Aspergillus niger using the agar well
diffusion method, showing inhibition zones comparable to standard antibiotics. TEM analysis of Aspergillus flavus
spores revealed severe structural malformation, including cell wall damage, cytoplasmic leakage, and membrane
collapse. Cytotoxicity assessment via MTT assay on HSF melanocyte cells demonstrated an 1C50 of 30 ug/mL,
indicating selective antimicrobial activity with minimal toxicity. These findings highlight CSNPs as a promising
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INTRODUCTION

Cosmetic and personal care product usage has
heightened concerns regarding fungal microbial
contaminations of these products. Most cosmetics do
not come with expiration or production dates which
allow users to continue using products past their
recommended use period [1]. Cosmetic products
support microbial growth because they contain
organic compounds, inorganic substances as well as
minerals and water content [2]. Giving cosmetics to
others through sharing tools like brushes and lipsticks
enables bacterial transfer of skin microflora and
creates health risks mainly targeting individuals with
weakened immune systems. Scientific studies
demonstrate that approximately 70% of used
cosmetics have been found to contain dangerous
fungi including  Penicillium spp., Aspergillus
fumigatus, and Candida albicans that contribute to
infections, allergic reactions, and respiratory diseases

3.

Microbes have adapted to chemical preservatives in
cosmetics which has rendered them less successful as
preservatives. Rising customer interest in chemically
unadulterated cosmetics has prompted the industry
to develop alternative antifungal agents [4]. Bio-
nanotechnology provides an effective solution to
combat microbial contaminants that affect cosmetics.
Nanotechnology in cosmetics has become extensive
because it improves the skin penetration of

ingredients while extending stability and advancing
delivery methods [5].

Chitosan-based nanoparticles stand out as an optimal
choice among nanomaterials due to their unique
combination of biodegradability, biocompatibility,
and powerful antimicrobial properties, making them
both safe for human use and environmentally friendly
[6]. Chitosan nanoparticles have drawn scientific
attention for their potent antimicrobial properties,
derived from chitin [7].

Chitosan nanoparticles exhibit substantial antifungal
properties that qualify them as superior preservative
alternatives to conventional products. Their ability to
interact closely with fungal cells enables small CSNPs
to penetrate cell membranes which disrupts the
growth cycle of fungi. CSNPs enable sustained
microbial protection in cosmetics due to their
controlled release abilities [8].

The  antimicrobial  properties of  chitosan
nanoparticles exceed those presented by other
nanoparticles including zinc oxide and titanium
dioxide. Chitosan nanoparticles stand apart from
metal-based nanoparticles since they decompose
within the body while avoiding hazardous cell toxicity
[9]. The synthesis of chitosan nanoparticles occurs
through different combinations of chemical, physical,
and biological methods. Three primary production
techniques for chitosan nanoparticles are ionic
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gelation, microemulsion, and solvent evaporation.
The synthesis techniques determine three critical
aspects that affect both the size and electrical
properties and long-term stability of nanoparticles
[10].

To achieve effective and stable nanoparticles within
cosmetic forms, professionals need to conduct
suitable oxide characterization through Transmission
Electron Microscopy, Dynamic Light Scattering, Zeta
potential analysis, and Fourier-transform infrared
spectroscopy [11]. The Minimum Inhibitory
Concentration tests show that chitosan nanoparticles
maintain strong antifungal properties when used at
minimal dosages. Chitosan nanoparticles show
promise as contamination-preventing agents for
cosmetic products since they maintain product safety
together with desired performance [12].

The usage of chitosan nanoparticles supports current
trends because they present both ecological
sustainability and efficient alternative solutions to
synthetic preservatives. The challenges for the
implementation of large-scale production of chitosan
nanoparticles alongside formulation compatibility
work alongside regulatory approval requirements.
More investigation is necessary to integrate Chitosan
nanoparticles into commercial cosmetics efficiently
and ensure long-term stability when used in
commercial cosmetic products [13].

The antimicrobial effects of CSNPs function through
various mechanisms that begin when the compounds
attach to microbial membranes by electrostatic forces
which increases membrane permeability and emptied
intracellular elements until cell death occurs.
Oxidative stress occurs when secreted CSNPs create
ROS which damages essential cellular components
like lipids proteins and DNA. Accumulation of metal
ions through their chelation ability acts as a dual
mechanism to minimize microbial growth because it
interferes with essential nutrient availability for
microbes [14].

Studies demonstrate that chitosan nanoparticles
show beneficial effects on toxic behavior by harming
cancer cells without harming regular human cells.
Surface modification of nanoparticles together with
the chosen cell type affects their cytotoxic properties
during testing. Research evidence supports CS-NP
advancement as a biomedical tool for multiple
applications along with the requirement to optimize
nanoparticles for therapeutic success without
compromising security [15].

MATERIALS AND METHODS
Cosmetics Sample Collection and Fungal Isolation

Cosmetics samples, including mascara, lipsticks, pen
lipsticks, liquid formulations, and blush brushes, were
collected from cosmetic testers in shopping malls.
Swabs were stored in sterile containers and
transported under control to the laboratory for
further analysis. The swabbed samples were used to
inoculate agar plates to facilitate the isolation of
fungal species present in the cosmetics. The plates
were prepared with a nutrient-rich medium suitable
for fungal growth. Czapex Dox Agar medium was
prepared according to [16] for isolating fungal
species. Initially, 20g/L of sucrose, 1 g of K;HPO,, 2 g
of NaNOs;, 0.5 g of MgS0O,4, and 0.5 g of KCl were
measured and added to a sterilized glass flask
containing ethanol and H,S0,4. Additionally, 0.01 g/L
of FeS0O,4-7H,0 and 15 g/L of agar were included, then
the flasks were filled up to 30 mL of distilled water.
The mixture was autoclaved at 121 °C and 1.5 bars for
15 minutes to ensure sterilization. After cooling, 15
mL of the solidified medium was poured into petri
dishes, each labeled with the appropriate dilution
factors, and each swab was streaked across the
surface under aseptic conditions to prevent cross-
contamination. Plates were then incubated at
appropriate temperatures for a designated period to
encourage the growth of fungal colonies. After
incubation, the distinct fungal colonies were observed
and isolated for further characterization and testing.

Synthesis of Chitosan Nanoparticles

Acetylated chitosan nanoparticles were synthesized
using the ionotropic gelation process. All Glassware
was cleaned and sanitized using aqua regia. To
prepare 25 mL of chitosan solution, 100 mg of 0.4%
ascorbic acid was mixed with 25 mL of deionized
water. Additionally, 0.5 mL of 2% acetic acid was
added to another 25 mL of deionized water to prepare
another 25 mL of chitosan solution. Both solutions are
magnetically stirred for one hour. The pH was
adjusted to 4.8 using 0.5 M NaOH and agitated for 30
minutes. During this period, 1.5 mL of
Tripolyphosphate solution (TPP) was introduced into
each solution. The mixture was then centrifuged at
4,000 rpm and 4°C for one hour, then cooled before
proceeding to physicochemical characterization
according to [17].The concentration of chitosan
nanoparticles prepared was 100 ppm.
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Characterization of the Chitosan Nanoparticles

The diluted colloidal solution of chitosan
nanoparticles was subjected to ultrasonication for five
minutes to reduce particle aggregation. A Jeol JEM-
1400 Transmission electron microscopy (TEM) was
employed to examine the characterization of
chitosan, including size, morphology. For analysis, a
drop of the synthesized nanoparticle solution was
placed on a grid, which was then secured in the
specimen holder for TEM examination. Dynamic light
scattering (DLS) was utilized to measure the size
distribution using Zetasizer Nano- ZS equipped with a
633 nm laser. Fourier-transform infrared (FTIR)
spectra of freeze-dried Chitosan nanoparticle were
obtained by a Fourier Transform Infrared
spectrometer (FTIR 6100). Spectra were collected in
the range of 4000 to 400 cm-1 with a resolution of 4
cm™. The average particle size distribution was then
analyzed to determine the charge and characteristics
of the particles according to [17] [18].

The minimum inhibitory concentration (MIC)

The minimum inhibitory concentration is the lowest
concentration that stops visible growth of a fungus
after a set incubation time. The minimum inhibitory
concentration was determined using a broth
microdilution method to evaluate the antifungal
activity of the synthesized chitosan nanoparticles and
the spore germination was monitored using light
microscope. A fungal spore suspension was prepared
by harvesting fungal colonies grown on Czapek Dox
Agar and adjusting the spore concentration to 2 x 10°
CFU/mL using sterile saline. Chitosan nanoparticle
solutions were serially diluted in a 96-well microplate,
with final concentrations ranging from 0.0625 mg/mL
to 8 mg/mL in 100 pL of nutrient broth. Each well was
inoculated with 100 uL of the fungal suspension to
achieve a final concentration of 5 x 10° CFU/mL.
Positive controls contained fungal suspension without
nanoparticles, while negative controls contained only
nutrient broth. The plates were incubated at 30 °C for
16 hours, after which the MIC was identified as the
lowest concentration of nanoparticles that inhibited
visible fungal growth [19].

Leakage of proteins and DNA

The leakage of proteins and DNA from A. flavus cells
was studied to investigate the probable mechanism of
CSNPs affecting cells [20]. Spore suspension solutions
of A. flavus were prepared in saline solution (NaCl,
0.9% w/v). The fungal spore suspensions were
incubated for 24 hat 30°C with CSNPs at their

respective  MIC values for spore germination
inhibition. Control spore suspension sets (without
CSNPs) were used as blanks. Spore suspension in each
case was centrifuged for 15 min at 4000 rpm at 4 °C.
The absorbance of the supernatant was read at 280
and 260 nm to estimate the proteins and DNA leaked
from the cells.

Antimicrobial Activity Testing

The antimicrobial activity of chitosan nanoparticles
(CSNPs) was evaluated using the agar well diffusion
method [20]. Investigated fungal and bacterial strains,
including Staphylococcus aureus, Streptococcus
mutans, Escherichia coli, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Candida albicans, and
Aspergillus niger, were tested using nutrient agar [20]
and Czapeks dox agar media as previously mentioned.
The prepared media were sterilized and poured into
Petri dishes (20-25 mL per dish) and allowed to
solidify at room temperature. A microbial suspension
was prepared in sterilized saline equivalent to the
McFarland 0.5 standard (1.5 x 10° CFU/mL), with
turbidity adjusted to OD = 0.13 at 625 nm. Sterile
cotton swabs were dipped into the adjusted
suspension and spread evenly onto the dried agar
surface. Wells of 6 mm diameter were created using a
sterile borer, and 100 pL of CS-NP solution was added
to each well. The plates were incubated at 37°C for 24
hours for bacterial strains and at suitable
temperatures for fungal strains.

Following incubation, the zones of inhibition were
measured in millimeters. Ampicillin and Gentamicin
were used as standard antibiotics for Gram-positive
and Gram-negative bacteria, respectively, while
Nystatin was used as a standard antifungal drug.
DMSO served as the negative control.

Cytotoxicity assay

The cytotoxicity of the prepared CSNPs was tested
against the normal human cell line: human skin
fibroblast cells (HSF). Cells were plated in a 6-
multiwell plate (104 cells/well) for 24 h before the
treatment with CSNPs to allow the attachment of the
cells to the wells of the plate. Different concentrations
(0,1, 2,3,4,5 and 6 ug/mL) were added to the cell
monolayer, triplicate wells were composed for each
dose. Monolayer cells were incubated with CSNPs at
37 °Cfor 48 h in an atmosphere of 5% CO2. Cells were
fixed, washed, and stained with Sulfo-Rhodamine-B
after incubation. Acetic acid was used to wash the
excess of stain. The attached stain was recovered
using Tris-EDTA buffer. Microplate reader (Meter tech.
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Y 960, USA) was used to measure the color intensity
[20]. The relation between cell survival (as a
percentage of the control) and CSNPs concentration
was plotted to get the survival curve of the normal
human melanocytes (HSF cell line) after being
subjected to CSNPs. Cell survival (%) was calculated as
follows:

Survival (%) = (It/Ic) x 100

Where the color intensity of the treated cells and Ic is
the color intensity of the control cells.

Statistical Analysis

Differences between samples were analyzed using
one-way ANOVA, followed by Duncan’s multiple
comparisons test (SPSS version 22). Results were
expressed as mean = S.E., with statistical significance
set at p < 0.001 for very high significance.

RESULTS
Isolation of fungi from different cosmetics samples

Among the fungi investigated from various cosmetics
samples, the most abundant species is Aspergillus
flavus, with a count of approximately 509. Aspergillus
niger is the second most abundant, with a count of
around 220. The remaining species, including Candida
albicanus, Alternaria alternata, Cladosporium sp,
Rhizopus sp, fusarium oxysporum, and Penicillium
chrysogenum, have significantly lower counts, ranging
from nearly zero to around 100 (Figure 1).
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Characterization of the Chitosan Nanoparticles

TEM: The TEM test shows spherical chitosan
nanoparticles with a relatively uniform size
distribution. The measured diameters of the

nanoparticles range from approximately 99.8 nm to
124 nm (Figure 2).

DLS: The graph illustrates the size distribution of
chitosan nanoparticles. The nanoparticles exhibit a
prominent peak centered around 100 nm (Figure 3).

Zeta Potential Distribution: Zeta potential
measurement helps determine whether
nanoparticles have a sufficient surface charge. The
zeta potential distribution graph shows a single, sharp
peak centered around 25 mV (Figure 4).

FTIR: FTIR spectra of chitosan nanoparticles had
several peaks, the first at 663.23 cm-1 which
represents C-H bending, alkynes. Bands appearing at,
1643.14, and 3354.21 cm-1 represented C=C
stretching, alkene, and N-H stretching of aliphatic
primary amine, respectively as shown in Table 1.

The effect of chitosan nanoparticles on fungal spores

In this experiment, the germination percentage was
assessed at varying concentrations of chitosan
nanoparticles to evaluate their inhibitory effects on
fungal growth. The germination rate, plotted on the
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Figure 1. The figure shows the counts of different fungi species isolated from the cosmetics sample. Results are + standard deviation
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Figure 2. Transmission electron microscope of chitosan nanoparticles
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Figure 4. The zeta potential distribution of chitosan nanoparticles.

Table 1. FTIR spectra characteristics and functional groups.

Assignment wavelength (cm-1)

C-H bending 663.23 cm™
C=C stretching 1643.14 cm™!
N-H stretching 3354.21 m*

vertical axis, was observed to be 100% in the absence
of chitosan nanoparticles. However, as the
concentration of nanoparticles increased, the
germination percentage declined. At concentrations
of 25 pg/mL, the germination rate dropped to nearly
0% (Figure 5).

Leakage of protein and DNA

To demonstrate the effect of chitosan nanoparticles
on A. flavus spores, the leakage of proteins and DNA
was tested at wavelengths 280 and 260 nm, and the
absorbance was 3 £ 0.41 and 2.7 + 0.32 respectively.

Cytotoxicity assay

The cytotoxicity assay shows the effect of the sample
on HSF cell line to determine the IC50 as shown in
Figure 6. The IC50 was 30 (ug/mL).

Antimicrobial Activity Testing

The safe dose of chitosan nanoparticles was further
tested against different bacteria (gram +ve and
gram—ve) as well as some unicellular and
filamentous fungi to verify its antimicrobial efficacy, as
shown in Table 2.
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Figure 5. The effect of chitosan nanoparticles with different
concentrations on the germination percentage of A. flavus
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Figure 6. The figure shows cytotoxicity test of synthesized chitosan
nanoparticles against HSF cells at different concentrations.
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Table 2. Mean + standard deviation (mm), with a well diameter of
6 mm and a tested volume of 100pl.

Sample Inhibition Standard
Microorganism zone (mm) antibiotic
Gram negative bacteria Gentamicin
Escherichia coli 25+1.2 27+1.0
(ATCC:10536)
Klebsiella pneumonia 26.4+1.1 25.3 +0.6
(ATCC:10031)
Gram positive bacteria Ampicillin
Staphylococcus aureus 20.9+0.8 21.3+0.6
(ATCC:13565)
Streptococcus mutans 27.5+0.5 28.3+0.6
(ATCC:25175)
Fungi Nystatin
Candida albicans 20.6+0.8 21.7+0.6
(ATCC:10231)
Aspergillus niger 18.9+0.4 19.310.6
(ATCC:16404)

DISCUSSION

The fungal isolation from various cosmetic samples
revealed a significant presence of microbial
contamination, emphasizing the need for effective
antimicrobial agents in cosmetic formulations. Among
the fungal species identified, Aspergillus flavus was
the most abundant, with a count of approximately
509 isolates, followed by Aspergillus niger with 220
isolates, and other species present in lower
guantities. These findings underscore the high risk of
microbial contamination in cosmetic products, which
may pose health hazards, particularly to
immunocompromised individuals, which is in
alignment with other studies as those in 2023 by
Alshehrei [1] who proved that microbial
contamination was detected in approximately 70% to
90% of the cosmetic products. Fungi, which can act
as pathogenic organisms, were particularly prevalent
in low-quality cosmetic items, with Aspergillus,
Rhizopus, and Penicillium being isolated. Among
these, Aspergillus emerged as the most identified
fungal genus.

Chitosan nanoparticles (CSNPs) were synthesized
using the ionotropic gelation method and
characterized through various techniques to mitigate
this contamination. Transmission Electron Microscopy
(TEM) analysis revealed that the CSNPs were
spherical, with diameters ranging between 99.8 nm
and 124 nm, within the optimal size range for effective
antimicrobial activity. Dynamic Light Scattering (DLS)
measurements showed a polydisperse system with a
major peak centered around 100 nm, confirming the
uniformity of the nanoparticle distribution. Zeta
potential analysis demonstrated a peak at

approximately 25 mV, indicating a moderately stable
nanoparticle formulation that prevents aggregation
while maintaining bioactivity. The FTIR spectral
analysis of chitosan nanoparticles confirmed the
presence of key functional groups responsible for
their bioactivity. The peak at 663.23 cm™ indicates C-
H bending, suggesting hydrocarbon components,
while the 1643.14 cm™ band corresponds to C=C
stretching, confirming unsaturated bonds likely
involved in nanoparticle stability. The broad peak at
3354.21 cm™ is characteristic of N-H stretching,
typical of primary amines, which play a critical role in
the antimicrobial activity of chitosan by facilitating
interactions with microbial cell membranes. These
findings validate the successful formation and
functional integrity of the chitosan nanoparticles.
These characterization results align with previous
studies [21][18], which reported that Transmission
Electron Microscopy (TEM) revealed spherical
particles ranging in size from 0.78-1.15 nm up to 60—
120 nm for CSNPs loaded with 9 mg/mL of
metabolites. Dynamic Light Scattering (DLS) showed a
size increase from 63.1 + 13.87 nm to 175.1 + 51.67
nm (9 mg/mL). Zeta potential analysis indicated
strong positive surface charges across all samples,
increasing from +41.1 + 3.35 mV to +52.6 + 3.75 mV
with higher metabolite concentrations, suggesting
good colloidal stability. FTIR spectra of chitosan
nanoparticles had several peaks, the first at
661.46 cm™ which represents C-H bending, alkynes.
Bands appearing at, 1645.84, and
3356.60 cm™ represented C=C stretching, alkene, and
N-H stretching of aliphatic primary amine, which
contribute to the bioactivity and stability of the
nanoparticles. These results highlight how increasing
metabolite concentration alters CSNP structure and
enhances their antifungal effectiveness. Further
insights into the antifungal properties of CSNPs were
obtained through germination inhibition assays. The
results indicated a strong dose-dependent
suppression of fungal spore germination, particularly
in Aspergillus flavus. At concentrations above 25
pug/mL, germination was almost entirely inhibited,
suggesting that CSNPs effectively prevent the early
stages of fungal development. These results align with
previous studies [22], which reported that CSNPs at
31.6 uyg/mL concentrations were capable of
completely inhibiting fungal growth. The ability of
CSNPs to prevent germination is particularly
important for cosmetic applications, as it can help
reduce the persistence and spread of fungal
contamination in stored products.
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The structural effects of CSNPs on fungal spores were
further examined wusing Transmission Electron
Microscopy (TEM). Leakage assays were conducted to
assess membrane integrity following CSNP treatment.
The results demonstrated a substantial release of
intracellular contents, including DNA and proteins,
indicating severe membrane damage. The
absorbance readings at 260 nm (2.27%0.32)
confirmed DNA leakage, while readings at 280 nm
(3.0040.41) confirmed protein leakage. These findings
strongly suggest that CSNPs induce permeability
changes in fungal and bacterial cell membranes,
ultimately leading to cell lysis. Before treatment, the
fungal spores exhibited intact cell walls and well-
defined cytoplasmic structures, indicating normal
cellular integrity. However, after treatment with
CSNPs, the TEM images showed severe structural
damage, including cell wall disruption, cytoplasmic
leakage, and membrane collapse. These observations
strongly suggest that CSNPs interfere with fungal cell
integrity, leading to cell death.

The observed damage aligns with the results of the
leakage assay, which confirmed the release of
intracellular components such as DNA and proteins,
indicating increased membrane permeability. This
mechanism of action is consistent with previous
studies [23], which demonstrated that the positively
charged CSNPs interact with negatively charged
microbial membranes, causing destabilization and
leakage of essential cellular contents. The ability of
CSNPs to disrupt fungal structures at the nanoscale
level reinforces their potential as an effective
antifungal agent.

The structural disintegration of fungal spores,
particularly Aspergillus flavus, were highly susceptible
to CSNPs at concentrations exceeding 25 ug/mL. The
combination of germination inhibition, intracellular
leakage, and direct structural damage highlights the
multifaceted antimicrobial activity of CSNPs. These
findings confirm that CSNPs prevent fungal growth
and induce irreversible cellular damage, making them
a promising alternative to conventional antifungal
agents in cosmetic formulations.

The antimicrobial activity of CSNPs was evaluated
using the agar well diffusion method, demonstrating
significant inhibition against bacterial and fungal
pathogens. For Gram-negative bacteria, Escherichia
coli exhibited an inhibition zone of 25%1.2 mm,
comparable to the 27+1.0 mm inhibition observed
with Gentamicin. Similarly, Klebsiella pneumoniae
showed an inhibition zone of 26.4t1.1 mm, slightly

exceeding the 25.30.6 mm inhibition of the standard
antibiotic. In the case of Gram-positive bacteria,
Staphylococcus aureus and Streptococcus mutans
displayed inhibition zones of 20.940.8 mm and
27.5£0.5 mm, respectively, which were like the effects
of Ampicillin (21.330.6 mm and 28.3+t0.6 mm,
respectively). Regarding antifungal activity, Candida
albicans (20.6£t0.8 mm) and Aspergillus niger
(18.9+0.4 mm) exhibited inhibition zones close to
those of Nystatin (21.7+0.6 mm and 19.3+0.6 mm,
respectively). These findings highlight the broad-
spectrum  antimicrobial potential of CSNPs,
positioning them as a viable alternative to
conventional preservatives in cosmetic formulations.

The cytotoxicity of chitosan nanoparticles (CSNPs)
was assessed in HSF cells using the MTT viability assay,
yielding an IC50 value of 30 ug/mL. This indicates a
moderate, dose-dependent  cytotoxic effect,
suggesting that CSNPs may be safe for use within a
specific  concentration range. The observed
cytotoxicity, while within an acceptable threshold,
highlights the need for further optimization of
nanoparticle formulations to ensure an appropriate
balance between antimicrobial efficacy and
biocompatibility for potential cosmetic applications
[24]. Comparative studies have reported varying IC50
values for CSNPs across different cell lines. For
instance, a study demonstrated that chitosan
nanoparticles exhibited an IC50 value of 5.3 ug/mL
against human gastric carcinoma MGC803 cells after
48 hours of treatment, indicating higher sensitivity of
cancerous cells to CSNPs [25]. In contrast, a study on
fibroblast 3T3 cells showed that even at a high
concentration of 4 mg/mL, chitosan and chito-
oligosaccharides (COS) resulted in 67.2% and 78.5%
cell viability, respectively, with no detectable IC50,
indicating low cytotoxicity and good biocompatibility
with normal cells [26]. Additionally, studies on normal
human gingival fibroblasts reported that unloaded
CSNPs did not induce cytotoxic effects at
concentrations up to 600 pg/mL and rather promoted
cell proliferation. These findings suggest that CSNPs
exhibit selective cytotoxicity, being more toxic to
cancerous cells while maintaining biocompatibility
with normal human cells [27]. Differences between
samples were analyzed using one-way ANOVA,
followed by Duncan’s multiple comparisons test (SPSS
version 22). Results were expressed as mean = S.E.,
with statistical significance set at p <0.001 for very
high significance. These findings underscore the
importance of tailoring CSNP formulations to enhance
their therapeutic efficacy while ensuring safety for
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normal human cells, particularly in cosmetic and
pharmaceutical applications.

Chitosan nanoparticles (CSNPs) exhibit notable
antimicrobial properties and biocompatibility,
positioning them as promising alternatives to
conventional synthetic preservatives like parabens
and phenoxyethanol. CSNPs have demonstrated
efficacy against a broad spectrum of microorganisms,
including bacteria and fungi, making them suitable for
applications in cosmetics and pharmaceuticals. Their
biocompatibility and biodegradability  further
enhance their appeal as natural preservatives [28]. In
contrast, synthetic preservatives such as parabens
and phenoxyethanol have raised health concerns due
to their potential endocrine-disrupting effects.
Studies have indicated that parabens can mimic
estrogen, potentially leading to hormonal imbalances
and other health issues. Similarly, phenoxyethanol
has been associated with skin irritation and nervous
system effects in infants. These concerns have led to
increased scrutiny and regulatory restrictions on the
use of such synthetic preservatives in personal care
products [29].

Given these factors, CSNPs offer a safer and more
environmentally friendly alternative to traditional
synthetic preservatives, aligning with the growing
consumer demand for natural and sustainable
cosmetic ingredients. The antimicrobial capacity of
CSNPs demonstrates promising properties, but
analysts need to conduct additional research due to
known limitations. These limitations must be
addressed before their widespread application in
cosmetics. One of the primary concerns is
cytotoxicity, as high concentrations of CSNPs have
shown dose-dependent toxic effects on human cells,
requiring careful optimization to ensure safety,
especially for long-term use on skin [30]. Additionally,
CSNPs may suffer from stability issues under varying
environmental conditions, such as temperature and
pH, which could impact their shelf life and
effectiveness [31]. Their nanoscale size also raises skin
penetration and systemic absorption concerns,
warranting  further  investigation into their
biodistribution and potential side effects [32].
Addressing these limitations through targeted
research, such as surface modification, controlled-
release systems, and comprehensive vivo testing, will
be essential to harness the full potential of CSNPs in
cosmetic formulations [33]. Chitosan nanoparticles
are made from natural polymer which can be easily
functionalized to obtain the desired targeted results
and is also approved by GRAS (Generally Recognized

as Safe by the United States Food and Drug
Administration) [34-35]. Further investigation of how
CSNPs work with standard antimicrobial treatment
agents might produce knowledge about novel joint
treatment methods for superior microbial
management. The field needs research that tests
CSNPs through safety and efficacy evaluation within
actual cosmetic formulations to determine their
practical utilization in cosmetics. The cosmetic
industry can implement CSNPs as efficient,
sustainable preservatives by solving remaining
implementation issues.

CONCLUSION

In conclusion, the results of this study support the
potential of CSNPs as an effective antimicrobial agent
for cosmetic applications. The potent inhibitory
effects against bacteria and fungi and a moderate
cytotoxic profile suggest that CSNPs can be a viable
alternative to conventional cosmetic preservatives.
The antimicrobial mechanisms, including membrane
disruption and intracellular leakage, align with
existing literature, further validating the efficacy of
CSNPs. However, variations in cytotoxicity across
studies emphasize the importance of optimizing
nanoparticle properties to enhance safety and
efficacy. Future research should focus on improving
the stability and biocompatibility of CSNPs while
ensuring their effectiveness against microbial
contamination. Additionally, regulatory
considerations must be addressed to facilitate their
commercialization. Given the increasing demand for
natural and sustainable preservatives, CSNPs hold
significant promise as a next-generation antimicrobial
agent for the cosmetic industry.
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