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Abstract
Chitosan is a potential raw material for marine cosmetics with antibacterial,
anti-inflammatory properties and can stimulate collagen synthesis in the
skin. This research aimed to obtain nano-sized chitosan (nanochitosan) from
mud crab (Scylla sp.) shells and apply it as a cosmetic acne patch. The
parameters used to characterize nanochitosan are particle size, polydispersity
index, zeta potential and morphology. Meanwhile, the parameters of the Acne
patch produced are characterized by physical appearance and ance bacterial
activity. The results revealed that nanochitosan had an average size of 35.20
±1.66 nm, the highest intensity of 11.70±1.25, polydispersity of 0.274±0.10,
and zeta potential of 42.9±1.41 mV. The morphology of nanochitosan is in the
form of broken rods, not hollow and irregular but uniform. Its elements include
carbon, oxygen, magnesium, aluminum, phosphorus, and calcium. The acne
patches resulting from the addition of 0 mg (K0), 50 mg (K1), 100 mg (K2),
and 150 mg (K3) were opaque white, slightly transparent, smooth, elastic,
and odorless. The thickness varies, namely, 0.014 ± 0.002 mm (K0), 0.017 ±
0.002 mm (K1), 0.022 ± 0.004 mm (K2), and 0.031 ± 0.005 mm (K3). The
weight variations were 0.019 ± 0.001 mg (K0), 0.026 ± 0.005 mg (K1), 0.033
± 0.002 mg (K2), and 0.047 ± 0.013 mg (K3). The moisture loss varied,
namely, 7.525 ± 0.054% (K0), 3.201 ± 0.487% (K1), 2.741 ± 0.279% (K2), and
2.017 ± 0.290% (K3). Acne patches K1, K2, and K3 were proven to be able to
inhibit the activity of acne bacteria Propionibacterium acnes (9.5 ± 0.25 mm,
10.67 ± 0.76 mm, and 9.17 ± 0.76 mm), Staphylococcus epidermidis (9.33 ±
1.15 mm, 13.67 ± 2.02 mm, and 8.67 ± 1.89 mm), and S. aureus (10.33 ±
0.25 mm, 11.83 ± 0.76 mm, and 8.66 ± 0.76 mm). This research succeeded
in obtaining chitosan from crab shells (Scylla sp) in nano size and acne
patches with the addition of nanochitosan effectively inhibited the growth of
acne bacteria.
Keywords:  bacterial acne, chitosan, nanoparticles, physicochemistry

Introduction

There has been progress in the cosmetics industry
despite the health crisis occurring in all countries
caused by the COVID-19 pandemic. According to the
Research and Market 2020–2027 Global Cosmetic Skin
Care Industry report, the valuation value of world
cosmetic sales in 2020 reached USD 145.3 billion and
estimated to continue to grow by 3.6% per year from
2020 to 2027 (Amberg & Fogarassy, 2019). Marine
resources are renowned for their content of biologically
active substances and their excellent potential for
application in the cosmetics industry. Kulka-Kamiñska
et al. (2020) reported that chitosan biopolymer is not
included in the list of substances prohibited in cosmetics
by the FDA. It is beneficial in cosmetic formulations

because it can bind water and hydrate the skin as a
thickener, rheology modifier, and emulsion stabilizer.
Aflakseir et al. (2021tions, namely, protection,
absorption, temperature regulation, defense, storage,
and synthesis (Casadidio et al. 2020). Chitosan
application to the skin surface can help in heal wound
tissue by forming tissue structure, stimulating collagen
synthesis, and maintaining good air permeability.
Chitosan possesses good biocompatibility and
biodegradability properties; antibacterial, hemostatic,
and anti-inflammatory properties; good absorption of
exudate; and enhanced tissue regeneration and growth
of skin collagen fibers (Peng et al. 2022). The seafood
processing industry produces around 6–8 million tons
of shell waste. The use of chitosan has the potential to
bring ecological and economic benefits because it
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produces biopolymers from renewable resources
(Chakravarty & Edwards 2022). Thus, to improve the
effectiveness of chitosan, it was modified to nano size.

Chitosan being changed into nano size will enhance
its stability and biological properties as an active
substance in cosmetic preparations. Nano-sized
chitosan can improve the absorption of macromolecular
compounds, reduce irritating effects, and penetrate the
spaces between cells and is flexible to be combined
with various technologies (Rizeq et al. 2019). Chitosan
nanoparticles can incorporate natural or chemical
compounds as antimicrobial agents that show higher
antimicrobial activity than chitosan (Ramezani et al.
2015). Nanochitosan is utilized for skin care because
this compound can be formulated as a gel, fiber, or
porous matrix that can be used to hydrate the skin and
as an anti-aging or anti-acne cosmetic therapy (Ferreira
et al. 2022). Chitosan-alginate nanoparticles are very
promising for the treatment of acne disease because
they show antimicrobial and anti-inflammatory
properties (Friedman et al. 2013), chitosan-coated silver
nanoparticles have also been shown to burn healing
(Oryan et al. 2018), and antifungal (Bonilla et al. 2021).
Based on chitosan’s properties and advantages that have
been explained, changing chitosan particles into nano
size is very effective as a raw material for cosmetics
because it is more targeted with minimal side effects.
An acne patch is one type of cosmetic product that
has the potential to accommodate the properties of
nano-sized chitosan (nanochitosan) and is currently in
great demand.

Acne patches absorb the fluid contained in acne
while covering and protecting acne from dirt, dust,
and bacteria that can stick to it. This way, the risk of
worsening the existing acne brought by these
contaminants can be minimized (Kuo et al. 2021). Since
this skin care product is believed to get rid of acne in a
swift manner, acne patches have become increasingly
popular (Qothrunnadaa & Hasanah, 2021). Several
studies revealed chitosan’s ability to form films, inhibit
the growth of acne-causing bacteria, and contain
antioxidants. Vivcharenko et al. (2020) reported that
chitosan-based films have good permeability, large
surface area, and unique antibacterial properties. Zhang
et al. (2020) reported that due to the antibacterial
properties of chitosan when formulated as a hydrogel,
film, or wound dressing sponge, it can be a good wound
care material for infection prevention and treatment.
Ma et al. (2017) revealed that chitosan films that contain
glycerin as a strengthening agent can be utilized as
wound dressings, inhibiting infections caused by
bacteria. Luthfiyana et al. (2022) reported that a 1%
concentration of chitosan from mud crab shells could
inhibit the activity of Staphylococcus aureus bacteria
by 13.5 mm, S. epidermidis by 12.5 mm, and

Propionibacterium acnes by 34.5 mm. This indicates
that chitosan can be an antibacterial solution to acne
problems. This research aimed to obtain chitosan from
nano-sized crab shells (Scylla sp.) and practically apply
it in the form of acne patches. Previous research has
explained that mud crab shell chitosan can inhibit the
growth of bacteria that cause acne. Hence, changing
the particle into nano size and formulating it into an
acne patch is expected to be more effective.

Material and Methods

Mud crab (Scylla sp.) shell samples as raw material
for nanochitosan were obtained from soft-shell crab
cultivation in Tarakan, North Kalimantan, Indonesia.
Research and analysis materials consisted of HCl (Bio-
Rad, USA), NaOH (Bio-Rad, USA, filter paper
(Whatman No 42), acetic acid (Merck, Germany),
glycerol (Merck, Germany), HEC/hydroxyethyl
cellulose (Merck, Germany), and HPMC/
hydroxypropyl methylcellulose (Merck, Germany),
Pectin (Merck, Germany), Tween (Merck, Germany),
PEG 400 (Bio-Rad, USA). The equipment for this
research used includes an oven (Memmerh), analytical
balance (AND GF-100), desiccator (DURAN
Valumfest), blender (Panasonic MX-E310WSR),
scanning electron microscopy energy dispersive X-
ray spectroscopy (QUANTA 650), fourier transform
infraRed (Shimadzu, IRSpirit- T), hot plate and stirrer
(IKA C-MAG HS 4), and various glassware (Pyrex).

Preparation of Nanochitosan

Making nanochitosan from mud crab shells begins
with sample preparation, producing chitosan, and then
modifying the chitosan into a nano size referring to
Luthfiyana et al. (2022). This method was chosen
because it produces chitosan with a deacetylation
degree of 76%, which is by SNI standards, so the
ability of chitosan as an active substance is optimal.
Sample preparation was performed by cleaning, drying,
and grinding the mud crab shells into a 50-mesh
powder. Producing chitosan comprises three stages.
The first stage is deproteination, carried out by soaking
200 g of mud crab shell powder in a 3N NaOH solution
(1:10 w/v) at 80°C for 60 min. The second stage is
demineralization by soaking mud crab shell powder in
1N HCl solution (1:15 w/v) at room temperature for
120 min. The third stage is deacetylation by soaking
mud crab shell powder in 60% NaOH solution (1:10
w/v) at 140°C for 60 min. At each stage, neutralization
was conducted using distilled water to pH 7 and drying
via an oven at a temperature of 65°C. Chitosan size
modification was conducted by dissolving 0.2 g of
chitosan in 100 mL of 1% acetic acid solution. The
chitosan solution was then stirred using a magnetic
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stirrer for 8 h at a speed of 3,000 rpm. The chitosan
solution was then added to 50 µL of Tween 80 (0.1%)
and stirred for 2 h. The next stage was slowly adding
7 mL of 0.1% sodium tripolyphosphate (Na TPP) and
stirring for 2 h. The nanochitosan solution is then
converted into powder form via freeze-drying. The
nanochitosan powder is then stored in a tight glass
container before use.

Preparation of Acne Patch

Acne patch formulation refers to manufacturing the
hydrogel patch Qothrunnadaa and Hasanah (2021) with
modifications. Table 1 presents the ingredients and
concentrations utilized in the acne patch formula. The
first stage, preparation 1, was carried out by dissolving
pectin, HEC (hydroxyethyl cellulose), and HPMC
(hydroxypropyl methylcellulose) using distilled water
at a temperature of 80°C. In the second stage,
preparation 2, nanochitosan made with mud crab shell
was dissolved in 1% acetic acid at a temperature of
80°C until it was homogeneous and formed a clear
gel. The third stage, preparation 3, was made by mixing

Table 1. Acne patch formula
Ingredients Formula (mg) 

KO K1 K2 K3 
Nanochitosan 
Mud crab shells 

0 50 100 150 

HPMC 350 350 350 350 
HEC 2,800 2,800 2,800 2,800 
Pectin 700 700 700 700 
Acetic acid 20 20 20 20 
distilled water 200 200 200 200 
Glycerol 2 2 2 2 
Tween 80 2 2 2 2 
PEG 400 120 120 120 120 

 
preparation 1, preparation 2, glycerol, Tween 80, and
PEG 400. Each stage was stirred using a magnetic
stirrer at 1,500 rpm. The solution (preparation 3) was
left to stand first to remove bubbles and was then
poured into glass Petri dishes (150x25 mm) and dried
at 60°C for 48 h.

Characterization of Nanochitosan  (Scylla sp.)

Particle Size, Polydispersity Index, and Zeta
Potential Analysis

Determination of diameter, particle distribution, and
zeta potential (ZP) was conducted using the particle
size analyzer tool via the DLS/dynamic light scattering
method referring to Honary and Zahir (2013). A Zeta
Sizer Nano (ZS-90, Malvern, UK) evaluated particle
size, polydispersity index (PDI), and ZP. Two drops
of the nanochitosan solution were pipetted, and then,
5 mL of distilled water was added. Then, 3 mL of

nanochitosan solution was put into the cell/cuvette,
ensuring that there were no air bubbles. Visible light is
shot into the cuvette, causing diffraction to occur.
Particle size measurement employs the principle of
visible light scattering. Particle diameter, PDI, and ZP
measurements were carried out using scattering angles
of 90° and 173°. The measurement results are
displayed on the monitor screen.

Scanning Electron Microscopy and Energy-
Dispersive X-ray spectroscopy

Scanning Electron Microscopy and Energy-
Dispersive X-ray spectroscopy (SEM-EDS, Quanta
650,USA) analysis followed the procedure described
by Girão et al. (2017). The carbon tex attached to the
sample was cut into a rectangular shape with a size of
±1 cm. The sample attached to the carbon tex paper
was stored on a stub and was then blown and placed
in the chamber. This test was carried out with a low
vacuum because the sample was a nonconductor. The
analyzed sample could be viewed on the monitor screen
at a particular magnification.

Physicochemical Characterization of Acne
Patch (Scylla sp.)

Physical Appearance
A physical appearance examination was conducted

by observing the color, texture, and odor of the
nanochitosan acne patch produced and then describing
the appearance of the patch. Visual observation of the
resulting acne patches involved 15 respondents, with
the criteria for using three commercial acne patch
products. (Qothrunnadaa & Hasanah, 2021).

Thickness

The thickness of the acne patch was measured using
a caliper with an accuracy of 0.01 mm. Measurements
were performed at three different points, and three
patches were selected for each formulation. Acne patch
thickness is determined by calculating the average value
of each formula (Pathel et al. 2012).
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Weight Variation

Three samples were randomly taken from each acne
patch formula, and the weight was weighed. The
weight variation value for each acne patch formula is
calculated from the average weight (Usman et al. 2023).

Moisture Loss

Moisture loss values were calculated based on the
procedure by Usman et al. (2023). Acne patches were
weighed and stored in a saturated potassium chloride
solution desiccator for 3 days. The patch is weighed
again, and the percentage of moisture content is
determined using the following formula:

Acne Bacterial Activity of Acne Patch

The antibacterial activity of acne patches is tested
by rejuvenating and preparing a bacterial liquid culture
first. The types of bacteria used were P. acnes ATCC
11827, S. epidermidis FNCC 0048, and S. aureus
FNCC 0047 taken from the Center for Food and
Nutrition Studies (P SPG) Gadjah Mada University,
Yogyakarta, Indonesia. P. acnes bacteria were
rejuvenated based on the research method of Vaz et al.
(2018). The acne patch activity test involved dissolving
3.8 g of Mueller Hinton agar (MHA) in 100 mL of
distilled water, sterilizing it in an autoclave at 121°C
for 15 min, and pouring it into Petri dishes to cool.
Bacterial liquid cultures of P. acnes, S. epidermidis,
and S. aureus were added to the still-liquid MHA
medium, and nanochitosan acne patches with varying
concentrations (K0: 0 mg, K1: 50 mg, K2: 100 mg,
and K3: 150 mg) were placed into the MHA treated
with bacteria. The dishes were then incubated at 35°C
for 24 h, and the inhibitory power of chitosan against

Results and Discussion

Characterization Nanochitosan of (Scylla sp.)—
Mean Particle Size, Polydispersity, and Zeta Potential

Mud crab shell (Scylla sp.) chitosan nanoparticles
made using the ionic gelation method had the highest
intensity of 11.70±1.25 nm with a mean particle size
value of 35.20±1.66 nm (Figure 1). The results of this
research confirm that the chitosan obtained is nano-
sized. Jhaveri et al. (2021) stated that nanoparticles
have sizes ranging from 1 to 100 nm. Sreekumar et al.
(2018) reported that adding Na TPP affects the size of
the chitosan particles produced because of its
characteristic as a cross-linking agent and its ability to
strengthen the chitosan nanoparticle matrix to be more
stable.

The PDI produced in mud crab shell nanochitosan
was 0.274±0.10. The PDI value is an indicator of overall
nanoparticle uniformity. Clayton et al. (2016) reported
that higher PDI values indicate larger or aggregated
particles. Lower PDI corresponds to smaller-sized
monodisperse particles and no aggregation. Wu et al.
(2017) stated that the PDI is used to analyze the
homogeneity of particle size diameter distribution.
Heterogeneous dispersed particle size can increase the
occurrence of agglomeration.

The ZP determines the quality of the resulting
nanoparticles. The ZP of mud crab shell nanochitosan
is 42.9 ±1.41mV (Figure 1). The ZP value determines
the nature of the resulting charge. The nature of the
particle charge will later influence the stability of the
particle. Luthfiyana et al. (2022) reported that ZP is a
parameter of the electric charge between colloidal
particles. The greater the ZP value, the more it inhibits
flocculation.

The ZP is more than 30 mV and has a positive
charge. A negative or positive charge indicates that
there is a greater repulsive force, making it able to
prevent aggregation and provide good stability. Jain et
al. (2014) revealed that the positive ZP charge is due
to the influence of the amount of chitosan being more
notable than the amount of sodium alginate, causing
many amine groups in the chitosan to not bind to the
sodium alginate. Conversely, the negative ZP value is
due to the amount of chitosan that is less than that of
sodium alginate; hence, there are still free carboxyl
groups in the sodium alginate. Shetta et al. (2019) stated
that a higher surface charge could cause a solid
electrostatic repulsion force on nanoparticles, thereby
preventing aggregation. A ZP value of >±30 mV
indicates that nanochitosan has high stability, a ZP of
around ±20 mV indicates medium- or short-term
stability, and a ZP value of around ±5 mV will result in
low stability and aggregation will quickly occur.
Rodriguez et al. (2013) stated that the surfactant is

ݏݏ݋݈ ݁ݎݑݐݏ݅݋ܯ % =
(Initial wt− Final wt)

Final wt
 ×  100% 

P. acnes bacteria was determined by measuring the
clear zone formed. The results of this study were then
compared with commercial acne patch products.

Data Analysis

The analysis of the characteristics of mud crab shell
nanochitosan was presented descriptively. The
antibacterial activity of the acne patch preparation was
analyzed using a one-factor analysis of variance
(ANOVA) test with the addition of mud crab shell
nanochitosan at 0, 50, 100, and 150 mg. Each
experiment was conducted thrice. Data were analyzed
using ANOVA at 95% confidence intervals. If there
was a significant difference, a further test was carried
out using the least significant difference test.
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employed to reduce the tension between the solid–liquid
surface so that a repulsive force is generated between
the particles, which prevents aggregation and maintains
stability.

SEM-EDS

The morphology and element content of mud crab
(Scylla sp.) shell nanochitosan were identified using
SEM-EDS (Kweinor et al. 2021; Sultan, 2022). The
surface morphology of nanochitosan seen using SEM
with a magnification of 1000 times shows rod-shaped
fractures, not hollow and irregular but mostly uniform
(Figure 2A). The EDS results show that the element
content in nanochitosan comprises carbon, oxygen,
magnesium, aluminum, phosphorus, and calcium
(Figure 2B). Lima et al. (2014) reported that the
morphology of pure chitosan membranes observed
using SEM had a porous surface and was characterized
as a solid membrane. The shape of chitosan changes
due to chemical activity and the formation of
agglomerates. Micrographs of chitosan membranes
with Na TPP showing rod-shaped morphology with
different sizes distributed throughout the membrane
surface can be verified.

Figure 1. Size distribution intensity (A) and zeta potential (B) of nanochitosan from mud crab shells Scylla sp.

Figure 2. Morphology of nanochitosan from mud crab shells (Scylla sp) (A) and element content based on
energy-dispersive X-ray spectrum (B) with 1,000 times magnification.

(A) (B)

Chitosan contains several elements, namely, carbon,
oxygen, magnesium, aluminum, phosphorus, and
calcium (Figure 2B). Visible carbon and oxygen are
the constituents of chitosan, whereas magnesium,
aluminum, phosphorus, and calcium are elements
contained in mud crab shells. Luthfiyana et al. (2022)
reported that other elements were visible in chitosan
due to a less-than-optimal demineralization process.
Dong et al. (2013) reported the EDS spectrum of the
chitosan membrane itself, showing the elements O, C,
and N in the chitosan membrane itself. The EDS
spectrum of nanochitosan changes its chemical
composition. Other elements are also visible in
nanochitosan, possibly due to cross-linking between
the chitosan chains and Na TPP.

Physicochemical Characteristics of Acne Patch
(Scylla sp.)

Nanochitosan as an acne patch preparation can
increase users’ comfort, safety, cover acne infections
and prevent contamination (Suryani et al., 2019).
Physicochemical evaluation of acne patches added with
nanochitosan from mud crab shells (Scylla sp.) was
analyzed using the parameters of physical appearance,
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thickness, weight variation, and moisture content. Table
2 presents the physicochemical results of the acne patch
preparation.

The physical appearance results show that the four
acne patch formulas with the addition of nanochitosan
from mud crab shells are opaque white and slightly
transparent, and the surface texture is smooth, thin,
elastic, and odorless (Table 2). Rizki et al. (2020)
reported that a good patch has a physical form that is
flexible, thin, homogeneous, smooth, and does not
produce a disturbing aroma. A good patch has an elastic
texture that does not become brittle or tear.
Qothrunnadaa and Hasanh (2021) reported that the
patch has a good film consistency, making it tear- or
breakage-resistant during storage. The elasticity of the
patch is affected by the combination of hydrophilic
and hydrophobic polymers. The combination of pectin,
HEC, and HPMC (hydrophilic) and a mixture of PEG
400 and glycerol, which is hydrophobic, can increase
the elasticity and strength of the acne patch preparation
so that it does not break and crumble easily.

The thickness of the acne patch produced varies
for each formula, ranging from 0.014 ± 0.002 mm to
0.031 ± 0.005 mm (Table 2). The higher the
concentration of nanochitosan added, the thicker the
resulting acne patch formula solution will be. Patel et
al. (2018) reported that the greater the concentration
of the penetration enhancer, the greater the thickness
of the resulting acne patch. The viscosity of a solution
will affect the distribution of the solution in the mold.
The thicker the solution, the lower its spreading power,
resulting in a higher patch thickness. Pandey et al.
(2014) stated that thickness can affect the release of
active substances from the preparation. If the acne
patch is thick, releasing the active substance will take
longer to diffuse from the membrane. Thin acne patch
preparations will be easier and more comfortable to
use. The difference in patch thickness results can also
be influenced by the technique of pouring the patch
into the mold. Singh and Bali (2016) reported that the
thickness of the formulated transdermal patch meets

the requirements for transdermal patch thickness if it
is  1 mm.

The greater the concentration of nanochitosan
added, the greater the weight of the patch produced
(Table 2). The average value and standard deviation
obtained show that all formulas meet the requirements
with a coefficient of variance value of     5%. Pastore
et al. (2015) stated that the weight uniformity test aims
to determine the uniformity of the weight of the
resulting patches. Weight uniformity can also indicate
the uniformity of the active substance content in the
patch and ensure that each patch contains several active
ingredients in the correct and even dosage.

Moisture loss is a parameter employed to determine
the patch’s ability to absorb moisture. Table 2 shows
that moisture loss without adding chitosan
(hydrophobic) has the highest value of 7.525 ± 0.054%.
A low absorption percentage indicates a relatively stable
patch that tends to be protected from microorganisms.
Moisture absorption increases as the hydrophilicity of
the polymer or plasticizer used increases. A good patch
should not be too damp because it will easily break or
tear and should not be too dry because it will break
easily or become brittle. Byeon et al. (2017) stated that
using hydrophobic polymers could affect the moisture
loss of the preparation; the higher the concentration of
hydrophilic polymer used, the greater the percentage
of moisture loss. According to Suryani et al. (2019),
there are no set standards for how much water should
be in patch preparations. The lower amount of water
content in the patch can cause the preparation to
become brittle. Conversely, higher water content can
increase the risk of microbial contamination.

Acne Bacterial Activity of Acne Patches

Acne patches with nanochitosan K1, K2, and K3
showed antibacterial activity by forming a clear zone.
By contrast, K0 and KM did not show antibacterial
activity against P. acnes, S. epidermidis, and S. aureus
(Figure 3). The highest zone of inhibition from the

≤ 

≤ 

Table 2. Physicochemical of acne patches

Parameter  *Formula 
K0 K1 K2 K3 

Physical appearance     
Color opaque white slightly 

transparent 
opaque white slightly 
transparent 

opaque white slightly 
transparent 

opaque white slightly 
transparent 

Texture smooth, thin, and 
elastic 

smooth, thin, and 
elastic 

smooth, thin, and 
elastic 

smooth, thin, and 
elastic 

Odor odorless odorless odorless odorless 
Thickness (mm) 0.014 ± 0.002 0.017 ± 0.002 0.022 ± 0.004 0.031 ± 0.005 
Weight variation (mg) 0.019 ± 0.001 0.026 ± 0.005 0.033 ± 0.002 0.047 ± 0.013 
Moisture loss (%) 7.525 ± 0.054 3.201 ± 0.487 2.741 ± 0.279 2.017 ± 0.290 

 *Acne patch formula with the addition of nanochitosan from mud crab shells K0: 0 mg, K1: 50 mg, K2: 100 mg, and K3: 150 mg.
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Figure 3. Inhibition zone of the acne patch preparation with the addition of mud crab shell nanochitosan K0: 0
mg, K1: 50 mg, K2: 100 mg, K3: 150 mg, and KM: commercial against P. acnes (A), S. epidermidis
(B), and S. aureus(C).

Table 3. Acne patch inhibition zone against acne bacteria

Acne Bacteria  *Acne Patch Inhibition Zone 
KM K0 K1 K2 K3 

P. acnes ATCC 11827 0 ± 0 0 ± 0 9.5b ± 0.25 10.67a ± 0.76 9.17b ± 0.76 
S. epidermidis FNCC 0048 0 ± 0 0 ± 0 9.33b ± 1.15 13.67a ± 2.02 8.67c ± 1.89 
S. aureusFNCC 0047  0 ± 0 0 ± 0 10.33b ± 0.25 11.83a ± 0.76 8.66c ± 0.76 

 *Acne patch inhibition zone with the addition of nanochitosan from mud crab shells K0: 0 mg, K1: 50 mg, K2: 100 mg; K3: 150
mg, and KM: commercial acne patch. Letters from the same alphabet indicate non-significant at p < 0.05. The data were

expressed as mean ± standard deviation of three replications.

results of the one-way ANOVA test and the LSD further
test showed that the different concentrations of
nanochitosan affected the antibacterial activity of the
acne patch (Table 3).

The differences in antibacterial activity in the three
treatments are likely due to several factors.
Chandrasekaran et al. (2020) reported that several
factors could influence the antimicrobial activity of
nanochitosan, namely, the species of bacteria, bacterial
growth curve, pH, concentration, ZP, molecular
weight, and degree of acetylation. Additionally,
nanochitosan has polycations with a broader surface
charge density than chitosan when fighting bacteria.
This causes the walls and membranes of the bacterial
cells to be disrupted, and then, there is a leak of
intracellular molecules, causing the bacterial cells to
die. Furthermore, Duan et al. (2019) revealed that the
mechanism of chitosan in inhibiting gram-positive
bacteria is by binding to the plasma membrane and
then inactivating enzymes and proteins, damaging DNA,

and disrupting cell function and metabolic processes,
which will ultimately cause cell death. Previous
research stated that nanochitosan can be utilized to
treat skin and has been proven to heal wounds
(Zmejkoski et al. 2021). Sungkharak et al. (2016)
reported that nanochitosan inhibits P. acne and S.
epidermis bacteria more than chitosan, but both still
have antibacterial activity. This statement was reinforced
by Luthfiyana et al. (2022), who explained that chitosan
can inhibit the acne-causing bacteria P. acnes, S.
epidermidis, and S. aureus and is more effective in
producing a higher clear zone if it is in its nano-sized
form. Qothrunnadaa and Hasanah (2021) revealed that
nanochitosan is a hydrophobic antibacterial agent that
quickly diffuses through the lipid skin layer. The in
vitro antibacterial test results show that the patch can
be effective not only on the skin underneath but also
on the surrounding skin. Based on the results, acne
patches with nanochitosan are much more effective
than commercial products in fighting the acne bacteria
P. acnes, S. epidermidis, and S. aureus.
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Acne patch K2 showed the best results in inhibiting
P. acnes, S. epidermidis, and S. aureus bacteria (Table
4). This result is because the level of K3 viscosity
influences the diffusion process. The antimicrobial
activity of nanochitosan is realized by different
mechanisms depending on the molecular weight of
chitosan and its concentration. Too high a
concentration will cause aggregates and inhibit diffusion
(Kovács et al. 2023). The higher chitosan concentration
makes the solution mixture too thick and concentrated,
thereby reducing the diffusion ability of the patch into
the bacterial growth medium and reducing the patch’s
inhibitory power against microbial growth (Syaefudin
et al. 2023). The inhibition zone in a medium can be
influenced by temperature and incubation time,
suspension density, type of bacteria, and sample
concentration used (Divya et al. 2017).

Conclusion

This research was successful in obtaining chitosan
from crab shells (Scylla sp) with an average nano size
of 35.20 nm and highest intensity of 11.70; the resulting
PDI was 0.274 with a positively charged ZP of 42.9
mV. The morphology of nanochitosan from mud crab
shells was successfully applied to acne patches,
resulting in the best formula with the addition of 100
mg (K2) nanochitosan with physicochemical
characteristics, that is, opaque white, slightly
transparent, smooth, elastic, and odorless; a thickness
of 0.022 ± 0.004 mm; a weight variation of 0.033 ±
0.002 mg; and moisture loss 2.741 ± 0.279%. The
acne patch was proven to be able to inhibit the activity
of the acne bacteria P. acnes (10.67a ± 0.76 mm), S.
epidermidis (13.67a ± 2.02 mm), and S. aureus (11.83a
± 0.76 mm). Acne patches with the addition of
nanochitosan are much more effective than commercial
products.
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