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Abstract

Hijau lumut banana peel (Musa X paradisiaca L.) contains bioactive compounds with antibacterial properties and has potential as a
natural anti-acne agent. The preparation and characterization of chitosan-based nanoparticles incorporating hijau lumut banana peel
(HLBP) ethanol extract, evaluate their antibacterial activity against Propionibacterium acnes, and identify their chemical constituents
were the goal of this study. Ethanol maceration was used to get HLBP extract, which was then combined with chitosan and sodium
tripolyphosphate (NaTPP) in the ionic gelation process to create nanoparticles. The broth microdilution technique was used to
determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC), while the agar diffusion
assay was used to evaluate the antibacterial activity. Nanoparticles were characterized using particle size analysis (PSA), SEM, TEM,
FTIR, and LC-MS/MS. The nanoparticles exhibited strong antibacterial activity against P. acnes, with inhibition zones of 31.47 + 0.03
mm and 28.15 + 0.10 mm for formulations containing 0.5% and 1% chitosan, respectively. MIC and MBC values were 1.25 and
2.50%, respectively. The optimal formulation (0.5% chitosan) had a particle size of 721.9 + 25.57 nm, a polydispersity index of
0.509 + 0.018, and a zeta potential of -36.2 + 0.60 mV. Morphological analysis revealed irregular flattened particles. These findings
suggest that chitosan nanoparticles loaded with HLBP have encouraging antibacterial properties against P. acnes and could be used

as a natural anti-acne formulation.
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1. INTRODUCTION

Everyone, especially women, tends to want to have beautiful
and healthy skin to increase their self-confidence. The skin is
the outermost organ that makes up the human body which is
located at the outermost level and covers the entire surface of
the body, making the skin susceptible to disease (Abadi et al.,
2021). Acne is blackheads that are infected by bacteria (Rudiyat
etal., 2020). One of the causes of acne that is naturally found in
normal skin is Propionibacterium acnes. Antibiotic-type chemical
compounds such as clindamycin and tetracycline have long
been used to treat acne, but sometimes they have side effects in
the form of skin irritation and other health problems, so their
use is limited. So natural ingredients are needed to treat acne
(Rismana et al., 2014). One ingredient that can be used is hijau
lumut banana peel (HLBP).

Based on a previous study investigating the antibacterial ac-

tivity of methanolic extracts from several local Balinese banana
peels, hijau lumut banana peel extract at a concentration of
20% demonstrated inhibitory effects against Staphylococcus au-
reus and Escherichia coli, with inhibition zone diameters of 12.30
mm and 11.67 mm, respectively (Rita et al., 2020). However,
the observed antibacterial activity was relatively moderate, in-
dicating the need for strategies to enhance its efficacy. One
promising approach is the application of nanotechnology.
Nanotechnology has attracted widespread interest because
of its many beneficial properties, including reduced particle
size, improved delivery of active compounds in food and phar-
maceutical products, controlled release of bioactive substances,
enhanced solubility, and increased absorption within the body
(Ningsih et al., 2017). In recent years, green nanotechnology,
which utilizes natural materials and environmentally friendly
processes for nanoparticle synthesis, has been increasingly ex-
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plored. The incorporation of nanotechnology can improve the
penetration of active compounds through the dermal layer of
the skin, thereby enhancing their therapeutic potential. Chi-
tosan is widely employed as a biopolymer in nanoparticle for-
mulations because of its excellent biocompatibility and encap-
sulation efficiency. Therefore, Encapsulation based on chitosan
is a viable method for enhancing antibacterial properties and
bioavailability of active compounds derived from banana peel
extracts (Verma et al., 2019; Abd-Allah et al., 2020).

Chitosan encapsulation utilizes ionic gelation to entrap ac-
tive ingredients within a protective biopolymeric matrix. Due
to its insolubility at neutral pH, the encapsulation process typ-
ically involves dissolving chitosan in a weak organic acid, fol-
lowed by the incorporation of the core material and this was
followed by the incorporation of a cross-linking agent. This
encapsulation strategy enhances antibacterial eflicacy against
acne-causing bacteria by combining the intrinsic antimicrobial
properties of chitosan incorporated into advanced nanocarrier
systems thereby enhancing the stability, increasing bioavail-
ability, and enabling targeted delivery of bioactive compounds
(Detsi et al., 2020; Luthfiyana et al., 2024).

Stronger antibacterial activity against S. aureus and E. coli
was demonstrated by the chitosan-based nanoparticle formu-
lation containing HLBP extract than the conventional (non-
nanoparticle) extract formulation (Rita et al., 2023). Several
studies have reported the anti-acne potential of nano-chitosan
formulations containing plant extracts, including mangosteen
peel (Rismana et al., 2014), Semarang guava (Sckar and Halim,
2017), and cork tree bark (Kuo et al., 2021). Characterization
of nanoparticles generally involves the evaluation of particle
size and stability, morphology, functional groups, and chem-
ical composition. However, limited studies have focused on
the preparation of nano-chitosan formulations derived from
banana peel extracts for anti-acne applications. This study
was designed to formulate HLBP ethanol extract into chitosan
nanoparticles, characterize the resulting nanoparticle system,
and determine its antibacterial potential against Propionibac-
tertum acnes, one of the primary bacteria associated with acne
development.

2. EXPERIMENTAL SECTION

2.1 Materials

The plant material used was hijau lumut banana peel obtained
around Denpasar, Bali. The bioassay material was the Pro-
pionibacterium acnes culture utilized in the experiment was ac-
quired from the Microbiology Laboratory, Faculty of Medicine,
Udayana University, Denpasar.

The chemicals used in this research were ethanol (CoH;OH)
(PT. Brataco, Indonesia), TLC plate GF 254 (PT Merck Tbk.),
Macconkey powder (Merck Germany), goat blood (Sigma-
Aldrich, USA), TSB (Tripton Soy Broth) (Sigma-Aldrich, USA),
erythromycin (Sigma-Aldrich, USA), Mac Farland standard
(Sigma-Aldrich, USA), technical tween-80 (PT Merck Tbk.),
sterile distilled water, acid glacial acetate (CHsCOOH) (PT
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Merck Chemicals and Life Sciences Indonesia), NaT PP techni-
cal grade 85% and low molecular weight chitosan with a deacety-
lation degree of 75% (Sigma-Aldrich, USA).

The instruments used were DR-200Bc¢ ELISA Microplate
Reader, Fourier Transform Infrared Spectrometer (FTIR)
(Shimadzu IR Prestige-21), Particle Size Analyzer (PSA) (Hori-
ba Scientific SZ-100 Japan), Scanning Electron Microscopy
(SEM) (SEM-EDX JEOL JSM-6510LA Japan), Transmis-
sion Electron Microscopy (TEM) (Hitachi HT7700 Japan),
and Liquid Chromatography Tandem Mass Spectroscopy (LC-
MS/MS) (Waters).

2.2 Methods
2.2.1 Sample Preparation and Extraction of Compounds in
Banana Peels

HLBP were collected and air-dried, then ground into powder
(water content less than 10%). Ethanol was used to macerate
2 kg of dried banana peel powder, with the powder kept fully
immersed in the solvent for approximately 24 h. Furthermore,
While the dregs were re-macerated with ethanol until all of the
chemicals were removed, the filtrate was filtered. A rotatory
vacuum evaporator was used to collect and evaporate the filtrate
at low pressure and 40 °C until a concentrated ethanol extract
(crude extract) was produced (Rita et al., 2023). The extract
was stored to be continued in making of nanoparticles.

2.2.2 Preparation of Nanoparticles

Ionic gelation was used to produce nanoparticles, in which chi-
tosan and NaTPP served as the encapsulating agents, following
the best formulation reported by Rita et al. (2023). First, 1
g of an appropriate amount banana peel ethanol extract was
dissolved in 35 mL of ethanol. The mixture was then mixed
with 15 mL of distilled water in a 1000 mL beaker, followed
by the addition of 50 mL of 1% chitosan solution formulated
in 1% glacial acetic acid.

Subsequently, 50 mL of 1% NaTPP solution was introduced
dropwise into the mixture while continuous stirring was main-
tained at 3800 rpm using a magnetic stirrer for 2 h, resulting in
the formation of a precipitate. After a homogeneous colloidal
suspension was obtained, Centrifugation at 3000 rpm for 15
minutes was used to separate the generated colloids.

The resulting sediment was then stored in a freezer at 3
°C for 2 days. After freezing, the material was dried using
an air cooler until completely dry. After that, the sample was
manually ground with a mortar and pestle until it was a fine
powder. The same procedure was repeated using a chitosan
concentration of 0.5% (Rita et al., 2023). This process was car-
ried out repeatedly according to the quantity of nanoparticles
required for the study.

2.2.3 Antibacterial Activity Assay

The Kirby-Bauer disc diffusion assay was used to evaluate
the antibacterial qualities of the HLBP ethanol extract and
its nanoparticle formulation. Their antibacterial performance
was evaluated by measuring the diameter of the clear inhibition
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Figure 1. The Reaction of NaTPP, Chitosan, and Ethanol Extract of Hijau Lumut Banana Peel (Detsi et al., 2020)

zone surrounding each disc, indicating suppression of bacterial
growth. The bacterial suspension was uniformly distributed
across the agar medium’s surface using a sterilized cotton swab
and allowed to stand for approximately 5 minutes. Sterile
disc papers were then placed using forceps sterilized over a
Bunsen burner flame, and 20 uL. of each extract solution at a
concentration of 10% was applied to the discs. Erythromycin
(15 pg/disc) was used as the positive control. Subsequently,
using sterile forceps, the discs were positioned on Blood Agar
plates and lightly pressed to establish firm contact with the agar
surface. The plates were then incubated anaerobically using a
gas-generating kit for approximately 5 days at 37 °C. After in-
cubation, the diameter of the clear inhibition zone surrounding
each disc was measured and recorded (Niederstebruch et al.,
2017). To ensure that the experimental results were reliable
and could be reproduced consistently, the antibacterial assay
was performed in triplicate.

The broth microdilution method was employed to deter-
mine the MIC using serial concentrations between 20% and
0.3125% (w/v). The first well is filled with the highest con-
centration of antimicrobial solution. Serial dilutions (doubles)
are made in subsequent wells to the sides until a range of con-
centrations is achieved. 100 L of microbial suspension with
equal volume into each well. The mixture was incubated at
87 °C for 48 hours. The minimum concentration of antimi-
crobial present in the first clear well (no visible growth) is the
MIC value. Optical density at 600 nm was evaluated with a
microplate reader.to calculate turbidity in the broth microdi-
lution test. The MBC was determined by subculturing on
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antibacterial-free agar, where no bacterial colonies are observed
(David et al., 2021; Lallemand et al., 2016; Wiegand et al.,
2008). A one-way analysis of variance (ANOVA) and Tukey’s
multiple comparison test were used to assess the data.

The percentage inhibition of P. acnes growth was deter-
mined using Equation (1):

OD(‘Ontrol(+) - ODsample %
ODcomrol(+)

Inhibition (%) = 100 (1)
where:
* ODonurol(+) = optical density of the positive growth con-
trol (bacteria without treatment)
* ODgpmple = The treated bacterial culture’s optical density

2.2.4 Characteristics of the Antibacterial Nanoparticle
This subsection focuses on interval estimation for the parame-
ter of the XShanker distribution. The Cls considered here are
developed under both asymptotic likelihood theory and boot-
strap resampling frameworks.Characterization of the nanopar-
ticles was carried out using PSA, SEM, TEM, and FTIR Spec-
troscopy. The size distribution of the generated particles was
ascertained using PSA. The generated nanoparticles’ surface
morphology was examined using SEM, and their size and shape
were more thoroughly assessed using TEM. Additionally, the
functional groups of the nanoparticles were identified and char-
acterized using FTIR spectroscopy (Kitri et al., 2020).

2.2.5 Analysis of Compound Content Using LC-MS/MS
The nanoparticles were dissolved in ethanol, filtered through
Whatman filter paper, and loaded onto a reversed-phase C18
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Figure 2. Antibacterial Assay Results of HLBP Ethanol Extract and Chitosan Nanoparticles against Propionibacterium acnes at

Concentration 10%

pre-column (BEH, 1.7 ym, 2.1 mm internal diameter x 20
mm). Separation was performed using UPLC with mobile
phases consisting of acetonitrile containing 0.05% formic acid
(v/v) and water containing formic acid. The isolates were eluted
at a flow rate of 0.2 mL/min for 80 minutes. An Acquity
UPLC H-Class System connected to a quadrupole time-of-
flight mass spectrometer (Xevo G2-S QTof) with a positive
electrospray ionization (ESI) source was used to examine the
resultant eluate. Data acquisition was performed using Xevo
G2-S QTof software, and all mass spectrometry spectra were
processed and analyzed using MassLynx version 4.1 (Riwanti

etal., 2023).
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Figure 3. Graph of the Relationship between the
Concentration of Chitosan Nanoparticles 0.5% Inhibition
Value in Determining MIC and MBC

3. RESULTS AND DISCUSSIONS

3.1 Plant Preparation

The sample used in this study was HLBP (Musa X paradisiaca
L.) obtained around Denpasar Bali. The determination of
this plant was carried out at the Laboratory of the Bali-BRIN
"Eka Karya" Botanical Garden. The results revealed that the
plant investigated in this study can be ascertained to be Musa X
paradisiaca L.

Fresh banana peels were collected, thoroughly rinsed to
eliminate adhering impurities, subsequently cut into small sec-
tions, and air-dried to reduce their moisture content. This
drying step helps prevent microbial growth, as humid condi-
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tions can promote the proliferation of microorganisms that
may interfere with both the extraction and storage processes
(Qiu et al., 2024). After drying, the banana peels were blended
into a fine powder for further processing.

3.2 Water Content Test

Water content testing was conducted as a physicochemical pa-
rameter because this plays a crucial role in determining the
stability of bioactive constituents in herbal materials through-
out the storage period. According to Zambrano et al. (2019),
dried materials should have a moisture content of no more than
10%. Excessive moisture can promote fungal contamination,
which may compromise the quality of the sample. As reported
by Palacios et al. (2022), fungal growth can degrade bioactive
compounds, leading to inaccurate activity test results because
any observed inhibition may be attributed to fungal contam-
ination rather than the extract itself. In this study, the water
content was 7.78 + 0.04%, which complies with the Indonesian
National Standard.

3.8 The HLBP Extraction

Extraction of HLBP was carried out using the maceration
method. The maceration method was used in prevent damage
to the active substance contained in the sample. From 1 kg
of HLBP powder, 49.7406 g of ethanol extract was produced,
which was blackish brown in color.

3.4 Preparation of Nanoparticles from HLBP Ethanol Ex-
tract

The nanoparticles were prepared using the ionic gelation pro-
cess, and the resulting formulations are presented in Table 1.
Using this technique, positively charged chitosan amino groups
and negatively charged TPP ions electrostatically crosslink to
produce colloidal particles in the nanoscale size range (Santo
etal., 2021).

The addition of NaTPP serves as a cross-linking agent, pro-
moting the formation of intermolecular bridges between chi-
tosan chains. These cross-links create a stable polymeric matrix
that acts as a wall surrounding and entrapping the drug. As a
result, the nanoparticles exhibit enhanced mechanical strength
and improved stability at neutral pH. During the nanoparticle
formation process, the ethanol extract becomes encapsulated
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Table 1. Nanoparticles Produced from the Ethanol Extract of HLBP

Chitosan Concentration (%) Dry Nanoparticle Weight Nanoparticle Color
(grams)
0.5 1.62+0.10 Yellow
1 1.77+0.14 Yellow

Table 2. Antibacterial Assay Results of HLBP Ethanol Extract and Chitosan Nanoparticles against Propionibacterium acnes at

Concentration 10%

Testing Materials

Inhibition Zone (mm)

Ethanol extract of HLBP
Chitosan Nanoparticles 0.5%

Chitosan Nanoparticles 1%
Chitosan 1%

Positive control (Erythromycin) 15 ug/disk

Negatif Control (Ethanol)

20.87+0.20°
31.47+0.03%
28.15+0.10P
18.30+0.23
59.83+0.58
0.00+0.00

Note: numbers accompanied by different letters represent significantly different values at the 5% level

within the pores of the chitosan matrix (Stefanache et al., 2025)
. In this study, nanoparticles containing banana peel ethanol ex-
tract were prepared using two different chitosan concentrations,
namely 0.5% and 1.0%. The interaction among NaTPP, chi-
tosan, and the banana peel ethanol extract during nanoparticle
formation is illustrated in Figure 1.

3.5 Antibacterial Activity of Ethanol Extract and The Chi-
tosan Nanoparticles

The inhibitory activity test of the crude extract and nanoparti-
cles was conducted in triplicate and analysed using IBM SPSS
Statistics 22.0. All of the data were found to be regularly dis-
tributed by the normality test. Subsequently, a homogeneity
test was performed, revealing homogeneous variances among
the groups (p > 0.05). Based on the results obtained, differences
between the treatments were further examined using the Least
Significant Difference (LSD) post hoc test. The antibacterial
activities of the ethanol extract of HLBP and its nanoparticles
against Propionibacterium acnes are presented in Table 2 and
Figure 2.

The results presented in Table 2 show that the inhibition
zone of the ethanol extract against P. acnes was 20.37 + 0.20
mm, whereas the chitosan nanoparticles containing 0.5% and
1% chitosan exhibited inhibition zones of 81.47 + 0.03 mm and
28.15 + 0.10 mm, respectively. These findings demonstrate
that nanoparticle formulations possess greater antibacterial ac-
tivity than the crude ethanol extract. The enhanced activity can
be attributed to the reduced particle size of the nanoparticles,
which provides a larger surface area and increases the interac-
tion between the active compounds and bacterial cells. The
large surface area and high proportion of surface atoms facili-
tate penetration through the bacterial cell membrane, thereby
improving antibacterial efficacy (Ly et al., 2024). The data
presented in Table 2 indicate significant differences between
the ethanol extract and the nanoparticles prepared with varying
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chitosan concentrations. Interestingly, increasing the chitosan
concentration from 0.5% to 1% caused the antibacterial activity
to decline, as reflected by the smaller inhibition zone. This
reduction may be associated with changes in nanoparticle char-
acteristics, such as increased particle size or reduced release of
bioactive compounds at higher chitosan concentrations. Nev-
ertheless, chitosan itself contributes to the antibacterial effect
by interacting with the negatively charged bacterial cell wall,
forming a polymeric layer that disrupts nutrient transport into
the cell. This interference ultimately inhibits bacterial growth
and can lead to cell death (Mawazi et al., 2024).

Chitosan has been reported to exhibit significant antibacte-
rial activity against P. acnes. However, chitosan nanoparticles
possess a higher surface charge density due to their polyca-
tionic nature, enabling stronger interactions with bacterial cell
surfaces compared to chitosan in its conventional form. Fur-
thermore, chitosan nanoparticles can disrupt the integrity of
bacterial membranes and cell walls, resulting in the leakage of
intracellular constituents and ultimately leading to bacterial cell
death (Chandrasekaran et al., 2020).

The antibacterial activity observed in both the ethanol ex-
tract and the activity displayed by the nanoparticle formulations
is caused by the presence of secondary metabolites. These sub-
stances prevent bacterial development in a number of ways,
such as by rupturing the cell wall and causing cell lysis, al-
teration of membrane permeability, denaturation of cellular
proteins, and inhibition of intracellular enzymatic activities
(Lobiuc et al., 2023).

Ethanol, used as the negative control, did not exhibit any
inhibitory effect against bacterial growth, despite its well doc-
umented antiseptic properties. The absence of an inhibition
zone may be attributed to the high volatility of pure ethanol,
which evaporates rapidly and therefore does not remain in
contact with the bacteria long enough to exert a sustained an-
timicrobial effect. Furthermore, the physicochemical prop-
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Figure 5. Transmission Electron Microscopy Results of The Nanoparticles with 10,000x Magnification (a), and 50,000x

Magnification (b)

erties of ethanol limit its diffusion through the agar medium,
resulting in uniform dispersion rather than the formation of
a distinct inhibition zone. Pure ethanol is also considered less
effective as an antimicrobial agent than diluted ethanol solu-
tions. At high concentrations, ethanol causes rapid coagulation
of bacterial surface proteins, forming a protective barrier that
restricts further penetration of the alcohol into the cell. Conse-
quently, intracellular targets are not effectively reached, leading
to reduced antibacterial activity (Lim et al., 2023).

The nanoparticles with formulation 0.5% chitosan exhib-
ited strong antibacterial activity against P. acnes. The MIC and
MBC were determined to be 1.25% and 2.50%, respectively.
Higher concentrations were associated with greater inhibition
of bacterial growth, reaching 89.8% inhibition at the MIC level.
Significant differences across the treatment groups were identi-
fied through one-way ANOVA (F = 1473.2, p < 0.0001), indi-
cating potent antibacterial eflicacy of the nanoparticles against
P. acnes. Tukey HSD showed that concentrations >1.25% were
significantly different from the positive control (p < 0.05). The
results are presented in the Figure 3. Inhibition was calculated
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using Equation 1.

3.6 Characterization of Nanoparticles
3.6.1 Particle Size Analyzer (PSA)
Particle size characterization of the chitosan nanoparticles was
performed with a PSA utilizing the Dynamic Light Scattering
(DLS) techniqueThe 0.5% chitosan nanoparticle formulation
exhibited the smallest particle size and fell within the nanome-
ter range (Table 3). In contrast, the particle sizes of the 1%
chitosan nanoparticle formulation and the ethanol extract ex-
ceeded 1000 nm. However, the particle sizes obtained were
still relatively large, exceeding 500 nm. This may be attributed
to the absence of stabilizing agents such as polyvinyl alcohol
(PVA). According to Nafee et al. (2007), the addition of stabi-
lizers such as PVA can help control particle size. At an optimal
concentration, PVA can reduce particle diameter and improve
nanoparticle characteristics. However, when the concentration
of the stabilizer exceeds the optimal level (>3%), nanoparticle
stability may be compromised, leading to particle aggregation.
The particle size distribution and polydispersity index (PDI)
are commonly used as parameters to assess particle size unifor-
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Table 3. Particle Size (nm), Polydispersity Index, and Zeta Potential (mV) of the Ethanol Extract and the Nanoparticles

Formulation Particle Size (nm)

3,339 + 67.18
721.9 £ 25.57
1,167.6 = 18.61

Ethanol extract
Nano-chitosan 0.5%
Nano-Chitosan 1%

Polydispersity Index  Zeta Potential (mV)
0.9333 £ 0.1155 -0.62
0.509 = 0.0181 -36.2
0.623 = 0.0281 -19.64

mity. The PDI indicates the extent of molecular mass distri-
bution within a particular sample and provides an indication
of the breadth of the particle size distribution. A lower PDI
indicates a more homogeneous particle size distribution, which
is associated with enhanced formulation stability. Conversely,
an elevated PDI value reflects a wider variation in particle size,
indicating a less homogeneous particle population, which may
lead to faster flocculation and reduced stability of the formu-
lation. The PDI ranges from 0 to 1. The best PDI result was
obtained for the nano-chitosan formulation containing 0.5%
chitosan, with a value of 0.509 + 0.0181. The PDI values
of both nano-chitosan formulations fall within the intermedi-
ate range (0.08-0.7), which represents the range in which the
particle size distribution algorithm operates most effectively.
Particle populations with a PDI exceeding 0.7 are characterized
by substantial size heterogeneity, and a higher likelihood of
particle aggregation. Such a broad distribution can result in
lower suspension stability (Al-Darwesh et al., 2024).

The difference in electrical potential between the particle
surface and the surrounding diffuse layer of ions is known as
the zeta potential that is strongly bound to the surface of a
solid particle and the electroneutral region of the surrounding
solution. A high surface charge on nanoparticles prevents aggre-
gation due to the strong electrostatic repulsive forces between
particles. The greater the magnitude of the zeta potential, the
more effectively it prevents flocculation, which is the process
by which small colloidal particles aggregate into larger particles.
Particles with a high positive or negative zeta potential exhibit
strong repulsive forces, whereas particles with a low zeta poten-
tial tend to experience attractive forces, leading to aggregation
and reduced stability (Akbari et al., 2011).

Zeta potential values of approximately +5 mV indicate
rapid aggregation. However, only short-term stability is pro-
vided by levels around 20 mV. Good stability is generally
thought to be provided by a zeta potential of +30 mV, whereas
very good stability is indicated by values of £60 mV. The zeta
potential of the 0.5% nano-chitosan formulation was classified
as good because it remained within the #30 mV stability range
(Sathiyabama et al., 2024).

8.6.2 Scanning Electron Microscopy (SEM)

The morphological characteristics of the nanoparticles contain-
ing the ethanol extract of HLBP at a concentration of 0.5%
were analyzed using SEM at magnifications of 200x and 500X,
as shown in Figure 4, while the EDX results are presented in
Table 4. The SEM micrograph revealed irregular plate-like
particles with a tendency to agglomerate. Based on image cal-
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Figure 6. FTIR Spectrum of Chitosan (a) and The Chitosan
Nanoparticles (b)

ibration using the 100 pm scale bar, the particle size ranged
from approximately 15 to 97 um, with an average particle size
of 52.4 + 21.3 um. Most particles were distributed within the
range of 30-70 um.

The data obtained were in the form of two-dimensional im-
ages showing the surface morphology of the particle specimens.
The particles exhibited a generally non-uniform and relatively
flat morphology, which may facilitate nanoparticle agglomera-
tion. This is due to the presence of numerous surface angles
and irregularities that promote interactions between particles.

Similar results were also reported by Rita et al. (2023),
who stated that nanoparticles of the ethyl acetate extract of
HLBP tend to exhibit irregular shapes, including imperfect
spherical and oval forms, as well as angular features on the
particle surfaces. According to Ulusoy (2023), the greater the
number of corners or edges on the particles, the higher the
likelihood of agglomeration. This observation is consistent with
the PSA results, which showed relatively large particle sizes,
indicating that some particles had undergone agglomeration.
The size difference between SEM and PSA results indicates
that nanometer-sized primary particles (721,9 nm) tend to
form micrometer-sized secondary agglomerates (15-97 pum)
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Table 4. Surface Chemical Composition of Chitosan Nanoparticles at 500x Magnification Determined by EDX

Element Number

Element Symbol

Element Name Weight Conc.

8 O
11 Na
15 P
6 C
19 K
17 Cl
12 Mg
14 Si

Oxygen 45.93
Sodium 19.77
Phosphorus 16.33
Carbon 15.88
Potassium 1.54
Chlorine 0.39
Magnesium 0.09
Silicon 0.07

during the drying and SEM sample preparation process.

The relatively large size and broad distribution suggests
that further optimization of formulation parameters, such as
polymer concentration, crosslinking conditions, stirring speed,
and ultrasonication treatment, may be necessary to improve
particle uniformity and reduce agglomeration (Danaei et al.,
2018). The SEM system was additionally fitted with Energy-
Dispersive X-ray Spectroscopy (EDX) to determine the ele-
mental composition of the samples. EDX is a detector inte-
grated with SEM and is used to analyze the chemical compo-
sition of a sample’s surface. The EDX analysis presented in
Table 4 shows that carbon (C) and oxygen (O) are the main
components detected. The findings suggest that nanoparti-
cles containing the chitosan biopolymer, represented by the
chemical formula (CgHgNOg) ,,, were successfully produced,
sodium tripolyphosphate (NaTPP), and bioactive compounds
present in the ethanol extract. Mineral elements like sodium
(Na), potassium (K), magnesium (Mg), phosphorus (P), and
silicon (Si) were also found in banana peels.

Okorie etal. (2015) demonstrated that both ripe and unripe
banana peels contain micronutrients, including zinc (Zn), iron
(Fe), lead (Pb), and copper (Cu), as well as mineral elements
such as magnesium (Mg), calcium (Ca), sodium (Na), potassium
(K), and phosphorus (P). Hydrogen (H) was not identified by
EDX because its atomic number (Z = 1) is too low for effective
detection by this analytical technique, whereas commercially
available energy-dispersive X-ray spectroscopy (EDX) systems
are generally unable to detect elements with atomic numbers
below 11 (Ye et al., 2022). Hydrogen can be identified using
proton nuclear magnetic resonance (IH-NMR) spectroscopy

rather than EDX.

3.6.8 Transmission Electron Microscopy (TEM)

The TEM analysis findings are illustrated in Figure 5. The
synthesized chitosan nanoparticles exhibited diameters ranging
from 500 to 700 nm. The nanoparticles displayed a predomi-
nantly spherical morphology with smooth surfaces, indicating
the successful encapsulation of bioactive compounds derived
from banana peels. The porosity of chitosan—tripolyphosphate
nanoparticles may increase due to the acid solubility of chi-
tosan. Furthermore, the incorporation of active compounds
into the chitosan matrix can lead to morphological expansion

© 2026 The Authors.

of the nanoparticles (Rita et al., 2023).

The mean particle size determined by DLS was greater than
the size observed in TEM images, which is in agreement with
the findings reported by Souza et al. (2016), which reported
that broad particle size distributions can lead to inaccuracies in
DLS measurements when compared with TEM results. DLS
tends to indicate a greater proportion of larger particles be-
cause it measures the hydrodynamic diameter, which includes
the hydration layer surrounding the particles, rather than the
actual particle core size observed by TEM. In contrast, TEM
images are acquired from dried samples, where particle agglom-
eration may occur during sample preparation. Furthermore,
DLS measurements are performed in liquid media, providing
a more representative assessment of particle size under actual
dispersion conditions.

3.6.4 Thin Layer Chromatography (TLC)

The separation results obtained using a GF245 TLC plate with
an n-hexane:ethyl acetate (5:5) mobile phase are presented in
Table 5.

Overall, the findings indicate that the ethanol extract of
HLBP contains a compound profile similar to that of the chi-
tosan nanoparticles. This finding suggests that the bioactive
compounds contained in the ethanol extract were successfully
encapsulated within the nanoparticle matrix. A similar out-
come was described in the study by Rita et al. (2023), who
found that nine spots on the chromatographic plate of the ethyl
acetate extract of HLBP, whereas only six spots were detected
in the nanoparticle formulation when using A mobile phase
consisting of chloroform and ethyl acetate in an 8:2 (v/v) ratio.

3.6.5 Fourier Transform Infrared (FTIR) Spectroscopy
FTIR spectroscopy was employed to characterize the synthe-
sized nanoparticles and to identify alterations in functional
groups that may reflect chemical interactions between the com-
ponents. The cross-linking interactions between the HLBP
ethanol extract, chitosan, and sodium tripolyphosphate (NaTPP)
can be observed through shifts in wavenumbers and variations
in the intensity of characteristic functional groups (Antasion-
asti et al., 2020). In this study, FTIR analysis was performed
over the spectral range of 4000-500 cm™. The FTIR spectra
of chitosan and the HLBP ethanol extract nanoparticles are
presented in Figure 6.
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Table 5. Rf Value of The HLBP Ethanol Extract and Its Chitosan Nanoparticles

Spots Rf Value
The HLBP Ethanol Extract Chitosan Nanoparticles
1. 0.07 0.12
2. 0.12 0.18
3. 0.23 0.23
4. 0.47 0.57
5. 0.80 -

Table 6. The Results of The Analysis and Estimated Compounds

Retention Tons

Times (tR) (M+H)* Molecular Alleged Compounds Class of
. formula compounds
(minute) (m/z)
. . . Glycosid
5.08 357.2316  C19HgeOg  5,7-Megastigmadien-9-ol glucoside (a) isonorst,eci)}jz'neoids
6-beta,8beta- Sesquiterpene
0.33 267.1599  Ci5Ha04 Dihydroxyeremophilenolide (b) lactones
) la-1-Hydroxy-2,4(18),11(13)- .
7.69 249.1493  Cj5Hg¢Og cudesmatrien-12-Oic acid (¢) Terpenoids
8.44 196.0902 CgHi19N4Og 1,3,9-Trimethylxanthine (Caffeine) (d) Alkaloids
9.54 289.0876  Ci9H;303 Hydroxyanigorufone (e) phenylnaphthalenes
C OH
CH,
OH H;C
5 T H;C  “cH, CH,
HO OH CH
OH (@) fcy T 0
[
HO
SN N> Q Q‘
L -
(0] N
| () ©

Figure 7. The Structure of The Compounds of The Nanoparticles. 5,7-megastigmadien-9-ol glucoside (a),
6-83,8- B -dihydroxyeremophilenolide (b), 1@ -1-hydroxy-2,4(18),11(13)-eudesmatrien-12-oic acid (c), 1,3,9-trimethylxanthine

(caffeine) (d), and hydroxyanigorufone (e)

Chitosan exhibits characteristic functional groups, primar-
ily due to the overlapping absorption bands associated with
stretching vibrations of amino (N—H) and hydroxyl (O—H)
groups, which were observed at 3563.64 cm™ (Sathiyabama
et al., 2024). The absorption peak at 2891.42 cm™! corre-
sponds to aliphatic C—H stretching vibrations, while the band
at 1689.56 cm! is attributed to N—H bending vibrations of
secondary amine groups, a characteristic feature of the chitosan
structure. In addition, the absorption band at 1435.10 cm™!

© 2026 The Authors.

indicates C—N bending vibrations.

A shift in the O—H/N—H stretching band from 3563.64
cm’! in chitosan to 8653.88 cm™! in chitosan nanoparticles
was observed, accompanied by changes in band intensity and
broadening. This shift suggests hydrogen bond formation be-
tween the bioactive compounds and the encapsulating chitosan
matrix (Putri et al., 2019; Nahrowi et al., 2024). Furthermore,
the shift in aliphatic C—H stretching vibrations from 2891.42
em™! t0 2885.63 em™! indicates interactions between non-polar
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core compounds and the hydrophobic regions of the carrier
matrix (Zahed et al., 2023).

The NH bending vibration observed in chitosan at 1639.56
em! shifted to a C=0 stretching vibration at 1702.25 cm™!
in the nanoparticles. This change is attributed to the utiliza-
tion of glacial acetic acid as a solvent for chitosan and may
result from interactions involving hydroxyl (—OH) groups
(Putri et al., 2019). Additionally, the C—N stretching vibration
shifted from 1485.10 em™! in chitosan to 1509.85 cm™! in
the nanoparticles, indicating interactions between the encapsu-
lated bioactive compounds and the chitosan polymer matrix.
The appearance of a peak at 894.04 cm™! in the nanoparticle
spectrum further confirms the presence of phosphate (P=0)
groups, which are characteristic of sodium tripolyphosphate
(NaTPP) (Rita et al., 2023).

This result corresponds with the findings of Fatoni et al.
(2028), who observed that the IR spectrum at 8448.72 cm™!
corresponds to the overlapping of —OH and N—H groups
stretching vibrations. The weak absorption band observed at
2931.80 cm! is attributed to aliphatic C—H functional groups.
Furthermore, the higher intensity of the peak at 8448.72 cm™!
indicates stronger hydrogen bonding interactions in the chi-
tosan nanoparticles compared to pure chitosan.

3.7 Results of Analysis of Compounds from Chitosan Nanopar-

ticle HLBP Ethanol Extract with LC-MS/MS

Identification of chemical compounds in the chitosan nanopar-
ticles was performed using LC-MS/MS. The analysis generated
LC chromatograms and mass spectra corresponding to differ-
ent retention times. Compound identification was conducted
using the MassLynx v4.1 software, along with the MassBank,
ChemSpider, and PubChem databases. Each chromatographic
peak at a specific retention time was characterized based on its
protonated molecular ion ((M+H]*), and the molecular formula
was determined using the Elemental Composition submenu in
MassLynx v4.1. The molecular formula selected was the one
with the highest i-FIT percentage. The i-FIT value reflects
the degree of agreement between the observed isotopic pattern
and the theoretical isotopic distribution, thereby supporting
the identification of compounds and their relative abundance
in the mass spectrum. The results of the analysis and the esti-
mated compounds can be seen in Table 6, while the proposed
chemical structures are shown in Figure 7.

Megastigmanes are a class of terpenoid compounds char-
acterized by a C13 carbon skeleton and are considered nor-
terpenoids derived from the degradation of carotenoids and
related sesquiterpenoid structures. Numerous biological activi-
ties have been reported for megastigmane glycosides, including
cytotoxic, antibacterial, antiviral, neuroprotective, antioxidant,
hepatoprotective, anti-inflammatory, anti-melanogenic, and
anti-allergic effects (Samra et al., 2024).

Almeida et al. (2006) reported that caffeine present in cof-
fee extract exhibits antimicrobial activity against Salmonella
enterica. In addition, caffeine at the 250 ug/mL concentration
or higher significantly enhanced antibiotic efficacy, reducing

© 2026 The Authors.
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the MIC values of cefepime, ticarcillin, gentamicin, novobiocin,
and azithromycin by approximately 50% against several Gram-
negative bacteria, including Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter bawmannii. Similarly, the findings
of Woziwodzka et al. (2022) demonstrated that Caffeine has
been shown to influence the efficacy of antibiotics with dif-
ferent chemical structures, exhibiting the greatest synergistic
activity when combined with cefepime or azithromycin against
Gram-negative bacteria.

Hydroxyanigorufone has showed promise as a natural an-
tibacterial compound. Liu et al. (2014) stated that hydrox-
yanigorufone, isolated from the fruits of Musa itinerans Cheesm.,
demonstrated weak antibacterial activity against Staphylococcus
aureus, Escherichia coli, and Candida albicans. In addition, propy-
lene glycol was found to be effective against Streptococcus mutans,
Enterococcus faecalis, and E. coli, exhibiting bactericidal activities
of 50%, 25%, and 50%, respectively (Nalawade et al., 2015). Fur-
thermore, 3,8-dihydroxy-6-methoxy-7(11)-eremophylene-
12,8-olide, a sesquiterpene lactone, has shown significant an-
tibacterial activity, particularly against Gram-positive bacteria
such as Bacillus subtilis and Staphylococcus aureus (Irwandi et al.,

2023).

4. CONCLUSIONS

The chitosan nanoparticle formulation successfully inhibited
bacterial growth against P. acnes, at chitosan concentrations of
0.5% and 1%, respectively, resulting in inhibition zones of 81.47
+ 0.08 mm and 28.15 + 0.10 mm. The nanoparticles formu-
lated with 0.5% chitosan particles possessed an average size of
721.9 + 25.57 nm, a PDI of 0.509 + 0.0181, and a zeta po-
tential of -36.2 + 0.60 mV, with a non-uniform flattened mor-
phology. The compounds identified as potential contributors
to the antibacterial activity included 5,7-megastigmadien-9-ol
glucoside, 68,8 8 -dihydroxyeremophilenolide, 1a-hydroxy-
2,4(18),11(13)-eudesmatrien-12-oic acid, caffeine, and hy-
droxyanigorufone. Based on these findings, chitosan nanopar-
ticles loaded with HLBP ethanol extract show considerable
potential for development as a natural antibacterial agent.

5. ACKNOWLEDGEMENT

The authors thank Udayana University for providing finan-
cial assistance for this study and PT DKSH MESI (Market
Expansion Services Indonesia) for its valuable assistance in
conducting Particle Size Analyzer (PSA) measurements.

REFERENCES

Abadi, H., V. E. Diana, J. Tarigan, T. N. Khairani, and
T. Sundari (2021). Anti-Acne Effectiveness of Jackfruit
Leaf Ethanol Extract Cream (Artocarpus heterophyllus Lam.)
Against Propionibacterium acnes. Jurnal Ilmiah Manuntung, 7,
66-72

Abd-Allah, H., R. T. A. Abdel-Aziz, and M. Nasr (2020). Chi-
tosan Nanoparticles Making Their Way to Clinical Practice:

Page 1643 of 1645



Rita et. al.

A Feasibility Study on Their Topical Use for Acne Treat-
ment. International Journal of Biological Macromolecules, 156;
262-270

Akbari, B., M. P. Tavandashti, and M. Zandrahimi (2011).
Particle Size Characterization of Nanoparticles: A Practical
Approach. Iranian Journal of Materials Science and Engineering,
8; 48-56

Al-Darwesh, M. Y., S. S. Ibrahim, and A. M. Mohammed
(2024). A Review on Plant Extract Mediated Green Syn-
thesis of Zinc Oxide Nanoparticles and Their Biomedical
Applications. Resulis in Chemistry, 7; 101368

Almeida, A. A. P., A. Farah, D. A. M. Silva, E. A. Nunan, and
M. B. A. Gloria (2006). Antibacterial Activity of Coffee
Extracts and Selected Coffee Chemical Compounds Against
Enterobacteria. Journal of Agricultural and Food Chemistry, 54;
8738-8743

Antasionasti, 1., I. Jayanto, S. S. Abdullah, and J. P. Siampa
(2020). Characterization of Cinnamon (Cinnamomum bur-
manii) Ethanol Extract Nanoparticles with Chitosan Sodium
Tripolyphosphate as an Antioxidant Candidate. Chemistry
Progress, 18; 77-85

Chandrasekaran, M., K. D. Kim, and S. C. Chun (2020). An-
tibacterial Activity of Chitosan Nanoparticles: A Review.
Processes, 8; 1173

Danaei, M., M. Dehghankhold, S. Ataei, F. Hasan-
zadeh Davarani, R. Javanmard, A. Dokhani, S. Khorasani,
and M. R. Mozafari (2018). Impact of Particle Size and
Polydispersity Index on the Clinical Applications of Lipidic
Nanocarrier Systems. Pharmaceutics, 10; 57

David, V., A.-N. Andrea, K. Aleksandr, J.-A. Lourdes, P. Eu-
genia, C. Nancy, W. Isabel, C. Jessica, and F. Leén-Tamariz
(2021). Validation of a Method of Broth Microdilution for
the Determination of Antibacterial Activity of Essential Oils.
BMC Research Notes, 14; 439

Detsi, A., E. Kavetsou, I. Kostopoulou, 1. Pitterou, A. R. N.
Pontillo, A. Tzani, P. Christodoulou, A. Siliachli, and
P. Zoumpoulakis (2020). Nano Systems for the Encapsula-
tion of Natural Products: The Case of Chitosan Biopolymer
as a Matrix. Pharmaceutics, 12; 1-48

Fatoni, A., V. F. Hidayah, Suyata, H. Diastuti, and M. D.
Anggraeni (2028). Chitosan—FegO4 Nanoparticles Cryogel
for Glucose Biosensor Development. Science and Technology
Indonesia, 8; 52-58

Fitri, D., N. Z. W. Kiromah, and T. C. Widiastuti (2020). For-
mulation and Characterization of Bay Leaf (Syzygium polyan-
thum) Ethanol Extract Nanoparticles in Various Chitosan
Compositions Using the lonic Gelation Method. Journal of
Pharmaceutical Science and Clinical Research, 5; 61-69

Irwandi, L. Azyenela, H. P. Sari, E. S. Wardi, and D. Sartika
(2023). Isolation and Identification with 16S rRNA Gene
of Endophytic Bacteria from Papaya (Carica papaya L..) and
Test of Its Antibacterial Activity. Journal of Pharmaceutical
and Sciences, 6; 1068—1078

Kuo, C.-W.,, Y.-F. Chiu, M.-H. Wu, M.-H. Li, C.-N. Wu, W.-
S. Chen, and C.-H. Huang (2021). Gelatin/Chitosan Bilayer

© 2026 The Authors.

Science and Technology Indonesia, 11 (2026) 1634-1645

Patches Loaded with Cortex Phellodendron amurense/ Centella
asiatica Extracts for Anti-Acne Application. Polymers, 13;
579

Lallemand, E. A., M. Z. Lacroix, P.-L. Toutain, S. Boullier,
A. A. Ferran, and A. Bousquet-Melou (2016). In Vitro
Degradation of Antimicrobials during Use of Broth Mi-
crodilution Method Can Increase the Measured Minimal
Inhibitory and Minimal Bactericidal Concentrations. Fron-
tiers in Microbiology, 7; 2051

Lim, K., W. Y. Li, A. Dinata, and E. T. Ho (2023). Compar-
ing the Antibacterial Efficacy and Functionality of Differ-
ent Commercial Alcohol-Based Sanitizers. PLoS One, 18;
e0282005

Liu, F., Y. Zhang, Q.-Y. Sun, F.-M. Yang, W. Gu, J. Yang,
H.-M. Niu, Y.-H. Wang, and C.-L. Long (2014). Diaryl-
heptanoids and Phenylphenalenones from Musa itinerans
Fruits. Phytochemistry, 108; 171-177

Lobiuc, A., N.-E. Pavil, 1. I. Mangalagiu, R. Gheorghit, G.-C.
Teliban, D. Amariuciai-Mantu, and V. Stoleru (2023). Fu-
ture Antimicrobials: Natural and Functionalized Phenolics.
Molecules, 28; 1114

Luthfiyana, N., P. W. Ratrinia, I. Rhoinahda, T. Hidayat, and
D. M. Wati (2024). The Antibacterial Effects of Chitosan
Nanoparticles from Scylla sp. on Acne-Related Bacteria:
Staphylococcus aureus and Staphylococcus epidermidis. In BIO
Web of Conferences, volume 136. page 02003. The 13th In-
ternational and National Seminar of Fisheries and Marine
Science (ISFM XIII 2024)

Ly, P.-D., K.-N. Ly, H.-L. Phan, H. H. T. Nguyen, V.-A.
Duong, and H. V. Nguyen (2024). Recent Advances in Sur-
face Decoration of Nanoparticles in Drug Delivery. Frontiers
in Nanotechnology, 6; 1456939

Mawazi, S. M., M. Kumar, N. Ahmad, Y. Ge, and S. Mahmood
(2024). Recent Applications of Chitosan and Its Derivatives
in Antibacterial, Anticancer, Wound Healing, and Tissue
Engineering Fields. Polymers, 16; 1351

Nafee, N, S. Taetz, M. Schneider, U. F. Schaefer, and C.-M.
Lehr (2007). Chitosan-Coated PLGA Nanoparticles for
DNA/RNA Delivery: Effect of the Formulation Parameters
on Complexation and Transfection of Antisense Oligonu-
cleotides. Nanomedicine: Nanotechnology, Biology and Medicine,
3;173-183

Nahrowi, R., S. Solehati, W. Widyastuti, N. L. G. R. Juliasih,
K. D. Pandiangan, A. Setiawan, and J. Hendri (2024). New
Encapsulation of Fucoxanthin Isolated from Cyclotella stri-
ata by Nano Chitosan—Pectin Using Ionic Gelation Method.
Science and Technology Indonesia, 9; 515-528

Nalawade, T. M., K. Bhat, and S. H. Sogi (2015). Bacterici-
dal Activity of Propylene Glycol, Glycerine, Polyethylene
Glycol 400, and Polyethylene Glycol 1000 Against Selected
Microorganisms. Journal of International Society of Preventive
and Community Dentistry, 5; 114-119

Niederstebruch, N., D. Sixt, B. I. Benda, and N. Banboye
(2017). A Suitable Blood Agar Containing Human Blood
Especially for the Use in Laboratories of Developing Coun-

Page 1644 of 1645



Rita et. al.

tries. The Journal of Infection in Developing Countries, 11;
399-406

Ningsih, N., S. Yasni, and S. Yuliani (2017). Synthesis of Red
Mangosteen Peel Extract Nanoparticles and Study of the
Functional Properties of the Encapsulated Products. Jurnal
Teknologi dan Industri Pangan, 28; 27-35

Okorie, D. O., C. O. Eleazu, and P. Nwosu (2015). Nutrient
and Heavy Metal Composition of Plantain (Musa paradisiaca)
and Banana (Musa paradisiaca) Peels. Journal of Nutrition &
Food Sciences, 5; 1000370

Palacios, H. A., A. Stefanello, M. S. G. Gavildnez, D. A. C.
Demera, M. V. Garcia, W. A. V. Castillo, M. A. A. Marcano,
I. R. S. Maigua, and M. V. Copetti (2022). Relationship
Between the Fungal Incidence, Water Activity, Humidity,
and Aflatoxin Content in Maize Samples from the Highlands
and Coast of Ecuador. Toxins, 14; 196

Putri, A. 1., A. Sundaryono, and I. N. Candra (2019). Charac-
terization of Chitosan Nanoparticles from Sweet Potato (Ipo-
moea batatas 1..) Leal Extract Using lonic Gelation Method.
Jurnal Pendidikan dan Ilmu Kimia, 2; 203-207

Qiu, Z., F. Wu, H. Hu, J. Guo, C. Wu, P. Wang, J. Ling,
Y. Cui, J. Ye, G. Fang, and X. Liu (2024). Deciphering
the Microbiological Mechanisms Underlying the Impact of
Different Storage Conditions on Rice Grain Quality. Foods,
13; 266

Rismana, E., S. Kusumaningrum, O. Bunga, Nizar, and
Marhamah (2014). Anti-Acne Activity Testing of Chi-
tosan Nanoparticles-Mangosteen Peel Extract (Garcinia man-
gostana). Media Litbangkes, 24(1); 19-27

Rita, W. S., I. M. D. Swantara, I. A. R. A. Asih, and N. M.
Puspawati (2020). Antibacterial Activity and Antioxidant
Capacity of Selected Local Banana Peel (Musa sp.) Methanol
Extracts Cultivated in Bali. International Jowrnal of Agriculture,
Environment and Bioresearch, 5; 242-251

Rita, W. S., N. K. L. E. Yanti, and I. M. D. Swantara (2023).
Antibacterial Activity and Characterization of Chitosan
Nanoparticles Prepared from Hijau Lumut Banana (Musa
paradisiaca L..) Peel Ethyl Acetate Extract. Nano Biomedicine
and Engineering, 15(3); 278-287

Riwanti, P., I. K. Prasetyanti, and B. Ma’arif (2023). Metabolite
Profiling of Compounds from Sargassum polycystum Using
UPLC-QToF-MS/MS. Pharmacognosy Journal, 15; 321-
333

Rudiyat, A., R. Yulianti, and I. Indra (2020). Formulation of
an Anti-Acne Cream Containing Ethanol Extract of Kepok
Banana Peel (Musa balbisiana Colla). Jurnal Kesehatan Bakit
Tunas Husada: Jurnal Ilmu-Ilmu Keperawatan, Analis Kesehatan
dan Farmasi, 20; 170-180

Samra, R., A. Othman, M. Elsbaey, Y. Amen, and K. Shimizu
(2024). Comprehensive Review on Megastigmane Glyco-
sides: Sources, Bioactivities, and '*C NMR Spectroscopic
Data. Phytochemistry Letters, 60; 19—89

Santo, M. C. D., C. L. D’Antoni, A. P. D. Rubio, A. Alaimo,
and O. E. Pérez (2021).  Chitosan-Tripolyphosphate
Nanoparticles Designed to Encapsulate Polyphenolic Com-

© 2026 The Authors.

Science and Technology Indonesia, 11 (2026) 1634-1645

pounds for Biomedical and Pharmaceutical Applications —
A Review. Biomedicine & Pharmacotherapy, 142; 111970

Sathiyabama, M., R. V. Boomija, S. Muthukumar, M. Gandhi,
S. Salma, T. K. Prinsha, and B. Rengasamy (2024). Green
Synthesis of Chitosan Nanoparticles Using Tea Extract and
Its Antimicrobial Activity Against Economically Important
Phytopathogens of Rice. Scientific Reports, 14; 7381

Sekar, M. and F. H. A. Halim (2017). Formulation and Eval-
uation of Natural Anti-Acne Cream Containing Syzygium
samarangense Fruit Extract. Annual Research & Review in
Biology, 17(3); 1-7

Souza, T. G. F., V. S. T. Ciminelli, and N. D. S. Mohallem
(2016). A Comparison of TEM and DLS Methods to Char-
acterize Size Distribution of Ceramic Nanoparticles. In IOP
Conference Series: Materials Science and Engineering, volume
733. page 012039

Stefanache, A., L. J. Lungu, N. Anton, D. Damir, C. Gutuy,
I. Olaru, A. P. Condratovici, M. Duceac, M. Constantin,
G. Calin, L. D. Duceac, and M. Boev (2025). Chitosan
Nanoparticle-Based Drug Delivery Systems: Advances,
Challenges, and Future Perspectives. Polymers, 17; 1453

Ulusoy, U. (2023). A Review of Particle Shape Effects on
Material Properties for Various Engineering Applications:
From Macro to Nanoscale. Minerals, 13; 91

Verma, A., S. P. Gautam, K. K. Bansal, N. Prabhakar, and J. M.
Rosenholm (2019). Green Nanotechnology: Advancement
in Phytoformulation Research. Medicines, 6; 1-10

Wiegand, 1., K. Hilpert, and R. E. W. Hancock (2008). Agar
and Broth Dilution Methods to Determine the Minimal In-
hibitory Concentration (MIC) of Antimicrobial Substances.
Nature Protocols, 3; 163—-175

Woziwodzka, A., M. Krychowiak-Masnic, G. Goluriski,
A. Losiewska, A. Borowik, D. Wyrzykowski, and J. Piosik
(2022). New Life of an Old Drug: Caffeine as a Modula-
tor of Antibacterial Activity of Commonly Used Antibiotics.
Pharmaceuticals, 15; 872

Ye, ., S. Mo, L. Jia, and Y. Chen (2022). Experimental Perfor-
mance of a LED Thermal Management System with Sus-
pended Microencapsulated Phase Change Material. Applied
Thermal Engineering, 207; 118155

Zahed, N., R. E. Kenari, and R. Farahmandfar (2023). Effect of
Different Extraction Methods on Antioxidant Properties and
Encapsulation Efficiency of Anthocyanin of Pomegranate
Peel. Food Science & Nutrition, 11; 3619-4352

Zambrano, M. V., B. Dutta, D. G. Mercer, H. L. MacLean,
and M. F. Touchie (2019). Assessment of Moisture Content
Measurement Methods of Dried Food Products in Small-
Scale Operations in Developing Countries: A Review. Trends

in Food Science & Technology, 88; 484-496

Page 1645 of 1645



	INTRODUCTION
	EXPERIMENTAL SECTION
	Materials
	Methods
	Sample Preparation and Extraction of Compounds in Banana Peels
	Preparation of Nanoparticles
	Antibacterial Activity Assay
	Characteristics of the Antibacterial Nanoparticle
	Analysis of Compound Content Using LC-MS/MS


	RESULTS AND DISCUSSIONS
	Plant Preparation
	Water Content Test
	The HLBP Extraction
	Preparation of Nanoparticles from HLBP Ethanol Extract 
	Antibacterial Activity of Ethanol Extract and The Chitosan Nanoparticles
	Characterization of Nanoparticles
	Particle Size Analyzer (PSA)
	Scanning Electron Microscopy (SEM)
	Transmission Electron Microscopy (TEM)
	Thin Layer Chromatography (TLC)
	Fourier Transform Infrared (FTIR) Spectroscopy

	Results of Analysis of Compounds from Chitosan Nanoparticle HLBP Ethanol Extract with LC-MS/MS

	CONCLUSIONS
	ACKNOWLEDGEMENT

