Indones. J. Chem., 2025, 25 (6), 1711 - 1725 1711
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Abstract: Centella asiatica is one of the popular plant sources used in green synthesis
application due to its antibacterial and cell regeneration stimulating properties. The
objective of studying the synthesis process of ZnO nanoparticles in pennywort extract is
to analyze the structure and morphology of materials using modern analytical methods.
ZnO nanoparticles are used to remove CIP antibiotics in wastewater and are intended
for application in cosmetic products. The results of the adsorption process to remove the
antibiotic ciprofloxacin after 90 min, with an adsorption dose of 0.005 g L™, an initial
concentration of 100 mg L™ in a pH 6 environment, showed an adsorption capacity of
152.93 mg g*. The adsorption data followed the pseudo-second-order adsorption kinetic
model and the Dubinin-Radushkevich adsorption isotherm model according to the non-
linear regression method. The synthetic ZnO nanoparticles in a skincare mask product
application with an SPF index of 14.12 and sun protection ability of 93.92% were evaluated.
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m INTRODUCTION

Zinc oxide (ZnO) nanoparticles are composed of zinc
(Zn) and oxygen (O) atoms arranged in a crystal lattice
structure. They are often synthesized through various
methods, including sol-gel synthesis, precipitation and
hydrothermal methods [1-3]. ZnO nanoparticles are
typically 1 to 100 nm in size, with unique properties
depending on size and morphology [4]. Due to their small
size, ZnO nanoparticles have a high surface area to
volume ratio, which enhances reactivity and makes them
suitable for various applications. Additionally, ZnO
nanoparticles synthesized from plant extracts are an
environmentally friendly and sustainable method of
nanoparticle production compared to traditional chemical
methods [5-7]. Green synthesis using plant extracts
involves phytochemicals such as flavonoids, phenolics,
terpenoids, and alkaloids chosen for their reducing and
stabilizing properties [8-11]. Common sources include
green tea, pennywort, neem leaves, aloe vera, and fruit peels,

which are inexpensive ingredients that are naturally
available and easy to use for large-scale extraction and
synthesis [8,12-15]. For example, orange peel extract was
used as a reducing agent in the synthesis of ZnO particles
from zinc acetate dihydrate, demonstrating effective
antibacterial ability against Staphylococcus aureus and
Escherichia coli strains [16]. Furthermore, ZnO particles
with a hexagonal wurtzite structure with sizes in the
range of 7-11 nm synthesized from Gotukola extract
exhibited strong antioxidant ability through scavenging
DPPH free radicals [17]. In addition, the leaf extract of
Syzygium cumini is used to synthesize ZnO
nanoparticles for the application of removing 91.4% of
methylene blue pigment in textile wastewater [18].
Pennywort (Centella asiatica (L.) Urb.), belonging
to the Apiaceae family, is a herb that grows wild and
widely distributed in many warm and rainy areas around
the world, especially in tropical areas in Asia and other
tropical regions [19-20]. Pennywort is suitable for
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tropical or subtropical climates with high temperatures
and humidity, and it has the ability to adapt to many
different soil types and environments [21-22]. It is
commonly used for nutritional and medicinal purposes in
its distribution areas. Pennywort has many identifying
characteristics. Pennywort leaves are often round or
heart-shaped with bright green leaf patches. Pennywort
has a long, soft stem that emerges from the base of the
plant. The flowers of pennywort have a special shape,
consisting of many small petals and sepals. Pennywort has
a characteristic mild and aromatic flavor, often described
as moist, earthy, and mildly herbal. Pennywort is rich in
bioactive compounds such as triterpenoid saponins,
flavonoids, and polyphenols [12,14], that can act as
reducing and stabilizing agents in the synthesis of ZnO
nanoparticles.

Nanoparticles synthesized from C. asiatica exhibit
excellent UV-blocking properties, making them ideal
candidates for sun care products such as sunscreens and

lotions, which can provide broad-spectrum UV
protection and enhance the photostability of cosmetic
formulations. Additionally, synthesized ZnO

nanoparticles can be used in water treatment systems to
remove antibiotics from contaminated water sources.
This application is especially important given growing
concerns about antibiotic pollution and its impact on
aquatic ecosystems and human health. Therefore, the
purpose of this study is to create ZnO nanoparticles using
a green method based on pennywort extract. The
synthesized ZnO nanoparticles can then be used in water
treatment antibiotics  from

systems to remove

contaminated water sources. Furthermore, the
synthesized ZnO particles are intended for integration
into cosmetic products to provide broad-spectrum UV
protection and enhance the photostability of cosmetic

formulations (Fig. 1).

m EXPERIMENTAL SECTION
Materials

Chemical synthesis of materials in this study
includes: zinc nitrate hexahydrate (Zn(NOs),-6H,0,
99%), sodium hydroxide (NaOH, 99%), ethanol
(CHsOH, 99.7%) obtained from Xilong Chemical Co.,
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Ltd. (Shantou, China). Ciprofloxacin  (CIP,
CisH2FN3O4), 2,2-diphenyl-1-picrylhydrazyl (DPPH,
CisHi2N5Og), Folin Ciocalteu's phenol reagent was
purchased from Sigma-Aldrich Co. (St. Louis, MO,
USA).
emollients, moisturizers, preservatives, were purchased

Cosmetic chemicals: non-ionic surfactants,
at Nguyen Ba Trading Production Co., Ltd, Tan Binh
District, HCMC, Vietnam.

Pennywort was purchased at gardeners in the
Mekong Delta and transported to the laboratory. The
ingredients were rinsed to remove dirt, impurities and
residual chemicals on the surface. Then, pennywort was
dried at 50 °C before extraction to reduce decomposition
or mold growth during storage.

Instrumentation

Some of the equipment used in the study includes
an Agilent Cary 60 UV-vis spectrophotometer (USA),
pH value was measured by a Hanna HI2210-02
benchtop pH meter (Romania), MB90 Ohaus moisture
balance (USA), 4-position digital heating magnetic
stirrer MS-H340-54 DLAB, China, Ybotech Tgl16/Tgl16
high-speed benchtop centrifuge, China, Memmert
UNI110 drying oven, Germany. All equipment operated
stably.

Procedure

Extraction process of pennywort plant

Dried pennywort was ground into a fine powder.
The extract was prepared by taking 1 g of leaf powder
mixed with 100 mL of three solvents: ethanol, water, and
ethanol:water (1:1) and heated at 60 °C for 90 min. The
resulting extract was filtered with Whatman No. 1 filter
paper, cooled to ambient temperature, and stored at 4 °C
for later use. The extract with the highest biological
activity was selected to synthesize ZnO materials.

Preliminary research on botanical chemistry
Polyphenol content was determined based on

samples complexed with Folin-Ciocalteu's alkaline
solution according to Pham et al. [23] adjusted method.
The reaction mixture included 0.5mL of sample
solution and 2.5 mL of 10% Folin-Ciocalteu reagent,
shaken well with a Vortex machine, and allowed to react
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for 5 min. Then, 2.0 mL of 7.5% Na,CO; solution was
added, and the solution was left in the dark for 1 h atroom
temperature. The absorbance of the mixture was
measured spectrophotometrically at 765 nm.

DPPH scavenging activity was determined based on
the DPPH free radical scavenging method based on the
publication of Pham et al. [23] with modifications. The
absorption of the solution was analyzed on a UV-vis
spectrophotometer at 517 nm. The stock DPPH solution
was made by weighing 0.012 g of DPPH, adding enough
50 mL of ethanol, shaking well and stabilizing in the dark
at 4 °C. An amount of stock solution (10 mL) was added
to 45 mL of ethanol, corrected to an absorbance value of
1.10 + 0.02. Samples were prepared with 0.5 and 1.5 mL
of DPPH added to the test tube and shaken well on a
Vortex machine. After incubation for 30 min in the dark,
the solution was measured for absorbance based on the
ascorbic acid standard curve.

Synthesis of ZnO materials from vegetable extracts
The synthesis process of ZnO nanoparticles,
including Zinc nitrate hexahydrate and pennywort
extract, was simulated according to the publication of
Jayachandran et al. [12] with modifications, 10 mL of
pennywort extract was added to 100 mL of 0.1 M
Zn(NO:s), while continuously stirring. After 2 h, 1 mL of

1 M NaOH solution was added to the mixture to form a
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precipitate, and the mixture was stirred for another 1 h.
The precipitate was recovered by centrifugation at
6000 rpm for 10 min and washed with ethanol to remove
impurities. The mixture was then dried overnight at
120 °C to obtain a light blue powder. The resulting
powder was ground to achieve a consistent powder, and
heat treatment was continued at 500 °C for 2 h to produce
white ZnO nanoparticle. The final sample was stored in
a glass-closed vial and used for characteristic analysis.

Structural characteristics of ZnO

The crystal structure of the material was
determined by X-ray diffraction (XRD) method (D8
Advanced - Hitachi - Germany), with Cu-Ka = 1.5406 A
as the radiation source and scanning angle 26 varying
from 10-70°. The proportion of elements on the surface
of the material and the detection of any other elements
that may be present due to impurities were determined
using energy dispersive X-ray (EDX) spectroscopy. The
morphology, surface structure and size distribution of
ZnO particles were analyzed based on SEM analysis
method (S4800 - JEOL Japan). Information about the
chemical composition, molecular structure and bonding
characteristics of the material based on the interaction
with infrared light was determined on a Nicolet 6700
device (Thermo Fisher Scientific, USA). BET analysis of
ZnO provides important quantitative data on the surface
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Fig 1. Research scheme on the synthesis of ZnO nanoparticles and their applications
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area, porosity and shape of the adsorption and desorption
isotherms. The hysteresis loop in BET analysis reveals
information about the pore structure by Micromeritics
2020 - Micromeritics (USA).

Adsorption activity of the CIP antibiotic by ZnO

First, the CIP solution is standardized to a certain
concentration suitable for creating experimental
conditions. The antibiotic solution is completely
dissolved under the influence of an ultrasonic bath and
the control solution concentration is measured at a
wavelength of 273 nm. An amount of ZnO material and
add it to a 250 mL Erlenmeyer flask with 50 mL CIP,
placed on a thermostatic shaker (Jeotech — Korea). The
influencing conditions are specifically investigated, such
as CIP antibiotics prepared with a concentration range of
20 to 150 mg L', material dosage (0.002 to 0.04 g L"), pH
is adjusted from 2 to 10, the process takes place
continuously for a specified time from 10 to 210 min to
achieve adsorption equilibrium. After that, the ZnO
material is separated from the solution at 6000 rpm for
10 min, the remaining CIP solution is analyzed by UV
spectroscopy at 273 nm to determine the adsorption

ability of ZnO material for CIP.

Formula of cream skin care mask product

The ingredients are included in the formula in
different concentrations, and the appropriate amounts
are chosen to add to the formula (Table 1). Kaolin powder
is soft and smooth, helping to absorb sebum, soothe acne
and irritated skin. Additional additives such as softeners,

antioxidants, and surfactants are mixed based on their
function and the amount of influence in the formula.
The oil phase components (extract, cetyl alcohol, salicylic
acid) are weighed, mixed, and stirred continuously with
a mechanical stirrer at 80 °C to form a homogeneous
liquid. Similarly, the components of the water phase are
weighed, mixed and stirred continuously with a
mechanical stirrer at 80 °C. The phases are mixed by
continuous stirring for 30 min until a uniform
distribution of the components is achieved. Scents and
colors are added to increase the aesthetics of the product.
All samples are stable for 24 h at room temperature.

Sun protection factor (SPF) analysis

The process of determining the SPF index requires
care and precision to ensure sunscreen products meet
safety standards and are effective in protecting the skin
from the harmful effects of UV rays. According to the
Mansur et al. [24], the volume of 0.2 g of each cream
mask product formulation was diluted with ethanol
solvent and titrated to 100 mL. The absorbance of the
analyzed product on the photometer was measured at
wavelengths of about 290-320nm (UVB radiation
range) at each 5 nm distance. The Mansur equation (Eq.
(1)) is applied to calculate the SPF index;

SPF=CFY 5o EE(1)x1(A)x Abs (1)

where Abs (M) is the value of spectral absorbance at
wavelength A, CF is the correction factor (10), EE (\) x 1
is the red blood cell effect of radiation with wavelength
\. The values of EE x \ are constant.

Table 1. Formula ingredients of skin care mask products

Formulation (%)

Ingredients

FO F1 F2 F3 F4 F5
Kaolin 5.50 5.50 5.50 5.50 5.50 5.50
Cetyl alcohol 4.00 4.00 4.00 4.00 4.00 4.00
Coco glucoside 2.75 2.75 2.75 2.75 2.75 2.75
Salicylic acid 0.50 0.50 0.50 0.50 0.50 0.50
Glycerin 1.00 1.00 1.00 1.00 1.00 1.00
Pennywort extract 0.00 0.50 2.50 5.00 7.50 10.00
Citric acid 0.75 0.75 0.75 0.75 0.75 0.75
ZnO 0.10 0.10 0.10 0.10 0.10 0.10
Tea tree essential oil 0.50 0.50 0.50 0.50 0.50 0.50
Water, gs, 100 qs qs qs qs qs qs
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m RESULTS AND DISCUSSION

Preliminary Physicochemical Activity of Pennywort
Extract

Polyphenol, DPPH, and vitamin C tests were
conducted through testing procedures. From Table 2, it
can be inferred that the solvent EtOH is more dominant
than the remaining solvents, which will be reflected in the
analysis of TPC and DPPH. With high polyphenol
content in the alcohol extract, polyphenols extracted from
pennywort can act as a green, sustainable reducing agent
and stabilizer for the synthesis of ZnO nanoparticles. This
approach eliminates the need for harmful chemicals and
energy-intensive processes, making it environmentally
friendly. Polyphenols act as stabilizers, enhancing the
stability and dispersion of ZnO particles. ZnO
nanoparticles synthesized with pennywort polyphenols
have excellent UV-blocking properties, making them
suitable for sunscreen formulations and UV-protective
coatings [25-27].

Characteristics of ZnO Nanoparticle Structure

The XRD pattern of synthesized ZnO clearly shows
the crystal structure of the synthesized nanoparticles (Fig.
2). Sharp diffraction peaks were observed at 20 values of
31.74°,34.41°, 36.22°,47.53°, 56.59°, 62.87°, 66.39°, 67.96°
and 69.06°. These peaks are indexed as the diffraction
lattice planes of (100), (002), (101), (102), (110), (003),
(200), (112), and (201), confirming the hexagonal
wurtzite structure for nanoparticle synthesis. The data
analysis results of the ZnO sample are similar to the
standard spectrum ICSD 65119 in the "Cambridge
Crystallographic Data Center (CCDC)". All peaks of ZnO
nanoparticles are in good agreement with the standard
diffraction pattern of the hexagonal-wurtzite crystal
structure. The sharp and well-defined peaks indicate the
crystalline nature of the synthesized ZnO nanoparticles.
Phytochemical components in pennywort extract connect
to the zinc surface in zinc nitrate to stimulate the creation
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of ZnO nanoparticles. Finally, under calcination
temperature at ~500 °C, the mass of Zn nanoparticles is
oxidized and produces crystalline ZnO nanoparticles.
The Debye-Scherrer equation (Eq. (2)) relates the
scattering of value 0.9, f is the full-width half-maximum
(FWHM), X is the wavelength of the X-ray (1.5406 A),
and 0 is the corresponding Bragg’s angle.
kA
D= Bcos6 @
Calculating the size of ZnO nanoparticles from
XRD data, the average crystalline size of ZnO
nanoparticles is shown specifically in Table 3, indicating

that ZnO nanoparticles have an average size of 27.6 nm.
The results are similar to some previous publications,
such as Gupta et al. [28] who synthesized ZnO
nanoparticles from Catharanthus roseus (C. roseus)
leaves with an average particle size of 36.83 nm.
Additionally, ZnO nanoparticles with an average size of
31.1nm were synthesized using zinc sulfate and
pennywort extract [11].

The functional groups formed on the zinc oxide
nanoparticle sample were examined using FTIR
spectroscopy, as shown in Fig. 3. It is clear that the
functional groups of zinc oxide nanoparticles from the
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Fig 2. XRD profile of ZnO nanoparticle

Table 2. Phytochemistry of pennywort extract

Water

Ethanol Water:Ethanol

DPPH (mg/100 g DW)
TPC (mgAAE/g 100 g DW)

256.706 + 1.526
450.952 + 0.022

253.199 + 0.512
330.973 + 0.034

261.682 + 4.311
1567.773 £ 0.126
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Table 3. XRD analysis of ZnO nanoparticle size according to Scherrer equation

Peak position (20) FWHM () Miller indices Particle size (nm)

31.73603 0.27725 (100) 29.7774188

34.40209 0.2877 (002) 28.8947214

36.22653 0.29658 (101) 28.1719928

47.53342 0.32189 (102) 26.9566067

56.59102 0.34376 (110) 26.2357817

62.8764 0.38758 (103) 24.0144148

66.38859 0.26952 (200) 35.2097888

67.96214 0.40095 (112) 23.884969

69.09029 0.37805 (201) 25.5022375
9% stretching vibration of the O-H group [29]. Symmetric
g6 and asymmetric C-H group bonds at 2800-2900 cm™
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Fig 3. FTIR spectrum of ZnO nanoparticles

synthesis results in this study show a similar result to the
previous study. FTIR analysis of ZnO was performed in
the wavenumber range from 400 to 4000 cm™. The broad
absorption peak at 3448 and 3494 cm™' shows the
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determine the negligible existence of intermediate
products during synthesis or from processing and storage
after synthesis [30]. The absorption peaks at 2338 and
2294 cm™" were assigned to the CO, group. The absorption
peak at 1627 cm™ is attributed to C=C relaxation in the
aromatic ring and C=O relaxation in polyphenols. At
low wavenumbers, Zn-O groups were formed at 345 and
555 cm™ [31-32]. These results showed that the ZnO
particles were well configured as presented in the X-ray
diffraction data. In addition, the Zn-OH group also
appeared at approximately 600 and 912 cm™ [33].

SEM images of ZnO nanoparticles synthesized
using C. asiatica as a green synthesis method can reveal
the size distribution and shape details of ZnO
nanoparticles (Fig. 4(a)). Most of the particles are
spherical and discrete, the particles form clearly and quite
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Fig 4. (a) SEM and (b) EDX profiles of ZnO nanoparticles
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uniformly when heated at 500°C. Through EDX
spectrum analysis of ZnO, it is possible to evaluate the
elemental fraction of the sample and draw conclusions
about the chemical properties and structure of ZnO (Fig.
4(b)). This spectrum shows peaks that reflect the presence
of elements in the sample mainly Zn and O, along with
other elements that may be present due to impurities or
other components. Typically, a significant carbon (C)
peak is observed at about 0.2-0.3keV in the EDX
spectrum of ZnO material, indicating a carbon content of
about 9%, indicating carbon impurities on ZnO
nanoparticles. The Zn peak will appear in the spectrum at
the energy characteristic of zinc around 1.0 and 8.6 keV.
This peak confirms the presence of zinc in the
nanoparticles and is predicted to be present in ZnO.
Similarly, the oxygen peak will be observed at an oxygen-
specific energy level of about 0.5 keV. This peak shows the
presence of oxygen atoms in ZnO nanoparticles.

The BET surface area of the ZnO material was
analyzed at a temperature of 77 K based on N, adsorption-
desorption measurements. As shown in Fig. 5(a) and 5(b),
based on the IUPAC classification, ZnO has a typical type
IV isotherm with a hysteresis loop H3, implying a
mesoporous crystalline material. This indicates the presence
of mesopores (pores typically 2 to 50 nm in diameter).
Using data obtained from the nitrogen adsorption-
desorption isotherm and based on the slope and intercept
of the BET plot of ZnO, the specific surface area was

calculated to be 37.75 m* g™ and the pore size was 36.93 nm.

Similarly, Khan and colleagues synthesized ZnO
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nanoparticles from passion fruit peel (Passiflora
incarnata L.) with a BET surface area of 30.82 m* g™ [34].
In 2022, Su et al. [35] used the hydrothermal method to
synthesize wurtzite hexagonal ZnO nanoparticles with
different morphologies. The BET surface area of ZnO
samples is in the order: nanorods (2.86 m* g') < nanowires
(4.32 m* g™") < nanospheres (6.47 m*>g™") < nanoflakes
(8.31 m> g™'). The obtained BET surface area value reflects
the accessible surface area of ZnO nanoparticles
synthesized by the green method. This value can be
compared with that of ZnO materials prepared by
conventional methods to evaluate the effectiveness of green
synthesis. Green synthesis methods utilize biological
agents (such as plant extracts and microorganisms)
instead of harsh chemicals. The synthesis process
typically occurs at low temperatures and does not
involve the use of toxic solvents. The BET surface area is
generally large, depending on the material used. Green
synthesis increases the number of adsorption sites and
enhances the CIP adsorption capacity due to the rich
pore surface and more porous structure, allowing for
faster diffusion. In contrast, hydrothermal/conventional
methods involve the use of organic solvents, metal salts,
and chemical reducing agents. These methods require
high temperatures (>100 °C) for an extended period.
The lower BET surface area in these methods reduces the
contact area of the material with the solution, limiting
the CIP adsorption capacity due to the less porous
surface. While these methods can create a homogeneous
crystal structure, it is typically less porous [36].

1o
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Fig 5. N, adsorption-desorption isotherm curve and pore size distribution of ZnO nanoparticles
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CIP Antibiotic Adsorption Capacity of ZnO Material

Adsorption kinetics

Different kinetic models, such as pseudo-first-order
(PFO), pseudo-second-order (PSO), Bangham, and
Elovich, are used to study the kinetics of the adsorption
process. The parameters and results of the kinetic models
are listed in Table 4. The impact time is the time when CIP
comes into contact with the ZnO adsorbent material and
is also the time when the kinetic process takes place (Fig.
6(a)). This time can significantly affect the adsorption
capacity of the material for CIP. Normally, as the impact
time increases, the adsorption will gradually increase until
it reaches a saturation level. ZnO was tested for its
adsorption capacity by varying the oscillation time.

Indones. J. Chem., 2025, 25 (6), 1711 - 1725

Samples were taken at 10, 30, 60, 90, 120, 150, and
210 min respectively, to show the removal efficiency of
CIP according to the built standard curve. As shown in
Fig. 6(a), the adsorption capacity reached 86.5 mg g™
after 90 min and reached the saturation level. The CIP
the
significantly anymore. The CIP adsorption curve of ZnO

concentration in solution will not change
nanoparticles shows the correlation coefficient R* as
PSO > Elovich > Bangham > PFO, according to the PSO
the

coefficient R* = 0.9895, proving the adsorption rate is

adsorption kinetic equation with reliability
resistant. CIP production can be largely controlled by a
chemical adsorption process through the ion exchange
mechanism between the adsorbate and adsorbent by

Table 4. Parameters of non-linear kinetics for CIP adsorption on ZnO nanoparticles.

Kinetic models Equation Parameters Value
qi (mgg™) 84.924
Pseudo-first-order qQ=q (1 - exp(—klt)) k; (min™!/(mg L)"")  0.0618
R? 0.9624
q, = t 1, (mgg") 93.404
Pseudo-second-order ! 1, t k; (g (mg min)™") 9.629.10*
kg 9 R? 0.9895
kg (mL (gL™)™) 32911
Cm kB
Bangham log o 17108 T30, | T log(t) o 0.1967
Cn—q ' R 0.9788
A%
o (mg (g min)™) 40.484
Elovich q; =—Inaf+—Int B (gmg™) 0.0883
R? 0.9889
100 140
(b)
1204
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Fig 6. Non-linear fitting plots of (a) kinetics and (b) isotherms models CIP adsorption onto ZnO nanoparticles
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chemical adsorption bonds. Additionally, the equilibrium
adsorption capacity values calculated from the PSO
equations are closer to the experimental values than the
PFO equation. Therefore, it can be concluded that the
apparent second-order kinetic equation is suitable for the
CIP adsorption process of ZnO material. At the same
time, based on the Elovich model experimental data, the
values of the parameters a and 3 can be determined. These
parameters provide detailed information about the
adsorption rate and desorption constant of CIP on ZnO
40.484 mg (g min)™' and
0.0883 g mg™', respectively, indicating that the adsorption

nanoparticles, which are
process is more dominant than desorption, which is an
indication of the efficiency and stability of the adsorption
process.

Adsorption isotherms

Adsorption isotherm analysis plays a very important
role in experimental design and the fabrication of
adsorbent materials. Adsorption isotherms are tools that
describe the relationship between the concentration of an
adsorbate in the liquid phase and the concentration of the
adsorbate on the surface of the adsorbent under specitic
conditions. Experimental data are analyzed using the
Langmuir, Freundlich, Temkin and Dubinin-
Radushkevich (D-R) isotherm models. Fig. 6(b) shows
that increasing the initial CIP concentration from 20 to
150 mg L™' decreased the CIP removal capacity from
124.53 to 116.43 at pH 6, an adsorption dose of 0.005 g L™
and contact time of 90 min. Consistent with this result,
Yousefi et al. reported that increasing the CIP
concentration from 30 to 100 mg L™' decreased the CIP
removal efficiency from 83 to 59% [37]. In the study by
Wang et al., the adsorption capacity of the adsorbent for
initial CIP
concentrations below 50 mg L™ and then decreased with

cationic CIP increased rapidly for
increasing CIP initial concentrations above 50 mg L™
[38]. This may be due to the lack of available sites on the
adsorbent to adsorb high concentrations of CIP [39].

As the antibiotic concentration increases, surface
saturation of ZnO can also be achieved faster. Surface
saturation occurs when antibiotics have saturated the
adsorption sites on the ZnO surface and are no longer

capable of further adsorption. Antibiotic concentration
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can influence the chemical interactions between ZnO
and antibiotics. CIP may interact with the surface at low
concentrations mainly through weak bonds such as van
der Waals forces or electrostatic interactions. As the CIP
concentration increases, the distance between CIP
molecules in the solution decreases, which may result in
interactions between CIP molecules (hydrogen bonds or
tighter packing on the adsorbent surface). These
interactions may increase the overall affinity between
CIP and the adsorbent but do not necessarily increase
the adsorption capacity because the available sites are
limited. However, if the surface is close to saturation,
CIP may be adsorbed by a multilayer (Freundlich)
mechanism or stronger interactions between CIP
molecules (possibly clustering), which maintains
removal efficiency but does not significantly increase q.
Experimental data of the adsorption isotherm are shown
in Fig. 6(b) and Table 5. The results indicate that the D-
R (R? = 0.9783) and Temkin (R? = 0.9618) models are
suitable to describe the adsorption process compared
with the Langmuir (R* = 0.9175) and Freundlich (R* =
0.8894) models when using the non-linear isotherm
equation. Adsorption of CIP onto ZnO nanomaterials
occurs under heterogeneous surface conditions, in which
the size and shape of the pores are variable. The D-R
model fit suggests that adsorption may not be a purely
homogeneous surface process but may involve capillaries
or ion complex formation on the ZnO surface. The
calculated E value is 0.044 kJ/mol, which is very small
compared to the 8 kJ/mol threshold, indicating that the
adsorption process is mainly physical adsorption through
van der Waals forces or electrostatic interactions. The
Temkin model fit shows that the adsorption heat of CIP
on ZnO decreases with increasing coverage of the ZnO
surface. This may be due to the electrostatic repulsion
between CIP molecules as they compete for adsorption
ZnO With the value of
AH =16.99 kJ/mol, which is in the average range, it

sites on the surface.
suggests that adsorption may involve both physical and
weak chemical mechanisms because AH < 20 kJ/mol,
the adsorption is mainly physical adsorption.

The influence of ZnO material mass on the ability

to adsorb the CIP antibiotic isan important factor in
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Table 5. Parameters of non-linear isotherms for CIP adsorption on ZnO nanoparticles.

Kinetic models Equation Parameters Value
_ quLCe 4
. e ™ 1+K, C, qm (mgg™) 298.89
Langmuir ) ke (L mg™) 0.0053
Ry = R? 0.9111
L~0
1/n 0.7525
Freundlich Qe = KFci/n ke (mg g™')/(mg L™)Vn 3.1551
R? 0.8839
Br 61.9958
Temkin qe. =BrInK1 +ByInC, ky(Lmg™) 0.0555
R? 0.9608
B (mol? (kJ*)™! 306.67
D-R qe = qme—B€2 qm (mgg™) 133.53
R? 0.9804
research on adsorbent materials. To study the effect of 140 100
adsorbent dosage on CIP removal, 0.002-0.040 g L' of 120 &

ZnO material was used to conduct adsorption
experiments at an initial CIP concentration of 100 ppm,
pH = 6, 90 min contact time and ambient temperature.
According to the results in Fig. 7, when increasing the
dose of ZnO from 0.005 to 0.04 gL', the removal
efficiency of CIP first increased from 72 to 80%, with the
adsorption capacity gradually decreasing from 77.98
down to 13.88 mgg™'. Similar adsorption trends were
observed by Shang et al, who reported a significant
increase in CIP removal efficiency from 36 to 100% when
increasing the adsorbent dosage from 0.025 to 0.5gL™"
[40]. The increase in CIP removal rate with increasing
adsorption dose is due to the increase in available active
sites, which enhances and increases CIP uptake [41].
When the volume of ZnO material is increased, the
surface area available for interaction with CIP is also
increased. Therefore, the adsorption capacity of ZnO
material for CIP will be improved. Increasing the volume
of material can result in faster and more efficient
adsorption or removal of antibiotics from the solution.
However, lead to volume of ZnO material can increase the
saturation of the material, ie, the maximum
concentration of CIP that ZnO can adsorb before
saturation. After reaching saturation, increasing the
volume ZnO material no longer greatly affects the

adsorption capacity.
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Fig 7. Effect of dose on CIP adsorption capacity on ZnO
nanoparticles

The pH of the solution is an important parameter
of the adsorption process because it affects the surface
nature of the adsorbent and the adsorbent-adsorbate
interaction. CIP is an antibiotic of the fluoroquinolone
group [42]. CIP exists in three forms in solution: cationic
form (with protonated amino group at pKal below
5.90), anionic form with deprotonated carboxylic acid
group at pKa2 above 8.89. At pH between pKal and
pKa2 of CIP, the CIP molecule exists in the zwitterionic
form around pH 5.90 to 8.89. Fig. 8 shows the pH of the
adsorption solution changes in the range of 1-10 during
a contact time of 90 min, adsorption dose of 0.005 g L™
and CIP antibiotic concentration of 100 ppm. The CIP
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Fig 8. Effect of (a) pH and (b) pH.. on CIP adsorption capacity on ZnO nanoparticles

removal ability of ZnO increased with increasing solution
pH from 2 to 6 and then decreased as the pH continued
to increase. The pH,,. is determined to be 7.8. This means
that when the pH of the surrounding ZnO is lower than
pHp.e, the ZnO surface will have a positive charge. The
negative carboxylate groups of CIP will be able to interact
with the charge. Additionally, the highest CIP removal
capacity was 152.93 mg g™' at pH 6. At pH 6, the zwitter
ion form of CIP reached the maximum percentage,
facilitating the electrostatic attraction between the
negatively charged atoms of the carboxyl group in CIP
and the positively charged sites of the ZnO adsorbent
surface [43].

Application Orientation for Skin Care Mask
Products

SPF measures the effectiveness of protecting the skin
from ultraviolet radiation. SPF is generally defined as the
ratio of the amount of UV energy required to produce a
minimum erythema dose (MED) on skin protected by a
cosmetic product containing sunscreen to the amount of
UV energy required to produce the same dose on
unprotected skin. Using ZnO in facial mask formulations
significantly ~contributes to the SPF and overall
effectiveness of the facial mask product. Zinc oxide is an
important ingredient known for its broad-spectrum UV
protective properties, especially against UVB radiation
(290-320 nm). The presence of ZnO in sunscreen
formulations contributes significantly to the SPF value.
SPF measures a product's effectiveness in protecting

against UVB rays, and ZnO's ability to block UVB is
shown in Table 6 and Fig. 9. Formula F0, without plant
extracts, has the lowest SPF index of 6.15, while formulas
F1-F5 have SPF values that vary according to the content
of pennywort extract and the presence of ZnO, reaching
the highest value. The highest SPF value is 14.12 in
formula F4. Additionally, C. asiatica has skin-beneficial
ingredients such as triterpenoids, flavonoids, and
antioxidants that can protect the skin from the harmful
effects of free radicals caused by sunlight, which can help

Table 6. SPF value and sun protection ability of the
product

Sunlight resistance

Formulation SPF value %)
FO 6.15 83.75
F1 8.47 88.19
F2 11.80 91.53
F3 12.58 92.05
F4 14.12 93.92
F5 13.06 92.35

F1 F2 F3 Fa F5
Fig 9. Skin care mask products change in different
proportions
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Table 7. SPF values of some products studied with sunscreen agents

Product Material SPF Reference
Sunscreen cream  Eucheuma cottonii and Kaempferia galanga 16.7000 (44]
Sunscreen lotion  Curcuma longa L., Aloe vera, and Alpinia galanga Willd. 18.2010 (45]
Sunscreen cream  Butea monosperma 8.8727 [46]
Sunscreen cream  Tomato paste 21.0900 [47]
Sunscreen cream  Glycyrrhiza glabra, Tinospora cordifolia, and Terminalia arjuna  4.3700-24.2600 [48]

strengthen the skin. The product's SPF index is due to its
antioxidant and skin-protecting properties.

When compared to other studies, the mask formula
containing C. asiatica extract and ZnO showed an average
SPF and moderate UV protection (Table 7). The current
research formula has an average SPF, higher than some
studies but lower than others. However, the formula has a
strong competitive edge in the natural and gentle sunscreen
cosmetics market due to its safe natural ingredients and
skin-nourishing properties. C. asiatica extract is packed
with polyphenols and flavonoids, which boost skin
protection against UV rays and offer antioxidant, skin-
soothing, and regeneration benefits. Additionally, ZnO is
a broad-spectrum physical UV filter that is less irritating
than chemical sunscreens. To enhance competitiveness, it
is important to consider adjusting the ZnO ratio or
incorporating other plant-based sunscreen compounds to
increase SPF. Pairing with potent antioxidants like
vitamins C and E can enhance skin protection efficacy.
The focus should be developing safe natural products
suitable for sensitive skin or daily use.

m CONCLUSION

ZnO nanoparticles from pennywort extract is
successfully synthesized with proven effective application
activity. All modern analytical techniques, including UV-
vis, XRD, FTIR, SEM imaging, and EDX analysis,
of ZnO
nanoparticles. The crystalline structure and hexagonal

demonstrated the successful synthesis
structure of the synthesized ZnO nanoparticles were
determined by XRD study. The results depict that the CIP
adsorption capacity is reduced at the operating condition
for CIP adsorption on ZnO as pH 6, adsorption dose of
0.005 g L, initial CIP concentration of 100 mg L™, and
contact time of 90 min, yielded a significantly high CIP

removal of 152.93 mg g™'. The facial mask product also

showed that it did not have any phase changes after
being placed at room temperature for 1 week. Formula
F4 has the highest SPF value among others, which is
14.12, by calculating absorbance using the Mansur
equation. C. asiatica represents a promising natural
source for green synthesis of ZnO nanoparticles tailored
for cosmetic applications, providing a sustainable and
biocompatible alternative to synthetic methods.
Common nanoparticle compounds in the cosmetic
industry. Therefore, it is necessary to conduct in-depth
studies on the application of green synthetic ZnO

materials in cosmetic formulations.
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