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Formulation and Characterization of Microemulgel
Containing Boesenbergia rotunda (L.) Mansf. Essential Oil
as an Anti-Acne Agent

SUMMARY

This study aimed to formulate and evaluate the physicochemical
and antibacterial effects of a microemulgel of Boesenbergia
rotunda essential o0il (BREO) developed as an anti-acne agent.
The BREO microemulgel was prepared using Tween 80 as a
surfactant, PEG 400 as a co-surfactant, and Viscolam as a
gelling agent. The microemulgel was evaluated for homogeneity,
pH value, viscosity, spreadability, adhesion test, and stability. The
droplet size and zeta potential were measured using a Particle Size
Analyzer (PSA). The antibacterial effects were tested using the
diffusion method against Propionibacterium acnes, Staphylococcus
aureus, and Staphylococcus epidermidis. BREO microemulsion
using Tween 80-PEG 400 (25%:25%) obtained a clear and
transparent microemulsion with a transmittance percentage of
98.65 + 0.40%. BREO microemulgels showed a homogenous
system, pH wvalue of 5.95-6.43, viscosity of 6411-36569 cps,
spreadability of 5.2-5.5 cm, adhesion 3.62-4.48 seconds, and no
visible separation in the stability test. Each formulation exerted an
antibacterial effect against bacteria-related acne, with 22.6-24.6
mm inhibition zone diameters. The formulation of FIB had a
droplet size of 22 nm, and zeta potential -31.58 + 0.30 mV.
The BREO microemulgel formulation (F1B) met the physical
properties, the stability, and the antibacterial activity to be
developed as an anti-acne.
Keywords:  Acne  vulgaris, microemulsion,
Propionibacterium acnes, surfactant.

fingerroot,

Akne Karsitr Bir Ajan Olarak Boesenbergia rotunda (L.)
Mansf. Ugucu Yagr Igeren Mikroemiiljelin Formiilasyonu ve
Karakterizasyonu

0z

Bu ¢aligmanin amaci, akne karsinn bir ajan olarak gelistirilen
Boesenbergia  rotunda esansiyel yagi (BREQO) mikroemiiljelinin
fizikokimyasal ve antibakteriyel etkilerini  formiile etmek ve
degerlendirmektir.  BREO  mikroemiiljeli, yiizey aktif madde
olarak Tween 80, yardime: yiizey aktif madde olarak PEG 400 ve
Jellestirici olarak Viscolam kullanilarak hazirlanmagtir. Mikroemiiljel
homojenlik, pH degeri, viskozite, yayilabilirlik, yapisma testi ve
stabilite agisindan  degerlendirilmistiv. Damlacik boyutu ve zeta
potansiyeli bir Parcactk Boyutu Analizorii (PSA) kullanilarak
olciilmiistiir.  Antibakteriyel  etkiler  Propionibacterium — acnes,
Staphylococcus aureus ve Staphylococcus epidermidise karsi difiizyon
yontemi kullanilarak test edilmistir. Tween 80-PEG 400 (%25:25)
kullanilan BREO mikroemiilsiyonu, %98,65 + 0,40 gecirgenlik
yiizdesi ile berrak ve seffaf bir mikroemiilsiyon elde etmistir.
BREO mitkroemiiljelleri homojen bir sistem, 5,95-6,43 pH degeri,
6411-36569 cps viskozite, 5,2-5,5 cm yayilabilirlik, 3,62-4,48 saniye
yapisma ve stabilite testinde gozle goriiliir bir ayrilma gostermemistir.
Her bir formiilasyon, 22,6-24,6 mm inhibisyon zon ¢aplar: ile
bakterilerle iligkili aknelere kars: antibakteriyel ethi gistermistir.
FIB formiilasyonu 22 nm damlacik boyutuna ve -31,58 + 0,30 mV'
zeta potansiyeline sahipti. BREO mikroemiiljel formiilasyonu (FI1B),
akne karsitr olarak gelistirilecek fiziksel dzellikleri, stabiliteyi ve
antibakteriyel aktiviteyi karsilamugtir.

Anahtar Kelimeler: Akne vulgaris, mikroemiilsiyon, parmak
kékii, Propionibacterium acnes, yiizey aktif madde.
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INTRODUCTION

Acne vulgaris is a prevalent skin disorder among
young adults and teenagers. Acne can be caused by
various factors, including androgens that activate
the sebaceous glands, microbiota imbalances in the
pilosebaceous follicle, and innate and cellular immu-
nological responses (O’Neill & Gallo, 2018). Inflam-
matory papules and pustules are derived from the
skin’s commensal bacteria, such as Propionibacterium
acnes, Staphylococcus epidermidis, and Staphylococcus
aureus, stimulating the innate and adaptive immune
systems (Dréno, 2017). Follicle rupture causes keratin,
pro-inflammatory lipids, and germs to be discharged
into the dermis, which exacerbates the inflammation
(Thiboutot & Zaenglein, 2024).

Antibiotics have long been used to treat acne,
leading to a clinical improvement in the condition,
but this can lead to bacterial resistance to antibiotics
(Dessinioti & Katsambas, 2017). A study in China
reported a resistance rate of P. acnes to clindamycin,
erythromycin, and azithromycin (Zhu et al., 2019).
Another study in France showed that P. acnes were
shown to be resistant to erythromycin (75%) and dox-
yeycline (100%) (Dumont-Wallon et al., 2010). The
widespread occurrence of resistance strains in acne
patients is a result of the prolonged treatment courses
for acne, the usage of topical and/or systemic antibiot-
ics, and the accessibility of over-the-counter antibiotic
medications (Dessinioti & Katsambas, 2022). Accord-
ing to this study, choosing non-antibiotic treatments
for acne wherever feasible may have major benefits

given the rising risk of antibiotic resistance.

Boesenbergia rotunda (L.) Mansf. Essential oil
(BREO), also known as the fingerroot essential oil,
has the potential to be developed into an anti-ac-
ne preparation. It mainly contains camphor, cis-
ocimene, geraniol, and methyl cinnamate, which are
known for their antibacterial activity. The previous
study reported that BREO had antibacterial activity
against acne-causing bacteria (Mulyaningsih et al.,

2024). Otherwise, this oil has the potential to be de-
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veloped into anti-acne preparations. However, this
essential oil provides volatile properties and is easily
decomposed by heat, light, and oxygen. In addition, it
can cause skin irritation when it is used directly. The
development of a convenient formulation is necessary
to address this instability and to optimize its activity
and efficacy (Kartika, 2018).

Microemulsion gels or also known as microemul-
gels are used to deliver a variety of medications, in-
cluding analgesics, anti-inflammatories, antifungals,
and anti-acne (Talat et al., 2021). In addition, micro-
emulgel has some benefits, including a long shelf life,
being translucent, emollient, thixotropic, greaseless,
easily removable, and emollient. Currently, micro-
emulgel is a promising drug delivery system that is
widely used to administer hydrophobic compounds
(Jain et al., 2019). Microemulgel containing essential
oils can increase its antibacterial efficacy because the
smaller the particle size of the dispersed phase, the
better its bioavailability of antibacterial substances
(Karimah & Aryani, 2021). To date, no studies have
been conducted on the formulation of BREO in the
form of a microemulgel for treating acne. Therefore,
this study aimed to investigate the BREO microemul-
gel formulations with various gelling agents in rela-
tion to their physical and antibacterial properties as

an anti-acne agent.
MATERIALS AND METHODS
Materials

BREO was distilled from B. rotunda rhizomes,
and its chemical composition has been verified by gas
chromatography-mass spectrometry (GC-MS), S. au-
reus ATCC 25923, S. epidermidis ATCC 12228, and P,
acnes ATCC 6919.

Optimization of surfactant and co-surfactant of

the BREO microemulsion base

Surfactant and co-surfactant were optimized us-
ing various concentrations of Tween 80 as surfactant
and PEG 400 as co-surfactant (Table 1). Tween 80,
PEG 400, and BREO were mixed in a glass beaker and
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then added with distilled water to 100 mL. The mix-
ture was stirred with a magnetic stirrer at 300 rpm
for 30 minutes. Emulsification of 3% BREO in Tween
80 and PEG 400 was checked by measuring the per-
centage of transmittance using a spectrophotometer
(Shimadzu, Japan) at 650 nm (Islam & Uddin, 2022).

The formulation with the highest percentage trans-
mittance was followed by its microemulsion globule,
polydispersity index (PI), and zeta potential determi-
nation using a Particle Size Analyzer (PSA) (Malvern
Panalytical Ltd.) (Zainol et al., 2015).

Table 1. Formulation of microemulsion with various percentages of Tween 80 and PEG 400

Formulation Tween 80 (%) PEG 400 (%) BREO (%)
F1 25 25 3
F2 20 30 3
F3 30 20 3

Formulation of BREO microemulgel

The optimum surfactant and co-surfactant combi-
nation in BREO microemulsion was used as a micro-
emulgel formulation base with various concentrations
of Viscolam as a gelling agent (Table 2). Microemulgel
was prepared based on a previous study (Priani et al.,
2019). First, Viscolam 8% was prepared by dispersing

8 g of Viscolam in distilled water to a volume of 100

Table 2. Formulation of BREO microemulgels

mL. Then, it was weighed according to formulas F1A
(15 g), F1B (20 g), and F1C (25 g). Tween 80, PEG 400,
BREO, and water were mixed and homogenized using a
magnetic stirrer (Jieo Tech Japan Inc) at 300 rpm for 30
minutes. Each formulation was mixed with Viscolam,
followed by homogenizing using a magnetic stirrer at
300 rpm for 15 minutes. Subsequently, propyl paraben,

methyl paraben, and a-tocopherol were added.

Composition Concentration (%)

F1A F1B F1C
BREO 3 3 3
Tween 80 25 25 25
PEG 400 25 25 25
8% Viscolam 15 20 25
Methyl paraben 0.36 0.36 0.36
Propyl Paraben 0.04 0.04 0.04
Tocopherol 0.01 0.01 0.01
Glycerine 0.126 0.126 0.126
Distilled water until 100 mL until 100 mL until 100 mL

Characterization of BREO microemulgel for-

mulations
Organoleptic observations

Organoleptic observations were carried out vi-
sually with human senses, including observations of
clarity, color, odor, and texture of the microemulgel
that was made.

Homogeneity testing

About 1 gram of the microemulgel was uniform-

ly and thinly applied to the transparent glass. If there
was no coarseness, the microemulgel was considered

homogenous (Dewi et al., 2023).
pH measurement

The pH values were determined by a pH meter
(Ohaus Starter ST300). The pH meter was calibrated
using a standard solution with a pH value of 4, pH 7,
and pH 10 before use. One gram of BREO microemul-
gel was dispersed in 10 ml of distilled water. After-
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wards, the electrode of the pH meter was immersed
in the diluted solution until a stable pH measurement
was obtained (Rahmania et al., 2020).

Spreadability test

For this test, 0.5 grams of microemulgel were
placed in the center of a glass plate. Then, a pre-
weighed cover glass was placed on top of the gel. Next,
150-gram weights were added and left for one minute.
Spreadability was determined by measuring the aver-
age diameter of the spread on several sides (Nurman

etal, 2019). This test was replicated three times.
Adhesion test

This test involved placing 0.5 grams of gel on an
object glass, covering it with another object glass, and
leaving it for five minutes. Then, a 1 kg weight was
placed on top for five minutes. Next, both slides were
placed on a testing device with an 80-gram load. The
time it took for the slides to separate after removing
the 80-gram load was recorded (Rahmawati & Seti-

awan, 2019). This process was repeated three times.
Viscosity measurement

The viscosity of the BREO microemulgel was as-
sessed using a Rheosys Merlin VR rheometer with a
2.0/30 mm cone-plate spindle. The gel was placed on
the plate and sealed with the parallel plate. The rhe-
ometer was connected to a computer with the Rheo-
sys Micra application installed. The measurement
parameters were set as follows: temperature: 25 °C;
start speed: 10; end speed: 100; direction: up/down;
steps: 12; delay time: 30 seconds; and an integration
time of 10 seconds. The viscosity measurement was
initiated by pressing “Start;,” which lasted for a period
of time. The viscosity of the three microemulgels was
measured using the same treatment and parameters
(Sugihartini et al., 2021).

Globule characterization of BREO microemul-

sion and microemulgel

The produced microemulgel was analyzed for
droplet size and polydispersity index (PI), using dy-
namic light scattering. Zetasizer (Nano ZS, Malvern

Panalytical, UK.) was used to measure the BREO
710

microemulgel. The prepared sample was put into cu-
vettes, and scattering intensity was observed at a tem-

perature of 25 °C.
Morphology of Microemulgel

Transmission electron microscopy (TEM) imag-
ing was used to examine the microemulgel’s morphol-
ogy. In short, a droplet of the water-diluted micro-
emulgel suspension was put on a 200-mesh formvar
copper grid, allowed to adsorb, and then the excess
was wiped off using filter paper. After adding a drop
of 2% (w/v) uranyl acetate solution, the sample was
allowed to come into contact with it for five minutes.
Before the vesicles were photographed using an HR-
TEM (Talos F200C G2), the material was dried at

room temperature (Sulastri et al., 2025).
Stability studies of BREO microemulgel
a) Centrifugation assay

Five milliliters of each BREO microemulgel for-
mulation were centrifuged at 3500 rpm for 30 min-
utes. All formulations were observed for the presence
of separation, creaming, or cracking (Kiromah et al.,
2023).

b) Heating-cooling cycle

The study was run for three cycles. A cycle in-
volved storage of the BREO microemulgel at 4 °C for
24 hours and then storage at 40 °C for the following 24
hours (Priani et al., 2019). The separation, creaming,

or cracking was evaluated for each formulation.
Antibacterial assay of BREO microemulgel

The antibacterial assay used the well diffusion
method against bacteria-related acne, including S.
epidermidis, S. aureus, and P. acnes. Bacterial suspen-
sions with a concentration of 10®* CFU/mL were taken
with a sterile cotton swab and then spread onto Muel-
ler-Hinton Agar (MHA) media (HiMedia). After that,
wells were made on MHA media using a perforator.
A total of 100 mg of each formulation, F1A, F1B, and
F1C, was placed in the wells and incubated at 37 °C
for 24 hours. The same procedure was applied using a

microemulgel base as a negative control and 1% clin-
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damycin gel as a positive control. After incubation at
37 °C for 24 hours, the diameter of the inhibition zone

was measured.
Data analysis

The data on the physical properties of the micro-
emulgel and the inhibition zone diameter were analyzed
using GraphPad Prism 8. A data normality test was per-
formed using the Shapiro-Wilk test (P > 0.05). The data
were analyzed using one-way ANOVA followed by a
Tukey post hoc test at a 95% confidence level.

RESULTS AND DISCUSSION
Formulation of BREO microemulgel

The correct ratio of oil phase, water phase, and
surfactant plays an important role in the stable mi-
croemulsion formation. The optimal surfactant and

co-surfactant were selected based on the transmit-

tance percentage. Transmittance values close to 100%
are characteristic of high-quality microemulsions that
form a clear and transparent microemulsion (Pathan
et al,, 2012). This indicates that they can disperse
light due to their small droplet size. F1 formulation
had the highest transmittance percentage compared
to F2 and F3 (Table 3). The transmittance percentage
of F1 microemulsion was found to be 98.65 + 0.40 %,
confirming the good transparent nature of the formu-
lations. The optimum ratio was achieved in F1 with a
25%:25% ratio of Tween 80 and PEG 400 to make a
clear and transparent BREO microemulsion. Previous
studies have shown that surfactant and co-surfactant
solutions with a 1:1 ratio of Tween 80: PEG 400 were
thermodynamically stable and transparent. PEG 400,
as a cosolvent, is promising for microemulgel formu-
lation stability (Taher et al., 2022).

Table 3. Transmittance percentage of the BREO microemulsion formulation with different percentages of

Tween 80 and PEG 400
Formulation Tween 80 (%) PEG 400 (%) BREO (%) Transmittance (mean * SD) (%)
F1 25 25 3 98.65 + 0.40
F2 20 30 3 12.07 £ 1.11
F3 30 20 3 50.11 £ 10.9

One of the factors responsible for the variation
of the transmittance value of the microemulsions is
droplet size. Smaller droplets increase transparen-
cy (higher transmittance) because they scatter less
light (Naganuma & Kagawa, 2002). Measurement of
the droplet size of formulation F1 was performed to
confirm the microemulsion formation (Table 4). The
average droplet size of F1 was 12 nm, which meets the
ideal range of 10-200 nm for a microemulsion system.
The PI value of formulation F1 was 0.24, between 0.01
and 0.7, and is classified as a monodispersed system
(Kiromah et al., 2023). The zeta potential of F1 was
-8.235 mV. It is not too negative for skin application
due to the possible repulsion. Therefore, it is suitable
for topical application to deliver the active ingredient.
The Formulation 1 indicated clear or transparent,
with a very small droplet size. Production of the mi-
croemulsions using a magnetic stirrer yielded small

droplet sizes with a relatively low PI. This result is

consistent with those of other studies that prepared
microemulsions with a magnetic stirrer, producing
droplet sizes of less than 200 nm (Nunes de Godoi et
al.,, 2025; Syapitri et al., 2022).

Table 4. Particle characterization of BREO micro-

emulsion (F1 formulation)

Measurement Microemulsion (F1)
Droplet size (nm) 12.00 + 0.07
Polydispersity index (PI) 0.24 +0.02
Zeta potential (mV) -8.235+0.13

Numerous investigations have looked into the
physicochemical characteristics of different Tweens.
For microemulsion formulations, these references
take into account every characteristic and observation
that proves Tween to be a convenient cosmetic excip-
ient (Kaur & Mehta, 2017). However, existing guide-
lines should be followed when using Tween 80 as a

surfactant to avoid adverse effects.
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Characterization of BREO microemulgel

All formulations of BREO microemulgels were
yellowish-white in color and exhibited the character-
istic odor of fingerroot, as shown in Table 5. The ditf-
ference observed among the formulations was in their
consistency: F1C indicated the thickest compared to
the other formulations. This difference is mainly af-
fected by the amount of the gelling agent Viscolam.
The higher the concentration of the gelling agent, the

thicker the gel (Forestryana et al., 2022). During gel
formation, the gelling agent absorbs water and re-
mains in the gel, forming a thick liquid. Therefore,
the higher the concentration of the gelling agent, the
more liquid will be bound and retained, which can
lead to an increase in viscosity. Table 5 shows that
each microemulgel is homogeneous, with no particles
or coarse grains, thus reducing the potential for skin

irritation.

Table 5. The organoleptic and homogeneity of BREO microemulgel

Test F1A F1B F1C
Clarity Clear Clear Clear
Color Yellowish white Yellowish white Yellowish white
Organoleptic
Odor Typical aromatic Typical aromatic Typical aromatic
Consistency Slightly thick Thick Thicker
Homogeneity Homogenous Homogenous Homogenous

Ideally, the pH value of the microemulgel is nei-
ther too acidic nor too alkaline and matches the nat-
ural pH of human skin. The normal skin pH is be-
tween 4 and 6 (Luki¢ et al., 2021; Prakash et al., 2017).
Another study reported that the skin preparation for
acne should be at a pH between 5.4 and 6 (Kulthanan
et al., 2015). If the resulting pH is too acidic, it may
irritate, while if the pH obtained is too alkaline, it
may cause the skin to dry out and become sensitive
(Hwang et al., 2022). Figure 1 presents the pH value
of three formulations, which were in the range of 5.95
to 6.43. Thus, the BREO microemulgel can be applied
to the facial skin without irritation. Statistical analysis
shows that the pH values of the three formulations do

not have significant differences (p>0.05).
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A spreadability test was conducted to evaluate how
well the microemulgel spreads on the skin during ap-
plication. Good spreadability ensures that active in-
gredients are evenly distributed on the skin. However,
if the microemulgel spreads too easily, it can cause dis-
comfort during application. An ideal spreadability test
result is between 5 and 7 cm (Nurman et al., 2019).
Viscosity is inversely proportional to spreadability.
This occurs because higher viscosity results in lower
spreadability (Szulc-Musiot et al., 2017). The three
BREO microemulgel formulations have a spreadabili-
ty in the range of 5 to 5.5 cm and no statistically signif-
icant difference, meeting the requirements for good

spreadability (p>0.05).
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Adhesion test (sec)
w
1

F1A F1B F1C

Formulation

Figure 1. pH value of BREO microemulgel for-
mulations. The asterisk denotes a significant differ-
ence (p<0.05), and the letter “ns” denotes not signifi-
cant (p>0.05).

Spreadability (cm
Adhesion test (sec)
w
1

0- £
F1A F1B F1A F1B F1C
Formulation Formulation
A B

Figure 2. Spreadability (A) and adhesion tests (B)
of the BREO microemulgel formulations. The letter

“ns” denotes not significant (p>0.05).

Adhesion testing determines a preparation’s abil-
ity to adhere to the skin. A good adhesion study re-
quires a contact time of more than 4 seconds on the
skin surface (Tania et al., 2022). BREO microemulgel
formulations that meet this requirement are F1b and
Flc, whereas Fla demonstrates an adhesion time of
less than four seconds (Figure 2). The adhesion val-
ue of FI1A is associated with its lower consistency
and viscosity, which prevents it from adhering for an
extended duration. For topical preparations, such as
microemulgels, it is necessary to determine their ad-
hesion time. The amount of gelling agent could af-

fect the adhesivity as well as the viscosity. The higher

the adhesion value, the stronger the contact between
the microemulgel and the skin. Good adhesion is
associated with better efficacy and absorption of ac-
tive ingredients (Kurniawan & Aryani, 2024). Thus,
good adhesion relates not only to the convenience of
use but also to the therapeutic effectiveness of an ac-
tive ingredient. Nonetheless, the adhesion value and
spreadability value are inversely correlated; the higher

the spreadability, the lower the adhesion value.

Figure 3 shows that the viscosity of F1A, F1B, and
F1C was 6,411.78, 23,361.22, and 36,569.51 cps, re-
spectively. The difference in the results is due to vari-
ations in the amount of the gelling agent Viscolam.
F1C indicated the highest viscosity due to the most
Viscolam added, resulting in a thicker consistency.
One-way ANOVA statistical analysis showed a signif-
icant difference in the viscosity of the three formula-
tions (p<0.05). This demonstrates that the addition of
Viscolam significantly affects the viscosity of BREO

microemulgel.
50000 —
40000
30000

20000 -

Viscosity (cPs)

10000

F1A F1B F1C

Formulation

Figure 3. The viscosity of BREO microemulgel
formulations. The asterisk denotes a significant dif-

ference (p<0.05).

Viscosity influences the distribution of particle
sizes, the physical state, and the interactions between
drug molecules and excipients, all of which have an
impact on drug stability. It is important to avoid phase
separation or deterioration while being stored. Vis-
cosity affects the rheological characteristics, influenc-

ing the administration route, flow characteristics, and
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residence time at the intended location, particularly
in gel dosage devices. Finally, viscosity influences the

therapeutic outcomes (Kottke, 2023).

The BREO microemulgels flow type was deter-
mined by examining the rheogram (Figure 4.) and
the results of the linear regression equations between
shear stress and shear rate, as well as log shear stress
and log shear rate. The log shear stress vs. log shear

rate equation for all microemulgels (F1A, F1B, and

F1A
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F1C) produced an r-value close to one and a slope val-
ue greater than one, indicating that they have a pseu-
doplastic flow type. The viscosity of all microemulgels
decreases with increasing shear stress. This is benefi-
cial when the gel is in a package (e.g., a tube) because
squeezing the package will cause the gel to flow out.
This is also convenient during the filling process be-
cause the gel flows easily when given frictional pres-
sure (Calienni et al., 2023).
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Figure 4. The rheogram of BREO microemulgel formulations

Accelerated stability studies of BREO micro-

emulgel formulations

The accelerated stability studies were performed
to determine the physical stability of the microemul-
gels. Two methods were used: centrifugation and ex-
posure to extreme temperatures. The purpose of the
centrifugation study was to ascertain whether or not

there was a phase separation brought on by gravity.
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The heating-cooling cycle study was conducted to
show the microemulgels resistance to extreme tem-
peratures. This stability is important to prevent dam-
age to the preparation due to thermal expansion and
contraction, maintain optimal system performance in
the long term, and reduce the risk of failure due to re-
peated thermal stress. All microemulgel formulations
produced stable results, characterized by an absence

of separation, creaming, or cracking (Table 6).



FABAD J. Pharm. Sci., 50, 3, 707-720, 2025

Table 6. The result of the stability studies of BREO microemulgel formulations

Heating-cooling cycle

Formulation Centrifugation method
F1A No separation, no creaming, no cracking
F1B No separation, no creaming, no cracking
F1C No separation, no creaming, no cracking

No separation, no creaming, no cracking
No separation, no creaming, no cracking

No separation, no creaming, no cracking

Measurements of microemulgels globule size

and zeta potential

The particle size measurement indicated that the
average globule size of F1A, F1B, and F1C was about
22-210 nm, placing F1B within the microemulsion
size range of 10-200 nm (Seng & Loong, 2019). Based
on the PI value obtained as 0.37, the droplet size
uniformity level in the F1B microemulgel is close to
monodispersion (Mahbubul, 2019). Interestingly, the
droplet size of F1A was larger than that of F1B. F1A
had a zeta potential value of -19.61 + 0.29, which is
closer to 0, while F1B had a zeta potential value of -30.
The closer the value is to zero, the greater the chance
of coagulation between droplets. Additionally, lower
viscosity increases the likelihood of aggregation in gel

preparations (Namburu et al., 2007).

F1B appears clear or transparent due to its small
microemulsion droplet size, stability, homogeneity,
and negligible light scattering. The PI measurement
results in this study demonstrated that all microemul-
sion base formulations are monodisperse, resulting in
a more homogenous microemulsion that can avoid
creaming or cracking. Microemulsion base systems
have a consistent particle size distribution and are
typically more stable (Kamaria et al., 2015). This im-
plies that Tween 80, functioning as a surfactant, has
created micelles by adhering to the oily phase drop-
lets’ surface. By lowering interfacial tension, these mi-
celles can produce a microemulsion with tiny particles
(Ashara et al., 2016). Furthermore, as a co-surfactant,
PEG 400 has a role in preventing the recombined

phase from separating.

Table 7. Particle characterization of BREO microemulgel

Measurement F1A F1B F1C
Droplet size (nm) 86.2 + 1.63 21.7 £0.19 2102 +£2.9
Polydispersity index (PI) 0.67 +£0.13 0.37 +£0.06 0.38 +£0.03
Zeta potential (mV) -19.61 +£0.29 -31.58 +0.30 -31.38 +£0.50

Zeta potential is one of the parameters used to
evaluate the physical stability of materials in a colloidal
environment. It is the surface charge of the globules
that maintains an optimal distance to prevent coales-
cence. Due to electrostatic repulsion, zeta potential
affects the stability of microemulsion systems. Emul-
sions with larger zeta potential values are more stable
than emulsions with smaller values. The stability of a
system can be categorized based on its zeta potential
value: good stability ({ 40-60), somewhat good stabil-
ity ({ 30-40), incipient stability ({ 10-30), or easy co-
agulation or flocculation ({ 0-5) (Prakash et al., 2014)
The F1B and F1C microemulgels had zeta potential
values of -31.58 mV and -31.38 mV, respectively (Ta-
ble 7). This value indicates that the F1B microemulgel

is stable. The zeta potential of the three BREO micro-
emulgels is approximately two to four times more neg-
ative than that of the microemulsions. This difference
is probably due to Viscolam®s components, Sodium
Polyacryloyldimethyl Taurate, which releases sodium
cations and amide protons when dispersed in water.
This results in the accumulation of anions on the sur-
face of the microemulgel droplets, causing them to

become negatively charged (negative zeta potential).

Figure 5 shows the TEM image of the spherical mi-
croemulgel droplets had smooth surfaces, and were fair-
ly uniform in size. TEM analysis (F1A) revealed droplet
sizes ranging from 50 to 100 nm. This result was con-
sistent with the particle measurement results obtained

using PSA, which showed droplet sizes of 80 nm.
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Figure 5. TEM analysis of BREO microemulgel morphology

Antibacterial activity of BREO microemulgel

formulations

Figure 6 shows that BREO microemulgel can inhib-
it the growth of S. epidermidis, S. aureus, and P. acnes
bacteria. The negative control, which contained only the
gel base and no BREO, did not inhibit all three bacte-
ria. Based on the diameter of the inhibition zone, F1B
exhibited the greatest antibacterial activity against all
three bacteria, especially against P. acnes. The three for-

mulations exhibited similar antibacterial activity against

S. aureus and S. epidermidis. All three formulations con-
tain BREO at the same concentration; the difference lies
in the amount of Viscolam added. The amount of Vis-
colam 8% added does not affect the antibacterial activity
of the BREO microemulgels. The significant variation of
antibacterial activity is likely due to differences in par-
ticle size among the three microemulgels. F1B had the
smallest particle size, so it more easily penetrated the
cytoplasmic membranes of microorganisms, increasing

antimicrobial activity (Monteiro et al., 2023).
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CONCLUSION

The BREO microemulgel can be prepared with
3% BREO, 8% Viscolam, and Tween 80-PEG 400
(25%:25%). Organoleptic characteristics, pH, spread-
ability, adhesion test, viscosity, physical stability, glob-
ule size, polydispersity index, and zeta potential were
all found to be best suited for Formula F1B. It was also
effective against P. acnes, S. aureus, and S. epidermid-
is. BREO microemulgel has the potential to be devel-
oped as an anti-acne product.

ACKNOWLEDGEMENTS

Thanks to Institute of Research and Community
Service Universitas Ahmad Dahlan (PD-058/ SP3/
LPPM/UAD/VIIL/2023) for providing research fund-
ing support.

AUTHOR CONTRIBUTION STATEMENT

SM: Study concept and design, supervision, man-
uscript drafting and review. ANWS: Data collection,
statistical analysis and manuscript review. ED: Tech-
nical support and manuscript review. NAE: Literature
collection and manuscript review.

CONEFLICT OF INTEREST

The authors declare that there is no conflict of in-

terest.
REFERENCES

Ashara, K. C,, Paun, J. S., Soniwala, M. M., Chavda, J.
R., Mendapara, V. P, & Mori, N. M. (2016). Micro-
emulgel: an overwhelming approach to improve
the therapeutic action of the drug moiety. Saudi
Pharmaceutical Journal, 24(4), 452-457. https://
doi.org/10.1016/j.jsps.2014.08.002

Calienni, M. N., Martinez, L. M., Izquierdo, M. C,,
Alonso, S. del V., & Montanari, J. (2023). Rheo-
logical and Viscoelastic Analysis of Hybrid For-
mulations for Topical Application. Pharmaceutics,
15(10), 2392. https://doi.org/10.3390/pharmaceu-
tics15102392

Dessinioti, C., & Katsambas, A. (2017). Propionibac-
terium acnes and antimicrobial resistance in acne.
Clinics in Dermatology, 35(2), 163-167. https://
doi.org/10.1016/j.clindermatol.2016.10.008

Dessinioti, C., & Katsambas, A. (2022). Antibiotics
and Antimicrobial Resistance in Acne: Epidemi-
ological Trends and Clinical Practice Consider-
ations. The Yale Journal of Biology and Medicine,
95(4), 429-443.
gov/36568833/

https://pubmed.ncbi.nlm.nih.

Dewi, S. R., Ressandy, S. S., Handoko, L., Pratiwi, J.,
& Rahmah, W. (2023). Formulation and Test of
Antibacterial Activity of Emulgel Essential Oil of
Citronella (Cymbopogon nardus (L.) Rendle) and
Aloe vera (L). Burm.FE. Extract Against Propion-
ibacterium acnes. Journal of Vocational Health
Studies, 6(3), 158-164. https://doi.org/10.20473/
jvhs.v6.i3.2023.158-164

Dréno, B. (2017). What is new in the pathophysiol-
ogy of acne: an overview. Journal of the Europe-
an Academy of Dermatology and Venereology, 31,
8-12. https://doi.org/10.1111/jdv.14374

Dumont-Wallon, G., Moyse, D., Blouin, E., & Dré-
no, B. (2010). Bacterial resistance in French acne
patients. International Journal of Dermatology,
49(3), 283-288. https://doi.org/10.1111/j.1365-
4632.2009.04270.x

Forestryana, D., Hayati, A., & Putri, A. N. (2022).
Formulation and Evaluation of Natural Gel Con-
taining Ethanolic Extract of Pandanus amaryl-
lifolius R. Using Various Gelling Agents. Borneo
Journal of Pharmacy, 5(4), 345-356. https://doi.
0rg/10.33084/bjop.v5i4.1411

Hwang, ], Lee, S., Lee, H. G., Choi, D., & Lim, K.
(2022). Evaluation of Skin Irritation of Acids
Commonly Used in Cleaners in 3D-Recon-
structed Human Epidermis Model, KeraSkinTM.
Toxics, 10(10), 558. https://doi.org/10.3390/tox-
ics10100558

717



Mulyaningsih, Winda Sari, Darmawan, Efiana

Islam, Md. S., & Uddin, Md. L. (2022). Development
and Evaluation of Microemulsion Formulations of
Lornoxicam. Universal Journal of Pharmaceutical
Research, 7(6), 35-38. https://doi.org/10.22270/
ujpr.v7i6.867

Jain, S. K., Bajapi, P, Modi, S. K., & Gupta, P. (2019).
A Review on Emulgel, as a Novel Trend in Topical
Drug Delivery System. Recent Trends in Pharma-
ceutical Sciences and Research, 1(2), 30-39. https://
doi.org/10.5281/zenodo.3139463

Kamaria, P, Patwa, A, Saxena, A., Gaur, K., Garg, R,,
Agrawal, P, & Dashora, A. (2015). Design and
Development of Hydrogel-Based Microemulsion
of Valacyclovir Hydrochloride. Journal of Chemi-
cal and Pharmaceutical Research, 7(12), 926-937.
https://www.jocpr.com/abstract/design-and-de-
velopment-of-hydrogel-based-microemul-

sion-of-valacyclovir-hydrochloride-7406.html

Karimah, N., & Aryani, R. (2021). Studi Literatur Ak-
tivitas Antibakteri Penyebab Jerawat dari Minyak
Atsiri dan Formulasinya dalam Sediaan Mikro-
emulsi. Jurnal Riset Farmasi, 1(1), 46-54. https://
doi.org/10.29313/jrf.v1i1.185

Kartika, E. P. (2018). Antibacterial Activities of Red
Flow Oil (Piper crocatum Ruiz & Pav.) in the Form
of Emulsion and Microemulsion. Majalah Farma-
setik, 14(2), 79-86. https://jurnal.ugm.ac.id/ma-
jalahfarmaseutik/article/view/42597/23521

Kaur, G., & Mehta, S. K. (2017). Developments of
Polysorbate (Tween) based microemulsions: Pre-
clinical drug delivery, toxicity and antimicrobial
applications. International Journal of Pharmaceu-
tics, 529(1-2), 134-160. https://doi.org/10.1016/j.
ijpharm.2017.06.059

Kiromah, N. Z. W,, Sugihartini, N., & Nurani, L. H.
(2023). Development and characterization of
clove oil microemulsion. Pharmacia, 70(1), 233~

241. https://doi.org/10.3897/pharmacia.70.98096

718

Kottke, R. (2023). Impact of Viscosity and Drug For-
mulation on Pharmaceutical Development. Jour-
nal of Chemical and Pharmaceutical Research,
15(12), 7-8.  https://doi.org/10.37532/0975-
7384.2023.15(12).083

Kulthanan, K., Nuchkull, P.,, Varothai, S., & Pluetrat-
tanabha, N. (2015). The pH of skin cleansers
for acne. Indian Journal of Dermatology, Vene-
reology, and Leprology, 81(2), 181. https://doi.
org/10.4103/0378-6323.152291

Kurniawan, M. F, & Aryani, N. M. (2024). Optimi-
zation formulation and efficacy examination of
cream combination of fig extracts (Ficus carica L.)
and pomegranate extracts (Punica granatum L.) as
antioxidants. BIO Web of Conferences, 135, 03003.
https://doi.org/10.1051/bioconf/202413503003

Luki¢, M., Pantelié, 1., & Savi¢, S. D. (2021). Towards
Optimal pH of the Skin and Topical Formula-
tions: From the Current State of the Art to Tai-
lored Products. Cosmetics, 8(3), 69. https://doi.
org/https://doi.org/10.3390/cosmetics8030069

Mahbubul, I. M. (2019). Preparation, Characteriza-
tion, Properties, and Application of Nanofluid. An-
drew William Publishing. https://doi.org/https://
doi.org/10.1016/B978-0-12-813245-6.00009-5

Monteiro, E. da S., da Silva, E S., Gomes, K. O., do
Prado, B. A,, dos Santos, R. D., da Camara, G.,...
Orsi, D. C. (2023). Characterization and Deter-
mination of the Antibacterial Activity of Baccha-
ris dracunculifolia Essential Oil Nanoemulsions.
Antibiotics, 12(12), 1677. https://doi.org/10.3390/
antibiotics12121677

Mulyaningsih, S., Anastasya, Y., & Darmawan, E.
(2024). Antibacterial Activity and Chemical
Components of Fingerroot Essential Oil (Boesen-
bergia rotunda L. Mansf) Against Bacteria-Caus-
ing Acne. Jurnal Ilmiah Ibnu Sina, 9(2), 303-314.
https://doi.org/10.36387/jiis.v9i2.1924



FABAD J. Pharm. Sci., 50, 3, 707-720, 2025

Naganuma, T., & Kagawa, Y. (2002). Effect of par-

ticle size on the optically transparent nano me-
ter-order glass particle-dispersed epoxy matrix
composites. Composites Science and Technology,
62(9), 1187-1189. https://doi.org/10.1016/S0266-
3538(02)00059-3

Namburu, P. K., Kulkarni, D. P, Dandekar, A., & Das,

D. K. (2007). Experimental investigation of vis-
cosity and specific heat of silicon dioxide nanoflu-
ids. Micro & Nano Letters, 2(3), 67-71. https://doi.
org/10.1049/mnl:20070037

Nunes de Godoi, S., Valente de Souza, D., Fontana,

T., Pappis, L., Reis Favarin, E, Kolinski Cosset-
tin Bonazza, G.,...Ferreira Ourique, A. (2025).
Agai-Loaded Nanoemulsion: Synthesis, Char-
acterization, and In Vitro Safety Profile. Applied
Sciences, 15(16), 8822. https://doi.org/10.3390/
app15168822

Nurman, S., Yulia, R., Irmayanti, Noor, E., & Can-

dra Sunarti, T. (2019). The Optimization of Gel
Preparations Using the Active Compounds of
Arabica Coffee Ground Nanoparticles. Scientia
Pharmaceutica, 87(4), 32. https://doi.org/10.3390/
scipharm87040032

O’Neill, A. M., & Gallo, R. L. (2018). Host-microbi-

ome interactions and recent progress into under-
standing the biology of acne vulgaris. Microbiome,
6(1), 177. https://doi.org/10.1186/s40168-018-
0558-5

Pathan, M., Zikriya, A., & Quazi, A. (2012). Micro-

emulsion: An Excellent Drug Delivery System.
International Journal for Pharmaceutical Research
Scholars, 1(3), 199-210. https://www.ijprs.com/
article/microemulsion-as-excellent-drug-deliv-

ery-system/

Prakash, C., Bhargava, P, Tiwari, S., Manjumdar, B.,

& Bhargave, R. K. (2017). Skin Surface pH in Acne
Vulgaris: Insights from an Observational Study
and Review of the Literature. Journal of Clinical
and Aesthetic Dermatology, 10(7), 33-39. https://
pubmed.ncbi.nlm.nih.gov/29104722/

Prakash, S., Mishra, R., Malviya, R., & Sharma, P.

(2014). Measurement Techniques and Pharma-
ceutical Applications of Zeta Potential: A Review.
Journal of Chronotherapy and Drug Delivery, 5(2),
33-40. https://www.researchgate.net/publica-
tion/295858760

Priani, S. E., Dewi, W. K., & Gadri, A. (2019). For-

mulasi Sediaan Mikroemulsi Gel Anti Jerawat
Mengandung Kombinasi Minyak Jinten Hitam
(Nigella sativa L.) dan Minyak Zaitun (Olea euro-
paea L.). Jurnal Ilmiah Farmasi, 6(2), 57. https://
doi.org/10.26874/kjif.v6i2.143

Rahmania, E J., Abdassah, M., Muhaimin, M., &

Chaerunisaa, A. Y. (2020). Formulation of Anti-
oxidant Emulgel containing Beluntas China (Gy-
nura pseudochina (L.) DC). Indonesian Journal of
Pharmaceutics, 2(1), 20. https://doi.org/10.24198/
idjp.v2i1.26106

Rahmawati, D. A., & Setiawan, I. (2019). The For-

mulation and Physical Stability Test Of Gel Fruit
Strawberry Extract (Fragaria x ananassa Duch.).
Journal of Nutraceuticals and Herbal Medicine,
2(1), 38-46. https://journals.ums.ac.id/jnhm/arti-
cle/view/8046

Seng, K. K., & Loong, W. V. (2019). Introductory

Chapter: From Microemulsions to Nanoemul-
sions. In K. K. Seng & W. V. Loong (Eds.), Na-
noemulsions - Properties, Fabrications and Ap-
plications (pp. 1-7). IntechOpen. https://doi.

org/10.5772/intechopen.87104
719



Mulyaningsih, Winda Sari, Darmawan, Efiana

Sugihartini, N., Zainab, Z., & Pamungkas, A. (2021).

Physical stability and ethanol cream irritation test
of Moringa oleifera L. Jurnal Ilmiah Ibnu Sina:
Ilmu Farmasi Dan Kesehatan, 6(2), 186-195.
https://doi.org/10.36387/jiis.v6i2.675

Sulastri, E., Rahma, M. N., Herdiana, Y., Elamin, K.

M., Mohammed, A. F. A., Mahmoud, S. A., & Wa-
thoni, N. (2025). Enhancing Antifungal Efficacy
and Stability of Nystatin Liposomes Through Chi-
tosan and Alginate Layer-by-Layer Coating: In
vitro Studies Against Candida albicans. Interna-
tional Journal of Nanomedicine, 20, 10739-10750.
https://doi.org/10.2147/1JN.S526763

Syapitri, H., Letchmi Panduragan, S., Babu, S,

Purwandari, V., & Masyitah Thaib, C. (2022).
Preparation of Black Cumin Extract Nanoemul-
sion Using the Oil Phase of Virgin Coconut Oil
(VCO), Tween 80, and PEG 400 Surfactants. Ma-
laysian Journal of Medicine and Health Sciences,
18(Supp2), 2-5. https://medic.upm.edu.my/up-
load/dokumen/202201260944401_0872.pdf

Szulc-Musiot, B., Dolinska, B., Kotodziejska, J., &

Ryszka, E (2017). Influence of plasma on the
physical properties of ointments with quercetin.
Acta Pharmaceutica, 67(4), 569-578. https://doi.
org/10.1515/acph-2017-0038

Taher, S. S., Al-Kinani, K. K., Hammoudi, Z. M., &

Ghareeb, M. M. (2022). Co-surfactant effect of
polyethylene glycol 400 on microemulsion us-
ing BCS class IT model drug. Journal of Advanced
Pharmacy Education and Research, 12(1), 63-69.
https://doi.org/10.51847/1h17TZqgyl

720

Talat, M., Zaman, M., Khan, R., Jamshaid, M., Akhtar,

M., & Mirza, A. Z. (2021). Emulgel: an effective
drug delivery system. Drug Development and In-
dustrial Pharmacy, 47(8), 1193-1199. https://doi.
org/10.1080/03639045.2021.1993889

Tania, B. L., Dwiastuti, R., Lestari, A. B. S., & Setyan-

ingsih, D. (2022). Sunscreen Cream Formula-
tion of Noni Leaf Extract (Morinda citrifolia L.)
with Emulsifier Combination of Tween 80 and
Lecithin. Jurnal Farmasi Dan Ilmu Kefarmasian,
9(3), 262-271. https://doi.org/10.20473/jfiki.
v9i32022.262-271

Thiboutot, D., & Zaenglein, A. L. (2024). Pathogen-

esis, clinical manifestations, and diagnosis of acne
vulgaris. UpToDate, Inc. Retrieved from https://
www.uptodate.com/contents/pathogenesis-clin-
ical-manifestations-and-diagnosis-of-acne-vul-

garis

Zainol, N. A, Ming, T. S., & Darwis, Y. (2015). Devel-

opment and Characterization of Cinnamon Leaf
Oil Nanocream for Topical Application. Indian
Journal of Pharmaceutical Sciences, 77(4), 422-
433. https://doi.org/https://doi.org/10.4103/0250-
474x.164785

Zhu, T., Zhu, W,, Wang, Q., He, L., Wu, W, Liu, J.,...

Sun, D. (2019). Antibiotic susceptibility of Pro-
pionibacterium acnes isolated from patients with
acne in a public hospital in Southwest China:
prospective cross-sectional study. BM] Open,
9(2), €022938. https://doi.org/10.1136/bmjop-
en-2018-022938



