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ABSTRA
Objective: This research aims to optimize the quercetin nanoemulgel formula to improve quercetin solubility as an antibacterial agent.

Methods: In this research, quercetin was formulated into nanoemulgel with the factorial design of three independent variables, the concentration of
oil phase (virgin coconut oil), surfactant (Tween 80), and co-surfactant (Span 80). The nanoemulgel physical properties (viscosity, spreadability,
transmittance value, zeta potential, and particle size) were tested. The data were evaluated using Minitab®18 software; if the p-value<0.05, it is
stated that there is a statistically significant difference in the formula, and the use of the response optimizer menu in the Minitab® 18 software
determines the optimum formula with multiple responses.

Results: The results showed that the concentration of quercetin used to inhibit the growth of Staphylococcus aureus was 2 mg/ml The size of the
particles had a mean of 62.487 nm, the polydispersity index had a mean of 0.365, and the percent transmittance had a mean of 95.533+0.113%.
Measurements of the zeta potential had a mean of -26.71220.154, with the viscosity and spreadability of the preparations made having a mean of
2495£0.250 cps and 4.795£0.028 cm.

Conclusion: This study reported that the VCO amount of 3g, the tween amount of 12g and the span amount of 3.5g were found to be computational
recommendations to achieve the optimum conditions only for percent transmittance value response.
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INTRODUCTION

Recurrent aphthous stomatitis or thrush is an inflammatory
condition of the oral mucosa [1]. One of the bacteria that causes this
disease is Staphylococcus aureus bacterial infecton [2].
Staphylococcus aureus is a normal microflora in the oral cavity.
When the body's immunity decreases, these bacteria will become
pathogens, causing bacteremia and systemic infections in the oral
cavity [2, 3]. Thrush medicine as a powerful antibacterial has a
relatively high price, and the number is still limited in the market
now. Quercetin is a compound that has antibacterial and anti-
inflammatory activity [4]. The concentration of quercetin that will be
used to inhibit Staphylococcus aureus bacteria was determined
through the paper disk diffusion method by selecting the lowest
concentration capable of inhibiting the growth of the test bacteria by
looking at the clear area or zone around the paper disc, which
indicated the presence or absence of inhibition of bacterial growth
[5]. Quercetin is classified as BCS Class Il, which means it has low
solubility and high permeability [6].

To overcome this problem, quercetin can be developed using a
nanotechnology approach to increase the quercetin field [7]. Quercetin
may require a more sophisticated delivery system that ensures a high
drug-loading capacity and provides greater skin tackiness to extend
drug contact time with the skin [8]. In recent years, nanoparticles have
been widely used in pharmaceuticals, significantly increasing drug
solubility by reducing the particle size will increase the surface area
and the thickness of the protective particle layer [9].

One of the mucosal drug delivery systems is a nanoemulgel
preparation. Nanostructured particles for herbal medicines have
several advantages over conventional drug delivery systems.
Advanced delivery formulations not only help overcome problems
such as poor solubility, bioavailability, and stability of quercetin but
also overcome the formidable skin barrier in topical delivery [10].
Nanoemulsion is a thermodynamically stable emulsion preparation
that undergoes a transparent dispersion derived from oil and water.
The nanocemulsion preparation is stabilized by an interfacial film of
surfactant molecules with droplet sizes ranging from 20-200 nm

[11]. In addition, nanoemulgels reduce the total dose and side effects
because they form a non-toxic and non-irritating carrier for skin and
mucous membrane delivery and control of release by permeation of
the drug through a liquid film, whose hydrophilicity or lipophilicity,
as well as thickness, can be controlled precisely [12].

Nanoemulgel consists of oil, water, surfactants, and basis gel [13].
The oil selection used in nancemulsion formulation is an important
factor that the drug will incorporate as a droplet in the oil phase
dispersed in the agueous phase [14]. The oils phase component will
help to achieve maximum drug loading in the nancemulsion system
[15]. VCO has been shown to have a high total phenolic and
tocopherol content, which is responsible for having high antioxidant
properties and normalizing lipids through various pathways, anti-
inflammatory and has been found to enhance antithrombotic effects
related to inhibition of platelet coagulation [16, 17]. The surfactant
added in the formulation must support the formation of the
nanoemulsion system from the oily phase and have an excellent
dissolving potential for lipophilic drugs. The higher solubility of the
drug in the oil phase is important to maintain the drug in dissolved
form. The right mix of low and high hydrophilic-lipophilic-balance
(HLB) surfactants leads to stable nanoemulsion formulation [15, 18,
19]. This study uses the mixture of tween 80 and Span 80 because
these two surfactants possess the same backbone, so they can mix
easily, leading to a controlled change in the final [19]. Non-ionic
surfactants are less toxic than ionic surfactants and have been
widely used in topical products [18, 20]. Based on the material
safety data sheet, tween 80 has acute toxicity LD50 oral in rat 34,500
mg/kg and does not cause skin irritation in rabbits [21].

The addition of the Ision system into the hydrogel matrix can
form nanoemulgel preparations. The nanoemulgel dosage form can
reduce the surface and interfacial tension of the preparation, where
there is an increase in the viscosity of the aqueous phase, which will
affect the increase in the stability of the nanoemulsion [22].

The current study aimed to improve quercetin's delivery and skin
contact time in the form of nanoemulgel for topical use by
optimizing the concentration of VCO, tween 80 and span 80.
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MATERIALS AND METHODS
Materials

Quercetin (Merck®), virgin coconut oil (VCO) (Coco Milagro®), tween
80 (Merck®), span 80 (Merck®), sodium alginate, aquadest. The used
instruments are a UV-Vis spectrophotometer (Shimadzu UVmini-
1240), hotplate dan magnetic stirrer (Thermo Scientific), viscometer
Brookfield (Brookfield LVDVE 8673144), particle size analyzer
(PSA) (HORIBA Scientific SZ-100), centrifuge, eppendorf tube,
ultrasonication (Branson 3800) and pH meter.

Quercetin antibacterial activity test

The inhibitory concentration of quercetin was determined using the
paper disk diffusion methed. The research was conducted in the
Biological Safety Cabinet ([BSC). The bacterial test strain
(Staphylococcus aureus) was grown on Muller Hinton Agar (MHA)
for 18-24 h at 37 °C. Then the inoculum of the bacterial strain was
transferred into Muller Hinton Broth (MHB) and adjusted to a
turbidity standard of 0.5 Mcfarland. 10 mg/ml quercetin stock was
prepared in pure DMSO, then the quercetin concentration series was
10 mg/ml; 2 mg/ml; 0.4 mg/ml; 0.08 mg/ml; 0.016 mg/ml. A total of
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15 ml of MHA was put into a petri dish and allowed to solidify, then
100 L of Staphylococcus aureus bacteria was added to the petri dish
and spread using a spreader. Paper discs saturated/dropped with
quercetin series and DMSO0 as negative controls were placed on top
of the solidified agar media. A positive control using gentamicin and
a sterility control containing only MHA media was also made. All
Petri dishes were incubated at 37 °C for 24 h. A clear area or zone
around the paper disc indicates bacterial growth [4, 5].

Nanoemulsion preparation

The manufacture of quercetin nanoemulsions was carried out by
dripping the quercetin with 70% ethanol until dissolved, then
mixing it with virgin coconut oil phase using a stirrer until
homogeneously mixed. The mixture was added to the tween-80 and
span-80 mixture using a magnetic stirrer for 10 min with a speed of
1000 rpm and a temperature of 80 °C. After 10 min add 100 ml
distilled water gradually, and the stirring was increased to 1250 rpm
for 10 min. All ingredients that have been mixed are then
homogenized using a homogenizer for 2 min and followed by
sonication using a sonicator bath for 40 min. Each formula was
replicated three times in table 1 [23].

Table 1: Design factorial formulations scheme

Formula Span 80 (g) Tween 80 (g) VCO' (g) Quercetin (g) Sodium alginate (g)
1 3 11 35 0.2 2
A 4 11 35 0.2 2
B 3 12 3.5 0.2 2
AB 4 12 35 0.2 2
% 3 11 4 0.2 2
AC 4 11 4 0.2 2
BC 3 12 4 0.2 2
ABC 4 12 4 0.2 2

“VCO-virgin coconut oil

Nanoemulgel preparation

The gelling agent in the form of 2 grams of sodium alginate was
developed in 100 ml of nanoemulsion with constant stirring using a
mixer until a homogeneous, clear, and transparent mass was formed
table 1 [24].

Percent transmittance test

The percent transmittance test was performed by dissolving 1 ml in
a 100 ml volumetric flask using distilled water. The solution was
measured percent transmittance at a wavelength of 650 nm using a
UV-Vis spectrophotometer, and distilled water was used as a blank
[23]. The percent transmittance value can be expressed as A =-log
%T, where A indicates the absorbance value and shows the percent
transmittance [25]. The transmitance percentage value of 90%-
100% shows that the nanoemulsion preparation has a transparent
and clear appearance [26].

Particle size measurement

Particle size was measured using a particle size analyzer with a dynamic
light scattering type. First, the cuvette was cleaned not to affect the
analysis results. A sample of 10 ml was taken and put into a cuvette.
Then the cuvette was inserted into the sample holder and analyzed [23].

Zeta potential

Zeta potential was measured using a particle size analyzer with
measurement type zeta potential. Using 10 ml of the samples
dissolved with aguadest in a ratio of 1:1

Organoleptic test

The organoleptic test of nanoemulgel was carried out by physically
observing the nanoemulgel preparation with the quercetin,
including color, smell, and taste [27].

Nanoemulsion type test

The nanoemulsion type test uses the dilution method by dissolving
the sample into the water phase (1:100) and the oil phase (1:100). If

the sample is entirely soluble in aquadest, then the nanoemulsion
type is oil in water (0/W) type. On the other hand, if the sample
dissolves completely in the oil phase, the nanoemulsion type
includes the water in the oil (W /0) type [23].

Viscosity

The viscosity measurement of the preparation was carried out using
a Brookfield viscometer (Brookfield LVDVE 8673144) by preparing
500 ml nanoemulgel in a glass beaker and then selecting the

appropriate spindle number. Measurements were carried out on all
replications of the preparations made.

Spreadability

The spreadability of nanocemulgel was measured 24 h after
preparation. In this test, 1 gram of gel was placed in the middle of a
glass plate and given a weight of 150 grams combined, allowed to
stand for 1 min, then the diameter of the distribution was measured
with a caliper [28, 29].

Accelerated stability testing

The stability test of the formula was carried out with two tests using
the centrifugation method and the freeze-thaw cycle stability test.
The centrifugation test was carried out by inserting the sample into
an eppendorf tube and centrifuging for 5 min at a speed of 5000
rpm. The sample's stability is seen by whether there is a phase
separation [30]. The sample stability parameters included phase
separation, precipitation, creaming, and cacking.

The freeze-thaw cycle test is this carried out in three cycles by
storing the preparation at a temperature of-15 °C for 48 h and
transferring it to a temperature of 25 °C for 48 h for each cycle. The
stability parameters measured were sample pH and particle size
using the transmittance value. The freeze-thaw cycle test was
repeated for three cycles [30].

Data analysis

The results to be obtained in this study are the physical properties of
nanoemulgel, including percent transmittance, zeta potential, particle

105




K. N. B. Gumilar et al.

size, viscosity, and spreadability. The opimum area was obtained
using the Minitab® 18 application, which previously had a pure
experimental design using the factorial design method. Normally
distributed and homogeneous data can be analyzed using a three-way
Analysis of Variance [ANOVA) with a 95% confidence level. The p-
value<0.05 indicates a significant difference in the physical properties
of the nanoemulsion. This was followed by looking for a contour plot
and computational optimizer response to determine the optimum area
of the oil phase: virgin coconut oil and surfactant combination tween-
80 and span-80 using DOE (Design of Experiment).

RESULTS AND DISCUSSION

Quercetin antibacterial activity

Quercetin is a compound that can provide activity as an antbacterial
[4]. The antibacterial actdvity test of quercetin was carried out to
determine the presence or absence of antibacterial activity on
quercetin against Staphylococcus oureus bacteria. Antibacterial
testing of quercetin was carried out to determine the guercetin
dosage for nanoemulgel formulations. Antibacterial activity testing
d out using the paper disk method. In testing the
antibacterial activity of quercetin, sterility control was made to

Int ] App Pharm, Vol 15, Issue 1, 2023, 104-110

ensure that the test was carried out aseptically. The study's results
showed that the sterility control was clear, and no Staphvococcus
aureus bacteria were growing.

They tested the potential antibacterial activity of quercetin dissolved
with DMSO (Dimethyl sulfoxide). The choice of DMSO as a solvent is
because DMSO can dissolve quercetin and does not have
antibacterial activity, so the antibacterial activity results obtained
are purely derived from quercetin [31]. Testing the antibacterial
activity of quercetin showed the presence of inhibition against
Staphylococcus aureus bacteria. The company can see the inhibition
zone on the test results of a clear area around the paper disk
saturated with quercetin solution. The following results of testing
the antibacterial activity of Staphylococcus aureus can be seen in
table 2. The results of the measurement of the inhibition zone
showed that the antibacterial acdvity of quercetin was in the
moderate category because the average concentration of each
concentration was 6-10 mm, while the positive control, namely
gentamicin, had an average inhibition zone of 20.9 mm which was in
the strong category [32]. The negative control used was DMSO with
an average inhibition zone of 0 mm, which indicated that DMSO had
no antibacterial activity and pure antibacterial activity of quercetin.

Table 2: Diameter of quercetin inhibition zone against Staphylococcus aureus

Quercetin concentration Inhibition zone (mm) Zone of inhibition (mm)®  Antibacterial strength
(mg/ml) R1 R2 R3 criteria

10 10.40 9.90 9.45 9.9220.475 Moderate

2 9.80 10.60 9.70 10.03+0.493 Moderate

04 9.40 10.25 8.20 9.28+1.030 Moderate

008 8.50 10.50 8.30 9.10£1.217 Moderate

0016 8.70 95.40 815 8.7520.626 Moderate

Positave control (Gentamicin) 27.00 27.00 27.00 27.00£0.000 Strong

Negative control (DMSO) 0 0 0 0£0.000 No inhibition zone

‘mean+SD, n=3

Based on the results of testing the antibacterial activity of quercetin
with various concentrations, it can be concluded that the
concentration of quercetin used for nanoemulgel preparations is 2
mg/ml This is because 2 mg/ml concentration produces the most
significant inhibition power among other concentrations. This result
can be strengthened by |aisinghani et al. (2017) [4], who state that
quercetin with a concentration of 20 mcg/ml can inhibit the growth
of Staphylococcus aureus bacteria.

Physical properties and stability tests of quercetin nanoemulgel
Organoleptic

Fig. 1 shows the nancemulsion formed from the obtained
nanoemulsion, which is yellowish and transparent. The combination
of tween-80 and span-80 is used as a surfactant that can unite the oil
and water phases due to forming a film layer around the droplets.
The HLB value of the mixture from the combination of tween-80 and
span-80 ranged from 12-13. In addition, quercetin was used as an
antibacterial agent, 70% ethanol to dissolve quercetin, and aquadest
as a solvent.

When mixing using a magnetic stirrer, a temperature of 80 °C is
given to help the evaporation process of 70% ethanol, where 70%
ethanol has a low boiling point of 78 °C, so it evaporates faster. [t
does not cause poisoning when using the formula [33].

The nanoemulgel preparation made has a yellowish color and is
slightly cloudy when used. It has a cooling effect because the most
significant content of the formula is water.

Nanoemulsion type test

The nanoemulsion type test was carried out to determine the type of
nanoemulsion formed by dissolving the nanoemulsion sample into
the water phase and the oil phase in a ratio of 1: 100. The test results

for eight formula nanoemulsion determined the nanoemulsion types
were found to be of the oil-in-water [0/W). The nanoemulsion
preparation is dispersed in the aqueous phase (aguadest). These
results are in line with expectations where the HLB value of the
mixture ranging from 12-13 can produce an oil-in-water (0/W)
nanoemulsion type. Oil in water emulsion can be improved lipophilic
drug delivery and improvement patient comfort [15].

Transmittance value

The percent transmittance test (%T) was carried out to ensure that
the size of the nanoemulsion formed was In the nanometer range.
The percentage transmittance value of 90%-100% indicates that the
preparation has a clear and transparent appearance [26]. The
perc trangmittance was measured at a wavelength of 650 nm
with a UV- pectrophotometer. The percentage of ransmittance
above 90% indicated the formation of nano-sized particles (<200
nm) [34]. The results of the percent transmittance measurement of
the eight quercetin nanoemulsion formulas obtained were found to
be in the range of 93%-97% table 3. From the results, it was found
that formulas B, AC, AB, and A had the highest percent
transmittance, respectively 97.8%20.404, 97.6%+0.115, 97%+0.556
and 97%=0.057. The percent transmittance is getting closer to 100%
the color will be clearer and more transparent.

The statistical analysis found that the percent transmittance
measurement obtained had a significant model, indicated by a p-
value<0.05 (0.000). In comparison, the factor that most influences
the results of the percent transmittance measurement is VCO, which
is indicated by the highest f-value, 279.90 table 4. The appearance of
the contour plot of percent transmittance versus tween 80, span 80,
and VCO is depicted in fig. 2. From the contour plot formed, it can be
seen that all areas included are acceptable because the quercetin
nanoemulsion has the percent transmittance of nanoparticles, which
ranges from 90-100%
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Fig. 1: Nanoemulsion preparation

Contour Plot o TRANSMITTANCE vs SPAN 20 WO

Fig. 2: Contour plot response transmittance versus tween 80 and VCO (a) Contour plet response transmittance versus span 80 and VCO
(b) Contour plot response transmittance versus span 80 and tween 80 (c)

Table 3: Results of physical properties of lsion and lgel quercetin
Formula “Spreadability (cm) “Viscosity (cps) “Tr ittance value (%) “Zeta potential (mV)
1 4.7+0.152 2498.7+0.577 93.7%+0.173 -28.4+0.100
A 4.75+0.208 2498.3+0.577 97%%0.057 -25.7%0.500
B 4.950.115 2494.7+0.577 97.8%+0.404 -29.5%0.200
AB 4.95£0.058 2498£0.577 97%%0.556 -30£0.929
C 4.95£0.100 2499:0 93.3%0.152 -29.7£0.351
AC 4.42520.100 2489:0.677 97.6%+0.115 -23.920.901
BC 4.9:0.153 2498£0.577 92.9%+0.2688 -21.4£0.954
ABC 5+0.100 2489.7+0.577 94.9%+0.451 -25.120.737
*meantSD, n=3
Table 4: Statistical analysis of physical properties

Transmittance (%) Zeta potential (mV) Viscosity (cps) Spreadability (cm)

“P value 'F value 4P value UF value 4P value UF value 4P value UF value
Model 0000 119.15 0.000 67.75 0.000 179.24 0.001 6.40
vco 0000 279.90 0.000 15.53 0.000 289.29 0.312 1.09
Tween 80 0075 3.61 0.169 2.07 0.000 17.29 0.002 13.89
Span 80 0.000 163.87 0.000 155.39 0.001 240.14 0.467 0.56
VCO*Tween 80 0.000 144.98 0.000 137.61 0.000 32.14 0.022 6.42
VCO*Span 80 0.000 48.59 0.928 0.01 0.000 641.29 0.022 6.42
Tween 80*Span 80 0.000 180.50 0.000 130.52 0.001 17.29 0.661 0.20
VCO*Tween 80*Span80 0.003 12.59 0.000 33.51 0.001 17.29 0.001 16.20

=P value determined the significant values, three-way ANOVA, *F value determined the variation has the significant impact, three-way ANOVA

Table 5: Particle size measurement results

Formula Particle size (nm) Polydispersity index
1 68.6 0.444
A 49.2 0.447
B 19.9 0.226
AB 211 0.301
C 124.3 0.294
AC 27.9 0.427
BC 118.6 0.285
ABC 70.3 0.495

Particle size measurement

Particle size measurement is done by the dynamic light scattering
method. The particle size measurements of the eight quercetin

nanoemulsion formulas obtained were found to be in the range of
19.9-118.6 nm table 5. These results show that formulas B, AB, and
AC have the smallest particle sizes, 19.9 nm, 21.1 nm, and 27.9 nm.
The transmittance percentage is getting closer to 100% the color
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will be clearer and more transparent [34]. The eight formulas
obtained had transmittance percentages below 200 nm.

The polydispersity index (PDI) describes the uniformity of globule
size in the preparation and determines the presence or absence of
aggregation. The PDI can range from 0 tg 1, where 0 (zero) stands
for a monodisperse system and 1 f@ a polydisperse particle
dispersion [35]. However, the PDI is lower than 0.5, indicating
narrow and favorable particle size distribution [26, 36]. The PDI
results in the range of 0.226-0.495 so that the nanoemulsion formed
has a uniform particle size.

Zeta potential

Zeta potential is a charge parameter of electricity between colloidal
particles and is very important in determining the stability and

Comtonsr Pt of ZETA POTENTLAL 43 TWEEN 30, V0O
na

Cormou Fon of ZETA FOTENCIAL o SPAN B, WEO
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aggregation of colloidal nancopartcles. This analysis involves
electrostatic interactions between the charged nanoparticle surface
and the opposite charge ions in the solution. A good Zeta potendal has
a value that ranges from +30 mV to-30 mY [37]. The magnitude of this
zeta potential indicates the stability of the colloidal system. From the
measurement results, the zeta potential value of the eight formulas is-
214 mV to-30 mV, which fulfills a good zeta potential value. The
formula with the highest zeta potential was formula BC (-21.420.954),
and the lowest zeta potential was formula AB (-30£0.929) table 3.

The statistical analysis found that the zeta potential measurement
obtained had a significant model, indicated by a p-value<0.05
(0.000). In comparison, the factor that most influences the results of
the percent transmittance measurement is span 80, which is
indicated by the highest f-value, 155.39 table 4.

Camacnse Plon of ZETA POTENTRAL va SPAN 80, TWEEN 80

Fig. 3: Contour plot response zeta potential versus tween 80 and VCO (a) Contour plot response zeta potential versus span 80 and VCO (b)
Contour plot response zeta potential versus span 80 and tween 80 (c)

Fig. 3 is a contour plot showing the interaction results between
tween-80, span-80, and VCO on the zeta potential response in 2D.
Based on the resulting plot, it can be concluded that the entire area
formed is the optimum area for the concentration of VCO, tween-80,
and span-80 to the zeta potendal response. This is because the area
meets the desired zeta potential criteria of+30 mVto-30 mV [37].

Viscosity

The results of the quercetin nanoemulgel viscosity test performed
with a Brookfield viscometer. Viscosity testing aims to determine the

Comtens Fion o VISCOSITY s TWEEN 30 WCO

Comtenr Pt of VISCOSTY us SHAN 30; WO

value of the viscosity of a substance. The higher the viscosity value,
the higher the viscosity level of the substance. The viscosity value of
a good gel preparation is 2000-4000 cps [38]. From the test results,
eight nanoemulgel formulas have a viscosity of 2489-2499, which is
still in the good gel viscosity range table 3.

The statistical analysis showed that the significantly formed model
was stated with a p-value of<0.05 (0.000). The factor that most
affected the viscosity was VCO which had the highest f-value of
289.29 table 4.

Comtons Pt of VISCOSITY us SPAN 50, TWEEN 30

Fig. 4: Contour plot response viscosity versus tween 80 and VCO (a) Contour plot response viscosity versus span 80 and VCO (b) Contour
plotresponse viscosity versus span 80 and tween 80 (c)

Fig. 4 is a contour plot showing the interaction results between
tween-80, span-80, and VCO on the 2D viscosity response. Based
on the resulting plot, it can be concluded that the entire area
formed is the optimum area for the concentration of VCO, tween-
80, and span-80 on the nanoemulgel viscosity response, and this is
because the area meets the criteria for a suitable gel viscosity of
2000-4000 cps.

Spreadability

The spreadability test was carried out for guarantees even
distribution of gel when applied to the skin performed as soon as the
gel was made. Good spreadability of gel preparations between 5-7
cm [38]. The results of the spreadability test are not good because it
has a diameter of 4.7-5 cm. there is only one formula that meets the
criteria for good spreadability, namely the ABC formula (5£0.1) table

3. The stadstical analysis results for the dispersion response show
that the model form is significant, as stated by the p-value<0.05
(0.001). The factors that most influence the response are tween 80,
which had the highest f-value of 13.89 table 4.

Fig. 5 is a contour plot showing the interaction results between
tween-80, span-80, and VCO on the 2D spreadability measurement
response. Based on the resulting plot, it can be concluded that the
area that shows the optimum concentration of VCO, tween-80, and
span-80 on the dispersion response is only the black area.

Accelerated stability testing and optimization

After evaluating the nan Ision formulaton, the test accelerated
stability was continued, indicating no phase separation, and
flocculation was observed, proving its stable nature.
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Comteur Mot of SREADASIITY vi SPAN 31} TWEEN 30

Fig. 5: Contour plot response spreadability versus tween 80 and VCO (a) Contour plot response spreadability versus span 80 and VCO (b)
Contour plot response spreadability versus span 80 and tween 80 (c)

o pimal ]
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Fig. 6: Optimizer plot for response spreadability, viscosity, zeta potential, and transmittance

Optimization targets were set for the response of dispersion,
viscosity, zeta potential, and percent transmittance. The response
optimizer menu in the Minitab® 18 software determines the
optimum formula with multiple responses [39]. The results of
processing and computational rec dations to achieve the
optimum conditions were found at the VCO amount of 3g, tween
amount of 12g and the span amount_of 3.5g was found as
computational recommendations to hieve the optimum
conditions. But this congentration is predicted to produce a
composite desirability vas of all responses of 0.7206. This is not
considered good because a desirability value close to 1 indicates a
high model's ability to produce the expected response value fig. 6
[39]. From the results obtained, only the percent transmittance has a
desirability close to 1, which is 0.922, so the optimum response for
the formula is only the transmittance percent.

CONCLUSION

Based on the results obtained in this study, the concentration of the
quercetin used to inhibit the growth of Staphylococcus aureus
bacteria that causes canker sores is 2 mg/ml because, at that
concentration, it produces the most significant inhibitory power. The
optimum VCO, tween-80, and span-80 were found at the VCO
amount of$g, the tween amount of 12g, and the span amount of 3.5g.
Still, it is predicted to produce a composite desirability value of all
responses of 0.7206, which is not considered good. From the results
obtained, only the percent transmittance has a desirability close to 1,
which is 0.922, so the optimum response for the formula is only the
transmittance percent. This study also reported that the effect
variation concentration of VCO, tween 80 and span 80, has
significantly impacted the physical properties (viscosity,
spreadability, transmittance value, and zeta potential) of the
quercetin nanoemulgel.

ACKNOWLEDGEMENT

The authors would like to express gratitude to Fetiana Chrismaurin
.rassistingin collecting physical data.

FUNDING

This research was financially funded by The Thesis Magister
Program from THE MINISTRY OF EDUCATION AND CULTURE

PT/2022; No 19899/IL5-INT/PG.02.00/2022; 028/Pg8el./IPPM-
USD/V/2022. and Program Penelitian Magister Doktor Universitas
Sanata Dharma 2022 (No.:007 /Penel. /IPPM-USD/I1/2022).

AUTHORS CONTRIBUTIONS

REPUBLIC OF INDONESIA, grant number 15?/]3%&?6.02.00.

All authors have contributed equally to this research article.
CONFLICT OF INTERESTS

The authors declared that no conflict of interest should arise
concerning the authorship of this research article.

REFERENCES

1. Nurdiana N, Jusri M. Penatalaksanaan stomatitis aftosa
Rekuren mayor dengan infeksi sekunder management of major
recurrent aphtous stomatitis accompanied by secondary
infection. | Dentomaxillofac Sci. 2011;10{1):42-6. doi:
10.15562/jdmfs.v10i1.251.

2. Chopde N, Jawale B, Pharande A, Chaudhari L, Hiremath V,
Redasani R. Microbial colonization and their relation with
potential cofactors in patients with denture stomatitis. |
Contemp Dent Pract 2012;13(4):456-9. doi: 10.5005/jp-
journals-10024-1168, PMID 23151692,

3. Warbung YY. Daya hambat ekstrak spons laut callyspongia sp
terhadap pertubuhan bakteri staphylococcus aureus. eGiGi
2013;1(2). doi: 10.35790/eg.1.2.2013.3151.

4. Jaisinghani RN. Antibacterial properties of quercetin. Microbiol
Res (Pavia). 2017;8(1):13-4. doi: 10.4081/mr.2017.6877.

5.  Nurhayati LS, Yahdiyani N, Hidayatulloh A. Perbandingan
pengujian aktivitas antibakteri starter yogurt dengan metode
difusi Sumuran dan metode difusi cakram. JTHP. 2020;1(2):41.
doi: 10.24198/jthp.v1i2.27537.

6. Zahara LH, Zaini E. Solid dispersion of quercetin-PVP K-30 and its
effects on the antioxidant activity. | [lm Farm. 2020;16(2):144-54.

7. Putra MIH, Suwarto S, Loho T, Abdullah M. Faktor risiko
methicillin resistant staphylococcus aureus pada pasien infeksi
kulit dan jaringan lunak di ruang rawat inap. ] Penyakit Dalam
Indones. 2017;1(1):3. doi: 10.7454 /jpdiv1il.32.

8. Hatahet T, Morille M, Hommoss A, Devoisselle ]M, Muller RH,
Begu S. Quercetin topical applicaton, from conventional dosage

109




10.

11

12,

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

K. N. B. Gumilar et al.

forms to nanodosage forms. Eur | Pharm Biopharm.
2016;108:41-53. doi: 10.1016/jejpb.2016.08.011. PMID
27565033,

Mafis FDR, Sriwidodo, Chaerunisaa AY. Study on increasing
solubility of isolates: methods and enhancement polymers. Int ]
Appl Pharm. 202 2;14(6):6-13.

Wadhwa K, Kadian V, Puri V, Bhardwaj BY, Sharma A, Pahwa R.
Mew insights into gquercetin nanoformulations for topical
delivery. Phytomed Plus. 2022;2(2):100257. doi:
10.1016/j.phyplu.2022.100257.

Nugroho BH, Citrariana S, Sari IN, Oktari RN, Munawwarah M.
Formulasi dan Evaluasi SNEDDS (Self nanoemulsifying drug
delivery system) ekstrak daun pepava (Carica papaya L)
sebagai analgesik. JIF. 2017;13(2):77-85. doi:
10.20885/jifvol13.iss2.art5.

Jufri M, Iswandana R, Wardani DA, Malik SF. Formulation of red
fruit oil nanoemulsion using sucrose palmitate. Int | App
Pharm. 2022;14(5):175-80. doi:
10.22159/ijap.2022v14i5.44314.

Pengon S, Chinatangkul N, Limmatvapirat C, Limmatvapirat S.
The effect of surfactant on the physical properties of coconut
oil nanoemulsions. Asian | Pharm Sci. 2018;13(5):409-14. doi:
10.1016/j.ajps.2018.02.005. PMID 32104415.

Sadeq ZA. Review on nancemulsion: preparation and
evaluation. IJDDT. 2020;10(1):187-9. doi:
10.25258/ijddt.10.1.33.

Dist R. Nanoemulsion a method to improve the solubility of
lipophilic drugs. International Journal of Advances In
Pharmaceutical Sciences. 2010;2(3):72-83.

Kesic Z, Skala D. Vegetable oil as a feedstock for biodiesel
synthesis complimentary contributor copy (January); 2016.
Babu AS, Veluswamy SK, Arena R, Guazzi M, Lavie CJ. Virgin.
Postgrad Med. 2014;126(7):76-83. doi:
10.3810/pgm.2014.11.2835, PMID 25387216.

Baboota S, Shakeel F, Ahuja A Ali ], Shafig S. Design,
development and evaluation of novel nanoemulsion
formulations for the transdermal potential of celecoxib. Acta
Pharm. 2007;57(3):315-32. doi: 10.2478/v10007-007-0025-5,
PMID 17878111,

Koroleva M, Nagovitsina T, Yurtov E. Nanoemulsions stabilized
by non-ionic surfactants: stability and degradation
mechanisms. Phys Chem Chem Phys. 2018;20(15):10369-77.
doi: 10.1039/c7cp07626f, PMID 29611566.

Wu H, Ramachandran C, Weiner ND, Roessler B]. Topical
transport of hydrophilic compounds using water-in-oil
nanoemulsions. Int | Pharm. 2001;220(1-2):63-75. doi:
10.1016/s0378-5173(01)00671-8, PMID 11376968,

MERCK. Span® 80 for synthesis. 2020:1-8. Available from:
https:/ /www.merckmillipore.com/CL/es/product/Tween-
80MDA_CHEM-822187.

Chellapa P, Mohamed AT, Keleb EI, EImahgoubi A, Eid AM, Issa
YS. N Ision and lgel as a topical formulation.
[0SR | Pharm. 2015;5(10):43-7.  Available from:
www iosrphr.org.

Yuliani SH, Hartini M, Stephanie PB, Istyastono EP.
Perbandingan stabilitas fisis sediaan nanoemulsi minyak biji
delima dengan fase minyak long-chain triglyceride dan medium
chain triglyceride. Tradit |. 2016;21:3-7.

24,

25.
26.

27.

28.

29,

30.

32.

33

34.

35.

36.

37.

38.

39.

Int ] App Pharm, Vol 15, Issue 1, 2023, 104-110

Soliman WE, Shehata TM, Mohamed ME, Younis NS, Elsewedy
HS. Enhancement of curcumin anti-inflammatory effect via
formulation into myrrh oil-based nancemulgel. Polymers
(Basel). 2021;13(4):1-16. doi: 10.3390/polym13040577, PMID
33672981,

Abdassah M, lonik N, Dengan G, Farmaka ]. 2017;15(1):45-52.
Safitri D, Samsiar A, Astuti DY, Roanisca 0, Pelawan NED
(Tristaniopsis merguensis) sebagai antibakteri (Escherichia
coli dan Staphylococcus aureus) menggunakan microwave
assisted extraction (MAE). Pros Semin Nas Penelit Pengabdi
Pada Masy. 2019;1-4.

Imanto T, Prasetiawan R, Wikantyasning ER. Formulasi dan
karakterisasi sediaan nanoemulgel serbuk lidah buaya (Aloe
vera L). Pharmaceutical Journal Of Indonesia. 2019;16(1):28-
37.doi: 10.23917 /pharmacon.v16i1.6114.

Veronica EF, Dwiastuti R. Formulation and evaluation of wound
healing gel of white Lead tree (Leucaena leucocephala (Lam.)
de Wit) leaves extract. Int | App Pharm. 2022;14(1):275-80.
doi: 10.22159 fijap.2022v14i1.42126.

Ermawati DE, Yugatama A, Uji Sifat Fisik WW. Sun protecting
factor, dan in vivo Zn0 terdispersi dalam sediaan nanoemulgel.
JPSCR ] Pharm Sci Clin Res. 2020;5(1):49.

Kaur LP, Garg R, Gupta GD. Development and evaluation of
topical gel of minoxidil from different polymer bases in the
application of alopecia. Int | Pharm Pharm Sci. 2010;2Suppl
3:43-7.

Rowe RC, Sheskey P], Owen SC. Handbook of pharmaceutical
excipients. Fifth edit. Pharmaceutical Press and American
Pharmacists Association; 2006.

Jannata RH, Gunadi A, Ermawati T. Kulit apel manalagi dae
(Malus sylvestris Mill.) terhadap pertumbuhan streptococcus
mutans. | Pustaka Kesehat. 2014;2(1):23-8.

Sighny ZD, Azkia MN, Kunarto B. Buah parijoto KNE (Medinilla
speciosa Blume). | Teknol Pangan Dan Has Pertan.
2020;15(1):1.

Hertiani T, Pratiwi SUT, Haryadi EC, Triatmoko B, Yuswanto A,
Martien R. Evaluation of the efficacy and toxicity of Massoia oil
nanoemulsion. Pak | Pharm Sci. 2019;32(4):1519-28. PMID
31608870,

K Gurpret, SK Singh. Review of nanoemulsion formulation and
characterization  techniques. Indian | Pharm  Sci
2018;80(5):781-9. doi: 10.4172/pharmaceutical-
sciences. 1000422,

Nurfauziah R, Rusdiana T. Review: formulasi nanoemulsi untuk
meningkatkan kelarutan obat lipofilik. Farmaka Suplemen.
2018;16(1):352-60.

Dounighi M, MZ, HM S. Preparing and characterizing chitosan
nanoparticles containing hemiscorpius lepturus scorpion
venom as an antgen delivery system. Razi Vaccine Serum Res
Inst. 2012;67(2):145-53.

Arikumalasari ], Dewantara IGNA, Wijayanti NPAD. Optimasi
hpme sebagai gelling agent dalam formula gel ekstrak kulit
buah manggis (Garcinia mangostana L.). | Farm Udayana.
2013:719-20.

Dwiastuti R, Putri DCA, Hariono M, Riswanto FDO. Multiple
response optimization of a HPLC method for analyzing
resorcinol and 4-p-butyl resercinol in lipid nanoparticles.
Indones | Chem. 2021;21(2):502-11. doi: 10.22146/ijc.58537.

110




OPTIMIZATION AND PHYSICAL CHARACTERIZATION OF
QUERCETIN NANOEMULGEL FORMULA AS AN ANTIBACTERIAL
AGENT

ORIGINALITY REPORT

18 11« 156 3«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

2%

* Rini Dwiastuti, Phingkan Alamanda Suhendra, Sri
Hartati Yuliani, Florentinus Dika Riswanto Octa.
"Application of the central composite design
approach for optimization of the nanosilver formula
using a natural bioreductor from Camellia sinensis L.
extract", Journal of Applied Pharmaceutical Science,
2022

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography On



