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The manuscript seems to be engaging in describing the research of the nanoemulsion formulation of Parijoto extract.
However, several concerns need to be addressed, i.e.:

1. Please improve and revise the English language of the manuscript thoroughly,

2. What are the specifications of the Parijoto plants used in the study, and where was it cultivated and harvested? Is there
any determination test performed to confirm the plant as Medinilla speciosal

3. Was there any software used to perform the RSM-CCD approach? Why were 81 runs conducted for the CCD study, which
seems too many to optimize three factors? Was the run-order randomized? What does "MLD" mean?

4. Is the statement "In Table 1, it is observed that the particle size range of the nancemulsion is between 14,603+16.73 nm
and 118,053:4.5825 nm" correct? Why are the particle sizes so big?
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Supporting file

1. Piease improve and revise the English language of the manuscript thoroughly.

Thank you for your suggestions in the new manuscript that we sent, we have corrected the grammar and improved
the English language.

2. What are the specifications of the Parijoto plants used in the study, and where was it cultivated and harvested?

The research samples used in this study are fruits from the parijoto plant {Medinilla speciosa) cultivated and
harvested on the slopes of Mount Muria, Kudus. The fruits used are ripe fruits harvested when the parijoto plant
reaches full maturity, typically around 90- 100 days after flowering. (We have added in Line 100-102 of the
manuscript).

The Parijoto plants are carefully cultivated in the natural environment of the slopes of Mount Muria, Kudus, known
for its conditions that support the growth of these plants. The planting and maintenance processes are carried out
according to good cultivation practices to ensure the health and quality of the plants.

Is there any determination test performed to confirm the plant as Medinilla speciosa?

Although there has not been any definitive determination test conducted to confirm that the plants are Medmnilla
speciosa, this research still utilizes piants that morphologically and characteristic-wise match the description of
Medinilla speciosa. Therefore, the Parijoto fruit samples used in this study are expected to represent the Medinilla
speciosa species well, even though formal determination tests have not been conducted yet.

3. Was there any software used to perform the RSM-CCD approach? Why were 81 runs conducted for the CCD study,
which seems too many to optimize three factars? Was the run-order randomized? What does "MLD" mean?

Statistica 12.5 by StatSoft is a software commoniy used for conducting the response surface methodology (RSM)
combined with central compaosite design (CCD) approach. This software facilitates the design, analysis, and
optimization of experiments, particularly in the context of studying multiple variables and their effectson a
response.

As for conducting 81 experiments in the CCD study, this might seem excessive for optimizing three factors.
However, the number of runs in a CCD is determined by the level of precision desired and the complexity of the
response surface being studied. With 3 factors, a CCD typically involves a full factorial design with additional
center points and possibly axial points. The number of runs is often a power of 2 plus additional center points,
which can result in a seemingly high number of experiments. The purpose is to ensure thorough exploration of the
design space and accurate estimation of the response surface. The sequence of experiments in a CCD is usually
randomized to minimize the effects of potential confounding variables or systematic errors. Randomization heips
to ensure that the resulits are not biased by the order in which experiments are conducted.

We apologize because there was a typewriting mistake, where MLD should be written as CCD.

4. Is the statement “In Table 1, it is observed that the particle size range of the nanoemulsion is between
14,603116,73 nm and 118,05314.5825 nm" correct? Why are the particle sizes so big?

The statement regarding the particle size range in Table 1, indicating sizes between 14,603416,73 nm and
118,053:4.5825 nm, appears to be accurate based on the provided data. The particle size that we obtained in this
research is in accordance with our target, namely a particle size below 300 nm which is suitable for food and
beverage praducts. However, the particle sizes being relatively large could raise concerns and prompt further
investigation into the factors influencing them. Various factors can impact particle size, including process
conditions, surfactant type, mixing timing, mixing speed, filling extract, and surfactant concentration. In this
analysis, the effects of surfactant type, fitling extract, and surfactant concentration, particularly with various
types of surfactants like Tween, were examined.

Different surfactants can interact differently with the components of the nanoemutlsion, potentially affecting the
resulting particle size distnbution. Some surfactants may lead to larger particie sizes due to their molecular
structure or interactions with the emuision companents. The nature of the filling extract used in the formulation
can influence the size and stability of the nancemulsion. Components of the filling extract may affect the emulsion



droplet size during the formulation process. The concentration of surfactant in the formulation plays a critical role
in stabilizing the nanoemulsion and controlling particle size. Higher concentrations of surfactant may lead to
smaller particle sires by reducing interfacial tension and preventing coalescence of droplets. Parameters such as
mixing speed, mixing time, and temperature during emulsification can significantly impact particle size
distribution. Suboptimal process conditions may result in larger particle sizes due to inadequate dispersion or
coalescence of droplets.

in the analysis, the effects of surfactant type. filling extract, and surfactant concentration, especially with various
types of surfactants such a3 Tween, were examined. This suggests that the study aimed to understand how
different formulation parameters influence particle size in nanoemulsions. To address the issue of unusually large
particle sizes, further investigation and optimization of the formulation and process parameters may be necessary.
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Keywords: Nanoemulsiony. Stabilizersz, Tweens, Parijotoq. RSM<«
Abstract

Napotechnology was deemed fo possess substantial potenrial for development owing to its ability to
modily siwrface charpelenstics and paticle size, facihlaling enhunceed sbsorption ol hmetonal fond
compounds and controlled welease ol active subslances 1o migaie adverse eflects. Nunoemulsion, 8
slable collotdal sysiem fomned by blendimyg oil, ernuls fer, snd water, was wdent fed as
nanotechnelogy with promising applications. ITowever, vestigations into the impact of suriactants
on chametenstic nancemulsions, needed o be more varied. This research gap uecessitated funber
exploration in the advancement of nanotechnology-based foods. The parijoto finit (Medinilia
speciosa), an indigenous plant species w Indonesia, has yet to undergo extensive scrunny for its
potential use as a finctional and nutraceutical food. Anthocvanins, a principal compound in the
parjjoto fut, had exhibited efficacy in rednemg the risk of cardiovasenlar discases, diabeles, and
inflammation, and demonstrated anti-inflammatory and antioxidant properties. This study aimed to
investigate the chameteristics of nancemulsion formulztions derived from pargoto fral extract and to
cvaluale an optitmm condition with varions tween surfactant. The findings from this investigation
could finmish valuable insights for the further advancement of anthocyanin nanocmulsious from
parijoro fruit extract. The results comprised the charzeterization of nanoemulsion particle size,
polydispersity index. zeta potential, conductivity, pIl, and viscosity, RSM is used o optimize
nanocmuision by examining the relatonships and mteractions between independent variables and
tesponse variables through mathematical modeling and statistical methods. Twthennore, the
characterization of nanoemulsion encempassed zeta potential. polydispersity. particle size,
conductivity, pH. and viscosity, Elevated surfactant concentrations resulted in dunimished particle
sizes and more uniform size distribution, albeit reaching a plarcau where surfactant aggregation and
micelle Joration ensued. Tncreased concentrations of sirfactant lype, concentiztion, and parjolo
extract impacted the physical characteristics of nanopartick size and polvdispersity. 'he oprimal
process conditions for nancemulsion compriseda 12% concentration of Iween #0 solvent, 12%
Tween concentration, and 7.5% panjolo [Tuil extaet concentation. yielding a desirabilily value of
0.74, categonzing 1 as wodeiale.
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1 Introduction

Nanotechnology underwent progressive evolution, characterized by measurements on the nanometer
scale, approximately 10°-9 meters {Ariningsih, 2016). Acknowledgment from the World Ilealth
Organization {WHO) and the Food and Agriculture Organization (FAO) (2009) underscored
nanotechnology’s significant potential in enhancing food products, attribured to its capacity to modify
surface characteristics and particle size. Such modificarions faciliate rargeted delivery of food
compounds 1o specific organs and the controlled release of active compounds to mitigate adverse
cifeets. The atributes of nanoscale [ood malerials are pivotal in propelling diverse industrics,
mchding food, phanmaceuticals, and extensive nutraceutical applicanons (Rahman et al,, 2020).
Nanocinulsions denole a nanotechnological rendilion ol a stable colloidal systemn, achieving kinetic
stability throngh the amalgamation of oil, emulsifier, and warer (McLements, 2016). Chang et al.
(2022) conducted research utilizing surfactants as stabilizers in synthesizing nancemulsions,
showeasing the stability of nanoemulsion particle size in enrcumin extract. Surfactants can diminish
interfacial tension and form a substantially influential steric elastic film on the emulsion results (Xiao
J & Imang. 2016).

Renowned for its tropical climate and vast biodiversity, Indonesia harbours at least 30,000 plant
species, with 7.000 being herbal plants with documented health benefits (Widvowan & Agil, 2018;
Jumiami & Komalasari, 2017). Parijoto (Medinilia speciosa), an endemic plant species in Indonesia,
reinains relalively understudied for ils scientific pofential in pharmacy, functional loods, aud
nutraceuticals. Analysis has confinned that the parjjoto fruit camprises phytochemical components
such as anthoceyvanins, [lavonoids, saponing, lannins, alkaloids, cardenolides. and glyeosides
{Balamurugan, 2014). Anthocyanins, a predominant compound in parijoto fruil, demonstrate efficacy
m reducing the nisk of cardiovascular diseases, diabetes, and inflanmation while possessing notable
anti-inflammatory and antoxidant properties. [xtraction technigues yield varving anthocyanin
contents, with the peel extract and whole fnit extract registering 208.75 and 173.7 mg/'L,
respectively (Saadah et al_, 2020). Varions factors influence anthocyaning' stability, including
chemical struchire, concentration, solvent, pH. storage temperamre, light, oxygen, metal ions,
proteins, and flavonoids. Weak stabality under high pH. high temperature, and light exposure has
been abserved (Ito et al., 2021}, with fower pIT contribnting to enhanced stability (Moldova et al.,
2020). Heating at elevated temperatures accelerates anthocyanin degradation (Khoo etal.. 2019).

In recent years, Response Surface Methodology (RSM) has emerged as a prominent multivariate
statistical technique for optimizing varons processes. Initially introchiced by Box and colleagues in
the 19505, RSM facilitates the examination of the relationship and interactions among independent
variables and response variables through mathematical modeling and statistical methods (1zavidan et
al, 2019). RSM has been successfully cmployed in cubancing aud oplinizing therapeulic exlracl and
drug nanoemulsion (Samim et al., 2020). In this study, Central Composite Design (CCD) Response
Surlace Methodology (RSM) was employed to optimize the qualily pammeters of (he nanocimnulsion.

Appropriate nano-encapsulation techniques, such as nancemulsion, have shown the potential to
cohance the stability, bioavailability, and solubility of lipoplilic bioactive compounds while alse
preventing hydrolysis and oxidation (Rosso et al., 2020). Catechin nanoemulsion showed a
remarkable improvement of stability and bicavatlability in simulated gastrointestinal (Rafanar et al.,
2016). Research conducted by Chang et al. (2022) used Tween as surfactant in the stable
nanoemulsion synthesis loaded curcumin extract. This nunderscores the potential for developing
nanoemnision formularions for anthocyanins in parijoto frnir. Thus far, research on nancemmlsion
formulation i panjoto fiuil, meorporating various concentrations aud stabilizers, still needs o be

This is a provisional [ile, not the final typesel article
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mvolves observing the extmact as the solvent evaporales, noling ils mereasing concentration
cvidenced by a thicker and more viscous appearance. Periodic weighing of the container or flask
contaimng the extract allows for the tracking of weight loss as the solvent evaporates. Once the
weight stabilizes or reaches a predelennined targel, it sigmfices that the desired solvent ranoval mte
has been attained. ensuring the production of a concentrated anthocvanin extract suitable for further
analysis. Anthocyanin nanoemulsion was prepared using a combination of surfactants that have low,
medinm, and high hydrophile lipophile balance (FI.B). namely Twen 20, Tween 60, and Tween 80.
Then, surfactant (0.24 g) was added, and the mixtre was homogenized entuely. This was followed
by adding ( 2.76 g) deionized water and mixing again for complete dispersion of surfactant in water.
The solution was then sonicated in a sonicator with a temperanwe ot 35°C, frequency of 45 Hz, and
100% power for 60 minutes. To produce a good nancemulsion, homogenization was carried out
using high shear homogenization al 15,000 mm with 2 temperature of 4 C for 15 minutes.

2.5 Characterization of Particie Size and Polydispersity Index of Nanoemulsion Parijoto
Fruit Extract

The particle size analysis ool nsed in this study was the Zetasizer (Zetasizer Pro, Malvern etal.),
which operates based on the general principle of dynamic light scattering (DLS). This tool has a
detector placed ar an angle of 173° from rhe nansmitted light beam and detects size using a patented
techmology known as noninvasive backscattering. This techmque is used lor various purposes. One is
Lo reduce the effeet known as multiple scatlering, making it casicr to measure samples with high
concentrations. Modifving McClements (2016), the particle size distribution and average particle size
ol panocmulsions were delenuined by dyvoamie light scattering (DLS) at a wavelength of 633 mu snd
a temperature of 25 °C.

2.6 Characterization of Zeta Potential Nanoemulsion Parijoto Fruit Extract

The C-potential of Parsjoto Frut Extract Nanoemulsion was evaluated using C-potential analysis
(Zetasizer Pro; Malvern Instmuments, Ltd., Malvern) following the method described by Khalid et al.
(2017). The Z-potential of (he samples was evalualed automatically using 10 to 100 analviical nms
after equilibration for 120 s at 23 °C. The zeta potential of the particles was measured by phase-
analysis light scattering (PLS) nsing a Zeta dip cell.

2.7 Characterization of the Conductivity of Nanoemulsion Parijoto Fruit Extract

The conductivity of nanoemulsion particles was measured by phase-analysis light scatiering (PLS)
using a Zeta dip cell with a cuvet electracle. Samples were evahated antomatically using 10 to 100
analvtical nuns after equilibration for 120 seconds at 25 °C. The detector is placed at an angle of 173°
from the transmirted light beam.

2.8 pH Measurement of Nanoemulsion Parijoto Fruit Extract

The pH was deteruined using a Schott pH meter at room lemperature (27 = 2 °C), calibrated wilh a
standard buffer of pIT 7. The pH analysis of the Panjoto fnut extract nanoemulsion sample was
carried out using a pH meter with 2 particular electrode, First, the pH meter is set and calibrated with
a standard bulfer solution at a known pH, generally at pH 4.0, 7.0, and 10.0. Samples were diluted
with ten mM phosphate buffer pH seven before analysis to avoid multiple scattering effects during
testing. ‘The pIl meter electrode is then carefully inserted into the sample to ensure good contact.
Ounce the electrode is stable, a pH reading is taken and recorded. This step is repealed as necessary to
obtain consistent results. ‘This pH analysis provides essential information regarding the acidity or

This 1s a provisional e, not the final typesel article
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alkahinity level of napovnulsion and nauceitosan Parijoto [1uit extract, which canallect the stability
and quality of products using the nanoctnulsion.

2.9 Viscosity Mcasurement of Nanocmulsion Parijoto Fruit Extract

Viscosity measurements are carried out nsing a viscometer mmstmment. 14 ml. of sample was put into
the cup and attached to the solvent trap provided The wiscometer was set at 206 1pm, three rofations,
for 30 seconds. 'The measurement process begins by activating the viscometer, and this tool
automatically measures the tine required for a liquid to flow through the viscameter tube at a
specific temperature and rpm. This time, a predetermined formula converts the reading into a
viscosity value. Repeated measurements can be made rto ensure consistent resulrs.

2.10 Statistical analysis uses Response Surface Mcethodology.

In this smdy. primary data in 3 repetitions of extraction and three repetitions of testing were averaged
and given a standard deviation value for each rreatment combination nsing Statistica 12.5 by StatSoft.
‘The data s then entered into a statistical application, arranged in a combination of factonial points,
axial points, aud central points with three repetitions. Afler thal, the data was analyzed, and scveral
test stages were camied out. The basis for testing is studentification from primary data.
Studentification means (hat the scale of the variable is adjusled by dividing it by the esimated
population standard deviation. Vanability in sample standard deviation values contiibutes to
additional uncertainty in the calculated value. This will cause problems in finding the probability
distriibution of each statistic studied.

2.10.1 Effect Summary

This test can summarise the effects of the combinarion of treatments used. The Longworth valie in
the resnlts of this test is defined as -log (p-value) and is a transformation of the p-value based on the
Pearson Chi-Squared test. The Pearson Chi-Sguared rest evaluates the possibility of the split being
caused by chance. The higher the Pearson Chi-Squared value, the higher the probability of the split
being caused by dependency. In general, if the worth is greater than 2, then the statistical model
considers the vanable necessary.

2.10.2 Lack OfFit

Model suitability testing (lack of fit) is carried out to review whether the model equation is
acceptable or not in predicting responses. In the lack of fit test. the following hypothesis is used:

HO = no lack of fit (suitable model)

H1 = there 1s a lack of fit (the model is not suitable)

The hypothesis 1s concluded by companing the calculated F value with the F table. The calculated F is
obtained from the statistical test results and displayved in the ANOV A table. The F table value is
obtained from the T Distribution Table. The critena for the lack of fir test are:

I connt = I rable, then 110 is accepred. I count = I table, then T10 is rejected.

Another paranxler that can prove (he suitability ol the model obtained is by companng the p-value

with the a value. [fthe p-value of lack of fit is smaller than the a value. then there is a significant
lack of fit, so the mode! obtained is not appropriate.
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2.10.3 Summary Of Fit

The R square and Rool Mean square crror values arc olaiued in this test. Measures the diflerence m
values from a madel's predictions as estimates of the ohserved values. R square is also known as the

coefficient of determination, which explains how far independent data can explain dependent data. R
square has a value between 0 — 1 with the condition that the closer it is to ane, the better it is. If the r
square 1s 0.6, the independent variable can explain 60% of the distribution of the dependent variable.
The independent variable cannot explain the remaining 40% or can be explained by variables outside
the independent vanable {eror component).

2.10.4 Parameter Estimates

The parameter estimates are the coefficients of the linear predictor. This value represents the change
inresponse il you have a certain level of a calegorical predictor or a change of I unit for a continuous
predictor, which means the same thing as in a ultiple regression analysis with contimions response.

2.10.5 Analysis Of Variance
The ANOVA test (Analysis of Variance) has the following test criteria:

110 15 accepted if T connt = T table, which means the madel cannot be accepted statistically becanse
no independent vanables have a real inflnence on the response.

HI 15 accepted if F count > F table, which means the madel is statistically acceptable and at least one
independent variable has a real influence on the response

2.10.6 Fitted Surfaces

‘The depiction of the fitted surface is carried out using the Central Composite Design maodel. The
experimental design is factorial, specifically Central Composite Design (CCD). CCD was chosen
over Box-Behnken Design becanse CCD provides more design points in terms of axial points.
Additionally, CCDs can run experiments al extremne values, providing betler quadratic equations for
analysis, CCD contains a factorsal or fractional factorial design with a central point angmented by a
group ol 'axial points' (hat allow estimation ol curvature. If he distance [rom (he center of the design
space to the factortal pointis + 1 unit for each factor, the distance from the center of the design space
1o the axial poinl 1s | a | = [, The exact value of ¢ depends on the properties desired [or the design and
the nuiber of factors iwvolved. The CCD has twice as many star points due (o a factor in the design.

This 1s a provisional e, not the final typesel article
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3 Result & Discussion

3.1 Phytochemical Profiles of Dried Parijoto Fruit

Drying Parijoto Frust is cartied out using a cabinet dryer at a temperature of 70°C for 6 hours.
The results of dnving pagjolo [ruil were oMained through he preparation process, he
antioxidant and anthocyamm activity profiles were expressed respectively in units of %
inhibition and ppm. The resnlts of the antioxidant activity of dried and extracted parijoto fruit
were 79.14334.82%. % The total anthocvanin content in the dry samples and extracts was
538.47 1 ppm. The dried Parijoto exhibited significant antioxidant activity, with a % inhibition
value of 79.14 + 34.82. This indicates a substantial capacity to neutralize free radicals, which
are nnplicated in various chronic discases and aging processes. The high antfioxidant activity
suggests that the drying process did not significantly diminish the antioxidant potential of
Partjoto. The total anthocyanin content of the dried Parijoto was found to be 538 47 + 4.67
ppm. Anthocyanins are a gronp of pigmented compounds known for their antioxidant
properties and potential health benefits. The retention of anthocyanins after the drying process
indicates thal cabinel drying cifcctively preserved these bioactive conpounds in the dricd
Partjoto

The parjoto fuil extract was oblamed (hrough an exiraction process using the Ultra-assisted
extraction method. The antioxidant and anthocyamn activity profiles of patijoto fimr extract.
The characterization of Panijoto extract as a filler in nanoemuision involved various analyses
o assess 1ts antioxadant properties and phytochemical composition. The extraction method
cmployed was ultra-assisled extraction, which 1s known for is cfficiency in exiracling
Dioaclive compounds from plant mnaterials. The antioxidant activity of the Parjolo extract was
evalnared, vielding a % inhibition vahue of 50.7761-6.18. This indicates a significant level of
antioxidant capacity. which is emeial for combating oxidative stress and preventing cellular
damage caused by fiee radicals. Furthermore, the total anthocyanin content of the extract was
defenimned Lo be 94,4324 14 ppin. Anthocyaning are well-known antioxidants found o many
fiurts and vegetables, known for their potential health benefits, meluding anti-inflammnatory
and anti-cancer propertics. The favonoid conlent of the Parjoto exfracl was wmeasured (o be
126.85=1.15 g'L. Flavonoids are a class of polyphenolic compounds known for their
antioxidant and anti-inflammatory effects. Additionally, the phenolic content of the extract was
quantilicd as 8434070 GAE/g. Phenolic compounds are another group ol bioactive
compomnds found in plants, known for their antioxidant and anti-inflammatory activities, as
well as their potential role in reducing (he nisk of chronic diseases.

-
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conducted, This study 1s dedicated to mvestigating the characteristies of nanovimulsion lonmulations
derived from parjoto fuil extract and evalualing an oplimum condiion with various tween
surfactani.

2 Materials and Method

2.1 Materials

Grinder (Binder), Erlenmeyer (Pyrex), beaker glass (Pyrex). vohume pipette, test tube (Pyrex), test
tube rack, funnel (Pyrex). measuring flask (Pyrex), vacmuen n: filter 0.22 nm (Sartorins Stedim 11694-
2-30-06), vial, micropipette (Socorex), blve rip (Biologix 1 nml. pipette tips), hotplate (Cimarec et al.
SP142025Q), vortex {Thermolyne et al.), Ultrasonic Cleaner (Biobase UC-10SD) modified, UV-VI1S
spectrophotometer (Shimadzu, UV-1280), aluminium foil, filter paper. 0.22 pm filter membrane
(Wattman). Cabinet dryver (HetoPowerDry LL1500), rotary evaporator (Biobase RE-2000E). syringe.
aualytical balance. Fresh parijoto, ethanol pro analysis (Merck, Gennany), methauol pro aualysis
(Merck, Germany), distilled water, aqua bikes, folding ciocalteu 10% (Merck, Germany). Na2CO3
7.5% (Merck, Germany), DPPH solution (Merck, Germany), Quarcetin (Merck, Germany), AIC13
(Merek, Genmany), ammoniun acetale | M(Merck, Gennany). acctone (Merek, Genmauy ).
acetomtrile (Merck, Gennany), standard cyanide (Zigina), delphinidin ghi standard {Zigma), Tween
20 (Merek, Germany), Tween 60 (Merck, Genany), Tween 80 (Merek, Geruany), and Span 20
(Merck, Germany).

2.2 Preparation of Dry Samples of Parijoto Fruit Extract

Sarnples used n this study arce fuils fom the Panjoto plant (Medinilla speciosa) cullivaled and
harvested on the slopes of Mount Murta, Kudus. The tiits used are ripe fruits harvested when the
Parjjolo plant reaches [ull maturity, typically around 90- 104 days aller lowenng Parijolo, which had
been cleaned and sorted. was weighed 200 grams for each treatment. The fruit that has been weighed
15 then steamn-blanched for 3 minuies. Prepare a citne acid solution with a concentration of 1% lor
pre-treatment of fruit before drving. After that, soak the parijoto fruit in the cirric acid solution for 5
minutes and drain. The Cabinet Dryer is cleaned before use to maintain hygiene and avoid cross-
contamination. The drying temperature used was 70°C for 6 hours. The dried Parijoto fruit is then
gronnd mto powder using a herbal grinder for 2 mimues. After that, the sample will be extracted for
further testing. The daed Paijoto will e chemically analyzed using UV-Vis spectroscopy.

2.3  Making Parijoto Extract using Ultrasonic Assisted Extraction (UAE)

Five grams of dry sample powder and S0 mL of 99.5% ethanol were mixed thoroughly for
homogeneity in fonr 250 ml. centrifuge bottles. Then, all vials were sonicated (10 K1iz, 100 W) for
30 man, followed by shaking for one hour, centrifuged at 4,000 tpm (4°C) for 10 min, collected the
supernatant, and evaporated to dryness under vacuum. I'he residue was dissolved in 99.5% ethanol
and diluted e 20 mI.. After filtering throngh a (.22 pm membrane filter, panjoto fnut extract was
obtained and stored at -20°C for analysis using UV-Vis,

2.4 Preparation of Anthocyanin Nanoemulsion from Parijoto Extract

Approximately 3 mL of anthocyamn nancemulsion with concentrations of 2 mginl., 4 mg/mL, and 6
mg/ml., respectively, were prepared by collecting a portion of partjoto extract, and the solvent was
removed with mtrogen. The solvent removal process during anthocyamn extraction can be momtored
using a combination of visual inspection and periadic weight measurements. Visnal inspection

‘e
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32 Fitting Model for RSM (Respomse Surface Methedology) in Parijoto Froit Extract Nanoemulsion

Data recordsd for each run inclided nanosmulsion particle size, polydispersity index, zeta potential, conductivity, piT, and viscosity. Fach
varinble was measured swith theer reperitions and the measzrements Biree times 1o pet consistent results. This da‘a will be used to noalvze the
wiluetsce of varions factees oo the chasacwsistws of astormulisions using 1w Respocse Sucface Methodology metbod, whick csn be seen i the
tahle.

Table 2 Design of Experiment RSM Particle Size, Poly Dispersity Index. Zeta Patentinl, Conductivity, pH, Viscosioy in Nanosmwision
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Table 3 shows thal (he particle size range of (he nanocmulsion s between 14.603£16.73 nn
and 118,053=4 5825 nm. The largest and smallest nanoparticle sizes found are 126.47 nm
and 13.72 nm, respectively, with most nanoparticle sizes falling within the 50-100 nin range.
Similar results were confirmed by Noor El-Din et al. (2017), who reported nanoemulsion
sizes rangmg from 31.58 to 220.5 nm. Studies conducted by Delmas et al., Lin et al., and Mes
¢l al usmg ultrasonication and ugh emulsification methods also confirned comparable
results of 45-170 nm, 222.1-166.1 nm, and 170-280 nm, respectively (Delmas et al., 2016;
Liu et al, 2017; Mai ctal., 2019). Conversely, Peng ef al. (2010) reported a nanoparticie size
range of 21-530 nm. Zeta potential reflects the surface charge of particles and affects
colloidal stabilmy. ITigh 7eta potential can prevent particle agerepation due to electrostatic
repulsion, The research includes the evaluation and characterization of zeta potential nnder
varions treatments. The shidy obtained 7eta potential results for nancemulsion ranging from -
22197 = 0.738 mV 10 -28.207 £ 1.598 mV, respectively. Similar results were confinned by
Wessam et al. (2023), obtaining results of +21.5 mV. Particles with high 7P values, hetween
20 and 40 mV, provide system stability and are less likelv ro aggregate or increase particle
size. However, it shonld he noted that ZP values are not an absolute measnre of nanoparticle
stability. Furthermore, emulsions with ZP variations =10 mV are suggested to have better
stability (Kaduetal., 2011). The ideal potential range for nanoparticle stability 1s (-30 to 20
mVor 120 to (30 mV) (Lin et al.. 2018). The produced valies tend to be harmfil due to the
influence of acetic acid, resulting in a negative charge. This charge causes electrostatic
repulsion forces between formed nanoparticles to prevent aggregation into larger sizes
{Luthifayana et al., 2022). Higher zeta potential values increase nanoparticle stability due to
higher electrostatic repulsion forces between nanoparticles.

Conductivity provides information about the ability of nanoemulsions to conduet electricity,
Changes in conduclivily can occur with changes in surlace particle charge. Table 18 shows
that the nanoemulsion conductivity of Parijoto fruit extract ranges from 0.03458 to 0.09987
mS'cm. Good nanoemulsion conductivity measurements have lngher electrical conductivity
values (10- 100 pSicm) (Akalu et al., 2019; Guo ¢t al,, 2016: Khader et al., 2016). Electrical
condnetivity values rend to decrease with decreasing water content in the emulsion. O/W type
{Oil-m-Waler) nanocmulsions have higher conductvity than W/O type (Waler-in-Oil)
nanoemulsions. This is because the more extensive water phase provides more pathways for
1on conduction.

The type and concentration of siwfactant in nancemulsion can influence conductivity,
Surfactants can provide ionic charge or facilitate jon conduction in the svstem. Viscosity is an
essential parameter in evaluating the flow properties of nanoemulsion. Viscosity 1s one of the
parameters used to determine the stability of polymers in a solution because it undergaes
reduction during polymer storage due to polymer degradation (Aranaz etal.. 2021). In this
study, as shown in Table 1. the viscosity of nanoparticles ranges from 3,810 ¢P to 4,133 ¢P.
Alenu etal. (2023) stated that viscosity can depend on particle size and storage time.
Appropriate viscosity can affect the applicability and spread of the system. The viscosity of a
preparaton is welated o the consistency and spreadability of the preparation, which will afleet
ease of use (manto et al_, 2019). Viscosity values are influenced by several factors. such as
temperatire, pIl, mannfacturing conditions, and the quality and concentration of raw
materials (Naiu & Yusuf, 2018). The results of viscosity tests are shown in centipoise (cP).
The higher the viscosity value of a preparation. the better the stability of the prodnct, bnt the
preparation will be difficult to apply to the skin. and the resistance of the preparation to flow
will increase, making it difficult to remaove from the container (Thakse, 2017). Meanwhile,
low viscosity values will increase the flowability of the skin and make it easier to apply to the
skin (Nam & Yusul, 2018)

10
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3% This ANOVA table 13 essential 10 evaluate 1he stnsticsl sigaticancs of cach model compancnt and detenmine swhether the guadeatc modet used
320 s good coovgh to explam e chemetenstas of the sanvemulsson or not. The p-value i3 used to deteanue statistwal significance, and the

121 acalwsis resalts will belp sedect an appropanse made] ond interpret the significance of factors that infinence the characteristics af nanoemnlsicos,
322 which can be soen in il tabte.

323 lable 4. ANOVA (Analyas of Vanance) foe the RSM Quadratue Model Pamicle Size, Poly Dispersity Index, Zets Powausl. Condoctovry, pH,
124 Viseesily i Nunoemulsxn

Quandratic Moikel Equation Sources of Varlation p-Yalue
) Particle Size (K1 0358 R, 0.50156) T Medel ';,};,;'f )
¥y — V000008 -0,000065X, +0U000I0X,+ 0.000032X, 1 0.000046X, 1 ‘
0.000064X, -0,000003 X 0000056 X, X, -0,000044N:X; + 0,000065X:X; Lack ol fir 0185
Poly Dispersity Index (R°: 03643 K,: 0.2471) Mudel roar”

Y= 623086 + 0.58B01 X, -0.75655 Xu+ 833654 X, + 2465 X' 187663 X,

20,744 X% + 23,0025 XiXs + 26,3043 XoXs + 0.5269 KX Lackolfi .82
Zeta Porential (R* ; 0,33003 R4, © 0,356905) Medel 0,000*
Yy = 0.000062 - 0,000023X; A.000010 Xa 1 0000008 X, + ,000007 Xyt Lack ol fr 0.980
0000003 X, 0000008 X! 1 0000006 X2 0000008 XX 1 000005 XX,
Condviciviy (R* (12434 R%, - 0,3464) Model U 004*
¥y = 403580 -1 198.06X, + 833,22 - 1083.40X, -2597 30X, 709,42 X+ e /
Lack of fu 0,928

SERLI0X," ¢ 305.68XN, X0 - T00,69X. X, 943.96X X
pIT (R :0.832 R :0,79T) Model 0,000
Yo 0003122 0,000040X, - 0,0000603+ 0,000039X: -0,000034X,°~

BOOMTX: | D.LODOR X+ - 0,000006X.X: - RANISNAX: 1 0.000011 X>Xa Luck affir 0,057
Viskositas (R*: 095976 R%, - 1,95466) Medel 00007
Yo 0015177~ 0,009573X, -0,003288X; - 0,000624X,; - 0,008134X,* - :
DA00266X," — 20,744 X5+ 23,0025 XX + 20,3043 XXy + 93269 XoX; b b
125 Noies:
26 - ¥ The medel bas a statistieally sagni fieant cffes (.05}
27 = Model mismateh o Ssek of it eccurs (pe0.05)
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Bascd on the ANOVA RSM analysts of three [actors, namnely the type of Tween in
nanoemulsion, Tween concentration, and Panjoto extract concentration, all ANOVA values
show prababilities <0.0001 (p=0.05). This indicates that the quadratic response surface model
used for both responses (dependent variables) is significant and can be used to optimize
extraction factors (Wang et al., 2011). The coefficient of dererminanon, or R sqnare, depicts
how independent data can explaim dependent data. The range of R square values 1s between 0
and 1, where values closer to 1 indicate better explanatory power.

In the Central Composite Design amalysis, the p-value indicates the significance of each
coefficient in the built polynomial regression model. The lower the p-value, the more
significant the contribution of the coefficient to the overall regression maodel {Zhong &
Wang, 2010). It is unportant to note that using expenmental data within the allowed range of
variables in this study to create mathematical equations, which mav have broader general
applicalions, can provide the ability Lo predict systean behavior when diflerent factors are
combined. From the perspective of optimizing the formation of emulsion nanoparticles, there
is potential to develop more significant results, possibly based on the vanables investigated in
this study. Additionally, this optimzation may be perfonned using the techmques outlined m
Lhis rescarch Lo further test the eflects of time and temperature or other conditions, as needed.

Table 4 shows details of the RSM approach used to assess particle size (nm). Poly Dispersity
Index. Zeta Potential {mv), Conductivity, pIl. and viscosity (Cp) in nanoemulsion of Panjoto
frunt extract involved in a series of 81 expeniments based on factorial design, The coellicients
for the second-degree polynomial Fquarion are determined through experimental results,
along with the regression cocllicients for Particle Size (Y1), Poly Dispersily Index (Y2}, Zetla
Potential (Y3), Conductivity (Y4), pH (Y3), and viscosity (Y6). The Equation presented as
Equation {2) shows the full quadratic madel, while Table X shows the madels predicting the
response of the independent variables (Y1-Y8é).

To assess the extent o which the equation model in RSM [its the data and how strong the
influence of the variables is, the coefficient of determination or (R2) 1s used. Chin (1998) has
calegonzed (hat lor model suitability, the R-Square value is subslantial il'it is more than 0.67,
moderate if it is more than (.33 but lower than (.67, and weak 1f it is more than 0.19 but
lower than 0.33. pll and viscosity indicate strong madel adequacy on these response
variables. In contrast, the responses of Particle Size, Poly Dispersity Index, Zeta Potential,
and Conductivily indicate a moderate model for these response vanables, A lack of Gt tesl
was then performed o assess model fit for cach response, With a p-value exceeding 0.05, it
was confirmed that the model adequately fit the experimental data, as scen in Table 4,

3.3 Contouor plot on Particle Size, poly-dispersity index, Zeta Potential, Conductivity,
pll. and Viscosity as a function of Nanoemulsion Parijoto Fruit Extract.

In this research. the model is created as a Contour plot, which can show the response: Particle
Size, Poly Dispersity Index, Zeta Potential, Conductivity, pI, and Viscosity. Continued
research shows a significant relationship between particle size and tween concentration and
the type ol lipophilic tween in nanocmulsions, as shown in Figures 1-6 the presented data
offers valuable insights into the influence of lipophilic fween type and tween concentration
on various properlies of the nanoemulsion derived from parijoto lruit extract. Each Hgure
depicts the contour plots illustrating the interaction effects between these two factors on
different characteristics of the nanoemulsion.

12
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In Figure |, the contour plol demonstrates (he inleraclion belween the lipophilic tween Lype
and tween concentration in controlling nanoparticle size. Tt reveals that as the lipophilic
tween type increases from 20 to 80, and the tween concentration rises from 8% to 10%, there
is a general trend of increasing particle size, albeit with a slight decreasing trend observed to
some extent. This suggests that both factors play a role i detemnining the nanoparticle size,
with higher concentrations leading 10 larger particle sizes, Moving 1o Figure 2, which
illustrates the Zeta Potenual of the nanoemulsion, an increase in the lipophilic Tween type
from 60 10 80 and an inerease in tween conceniration from §% (o [0% correspond o an
increase in Zeta Potential. Interestingly, no further changes are observed beyond this point.
‘This indicates that these specific conditions result in optimal Zeta Potential, possibly
indicating enhanced stability of the nanoemulsion.

Figure 3 showcases the inlluence ol lipophilic tween lype and tween concentralion on the
conductivity of the nanoemulsion. As the lipophilic tween type increases from 20 to 80 and
lhe tween coneeniralion rises rom 8% Lo 12%, there 1s a comsisient inerease in conductivily
without any further changes. This suggests a direct relationship between these factors and the
conduclivity ol the nanocmulsion. The Confour plot presented in Figure 4 demonsirales the
effect ol ipophilic tween type and tween concentration on the Poly Dispersity Index (PDI) of
the nanoemulsion. Interestingly, an increase in lipophilic tween type [rom 60 o 80 and a
deerease in tween conceniration from 12% 1o §% lead (o an inerease in PDI value without
further changes. This indicates a complex interaction between these factors in determining the
homogeneity of particle size distribution within the nanoemulsion.

Figure 5 depicts the pIT contour plot of the parjoto fimit extract nanoemulsion. An increase in
lipophilic Tween type from 20 to 80 and an increase in tween concentration from 8% to 12%
resull in a consistent increase in pH without any further changes. This observation suggests
that these specific conditions contribute to the alkalinity of the nanoemulsion, which may
have implications for its stability and functionality. Finally, Figure 6 illustrates the viscosity
cantour plot of the nanoemulsion. An increase in lipophilic tween type from 35 to 80 and an
increase in tween concentration from 8% to 12% lead to an increase in viscosity without
further changes, This indicates that higher concentrations of lipophilic tween and tween resull
in a thicker consistency of the nanoemulsion, which affects its flow properties and
application. The presented data highlights the intricate relationship between lipaphilic tween
type and tween concentration in influencing various physicochemical properties of the
nanoemulsion derived from paryjoto fruit extract. These findings provide valuable insights for
aptimizing the formulation and manufacturing process of the nanoemulsion for potential
applications in various industries.

Research on the mileence of surfactant type and concentration on nanoemulsion mdicates
that the selecrion of surfactant significantly affects the characteristics of nanoemulsion.
Various surfactant types, such as Tween 20, Tween 60, and Tween 80, play diflerent roles i
forming nanoemutsions. The research results show that the particle size of Tween 80
surlactant is the highest, with an average particle size of 107,196 . Siudlar resulis were
reported by Chang et al. (2013). who obtained the smallest droplets in carvacrol-based
naneemulsion made with a mixhwre of food-grade non-ionic surfactants (Tween 20, 10, 60,
80, and 85). Tween, a non-ionic surfactant derived from sorbitan ester, 1s soluble or
dispersible in water and i1s commonly used as an oil-in-water emulsifier in the
phannaceutical, cosmetie, and cleaning industries. Among these surlactants, Tween 8015 one
af the most commonly used. Research by Donglas et al. (2013) confirms that the type of non-
ionic surfactant significantly influences the average particle diameter of the formed colloid
dispersion. The smallest droplets were observed in systems prepared using Tween 80, while

13
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lhe largest droplets fonned in svslems using Tween 85, The surfactant's Hydroplalic-
Lipophilic Balance (HLB) plays a 1ole in forning small particles, Surfactants with either too
high (Tween 20) or too low (Tween 85) 111.8 values cannot form optimal nancemulsions.
Tween types with intennediate HLB values (T'ween 40, 60. and 80) can form nanoemulsions
with small particle sizes. However, there is no strong correlation hetween HIB values and
particle sizes produced by these surfactants (Kuwnar et al., 2008). Small-molecule surfactants
have higher surface activity and form smaller ennulsion droplets than farge ones (Qran &
McClemends, 2011; Teo, Goh & Lee, 2014).

Amnother critical factor for mimmal droplet emulsion formation is the Hydrophilic-Lipophilic
Balance (111.B) value of the surfactant (Sagitani, 1981), defined by Griffin as the ratio of
surfactant hydrophilicity to lipophificity (Griffin, 1949). A high HLB value indicates strong
hydrophilicity, and the HLB valucs ol non-iomc surfactants generally range from 0 1o 20
(Gad & Khairou, 2008). such as Tween 20 (HLB 16.7) and Tween 80 (HLB 15) (Dinarvand,
Moghadam, Sheikhi & Atyabi, 2003). Emulsion stability is influcnced by two polyiner and
particle surface tension mechanisms: stenic stability caused by macromolecules adsorbed on
particle surfaces and electrostatic stability due to repulsion hetween surface-charged droplets.
In nanoerulsions made with Tween 8¢ surfactant, the surfactant may not have a charge on
lhe hydrophobic group, causing the covered droplet surface 1o be non<charged and resuling
in low zeta potential values, which can lead to inereased particle size aud PDI (Lian ctal,
2016).

However, a diflerent study proposed by Alam et al. (2023) suggests that Tween 20 belps
improve PDI and allows for mininmun polydispersity. Compared to other nanoparticles, the
ability 1o maintain patticle inlegnty vsing Tween 201s signilicant. Increasing the Surfaciant
content in the formulation increases the polydispersity indices for namwal extracts m the 3D
response surface graph. This mdicates that the use of Twoen types with low and lngh HLB
values can be applicable when combined with an optimal concentration of co-surfactant,

Surfactant concentration is also a critical factor in manoemulsion formation. Research
indicates that increasing surfactant concentration can result i smaller and more homogenous
size distribution. However, there 1s @ speeific Imit where surfactant coneentration reaches a
plateau level, leading to unadsorbed surfactant aggregation and micelle formation. The results
show that the higher the Tween concentration, the higher the size and PDI. This is confirmed
by Liat et al. (2016), stating that nanoemnulsions prepared with higher surfactant
concentrations significantly increase short-term stability. Systems with 15 or 20% weight of
Tween 80 are lnghly unstable to inereasing dilution, indicating thal a medivm surlactant
concentration level may be more suitable for stable nancemulsion preparation. Although the
initial droplet size is small, higher surfactant concentrations can increase raw materal costs
and cause undesirable sensory (taste) issues in commercial applications. Therefore, this study
nses a 10% weight of Tween 80 in further experiments.

Increasing surfactant concentration imereases the number of surfactant maolecules migrarmg
from the oil phase 1o the cnolsion waler phase, and nanodroplets [onn. Friclional forees
applied to the oil-water interface. coated with emulsifier, cause some emulsifiers to sink
parallel to the surface laver, while others detach from the surface layer. 11asani et al. (2015)
reported that droplet size inereases by increasing surfactant concentration to 20%, and
particles have a broad and non-nniform size distribution. The instability of nanoemulsion at
high surfactant concentrations may be related 1o 1he depletion-loceulation mechanismn of
ahsorbed surfactant. With mcreased suifactant concentration, additional surfactant molecules
form micelles in the continuons phase rather than orienting on the particle surface. This leads
to an increase i local osmotic pressiure, cansing the continuons phase hetween moving
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droplets lo decrcase, wducing the conlinuous phase between those droplels. As a resull,
AgEreganion occuls, causing an mcrease in pamicle size. According 1o Oh et al. (2011) and
Tadros et al. {2004), the average droplet size becomes smaller, and the size distribution
becomes narrower with increasing emulsifier concentration, nltimately reaching a plateau
level. Beyond the platean level, free or unadsorbed ennilsifiers may acenmuldate to form
wicelles, Nanoemulsions are known to be thenmodyvoanneally unstable, tending 10 mimmize
interfacial area throngh coalescence.

An increase in the concentration of the filler extract can lead to the tendency of nanoparticles
lo ageregate or form agglomerates also pH nanocmulsion. This phenomenon may oceur due
to physical or chemical interactions between nanoparticles and compounds in the filler
extract. Findings by Alab et al. (2021) suggest that an increase in extract concentration results
i an increase i particle size, panticularly al the highest concentration ol 347.2 nin. On the
other hand, the smallest concentration has the lowest particle size at 86.98 nm. These results
mdicate that higher concentralions may merease (ke likelibood ol particle agglomeration.
Furthermore, mcreasing the concentration of pargoto fnut extract can increase the total mass
in the solution, which, in tum, can inercase overall viscosity. Additional particles or
molecnles from the filler extract can contribute to the inerease w viscosity, A study by Olan
clal (2021) shows (hat particles with the highest concentration have the highest viscosily and
vice versa, This merease in viscosily may be caused by excess extract loaded mro particles,
The physicochemical charactenstics of the filler extract may influence the viscosity
propertics of nanoparticles, and factors such as changes in pH, temperature, or chenmeal
composition may also play a role in viscosity increase. Panijoto fiut is rich in active
compounds, such as anthoeyamns, which can alleet the surlace charge ol nanocmulsion
particles. At a certain pH, anthocyanins or other components may have specific charges that
can inlluence the clectostatic stability of particles (Liu ¢l al., 2016). Anlhocyanins may
nundergo solubality changes at specific pH values, affecting the distribution and stabiliy of the
nanoemulsion's oil or water phase. The same oceurs with surfactants, where variations in
charge of the filler extract from parijoto fruit can affect the interaction between nanoparticles,
anthocyanins, and other components in the system. The loading capacity of the extract in the
nanoemulsion likely depends on its solubility 1o the systemn used (Costa et al,, 2012).
Anthocyanins tend to nndergo color changes with pH (pH-dependent color shift).
Additionally, the antioxidant activity of anthocyanins can be influenced by pll. This
complexity can modulate the overall physicochemnical properties of the nanoeimmslsion system.
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3.4 Optimal Point Prediction {rom RSM in Nanoemulsion Parijoto Fruit Extract

504  Optimal point predictions from the Response Surface Methodology are obtained by

505 combining optimal conditions based on interactions between independent variables. Profiler

506 predictons are obtained if the fitted surface graph is in minimum. maximum, or saddle form.

507 3D graphics on image x. shows a complex interaction between the variable factors of

508 lipophilic tween type and tween concentration on the response. Increasing the lipophilic

509 ween lype value inereases the response somewhat, but the lween concentration valuc can

510 modify the effect. There is an optimal region where the response reaches its peak. The

511 implicaton for practice is that by sciting the variable factors at Ievels thal are eslimated 1o be

512 optimum, the research results can achieve the highest optimization in the desired response,

513 which can be scen 1 Figure 7.

514 Table 3. Prediction of Optimum Conditions for Parjjoto Fruit Extract Nanoemulsion

Parijoto Fruit

Types of ’lfypes of 'l:vwen F.xt:"ac( Nanoparticle Zera Conductivity Po_ly .

i ~Jphophilic Concentration S % . : Dispersity
Analysis & Concenlration Size (nm) Potentiallm¥) (mSscm)

Tweens (%) (%) Index

Optimum
Condition 80 12 75 61.97 -28.48 0.082 0.691
Prediction
Maximum
;;‘:fn‘::m S0 12 7.5 19.94 -32.48 0.048 0.371
Conditions
Minimum
Junes . & 12 7.5 163.88 -26.37 0.115 1011
Optimum
Conditions

518

516 It can be seen in Table 9 that to achieve the maximum desired concentration of nanoparticle

517 size, zeta potential, Conductivity, Poly Dispersity Index, degree of acidity. and Viscosity, it is

S18  necessary to set the Tween solvent concentration to 80, Tween concentration to [2% and

519 Parijolo [ruil extract concentration to 7. § %. This scl ol conditions has a desirability value of

520  (.74. Because the value is almost close to 1 and falls into the moderate category, this set of

521 conditions is quite aptimal for the aim of this research, namely to maximize the response.

522 The optimization of nancemulsion formation from Parijoto fiut extract using Response

523 Surlace Methodology (RSM) has been conducted i (s study. RSM is a statistical method

524 used to design experiments and analyze the itpact of multiple independent variables on a

525 measured response. As an output of this rescarch, the synthiesis process conditions of

526 nanoemulsion from Panjoto fruit extract can be optimized to achieve particle size,

527 polydispersity index (PDI}, 7eta potential, conductivity, piT, and viscosiry levels. RSM

528 detennines the optimal exiraction time and lemperature 10 maximize the respouse variable

5290 outcomes (Granato et al., 2014). Tn lime with this, predictions and abservations are within a

530 parow range and do not show significant diflerences at a 3% significance level, indicating

531 the model's smitability for optimization and process efficiency puiposes,
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The optinal point prediction from the Response Surface Methodology is obtained by
integrating optimal conditions and depends on the interaction between independent variables,
as Ratnawati et al. (2018) explained. The prediction profile is formed when the adjusted
sirface graphs show a minimum, maximm, or saddle shape. The optimization process can
achieve optimal responses by analvzing each response beforehand. ultimately reducing effort
and operational cosls, as Nurmiah of al. (2013) stated. Desirabilily, with a range of values
from © to 1, 1s used as the optimization target value, with low (0-0.49). moderate (0.5-0.79),
and high (0.8-1) calegories. The closer (he value of 1 1s. the greater the desirability, which
indicates the suitability of the combination of process parameters to achieve optimal response
variables.

It ¢can be seen in Table 3 that Lo achieve the desired concentmations of nanoparticle size, zeta
potential. conductivity, polydispersity index, acidity level. and viscosity, it is necessary to set
the concentration of Tween 80, Tween concentration at 12%, and Parijora fiuit extract
concentralion at 7.5%. Thas sel of conditions has a desnability value 0£0.740349. Siuce is
valie is close to 1 and falls into the moderate category, this set of conditions 1s quite optunal
for this rescarch, which is W maximize the response
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Bl Conclusion

in this series of experiments, nanoemulsion from panjoto fnut has been characterized, considering
various physicochemical parameters such as particle size. polydispersity mdex. zela potential,
conductivity, pH. and viscosity. The research results indicate significant variations in the physical
characteristics of both nanamaterials m lenms of changes i surfactant and parijolo cxtmact
concentrations. Increased surfactant concentration tends to produce smaller particle sizes and a more
homogeneons distribution, althongh certain limitations were fonnd that lead to surfactant apgregation
and micelle fonmation. The nanoemulsion charactenstics, including zeta potential, polydispersity,
particle size, conductivily, pH, and viscosity, The type and coucentration of surfactants played a
crucial role in derermining the properties of the nancemmlsions. Variations in surfactant parameters
resulted in observable differences in emulsion charactenstics, highlighting the importance of
surlactant selection and optitmzation. To achieve optimal nanocinulsion process conditons, il 1s
recommended to use 12% Tween 80 solvent concentration, 12% Tween concentration, and 7.53%
parijoto fiuit extract concentration. resulting in a desirability value of 0.74, falling into the moderate
caregory.
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4. Revision from Reviewer 2

e [nteractive Discussion Proof
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Overall, this research encourages exploring potentizl natural resources as preducers of natural antioxidants from
Indonesian plants.
Some revisions are needed to strengthen the discussion of this research, In detail, the revisicns are as follows:

1. Adiscussion of linkages between all cbserved parameters needs to be explained, So, it is e@asy for readers to understand
the directicn and results of the research obtained quickly.

2. The main ingredient, partjoto. should be mentioned in detail, along with the fruit's origin specifications and maturity
level, It has been known that the fruit’s maturity will affect the anthocyamin content and other antioxidant components.
3. In the anthocyanin extraction part, the solvent removal step is done using nitrogen. When will this step be stopped?
Please elaborate in detarl so that readers can repeat this method if needed. (line 109)

4. Previous research related to nancencapsulation can be added in the Intreduction to strengthen the importance of thic
rasearch.

5. Why is RSM used? The background of the RSM and its advantages should be mentioned in the abstract and introduction,
&, HPLC test results for phenol compounds have yet te ba shown in the manuscript.

7. Three-dimensional images of RSM test results showing interactions between facters are commonly shown in the
discussion to clarify the discussion,

8. In the Matenal section, an HPLC tool is used. but there is no explanation of the HPLC method, so it needs to be added
to the method

3. The discussion section also needs to show the results and discussion for the HPLC test rasults. Wa suggest adding an
HPLC test results table along with the discussion in the section discussion.

10, Tabis 1 of the RSM Design of Experiment, can be presented more concisely,

11. This study 2imed to explore the surfactant’s capability in forming anthocyanin nane emulsions from Panjoto fruit
extract and assess the emulisions charactenstics, including pH, light, temperature, turbidity, emulsion type, and stabitity.
However, the results, discussion, conclusion, and abstract do not explicitly describe this point, Optimal process conditions
were not the objective of this research, but this was the conclusion of the results.
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Supporting File

1. A discussion of linkages between all observed parameters needs to be explained.
So, it is easy for readers to understand the direction and results of the research
obtained quickly.

We have explained the relationships between the observed parameters in the
discussion (Line 471 - 475} (Line 482-488) (Line 499-504)

Surfactant concentration is also a critical factor in nanoemulsion formation.
Research indicates that increasing surfactant concentration can result in smaller
and more homogenous size distribution. However, there is a specific limit where
surfactant concentration reaches a plateau level, leading to unadsorbed surfactant
aggregation and micelle formation. The results show that the higher the Tween
concentration, the higher the size and PDI. This is confirmed by Liat et al. (2016),
stating that nanoemulsions prepared with higher surfactant concentrations
significantly increase short-term stability. Systems with 15 or 20% weight of Tween
80 are highly unstable to increasing dilution, indicating that a medium surfactant
concentration level may be more suitable for stable nanoemulsion preparation.
Although the initial droplet size is small, higher surfactant concentrations can
increase raw material costs and cause undesirable sensory (taste) issues in
commercial applications. Therefore, this study uses a 10% weight of Tween 80 in
further experiments,

With increased surfactant concentration, additional surfactant molecules form
micetles in the continuous phase rather than orienting on the particle surface. This
leads to an increase in local osmotic pressure, causing the continuous phase
between moving droplets to decrease, reducing the continuous phase between
those droplets, As a result, aggregation occurs, causing an increase in particle size,

An increase in the concentration of the filler extract can lead to the tendency of
nanoparticles to aggregate or form agglomerates also pH nancemulsion. This
phenomenon may occur due to physical or chemical interactions between
nanoparticies and compounds in the filler extract. Findings by Alab et al. (2021)
suggest that an increase in extract concentration results in an increase in particle
size, particularly at the highest concentration of 347.2 nm. On the other hand, the
smaliest concentration has the lowest particle size at 86.98 nm. These results
indicate that higher concentrations may increase the likelihood of particle
agglomeration.

At a certain pH, anthocyanins or other components may have specific charges that
can influence the electrostatic stability of particles {Liu et al., 2016). Anthocyanins
may undergo solubility changes at specific pH values, affecting the distribution and
stability of the nanoemulsion’s oil or water phase. The same occurs with
surfactants, where variations in charge of the filler extract from parijoto fruit can
affect the interaction between nanoparticles, anthocyanins, and other components
in the system. The

2. The main ingredient, parijoto, should be mentioned in detail, along with the



fruit's origin specifications and maturity level. it has been known that the fruit's
maturity will affect the anthocyanin content and other antioxidant components.

We already added the information about parijote fruit in line 100-102.

Samples used in this study are fruits from the Parijoto plant (Medinilia speciosa)
cultivated and harvested on the slopes of Mount Muria, Kudus. The fruits used are
ripe fruits harvested when the Parijoto plant reaches full maturity, typically
around 90-100 days after flowering.

3. In the anthocyanin extraction part, the solvent removal step is done using
nitrogen. When will this step be stopped? Please elaborate in detail so that readers
can repeat this method if needed. (line 109)

We have added the method in more detail as written in line 120 - 127.

The solvent removal process during anthocyanin extraction can be monitored using
a combination of visual inspection and periodic weight measurements. Visual
inspection involves observing the extract as the solvent evaporates, noting its
increasing concentration evidenced by a thicker and more viscous appearance.
Periodic weighing of the container or flask containing the extract allows for the
tracking of weight loss as the solvent evaporates. Once the weight stabilizes or
reaches a predetermined target, it signifies that the desired solvent removal rate
has been attained, ensuring the production of a concentrated anthocyanin extract
suitable for further analysis.

4. Previous research related to nanoencapsulation can be added in the Introduction
to strengthen the importance of this research.

We have added in the manuscript (Line 73-78)

Appropriate nano-encapsulation techniques, such as nanoemulsion, have shown the
potential to enhance the stability, bicavailability, and solubility of lipophilic
bioactive compounds while also preventing hydrolysis and oxidation {Rosso et al.,
2020). Catechin nanoemulsion showed a remarkable improvement of stability and
bioavailability in simulated gastrointestinal (Rafanar et al., 2016). Research
conducted by Chang et al. (2022) used Tween as surfactant in the stable
nanoemulsion synthesis loaded curcumin extract.

5. Why is RSM used? The background of the RSM and its advantages should be
mentioned in the abstract and Introduction.

We have added in the abstract (Line 25-27)

RSM is used to optimize nanoemulsion by examining the relationships and
interactions between independent variables and response variables through

mathematical modeling and statistical methods.

We have added in the introduction {Line 66-72 }



This study aimed to investigate the characteristics of nanoemulsion formulations
derived from parijoto fruit extract and evaluate an optimum condition with various
tween surfactant.

Thus far, research on nanoemulsion formulation in parijoto fruit, incorporating
various concentrations and stabilizers, still needs to be conducted. This study is
dedicated to investigating the characteristics of nanoemulsion formulations
derived from parijoto fruit extract and evaluating an optimum condition with
various tween surfactant.

6. HPLC test results for phenol compounds have yet to be shown in the manuscript.

We did not do the phenol analysis using HPLC in this research. Therefore, we did
not mention it. However, we have mentioned Phytochemical Profiles of Dried
Parijoto Fruit in section 3.1. (Line 232-262).

Drying Parijoto Fruit is carried out using a cabinet dryer at a temperature of 70°C
for 6 hours. The results of drying parijoto fruit were obtained through the
preparation process, the antioxidant and anthocyanin activity profiles were
expressed respectively in units of % inhibition and ppm. The results of the
antioxidant activity of dried and extracted parijoto fruit were 79.14334.82%. % The
total anthocyanin content in the dry samples and extracts was 538.47 + ppm. The
dried Parijoto exhibited significant antioxidant activity, with a % inhibition value of
79.14 = 34.82. This indicates a substantial capacity to neutralize free radicals, which
are implicated in various chronic diseases and aging processes. The high antioxidant
activity suggests that the drying process did not significantly diminish the
antioxidant potential of Parijoto. The total anthocyanin content of the dried Parijoto
was found to be 538.47 + 4.67 ppm. Anthocyanins are a group of pigmented
compounds known for their antioxidant properties and potential health benefits.
The retention of anthocyanins after the drying process indicates that cabinet drying
effectively preserved these bioactive compounds in the dried Parijoto

The parijoto fruit extract was obtained through an extraction process using the
Ultra-assisted extraction method. The antioxidant and anthocyanin activity profiles
of parijoto fruit extract. The characterization of Parijoto extract as a filler in
nanoemulsion involved various analyses to assess its antioxidant properties and
phytochemical composition. The extraction method employed was ultra-assisted
extraction, which is known for its efficiency in extracting bioactive compounds from
plant materials. The antioxidant activity of the Parijoto extract was evaluated,
yielding a % inhibition value of 50.776x6.18. This indicates a significant level of
antioxidant capacity, which is crucial for combating oxidative stress and preventing
cellular damage caused by free radicals. Furthermore, the total anthocyanin content
of the extract was determined to be 94.43:4.14 ppm. Anthocyanins are well-known
antioxidants found in many fruits and vegetables, known for their potential health
benefits, including anti-inflammatory and anti-cancer properties, The flavonoid
content of the Parijoto extract was measured to be 126.85+1.15 g/L. Flavonoids are
a class of polyphenolic compounds known for their antioxidant and anti-
inflammatory effects. Additionally, the phenolic content of the extract was
quantified as 8.43:0.70 GAE/g. Phenolic compounds are another group of bicactive
compounds found in plants, known for their antioxidant and anti-inflammatory
activities, as well as their potential role in reducing the risk of chronic diseases.



7. Three-dimensional images of RSM test results showing interactions between
factors are commonly shown in the discussion to clarify the discussion.

A three-dimensional image of the RSM test results showing the interactions
between common factors has been displayed and explained in the discussion.
(Line 373-416)

In this research, the model is created as a Contour plot, which can show the
response: Particle Size, Poly Dispersity Index, Zeta Potential, Conductivity, pH, and
Viscosity. Continued research shows a significant relationship between particle size
and tween concentration and the type of lipophilic tween in nanoemulsions, as
shown in Figures 1-6 the presented data offers valuable insights into the influence
of lipophilic tween type and tween concentration on various properties of the
nanoemulsion derived from parijoto fruit extract. Each figure depicts the contour
plots illustrating the interaction effects between these two factors on different
characteristics of the nanoemulsion,

In Figure 1, the contour plot demonstrates the interaction between the lipophilic
tween type and tween concentration in controlling nanoparticle size. It reveals
that as the lipophilic tween type increases from 20 to 80, and the tween
concentration rises from 8% to 10%, there is a general trend of increasing particle
size, albeit with a slight decreasing trend observed to some extent. This suggests
that both factors play a role in determining the nanoparticle size, with higher
concentrations leading to larger particle sizes. Moving to Figure 2, which illustrates
the Zeta Potential of the nanoemulsion, an increase in the lipophilic Tween type
from 60 to 80 and an increase in tween concentration from 8% to 10% correspond
to an increase in Zeta Potential. Interestingly, no further changes are observed
beyond this point. This indicates that these specific conditions result in optimal
Zeta Potential, possibly indicating enhanced stability of the nanoemulsion.

Figure 3 showcases the influence of lipophilic tween type and tween concentration
on the conductivity of the nancemulsion. As the lipophilic tween type increases
from 20 to 80 and the tween concentration rises from 8% to 12%, thereis a
consistent increase in conductivity without any further changes. This suggests a
direct relationship between these factors and the conductivity of the
nanoemulsion. The Contour plot presented in Figure 4 demonstrates the effect of
lipophilic tween type and tween concentration on the Poly Dispersity Index (PDI) of
the nanoemulsion. Interestingly, an increase in lipophilic tween type from 60 to 80
and a decrease in tween concentration from 12% to 8% lead to an increase in PDI
value without further changes. This indicates a complex interaction between these
factors in determining the homogeneity of particle size distribution within the
nanoemulsion.

Figure 5 depicts the pH contour plot of the parijoto fruit extract nanoemulsion. An
increase in lipophilic Tween type from 20 to 80 and an increase in tween
concentration from 8% to 12% result in a consistent increase in pH without any
further changes. This observation suggests that these specific conditions contribute
to the alkalinity of the nanoemulsion, which may have implications for its stability



and functionality. Finally, Figure 6 illustrates the viscosity contour plot of the
nanoemulsion. An increase in lipophilic tween type from 35 to 80 and an increase
in tween concentration from 8% to 12% lead to an increase in viscosity without
further changes. This indicates that higher concentrations of lipophilic tween and
tween result in a thicker consistency of the nanoemulsion, which affects its flow
properties and application. The presented data highlights the intricate relationship
between lipophilic tween type and tween concentration in influencing various
physicochemical properties of the nanoemuision derived from parijoto fruit
extract. These findings provide valuable insights for optimizing the formulation and
manufacturing process of the nanoemulsion for potential applications in various
industries.

8. In the Material section, an HPLC tool is used, but there is no explanation of the
HPLC method, so it needs to be added to the method

We did not use HPLC tool in this research. We already deleted the use of HPLC tool
in the method.

9. The discussion section also needs to show the results and discussion for the
HPLC test results. We suggest adding an HPLC test results table along with the
discussion in the section discussion.

We did not do the analysis using HPLC in this research. Therefore, we did not make
the discussion about it.

10, Table 1 of the RSM Design of Experiment, can be presented more concisely.

We have revised Table 1.

11. This study aimed to explore the surfactant's capability in forming anthocyanin
nano emulsions from Parijoto fruit extract and assess the emulsion’s
characteristics, including pH, light, temperature, turbidity, emulsion type, and
stability, However,; the results, discussion, conclusion, and abstract do not
explicitly describe this point. Optimal process conditions were not the objective of
this research, but this was the conclusion of the results.

We will add optimization to the goal of this research beside investigate
nanoemulsion characteristic such as particle size, PDi, zeta potential,
conductivity, and viscosity of the nanocemulsion. It is important to note that
although optimal process conditions were not the main focus of this study, the
results indirectly indicate that certain conditions provide better results in terms of
emulsion characteristics. In the future, it would be useful to provide a more
detailed analysis of these characteristics to better understand the implications and
potential applications of anthocyanin nanoemulsions derived from Parijoto fruit
extract.

(Line 10-35) an (Line73-85)



In this series of experiments, hanoemulsion from parijote fruit has been
characterized, considering various physicochemical parameters such as particle
size, polydispersity index, zeta potential, conductivity, pH, and viscosity. The
research results indicate significant variations in the physical characteristics of
both nanomaterials in terms of changes in surfactant and parijoto extract
concentrations. Increased surfactant concentration tends to produce smaller
particle sizes and a more homogeneous distribution, although certain limitations
were found that lead to surfactant aggregation and micelle formation. The
nanoemulsion characteristics, including zeta potential, polydispersity, particle
size, conductivity, pH, and viscosity. The type and concentration of surfactants
played a crucial role in determining the properties of the nanocemulsions.
Variations in surfactant parameters resulted in observable differences in emulsion
characteristics, highlighting the importance of surfactant selection and
optimization. To achieve optimal nancemulsion process conditions, it is
recommended to use 12% Tween 80 solvent concentration, 12% Tween
concentration, and 7.5% parijoto fruit extract concentration, resulting in a
desirability value of 0,74, falling into the moderate category.
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Abstract

Nanotechnology was deemed to possess substantial potential for development owing to its ability to
modily surface charactenstics and particle size, fcililaling cuhanced absorption of luxtional food
compounds and controlled release of active substances to mifigate adverse effects. Nanoemulsion, a
stable colloidal system formed by blending oil. emulsifier, and water, was identified as
nanotechnology with promising apphications. However, investigations inlo the impact of surfactants
on characienistic nanoemulsions, needed fo be more varied. This research gap necessitated further
exploration in the advancement of nanotechnology-based foods. The parijoto fit (Medinilia
speciosa), an indigenous plant species in Indonesia, has yer to undergo extensive serutiny for its
potential use as a functional aud nutraceutical food. Anthocvamns, a principal compound in the
parijoto fout, had exhibited efficacy in reducing the risk of cardiovascular diseases, diabetes, and
inflammation, and demonstrated anti-inflammatory and antioxidant properties. This study aimed to
investigale the characlenstics of nanoemulsion formulatons denved from pariioto fuil extet and to
evaluate an optimnum condition with various tween surfactant. The findings from this investigation
conld firnish valuable insights for the frther advancement of anthoeyanin manoemulsions from
parijoto fruit extract. The resulls compnised the characterization of uanoemulsion particle size,
polydispersity index, zeta potential. conductivity. pH. and viscosity. RSM is used to optimize
nanocinulsion by exammng the relationships and mleractions between independent variables and
response vafiables through mathematical modeling and statistical methods, Furthenmore, the
characlerization of nanoctnulsion encompassed zeta polential, polydispersity, particle size,
conductivity, pIL. and viscosity. Elevated swifactant concentrations resulted i diminished particle
sizes and wore um form size distibution, albeit reacling a platean where surfactant aggregation and
micelle formation ensued. Increased concentrations of susrfactant type, concentration, and panjoro
extract impacted the physical characteristics of nanoparticle size and polvdispersity. The optimal
process conditions for nancemmlsion compriseda 12% concentration of I'ween 80 solvent, 12%
Tween concentration, and 7.5% parijoto fruit extract concentration, vielding a desirability value of
0.74, categorizing it as moderate.
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1 Introduction

Nanotechnology underwent progressive evolution, characterized by measurements on the nanometer
scale, approximately 10°-9 meters {Ariningsih, 2016). Acknowledgment from the World Ilealth
Organization {WHO) and the Food and Agriculture Organization (FAO) (2009) underscored
nanotechnology’s significant potential in enhancing food products, attribured to its capacity to modify
surface characteristics and particle size. Such modifications faciliate targered delivery of food
compounds 1o specific organs and the controlled release of active compounds to mitigate adverse
cifeets. The attributes of nanoescale lood malerials are pivotal in propelling diverse industrics,
mchding food, phanmaceuticals, and extensive nutraceutical applicanons (Rahman et al,, 2020).
Naunocinulsions denole a nanotechnological rendilion ol a stable colloidal system, achieving kinetic
stability throngh the amalgamation of oil, emulsifier, and water (McLements, 2016). Chang et al.
(2022) conducted research utilizing surfactants as stabilizers in synthesizing nancemulsions,
showeasing the stability of nanoemulsion particle size in cirenmin extract. Surfactants can diminish
interfacial tension and form a substantially influential steric elastic film on the emulsion results (Xiao
J & limang. 2016).

Renowned for its tropical climate and vast biodiversity, Indonesia harbours at least 30,000 plant
spectes, with 7.000 being herbal plants with doenmented health benefits (Widvowan & Agil, 2018;
Jumiami & Komalasari, 2017). Parijoto (Medinilla speciosa), an endemic plant species in Indonesia,
remnains welatively understudied forils scientific potential in pharmacy, {unctional loods, aud
nutraceuticals. Analysis has confinned that the parjjoto fiuit camprises phytochemical components
such as anthocvanins, [lavonoids, saponins, lannins, alkaloids, cardenolides. and glyeosides
{Balamurugan, 2014). Anthocyanins, a predominant compound in parijoto fruil, demonstrate efficacy
m reducing the nisk of cardiovascular diseases, diabetes, and inflannmation while possessing notable
anti-inflammatory and antoxidant properties. [xtraction technigues yield varving anthocyanin
contents, with the peel extract and whole trur extract regastering 208.75 and 173.7 mg/L,
respectively (Sa'adah et al_, 2020). Varions factors influence anthocyaning' stability, including
chemical struchire, concentration, solvent, pH. storage temperamre, light, oxygen, metal 1ons,
profeins, and flavonoids. Weak statulity under hugh pH. high temperature, and light exposure has
been abhserved (Ito et al., 2021}, with fower pIT contributing to enhanced stability (Moldova et al.,
2020). Heating at elevated temperatures accelerates anthocyanin degradation (Khoo etal.. 2019).

In recent years, Response Surface Methodology (RSM) has emerged as a prominent multivariate
statistical technique for optimizing vanous processes. Initially introduced by Box and colleagnes m
the 19505, RSM facilitates the examination of the relationship and interactions among independent
variables and response variables throngh mathematical modeling and statistical methods (lzavidan et
al., 2019). RSM has been suceesslully cmployed in cubancing and optimizang therpeulic extracl and
drug nanoemulsion (Samiun et al., 2020}, In this study, Central Composite Design (CCD) Response
Surlface Methodology (RSM) was employed Lo optimize the qualily pammeters of the nanocinulsion.

Appropriate nana-encapsulation techniques, such as nancemulsion, have shown the potential to
cnhance the stability, bicavailability, and solubility of lipoplilic bioactive campounds while alse
preventing hydrolysis and oxidation (Rosso et al., 2020). Catechin nanoemulsion showed a
remarkable improvement of stability and bioavailability in simulated pastrointestinal (Rafanar et al,
2016). Research conducted by Chang et al. (2022) used Tween as surfactant in the stable
nanoemulsion synthesis loaded curcumin extract. 'I'his underscores the potential for developing
nanoemulsion formulations for anthocyaning i partjoto fant. Thus far, research on nancemmision
formulation i panjoto fiuil, mcorporating various concentrations aud stabilizers, still needs o be

This is a provisional [ile, not the final typesel article
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conducted. This study 1s dedicated to mvestigating the characteristies of nanecmulsion lormulations
derived from panjoto fuil extract and evalualing an oplimum condition with various tween
surfactant.

2 Materials and Method

2.1 Materials

Grinder (Binder), Erlenmeyer (Pyrex), beaker glass (Pyrex). volume pipette, test tube (Pyrex), test
tube rack, fimnel (Pyrex), measuring flask (Pyrex), vacnum n filter 0.22 nm (Sartorius Stedim 11694-
2-30-06), vial, micropipette (Socorex), blve rip (Biologix 1 nml. pipette tips), hotplate (Cimarec et al.
SP142025Q), vortex (Thermolyne et al.), Ultrasonic Cleaner (Biobase UC-10SD) modified, UV-VIS
spectrophotometer {Shimadzn, UV-1280), aluminium foil, filter paper. 0.22 pm filter membrane
(Wattman). Cabinet dryver (HetoPowerDryv LL1500), rotary evaporator (Biobase RE-2000E). syringe.
aualytical balance. Fresh parijoto, ethanol pro avalysis (Merck, Germany), methanol pro analysis
{Merck, Germany), distilled water, aqua bikes, folding ciocalteu 10% (Merck, Germany). Na2CO3
7.5% (Merck, Germany), DPPH solution (Merck, Germany), Quarcetin (Merck, Germany), AIC13
(Merek, Genmany), ammoniun acetale | M(Merck, Gennany). acctone (Merek, Genmauy ).
acetontrile {(Merck, Genmany), standard cyanide (Zigma), delphinidin ghy standard (Zigma), Tween
20 (Merek, Germany), Tween 60 (Merck, Genany), Tween 80 (Merek, Geruany), and Span 20
(Merck, Germany).

2.2 Preparation of Dry Samples of Parijoto Fruit Extract

Sarnples used in this study are fiuits from the Parijoto plant (Medinilla speciosa) cullivated and
harvested on the slopes of Mount Muria, Kudus. The fiwits used are ripe fiuits harvested when the
Parijolo plant reaches [ull maturity, typically around 90- 100 days aller flowenng Parijolo, which had
been cleaned and sorted. was weighed 200 grams for each treatment. The fruit that has been weighed
1s then steam-blanched for 3 minuies. Prepare a citne acid solution with a coneentration of 1% [or
pre-treatment of fruit before drving. After that, soak the parijote fiur in the cirric acid solution for 5
minutes and dain. The Cabinet Dryer is cleaned before use to maintain hyvgiene and avoid cross-
contamination. The drying temperature used was 70°C for 6 hours. The dried Parijoto fruit is then
ground into powder using a herbal grinder for 2 mimues. After that, the sample will be extracted for
further testing. The daed Pasjoto will e chemically analyzed using UV-Vis spectroscopy.

2.3 Making Parijoto Extract using Ultrasonic Assisted Extraction (UAE)

Five grams of dry sample powder and S0 mL of 99.5% ethanol were nuxed thoroughly lor
homogeneity in four 250 ml. centrifuge bottles. Then, all vials were sonicated (10 Kliz, 100 W) for
30 mn, followed by shaking for one hour, centrifuged at 4,000 rpm (4°C) for 10 min, collected the
supernatant, and evaporated to dryness under vacuum. I'he residue was dissolved in 99.5% ethanol
and diluted o 20 mI.. After filtering throngh a 0.22 ym membrane filter, panjoto fut extract was
obtained and stored at -20°C for analysis using UV-Vis,

2.4  Preparation of Anthocyanin Nanoemulsion from Parijoto Extract

Approximately 3 mL of anthocyamn nancemulsion with concentrations of 2 mginl., 4 mg/mL, and 6
mg/ml, respectively, were prepared by collecting a portion of parijoto extract, and the solvent was
removed with mtrogen. The solvent removal process during anthocyanin exiraction can be momtored
using a combination of visual inspection and periadic weight measurements. Visual inspection
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mvolves observing the extimet as the solvent evaporales, noling i1s mxreasing concentration
evidenced by a thicker and more viscous appearance. Periodic weighing of the contamer or flask
containing the extract allows for the tracking of weight loss as the solvent evaporates. Once the
weight stabilizes or reaches a predetenmined target, it sigmfics that the desired solvent ranoval mte
has been attained, ensuring the production of a concentrated anthocyanin extract suitable for further
analysis. Anthocyanin nanoemulsion was prepared using a combination of surfactants that have low,
medinm, and high hydrophile lipophile balance (FII.B). namely Twen 20, Tween 60, and Tween 80.
Then, surfactant (0.24 g) was added, and the mixture was homogenized entuely. This was followed
by adding ( 2.76 g) deionized water and mixing again for complete dispersion of surfactant in water.
The solution was then sonicated in a sonicator with a temperanwe ot 35°C, frequency of 45 Hz, and
100% power for 60 minutes. To produce a good nanoemulsion, homogenization was carried out
using high shear homogenization al 15,000 mpn with a temperature of 4 C for 15 minutes.

2.5 Characterization of Particie Size and Polydispersity Index of Nanoemulsion Parijoto
Fruit Extract

The particle size analysis tool nsed in this study was the Zetasizer (Zetasizer Pro: Malvem et al ),
which operates based on the general principle of dynamic light scattering (DLS). This tool has a
detector placed ar an angle of 173° from rhe nansmitted light beam and detects size using a patented
techmology known as noninvasive backscattering. This techmque is used lor various purposes. One is
Lo reduce the cffcet known as multiple scatlening, making it casier to measure samples with high
concentrations. Modifving McClements (2016), the particle size distribution and average particle size
ol panocmulsions were delenuined by dvoamic ight scattering (DLS) at a wavelength of 633 mu snd
a temperature of 25 °C.

2.6 Characterization of Zeta Potential Nanoemulsion Parijoto Fruit Extract

The C-potential of Parsjoto Frust Extract Nanoemulsion was evaluated using C-potential analysis
(Zetasizer Pro; Malvern Instruments, Ltd., Malvern) following the method described by Khalid et al.
(2017}, The Z-poleniial of (e samples was evalualed automatically using 10w 100 analviical nns
after equilibration for 120 s at 23 °C. The zeta potential of the particles was measured by phase-
analysis light scattering (PLS) using a Zeta dip cell.

2.7 Characterization of the Conductivity of Nanoemulsion Parijoto Fruit Extract

Thie conductivity of nanoetulsion particles was measured by phase-analysis light scatiering (PLS)
using a Zeta dip cell with a cnvet electracle. Samples were evahated antomatically using 10 to 100
analvtical runs after equilibration for 120 seconds at 25 “C. The detector is placed at an angle of 173"
from the transmirted light beam.

2.8 pH Measurement of Nanoemulsion Parijoto Fruit Extract

The pH was determined using a Schott pH meter al room temperatue (27 = 2 °C), calibrated with a
standard buffer of pIT 7. The pH analysis of the Panjoto fnut extract nanoemulsion sample was
carried out using a pH meter with a particular electrode, First, the pH meter is set and calibrated with
a standard bulfer solution at 2 known pH, generally at pH 4.0, 7.0, and 10.0. Samples were diluted
with ten mM phosphate buffer pH seven before analysis to avoid multiple scattering effects during
testing. ‘The pIT meter electrode is then carefully inserted into the sample to ensure good contact.
Ouce the electrode is stable, a pH reading is laken and recorded. This step is repealed as necessary o
obtain consistent results. ‘This pH analysis provides essential information regarding the acidity or
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alkabnity level of nanoenulsion and nanceitosan Parijolo [uit extract, which can allect the stability
and quality of products using the nanoctnulsion.

2.9 Viscosity Mcasurement of Nanocmulsion Parijoto Fruit xtract

Viscosity measurements are carried out nsing a viscometer instmment. 14 ml. of sample was put into
the cup and attached to the solvent trap provided. The viscometer was set at 200 1pm, three rotations,
for 30 seconds. The measurement process begins by activating the viscometer, and this tool
automatically measures the time required for a liquid to flow through the viscameter tube at a
specific temperature and rpm. T'his time, a predetermined formula converts the reading into a
viscosity value. Repeated measurements can be made ro ensure consistent resulrs.

2.10 Statistical analysis uses Response Surface Methodology.

In this smdy. primary data in 3 repetitions of extraction and three repetitions of testing were averaged
and given a standard deviation value for each rreatment combination using Statistica 12.5 by StatSoft.
‘The data is then entered into a statistical application, arranged in a combination of factonal points,
axial points, aud central points with three repetitions. Afler thal, the data was analyzed, and scveral
test stages were camied out. The basis for testing is studentification from primary data.
Studentification means (hat the scale of the variable is adjusled by dividing it by the esimated
population standard deviation. Vanability in sample standard deviation values contiibutes to
additional uncertainty in the calculated value. This will cause problems in finding the probability
distiibution of each statistic studied.

2.10.1 Effect Summary

This test can summarise the effects of the combination of freatments used. The Longworth valne in
the results of this test is defined as -log (p-value) and is a transformation of the p-value based on the
Pearson Chi-Squared test. The Pearson Chi-Sguared rest evaluates the possibility of the split being
caused by chance. The higher the Pearson Chi-Squared value, the higher the probability of the split
being caused by dependency. In general, if the worth is greater than 2, then the statistical model
considers the vanable necessary.

2.10.2 Lack OfFit

Model suitability testing (lack of fit) is carried out to review whether the model equation is
acceptable or not in predicting responses. In the lack of fit test. the following hypothesis is used:

HO = no lack of fit (suitable model)

H1 = there 1s a lack of fit (the model is not suitable)

The hypothesis 1s concluded by companing the calculated F value with the F table. The calculated F 1s
obtained from the statistical test results and displayved in the ANOV A table. The F table value is
obtained from the T Distribution Table. The critena for the lack of fit test are:

I count == I rable, then 110 is accepred. I count = I table, then T10 is rejected.

Auother parameler that can prove (he suitability of the medel obtained is by companng the p-value

with the a value. Ifthe p-value of lack of fit is smaller than the a value. then there is a significant
lack of fit, so the mode! obtained is not appropriate.

N
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2.10.3 Summary Of Fit

The R square and Rool Mean square crmor values are oltained in this test. Measures the diflerence m
values from a madel's predictions as estimates of the observed values. R square is also known as the

coefficient of determination, which explains how far independent data can explain dependent data. R
square has a value between 0 — 1 with the condition that the closer it is to one, the better it is. If the r
square 1s 0.6, the independent variable can explain 60% of the distribution of the dependent variable.
The independent variable cannot explain the remaining 410% or can be explained by variables outside
the independent varable (error component).

2.10.4 Parameter Estimates

The parameter estimates are the coefficients of the linear predictor. This value represents the change
inresponse il you have a certain level of a calegorical predictor or a change of I unit [or a continuous
predictor, which means the same thing as in a multiple regression analysis with contimions response.

2.10.5 Analysis Of Variance

The ANOVA test (Analysis of Variance) has the following rest criteria:

110 15 accepted if T connt = T table, which means the madel cannot be accepted statistically becanse
no independent vanables have a real influence on the response.

HI 1s accepted it F connt > F fable, which means the maodel is statistically acceptable and at least one
independent variable has a real miluence on the response

2.10.6 Fitted Surfaces

‘The depiction of the fitted surface is carried out using the Central Composite Design madel. The
experimental design is factorial, specifically Central Composite Design (CCD). CCD was chosen
over Box-Behnken Design because CCD provides more design points in terms of axial points.
Additionally, CCDs can run expeniments al extrerne values, providing betler quadratic equations for
analysis. CCD contains a factorial or fractional factorial design with a central point angmented by a
group ol 'axial points' that allow estiimation ol curvature. If the distance [rom the center of the design
space to the factorial pointis + 1 unit for each factor, the distance from the center of the design space
1o the axial point is | a | = [, The exact value of ¢ depends on the properties desired for the design and
the number of [actors involved. The CCD has twice as many star points duc (o a factor in the design.

This is a provisional [ile, not the final typesel article
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3 Result & Discussion

3.1 Phytochemical Profiles of Dried Parijoto Fruit

Drying Parijoto Fruit is cartied out using a cabinet dryer at a temperature of 70°C for 6 hours.
The results of drving parjolo [ruit were obained through (he preparation process, he
antioxidant and anthocyamn activity profiles were expressed respectively in units of %
inhibition and ppm. The results of the antioxidant activity of dried and extracted parijoto fnut
were 79.14334 82%. % The total anthocyanin content in the dry samples and extracts was
53847 1 ppm. The dried Parijoto exhibited significant antioxidant activity, with a % inhibition
value of 79.14 + 34.82. This indicates a substantial capacity to neutralize free radicals, which
are nmplicated in various chronic discases and aging processes. The high anfioxidant activity
suggests that the drying process did not significantly diminish the antioxidant potential of
Partjoto. The total anthocyanin content of the dried Parijoto was found to be 533847 + 4.67
ppm. Anthocyanins are a gronp of pigmented compounds known for their antioxidant
properties and potential health benefits. The retention of anthocyanins after the drying process
indicates thal cabinel drying cilcetively preserved these bioactive conpounds in ile driced
Partjoto

The parjoto fruil extracl was oblained lhrough an extraction process using (e Ulira -assisted
extraction method. The antioxidant and anthocyvanin activity profiles of patijoro frmr extract.
The characterization of Panijoto extract as a filler in nanoemuision involved varions analyses
o assess 1ts antioxadant properties and phytochemical composition. The extraction methad
cmployed was ultra-assisled extraction, which 1s known for 1s efficiency in exlracling
Dioactive compounds from plant tuaterials. The antioxidant activity of the Parijolo extract was
evalnared, vielding a % inhibition vahie of 50.77646.18. This indicates a significant level of
antioxidant capacity. which is cmeial for combating oxidative stress and preventing cellular
damage caused by firee radicals. Furthermore, the total anthocyanin content of the extract was
deferimued Lo be 94.43=4 14 ppin. Anthocyanins are well-known antioxidants found m many
fiuits and vegetables, known for their potential health benefits, meluding anti-inflammnatory
and anti-cancer propertics. The favonoid conlent of the Parijoto exiracl was measured to be
126.85=1.15 g/L. Flavonoids are a class of polyphenolic compounds known for their
antioxidant and anti-inflammatory effects. Additionally, the phenolic content of the extract was
quantilicd as 8434070 GAE/g. Phenolic compounds are another group ol bioactive
compomnds found in plants, known for their antioxidant and anti-inflammatory activities, as
well as their polential role in reducing the nisk of chironic diseases.

-4



32 Fitting Model for RSM (Respomse Surface Methodology) in Parijoto Froit Extract Nanvemulsion

Data recordad for each run inclided manosmulsion particle size, polydispersity index, zeta potential, conductivity, pil, and viscosity. Fach
varinble was measured svith theer repesitions and the measrements faree times o get consisteat resuits. This data will be used to noalyze the
wiluetce of vasions factees oo the chasaewzistws of astormuisions using 1w Respocse Sucface Methodology metbod, whick csn be seen ns the
table,

Table 2 Design of Experiment RSM Particle Size, Poly Dispersity Index, Zeta Porentinl, Conductivity, pH, Viscosity in Napoemulsion
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Table 3 shows thal the particle size range of (he naneemulsion is between 14.603£16.73 nn
and 118,053=4.5825 nm. The largest and smallest nanoparticle sizes found are 126.47 nin
and 13.72 nm, respectively, with most nanoparticle sizes falling within the 50-100 nm range.
Similar results were confirmed by Noor El-Din et al. (2017), whe reported nanoemulsion
sizes rangng from 31.58 to 220.5 nm. Studies conducted by Delmas et al., Lin et al., and Mes
¢l al usmg ultrasonication and lugh emulsification methods also conlinned comparable
results of 45-170 nm, 222.4-166.1 nm, and 170-280 nm, respectively (Delmas et al., 2016;
Liu et al, 2017; Mai ctal., 2019). Conversely, Peng ¢t al. (2010) reported a nanoparticle size
range of 21-530 nm. Zeta potential reflects the surface charge of particles and affects
colloidal stability. ITigh zeta potential can prevent particle aggrepation due to electrostatic
repulsion, The 1esearch includes the evaluation and characterization of zeta potential nnder
varions treatments. The shudy obtained 7eta potential results for nancemulsion ranging from -
22197 = 0. 738 mV 10 -28.207 £ 1.598 mV, respectively. Similar results were confinned by
Wessam et al. (2023), obtaining results of +21.5 mV. Particles with high 7P values, hetween
20 and 40 mV, provide system stability and are less likely to aggregate or increase particle
size. However, it should he noted that ZP values are not an absolnte measnre of nanoparticle
stability. Farthermore, emulsions with ZP variations =10 mV are suggested to have better
stability (Kaduetal., 2011). The ideal potential range for nanoparticle stability 1s (-30 to 20
mVor 120 to (30 mV) (Lin et al.. 2018). The produced valnes tend to be harmfil due to the
influence of acetic acid, resulting in a negative charge. This charge causes electrostatic
repulsion forces between formed nanoparticles to prevent aggregation into larger sizes
{Luthifayana et al.. 2022). Higher zeta potential values increase nanoparticle stability due to
higher electrostatic repulsion forces between nanoparticles.

Conductivity provides information about the ability of nanoemulsions to conduct electricity,
Changes in conduclivily can oceur with changes in surface particle charge. Table 18 shows
that the nanoemulsion conductivity of Parijoto fruit extract ranges from 0.03458 to 0.09987
mS'cm. Good nanoemulsion conductivity measuremuents have igher electrical conductivity
values (10- 100 pSicm) (Akalu et al., 2019; Guo ¢t al,, 2016: Khader et al., 2016). Electrical
condnctivity vahues tend to decrease with decreasing water content in the emulsion. O/W type
{Oil-in-Waler) nanocinulsions have igher conduetivity than W/ O type (Waler-in-Oil)
nanoemulsions. This is because the more extensive water phase provides more pathways for
1on conduction.

The type and concentration of swfactant in nanoemulsion can influence conductiviry,
Surfactants can provide ionic charge or facilitate jon conduction in the system. Viscosity is an
essential parameter in evaluating the flow properties of nanoemulsion. Viscosity is one of the
parameters used to determine the stability of polymers in a solution because it nndergaes
reduction during polymer storage due to polymer degradation (Aranaz etal.. 2021). In this
study, as shown in Table 1. the viscosity of nanoparticles ranges from 3,810 ¢P to 1,133 cP.
Alenm etal. (2023) stated that viscosity can depend on particle size and storage time.
Appropriate viscosity can affect the applicability and spread of the system. The viscosity of a
preparation is welated o the consistency and spreadability of the preparation, which will afleet
ease of use (manto et al_, 2019). Viscosity values are influenced by several factors, such as
temperature, pll, mannfacturing conditions, and the quality and concentration of raw
materials (Naiu & Yusuf, 2018). The results of viscosity tests are shown in centipoise {cP).
The higher the viscosity value of a preparation, the better the stability of the product, but the
preparation will be difficult to apply to the skin. and the resistance of the preparation to flow
will increase, making it difficult ro remaove from the container (Thakve, 2017). Meanwhile,
low viscosity values will increase the flowability of the skin and make it easier to apply to the
skin (Nam & Yusul, 2018)
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121 acalvsis resalts will belp selact an approprnse made] and interpret the significarse of factors that infiucice the characteristics of nanoemulsicos,
322 which can be sacn in il tabée.

323 lable 4. ANOVA {Analyas of Vanance) foe the RSM Quadrate Model Pamicte Size, Poly Dispersity lndex, Zets Powaus L. Conductvary, phl,
124 Viscosily in Nunosmulsxm

Quantratic Morel Equation Sources of Varlation p-Yalue
: Particle Size (R 0358 R, 0.50156) O Medel 0294
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Lack of fr 0,928
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125 Noies:
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Bascd on the ANOVA RSM analysts of three lactors, namely the type of Tween in
nanoemulsion, Tween concentration, and Panjoto extract concentration, all ANOVA values
show prababilities <0.0001 (p=0.05). This indicates that the quadratic response snrface model
nsed for both responses (dependent variables) is significant and can be used to optimize
extraction factors (Wang er al., 20141). The coefficient of determunanon, or R square, depicts
how independent data can explain dependent data. The range of R square values 1s between 0
and 1, where values closer to 1 indicate better explanatory power.

In the Central Composite Design amalysis, the p-value indicates the significance of each
coefficient in the built polvnomial regression model. The lower the p-value, the more
significant the contribution of the coefficient to the overall regression model (Zhong &
Wang, 2010). It is unportant to note that using expeninuental data within the allowed range ol
variables in this study to create mathematical equations, which may have broader general
applicalions, can provide the ability 1o prediel systean behavior when diflerent factors arce
combined. From the perspective of optimizing the formation of emulsion nanoparticles, there
is potential to develop maore significant results, possibly based on the vanables investigated in
this study. Additionally, tlas optimization may be perfonned using the techmques outlined m
Lhis rescarch Lo further test the eflects of time and temperature or other conditions, as nceded.

Table 4 shows details of the RSM approach used to assess particle size {(nm). Poly Dispersity
Index. Zeta Potential {mv), Conductivity, pIl. and viscosity {(Cp) in nanoemulsion of Panjoto
frunt extract involved in a series ol 81 experiments based on factorial design. The coellicients
for the second-degree polynomial Fquation are determined through experimental results,
along with the regression cocflicients for Particle Size (Y1), Poly Dispersily Index (Y25, Zela
Potential (Y3), Conductivity (Y4), pH (Y5), and viscosity (Y6). The Equation presented as
Equation {2) shows the full quadratic madel, while Table X shows the models predicting the
response of the independent variables (Y1-Y6).

To assess the extent o which the equation model in RSM [its the data and how strong the
influence of the variables is, the coefficient of determination or (R2) 1s used. Chin (1998) has
calegonzed (hat lor model suitability, the R-Square value is subslantial il'it is more than 0.67.
moderate if it is more than (.33 but lower than (.67, and weak if it is more than 0.19 but
lower than 0.33. pll and viscosity indicate strong maodel adequacy on these response
variables. In contrast, the responses of Particle Size, Poly Dispersity Tndex, Zeta Potential,
and Conductivily indicate a moderate model for these response vanables, A lack of [t est
was then performed to assess model fit for cach response. With a p-value exceeding 0.05, it
was confirmed that the model adequately it the experimental data, as seen in Table 4,

3.3 Contour plot on Particle Size, poly-dispersity index, Zeta Potential, Conductivity,
pll. and Viscosity as a function of Nanoemulsion Parijoto Fruit Extract.

In this research, the model is created as a Contour plot, which can show the response: Particle
Size, Poly Dispersity Index, Zeta Potential, Conductivity, pH, and Viscosity. Continued
research shows a significant relatonship between particle size and tween concentration and
the type ol lipophilic tween in nanoemulsions, as shown in Figures -6 the presented data
offers valuable insights into the influence of lipephilic tween type and tween concentration
on various properties of the nanocmulsion denived from parijote fruil exiracl. Each Lgure
depicts the contour plots illustrating the interaction effects between these two factors on
different characteristics of the nanoemulsion.
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In Figure 1, the conlour plol demonsirales the inleraclion belween the ipophilic tween Lype
and tween concentration in controlling nanoparticle size. It reveals that as the lipophilic
tween type increases from 20 to 80. and the tween concentration rises from 8% to 10%, there
is a general trend of increasing particle size, albeit with a slight decreasing trend observed to
some extent. This suggests that both factors play a role i detemining the nanoparticle size,
with higher concentrations leading 1o larger particle sizes. Moving to Figure 2, which
illustrates the Zeta Potential of the nanoemulsion, an increase in the lipophilic Tween type
from 60 10 80 and an incredse in bween concenlration from 8% o 10% correspond 1o an
increase in Zeta Potential. Interestingly, no further changes are observed beyond this point.
This indicates that these specific conditions result in optimal Zeta Potential, possibly
indicating enhanced stability of the nanoemulsion.

Figure 3 showcases the mlluence of lipophilic tween lype and tween concentration on the
conductivity of the nanoemulsion. As the lipophilic tween type increases from 20 to 8¢ and
{he tween concentralion rises from 8% Lo 12%, there 18 & consistenl mercase in conductivity
without any further changes. This suggests a direct relationship between these factors and the
conductivity of the nanocmulsion. The Contour plot presented in Figure 4 demonstrates the
effect of ipophilic tween type and tween concentration on the Poly Dispersity Index (PDI) of
the nanoemulsion. Interestingly, an increase in lipophilic tween type from 60 to 80 and a
decrease in tween concentration from 12% 10 8% lead (o an inerease in PDI value without
further changes. This indicates a complex interaction between these factors in determining the
homogeneity of particle size distribution within the nancemulsion.

Figure 3 depicts the pH contour plot of the pargjoto fiuit extract nancemulsion. An increase in
lipophilic Tween type from 20 to 80 and an increase in tween concentration from 8% to 12%
result in a consistent increase in pH without any further changes. This observation suggests
that these specific conditions contribute to the alkalinity of the nanoemulsion, which may
have implications for its stability and functionality. Finally, Figure 6 illustrates the viscosity
contour plot of the nanoemulsion. An icrease in lipophilic tween type from 35 to 80 and an
increase in tween concentration from 8% to 12% lead 1o an increase in viscosity without
further changes. This indicates that higher concentrations of Hipophilic tween and tween resull
in a thicker consistency of the nanoemulsion, which affects its flow properties and
application. The presented data highlights the intricate relationship between lipophilic tween
type and tween concentration in influencing various physicochemical properties of the
nanoemulsion derived from parijoto fruir exteact. These findings provide valuable insights for
optimizing the formulation and manufacturing process of the nanoemulsion for potential
applications in various industries.

Research on the miluence of surfactant type and concentration on nancemulsion mdicates
that the selecrion of swrfactant significantly affects the characteristics of nanoenmlsion.
Various surfactant types, such as Tween 20, Tween 60, and Tween 80, play different roles in
forming nanoemutsions. The research results show that the particle size of Tween 80
surfactant is the highest, with an average particle size of 107,196 mu. Sinalar resulis were
reported by Chang et al. (2013). who obtained the smallest droplets in carvacrol-based
nanoemulsion made with a mixture of food-grade non-ionic snrfactants {(Tween 20, 10, 60,
80, aud 85). Tween, a non-ionic surfactant derived from sorbitan ester, 1s soluble or
dispersible in water and is commonly used as an oil-in-water emulsifier in the
phannaceutical, cosmetic, and cleamng industries. Among these surfactants, Tween 801s one
af the most commonly used. Research by Donglas et al. (2013) confirms that the type of non-
ionic surfactant significantly influences the average particle diameter of the formed colloid
dispersion. The smallest droplets were observed in systems prepared using Tween 80, while
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(e largest droplets fonned in svslems using Tween 85, The surfactant's Hydroplalic-
Lipophilic Balance (HLB) plays a role in forning small particles, Surfactants with either too
high (Tween 20) or too low (Tween 85) 111.13 values cannot form optimal nancenmlsions.
Tween types with intennediate HLB values (Tween 40, 60. and 80) can form nanoemulsions
with small particle sizes. However, there is no strong correlation hetween HILB values and
particle sizes produced by these surfactants (Kumnar ef al., 2008). Small-molecule surfactants
have higher snrface actevity and form smaller enmision droplets than large ones (Qian &
MeClemends, 2011; Teo, Goh & Lee, 2414).

Amnother critical factor for mimmal droplet emulsion formation is the Hydrophilic-Lipophilic
Balance (111.B) value of the surfactant (Sagitani, 1981), defined by Gniffin as the ratio of
surfactant hydraphilicity to lipophiticity (Griffin, 1949). A high HLB value indicates strong
hydrophilicity, and the HLB valucs ol non-iome surfactants generally range from 0 1o 20
(Gad & Khairou, 2008). such as Tween 20 (HLB 16.7) and Tween 80 (HLB 15} (Dinarvand,
Moghadam, Sheikhi & Atyvabi, 2003). Emulsion stability 1s influenced by two polyiner and
particle surface tension mechanisms: stenc stability caused by macromolecules adsorbed on
particle surfaces and electrostatic stability due to repnlsion between surface-charged droplets.
In nanoemulsions made with Tween 830 surfactant, the surfactamt may not have a charge on
lhe hydrophobic group, causing the covered droplet surface 1o be non-charged and resulting
in low zeta potential values, which can lead to increased particle size and PDI (Lian et al,
2016).

However, a diflerent study proposed by Alam et al. (2023) suggests that Tween 20 belps
improve PDI and allows for minimum polydispersity. Compared to other nanoparticles, the
ability 10 maintain panticle integnty using Tween 20 1s sigoi licanl. Iucreasing the Surfactant
content in the formulation increases the polydispersity indices for nanual extracts in the 3D
response surface graph. This mdicates that the use of Twoen types with low and agh HILB
values can be applicable when combined with an optimal concentration of co-surfactant,

Surfactant concentration is also a critical factor in nanoemulsion formation. Research
indicates that increasing surfactant concentration can result m smaller and more homogenous
size distnibution. However, there 1s @ speeific it where surfactant concentration reaches a
plateau level, leading to unadsorbed surfactant aggregation and micelle formation. The results
show that the higher the Tween concentration, the higher the size and PDI. This is confirmed
by Liat et al. (2016), stating that nanoemulsions prepared with higher surfactant
concentrations significantly increase short-term stability. Systems with 15 or 20% weight of
Tween 80 are laghly unstable (o mereasing dilution, indicating that a medivm surlactant
concentration level may be more suitable for stable nancemulsion preparation. Although the
initial droplet size is small, higher smrfactant concentrations can increase raw matenal costs
and cause undesirable sensory (taste) issues in commercial applications. Therefore, this study
nses a 10% weight of T'ween 80 in fiuther experiments.

Increasing surfactant concentration inereases the number of surfactant molecules migrating
from the oil phase o the enolsion waler phase, aud nanodroplets lonn. Frictional [orees
applied to the oil-water interface. coated with emulsifier, cause some emulsifiers to sink
parallel to the surface laver, while others detach from the surface layer. 11asani et al. (2015)
reported that droplet size inereases by increasing surfactant concentration to 2076, and
particles have a broad and non-nniform size distribution. The instability of nanoenmlsion at
high surfactant concentrations may be related 1o 1he depletion-flocedation mechanism of
absorbed surfactant. With increased swifactant concentration, additional surfactant molecules
form micelles m the continuous phase rather than orienting on the particle surface. This leads
to an increase in local osmotic pressire, cansing the continuons phase between moving
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droplels Lo decrease, redueing the conlinuous phase between those droplels. As a resull,
AgEregation OCeurs, causing an increase i paticle size, According 1o Oh et al. (2011) and
‘Tadros e al. (2004), the average droplet size becomes smaller, and the size distribmtion
becomes narrower with increasing emulsifier concentration, nltimately reaching a plateau
level. Beyond the platean level, free or unadsorbed ennilsifiers may acenmulate to form
wicelles, Nanoemulsions are known to be thenmodyvoanneally unstable, tending 10 mimmize
interfacial area throngh coalescence.

An mcrease in the concentration of the filler extract can lead to the tendency of nanoparticles
to ageregate or form agelomerates also pH nanoemulsion. Tlis phenomenon may ocour due
to physical or chemical imteractions between nanoparticles and compounds in the filler
extract. Findings by Alab et al. (2021) suggest that an increase in extract concentrafion results
i an increase in particle size, panticularly at the nghest concentration of 347.2 ni. On the
other hand, the smallest concentration has the lowest particle size at 86 98 nm. These results
imdicate that higher concentrations may mercase the likelibood ol particle agglomeration.

Furthermore, mcreasing the concentration of pargoto fut extract can increase the total mass
in the solution, which, in tum, can inercase overall viscosity. Addilional particles or
molecnles from the filler extract can contribute to the inerease w viscosity, A study by Olan
clal (2021) shows (hat particles witl the highest concentration have the highest viscosity and
vice versa, This merease in viscosily may be caused by excess extract loaded mto particles,
The physicochemical charactenstics of the filler extract may influence the viscosity
propertics of nanoparticles, and factors such as changes in pH, temperature, or chetmeal
composition may also play a role in viscosity increase. Panjoto fiut is rich in active
compounds, such as anthoeyamns, which can alleet the surlace charge ol nanocmulsion
particles. At a certain pH, anthocyanins or other components may have specific charges that
can influence the clectrostatic stability of particles (Liu et al., 2016). Anthocyaning may
undergo solubility changes at specific pH values, affecting the distribution and stabiliry of the
nanoemulsion's oil or water phase. The same ocowurs with surfactants, where variations in
charge of the filler extract from parijoto fivat can affect the interaction between nanoparticles,
anthocyanins, and other components in the svstem. The loading capacity of the extract in the
nanoemulsion likely depends on its solubility 1 the systemn used (Costa et al,, 2012).
Anthocyanins tend to nndergo color changes with pH (pH-dependent color shift).
Additionally, the antioxidant activity of anthocyanins can be influenced by pll. This
complexity can modulate the overall physicochemical properties of the nanoemslsion system.
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3.4 Optimal Point Prediction from RSM in Nanoemulsion Parijoto Fruit Extract

504  Optimal point predictions from the Response Surface Methodology are obtained by

505 combining optimal conditions based on interactions between independent variables. Profiler

506 predictons are obtained if the fitted surface graph is in minimum, maximum, or saddle form.

507 3D graphics on image X, shows a complex intermction between the variable factors of

S08  lipophilic tween type and tween concentration on the response. Increasing the lipophilic

509 ween lype value inereases the response somewhalt, but the lween concentration valuce can

510 modify the effect. There is an optimal region where the response reaches its peak. The

511 implicaton for practice is that by sciting the variable factors at Ievels thal are eslimated 1o be

512 optimum, the research results can achieve the highest optimization in the desired response,

513 which can be scen 1 Figure 7.

514 Table 3. Prediction of Optimum Conditions for Parijoto Fruit Extract Nanoemulsion

Parijoto Fruit

Types of ’lfypes of 'l:ween F.xt:"act Nanoparticle Zera Conductivity qu_v .

i ~Jphophilic Concentration 2 % . . Dispersity
Analysis 2 Concentration Size (nm) PotentiallmV) (mSscm)

Tweens (%) (%) Index

Optimum
Condition 80 12 7.5 61.97 -28.48 0.082 0.691
Prediction
Maximum
2);]::::.“ S0 12 7.5 1994 -32.48 0.048 0.371
Conditions
Minimum
Juine s . & 12 7.5 163.88 -26.37 0.115 1011
Optimum
Conditions

518

516 It can be seen in Table 9 that to achieve the maximum desired concentration of nanoparticle

517 size, zeta potential, Conductivity, Poly Dispersity Index, degree of acidity. and Viscosity, it is

518 necessary to set the Tween solvent concentration to 80, Tween concentration to [2% and

519 Parijolo [ruil extract concentration to 7. § %. This scl ol conditions has a desirability value of

520 (.74. Because the value is almost close to 1 and falls into the moderate category, this set of

521 conditions is quite aptimal for the aim of this research, namely to maximize the response.

522 The optimization of nancemulsion formation from Parijoto fiut extract using Response

523 Surlace Methodology (RSM) has been conducted i (s study. RSM 1s a statistical method

524 used to design experimenrs and analyze the itmpact of multiple independent variables on a

525 measured response. As an output ol this rescarch, the synthiesis process conditions of

526 nanoemulsion from Panjoto fruit extract can be optimized to achieve particle size,

527 polydispersity index (PDI}, 7eta potential, conductivity, pIT, and viscosiry levels. RSM

528 detennines the optimal extraction time and emperature 10 maximize the respouse variable

520 outcomes (Granato et al., 2014). Tn lime with this, predictions and abservations are within a

530 nparow range and do not show significant diflerences at a 3% significance level, indicating

531 the model's suitability for optimization and process efficiency puiposes,

16
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The optinal point prediction from the Response Surface Methodology is obtained by
integrating optimal conditions and depends on the interaction between independent variables,
as Ratnawati et al. (2018) explained. The prediction profile is formed when the adjusted
sirface graphs show a minimum, maximmm, or saddle shape. The optimization process can
achieve optimal responses by analvzing each response beforehand, ultimately reducing effort
and operational cosls, as Nurmiah of al. (2013) stated. Desirabilily, with a range of valucs
from © to 1, 1s used as the optimization target value, with low (0-0.49). moderate (0.5-0.79),
and high (0.8-1) calegories. The closer the value of 1 1s. the greater the desirability, which
indicates the suitability of the combination of process parameters to achieve optimal response
variables.

It can be seen in Table 3 that to aclieve the desired concentrations of nanoparticle size, zeta
potential. conductivity, polydispersity index, acidity level. and viscosity, it is necessary to set
the concentration of Tween 80, Tween concentration at 12%, and Parijota fiuit extract
concentralion at 7.5%. Thas sel of conditions has a desnability value 0f0.740349. Siuce is
valie is close to 1 and falls into the moderate category, this set of conditions 1s quite optunal
for this rescarch, which is w maximize the response
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Bl Conclusion

in this series of experiments, nanoemulsion from panjoto fnut has been characterized, considering
various physicochemical parameters such as particle size. polydispersity mdex. zela potential,
conductivity, pH. and viscosity. The research results indicate significant variations in the physical
characteristics of both nanomaterials in lenms of changes in surfactant and parijoto cxtract
concentrations. Increased surfactant concentration tends to produce smaller particle sizes and a more
homogeneons distribution, although certain limitations were found that lead to surfactant aggregation
and micelle formation. The nanoemulsion charactenstics, meluding zeta potential, polydispersity,
particle size, conductivity, pH, and viscosity . The type and coucentration of surfactants played a
crucial role in determining the properties of the nanoemulsions. Variations in surfactant parameters
resulted in observable differences in emulsion charactenstics, hightighting the importance of
surlactant selection and optitnization. To achicve optimal nanocinulsion process conditions, it 1s
recommended to nse 12% Tween 80 solvent concentration. 12% Tween concentration, and 7.5%
parijoto fruit extract concentration. resulting in a desirability value of 0.74, falling into the moderate
category.

5 Acknowledgments

Completing this rescarch project has been a collaborative effont that I would ke 0 ackuowledge
with graritnde. T sincerely thank my research advisor for their invaluable guidance, support, and
expertise throughout the rescarch process, T am also (thankiul for the assistance and cooperation
recerved from collcagues and [ellow rescarchers who contobuted Lo the success of (his study. We
express our sincere gratitude to the Ministry of Research and Higher Education for the funding
provided through the Iundamental Research Grant 2023, number 0536/1:5/P(.02.00/2023, which
significantly facilitated the execution of this study. Furthernore, I extend my gratitude to the funding
agencies or instimtions that provided financial support for this research endeavor. Additionally, we
exlend our appreciation to the research partners for their valuable contributions. This
acknowledgmnent reflects the collective endeavor and support that have enviched the outcomes of this
sludy.

6 Reference styles

[FAO/WHO] Foad and Agriculture Organization of the United States‘World Health Organization.
(2010). FAO/WHO expert meeting on the application of nanotechnologies in the food and
agriculture sectors: potential food safety implications. Meeting Report. Rome (I1): Food and
Agriculture Organization of ke United NauonsWorld Heallh Organization.
htps: www. who.int/publicationsi/item /9789241 563932

Anmngsih, E. (2016). Prospek Penerapan Teknologi Nano dalam Pertanian dan Pengoelahan Pangan
di Indonesia. In Forumn Peuclitian Agro Ekonomn (Vol. 34, No. L, pp. 1-20).
http:/fejurnal litbang pertanian. go.id/index.php/fae/article/view/ 7308/ 7358

Chang, P., Xu. G, Chen. Y., & Lin, Y. (2022). Experimental evaluation of the surfactant adsorption
performance on coal particles with different properties. Colloids and Surfaces A-
Phvsicochemical and Engineering Aspects, 648, 1294108,

Coulibaly, G. N.. Bae, S.. Kim, J.. Assadi, A. A, & Hanna, K. (2019). Enhanced removal of
autibiotics in hospital wastewater by Fe ZnO activated persullate oxidation. Envirommental



391
592

593
594
595
396
397

598
599
600
601

602
603
604

605
606
607

608
609
610

611
612
613

614
615
616
617

618
619
620
621
622
623
624
625

626
627
628
629
630
631

632
633

Seience: Water Rescarch & Technology, 5(12), 2193-2201.
hutps:/‘dor.org/10.1039/COEW0061 1G

D. Zhang, X. Pan, S. Wang, Y. Zhai, J. Gnan, Q. Fn, X. Hao, W. Qi, Y. Wang, IL Lian, X. L, Y.
Wang, Y. Sun, Z He, J. Sun, Multifunctional Poly(methvl vinyl ether-comaleic anhydride)-
graft-hydroxypropyl-f-cyclodextrin amphiphilic copalymer as an oral high-performance
delivery camier of tacrolimus, Mol. Pharm. 12 (2015) 2337-2351,
https://doi.org10.1021acs.molpharmaceut. 5b00010

Dcka. C., Aidew, L, Devi, N, Buragohain, A, K., & Kakati, D. K (2016). Synthesis of Curcumnin-
Loaded Chitosan Phosphate Nanoparticie and Study of Tts Cytotoxicity and Antimicrobial
Aclivily. Joummual of Biomatenals Seicniee, Polhviner Edition, 27(16). 1659-1673,
htps:/dor.org/10.1080/09205063.2016.1 226031

Desnita R., Veronika M.. Wahdaningsih S. Topical microemulsion’s formulation of purple sweet
potato {Ipomoea batatas [..) ethanol extract as antioxidant by using various concentration of
Span 80. Int. J. PharmTech Res. 2016:9:234 239,

Desnita, R.; Veronika, M.; Wahdaningsih, S. Topical microemulsion’s formulation of purple sweet
potato {Ipomoea batatas L.) ethanol extract as antioxidant by using vanous concentration of
Span 80. Int_ F. PharmTech Res. 2016, 9, 234-239. 37.

Desnita, R ; Wahdaningsih, S.; Herviant, S. Span 60 as surfactant of topical microemulsion of purple
sweel potato (Tpomoea batatas L)) ethanol extract and antioxidant activity test using DPPH
method. Int. J. PharmTech Res. 2016, 9, 198-203.

Duarte, L. G. R, Ferreira, N. C. A, Fiocco. A. C_.T. R, Picone. C_S. F. 2022. Lactofenrin- Chitosan-
I'PP Nanopatticles: Antibactenial Action and Lxtension of Strawbery Shelf- Life. Research
square. pp. 1-28. 10.1007/s11947-022-02927-9

Ferfera-Harrar, 1., Berdous, D., & Benhalima, T (2018). Hydrogel Nanocomposites based on
Chitosan-G-Polyacrylamide and Silver Napoparticles Synthesized using Curcurna longa for
Anlibacterial Applications. Polyimer Bulletin, 75(7), 2819-2846.
https:{/dot.org/10. 1007/<00289-017-2 183z

Guitekin-Ozguven M.. Karadag A.. Duman S., Ozkal B.. Ozcelik B. Fortification of dark chocolare
with spray dried black mulberry (Morus nigra) waste extract encapsulated in chitosan-coated
hposomnes and bioaccessability siudies. Food Chem. 2016;201:205-212. doi:

10,1016/} foodchem.2016.01.091

Giiltekin-Ozgiiven, M., Karadag, A., Duman, S., Ozkal, B., & Ozclik. B. (2016). Fortification ol
dark chocolate with spray dried black mulberry (Morus nigra) waste extract encapsulated in
clitosan-coated liposomes and bioaccessalnlily studies. Food chemistry, 201, 205-212.
https://dot.org/10.1016/.foodchem. 2016.01.091

Hajrin, W_. Budastra, W. C. G, Juliantoni, Y., & Subaidah. W. A, (2021). Formulasi dan
Karakterisasi Nanopartikel Kitosan Ekstrak Sari Buah Juwet (Syzygimm cumini)
mengennakan metade Gelas: Tonk: Formulation and charactenization of Chitosan
Nanopatticle of Juwet ( Syzyvgium cumini) Fruit Extract Using fonic Gelation Method. Jurnal
Sains dan Kesehatan, 3(5), 742-719.

Hao, X. [, Zhao, I. 7., Song, Y. 1L, & Tuang, 7. F. (2018). Surfactant-Assisted Synthesis of
Bumnessite-Type MnO2 Nanoflowers. Journal of Nano Research, 53, 1-6
https:/www.seiennfic.net/ INanoR .53.1

19



Tzadiyan, Z., Basii, M., Fard Masoumi, H. R, Abedi Karjibau, R, Salim, N, & Shameli, K. (2017).
Modeling sand oplimnization of nanocinulsion contaimng Sorafenib for cancer teatment by
response surface methodology. Chemistry Central Joumal, 11, 1-9.
htips://dotorg/10.1186/s1 3065-017-0248-6

Javarambabu, N., Akshaykranth, A., Rao, T. V., Rao. K. V., & Kumar, R. R. (2020). Green Synthesis
of Cu Nanoparticles using Curcuma longa Extract and Their Application in Antimicrobial
Activity. Materials Letters, 259, 126813. hrtps:/doi.org/10.1016/j.matlet.2019.126813

Jigyvasa & Rajput, J. K. (2018). Bio-polyphicuols Promoted Green Svuthesis of Silver Nanoparticles
tor Facile and Ulira-Sensitive Colonmetric Detection of Melamine in Milk. Biosensors and
Bioclectronics, 120, 153-159. hitps://doiorg/ 10 10165 bios. 2018 08054

Karimi, N., Ghanbarzadch, B., Hajibonabi, F., Hojabri, Z., Ganbarov, K., Kalil. H. S.. ... & Moaddab,
S. R (2019). Tummeric Extract Loaded Nanoliposome as A Potential Antioxidant and
Antimicrobial Nanocarrier for Food Applications. I'ood Bioscience, 29, 110-117.
https:/dot.org/10.10164.1b10.2019.04.006

Kasaai, M. R. (2018). Zein and zemn-based nano-materials for food and nutrition applications: A
review. ‘Trends in Food Science & Technology, 79. 184-197.
hrtps: doorg/10.1016.1:£5.2018.07.015

Khalil, 1., Yehve. W. A Etxeberria, A E., Alhadi, A. A, Dezfool. S. M., Julkapli, N B. M., . &
Sevloddin, A, (2019). Nanoantioxidants: Recent trends in antioxidant delivery applications.
Antioxidants, 9(1), 24. https2/worw.mdpi.com/2076-3921/9/1/24/htm

Lakshmeesha, T. R.. Kalagatur, N. K., Mudili. V., Mohan, C. D.. Rangappa. S., Prasad. B.D., .. &
Niranjana, 8. R. (2019). Biofabrication of Zinc Oxide Nanoparticles with Syzyginm
aromaticinn Flower Buds Extract and Finding Ils Novel Application in Coulrolling The
Growth and Mycotoxins of Fusarnun gramineanun, Frontiers in Microbiology, 1244,
https: S www ffonticrsin.orgarticles’ 10,3389/ inicb. 2019 .01 244/ (ull

Leja. K B, & Czaczyk, K. (2016). The Industrial Polential of Herbs and Spices? A Mini Review.
Acta Scientianmm Polonorum Technologia Alimentaria. 13(4), 353-365.
https:{www.food.actapol.net/pub/l_4_2016.pdf

Leonard, K., Ahmmad, B., Okamra, 1T, & Kurawaki, 1. (2011). In Sitn Green Synthesis of
Biocompatible Ginseng Capped Gold Nanoparticles with Remarkable Stability. Colloids and
Surfaces I3: Biointerfaces, 82(2), 391-396. hitps=/doi.org/10.1016: colsurfh.2010.09.020

Lin, P.. Moore, D., & Allhofl, F. (2009). What is nanotechuology and why docs it matter?: fom
science to ethics. John Wiley & Sons.
hitps:#books. google co idbooks hi=en& =&1d=DIk w4 LuvkC& oi=1nd&pg=PR5 &dg=Wh
at+Is+Nanotechnology+and+Why+Does+[1+-Matter%e3F&ots=Tgpl MQU904& s1g=50XIX YA
UdCOPwMEXILBI-
Ka BsQé&redir ese=v#v=oncpage&=Whal%201s%20Nanolechnology?20and%20Why%e2
DDoes%2011%20Matte1203F & f=false

Mattarozzi, M., Suman, M.. Cascio, C., Calestani, D., Weigel. S.. Undas. A., & Peters, R. (2017).
Analytical approaches for the characterization and quantification of nanoparticles in food and
beverages. Analytical and bioanalytical chemistry, 409(1), 63-80.
hitps:/doi.org/10. 1007/s002 16-016-9946-5

Menon, S.. K8, 8. D, Agarwal, [T, & Shanmugam, V. K. {2019). Efficacy of Biogenic Selenium
Nanoparticles from An Extract of Ginger towards Evaluation on Anti-Microbial and Anti-

g o2 -y o : 20
This is a provisional [ile, not the final typesel article



678
679

680
681
682
683

684
685
686
687
688
689
690

691

692
693
694

695
696
697
698

699
700
701
702

703
704
705

706
707
708

709
710
711
712

713
714
715
716
717

719

Oxidant Activities, Colloid and Interface Science Commmumcations, 29, 1-8,
hutps:‘dor.org’10. 1016/ .colcom. 201 8.12 004

Maohapatra, B., Knmar, D, Sharma, N., & Mohapatra, S. (2019). Morphological, Plasmonic and
Enhanced Antibacterial Properties of Ag Nanoparticles Prepared using Zingiber officinale
Ixtract. Jowwrnal of Physics and Chemistry of Solids, 126, 257-266.
https://doi.org/10.1016/.jpes.2018.11.020

Mubamimad, D. R, A, Sapuire, A. D, Rottiers, H., Van de Walle, D., & Dewettnck, K. (2018).
Physicochemnical Properties and Antioxidant Activilics of Chocolates Enriched with
Engineered Cinmamon Nanoparticles. European Food Research and Technology, 244(7),
1185-1202. hittps://dol.org/10.1007/s00217-018-3035-2

Mulia K., Putrt G.A., Krisanli E. Encapsulation ol mangosleen extrac! n virgin coconut oil based
nancemulsions: Preparafion and characterization for topical formulation. Mater: Sci. Forum.
2018:929:234-242. doi: 104028 www.scientific net/MS17.929.234.

Nano.gov. About the NNI. Diakses pada 10 Febmari 22, dari hitps://www.nano.gov/abont-nni

Nascer, B.. Snivastava, G., Qadn, O. S., Faridi, S. A.. Islamn, R. U, & Youus, K (2018). Importance
and health hazaids of nanoparticles used in the food industry. Nanotechnology Reviews, 7(6),
623-641. https:/dororg/ 10,151 Sintrev-2018-0076

No, 1. 8., Algburt, A, Thaynh, P., Moret, A, Ringard, M.. Comito, N., ... & Chikindas, M_I.. (2017).
Antimicrobial Efficacy of Curcumin Nanoparticles against Listeria monocytogenes is
Mediated by Surface Charge. Jonmal of ood Safety, 37(41), e12353.
https://dol.org/10.1111fs.12353

NP, B. H. & Budiman, A (2017). Review Artikel: Penggunaan Teknolog: Nano pada Formulasi Obat
Herbal. Farmaka, £5(2), 29-41.
hrtps:‘web.archive.org/wel'201805192017361d_/hap:/urnal unpad ac.id/farmaka‘articlesvie
wFile/ 12947/ pdl

Parveen, K., Banse, V., & Ledwani, L. (2016, Apnil). Green Synthesis of Nanoparticles: Thewr
Advantages and Disadvantages. In AIP conference proceedings (Vol. 1724, No. L. p.
020048). AIP Publishing LLC. https://doi.org/10.1063/1.4945168

Peter, K. V., & Shylaja, M. R. (2012). Introduction to Herbs And Spices: Definitions, I'tade and
Applications. In Handbook of herbs and spices (pp. 1-24). Woodbead Publishing.
https://doi.org/10.1533/9780857095671.1

Pradhan, S, Hedberg, T, Blowberg, E., Wold, S., & Odnevall Wallinder, 1. (2016). Eflcct of
Sonication on Particle Dispersion, Admmistered Dose and Mer of Release of Non-
Funcnionalized, Non-Inen Met ol Nanoparticles, Journal of Nanoparticle research, 18(9), 1-
11. https:fdoi.org/10.1007/511051-016-3597-5

Pratiwi L. Fudholi A, Martein R, Pramuono S. Sclf-manocmulsifyving drug delivery svslem
(SNEDDS) for topical delivery of Mangosteen peels (Garcinia Mangostana L.): Formulation
design aud m vitro studics. T, Young Phann, 2017;9:341 346, doi- 10.55304yp.2017.9 68,

Prembkumar, I, Sudhakar, T., Dhakal, A., Shrestha, J. 3., Knishnakumar, S., & Balashanmugam, P.
(2018). Synthesis of Silver Nanoparticles (AgNPs) from Cinnamon against Bactenial

Pathogens. Biocalalysis and agricullural biotechnology, 15, 311-316.
https://doi.org/10.1016/.bcab.2018.06.005



720
721
722

723
724
725
726

727
728
729

T30
731
732
733

734
735
736
737

738
739
740
741

742
743
744
745
746

717
748
749

750
751
752
753
754
755
756
757

758
759

760

76l
762

Ralunan, U, Sahar, A., Ishaq, A, & Khalil, A, A, (2020). Design of Nanoparticles for Future
Beverage Industry. In Nanocngineering in the Beverage Indusiry (pp. 105-136). Acadeic
Press. https://dol.org/10.10164'B978-0-12-816677-2.00004- 1

Rajesh. K M., Ajitha, B.. Reddy, Y. A. K., Suneetha, Y., & Reddy, P. 5. {2018). Assisted Green
Synthesis of Copper Nanoparticles nsing Syzyginm aromaticum Bnd Extract: Physical,
Optical and Antimicrobial Properties. Optik, 154, 593-600.
https://dor.org10.1016/.1jle0.2017.10.074

Rashidi, L., & Khosravi-Daran, K (2011). The Applications ol Nanolechnology in Food Indusiny.
Cratical reviews in food science and nutminon, $1(8), 723-730.
https://doi.org/10. 1080/ 10408391 00378541 7

Ravanfar, R., Tamaddon, A M., Niakousari, M., & Mocin, M_R. (2016). Prescrvatiion of
anthocyanins in solid lipid nanoparticles: Optimization of a microemulsion dilution method
using the Placket-Burman and Box—Belnken designs. Iood chemistry, 199, 573-580.
https:/doi.org/10.10164. foodchem. 2015.12.061

Ravindran, P. N. (2017). The Encyclopedia of Herbs and Spices, CABL
https://baoks.google.co.idbooks?hl-endlr &id 6pINDWAAQBAJ&o1 fnd&pp PR3&dg h
erbstand+ spices&ots-La6WXIwlnR&sig-mLhe TMy IndRVKEZNOO Ziwe ExghE&redir_esc
=y#v=onepagedq-herbs*s20and%20spices&f-false

Rios-Comipio, M A, Lopes-Ding, A 5., Ramirez-Corona, N, Lopez-Malo. A., & Palou, E. (2020),
Met aflic nanoparticles: development, applications, and futwre trends for aleoholic and
nonalcoholic beverages. In Nanoengineering in the Beverage Industry (pp. 263-300).
Academic Press. https://doi.org/10.1016/B3978-0-12-816677-2.00009-0

Rolman, F.. Al Muhdhar, M. H. I, Tamalene, M. N, Nadra, W. S & Pulra. W.E. (2021). The
Ethnobotanical Perspective of Indigenous Herbs and Spices of Tabam Ethnie Group in
Halnahem Island, Indonesia. Alrican Joumal of Food, Agriculture, Nulnition aud
Development, 20(7), 17012-17024.
https:www ajolinfo/index. phyp'aj fand/article’ view: 208907

Samiun, W. 8. Ashari, 8. 12, Salim, N_, & Ahmad, 8. (2020). Optimization of Processing Parameters
of Nanoernulsion Contaming Arpiprazole Using Response Surface Methodology.
International Journal of Nanomedicine, 15, 1583-1594_ https://doi.org/10.2147/UN.§198914

Savitskaya, I, Kimlenka, [, Lu, Y.. Hrynshpan, D)., Sarkisov, V., Yu, J.. .. & Wang, L. (2021).
Green Chemistry: Process Technology and Sustammable Development. Springer Nature.
hitps: /books google co idbooks?hi=en& =& 1d=WQESEAAAQBAT& 0i=hd&pg=PR5&dy

Green ! Chemistry !t Process | Technelogy | and | Sustainable  Development&ots pO_7ib_aRf

&sig=080M611zIBIC4yNTEd F AgK-
We&redir ese=y#v=oncpage&=Green?s20Chemisiry % 20Process? 20 Technologye2 (and %
20Sustainable%20Development& f=false

Theivasanthy, T., & Alagar, M. {2013). Titaniwm dioxide (Ti02) nanoparticles XRD analyses: an
msight. arXiv preprnt arXiv:1307.1091.
https: Jarsiv.org/ftiprarsiv/papers/ 13071307109 1 .pdf

1S Environmental Protection Agency. (2007). Nanotechnology White Paper, Diakses pada 11
February 2022, dan hitps:/www.epa.govisites'delault/fles/2015-
Olidocumentsnanotechnology_ whitepaper.pdf

This is a provisional [ile, not the final typesel article



763

Velmurugan, P, Anbalagan, K., Manosathyadevan, M, Lee, K. T, Cho, M., Iee. S M, .. & Ol B
T. (2014). Green Synthesis of Silver and Gold Nanoparticles using Zigiber officinale Root
Extract and Antibacterial Activity of Silver Nanoparticles against Food Pathogens.
Bioprocess and biosysteims engineering, 37(10), 1935-1943 . hutps://doi.org/10.1007/500449-
014-1169-6

Vijava,J. J., Jayaprakash. N.. Kombaiah, K . Kavivarasu, K., Kennedy, L. J., Ramalingam, R. J., ...
& Maaza, M. (2017). Biorednction Potentials of Dried Root of Zingiber officinale for A
Simple Green Synthests of Silver Nanopamicles: Antibacterial Smdies. Journal of
Photochemistry and Photobiology B: Biology, 177, 62-68.
hitps://doi.org/10. 10164 jphiotobiol 2017 10.007

Vijayaknmar, G., Kesavan, H., Kannan, A, Amlanandam, D., Kim, I H, Ko, Ko T L &
Rangarajulu, S. K. (2021). Phytosynthesis of Copper Nanoparticles nsing Extracts of Spices
and Their Antibacterial Properties. Processes, 9(8). 1341, https:/www.mdpi.comi2227-
9717/9/8/1341/htm

Zhaug, L., Lie, A, Wang, W, Ye, R, L, Y, Xino, J., & Wang, K. (2017). Charactensation of
Microemulsion Nanofilms based on Tilapia Fish Skin Gelatine and ZnO Nanoparticles
mcorporated with Ginger Essential Oil: Meat Packaging Application. International Journal of
Food Science & Technology, 52(7). 1670-1679. hitps:/dotorg/10.111 1/5is. 13441

Zulla. E.. & Puspitasari, A. D. (2019). Karaklcrisasi Nanopartikel Ekstrak Daun Sawo (Manilkara
zapota L.) dan Daun Suji (Pleomole Angustifilia) Dengan Berbagai Variasi Komposisi
Kitosau-Natrium Tripolifosfal. CENDEKIA EKSAKTA, 4(1).



6. Revision from Reviewer 3

e [nteractive Discussion Proof

Plaase fist your revision requests for the authors and provide your detailed comments, inchuding
limitations and strengths of the study and evaluating the validity of the methods results. and data
nterprezation. If you have additionsl camments based on Q2 and Q3 you can add them a5 well.

2 soviowsr 31 17 agr 2024 | 600 "
Nanumnpe 10; 1396309
FORMULATION OF 1ANOEMULSION BARIIOTD FRUT EXTRALT (Medinila $D2C053) WITH VARLATION CF TWESRS STASIUZERS

IN the MaTECTIEE, UNger rview, the curreat manuscnpt 2ims to This study 3imed to investigate the charactanstics of
nancemulsion formulations dertved from parijots frult extract and to svaluste an ootimum condition with various teeen
surfactant. i general, the ipt needs iderable imp it Mowever, there are some isaufficient flaws,
wich are [isted below Thersfars, major revisions ae requirec befare 1t can be publnhec

adstract:

Ling Mo, 75-30 Bartiche siaes or oropiat wase | would sugpest dropiet siass would De mors appropriats,

Line Mo, 3235 The suthor showid clear the composition Siscussion: 123 concentration of Tween 50 salvent, 2¥Tween
concantration.t

What i ylelging 3 cesiradility value of 074! wiadly rashirase the sentence with clarty.

Line wo. 43: The reference (Xiao 530 J B Muang. 2016} hat to comected 22 journal format

IPEroducuon:
Line Mo. &4-85: The sentance formation & poorty described, the auther should rephrase it

1. Biaborate the introsuction: The Masuscrist's INrDSucton & vary Short and needs t2 be xpandad to provide 3 clear
contest and backgound for the research. This will help the readers understand the sigrificance of the research and its
petentizl impact.

2. Incluze recent research: The manuscrpt needs 3 inclede the last 10 years of research and review articies from
Nanoemusion The adsence of recent research 5 A sigmficant faw that needs to be adoress=a. acdtionally, e
manucript should Sresent the most recent findings related ta the Misactivity of ewsential ol nanoermuisions.

General Mease check your spsling ane grammar

1. Do proper alignmere

1. include the L5t of asbreviations

3. pefarences should foliow 3s mentionss In the jouma author pudelines.

Ling Mo. 76; Incluse the “Congitios® after the “Fmulated g@strointestinal”

Line MO, 79: “So far” not *Thua far"

Ling Mo. 75-32° The sentance formation & poorly described, rephrase it

Ling Mo, 107 The frults used srs rpe fnaty 7 frults means ripsned. do noL use ripsasd fruft
Line Mo, 107, 113 & 114: ¥eed to sive space Detween number and symdol *70°C". The same has to e followed throughout
the manuscrpt

Line o, 1130 include make and fnstrument detalls for “cantrifuge™

Line M. 131: include make ang instrument detaiis for “somcator™

Lioe no. 136 Matvemn st 3.t

Line po. 187 include make and instrument detalls for the ~viscometer instrument

Ling MO, 215 ANOVA test, Whrich software was wed]

Line ho. 234 Check the numbar #79, 14334 628° !

Line Mo, 248 What i3 the Ultrs.saristed extraction method?

Challenges sssociated with the Stability of ¢ lsion need 1o be indiuded in the brief
Ao, nduseniak appbication of pariioto fryit or extract must be included.

Revise the corciusion: The conciusion part should be written with imorovement. Instead, the coliective research
information should e presentad In the conclusion part. This will help to Remmiarse the ressarchTs key findings ang thair
imptications effectivety.

| strongly recommend that the Author Mads 10 rs-wiite the sentence formation in many placss and kesp e unis ang
1ymdels appropeiate in the manuseript Alss, Eagieh language and tySographical crors nesd 1o e avoided in many places.
Overall, this manCript requIres more improvement to meet the standard i) the fisld of nancemulsion



7. Submission of Revised Manuscript 3

e [nteractive Discussion Proof

F Corespordrg Author: Victons Kt Aranessh | 91 Mey J004 | O7:57 0
waﬁl&utﬂdwwmhwﬂbmumnmhw

s and 10 the sefll of o
Vour metcsisun atbeetioe th Grtad and ugpetion br Favew beer irrvaluatse i % the clamity
e ity of ay wird. W sxgerine and GoualL Berve i i Lowerds, s sty several cosial
mwﬂnm:ﬂdﬂmm
Ve regah,

Lrw Mo 2900 Pacsede slom i rigtet slamd | ol siaguent dheplet slomy il et sttne spgeiprise

Thaaeh youl for yaesr bgat. Wt ajprme et ther st to (2 Lo ther it "Gt siae e Uher abutact fndt we

vesidd libe ¥y WD the whingy L] wtoar whith s petule e " We bedleve
thest thes Serm w reew pmragriete for the o iy v gy Wadeveg W hage that our decimion S e
tem Dertcle uee e be stcapied,

Lite he 20-25: The suther shiuls Ses Se e 2 - of Tweer: 50 ssfvems,

125 Tt sommertraion., ) Waat s ywsicling 9 desitadility vbue of 0.747 Kindy reptvame the useteres with clarey.
L (s, €8 Ther reforence (Nae S0 J & Hhang. 200 s b Corteteil o garnal lormss

e Mo for sry tarduni & s rul d 1 e 3305 Ther slabemreve
&muzudﬁsnamwwduﬂmMMAwlhmmdi—
kit 0 e formadation, abiticrally, S Serabitity salor of 0.74 was mtadiinbmd (brmugh e wabation

proxes, sl we witl anerd the seviiesste be (oUnl (e Cieme Lyt

Ve giresdy reyaued € (Lne 12.35)

*The eptiens proces fa T W oF 2 tyue of Tovemst (i s Svims: 10, Theen)
concetiaton of 11 A and perimts frut extrt corcentation of 7.5 A yeeideg & deviorbality wlos of 874,
ooy Lowg & o nexderste ™

Fewr dey the referrae (o e el My 2004) sfizd el O, we sbouniedys U ameradd sesl dliemly
carecied the raference ta othere o pumsd formetting sanderd, ine 5)-54

St an dieived ntecfariel Lo g form 2 salatartiady iefleertiel derr slestic Hlm on the smuluon
st (Yises B Vhaary IO

L o, G068 The npmoly d, the asber Suld fegese &

1. D the drlsod oy Thee sty Mrlochetion b very St ard sssec By Do eupunded 13 piovide 2
cimer contest soc Background for the heserch, Ths will by the resders srvierssand the pgrifcance of the
resesch sl s potesgis kgt

1 Welude rermet rmeseth: The attsc ot e 121 exliade (2o lant 10 peses of reserch ared seviow o tisdes foes.
saroemiivon. The stwsrce of recert seewrch & o sgreficant flaw that reseds (0 be sddmsed. Sddtiorally, the
sttt shocld promt the st et Feliegs relatodd 5o the biss thity of st ol sl namemisione,.

Wi Rutrwr revriand @2 (lree 3754 vk Thew 77-08).

Lrw T34



ety e,
mﬁﬂw-m{h-ﬁnmwmzhmmwmndh

Toead and Agri A (2009 v cred funiogy's sgpefican n
ummuuqﬁu-mu&mumghﬁm
(acilrate targeted defrery of food w‘d&mdhmd—dmm
temitigete adverse effects. The sticbutes of 2le food It are phatal in prpelng disene indotre,
weiuding food. ¢t de. snd ki Rat ., 2020, Dy to thew
mmmnnma&:mmﬂnwmm
dmmmhmmu‘ BN d =

The Sopiets or Ylebutes wh in W-— :

Mmmammu’mm-mm
of @ stable colinidsl system, schievirg binetic sabsity tiough the snsgemston of off, smudsfier, and weler
(Melements, 2006). Chang ot al. (2002} conducted wiliciry st = stabiizey in yyrthestory
neostdiye, dowising the subuny of L s sem extrare Surts o
mmﬂmﬂm.mﬂmlmuﬂmmmmmt
Huary, 20181

Uw T 9

Agpropr dation techrigues. uch o @_mumhmn
ﬁi&;\mdwdluyﬂkg‘ wonds while a0 pe rg bydsiyw
mhuﬂuuai_mw“dﬁynﬂmhwm
Urouh sctve o pasive Largeting - et ul (2014) inbroduted nonotschnoiogy &= an
e¥acve todd for eheory the bioavaiabiity anc b of gh 3 i ‘-‘—Ouuvpdn:
o ogy, eoviding apportinities (o addren ‘y‘l'_,_ -
functiont food Uoyce et =, m,s-uu.msaam«am (ol af

Lpuptate functonsl food Moreover, tesotschmelogy desed strategies have been sipiorad (5 msccate Cargles
rmatrces desived from plaet estracts, offering promivany prespects for developing cosel thesapeute fommelations.
MQLM;de_mﬂmnmmm-um

dhest of U formud can the ule Becugh the
mad..mm i) domeesd 4 hadie g nmﬁny-dhnw-
sinudated gatrureedng condition (Rafaner =t o 2078), Mulis e= ol (2017) dhowed the sptenum e wing =
P g bermogeniesion and Yuesn sel, up falors with dsicn. Resmsc)
M»O—aum.—ﬂ-—-uuu-ummmuﬂ
mmmmwwm ey Janrs Ny arvbony fueed
i joto toult. e e, o0 fi #) parijets frue ol ding varlees concentistions s
stalilisers wil] ssesh s be condietad, This study & conductod o et e o o Lk
Tirvrudatems dervd (ram partaong fuil extenes st 10 evaluste an opterien condton wilk seruus teess
wrfatiare,

< Une Mo 28 clude She “Condition” sftes the "smulated gestontestived

We harve teemed the sentevce (lre 89 91),

[ 2uion dewl & balse = atabiliry and slabdity in =
wmll‘un&m

Line N 7% “So fur® e “Th fa™

W hawe revaed the sevterce ilive 55 - 365

%o e, e fories e eto Nt it ing vanisc ared slatelimrs st
Mbhuﬁ‘“'ﬂi“h“ﬂb gatts e o Lot Eoarermfiat )
e o] fraem e JUtn SUE eatict aeed b ewrbate o cptrtm conditiel with variing tween wefactest

s e SR The 1 o poarty o ah

We irmmdy reptrased o (e 95 - 8

50 e, rowmsech o remcoessdiun Tuemmatal b o pue gt Hutt md g vernns hoes send staal s 1l
rowht to be coplated This sty s conchatod L innwstignts D st ber utics of nersmrmylson Sormdations
deriemd fromm part it Sult vatract sed A0 ovataale e spREmem orelition wild vt Teeen sarfactant.




Lirm e 101; Thee fraits sand v spe Busta 2 Fruses mses ripered, ds not wae ripered frus,

W cae the tem “ripe frunt™ & partjots froe can be e ocally whes (L5 el ripe". Meorwbile
“n-s%“nhlmﬂamm“

© LineNo. 107, 113 E 16 Need to give soace betwesn sumbes and symbol “TOU™. The ssme hes (0 te
felloomd thicatas e masscrie
W Burve sevised it

The drywy temperatuss wed was 70 1 for & hows. The dried Parjuts fnat = ther ground it powdes g 3
heechl grindes for 2 mincees

= Line No. 11X ircludes make and entrument detads for “centrifuge"

Whe futver s dtoe) 1L ot e detalls (line 1359320

Trve gumn of Sry sampile powder s 50 of 9955 sthared wore mised Uorouahly S heresgmty In S 259
i contrifuge bottes. Ther, o visls were somicated ning & 350 Smed Ul monic Woterbach with 2 0 0%
Breguency and 100 W poser for 30 minutes. Sclwegeetly, the samples weve sibpected 0 shakeg for one doue The
Mnnmawmu'cwwwp—.mpmwmu
whully collecied, v the ¥ it wan evapureded to dryem ander vacaan conditom, The residas
muuhnsm-da-dumg_mm gl 2 022 o mesmirane (iter, peri)
Tt et wes cttamend wned storsd i 20 T i UV Ve avslynin.

«Line M. 111 lexliche ke sedd bntrument detais for “soniator”.

‘W baves weritess 1t 1 migre details line 125-112)

Trow granm uf &y sanpte posder s 50 a0l of 9950 sthant wie e tharmughly S hamogemity in S 250
il centrfige botties, Then, ol visly were sonicated uing & Sio-Sesed Ultresone Waterbath with 2 € 0%
freguercy 2d 100 W posss for 30 minutes. Submepuesdy, the usmpies seve subgeciod 10 shaking for one has. The
mreifugetion ey wes pesformed et 000 gan st 4'C for 00 iinutes Ok, UBA), The sgeenstare wins thes
carefully collected, snd the semaimng wiution wes evaporassd (o dryres undes vacum conditom., The resides
was dnctved i 0.9 sthana aed dluted te 20 ag Aier Myl tenugh s 0.22 pow raeesbares fliter, parijins
friet ewtrant wes stanined and stored 8 20 T Tor UV ¥ iy,

Lirm Mo, 136 Malvern e ol Y

W bave revised It fine! 5

(Tetanizes Prec Mabvern Intruvents, LbE . Mabmrm )

“ 0 L Mo 6T, bechiate etk and wntrument detally for U “wscometer |intmee ™

W Save weitie |t i more Geasdls (line 1831883,

Mmmﬂnﬂamw 14t of sampie wis gt nt the ooy and
atacked o the sobveynt t2ap provided. The vocometer wan st at 200 g thres o X0 3




The total anthocyunin content In the dry samples and extracts wen 538,47 = ppm. The dried Panijoto exhibited
smifcant sraianidant acthaty, with 2 S iohibition value of 79.14 = 34.82.

< Line No. 2460 What is the Ultra-gssisted extraction method?

W have 1evived and menticned It (line 261-267).

The parijoto fruit extzact was obeaired through an extraction process wsing the Uira-assisted axtraction method.
The Uttra-assisted extraction method rvolves the utiitzation of & modified ulttasonic water bath for the sxtraction
of parity frat. This method harnesses ultrasonic energy to srhance the extraction process by facilitating cell wall
bresidown and increasing target compounds’ solubility. Dunng extraction, the parijoto fruit is immesed in e
wbvert within the ultravanic waterhath, whers ultnsooic waves are aupled to the ssmple,

Ve haves reeyised and justified typowriting based an the susgestions given by reviewses which can be seen in the
e below, '

«  Chelenges associated with the Stability of nenoemulsion need o be included i the boiel.
Also. Inchastris] application of parijoto fruit or extract mant be included.

Wit haves reevised (¢ (Une 520-531).

The challenge is the propensity for Outwald ripening, whensin larger dioplets grow at the experss of smaller ones,
lemacling to phase separation and reduced shelf-tfe. Additionstly, factors such as temperatire fluctustions, ph
changes. ard expasure to tight an exacerhste instability, covsing particle agsregation arxd cresming. Surfactant
degradstion over time & ancther concent, as it can compramise the smuision s abiiity to mantain o stable
dipersion. However, the industrial application af parijoto frult or sxtract holds significent potential. Sarbjoto frult,
kncwn for its rich content of bosctive compours, inciuding snthocyanins, flavenoids, and phenciic scids, of fers
varicus hasith berefsts such as anticoidant and anti-inflarynatory groperties. Incorporating parijote extract into
renosmulsiorn can enhance its bicavailsbility and «fficacy, making it suitable for a rarme of industrial spalications
e=pacially food functional and nitraceticsl.

« Reswise the conclimion: The conclision peart shouied be written with improvement. intesd the collectie
reeyrch mformation shoukd be presented in the conclusion part. This will heip to summarize the researchs hey
fiexdings and their implication effectiely

Wi have revised the conclusian (line 562-576).

in this weries of experimeants; nanosmulsin fram perijoto fruit has been characterized, comsidering various
piysicocherical parameters such o particie size, poliydspesity index, T-potemtial, conduttivity, pH, and viscosty
re=pectively ranged from 14,603+16.73 nm ta 118,053+4.5825 nm, 0.4020.038 to 0.874-0.100, -22.197-0.738 mV/
10 -28.207+1.558 miV, 0.064:0.01] tw 0,080+0.010 miS/cm, 2exd 6,747+0.035 to 6.897-0,006, and 3.827-0.021 to
3.633-0.055. The research results indicate significant variations in the physcal cheracteristics of both
rencenaterials regarding changss 0 surfaciant ard parijoto extrace concentrations. Incressed cafactant
concentration tends to prodoce smaller particle sizes and & more homogsnsoos distribution, althoush cersin
tmmitatiors were fourd that jeed 1o ssfactant sgeregation and miceile formation. The nanoemuizion
characteristics include I-potential | polydspersity, particle size, condactivity, pH. and viscosity. The type and
curcentration of surfactants played » crucial role i determining the properties of the nanoemulsions. Vetiations in
surfsctant perametess resiited in cbaervalie differences in emulsion characteristics, highlightiog the importance
of surfactant selection and optimization. To achieve optimal naroermulsion process conditions, it is recommendsd
to use Tween 80 with 123 Tween concentration and 7.5% parijoto fruit extract concentration, resitng in &
dessitabrility values of 0.74. o the modkrate categony.



e Supporting File

We would like to extend my heartfelt gratitude for taking the time to review our
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invaluable in enhancing the clarity and quality of our work. Your expertise and
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ensuring a more robust and comprehensive manuscripl.

Warm regards,



o Line No. 29-30: Particle szes or droplet sizes? | would suggest droplet sizes
would be more appropriate.

Thank you for your input. We appreciate the suggestion to use the term "droplet size”
in the abstract, but we would like to maintain consistency with the terminology usedin
our research, which is "particle size." We believe that this term is more appropriate for
the characteristics we are studying. We hope that our decision to use the term "particle
size" can be accepted.

e Line No. 32-35: The author should clear the composition discussion: 12%
cancentration of Tween 80 solvent, 12%Tween concentration...? What is yielding
a desirability value of 0.74? Kindly rephrase the sentence with clarity. Line No.
49: The reference (Xiao 50 J & Huang, 2018) has to corrected as journal format.

We apologize for any confusion regarding the composttion discussion mentionad in
lines 32-35. The statement clarifies the use of Tween 80 as an optimal type of stabilizer,
along with a separate 12% concentration of Tween utilized in the formulation.
Additionally, the desirability value of 0.74 was established through an evaluation
procass, and we will amend the sentence to provide clearer context.

We already revised it {Line 32-35)

“The optimal process conditions for nanoemulsion consisting of the type of Tween
used are Tween 80, Tween concentration of 12 %, and parijoto fruit extract
concentration of 7.5 %, yielding a desirability value of 0.74, categorizing it as
moderate,"

Regarding the reference to Xiao and Huang (2016) cited in line 49, we acknowledge
the oversight and already corrected the reference to adhere ta journal formatting
standards (Line 53 -54)

“Surfactants can diminish interfacial tension and form a substantially influential steric
elastic film on the emulsion results (Xiao & Huang, 2016)"

» Intreduction:
Line No. 64-65: The semtence formation is poorly described, the author should
rephrase it.



1. Elaborate the introduction: The manuscript's introduction is very short and needs to
be expanded to provide a clear context and background for the research. This will help
the readers understand the significance of the research and its potential impact.

2, Include recent research: The manuscript needs to include the last 10 years of
research and review articles from Nancemulsion. The absence of recent research is a
significant flaw that needs to be addressed. Additionally, the manuscript should
present the most recent findings related to the bicactivity of essential oil
nanoemulsions.

We have revised it (line 37-54 and line 77-98).
Line 37-54

Nanotechnology underwent pregressive evolution, characterized by measurements on
the nanometer scale, approximately 107 meters (Ariningsih, 2016). Acknowledgment
from the World Health Organization (WHO) and the Food and Agriculture Organization
(FAQ) (2009) underscored nanotechnology's significant potential in enhancing foad
products, attributed to its capacity to modify surface characteristics and particle size.
Such modifications facilitate targeted delivery of food compounds to specific organs
and the controlled release of active compounds to mitigate adverse effects. The
attributes of nanoscale food materials are pivotal in propelling diverse industries,
including food, pharmaceuticals, and extensive nutraceutical applications (Rahman et
al., 2020). Due to their substantial surface area-to-volume ratio, nanoemulsions exhibit
enhanced stability against gravitational separation and aggregation, owing to their
distinct physicochemical and biolegical characteristics compared to conventional
emulsions. The droplets or globules inherent in nanocemulsions mitigate gravitational
forces and Brownian motion, thereby averting creaming or sedimentation during
storage. Nanoemulsions denote a nanotechnological rendition of 3 stable colloidal
system, achieving kinetic stability through the amalgamation of oil, emulsifier, and
water (McLements, 2016). Chang et al. (2022} conducted research utilizing surfactants
as stabilizers in synthesizing nanocemulsions, showcasing the stability of nancemulsion
particle size in curcumin extract. Surfactants can diminish interfacial tension and form a
substantially influential steric elastic film on the emulsion results (Xiao & Huang, 2016).

Line 77 - 99

Appropriate nano-encapsulation techniques, such as nanoemulsion, have shown the
potential to enhance the stability, bioavailability, and solubility of lipophilic bioactive



compounds while also preventing hydrolysis and oxidation (Rosso et al, 2020).
Nanoemulsions are widely utilized nanoformulations in food-related industries through
active or passive targeting mechanisms. Gunasekaran et al. (2014} introduced
nanotechnology as an effective tool for enhancing the bioavailability and bioactivity of
phytomedicine. Nanoemulsion has emerged as a novel technology, providing
opportunities to address challenges associated with delivering micronutrients in
functicnal food (Joyce etal., 2014). Shin et al. (2015) explored recent advancements in
nanofermulation of lipophilic functional foods.Moreover, nanotechnology-based
strategies have been explored to associate complex matrices derived from plant
extracts, offering promising prespects for developing novel therapeutic formulations
(Zorzi et al, 2015). Synthesis of nanoemulsion using mangosteen peel extract rich in
anthocyanins as the main ingredient of the formulation can increase the dominant
penetration of a-mangestin through the stratum corneum (Pratiwi et 2l., 2017), Catechin
nanoemulsion showed a remarkable improvement in stability and bicavailability in
simulated gastrointestinal conditions (Rafanar et al,, 2016). Mulia et al. (2017) showed
the optimum results using a high-speed homegeneation and Tween surfactant to
prepare nanoemulsions with nancemulsion. Research conducted by Chang et al.
(2022) used Tween as the surfactant in the stable nanoemulsion synthesis loaded
curcumin extract. This highlights the opportunity to develop nancemulsion
formulations for anthocyanins found in parijoto fruit. So far, research on nanoemulsion
formulation in parijoto fruit involving various concentrations and stabilizers still needs
to be conducted. This study is conducted to investigate the characteristics of
nanoemulsion farmulations derived from parijote fruit extract and to evaluate an
optimum condition with various tween surfactant.

¢ Line No. 76: Include the “"Condition” after the “simulated gastrointestinal”
We have revised the sentence (line 89 - 91).

Catechin nancemulsion showed a remarkable improvement in stability and
bioavailability in simulated gastrointestinal conditions (Rafanar et al, 2016).

e Line No. 79: "So far" not “Thus far”
We have revised the sentence (line 95 - 98).

Seo far, research on nancemulsion fermulation in parijoto fruit invelving various
concentrations and stabilizers still needs ta be conducted. This study is conducted to



investigate the characteristics of nanoemulsion formulations derived from parijote fruit
extract and to evaluate an eptimum condition with various tween surfactant.

o Line No, 79-83; The sentence formation is poorly described, rephrase it
We already rephrased it {line 95 - 98).

So far, research on nancemulsion formulation in parijoto fruit involving various
concentrations and stabilizers still needs to be conducted. This study is conducted to
investigate the characteristics of nanocemulsion formulations derived from parijoto fruit
extract and to evaluate an optimum condition with various tween surfactant,

o Lire No. 101: The fruits used are ripe fruits...? Fruits means ripened, do not use
ripened fruit.

We use the term "ripe fruit" because parijoto fruit can be consumed locally when it is
“half-ripe”. Meanwhile, what we use is "fully ripe” parijote fruitwith a slightly softtexture.

» Line No. 107, 113 & 116: Need to give space between number and symbol
"70°C". The same has to be followed throughout the manuscript.

We have revised it

The drying temperature used was 70 “C for 6 hours. The dried Parijoto fruit is then
ground into powder using a herbal grinder for 2 minutes.

o Line No. 113! Include make and instrument details for "centrifuge”
We have written it in more details (line 125-132),

Five grams of dry sample powder and 50 mL of 99.5% ethanol were mixed thoroughly
for homogeneity in four 250 mL centrifuge bottles. Then, all vials were sonicated using
a Bio-Based Ultrasonic Waterbath with a 40 KHz frequency and 100 W power for 30
minutes. Subsequently, the samples were subjected to shaking far one hour. The
centrifugation step was performed at 4,000 rem at 4°C for 10 minutes (Ohaus, USA).
The supernatant was then carefully collected, and the remaining solution was
evaporated to dryness under vacuum conditions. The residue was dissolved in 99.5%



ethancl and diluted to 20 mL. After filtering through a 0.22 pm membrane filter, parijoto
fruit extract was obtained and stored at -20 °C for UV-Vis analysis.

e Line No, 131: Include make and instrument details for “sonicator”,
We have written it in more details (line 125-132).

Five grams of dry sample powder and 50 mL of 99.5% ethanol were mixed thoroughly
for hamogeneity in four 250 mL centrifuge bottles. Then, all vials were sonicated using
a Bio-Based Ultrasonic Waterbath with a 40 KHz frequency and 100 W power for 30
minutes. Subsequently, the samples were subjected to shaking for one hour, The
centrifugation step was performed at 4,000 rpm at 4°C for 10 minutes (Ohaus, USA).
The supernatant was then carefully collected, and the remaining solution was
evaporated to dryness under vacuum conditions. The residue was dissolved in 29.5%
ethancl and diluted to 20 mL. After filtering through a 0.22 pm membrane filter, parijoto
fruit extract was obtained and stored at -20 °C for UV-Vis analysis.

e Line No, 136; Malvern et al.?
We have revised it {line 153}
[Zetasizer Pro; Malvern Instruments, Ltd., Malvern.)

e Line No. 167: Include make and instrument details for the “viscometer
instrument”

We have written it in more details (line 183-188),

Viscosity measurements are carried out using a viscometer brookfield. 14 mL of sample
was put into the cup and attached to the solvent trap provided. The viscometer was set
at 200 rpm, three rotations, for 30 seconds.

¢ Line No. 215: ANOVA test, Which software was used?

All statistical analyzes were carried out using the statistics 12.5 application presented
at the beginning of the sub-chapter {line 190-194),



In this study, primary data in 3 repetitions of extraction and three repetitions of testing
were averaged and given a standard deviation value for each treatment combination
using Statistica 12.5 by StatSoft. The data is then entered into a stalistical application,
arranged in a combination of factarial points, axial points, and central points with three
repetitions. After that, the data was analyzed, and several test stages were carried out,

o Line No, 236: Check the number "79,14334.82%"... 7
We have revised it (line 251-252).

The total anthocyanin content in the dry samples and extracts was 538.47 = ppm. The
dried Parijoto exhibited significant antioxidant activity, with a % inhibition value of
79.14 = 34.82.

o Line No, 246: What is the Ultra-assisted extraction method?
We have revised and mentioned it {line 261-267).

The parijoto fruit extract was obtained through an extraction process using the Ultra-
assisted extraction method. The Ultra-assisted extraction method involves the
utilization of a modified ultrasonic water bath for the extraction of parity fruit. This
method harnesses ultrasonic energy to enhance the extraction process by facilitating
cell wall breakdown and increasing target compounds’ solubility. During extraction, the
parijoto fruit is immersed in & solvent within the ultrasonic waterbath, where ultrasonic
waves are applied to the sample.

We have revised and justified typowriting based on the suggestions given by reviewers
which can be seen in the lines below.

» Challenges associated with the Stability of nancemulsion need 1o be included
in the brief.
Also, Industrial application of parijoto fruit or extract must be included,

We have revised it (Line 520-531).
The challenge is the propensity for Ostwald ripening, wherein larger droplets grow at

the expense of smaller ones, leading to phase separation and reduced shelf-lde.
Additionally, factors such as temperature fluctuations, pH changes, and exposure to



light can exacerbate instability, causing particle aggregation and creaming. Surfactant
degradation over time is another concern, as it can compromise the emulsion's ability
to maintain a stakle dispersion. However, the industrizl application of parijoto fruit or
extract holds significant potential. Parijoto fruit, known for its rich content of bioactive
compounds, including anthocyanins, flavonoids, and phenolic acids, offers various
health benefits such as antioxidant and anti-inflammatory properties. Incorporating
parijoto extract into hancemulsions can enhance its bioavailability ang efficacy, making
it suitable for a range of industrial applications especially food functionzl and
nutracetical.

» Revise the conclusion: The conclusion part should be written with improvement.
Instead, the collective research information should be presented in the
conclusion part. This will help to summarize the research’s key findings and their
implications effectively.

We have revised the conclusion (line 562-574).

in this series of experiments, nanocemulsion from parijoto fruit has been characterized,
considering various physicochemical parameters such as particle size, polydispersity
index, Cpotential, conductivity, pH, and viscosity respectively ranged from
14,603+16.73 nm to 1180534.5825 nm, 040220.038 to 0.874+0.100, -
22.197=0.738 mV to -28.207+1.598 mV, 0.064+0.013 to 0.090+0.010 mS/cm, and
6.747+0.035 to 6.897+0.006, and 3.827=0.021 to 5.633+0.058. The research resuhs
indicate significant variations in the physical characteristics of both nanomarterials
regarding changes in surfactant and parijoto extract concentrations. Increased
surfactant concentration tends to produce smaller particle sizes and a more
homogeneous distribution, although certain limitations were found that lead to
surfactant aggregation and micelle formation. The nancemulsion characteristics
include Z-potential , polydispersity, particle size, conductivity, pH, and viscosity. The
type and concentration of surfactants played a crucial ole in determining the
properties of the nanoemulsions. Variations in surfactant parameters resulted in
observable differences in emulsion characteristics, highlighting the importance of
surfactart selection and optimization. To achieve optimal nanoemulsion process
conditions, it is recommended to use Tween 80 with 12% Tween concentration and
7.5% parijoto fruitextract concentration, resulting in a desirability value of 0.74, into the
moderate category.
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Abstract

Nanotechnology was deemed to possess substantial potential for development owing to its ability to
medily surface charactenstics and particle size, fcililaling cubianced absorption of lunelional food
compounds and controlled release of active substances to mitigate adverse effects. Nanoemulsion, a
stable colloidal system formed by blending oil. emulsifier, and water, was identified as
nanotechnology with promising apphications. However, investigations into the impact of surfactants
on characienistic nanoemulsions, needed o be more varied. This research gap necessitated further
exploration in the advancement of nanotechnology-based foods. The parijoto fit (Medinilia
speciosa), an indigenous plant species in Indonesia, has yer to undergo extensive scrutiny for its
potential use as a functional aud nutraceutical food. Anthocvamns, a principal compound in the
parijoto fout, had exhibited efficacy in reducing the risk of cardiovascular diseases, diabetes, and
inflammation, and demonstrated anti-inflammatory and antioxidant properties. This study aimed to
vestigale the characlenstics of nanoemulsion formulatons denved from pariioto fuil exfmet and to
evaluate an optimum condition with various tween swrfactant. The findings from this investigation
conld firnish valuable insights for the further advancement of anthocyanin nanoemulsions from
parijoto fruit extract. The resulls comprised the characterization of uanoemulsion particle size,
polydispersity index, zeta potential. conductivity. pH. and viscosity. RSM is used to optimize
nanocinulsion by exammng the relationships and mleractions between independent variables and
response vafiables through mathematical modeling and statistical methods, Furthenmore, the
characlenization of nanocinulsion cucompassed zeta polental, polydispersily, particke size,
conductivity, pIL. and viscosity. Elevated swifactant concentrations resulted i diminished particle
sizes and wore wm form size distibution, albeit reacling a platean where surfactant aggregation and
micetle formation ensued. Increased concentrations of surfactant type, concentration, and panjoto
extract impacted the physical characteristics of nanoparticle size and polvdispersity. The optimal
process conditions for nancenmlsion comprised a 12% concentration of I'ween 80 solvent, 12%
Tween concentration, and 7.5% parijoto fruit extract concentration, vielding a desirability value of
0.74, categorizing it as moderate.
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1 Introduction

Nanotechnology underwent progressive evolution, characterized by measurements on the nanometer
scale, approximately 10°-9 meters {Ariningsih, 2016). Acknowledgment from the World Ilealth
Organization {WHO) and the Food and Agriculture Organization (FAO) (2009) underscored
nanotechnology’s significant potential in enhancing food products, attribured to its capacity to modify
surface characteristics and particle size. Such modifications faciliate targered delivery of food
compounds 1o specific organs and the controlled release of active compounds to mitigate adverse
cifeets. The attributes of nanoescale lood malerials are pivotal in propelling diverse industrics,
mchding food, phanmaceuticals, and extensive nutraceutical applicanons (Rahman et al,, 2020).
Naunocinulsions denole a nanotechnological rendilion ol a stable colloidal system, achieving kinetic
stability throngh the amalgamation of oil, emulsifier, and water (McLements, 2016). Chang et al.
(2022) conducted research utilizing surfactants as stabilizers in synthesizing nancemulsions,
showeasing the stability of nanoemulsion particle size in cirenmin extract. Surfactants can diminish
interfacial tension and form a substantially influential steric elastic film on the emulsion results (Xiao
J & limang. 2016).

Renowned for its tropical climate and vast biodiversity, Indonesia harbours at least 30,000 plant
spectes, with 7.000 being herbal plants with doenmented health benefits (Widvowan & Agil, 2018;
Jumiami & Komalasari, 2017). Parijoto (Medinilla speciosa), an endemic plant species in Indonesia,
remnains welatively understudied forils scientific potential in pharmacy, {unctional loods, aud
nutraceuticals. Analysis has confinned that the parjjoto fiuit camprises phytochemical components
such as anthocvanins, [lavonoids, saponins, lannins, alkaloids, cardenolides. and glyeosides
{Balamurugan, 2014). Anthocyanins, a predominant compound in parijoto fruil, demonstrate efficacy
m reducing the nisk of cardiovascular diseases, diabetes, and inflannmation while possessing notable
anti-inflammatory and antoxidant properties. [xtraction technigues yield varving anthocyanin
contents, with the peel extract and whole trur extract regastering 208.75 and 173.7 mg/L,
respectively (Sa'adah et al_, 2020). Varions factors influence anthocyaning' stability, including
chemical struchire, concentration, solvent, pH. storage temperamre, light, oxygen, metal 1ons,
profeins, and flavonoids. Weak statulity under hugh pH. high temperature, and light exposure has
been abhserved (Ito et al., 2021}, with fower pIT contributing to enhanced stability (Moldova et al.,
2020). Heating at elevated temperatures accelerates anthocyanin degradation (Khoo etal.. 2019).

In recent years, Response Surface Methodology (RSM) has emerged as a prominent multivariate
statistical technique for optimizing vanous processes. Initially introduced by Box and colleagnes m
the 19505, RSM facilitates the examination of the relationship and interactions among independent
variables and response variables throngh mathematical modeling and statistical methods (lzavidan et
al., 2019). RSM has been suceesslully cmployed in cubancing and optimizang therpeulic extracl and
drug nanoemulsion (Samiun et al., 2020}, In this study, Central Composite Design (CCD) Response
Surlface Methodology (RSM) was employed Lo optimize the qualily pammeters of the nanocinulsion.

Appropriate nana-encapsulation techniques, such as nancemulsion, have shown the potential to
cnhance the stability, bicavailability, and solubility of lipoplilic bioactive campounds while alse
preventing hydrolysis and oxidation (Rosso et al., 2020). Catechin nanoemulsion showed a
remarkable improvement of stability and bioavailability in simulated pastrointestinal (Rafanar et al,
2016). Research conducted by Chang et al. (2022) used Tween as surfactant in the stable
nanoemulsion synthesis loaded curcumin extract. 'I'his underscores the potential for developing
nanoemulsion formulations for anthocyaning i partjoto fant. Thus far, research on nancemmision
formulation i panjoto fiuil, mcorporating various concentrations aud stabilizers, still needs o be

This is a provisional [ile, not the final typesel article
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conducted. This study 1s dedicated to mvestigating the characteristies of nanecmulsion lormulations
derived from panjoto fuil extract and evalualing an oplimum condition with various tween
surfactant.

2 Materials and Method

2.1 Materials

Grinder (Binder), Erlenmeyer (Pyrex), beaker glass (Pyrex). volume pipette, test tube (Pyrex), test
tube rack, fimnel (Pyrex), measuring flask (Pyrex), vacnum n filter 0.22 nm (Sartorius Stedim 11694-
2-30-06), vial, micropipette (Socorex), blve rip (Biologix 1 nml. pipette tips), hotplate (Cimarec et al.
SP142025Q), vortex (Thermolyne et al.), Ultrasonic Cleaner (Biobase UC-10SD) modified, UV-VIS
spectrophotometer {Shimadzn, UV-1280), aluminium foil, filter paper. 0.22 pm filter membrane
(Wattman). Cabinet dryver (HetoPowerDryv LL1500), rotary evaporator (Biobase RE-2000E). syringe.
aualytical balance. Fresh parijoto, ethanol pro avalysis (Merck, Germany), methanol pro analysis
{Merck, Germany), distilled water, aqua bikes, folding ciocalteu 10% (Merck, Germany). Na2CO3
7.5% (Merck, Germany), DPPH solution (Merck, Germany), Quarcetin (Merck, Germany), AIC13
(Merek, Genmany), ammoniun acetale | M(Merck, Gennany). acctone (Merek, Genmauy ).
acetontrile {(Merck, Genmany), standard cyanide (Zigma), delphinidin ghy standard (Zigma), Tween
20 (Merek, Germany), Tween 60 (Merck, Genany), Tween 80 (Merek, Geruany), and Span 20
(Merck, Germany).

2.2 Preparation of Dry Samples of Parijoto Fruit Extract

Sarnples used in this study are fiuits from the Parijoto plant (Medinilla speciosa) cullivated and
harvested on the slopes of Mount Muria, Kudus. The fiwits used are ripe fiuits harvested when the
Parijolo plant reaches [ull maturity, typically around 90- 100 days aller flowenng Parijolo, which had
been cleaned and sorted. was weighed 200 grams for each treatment. The fruit that has been weighed
1s then steam-blanched for 3 minuies. Prepare a citne acid solution with a coneentration of 1% [or
pre-treatment of fruit before drving. After that, soak the parijote fiur in the cirric acid solution for 5
minutes and dain. The Cabinet Dryer is cleaned before use to maintain hyvgiene and avoid cross-
contamination. The drying temperature used was 70°C for 6 hours. The dried Parijoto fruit is then
ground into powder using a herbal grinder for 2 mimues. After that, the sample will be extracted for
further testing. The daed Pasjoto will e chemically analyzed using UV-Vis spectroscopy.

2.3 Making Parijoto Extract using Ultrasonic Assisted Extraction (UAE)

Five grams of dry sample powder and S0 mL of 99.5% ethanol were nuxed thoroughly lor
homogeneity in four 250 ml. centrifuge bottles. Then, all vials were sonicated (10 Kliz, 100 W) for
30 mn, followed by shaking for one hour, centrifuged at 4,000 rpm (4°C) for 10 min, collected the
supernatant, and evaporated to dryness under vacuum. I'he residue was dissolved in 99.5% ethanol
and diluted o 20 mI.. After filtering throngh a 0.22 ym membrane filter, panjoto fut extract was
obtained and stored at -20°C for analysis using UV-Vis,

2.4  Preparation of Anthocyanin Nanoemulsion from Parijoto Extract

Approximately 3 mL of anthocyamn nancemulsion with concentrations of 2 mginl., 4 mg/mL, and 6
mg/ml, respectively, were prepared by collecting a portion of parijoto extract, and the solvent was
removed with mtrogen. The solvent removal process during anthocyanin exiraction can be momtored
using a combination of visual inspection and periadic weight measurements. Visual inspection

‘e
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mvolves observing the extimet as the solvent evaporales, noling i1s mxreasing concentration
evidenced by a thicker and more viscous appearance. Periodic weighing of the contamer or flask
containing the extract allows for the tracking of weight loss as the solvent evaporates. Once the
weight stabilizes or reaches a predetenmined target, it sigmfics that the desired solvent ranoval mte
has been attained, ensuring the production of a concentrated anthocyanin extract suitable for further
analysis. Anthocyanin nanoemulsion was prepared using a combination of surfactants that have low,
medinm, and high hydrophile lipophile balance (FII.B). namely Twen 20, Tween 60, and Tween 80.
Then, surfactant (0.24 g) was added, and the mixture was homogenized entuely. This was followed
by adding ( 2.76 g) deionized water and mixing again for complete dispersion of surfactant in water.
The solution was then sonicated in a sonicator with a temperanwe ot 35°C, frequency of 45 Hz, and
100% power for 60 minutes. To produce a good nanoemulsion, homogenization was carried out
using high shear homogenization al 15,000 mpn with a temperature of 4 C for 15 minutes.

2.5 Characterization of Particie Size and Polydispersity Index of Nanoemulsion Parijoto
Fruit Extract

The particle size analysis tool nsed in this study was the Zetasizer (Zetasizer Pro: Malvem et al ),
which operates based on the general principle of dynamic light scattering (DLS). This tool has a
detector placed ar an angle of 173° from rhe nansmitted light beam and detects size using a patented
techmology known as noninvasive backscattering. This techmque is used lor various purposes. One is
Lo reduce the cffcet known as multiple scatlening, making it casier to measure samples with high
concentrations. Modifving McClements (2016), the particle size distribution and average particle size
ol panocmulsions were delenuined by dvoamic ight scattering (DLS) at a wavelength of 633 mu snd
a temperature of 25 °C.

2.6 Characterization of Zeta Potential Nanoemulsion Parijoto Fruit Extract

The C-potential of Parsjoto Frust Extract Nanoemulsion was evaluated using C-potential analysis
(Zetasizer Pro; Malvern Instruments, Ltd., Malvern) following the method described by Khalid et al.
(2017}, The Z-poleniial of (e samples was evalualed automatically using 10w 100 analviical nns
after equilibration for 120 s at 23 °C. The zeta potential of the particles was measured by phase-
analysis light scattering (PLS) using a Zeta dip cell.

2.7 Characterization of the Conductivity of Nanoemulsion Parijoto Fruit Extract

Thie conductivity of nanoetulsion particles was measured by phase-analysis light scatiering (PLS)
using a Zeta dip cell with a cnvet electracle. Samples were evahated antomatically using 10 to 100
analvtical runs after equilibration for 120 seconds at 25 “C. The detector is placed at an angle of 173"
from the transmirted light beam.

2.8 pH Measurement of Nanoemulsion Parijoto Fruit Extract

The pH was determined using a Schott pH meter al room temperatue (27 = 2 °C), calibrated with a
standard buffer of pIT 7. The pH analysis of the Panjoto fnut extract nanoemulsion sample was
carried out using a pH meter with a particular electrode, First, the pH meter is set and calibrated with
a standard bulfer solution at 2 known pH, generally at pH 4.0, 7.0, and 10.0. Samples were diluted
with ten mM phosphate buffer pH seven before analysis to avoid multiple scattering effects during
testing. ‘The pIT meter electrode is then carefully inserted into the sample to ensure good contact.
Ouce the electrode is stable, a pH reading is laken and recorded. This step is repealed as necessary o
obtain consistent results. ‘This pH analysis provides essential information regarding the acidity or
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alkabnity level of nanoenulsion and nanceitosan Parijolo [uit extract, which can allect the stability
and quality of products using the nanoctnulsion.

2.9 Viscosity Mcasurement of Nanocmulsion Parijoto Fruit xtract

Viscosity measurements are carried out nsing a viscometer instmment. 14 ml. of sample was put into
the cup and attached to the solvent trap provided. The viscometer was set at 200 1pm, three rotations,
for 30 seconds. The measurement process begins by activating the viscometer, and this tool
automatically measures the time required for a liquid to flow through the viscameter tube at a
specific temperature and rpm. T'his time, a predetermined formula converts the reading into a
viscosity value. Repeated measurements can be made ro ensure consistent resulrs.

2.10 Statistical analysis uses Response Surface Methodology.

In this smdy. primary data in 3 repetitions of extraction and three repetitions of testing were averaged
and given a standard deviation value for each rreatment combination using Statistica 12.5 by StatSoft.
‘The data is then entered into a statistical application, arranged in a combination of factonal points,
axial points, aud central points with three repetitions. Afler thal, the data was analyzed, and scveral
test stages were camied out. The basis for testing is studentification from primary data.
Studentification means (hat the scale of the variable is adjusled by dividing it by the esimated
population standard deviation. Vanability in sample standard deviation values contiibutes to
additional uncertainty in the calculated value. This will cause problems in finding the probability
distiibution of each statistic studied.

2.10.1 Effect Summary

This test can summarise the effects of the combination of freatments used. The Longworth valne in
the results of this test is defined as -log (p-value) and is a transformation of the p-value based on the
Pearson Chi-Squared test. The Pearson Chi-Sguared rest evaluates the possibility of the split being
caused by chance. The higher the Pearson Chi-Squared value, the higher the probability of the split
being caused by dependency. In general, if the worth is greater than 2, then the statistical model
considers the vanable necessary.

2.10.2 Lack OfFit

Model suitability testing (lack of fit) is carried out to review whether the model equation is
acceptable or not in predicting responses. In the lack of fit test. the following hypothesis is used:

HO = no lack of fit (suitable model)

H1 = there 1s a lack of fit (the model is not suitable)

The hypothesis 1s concluded by companing the calculated F value with the F table. The calculated F 1s
obtained from the statistical test results and displayved in the ANOV A table. The F table value is
obtained from the T Distribution Table. The critena for the lack of fit test are:

I count == I rable, then 110 is accepred. I count = I table, then T10 is rejected.

Auother parameler that can prove (he suitability of the medel obtained is by companng the p-value

with the a value. Ifthe p-value of lack of fit is smaller than the a value. then there is a significant
lack of fit, so the mode! obtained is not appropriate.

N
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2.10.3 Summary Of Fit

The R square and Rool Mean square crmor values are oltained in this test. Measures the diflerence m
values from a madel's predictions as estimates of the observed values. R square is also known as the

coefficient of determination, which explains how far independent data can explain dependent data. R
square has a value between 0 — 1 with the condition that the closer it is to one, the better it is. If the r
square 1s 0.6, the independent variable can explain 60% of the distribution of the dependent variable.
The independent variable cannot explain the remaining 410% or can be explained by variables outside
the independent varable (error component).

2.10.4 Parameter Estimates

The parameter estimates are the coefficients of the linear predictor. This value represents the change
inresponse il you have a certain level of a calegorical predictor or a change of I unit [or a continuous
predictor, which means the same thing as in a multiple regression analysis with contimions response.

2.10.5 Analysis Of Variance

The ANOVA test (Analysis of Variance) has the following rest criteria:

110 15 accepted if T connt = T table, which means the madel cannot be accepted statistically becanse
no independent vanables have a real influence on the response.

HI 1s accepted it F connt > F fable, which means the maodel is statistically acceptable and at least one
independent variable has a real miluence on the response

2.10.6 Fitted Surfaces

‘The depiction of the fitted surface is carried out using the Central Composite Design madel. The
experimental design is factorial, specifically Central Composite Design (CCD). CCD was chosen
over Box-Behnken Design because CCD provides more design points in terms of axial points.
Additionally, CCDs can run expeniments al extrerne values, providing betler quadratic equations for
analysis. CCD contains a factorial or fractional factorial design with a central point angmented by a
group ol 'axial points' that allow estiimation ol curvature. If the distance [rom the center of the design
space to the factorial pointis + 1 unit for each factor, the distance from the center of the design space
1o the axial point is | a | = [, The exact value of ¢ depends on the properties desired for the design and
the number of [actors involved. The CCD has twice as many star points duc (o a factor in the design.
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3 Result & Discussion

3.1 Phytochemical Profiles of Dried Parijoto Fruit

Drying Parijoto Fruit is cartied out using a cabinet dryer at a temperature of 70°C for 6 hours.
The results of drving parjolo [ruit were obained through (he preparation process, he
antioxidant and anthocyamn activity profiles were expressed respectively in units of %
inhibition and ppm. The results of the antioxidant activity of dried and extracted parijoto fnut
were 79.14334 82%. % The total anthocyanin content in the dry samples and extracts was
53847 1 ppm. The dried Parijoto exhibited significant antioxidant activity, with a % inhibition
value of 79.14 + 34.82. This indicates a substantial capacity to neutralize free radicals, which
are nmplicated in various chronic discases and aging processes. The high anfioxidant activity
suggests that the drying process did not significantly diminish the antioxidant potential of
Partjoto. The total anthocyanin content of the dried Parijoto was found to be 533847 + 4.67
ppm. Anthocyanins are a gronp of pigmented compounds known for their antioxidant
properties and potential health benefits. The retention of anthocyanins after the drying process
indicates thal cabinel drying cilcetively preserved these bioactive conpounds in ile driced
Partjoto

The parjoto fruil extracl was oblained lhrough an extraction process using (e Ulira -assisted
extraction method. The antioxidant and anthocyvanin activity profiles of patijoro frmr extract.
The characterization of Panijoto extract as a filler in nanoemuision involved varions analyses
o assess 1ts antioxadant properties and phytochemical composition. The extraction methad
cmployed was ultra-assisled extraction, which 1s known for 1s efficiency in exlracling
Dioactive compounds from plant tuaterials. The antioxidant activity of the Parijolo extract was
evalnared, vielding a % inhibition vahie of 50.77646.18. This indicates a significant level of
antioxidant capacity. which is cmeial for combating oxidative stress and preventing cellular
damage caused by firee radicals. Furthermore, the total anthocyanin content of the extract was
deferimued Lo be 94.43=4 14 ppin. Anthocyanins are well-known antioxidants found m many
fiuits and vegetables, known for their potential health benefits, meluding anti-inflammnatory
and anti-cancer propertics. The favonoid conlent of the Parijoto exiracl was measured to be
126.85=1.15 g/L. Flavonoids are a class of polyphenolic compounds known for their
antioxidant and anti-inflammatory effects. Additionally, the phenolic content of the extract was
quantilicd as 8434070 GAE/g. Phenolic compounds are another group ol bioactive
compomnds found in plants, known for their antioxidant and anti-inflammatory activities, as
well as their polential role in reducing the nisk of chironic diseases.

-4



32 Fitting Model for RSM (Respomse Surface Methodology) in Parijoto Froit Extract Nanvemulsion

Data recordad for each run inclided manosmulsion particle size, polydispersity index, zeta potential, conductivity, pil, and viscosity. Fach
varinble was measured svith theer repesitions and the measrements faree times o get consisteat resuits. This data will be used to noalyze the
wiluetce of vasions factees oo the chasaewzistws of astormuisions using 1w Respocse Sucface Methodology metbod, whick csn be seen ns the
table,

Table 2 Design of Experiment RSM Particle Size, Poly Dispersity Index, Zeta Porentinl, Conductivity, pH, Viscosity in Napoemulsion
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Table 3 shows thal the particle size range of (he naneemulsion is between 14.603£16.73 nn
and 118,053=4.5825 nm. The largest and smallest nanoparticle sizes found are 126.47 nin
and 13.72 nm, respectively, with most nanoparticle sizes falling within the 50-100 nm range.
Similar results were confirmed by Noor El-Din et al. (2017), whe reported nanoemulsion
sizes rangng from 31.58 to 220.5 nm. Studies conducted by Delmas et al., Lin et al., and Mes
¢l al usmg ultrasonication and lugh emulsification methods also conlinned comparable
results of 45-170 nm, 222.4-166.1 nm, and 170-280 nm, respectively (Delmas et al., 2016;
Liu et al, 2017; Mai ctal., 2019). Conversely, Peng ¢t al. (2010) reported a nanoparticle size
range of 21-530 nm. Zeta potential reflects the surface charge of particles and affects
colloidal stability. ITigh zeta potential can prevent particle aggrepation due to electrostatic
repulsion, The 1esearch includes the evaluation and characterization of zeta potential nnder
varions treatments. The shudy obtained 7eta potential results for nancemulsion ranging from -
22197 = 0. 738 mV 10 -28.207 £ 1.598 mV, respectively. Similar results were confinned by
Wessam et al. (2023), obtaining results of +21.5 mV. Particles with high 7P values, hetween
20 and 40 mV, provide system stability and are less likely to aggregate or increase particle
size. However, it should he noted that ZP values are not an absolnte measnre of nanoparticle
stability. Farthermore, emulsions with ZP variations =10 mV are suggested to have better
stability (Kaduetal., 2011). The ideal potential range for nanoparticle stability 1s (-30 to 20
mVor 120 to (30 mV) (Lin et al.. 2018). The produced valnes tend to be harmfil due to the
influence of acetic acid, resulting in a negative charge. This charge causes electrostatic
repulsion forces between formed nanoparticles to prevent aggregation into larger sizes
{Luthifayana et al.. 2022). Higher zeta potential values increase nanoparticle stability due to
higher electrostatic repulsion forces between nanoparticles.

Conductivity provides information about the ability of nanoemulsions to conduct electricity,
Changes in conduclivily can oceur with changes in surface particle charge. Table 18 shows
that the nanoemulsion conductivity of Parijoto fruit extract ranges from 0.03458 to 0.09987
mS'cm. Good nanoemulsion conductivity measuremuents have igher electrical conductivity
values (10- 100 pSicm) (Akalu et al., 2019; Guo ¢t al,, 2016: Khader et al., 2016). Electrical
condnctivity vahues tend to decrease with decreasing water content in the emulsion. O/W type
{Oil-in-Waler) nanocinulsions have igher conduetivity than W/ O type (Waler-in-Oil)
nanoemulsions. This is because the more extensive water phase provides more pathways for
1on conduction.

The type and concentration of swfactant in nanoemulsion can influence conductiviry,
Surfactants can provide ionic charge or facilitate jon conduction in the system. Viscosity is an
essential parameter in evaluating the flow properties of nanoemulsion. Viscosity is one of the
parameters used to determine the stability of polymers in a solution because it nndergaes
reduction during polymer storage due to polymer degradation (Aranaz etal.. 2021). In this
study, as shown in Table 1. the viscosity of nanoparticles ranges from 3,810 ¢P to 1,133 cP.
Alenm etal. (2023) stated that viscosity can depend on particle size and storage time.
Appropriate viscosity can affect the applicability and spread of the system. The viscosity of a
preparation is welated o the consistency and spreadability of the preparation, which will afleet
ease of use (manto et al_, 2019). Viscosity values are influenced by several factors, such as
temperature, pll, mannfacturing conditions, and the quality and concentration of raw
materials (Naiu & Yusuf, 2018). The results of viscosity tests are shown in centipoise {cP).
The higher the viscosity value of a preparation, the better the stability of the product, but the
preparation will be difficult to apply to the skin. and the resistance of the preparation to flow
will increase, making it difficult ro remaove from the container (Thakve, 2017). Meanwhile,
low viscosity values will increase the flowability of the skin and make it easier to apply to the
skin (Nam & Yusul, 2018)
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121 acalvsis resalts will belp selact an approprnse made] and interpret the significarse of factors that infiucice the characteristics of nanoemulsicos,
322 which can be sacn in il tabée.
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Bascd on the ANOVA RSM analysts of three lactors, namely the type of Tween in
nanoemulsion, Tween concentration, and Panjoto extract concentration, all ANOVA values
show prababilities <0.0001 (p=0.05). This indicates that the quadratic response snrface model
nsed for both responses (dependent variables) is significant and can be used to optimize
extraction factors (Wang er al., 20141). The coefficient of determunanon, or R square, depicts
how independent data can explain dependent data. The range of R square values 1s between 0
and 1, where values closer to 1 indicate better explanatory power.

In the Central Composite Design amalysis, the p-value indicates the significance of each
coefficient in the built polvnomial regression model. The lower the p-value, the more
significant the contribution of the coefficient to the overall regression model (Zhong &
Wang, 2010). It is unportant to note that using expeninuental data within the allowed range ol
variables in this study to create mathematical equations, which may have broader general
applicalions, can provide the ability 1o prediel systean behavior when diflerent factors arce
combined. From the perspective of optimizing the formation of emulsion nanoparticles, there
is potential to develop maore significant results, possibly based on the vanables investigated in
this study. Additionally, tlas optimization may be perfonned using the techmques outlined m
Lhis rescarch Lo further test the eflects of time and temperature or other conditions, as nceded.

Table 4 shows details of the RSM approach used to assess particle size {(nm). Poly Dispersity
Index. Zeta Potential {mv), Conductivity, pIl. and viscosity {(Cp) in nanoemulsion of Panjoto
frunt extract involved in a series ol 81 experiments based on factorial design. The coellicients
for the second-degree polynomial Fquation are determined through experimental results,
along with the regression cocflicients for Particle Size (Y1), Poly Dispersily Index (Y25, Zela
Potential (Y3), Conductivity (Y4), pH (Y5), and viscosity (Y6). The Equation presented as
Equation {2) shows the full quadratic madel, while Table X shows the models predicting the
response of the independent variables (Y1-Y6).

To assess the extent o which the equation model in RSM [its the data and how strong the
influence of the variables is, the coefficient of determination or (R2) 1s used. Chin (1998) has
calegonzed (hat lor model suitability, the R-Square value is subslantial il'it is more than 0.67.
moderate if it is more than (.33 but lower than (.67, and weak if it is more than 0.19 but
lower than 0.33. pll and viscosity indicate strong maodel adequacy on these response
variables. In contrast, the responses of Particle Size, Poly Dispersity Tndex, Zeta Potential,
and Conductivily indicate a moderate model for these response vanables, A lack of [t est
was then performed to assess model fit for cach response. With a p-value exceeding 0.05, it
was confirmed that the model adequately it the experimental data, as seen in Table 4,

3.3 Contour plot on Particle Size, poly-dispersity index, Zeta Potential, Conductivity,
pll. and Viscosity as a function of Nanoemulsion Parijoto Fruit Extract.

In this research, the model is created as a Contour plot, which can show the response: Particle
Size, Poly Dispersity Index, Zeta Potential, Conductivity, pH, and Viscosity. Continued
research shows a significant relatonship between particle size and tween concentration and
the type ol lipophilic tween in nanoemulsions, as shown in Figures -6 the presented data
offers valuable insights into the influence of lipephilic tween type and tween concentration
on various properties of the nanocmulsion denived from parijote fruil exiracl. Each Lgure
depicts the contour plots illustrating the interaction effects between these two factors on
different characteristics of the nanoemulsion.
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In Figure 1, the conlour plol demonsirales the inleraclion belween the ipophilic tween Lype
and tween concentration in controlling nanoparticle size. It reveals that as the lipophilic
tween type increases from 20 to 80. and the tween concentration rises from 8% to 10%, there
is a general trend of increasing particle size, albeit with a slight decreasing trend observed to
some extent. This suggests that both factors play a role i detemining the nanoparticle size,
with higher concentrations leading 1o larger particle sizes. Moving to Figure 2, which
illustrates the Zeta Potential of the nanoemulsion, an increase in the lipophilic Tween type
from 60 10 80 and an incredse in bween concenlration from 8% o 10% correspond 1o an
increase in Zeta Potential. Interestingly, no further changes are observed beyond this point.
This indicates that these specific conditions result in optimal Zeta Potential, possibly
indicating enhanced stability of the nanoemulsion.

Figure 3 showcases the mlluence of lipophilic tween lype and tween concentration on the
conductivity of the nanoemulsion. As the lipophilic tween type increases from 20 to 8¢ and
{he tween concentralion rises from 8% Lo 12%, there 18 & consistenl mercase in conductivity
without any further changes. This suggests a direct relationship between these factors and the
conductivity of the nanocmulsion. The Contour plot presented in Figure 4 demonstrates the
effect of ipophilic tween type and tween concentration on the Poly Dispersity Index (PDI) of
the nanoemulsion. Interestingly, an increase in lipophilic tween type from 60 to 80 and a
decrease in tween concentration from 12% 10 8% lead (o an inerease in PDI value without
further changes. This indicates a complex interaction between these factors in determining the
homogeneity of particle size distribution within the nancemulsion.

Figure 3 depicts the pH contour plot of the pargjoto fiuit extract nancemulsion. An increase in
lipophilic Tween type from 20 to 80 and an increase in tween concentration from 8% to 12%
result in a consistent increase in pH without any further changes. This observation suggests
that these specific conditions contribute to the alkalinity of the nanoemulsion, which may
have implications for its stability and functionality. Finally, Figure 6 illustrates the viscosity
contour plot of the nanoemulsion. An icrease in lipophilic tween type from 35 to 80 and an
increase in tween concentration from 8% to 12% lead 1o an increase in viscosity without
further changes. This indicates that higher concentrations of Hipophilic tween and tween resull
in a thicker consistency of the nanoemulsion, which affects its flow properties and
application. The presented data highlights the intricate relationship between lipophilic tween
type and tween concentration in influencing various physicochemical properties of the
nanoemulsion derived from parijoto fruir exteact. These findings provide valuable insights for
optimizing the formulation and manufacturing process of the nanoemulsion for potential
applications in various industries.

Research on the miluence of surfactant type and concentration on nancemulsion mdicates
that the selecrion of swrfactant significantly affects the characteristics of nanoenmlsion.
Various surfactant types, such as Tween 20, Tween 60, and Tween 80, play different roles in
forming nanoemutsions. The research results show that the particle size of Tween 80
surfactant is the highest, with an average particle size of 107,196 mu. Sinalar resulis were
reported by Chang et al. (2013). who obtained the smallest droplets in carvacrol-based
nanoemulsion made with a mixture of food-grade non-ionic snrfactants {(Tween 20, 10, 60,
80, aud 85). Tween, a non-ionic surfactant derived from sorbitan ester, 1s soluble or
dispersible in water and is commonly used as an oil-in-water emulsifier in the
phannaceutical, cosmetic, and cleamng industries. Among these surfactants, Tween 801s one
af the most commonly used. Research by Donglas et al. (2013) confirms that the type of non-
ionic surfactant significantly influences the average particle diameter of the formed colloid
dispersion. The smallest droplets were observed in systems prepared using Tween 80, while
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(e largest droplets fonned in svslems using Tween 85, The surfactant's Hydroplalic-
Lipophilic Balance (HLB) plays a role in forning small particles, Surfactants with either too
high (Tween 20) or too low (Tween 85) 111.13 values cannot form optimal nancenmlsions.
Tween types with intennediate HLB values (Tween 40, 60. and 80) can form nanoemulsions
with small particle sizes. However, there is no strong correlation hetween HILB values and
particle sizes produced by these surfactants (Kumnar ef al., 2008). Small-molecule surfactants
have higher snrface actevity and form smaller enmision droplets than large ones (Qian &
MeClemends, 2011; Teo, Goh & Lee, 2414).

Amnother critical factor for mimmal droplet emulsion formation is the Hydrophilic-Lipophilic
Balance (111.B) value of the surfactant (Sagitani, 1981), defined by Gniffin as the ratio of
surfactant hydraphilicity to lipophiticity (Griffin, 1949). A high HLB value indicates strong
hydrophilicity, and the HLB valucs ol non-iome surfactants generally range from 0 1o 20
(Gad & Khairou, 2008). such as Tween 20 (HLB 16.7) and Tween 80 (HLB 15} (Dinarvand,
Moghadam, Sheikhi & Atyvabi, 2003). Emulsion stability 1s influenced by two polyiner and
particle surface tension mechanisms: stenc stability caused by macromolecules adsorbed on
particle surfaces and electrostatic stability due to repnlsion between surface-charged droplets.
In nanoemulsions made with Tween 830 surfactant, the surfactamt may not have a charge on
lhe hydrophobic group, causing the covered droplet surface 1o be non-charged and resulting
in low zeta potential values, which can lead to increased particle size and PDI (Lian et al,
2016).

However, a diflerent study proposed by Alam et al. (2023) suggests that Tween 20 belps
improve PDI and allows for minimum polydispersity. Compared to other nanoparticles, the
ability 10 maintain panticle integnty using Tween 20 1s sigoi licanl. Iucreasing the Surfactant
content in the formulation increases the polydispersity indices for nanual extracts in the 3D
response surface graph. This mdicates that the use of Twoen types with low and agh HILB
values can be applicable when combined with an optimal concentration of co-surfactant,

Surfactant concentration is also a critical factor in nanoemulsion formation. Research
indicates that increasing surfactant concentration can result m smaller and more homogenous
size distnibution. However, there 1s @ speeific it where surfactant concentration reaches a
plateau level, leading to unadsorbed surfactant aggregation and micelle formation. The results
show that the higher the Tween concentration, the higher the size and PDI. This is confirmed
by Liat et al. (2016), stating that nanoemulsions prepared with higher surfactant
concentrations significantly increase short-term stability. Systems with 15 or 20% weight of
Tween 80 are laghly unstable (o mereasing dilution, indicating that a medivm surlactant
concentration level may be more suitable for stable nancemulsion preparation. Although the
initial droplet size is small, higher smrfactant concentrations can increase raw matenal costs
and cause undesirable sensory (taste) issues in commercial applications. Therefore, this study
nses a 10% weight of T'ween 80 in fiuther experiments.

Increasing surfactant concentration inereases the number of surfactant molecules migrating
from the oil phase o the enolsion waler phase, aud nanodroplets lonn. Frictional [orees
applied to the oil-water interface. coated with emulsifier, cause some emulsifiers to sink
parallel to the surface laver, while others detach from the surface layer. 11asani et al. (2015)
reported that droplet size inereases by increasing surfactant concentration to 2076, and
particles have a broad and non-nniform size distribution. The instability of nanoenmlsion at
high surfactant concentrations may be related 1o 1he depletion-flocedation mechanism of
absorbed surfactant. With increased swifactant concentration, additional surfactant molecules
form micelles m the continuous phase rather than orienting on the particle surface. This leads
to an increase in local osmotic pressire, cansing the continuons phase between moving
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droplels Lo decrease, redueing the conlinuous phase between those droplels. As a resull,
AgEregation OCeurs, causing an increase i paticle size, According 1o Oh et al. (2011) and
‘Tadros e al. (2004), the average droplet size becomes smaller, and the size distribmtion
becomes narrower with increasing emulsifier concentration, nltimately reaching a plateau
level. Beyond the platean level, free or unadsorbed ennilsifiers may acenmulate to form
wicelles, Nanoemulsions are known to be thenmodyvoanneally unstable, tending 10 mimmize
interfacial area throngh coalescence.

An mcrease in the concentration of the filler extract can lead to the tendency of nanoparticles
to ageregate or form agelomerates also pH nanoemulsion. Tlis phenomenon may ocour due
to physical or chemical imteractions between nanoparticles and compounds in the filler
extract. Findings by Alab et al. (2021) suggest that an increase in extract concentrafion results
i an increase in particle size, panticularly at the nghest concentration of 347.2 ni. On the
other hand, the smallest concentration has the lowest particle size at 86 98 nm. These results
imdicate that higher concentrations may mercase the likelibood ol particle agglomeration.

Furthermore, mcreasing the concentration of pargoto fut extract can increase the total mass
in the solution, which, in tum, can inercase overall viscosity. Addilional particles or
molecnles from the filler extract can contribute to the inerease w viscosity, A study by Olan
clal (2021) shows (hat particles witl the highest concentration have the highest viscosity and
vice versa, This merease in viscosily may be caused by excess extract loaded mto particles,
The physicochemical charactenstics of the filler extract may influence the viscosity
propertics of nanoparticles, and factors such as changes in pH, temperature, or chetmeal
composition may also play a role in viscosity increase. Panjoto fiut is rich in active
compounds, such as anthoeyamns, which can alleet the surlace charge ol nanocmulsion
particles. At a certain pH, anthocyanins or other components may have specific charges that
can influence the clectrostatic stability of particles (Liu et al., 2016). Anthocyaning may
undergo solubility changes at specific pH values, affecting the distribution and stabiliry of the
nanoemulsion's oil or water phase. The same ocowurs with surfactants, where variations in
charge of the filler extract from parijoto fivat can affect the interaction between nanoparticles,
anthocyanins, and other components in the svstem. The loading capacity of the extract in the
nanoemulsion likely depends on its solubility 1 the systemn used (Costa et al,, 2012).
Anthocyanins tend to nndergo color changes with pH (pH-dependent color shift).
Additionally, the antioxidant activity of anthocyanins can be influenced by pll. This
complexity can modulate the overall physicochemical properties of the nanoemslsion system.
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3.4 Optimal Point Prediction from RSM in Nanoemulsion Parijoto Fruit Extract

504  Optimal point predictions from the Response Surface Methodology are obtained by

505 combining optimal conditions based on interactions between independent variables. Profiler

506 predictons are obtained if the fitted surface graph is in minimum, maximum, or saddle form.

507 3D graphics on image X, shows a complex intermction between the variable factors of

S08  lipophilic tween type and tween concentration on the response. Increasing the lipophilic

509 ween lype value inereases the response somewhalt, but the lween concentration valuce can

510 modify the effect. There is an optimal region where the response reaches its peak. The

511 implicaton for practice is that by sciting the variable factors at Ievels thal are eslimated 1o be

512 optimum, the research results can achieve the highest optimization in the desired response,

513 which can be scen 1 Figure 7.

514 Table 3. Prediction of Optimum Conditions for Parijoto Fruit Extract Nanoemulsion

Parijoto Fruit

Types of ’lfypes of 'l:ween F.xt:"act Nanoparticle Zera Conductivity qu_v .

i ~Jphophilic Concentration 2 % . . Dispersity
Analysis 2 Concentration Size (nm) PotentiallmV) (mSscm)

Tweens (%) (%) Index

Optimum
Condition 80 12 7.5 61.97 -28.48 0.082 0.691
Prediction
Maximum
2);]::::.“ S0 12 7.5 1994 -32.48 0.048 0.371
Conditions
Minimum
Juine s . & 12 7.5 163.88 -26.37 0.115 1011
Optimum
Conditions

518

516 It can be seen in Table 9 that to achieve the maximum desired concentration of nanoparticle

517 size, zeta potential, Conductivity, Poly Dispersity Index, degree of acidity. and Viscosity, it is

518 necessary to set the Tween solvent concentration to 80, Tween concentration to [2% and

519 Parijolo [ruil extract concentration to 7. § %. This scl ol conditions has a desirability value of

520 (.74. Because the value is almost close to 1 and falls into the moderate category, this set of

521 conditions is quite aptimal for the aim of this research, namely to maximize the response.

522 The optimization of nancemulsion formation from Parijoto fiut extract using Response

523 Surlace Methodology (RSM) has been conducted i (s study. RSM 1s a statistical method

524 used to design experimenrs and analyze the itmpact of multiple independent variables on a

525 measured response. As an output ol this rescarch, the synthiesis process conditions of

526 nanoemulsion from Panjoto fruit extract can be optimized to achieve particle size,

527 polydispersity index (PDI}, 7eta potential, conductivity, pIT, and viscosiry levels. RSM

528 detennines the optimal extraction time and emperature 10 maximize the respouse variable

520 outcomes (Granato et al., 2014). Tn lime with this, predictions and abservations are within a

530 nparow range and do not show significant diflerences at a 3% significance level, indicating

531 the model's suitability for optimization and process efficiency puiposes,

16
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The optinal point prediction from the Response Surface Methodology is obtained by
integrating optimal conditions and depends on the interaction between independent variables,
as Ratnawati et al. (2018) explained. The prediction profile is formed when the adjusted
sirface graphs show a minimum, maximmm, or saddle shape. The optimization process can
achieve optimal responses by analvzing each response beforehand, ultimately reducing effort
and operational cosls, as Nurmiah of al. (2013) stated. Desirabilily, with a range of valucs
from © to 1, 1s used as the optimization target value, with low (0-0.49). moderate (0.5-0.79),
and high (0.8-1) calegories. The closer the value of 1 1s. the greater the desirability, which
indicates the suitability of the combination of process parameters to achieve optimal response
variables.

It can be seen in Table 3 that to aclieve the desired concentrations of nanoparticle size, zeta
potential. conductivity, polydispersity index, acidity level. and viscosity, it is necessary to set
the concentration of Tween 80, Tween concentration at 12%, and Parijota fiuit extract
concentralion at 7.5%. Thas sel of conditions has a desnability value 0f0.740349. Siuce is
valie is close to 1 and falls into the moderate category, this set of conditions 1s quite optunal
for this rescarch, which is w maximize the response
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Bl Conclusion

in this series of experiments, nanoemulsion from panjoto fnut has been characterized, considering
various physicochemical parameters such as particle size. polydispersity mdex. zela potential,
conductivity, pH. and viscosity. The research results indicate significant variations in the physical
characteristics of both nanomaterials in lenms of changes in surfactant and parijoto cxtract
concentrations. Increased surfactant concentration tends to produce smaller particle sizes and a more
homogeneons distribution, although certain limitations were found that lead to surfactant aggregation
and micelle formation. The nanoemulsion charactenstics, meluding zeta potential, polydispersity,
particle size, conductivity, pH, and viscosity . The type and coucentration of surfactants played a
crucial role in determining the properties of the nanoemulsions. Variations in surfactant parameters
resulted in observable differences in emulsion charactenstics, hightighting the importance of
surlactant selection and optitnization. To achicve optimal nanocinulsion process conditions, it 1s
recommended to nse 12% Tween 80 solvent concentration. 12% Tween concentration, and 7.5%
parijoto fruit extract concentration. resulting in a desirability value of 0.74, falling into the moderate
category.
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Abstract

Nanotechnology has substantial potential for development due to its ability to modify surface
charactenistics and particle size, [acilitating cuhanced absorption of lunclional [owd compounds and
controlled release of active substances to mitigate adverse effects. Nanoemulsion. a stable colloidal
system formed by blending oil. emulsifier, and water, was identified as nanotechnology with
promising apphications. However, investigations into the impact of surfactants on characteristic
nanoetmnlsions need ro be more vaned. This research gap necessitated further exploration in the
advancement of nanotechnology-based foods. The panjoto frut (Medinifia speciosa), an indigenous
plant species in Tndonesia, has vet to undergo extensive scrutiny for its potential nse as a functional
aud nutraceutical food. Authoeyanins, a principal compound in the panjolo fuit, had exlibited
efficacy in reducing the nsk of cardiovascular disease diabetes, demonstrating anti-inflammatory and
antioxidant properties. L'his study aimed to investigate the characteristics of nanoemulsion
formulations derived [romn panjolo [rult extract aud fo evaluate an optunum condition with various
tween surfactants. The findings from this investigation could furnish valuable insights for the further
advancement of anthocyanin nanocemulsions from parijoto fruit extract. The results comprised the
characterization of nanocmulsion panticle size, polydispersity index. C-potential | conductivity, pH,
and viscosity. Throngh mathematical modelling and statistical methods, RSM optimizes
nanocinulsion by examiming the relationships and inleractions between indepeudent and response
variables.

Furthermore, the characterization of nanoemulsion encompassed C-potential . polvdispersity, particle
size, conductivity, pH, and viscosily, Elevated surfactant concentiations resulied in dinimshed
particle sizes and more unifonn size distribution. albeil reaching a plaleau where surfactant
aggregation and micelle formation ensued. Tnereased concentrations of surfactant type, concenfration,
and parijoto extract impacted the physical characteristics of nanoparticle size and polydispersity. The
optimal process conditions for nanoemulsion conststing of the type of Tween used are Tween 80,
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Tween concentration of 12 %, and panjoto it extiaet coneentration of 7.5 %, yiclding a desirabilily
value of 0.74, categorizing 1l as moderale.

1 Introduction

Nanotechnelogy underwent progressive evolution. characterized by measurements on the nanometer
scale, approxunarely 109 meters (Ariningsth, 2016). Acknowledgment from the World Health
Organizanon (WHO) and the Food and Agricultuie Orgamzation (FAO) (2009) underscored
nanotechnology’s significant potential in enhancing food products, attributed Lo ifs capacity (o modify
surface characteristics and particle size. Such modifications facilitate targeted delivery of food
compounds 1o speeific organs and the controiled 1elease of aclive compounds (o miligate adverse
effects. The attributes of nanoscale food materials are pivotal in propelling diverse industries,
including food, phanmaceunticals, and exiensive nutraceutical apphications (Rahman ¢t al.,, 2020). Due
to their substantial surface area-to-vohume ratio, nancemulsions exhibit enhanced stabiliry against
gravitational separation and aggregation, owing to their distinet physicochemmneal and biological
charactenistics compared to conventional emulsions. The droplets or globnles inherent in
nanoemulsions mitigate gravitational forces and Brownian motion, thereby averting creaming or
sedimentation during storage. Nancemulsions denote a nanotechnological rendition of a stable
colloidal system, achieving kinetic stability through the amalgamation of oil, emulsifier, and water
(McLements, 2016). Chang et al. (2022) conducted research utilizing surfactants as stabilizers in
synthesizing nanocmulsions, showeasing the stability of nanocmulsion particle size in curcunin
extract. Surfactants can diminish interfacial tension and form a snbstanfially influential steric elastic
film on the emulsion results (Xiao & [uang, 2016).

Renowned for its tropical climate and vast biodiversity, Indonesia harbours at least 30,000 plant
species, with 7.000 beng herbal plants with docuinented health benefits (Widvowat & Agil, 2018;
Junnarm & Komalasari, 201 7). Panijolo (Medinilia speciosa), an endemic plant species m Tndonesia,
remains relatively vnderstudied forils scientific polential in pharmacy, funclional loods, aud
nurracenticals. Analysis has confirmed that the pargjoto fnut comprises phytochemical components
such as anthocyanins, [Tavonoids, saponins, lannins, alkaloids, cardenolides, and glyeosides
(Balamurugan, 2414). Anthocyamns, a predominant compound i parijoto fuil, demonstrate efficacy
in reducing the risk of cardiovascular diseases. diabetes, and inflammation while possessing notable
anti-inflammatory and antioxidant properties. [xtraction technigues yield varving anthocyanin
contents, with the peel extract and whole fruit extract registering 208.75 and 173.7 mg/L,
respectively (Sa'adah et al., 2020). Varions factors influence anthocyaning' stability, including
chemical structire, concentration, solvent, pll, storage remperanue, light, oxygen, metal tons,
proteins, and flavonoids. Weak stability under high pH, high temperature, and light exposure has
been observed (Tt et al., 2021), with lower pH contribuling o cnbanced stability (Moldova cl al.,
2020). Heating at elevated temperatures accelerates anthocvanin degradation (Khoo etal.. 2019).

Response Surface Methodology (RSM) has emerged as a prominent multivariate statistical technique
for optimizing various processes in recent years. Initially introduced by Box and colleagues in the
1950s, RSM facililates examining lhe relationship and inleractions among independent and response
variables through mathematical modelling and statistical methods (lzavidan et al., 2019). RSM has
successtully enhanced and optimized therapentic extract and drg nanoemulsion (Saminn et al.,
2020). In this study, Central Compaosite Design (CCD) Response Surface Methadology (RSM) was
cmployed to optamize the quality parameters of the nanocmulsion.

This is a provisional [ile, not the final typesel article
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Appropriate nano-cncapsulation techniques, such as nancemulsion, have shown the potential 1o
cnhance the stability, bioavailability, and solubility of ipoplilic bicactive compounds while also
preventing hydrolysis and oxidation (Rosso et al., 2020). Nanoemulsions are widely utilized
nauoformulalions m food-related industries through aclive or passive largeting mochanisms.
Gunasekaran et al. (2014) mtroduced nanotechnology as an effective tool for enhancing the
bicavailability and bicactivity of phytomedicine. Nanoemulsion has emerged as a novel technology.
providing opportunities to address challenges associated with delivering micronutrients in functional
food (Jovee et al, 2014). Shin etal, (2015) explored recent advancenients in nanoformulation of
lipophilic functional foods. Moreover, nanotechnology-based strategies have bheen explored to
associate complex matrices derived from plant extracts, offerig promising prospects tor developing
novel therapeutic formulations (Zo1zi et al., 2015). Synthesis of nanoemulsion using mangosteen peel
extract rich in anthocyanins as the main ingredient of the formulation can increase the dominant
penetration of a-mangestin through the stratum cornewn (Pratiwi et al., 2017). Catechin
nanocinulsion showed a remarkable improvement i stability and bioavailability in simulated
gastrointestinal conditions (Rafanar et al., 2016). Mulia et al. (2017) showed the optimum results
using a4 gh-speed homogenzation and Tween surfactant to prepare panocmulsions with
nanoemulsion. Research conducted by Chang et al. (2022) used Tween as the surfactant in the stable
nanoemulsion synthesis loaded curcummn extract. This highhghts the opportunity to develop
nanoemilsion formulations for anthocvanins found in parijoto frut. So far, research on nanoemmision
formudation i panjoto fiuit involving various concentrations and stabilizers still needs to be
conducted. 'I'his current study investigates the characteristics of nanoemulsion formulations dertved
from parijoto fruir extract and evaluates an optinm condition with varions tween surfactants,

2 Materials and Method

2.1 Materials

Grinder (Binder), Erlenmeyver (Pyrex). beaker glass (Pyrex), volune pipelle. test tube (Pyrex), Lest
tube rack, funnel (Pyrex), measuring flask (Pyrex), vacimmn n filter 0.22 mn (Sartorins Stedim 11694-
2-50-06), vial. mcropipetic (Socorex), blue tip (Biologix | mnL pipette ips), hotplate (Cinarce et al.
SP142023Q), vortex (Thermolyue ¢t al.), Ultrasonic Cleaner (Biobase UC-10SD) modified, UV-VIS
spectrophotometer (Shimadzu, TV-1280), aluminium [oil, filter paper, 0.22 pm flter membrane
(Wattman), Cabinet dryer (IletoPowerDry LL1500), rotary evaporator (Biobase RE-20001%), syringe.
analytical balance. Fresh panjoto, ethanol pro analysis (Merck. Germany), methanol pro analysis
{Merck, Germany), distilled water, 1. ciocalten 10% (Merck, Germany), Na2C03 7.53% (Merck.
Germany), DPPH solution (Merck, Germany), Quarcerin (Merck, Germany), AICI3 (Merck,
Germany), ammonium acetate 1 M{Merck, Germany). acetone (Merck, Germany}, acetonitrile
{Merck, Germany), standard cyanide (Zigma). delphinidin ght standard (Zigma). Tween 20 (Merck,
Germany), Tween 60 (Merck, Germany), and Tween 80 (Merck, Germany).

2.2 Preparation of Dry Samples of Parijoto Fruit Extract

Samples used in this study are frats from the Parijoto plant (Medinilla speciosa) cultivated and
harvested on the slopes of Mount Murta, Kudus. The fiuits nsed are ripe fiuits harvested when the
Parijoto plant reaches full mamuity, typically around 90-100 davs after flowering. Parijoto, which had
been cleaned and sorted, was weighed 200 grams for each treatment. I'he fruit that has been weighed
is then steam-blanched for 3 minures. Prepare a citne acid solution with a concentration of 1% for
pre-treatment of fnut before drving. After that, soak the parijote fowt i the citrie acid solution for 5
minutes and dmin. The Cabinel Dryer is cleaned belore use 10 maintain hygiene and avoid cross-
contamination. The dryving temperature used was 70 °C for 6 hours. The dried Panjoto fruit is then
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grownd mto powder using 4 herbal grnder for 2 minwes. Alier that, the sample will be extracted for
further lesting. The dred Panjoto will be chemically analyzed using UV-Vis speclroscopy.

2.3 Making Parijoto Extract using Ultrasonic Assisted Extraction (UAL)

Frve grams of dry sample powder and 50 ml. of 99.5% ethanol were mixed thoronghty for
homogeneity in four 250 mL centrifuge bottles. Then. all vials were sonicated using a Bio-Based
Ultrasonic Waterbath with a 40 Kiiz frequency and 100 W power for 30 minutes. Subsequently. the
samples were subjected to shakimg for one hour. The centiifugation step was perfonned at 4,000 1pm
at 4 °C for 10 minutes (Ohaus, USA). The supernatant was then carefully collected, and the
rematmng solution was evaporaled to dryness under vacuum conditions. The restduc was dissolved in
99.5% ethanol and diluted to 20 mL. After filtering through a 0.22 ym membrane filter, panjoto fruit
extract was obtained and stored at -20 °C for UV-Vis analysis.

2.4 Preparation of Anthocyanin Nanoemulsion from Parijoto Extract

Approximately 3 mL of anthocyanin nancemulision with concentrations of 2 mg/mL, 4 mg/mL. and 6
mg'ml, respectively, were prepared by collecting a portion of panjoto extraet, and the solvenl was
removed with nitrogen. The selvent removal process during anthocvanin extraction can be monitored
using 4 combinalion of visual inspoction and periodic weight measurements. Visual inspeelion
involves observing the extmct as the solvent evaporates. noting ifs increasing concentration,
evidenced by a thicker and more viscous appearance. Periodic weighing of the container or flask
containing the extract allows for weight loss tracking as the solvent evaporates. Once the weight
stabilizes or reaches a predetemined target, the desired solvent removal rate bas been altamed,
ensuring the prochiction of a concentrated anthocyanin extract snitable for firther analysis.
Anthocyanin nanoemulsion was prepared using a combination of sifactants that have low, medium,
aud high hydrophile lipoplule balance (HLB), namely Twen 20, Tween 60, and Tween 80, Then,
surfactant (0.24 g) was added, and the mixtire was homogenized entirely. This was followed by
adding (2.76 g) deionized water and mixing again for complete dispersion of swrfactant i water. The
solution was then sonicated in a sonicalor wilh a lanperature ol 35 *C, Geguency of 45 Hz, and
100% power for 60 minutes. To produce a good nanoemulsion. homogemization was cairied out
using high shear homogenization at 15.000 rpm with a temperanure of 4 € for 15 minutes.

2.5 Characterization of Particle Size and Polydispersity Index of Nanoemulsion Parijoto
Fruit Fxtract

The particle si7e analysis tool nsed i this shudy was the Zetasizer (Zetasizer Pro; Malvern
Instruments, [td., Malvern. ), which operates based on the general principle of dynamic light
scattering (D1.S). This tool has a detector placed at an angle of 173 ¢ from the transmitted light beam
and detects size using a patented technology known as noninvasive backscattering. This technique is
used for various purposes. One is to reduce the effect known as multiple scattering, making it easier
to measure samples with high concentrations. Modifving McClements (2016). the particle size
distribution and average particie size of nancemulsions were determined by dynamic light scattering
(DLS) al a wavelength of 633 nm and a tempenture of 25 °C.

2.6 Characterization of Z-potential Nanoemulsion Parijoto Fruit Extract

‘The C-potential of Parijoto I'ruit Extract Nanoemulsion was evaluated using C-potential analysis
(Zetasizer Pro; Malvern Instruments, Lid.. Malvern) following the method described by Khalid et al.
{2017). The Z-potential of the samples was evaluated antomatically nsing 10 to 100 analytical nins

This is a provisional [ile, not the final typesel article
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afler equilibration for 120 s at 25 °C, The Z-potential ol the partickes was measured by phase-analysis
light scatternng (PLS) using a Zela dip cell.

2.7 Characterization of the Conductivity of Nanoemulsion Parijoto Fruit Extract

The conductivity of nancemulsion particles was measired by phase-analysis light scattering (PLS)
nsing a Zeta dip cell with a cuvet electrade. Samples were evaluated automatically using 10 to 104
analytical nns after equilibration for 120 seconds at 25 “C. "The detector is placed at an angle of 173°
{rom the transmitted light beam.

2.8 pll Mcasorement of Nanoemulsion Parijoto Fruit Extract

The pIl was determined nsing a Schott plIT meter ar room temperatire (27 - 2 °C), calibrated with a
standard bufter of pH 7. The pH analysis of the Panjoto fiut extract nanoemulsion sample was
carried out using a pll meter with a particular electrode. Virst, the pIl meter is set and calibrated with
a standard buffer solution ar a known pH, generally at pH 4.0, 7.0, and 10.0. Samples were diluted
with ten mM phosphate buffer pIl seven before analysis to avoid multiple scatrering effects during
testing. The pH mcter clectrode 1s then carclully inserted into Ux sample 1o ensure good conlact.
Once the electzode 1s stable, a pH reading is taken and recorded. This step is repeated as necessary to
obtain consisten! results. This pH analysis provides essential inlonuation regarding the acidity or
alkalinity level of nanoemulsion and nanocitosan Parijoto fruit extract, which can affect the stability
and quality of products using the nanoemulsion.

2.9 Viscosity Measurement of Nanoemulsion Parijoto Fruit Extract

Viscosity measurements are carried out using a viscometer brookfield. 14 mL of sample was put into
the cup and atiached to the solvent trap provided. The viscorneter was sct at 200 mpin, thice rotations,
for 30 seconds. The measurement process begins by activating the viscometer, and this tool
automarically measures the time required for a liquid to flow through the viscometer tube at a
specific temperature and rpm. This time, a predetenmimed formula converts the reading into a
viscosity value. Repeated measnrements can be made to ensure consistent results.

2.10 Statistical analysis uses Response Surface Methodology.

1n this study, primary data m 3 repetitions of extraction and three repetitions of testing were averaged
and given a standard deviation value for each treatment combination using Statistica 12.3 by StatSoft.
The data is then entered into a statistical application, aranged in a combination of factonal points,
axial points, and central points with three repetitions. After that, the data was analyzed. and several
test stages were camed oul. The basis for testing is studentification from primary data.
Studentification means that the scale of the varable is adjusted by dividing it by the estimated
population slandard deviauon. Vanability in sanple standard deviation values contribules o
additional nncertainty in the caleulated value. This wall canse problems in finding the probability
distribution ol each statistic studied.

2.10.1 Effect Summary

‘This test can summarise the effects of the combination of treatments used. The Longworth value in
the resnits of this test is defined as -log (p-value) and is a ransformation of the p-value based on the
Pearson Chi-Squared test. The Pearson Chi-Squared test evaluates the possibility of the split being
caused by chance. The higher the Pearson Chi-Squared value, the higher the probability of the split

N



being caused by dependency. Generally, ilthe worthis greater than 2, the statistical model considers
the variable necessary.

2.10.2 Lack OfFit

Madel suitability resting (lack of fir) is carried our to review whether the madel equation is
acceptable or not in predicting responses, In the lack of fit test, the following hypothesis is used:

HO = no lack of fit (suitable model)

H1 = there 15 a lack of fit {the mode! is not suitable)

The hypothesis 13 concluded by companng the calculated F value with the F table. The calculated F 1s
obtained from the statistical test results and displaved in the ANOVA table, The F table value 1s
obtained from the F Distribution Table. The enitena [or the lack of [t test are:

I count = I' table, then 110 is accepred. I count = I' table, then 110 is rejected.

Another parameter that can prove the suitability of the model obtained is by comparing the p-valne
with the a value. Ifthe p-value of lack of fit 15 smaller than the « value. then there is a significant
lack of fit, so the model obtained is inappropriate.

2.10.3 Summary Of Fit

The R square and Root Mean square ervor values are oblaiued in this test, Measures the dillerence i
values from a madel's predictions as estimates of the observed vahies. R square is also known as the

coeflicient of determination, which explains how far independent data can explain dependent data. R
square has a value between 00 — 1 with the condition that the closer it is to one, the better it is. If the r
square 1s 0.6, the independent variable can explain 60% of the distribution of the dependent variable.
‘The independent variable cannot explain the remaining 40% or can be explained by variables outside
the independent vartable (error component).

2.10.4 Parameter Estimates

The parameler estiunales are the coefficients of the lmear predictor. This value represents the change
in response if you have a certain level of a categorical predictor or a change of 1 unit for a continuous
predictor, which mweans the samne thing as o a mulliple regression analysis with conlinuous response.
2.10.5 Analysis Of Variance

The ANOVA test (Analysis of Variance) has the following test criteria:

110 1s accepted if I' connt = I table. which means the model cannot be accepted statistically becanse
no independent vanables directly influence the response,

H1 1s accepted if F count > F table, which means the madel is statistically acceptable and at least one
independent variable bas a real influence on the response
2.10.6 Fitted Surfaces

The depiction of the fitted surface is carried out using the Central Composite Design model. ‘The
experimental design 1s factorial, specifically Central Composite Design (CCDJ. CCD was chosen
over Box-Behnken Design because CCD provides more design points in terms of axial points.

This is a provisional [ile, not the final typesel article
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Additionally, CCDs can run expenments al extreme values, providing betler quadratic equations for
analysis. CCD conlains a factonial or fractional [actorial design with a central poml augmented by a
group of 'axial points' that allow estimation of curvature. If the distance from the centre of the design
space Lo the lactorial point is = 1 umlt for cach [actor, the distanee from the centre of the design space
to the axial point 1s| a | = 1. The exact value of a depends on the properties desired for the design and
the number of [actors involved, The CCD has twice as many star points due to a factor in the design,



3 Result & Discussion

3.1 Phytochemical Profiles of Dried Parijoto Fruit

Drying Parijota Frnat is carried out using a cabinet drver at a temperature 70°C for 6 hours. The
resulls ol drving panjoto fuil were oblained (hrough the preparation process: the antioxidant
and anthocyanin activity profiles were expressed respectively in units of %6 inhibition and ppm.
The total anthocyanin content in the dry samples and extracts was 33%8.47 | ppm. The dried
Panjoto exhibited sigmficant antioxidant activity. with a % inhibition vaiue of 79.14 = 34 82.
This indicates a substantial capacity to nentralize free radicals in varions chronie diseases and
ageing processes. The high antioxidant activity suggests that the dryving process did not
significantly dunmish the amioxidant potential of Parjoto. The total anthocyanin content of
the dried Parijoto was 538.47 ¢ 4.67 ppm. Anthocyanins are a group of pigmented compounds
known for their antioxidant properties and potential health benefits. The retention of
anthocyanins after drying indicates that cabinet drying effectively preserved these bioactive
compounds in the dried Parijoto.

The parijoto fruil extract was oblained through an exiraction process using (he Ullra -assisied
extraction method. The Ultra-assisted extraction methed involves the ntilization of a modified
ultrasonic water bath for |he extraction of parjolo frnt. This method hamesses ultrasonic
energy 1o enhance the extraction process by facilitating cell wall breakdown and increasing
target compounds' solubility. During extraction, the parfjoto finit is immersed in a solvent
within the ulrasonic waterbath, where ulirasonic waves are apphed to the sample. This results
in mtensified agitation and cavitation within the solvent, leading to improved extraction
elficiency and higher yields of biocactive compounds fom the fruit. The characterization ol
Parijoto extract as a filler in nanoemulsion involved vartons analyses to assess its antioxidant
properties and phytochemical composition. The extraction method was nltra-assisted
extraction, known for its efficiency in extracting bioactive compounds from plant matenals.
The antoxidanl activity of the Pargolo extract was evaluated, viclding a % mlabition valuc ol
50.776=6.18, This mdicates a significant antioxidant capacity, crucial for combating oxidative
siress and preventing cellular damage caused by [ree radicals.

Furthermore, the total anthocyanin content of the extract was deremined to be 94.13+4.14
ppui, Anthocyanins are well-known antioxidants in mauny fuils and vegetables. They are
known for their potential health benefits, including anti-inflammatory and anti-cancer
propertics. The Javonoid content of (he Pamjjolo extract was measured Lo be 126.85£], 15 gL
Flavonoids are a class of polyphenolic compounds known for their antioxidant and anti-
inflammatory effecrs. Additionally, the phenolic conftent of the extract was quantified as
8.43+0.70 GAE/g Phenolic compounds are another group of bioactive compounds found in
plants. known for their anlioxidant and anti-inflammmatory activitics and their potential role in
reducing the risk of chronic diseases.

This is a provisional file. not the final typeset article



183 32 Fitting Model for RSM (Respome el al) in Parijoto Fruit Kxtract Nanoemulsion

284 Data recordsd for each run included lsion particle size, polydispersity index, Zp il ductrvity, plt. and viscosity, Each variable
285 was menswrad with three repetiions and the measurements thres times fo got consistent reznlts. This data will be usad 10 analyze the influencs of
286 vanpus factors on the chamcleristics of nannemulsons using the Response Surface Methodology method, which can be seen in the able.

87 Bable 2 Design of Bapeament RSM Partucte Stae, Poly Dispersity Indes, Z-potential, Comloctivety, pH. Viscusity 1o Naovemulsica
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Table 3 shows thal the particle size range of he nanecmulsion is between 14,603=16.73 mu
and 118,053=4 5825 nm. The largest and smallest nanoparticle sizes found are 126 47 nn
and 13.72 nm, respectively, with most nanoparticle sizes falling within the 50-100 nm range.
Similar results were confirmed by Noor El-Din et al. (2017), whe reported nanoemulsion
sizes rangng from 31.58 to 220.5 nm. Studies conducted by Delmas et al., Lin et al., and Mes
¢l al usmg ultrasonication and ligh emulsification methods also conlinned commparable
results of 45-170 nm, 222.1-166.1 nm, and 170-280 nm, respectively (Delmas et al., 2016;
Liu et al., 2017; Ma et al., 2019). Conversely, Peug et al. (2010) reported a nanoparticie size
range of 21-530 nm. Z-potential reflects the surface charge of particles and affects colloidal
stabiliry. 1Tigh S-porential can prevent parficle aggregation due to electrostatic repulsion. The
research includes the evaluation and charactenzation of -potential under varions treatiments,
The study obtaimed E-potential resnifs for nancemnilsion ranging from -22.197 © 0.738 mV to
-28 207 + 1,598 mV, respectively, Stilar results were confirmed by Wessai et al. (2023),
abraining results of +21.5 mV. Parnicles with high 7P values, between 20 and A0 mV, provide
system stability and are less likely to aggrepate or increase particle size. However, it should
be noted that ZP values are not an absohire measire of nanoparticle stability. Furthermore,
emulsions with ZP vartations =10 m\ are suggested to have better stability (Kadu et al.,
2011). The wdeal potential range for nanoparticle stability is (-30 to 20 mV or +20 to +30 mV)
{LLm et al., 2018). The praduced valnes rend te be harmful dne to the influence of acetic acid.
resulting in a negative charge. This charge causes electrostatic repulsion forces between
formed nanoparticles to prevent aggreganion into larger sizes (Inthifayana et al., 2022).
Higher Z-potential values increase nanoparticle stability due to higher electrostatic repulsion
forces between nanoparticles.

Conductivity provides information about the ability of nanoemulsions to conduet electricity,
Changes in conduclivity can occur with changes in surlace particle charge. Table 18 shows
that the nanoemulsion conductivity of Parijoto fruit extract ranges from 0.03458 to 0.09987
mS’cm. Good nanoemulsion conductivity measureuents have higher electrical conductivity
values (10100 pSicm) (Akalu et al., 2019; Guo ¢t al,, 2016: Khader et al., 2016). Electrical
conductivity values rend to decrease with decreasing water content in the emulsion. O/W type
{Oil-in-Waler) nanocinulsions have igher conduetivity than W/ O type (Waler-in-Oil)
nanoemulsions. This is because the more extensive water phase provides more pathways for
1on conduction.

The type and concentration of swfactant in nancemulsion can influence conductivity.
Surfactants can provide ionic charge or facilitate 1on conduction in the system. Viscosity isan
essential parameter in evaluating the flow properties of nanoemulsion. Viscosity is one of the
parameters used to determine the stability of polymers in a solution because it nndergaes
reduction during polymer storage due to polymer degradation (Aranaz etal.. 2021). In this
study, as shown in Table 1. the viscosity of nanoparticles ranges from 3,810 ¢P to 4,133 cP.
Alenm etal. (2023) stated that viscosity can depend on particle size and storage time.
Appropriate viscosity can affect the applicability and spread of the system. The viscosity of a
preparation is welated Lo the consistency and spreadability of the preparmation, which will afleet
ease of use (Imanto et al., 2019). Viscosity values are influenced by several factors, such as
temperature, pll, mannfacturing conditions, and the quality and concentration of raw
materials (Naiu & Yusuf, 2018). The results of viscosity tests are shown in centipoise {cP).
The higher the viscosity value of a preparation, the better the stability of the product, but the
preparation will be difficult to apply to the skin. and the resistance of the preparation to flow
will increase, making it difficult ro remaove from the container (Thakve, 2017). Meanwhile,
low viscosity values will increase the flowability of the skin and make it easier to apply to the
skin (Nam & Yusul, 2018)



33 Thus ANOVA table 13 essontial 10 evaluate he stnstical siguficancs of cach model conponent and detenmine whether the gusdrate mode! used
33% s goed coovgh to explaim the cheretenistys of the sanvemulsion o7 aol. The p-value is used to deteanine statistaal significance, and the
U0 acalvsis cesalts will belp sedect an approprinse mode] and interpret the significance of factors that infinence the characteristics aof nanoemnlsicos,

4t which can be soen in il tabée.

312 Jable 4. ANOVA (Apalyas of Vanance) foc the RSM Quadraue Model Pamicte Size. Poly Dispersity lndex, Z-potential, Conduetiaty, pH. and

M3 Viscesity m Nunoemulsxn

Quaitratic Morel Equation
© Particle Size (R 0358 R0 0.50156)
Yy — 000008 -0,000069X, QU0BI0X - 0000032, + QLOOUAEX," 1
0000064 X, -0,000003 X5 -0.000056 X, X -0.000043 X + O00M65X:X;
Poly Dispersity Index (1 0.3643 R, ! 0.2471)
Y= 623086 + 058801 X, -0.75655 Xu+ 843654 X, + 2465 X'+ 187663 X,
20,744 X574 23,0023 XX+ 26,3043 XoNG + 9,569 XX
Z-potentiad {R-: 0,5400% R, 0,56905)
Yy = 0.000062 - 0,000023 X; AL000010 X 0000008 X, AL00000T Xy
0000003 X7+ 0000008 X! 1 0000006 XX -D000008 XX | -B000005 XX,
Conductivity (R* 10,2444 R*,: 0,3464)
¥y — A035,80 - 1198.06X, + 833,22, - 1083, 46X, 2597 30%,7 .70, 22X
SERLI0X," ¢ 305.68N, X0 - T00,69X. X, -943.96X X
pIT (R : 0,822 R%:0,797)
Yoo 0003122 0,000040X, - 0,00006030+ 0,000039X: -0,000034X,*~
0000 TX:A | DLONO3 XA - 0,000006X. X - (LONODISXXG 1 0.000031 XX
Viskasitas (R*: 093976 R, - 1,93466)
Ye= 0.015177- 0,009573X, -0,003288X; - 0,000624X; - 0,008334X;" -
0000266X," - 20,744 X + 230025 X X0 + 26,3043 XoX + 9.3269 XXy
Notes :
- ¥Ehe medel bas a statistieally sigo fean cffos (.05}
=% Model mismateh oe Ssek of fit eccurs (pe0.05)

Thes 22 provesional (e, ot the (sl typeset silicle

Model
Lack of fir
Model
Lack ol fir

Medel
Lack ot fu

Sources of Varlation

Muodel
Lack of fur
Model

Luck ol fir
Medel

Lach of

0,294+
0,185
toar”
0.682
0,000°
0.980
U004
0,928
0,000
0,067
0,000~
0,103

p-Value
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Bascd on the ANOVA RSM analysis of three [actors, nanely the tvpe of Tween in
nanoemulsion, Tween concentration, and Panjoto extract concentration, all ANOVA values
show prababilities <0.0001 (p=0.05). This indicates that the quadratic response snrface model
nsed for both responses (dependent variables) is significant and can be used to optimize
extraction factors (Wang er al., 20141). The coefficient of determunanon, or R square, depicts
how independent data can explain dependent data. The range of R square values 15 between 0
and 1, where values closer to 1 indicate better explanatory power.

In the Central Composite Design amalvsis, the p-value indicates the significance of each
coefficient in the built polvnomial regression model. The lower the p-value, the more
significant the contribution of the coefficient to the overall regression madel (Zhong &
Wang, 2010). Using experimental data within the allowed range ol variables in las sludy Lo
create mathematical equations. which may have broader general applications, can provide the
abilily 1o predicl system behaviour when dilferent factors awe combined. From e perspeclive
of optimizing the formation of emulsion nanoparticles, there is potential to develop more
significant resnlts based on the variables investigated in this study. Addinonally, this
oplimization may be perforned using the techniques outhned m this research to test further
e effects of tune and temperature or other conditions, as needed.

Table 4 shows details of the RSM approach used to assess particle size {nm), Poly Dispersity
Index. Z-potential (mv), Conductivity, pll, and viscosity (Cp) in nanoemulsion of Parijoto
frunt extract involved in a series ol 81 expeniments based on factorial design, The coellicients
for the second-degree polynomial Fquation are determined through experimental results,
along with the regression coellicients [or Particle Size (Y1), Poly Dispersity Index (Y2), Z-
potential (Y3). Conductivity (Y4), pH (Y5). and viscosity (Y6). The Equation presented as
Equation (2) shows the full quadratic madel, while Table X shows the models predicting the
response of the independent variables (Y1-Y6).

To assess the extent o which the equation model in RSM [its the data and how strong the
influence of the variables is, the coefficient of determination or (R2) 1s used. Chin (1998) has
calegonzed that for model suitability, the R-Square value is subslantial il'it is more than 0.67,
moderate if it is more than (.33 but lower than (.67, and weak if it is more than 0.19 but
lower than 0.33. pll and viscosity indicate strong madel adequacy on these response
variables. In contrast, the responses of Particle Size, Poly Dispersity Index, Z-potential, and
Conductivily indicale a moderate model for these response variables, Alack of il test was
then performed to assess model fit for each response, With a p-value exceeding 0,035, 11 was
confirmed that the model adequately fit the experimental data, as seen in Table 4,

3.3 Contour plot on Particle Size, poly-dispersity index, Z-potential, Conductivity, pH,
and Viscosity as a function of Nanoemulsion Parijoto Fruit Extract.

In this research. the model is created as a Contour plot, showing the response: Particle Size,
Poly Dispersity Index. Z-potential. Conductivity, pH, and Viscosity. Continued research
shows a significant relationship between particle size and tween concentration and the type of
lipophilic Tween in nanoemulsions, as shown in Figures 1-6, The presented data oliers
valuable mnsights into the influence of lipophilic tween type and tween concentration on
varous properiics of the nanocmulsion derived [rom panjolo [uil extract, Each figure depicls
the contour plots illustrating the interaction effects between these two factors on different
characteristics of the nanoemulsion.
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Figure 1, the contour plot demonsirales the inlerction between (he lipophilic tween Lype and
tween concentration in controlling nanoparticle size, It reveals that as the lipophilic tween
type increases from 20 to 80, and the tween concentration rises from 8% to 10%, there is a
general trend of increasing particle size, albeit witha slight decreasing trend observed to
some extent. This suggests that both factors play a role in detemining the nanoparticle size,
with higher concentrations leading 1o larger particle sizes, Moving 1o Figure 2, which
illustrates the Z-potential of the nanoemulsion. an increase in the lipophilic Tween type from
60 to 80 and an increase in lween conceniration from 8% to 10% correspond (0 an increase in
Z-potential. Interestingly, ne further changes are observed beyond this point. This indicates
that these specific conditions result in optimal Z-potential. possibly indicating enhanced
stability of the nanoemulsion.

Figure 3 showcases the inlluence ol lipophilic tween lype and tween concentralion on the
conductivity of the nanoemulsion. As the lipophilic tween type increases from 20 to 80 and
lhe tween coneeniralion rises from 8% Lo 12%, conduclivity is consisient withoul any further
changes. This suggests a direct relationship between these factors and the conductivity of the
nanocmulsion, The Contour plot presented in Figure 4 demonsirates the effect of lipophilic
tween type and tween concentration on the nanoemulsion’s Poly Dispersity Index (PDI).
Interestingly, an increase in lipophilic tween (ype rom 60 lo 80 and a decrease in tween
concentration from 12% lo 8% lead 10 an merease in PDI value without [urther changes. This
indicates a complex interaction between these factors in determining the homogeneity of
particle size distribution within the nanoemulsion.

Figure 3 depicts the pIT contour plot of the paryoto fruit extract nanoemulsion. An increase in
lipophilic Tween type from 20 to 80 and an increase in tween concentration from 8% to 12%
resull in a consistent increase in pH without any further changes. This observation suggests
that these specific conditions contribute to the alkalinity of the nanoemulsion, which may
have implications for its stability and functiorality. Finally, Figure 61llustrates the viscosity
contour plot of the nanoemulsion. An increase in lipophilic tween type from 35 to 80 and an
increase in tween concentration from 8% to 12% lead to an mncrease in viscosity without
further changes. This indicates that higher concentrations of lipophilic Tween and Tween
result in a thicker consistency of the nanoemulsion. which affects its flow properties and
application. The presented data highlights the intricate relationship between lipaphilic tween
type and tween concentration in influencing various physicochemical properties of the
nanoemulsion derived from paryjoto frui extract. These findings provide valuable insights for
aptimizing the formulation and manufacturing process of the nanoemulsion for potential
applications in various industries.

Research on the miluence of surfactant type and concentration on nanoemulsion mdicates
that the selecrion of surfactant significantly affects the characteristics of nanoenmnlsion.
Various surfactant types, such as Tween 20, Tween 60, and Tween 80, play different roles in
forming nanoemulsions. The research results show that the particle size of Tween 80
surfactant is the highest, with an average particle size of 107,196 mu. Sinalar resulis were
reported by Chang et al. (2013). who obtained the smallest droplets in carvacrol-based
nanoemulsion made with a mixture of food-grade non-ionic snrfactants (Tween 20, 10, 60,
80, and 85). Tween, a non-ionic surfactant derived fom sortbitan ester, 1s soluble or
dispersible in water and is commonly used as an oil-in-water emulsifier in the
phannaceutical, cosmetic, and cleamng industries. Among these surfactants, Tween 801s one
af the most commonly used. Research by Donglas et al. (2013) confirms that the type of non-
ionic surfactant significantly influences the average particle diameter of the formed colloid
dispersion. The smallest droplets were observed in systems prepared using Tween 80, while
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e largest droplets fonmed in svslemns using Tween 85, The surfactant's Hydroplalic-
Lipophilic Balance (HLB) plays a role in forning small particles, Surfactants with either too
high (Tween 20) or too low (Tween 85) 111.13 values cannot form optimal nancemulsions.
Tween types with intennediate HLB values (40, 60, and 80) can form nanoemulsions with
small particle sizes. However, there 1s no strong correlation hetween 11.B vahies and particle
sizes produced by (hese surfactants (Kumar et al., 2008). Small-mmolecule surfactants have
higher surface activity and form smaller ennilsion droplets than large ones (Qian &
McClemends, 2011; Teo et al, 2014).

Amnother critical factor for mimmal droplet emulsion formation 1s the Hydrophilic-Lipophilic
Balance (111.B) value of the surfactant (Sagitani, 1981), defined by Griffin as the ratio of
surfactant hydraphilicity to lipophiticity (Griffin, 1949). A high HLB value indicates strong
hydrophilicity, and the HLB valucs ol non-ionic surfactants generally range from 0 1o 20
(Gad & Khairou, 2008). such as Tween 20 (HLB 16.7) and Tween 80 (HLB 15} (Dinarvand
¢l al, 2003). Two polyier and particle surface tension mechanisins influcnee cmulsion
stability: steric stability caused by macromolecules adsorbed on particle surfaces and
electrostatic stability due to repulsion between surface-charged droplets. In nanoemnisions
made with Tween 80 surfactant, the surfactant may not have a charge on the hydrophobic
group, causing the covered droplel surface to be non-charged and resulting in low C-potential
values, which can lead 1o inereased particle size and PDI (Lian ¢t al., 2016).

However, a different smdy propased by Alam et al. (2023} suggests that Tween 20 helps
ituprove PDI and allows for minimun polydispersity. Compared 1o other nanoparticles, the
ahility to maintain particle integrity using Tween 20 is significant. Increasing the Surfactant
conlent in the fonmulation inereases e polydispersily indices for natural extracts in the 3D
response surface graph. This mdicates that the nse of Tween types with low and high HLB
values can be applicable when canbined with an optiinal concentralion of co-surfactlant.

Swfactant concentration 1s also a critical factor in mnoemulsion formation. Research
indicates that increasing surfactant concentrarion can result in smaller and more homogenous
size distribution. However. there 1s a specific Inmit where surfactant concentration reaches a
platcau level, leading o unadsorbed surfactam sggregation and micelle formmation. The resulls
show that the higher the Tween concentration, the higher the size and PDI. This is confirmed
by Liat et al. (2016), stating that nancenulsions prepared with higher srfactant
concentrations significantly increase short-term stability. Systems with 15 or 20% weight of
Tween 80 are highly unstable to increasing dilution, indicaring that a medium snrfactant
concentration level may be more suitable for stable nanoeinulsion preparation. Although the
initial droplet size is small, higher surfactant concentrations can increase raw maternal costs
and cause undesirable sensory (taste) issues in commercial applications. ‘Therefore, this study
uses a 10% weight of Tween 80 in further experments.

Tucreasing surfaciant concentration inereases the munuber of surfactant molecules migrating
from the oil phase to the emilsion water phase, and mnodroplets form. Frictional forces
applicd Lo the al-water mierface, coaled with cimulsificr, cause some cmnulsifiers 1o sink
parallel to the surface layver while others detach from the surface layer. Hasani et al. (2015)
reported that droplet size increases by increasing surfactant concentration to 20%, and
particles have a broad and non-uniform size distnibution. The instability of nancemulsion at
high siwrfactant concentrations may be related to the depletion-flocculation mechanism of
absorbed surfactant. With creased surfactant conoentration, additional surfactant molecules
form micelles m the contimious phase rather than orienting on the particle surface. This leads
to an increase in local osmotic pressure, causing the continuons phase between moving
droplets to decrease, reducing the continuous phase between those droplets. As a resulr,
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AEETCZALION OCCULS, CausIg an duercase m panicle sizc. According o Ol et al. (2011) and
Tadros et al. (2004}, the average droplet size becomes smaller, and the size distribution
becomes narrower with increasing emulsifier concentration, nitimately reaching a platean
level. Beyond the plateau level, free or unadsorbed emulsifiers may accumulate to form
micelles. Nanoemmlsions are known to he thermodynamically instable, tending to nummize
mterfacial area through coalescence.

An merease in the flier extraet's concenlration can lead to nanoparticles' lendeney to
apgregate or form agglomerates and pH nanoemulsion. This phenomenon may occur due to
physical or chemical interactions between nanopanticles and compounds in the filler extract.
Findings by Alab et al. (2021) suggest that an increase in extract concentration results in an
increase in particle size, particularly at the highest concentration of 347.2 nm. On the other
hand. the siallest concentration has the lowesl particle size al 86.98 mu. These results
indicate that higher concentrations may increase the likelihood of particle agglomeration.

Iurthermore, increasing the concentration of parijoto fiuit extract can increase the total mass
in the solntion, which, i turn, can increase overall viscosity. Additional particles or
molecules from the filler extract can coutribule 1o the inerease m viscosity. A sludy by Olan
et al (2021) shows that particles with the highest concentration have the highest viscosity and
vice versd. This merease i viscosily may be caused by excess extract loaded imlo particles.
The physicochemical charactenstics of the filler extract may influence the viscosity
properties of nanoparticles, and factors such as changes in pli, temperanire, or chemical
composition may also play a role n viscosily inerease. Pamjoto [t is rich m active
compounds, such as anthocyaning, which can affect the strface charge of nanoemnlsion
particles. Al a certain pH, authocyaning or other components may have specilic charges that
can influence the electrostatic stability of particles (L et al., 2016). Anthocyanins may
undergo solubility changes al specilic pH values, allecting (he dislribution and statality of the
nancemulsion's o1l or water phase, The same occurs with surfactants, where variations in
charge of the filler extract from parijoto frut can affect the interaction between nanoparticles,
anthocyamns, and other components i the system, The loading capacity of the extract in the
naneemulsion likely depends on its solubility 1n the system nsed. Anthocyanins tend to
undergo color changes with pH (pH-dependent color shifi). Additionally, the antioxidant
acrivity of anthocyanins can be influenced by pH. This complexity can modulate the overall
physicochemical properties of the manoemulsion system.

Nanoemulsions, despite their promising applicanons. present challenges related to stahility.
The challenge is the propensity for Ostwald ripening, wherein larger droplets grow at the
expense of smaller ones, leading to phase separation and reduced shelf-life. Additionally,
factors such as temperature fluctuations. pil changes, and exposure to light can exacerbate
instability, causing particle aggregation, Surfactant degradation overtime is another concemn,
as it can compromise the emulsion’s ability to maintain a stable dispersion. However. the
industrial application of parijoto fruit or extract holds significant potential, Panjoto fruit,
known lor its rich content of bioactive compounds, including anthocyanins, [avonoids, and
phenolic acids, offers various health benefits such as antioxidant and anti-inflammatory
propertics. Incorporating parijoto extract into nancemulsions can enhance its bioavailability
and efficacy, making it suitable for a range of industrial applications especially food
functional and nutracetical.
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3A  Optimal Polnt Prediction from RSM in Nanoemulsion Parijoto Fruit Extract

A

| poml pe Iram the Resy Surface Methodelogy ane ablared by combimng tlpum.\l cimdilions based on inlerscicms belween
mdcp..ndem variables, Profiler predictions are obsained ifthe firted surface gmph is ip minimuwm, maximam, or saddle foom, 2D graphics an
unage X, shows a complex interction between the variable factors of lipophilie tRven type and tween concantrin:on o the respanse. cr@sing
Lhe lipuphilic tween Lype value moreases the respunse somewha. bt the lween conceninuiva valwe can modify the elfact. There 15 an aplimal
region whers the response reaches its penk. The implication for practice is that by setting the variable factors at [evels that are eshmated to be
optimum, 1he esearch results can achicve the highest opcinization i the desired respose, which can be seen in Figure 7.

Iabke 3. Preduction of Optimua Conditiors for Parijoto Eruit Extract Nanoculsion

< Parijoto Fruil Degree
Typeseol Tween z Foly .
sof Extract Nanoparticle Conductivi of Viscosity  Devirad
B'-l:nu Txphaphilic  Concentiation - coerarion sm(::) posentiol o Gy ¥ Disperiy acdiy (Cp)  baaie =
1weens %) (mv) Index
(%) (pID)
Oplisnum
Condition  §0 12 X o1 -ZRA8 (I 0.691 &.804 L.668 0
FPredictivn
Aaximmm
Vame ar . ; g ) 5 . i
Oplimum 80 12 1.3 993 SAzas [ELER 0.371 682 3422
Condirlans
Mininwam
Virlue at % L 3637 <
Opimams: 12 1% 16388 2637 0% 1ol &9 3213
Conditions

[tcan be secn in Table 9 that to ackiewe the maxinmam desired concentration of panoparticle size, J-potential, Counductivicy, Poly Dispersity
[idex. degres of acidaty, and Viscesity, i is necessary 1o s the Tween sofvent concerifaiion 1o 80, Iween conceattation to 12% and padjote
fruit exrract concentration to 7. 3 %, This set of conditions has a desicability valne of 0,74, Bevause the value is almost ¢lese to | and falls into
the moderate categary, this w01 of condittors o quse optmal for the sun of tus wsearch. namely o maxireze the espoase
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The oplonization ol nanocmnulsion lonuation [rom panjoto fuil exlracl using Response
Surface Methodology (RSM) has been conducred w this study, RSM is a statistical method
nsed to design experiments and analyze the impact of multiple independent variables on a
measured response. As an output of this research, the synthesis process conditions of
nanoemulsion from parijoro four extract can be aprimized to achieve particle size,
polydispersity mdex (PDI), C-potential, conductivity, pH, and viscosily levels. RSM
determines the optimal extrachion time and temperature to maximize the response variable
oulcomes (Granato ¢t al, 2014). Tu Iine with this, predictions and obscrvations are within a
narrow range and do not show significant differences at a 5% significance level, indicating
the model's smitability for optimization and process efficiency purposes.

The optonal point prediction from the Response Surface Methodology is oblamed by
integrating optimal conditions and depends on the interaction between independent variables.
as Ratnawati et al. (2018) explained. The prediction profile is formed when the adjusted
surface graphs show a minimum, maximm, or saddle shape. The aptinization process can
achicve oplunal responses by aualvang cach response belowhand, ultimately reducing cflon
and operational costs, as Nurmiah et al. (2013) stated. Desnability, with a range of values
from 0 1o 1, 13 used as the oplimization targel value, with low (0-0.49). modemte (0.5-0.79).
and high (0.8-1) categories. The closer the value of | is, the greater the desirability, which
indicates the suitability of the combination of process parameters to achieve optimal response
variables,

Table 3 shows that to achieve the desired concentrations of nanoparticle size, {-potential,
conduclivity, polydispersily index, acidity level, and viscosity, Tween 8¢ with a Tween
concentration of 12% and parijoto finit extract concentration of 7.3% is necessary. This set of
conditions has a desirability value of 0.740349. Since its value is close to 1 and falls into the
maderate category, this set of conditions is optimal for this research to maximize the
response.

This is a provisional file. not the final typeset article



589

590
591
592
593
394
595
396
597
398
599

6O

601
602
603
604
605

606
607
608

609
610
611

612
613

? frontiers

Bl Conclusion

In this series of experiments. nanoemulsion from parijoto fruit has been characterized, considering
various physicochemical parameters such as particle size. polydispersity index. C-potential,
conductivity. pH, and viscosity respectively ranged from 14,603416.73 nm to 118,0534.5825 nm,
0.402=0.038 to (.874£0.100, -22 1970 738 mV Lo -28.207=1 598 mV, 0.064=0.013 Lo ¢.0900.010
mSfem, and 6.74740 035 to 6.897x0.006, and 3.827£0.021 to 5.633=0.058. The research results
indicate significant variations in the physical characteristics of both nanomaterials regarding changes
1o surfactant and panjolo extract concentrations. Increased surfactant concentration tends to produce
smaller particle sizes and a more homogeneous distiibution, although cerfain himtations were found
that lead to snrfactant aggregation and micelle formation. The nanoemulsion characteristics inchide
Z-potential , polydispersity, particle size, conductivity, pH, and viscosity, The type and concentration
ol surfactants plaved a crucial role in detennining the propertics of the nanoemulsions. Variations in
surfactant parameters resulted in observable differences in emulsion characteristics, highlighting the
importance of surfactant selection and optimization. To achieve optimal nanoemulsion process
conditions. it 1s recominended to use Tween 80 with 12% Tween corcentiation and 7.5% partjoto
fruit extract concentration. resulfing in a desirability value of 0.74, mto the moderate category.
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Formulation of nanoemulsion
parijoto fruit extract (Medinilla
Speciosa) with variation of tweens
stabilizers

Victoria Kristina Ananingsih®, Alberta Rika Pratiwi,
Bernadeta Soedarini and Yohanes Alan Sarsita Putra

Departimvert of Fooit Teshinolagy. Soogjaprarata Catholin Uniersity. Serarang: rcoresia

Nanotechnology has substantal potential for development due to its ability to
modify surface characteristics and particle size, faclitating enhanced absorption
of functional food compourds and controlled redease of active substances to
mitigate adverse effects Nanoemulsion, a stable colloidal system formed by
blending oil, emulsifier, and water, was identified as nanotechnology with
promising applications. However, Investigations ino the impact of surfactants
on charactenstic nanoemulsions need to be more varied This research gap
necessitated further exploration in the advancement of nanotechnology-
based foods. The panjoto frult (Medindla speciosa), an Indgenous plant species
in Indonesia, has yet to undergo extensive scrutiny for as potential use as a
functional and nutraceutical food. Anthocyanins, a princpal compound in the
pargoto fruit, had exhibited efficacy in reducing the risk of cardiovascular disease
digbetes, demonstrating anti-inflammatory and antioxidant properties, Thes
study aimed to investigate the charactenstics of nanocemutsion formwulatiors
denved from parijoto frult extract and 10 evaluate an optamum condition with
various tween surfactants The findings from this investigation could furnish
valuable insights for the further advancement of anthocyanin nanoermulsions
from parjoto fruit extract. The results comprised the charactenzation of
nanoemulsion particle size, polydispersity index, {-potential conductivity,
pH, and wiscosity. Through mathematical modeling and statistical methods,
RSM optimizes nancemulsion by examining the relationships and interactions
between independent and response varables Furthermore, the charactetization
of nanoermulsion encompassed U-potential  polydispersity, particle size,
conductivity, pH, and wiscosity. Elevated surfactant concentrations resulted in
diminished particle sizes and more uniform size distribution, albest reaching a
platesu where surfactant aggregation ahd micelle formation ensued Increased
concentrations of surfactant type, concentration. and panjoto extract impacted
the physical characteristics of nanoparticle size and polydispersity. The optimat
process conditions for nancemulsion consisting of the type of Tween used are
Tween 80, Tween concentration of 12%, and parjoto frurt extract concentration
of 7.5%, ywelding a desirability value of 0.74, categorzing it 3s moderate,

sormoimE

manoemutsion, stabilizers, tween, parijoto, RSM
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1 Introduction

Nanotechnology underwent progressive evolution, charactenized
by measurements on the nanometer scale, approximately 107" meters
(1), Acknowledgment fram the Warld Health Organization (WHO)
and the Food and Agriculture Organization (FAO) () underscored
nanotechnology’s significant potential in enhancing foed products,
attributed 10 its capacity 1o modfy surface characteristios and particle
size. Such modifications facilnate targeted delivery of food compounds
to specific organs and the controlled release of active compounds to
mitigate adverse effects. The attrsbutes of nanoscile food materials are
pivotal in propdling  diverse  industries, inchading  food,
phamaceuticals, and extensive nutraceutical applications (1), Dae to
thetr substantial surface area-to-volume ratio, nanoemulsions exhibit
enhanced stability against gravitational sep and aggregtion,
owing to their distinct physkochemical and biological characieristics
compared to conventions] emulsions. The droplets ar globules
tnherent in nanoemulsions mitigate gravitational forces and Brownian
motion, thereby averting creaming or sedimentation during storage.
Nanoemulsions d a nanotechnological rendition of a stable
colloidal system, achieving kinetic stability through the amalgamation
of oil. emulsifier, ancl water ( (). Chang ¢t al, (%) conducted research
utilizing surfactants as stabilizers in synthesizing nanocmulsions,
showcasing the stability of nancemulsion partscle size i curcumin
extract. Surfactants can diminish interfacial tension and form a
substantially influential steric elastic film on the emulsion results {1),

Renowned for its tropical climate and vast biodiversety, Indonesta
harbars at least 30,000 plant species, with 7,000 being herbal plants
with documented health benefits {7, = ). Parijoto (Madiniila speciosa),
an endemic plant species in Indomesia, remains reatively understudied
for s scientific potential in pharmacy, functioml foods, and
nutracenticals, Analysis has confirmed that the pariioto fruit
comprses  phytochemical components such as  anthocyanins,
flavonolds, saponins, tannins, alkaloids, cardenolides, and glycosides.
Anthocyaniny, a predominant compound i parijoto  fru,
demonstrate efficacy in reducing the risk of cardiovascular diseases,
disbetes, and inflammation while possessing  notable anti-
inflammatory and antioxidant properties, Extraction techniques yield
varying anthocyanin contents, with the peel extract and whobe fruit
extract registering 208.75 and 173.7 mg/L, respectively (V). Various
factors influence anthocyanies” stability, including chemical stracture,
concentration, solvent, pH, storage temperatue, light, oxygen, metal
ions, proteins, and flavonoids, Weak stability under high pH, high
temperature, and light exposure has been observed, with Jower pH
contributing to enhanced stability (10, [ 1), Heating at elevated
temperatures accelerates anthocyanin degradation (1)

Response Surface Methodology (RSM) has emerged as a
promanent multivariate satistical techaique for optimizing various
processes in recent years. Initially introduced by Box and colleagues
in the 1950s. RSM facilitates examining the relationship and
interactions amony independent and response variables through
mathematical mexleling and statistical methods (1)), RSM has
successfully enhanced and optimized therapewtic extract and drug
nanoerulsion (11). In this study, Central Composite Design (CCD)
Response Surface Methodology (RSM) was employed 1o optimize the
quality parameters of the nanoemulsion,

Appropriste  nano-encapsulation  techniques, such  as
nanoemulsion, have shown the potential to enhance the stability,
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biloavailability, and solubility of Lpophilic bisactive compounds
while also preventing hydrolysis and oxidation (1) The
encapsulation process aimed to protect the active substance from
oxtdation by air and light, thereby increasing the shelf life of the
product (10). Nanoemulsions are widely utilized nanoformulations
in food-related industries through active or passive targeting
mechanisms. Gunasekaran et al. (17} introduced nanotechnology
as an effective tool for enhancing the bioavailability and bicactivity
of phytomedicine, Nanoemulsion has emerged as a novel
technology, providing opportunities to address  challenges
associated with delivering macronutrients in functional food. Shin
et al. (14) explored recent ac in nanoformulation of
lipophilic functional foods. Morcover, nanatechnology-based
strategses have been explored to associate complex matrices dertved
from plant extracts, affering promising prospects for deveoping
novel therapeutic formulations (1), Synthesis of nanoemulsion
using mangosteen peel extract nch in anthocyanins as the main
ingredient of the formulation can increase the daminant
penetration of a-mangostin through the stratum corneum (10).
Catechin nanoemulsion showed a remarkable improvement tn
stabality and boavailability kn simulated gastromtestinal conditions
{210 Mulia et al. () showed the optimum results using a high-
speed homogenization and Tween surfactant to  prepare
nanoemulsions with nanoemulksion. Research conducted by Chang
et al (1) used Tween as the surfactant in the stable nanoemulsion
synthesis loaded curcumin extract. This highlights the opportunity
10 develop nanoemulsion formulations for anthocyaning found in
parijoto fruit. So far, h on lsion formulation in
parijoto fruit involving varions concentrations and stabilizers still
needs to be conducted, This current stady investigates the
characteristics of nanoemulson formalations derived from parijolo
fruit extract and cvaluates an optimum condition with various
tween surfactants

2 Materials and method
2.1 Materials

Grinder (Binder), Erlenmeyer (Pyrex), beaker glass (Pyrex),
volume pipette, test tube (Pyrex), test tube rack. funnel (Pyrex),
meastring Hask (Pyrex), vacuum n filter 0.22 nm (Sartorius Stedim
11.694-2-50-06), viak. micropipette (Socorex), blue tip {Biologix 1
nml. pipette tps), botplate (Clmarec et al $P142025Q), vortex
{Thermolyne et al), Ultrasonic Cleaner (Biobase UC-1080)
modified, UV-VIS spectrophotometer (Shimadzn, UV-1280),
aluminam fod, filter paper, 0.22um filter membrane (Wattman),
Cabinet dryer (HetoPowerDry LL1500), rotary evaparator ( Biobase
RE-2000E), syringe, analytical balance. Fresh parijoto, ethanol pro
analysts (Merck, Germany), methanol pro analysis (Merck
Germany), distilled water, F. clocalten 10% (Merck, Germany),
Na2CO3 75% (Merck, Germany), DPPH soluition (Merck,
Germany), Quarcetin ( Merck, Germany), AXCI (Merdk, Germany),
smmonium acetate 1 M{Merck, Germany), acetome {Merck,
Germany), acetonitrile (Merck, Germany), standard cyanide
(Zigma), delphinidin gl standard (Zigma), Tween 20 (Merck,
Germany), Tween 60 (Merck, Geemany), and Tween 80 (Merck,
Germany).
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2.2 Preparation of dry samples of parijoto
fruit extract

Samples used in this study are fruits from the Pardjoto plant
(Medinilla specsosa) cultivated and harvested on the slopes of Mount
Muria, Kudus. The fruits used are ripe fruits harvested when the
Parijoto plant reaches full matunty, typxcally around 90-100days afier
flowermy, Parijoto, which had been cleaned and sorted, was weighed
200 grams for each treatment. The frust that has been weighed isthen
steam-blanched for 3min. Prepare a citric acid solution with a
concentration of 1% for pre-treatment of fruit before drying. After
that, soak the parijoto fruit in the ctric acid sofution for 5min and
drain. The Cabanet Dryer is cleaned before use to maintain hygiene
and avoid cross-contamination. The drying temperature used was
70°C for 6h. The dried Parijoto fruit is then ground into powder using
u herbal grinder for 2 min. Afier that, the sample will be extracted for
further testing. The dried Paripoto will be chemscally analyzed using
UV-Vis spectroscopy.

2.3 Making parijoto extract using ultrasonic
assisted extraction

Five grams of dry sample powder and 50ml of 99.5% ethanol
were mixed tharoughly for homogeneity in four 250 ml. centrifuge
bottles. Then, all vials were sonicated wsing a Bio-Based Ultrasonic
Waterbath with a 40 KHz frequency and 100W power for 30min.
Subsequently, the samples were subjecied to shaking for 1h. The
centrifugation step was performed at 4,000 rpm at 4°C for 10min
(Ohaus, United States). The supernatant was then carefully collected,
and the remadning solution was evaporated to dryness uisder vacaum
conditions. The residue was dissolved in99.5% ethanol and diluted to
20mL. After filtering through a 0.22 jam membrane filtes; parijoto fruit
extract was obtained and stored at —20°C for UV-Vis analysis.

2.4 Preparation of anthocyanin
nanoemulsion from parijoto extract

Approximately 3mL of anthocyanin panoemulson with
concentrations of 2 mg/ml, 4 mg/ml, and 6 mg/ml., respectively, were
prepared by collecting a portion of parijoto extract, and the solvent
was removed with nitrogen. The sofvent removal process during
anthocyanin extraction can be monitored wsing a combination of
visual inspection and periodic weight measurements. Visual
Inspection involves observing the extract as the solvent evaporates,
noting its increastng concentration, evadenced by a thicker and more
viscous appearance. Periodic weighing of the contamer or flask
containing the extract allows for weight loss tracking as the solvent
evaporates. Once the welght stabilizes or reaches a predetermined
target, the desired solvent removal rate has been attained, ensuring the
production of a concentrated anthocyanin extract suitable for further
analysis, Anthocyamn nanoemulsion was prepared using o
combination of surfactants that have Jow, medium, 2nd high
hydrophile lipophile balance (HLB), namely Twen 20, Tween 60, and
Tween 80, Then, surfactant (0.24g) was added, and the mixture was
hosmogentzed entirely. This was followed by adding (2.76g) deenized
waler and g agam for complete disp of surfactant in water.
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The solution was then sonicated in a sonicator with a temperature of
35°C, frequency of 45 Hz, and 100% power for 60 min. To produce 2
good nancemulsion. homogenization was carried out using high shear
homogendzation at 15000rpm with a temperature of 4\u00BOC
for 15min,

2.5 Characterization of particle size and
polydispersity index of nanoemulsion
parijoto fruit extract

The particle size analysis tool used m this study was the Zetasizer
{Zetasizer Proc Malvern Instruments, Ltd,, Malvern. ), which operates
based an the general principle of dynamic light scattermg (DLS), This
tool has & detector placed at an anyle of 173 from the transmitted light
beam and detects size using & patented technology known as
noninvasive backscattermg, This technigue is used for various pusposes.
One i to reduce the effect known as multiple seattering, making it
casier W measure samples with high concentrations. Modifying
McClements (2016), the partice size distribution and average particle
size of Isions were determined by dynamic light scattering
(DLS) at a wavdength of 633 nm and a temperature of 25°C

2.6 Characterization of Z-potential
nanoemulsion parijoto fruit extract

The C-potential of Parijoto Fruit Extract Nanoemulsion was
evaluated using (-potential analysis {Zetasizer Pro; Malvern
Instruments, Lid, Malvern) following the method described by Khalid
et al (2017). The C-potential of the samples was evabuated
awtomatically using 10 to 100 analytical runs after equilibration for
1205 at 25°C, The C-potential of the particles was measured by phase-
analysis ight scattering (PLS) using a Zeta dip cell

2.7 Characterization of the conductivity of
nanoemulsion parijoto fruit extract

The conductivity of nanoemulsion particles was measured by
phase-analysis light scattecing (PLS) using o Zeta dip cefl witha cuvet
clectrode. Samples were evaluated atomatically using 10 w0 100
analytical runs after equilibration for 1205 at 25°C The detector is
phiced atan angle of 173° from the transmitted light beam.

2.8 pH measurement of nanoemulsion
parijoto fruit extract

The pH was determined using a Schott pH meter at room
temperature (27 1 2°C), calibrated with a standard buffer of pH 7. The
pH analysis of the Parijoto fruit extract nanoemulsion sample was
carried out using 4 pH meter with 4 particular electrode. First, the
pH meter is set and calibrated with a standard buffer solution at &
known pH. generally at pH 4,0, 7.0, and 10.0. Samples were diluted
with 10 mM phosphate bufier pH seven before analysis to avoid
multiple scattering effects durlng testing. The pH meter electrode is
then carefully inserted into the sample o ensure good contact. Once

Nrontiersin org



Anrurengaim ex al

the electrode is stable, 2 pH reading is taken and recorded. This step
is repeated as necessary to obtain consistent results, This pH analysis
provides essential information regarding the acidity or atkalinity level
of nanoemukion and nanocitosan Parsjoto fruit extract, which can
affect the stabality and quality of produucts using the nanoemulsion.

2.9 Viscosity measurement of
nanoemulsion parijoto fruit extract

Viscodty measurements are carried oul wing & viscomeler
brookfiedd. 14ml. of sample was put imto the cup and attached to the
salvent trap provided. The visconweter was set at 200 rpm, three rotations,
for 30s. The measirement process begans by activating the visconder,
und this tool ically the time required for a liquid to
tlow through the viscometer tube at a spesific temperature and rpm.
This time, a predetermined formula comverts the reading into o viscosity
value Repeated measirements can be made to ensure consistent results.

2.10 Statistical analysis uses response
surface methodology

In this study, primary data i 3 repetitions of extraction and theee
repetitions of testing were averaged and given a standard deviation
value for each treatment combanation using Statistica 12.5 by StatSoft,
The data is then entered into a statistical application. arranged in a
combination of fctorial points, axial paints, and central points with
three repetitions, After that, the data was analyzed, and several test
slages were carried out. The basks for testing is studentification from
primary data, Studentification means that the scale of the variable is
adjusted by dividing it by the estimated population standard deviation.
Variability in sample standard deviation values contributes to
additonal uncestainty i the calcubated value. This will cause problems

i finding the probabikity distrit of each statistic stidicd

2.10.1 Effect summary

This test can summarize the effects of the combination of
treatments used. The Longworth value in the results of this test is
defined as-log (p-value) and ks & transformation of the p-value based
on the Pasrson Chi-Squared test. The Pearsson Chi-Squared wst
evaluates the possibility of the split being caused by chance, The higher
the Pearson Chi-Squared value, the higher the probability of the split
being caused by dependency. Generally, if the woeth is greater than 2,
the statestical model considers the variable necessary

2.10.2 Lack of fit

Model suatabtlity testing (lack of B is carried out to review
whether the modd equation is acceptable ar not in predicting
responses. In the lack of fit test, the following hypothesis is used:

HO = no kck of fit (suitable model).

H1 = there isa lack of fit (the mode is not suitable),

The hypothesis is conduded by comparing the calculated F value
with the Ftable. The calculated F is obtained from the statistical test
results and displayed in the ANOVA table. The F table value is obeained
from the F Distribution Table. The criteria for the lack of fit test are

F count < Ftable, then HO bs accepted. F count > Ftable, then Ho
i rejected.
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Another parameter that can prove the suitability of the model
obtained is by comparing the p-walue with the a value. If the p-value
of lack of fit is smaller than the o value, then there is a significant Lack
of fit, 50 the model obtained is inappropeiate.

2.10.3 Summary of fit

The R square and Koot Mean square error values ane obtainad in
this test. Measures the difference in values from o model’s predictions
s estimates of the observed values. R square 15 also known as the
coefficlent of deternunation, which explains how far independent data
canexplain dependent data R square has a value between 0 and 1 with
the condition that the closer it isto one, the better it is, If the r square
i5 0.6, the independent variable can explain 0% of the distribution of
the dependent vartable The independent variable cannot explain the
remaining 40% or can be explained by varinbles outside the
independent variable (error component),

2.10.4 Parameter estimates

The parameter estimates are the cocfficients of the linear predictor
This value represents the change in respoase if you have a certain level
of & categorical predictor or a change of 1 unit for a continusous
predictor, which means the same thing as in 3 multiple regression
analysis with continuoas response.

2.10.5 Analysis of variance

The ANOVA test (Analysis of Variance) has the following
test criteria:

HO s accepted i F count < F table, which means the moded cannot
be sccepted statistically because no independent variables directly
influence the response.

H1 s accepted if F count > F table, which means the model ks
statistically acceptable and at least one independent variable has a real
influence on the response.

2.10.6 Fitted surfaces

The depiction of the fitted surface &s carried out using the Central
Composite Deskgn model The experimental design is factortal,
specifically Central Composte Design (CCD). CCD was chosen over
Box-Behnken Design because OCD provides more design points in
terms of axial points, Additionally, CCDs can run experiments at
extreme vilues, providing better quadratic equations for anslysis CCD
contains a factorial or fractional factorial design with a central point
augmented by a group of axial points’ that allow estimation of curvature.
If the distance from the center of the design space 1o the factordal point
is 41 unit for each factoe, the distance from the center of the design
space to the axial point s | o {> 1. The exact value of a depends on the
properties dessred for the design and the number of factoes involved
The CCD has twice as many stas points due to a factor in the desgn.

3 Result and discussion

?.liPhytochemical profiles of dried parijoto
ruit

Drying Parijoto Fruit is carried oot using a cabinet dryer ot 2

temperature 70°C for 6 h. The results of deying parijoto fruit were
obtained through the preparation process; the antioxidant and
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anthocyanin activity profiles were expressed, respectively, in wits of
% inhibetion and ppm. The total anthocyanin content in the dry
samples and extracts was 538.47 + ppm. The dried Panjoto exhibited
significant antioxidant activity, with a % inhibition value of
79,144 M.82 This indscates a substantial capacity to neutralize free
radicals in various chronic diseases and aging processes, The high
antioxidant activity suggests that the drying process did not
significantly diminish the antsoxidant potential of Parijoto. The total
anthocyanin content of the dried Parijoto was 538,47+ 4.67 ppm.

Anthocyanins are o group of pigmented compounds known for their
antioxidant properties and potential health benefits. The retention of
anthocyaning atter drying indicates that cabinet drying effectively
preserved these bioactive compounds in the dnied Parijoto,

The parpoto frint extract was obtained through an extraction
process using the Ultra-assisted extraction method. The Ultra-assistexd
extraction method involves the utilization of & modified ultrasonic
water bath for the extraction of partioto fruit. This method harnesses
ultrasonic energy to enhance the extraction process by facilitating cdl
wall breakdown and increasing target compounds’ solubility. During
atnctmn. the pm}o(o frait is immersed in a solvent within the

h, where ultrasonsc waves are applied (o the
sample. This results in intensified agitation and civitation within the
solvent, leading to improved extraction effickency and higher yields of
biactive compounds from the fruit. The characterization of Parijoto
extract ax a filler in nanoemulsion involved various analyses to assess
its antioxidant propertics and phywchemical composition. The
extraction method was ultra-assided extraction, known for its
efficiency in extracting bioactive compounds from plant materials,
The antioxidant astivity of the Parijota extract was evaluated, yelding
a % Inhibition value of 50.776:+6.18. This indicates a significant
antioxsdant capacity, crucial for cambating oxidative stress and
preventing cellular damage cansed by free radicals.

Furthermore, the total anthocyanin content of the extract was
determined o be 9343 414 ppm. Anthocyaning are well-known
antioxidants m many fruits and vegetables, They are known for their
potential health benefits, including anti-inflammatory and anti-cancer
properties. The lavonold content of the Parijoto extract was measured
to be 12685« LI5g/1. Flavonoids are 4 class of polyphenolic
compounds known for their antioxidant and anti-inflammatory
effects. Additionally, the phenolic coment of the extract was quantified
as 8.43+0.70 GAE/g. Phenobc compounds are another group of
binactive compounds found in plants, known for their mtioxidant and
anti-nflammatory activitics and their potential role in redocing the
risk of chitomic diseases.

3.2 Fitting model for RSM (response et al.)
in parijoto fruit extract nanoemulsion

Data recorded for each run induded nanoemulsion particle size,
polydsspersity indes, C-potential, conductivity, pH, and viscosity. Each
variable was measured with three repetitions and the measurements
three times to get consistent results, This data will be used to analyze
the influence of various factors on the dharacteristics of nanoemulsions
using the Response Surface Methodology method, which can be seen
in the table.

[abile 1 shows that the partade size range of the nanoemalsion is
between 14,603 & 16.73 nm and 118,053 +4,5825 nm. The largest and
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smallest nanoparticle sizes found are 126.47nm and 1372nm,
respectively, with most nanoparticle sizes falling within the 50- 100 nm
range, Similar results were confirmed by Noor EL-Din et al, (1), who
reported nanoemulsion sizes ranging from 3158 to 220.5nm. Studies
conducted by Delmas et al, Lin et al, and Mei et al using
ultrasonication and high emuisification methods also confirmed
compamble results of 45-1700m, 222.4-166.4 nm, and 170-280 nm.
respectively (1120} Conversely, Peng et al (17) reported a
nanoparticle size range of 21-6%4 nm. Z-potential reflects the surface
charge of particles and affects colloidal stability. High C-potential can
prevent particle aggregation due 10 electrostatic repubion, The
research inchudes the evaluation and characterization of {-potential
under various treatments. The study obtained £-potential results for
mancemulsion  ranging  from -2219720738mV (o
«28.207 + 1 598 mV, respectively, Similar results were confirmed by
obtaining results of +21.5mV. Particles with high ZP values. between
20 and 40 m\] provide system stability and are less likely to aggregate
or increase particle size. However, it should be noted that ZP values
are not an absolute measure of nanaparticle stability. Furthermore,
emulsions with ZP varations >10mV are suggested to have better
stabulaty (20). The ideal p | range for particle stability is
{=30to 0mV ar+ 20 to +30mV) (), The produced values tend to
be harmful due to the influence of acetic acid. resulting in & negative
charge This charge causes electrostatic repulsion forces between
formed nanoparticles Lo prevent aggregation into larger sizes. Higher
{-potential values increase nanoparticle stability dee o higher
clectrostatic repulson foeces between nanoparticles.

Coaductivity  provides information about the ability of
nanoemulsions to condusct electricity. Changes in conductivity can
occur with changes in surface particle charge. 7001c | shows that the
mancemulsion conductivity of Parjolo fruft extract ranges from
0.03438 to 009987 mSem. Good nanoemulsion conductivity
measurements have higher electrical conductivity values (10-100pS/
em) (29) Electrical conductivity valees tend 1o decrease with
decreasing water content in the emubsion. O/W type (Ofl-in- Water)
nanoemulsions have higher conductivity than W/O type {Water-
in-Olf) napoemulsions. This is because the more extensive water phase
provides more pathways for jon conduction.

The type and concentration of surfactant in nanoemulson can
Influence conductivity, Surfactants can provide jonic charge or
facilztate fon conduction in the system. Viscosity is an essential
parameter in evaluating the flow properties of nanoenmlsion, Viscosity
is one of the parameters used to determine the stability of polymers in
2 sodution because It undergoes reduction durmg polymer storage due
to polymer degradation (10). In this study, as shown in [uble |, the
viscosity of nanoparticles mnges from 3.810cP to 4433 cP Alemu et al
(11} stated that viscosity can depend on particle size and storage time.
Appropriate vascosity can atfect the applicabalty and spread of the
systemn. The viscosity of a preparation & related to the consistency and
spreadability of the prepasation, which will affect ease of use. Viscosity
values are influenced by several factors, such us temperature, pH,
manufacturing conditions, and the quality and concentration of raw
materials The results of viscosity tests are shawn in centipoise (cP')
The higher the viscosity value of 3 preparstion, the better the stability
of the product, bat the preparation will be difficult to apply.

This ANOVA table is essential to cvaluate the statistical
significance of each madel component and determine whether the
quadratic madel used is good enough to explain the characteristics

Brosttersin org
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TASLE 2 ANOVA (analysis of variance) for the RSM quadratic model particle size, poly disp

nanosemuleon

Quadratic model equation
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y ingex, 7 -potential, conductivity, pH, and vscosity In

Sources

vanation
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O -0 XX

X 0 D004, + 0100
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Zipatessial (R 054005 &, 0.5G505) Y, « Q000062 -0 000021 X, - 0000010 Xoo (00000 X, + ~0.000007 X, "+

0000003 X' + 0, 000008 X' 4 —0.000006 X, » . 0000008 XX, + —0000005 X.X,

Comliivaty (R 0 2848 K 0 34640 Y, = 300580 190,00, + #33 23X; - 1083 99X~
207 MK N0 AN RLTUX o USRI X - X X
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XA 0001 5XX, + 000001 XX,

Vidooutas (R 0095976 &', 0.95466) Y, < (L015177 « 000S5TIX,- OOUTZAKK -8 0006 24X, - 1L 03X, -

DGIHEN, -2 744 X7+ 30025 XX « 263043 X, X, + 95268 XX,
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M‘nj[u . 0155
| Nndrl 0
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Lakoff a7
| Mol opar
Lk of ™

* Thie ook Sav 2 statistually sprficest ofiect {p <0000 **Modd aimmatch or bk of 8 acoms (p<001

of the nanoemalsion or not, The p-value s used to determine
statistical significance, and the analysis results will help sefect an
appropriste model and interprer the significance of factors that
influence the characteristics of nanoemulsions, which can be seen in
the table,

Based on the ANOVA RSM analysis of three factars, namely the
type of Tween in Isian, Tween cong on, aned Pargoto
extract concentration, all ANOVA values show probabilitics <0.0001
(p<0.05). This indicates that the quadratic response surface model
used for both responses (dependent variables) is significant and can
be used to optimize extraction factors (1), The cocfficient of
determination, or R square, depicts how independent data can explain
dependent data. The range of R square values is between O and 1,
where values doser to 1 indicate better explanatory power.

In the Central Composite Design analysis, the p-value indicates
the significance of each coefficient in the built polynomial regression
model The lower the pvalue, the more significant the contribution
of the coetficient to the overall regression model (1), Using
experimental data within the allowed range of variables in this study
to create mathematical equations, which may have broader general
applications, can provide the ability to predict system behavior when
different factors are combined. From the perspective of optimixing
the formation of emulsion sanoparticles, these is potential 1o deveop
more significant results based on the variables investigated in this
study. Additionally. this optimization may be performed using the
techniques outlined in this research to test further the effects of time
and temperture or other conditions, as needed.

Tabie * shows details of the RSM approach used to assess particie
size {nm), Poly Despersity Index, Z-potential (mvy), Conductivity, pH.
und viscosity (Cp) in nanoenwilsion of Parpeto frult extract involved
in aseries of 81 experiments based on factorial design. The coethicients
for the second-degree polynomial Equation are determined through
experimental results, along with the regression coefficlents for Particle
Size {Y1), Poly Dispersity Index (Y2), Z potential (Y3), Conductivity
(Y4), pH (Y5), and viscosity ( Y6). The Equation presented as Equation
(2) shows the full quadratsc model, while 1004 © shows the models
predicting the of the independent variables (Y1-Y6).

v

Fraetiers m Nisrmon

To assess the extent to which the equation model in RSM fits the
data and how strong the influence of the variables is, the coefficient of
determination or (R2) s used Chin (71) has categorized that for
moded suitability, the R-Square valse is substantial if it is more than
0,67, moderate if it is more than 0.33 but lower than 067, and weak if
it ts more than 0.19 but lower than 033, pH and viscosity indicate
strong modd adequacy on these response variables. In contrast, the
responses of Partick: Size, Poly Dispersity Index. Z-potential, and
Conductivity indicate a moderate mode for these response variables
A lack of it test was then performed to assess model fit foe each
response. With a p-value exceeding 0.05, & was confirmed that the
modd adequately fit the experimental data, as soen in [0l =

3.3 Contour plot on particle size,
poly-dispersity index, Z-potential,
conductivity, pH, and viscosity as a
function of hanoemulsion parijoto fruit
extract

In this research, the model is areated as a Contour plot, showing
the respoase Particle Size, Poly Dispersity Index, Z-potential
Conductivity, pH, and Viscossy, Continued research shows 2
significant relationship between particle size and tween concentration
and the type of lipophilic Tween in nanoemulsions, as shown in
10, The presented data offers valuable insights into the
influence of lipophilic tween type and tween concentration on various
properties of the nanoemulsion derived from parijoto fruit extract
Bach figure depicts the contour plots Hlustrating the interaction effects
between  these two factors on different  characteristics ol
the manoemulsion,

Pigure |, the contour plot demonstrases the intemction between
the lipophilic tween type and tween concentration in controlling
nanoparticle size. 1t reveals that as the lipophilic tween type increases
from 20 to 80, and the tween concentration rises from 8 to 10%, there
i u geperal trend of incressing particle size, albeit with 2 slight
decreasing trend observed (o some extent. This suguests that both

Figure
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factors play a role in determining the nanoparticle size, with higher
concentrations leading 1o larger particle sizes. Moving 1o
which llustrates the Z-potential of the nanoemulsion. an increase in
the bipophilic Tween type from 60 to 80 and an increase in tween
cancentration from & to 10% correspond to an increase in Z-potential
Interestingly, no further changes are observed beyond this point. This
indicates that these specefic conditions result in optimal Z-potential
possibly indicating enhanced stabifity of the nanoemulson.
v+ showcases the influence of lipophilic tween type and
tween concentration on the conductivity of the panoemulsion. Asthe
lipophilic tween type increases from 20 to 80 and the tween
concentration rises from § to 12%, conductivity is consistent without
any further changes This suggests a direct rdationship between these
factoss and the conductivity of the sanoenulsion. The Contour plot
presented in | | demonstrates the eflect of lipophilic tween type
and tween concentration on the nanoemulsion’s Poly Dispersity Index
(PDI). Interestingly, an increase in lipophilic tween type from 60 to 80
and 2 decrease in tween concentration from 12 1o 8% lead o an
mcrease in PDI value without further changes, This indicates 2
complex interacton between these factors in determining the
homogeneity of particle sze distrbution within the nanoemulsion.
depicts the pH contour plot of the parijoto fruit extract
nancenwlsion. An increase in lipophilic Tween type from 20 to %0 and
an increase in tween concentration from 8 to 12% result in & consistent
increase in pH without any further changes. This observation suggests
that these specibic conditions contribute to the alkalinity of the
nanoemulsion, which may have implications for its stability and
functionality. Fmally, 1),
the nanoemulsion. An marease in lipophilic tween type from 35 to 80
and an increase (n tween concentration from 8 to 12% lead to an
increase in viscosty without further changes. This indicates that

llustrates the viscomty contour plot of

10 3395/ 2024 1398309

higher concentrations of lipophilic Tween and Tween result in 4
thicker consistency of the nanoemulsion, which affects its flow
propertics and application. The presented data highlights the intricate
relationship between lpophilic tween type and tween concentration
in influencing  various  physicochemical  properties  of the
nanoemulsion derived from paripoto fruit extract. These findings
provide vahuable insights for optimizing the formulation and
manufacturing process of the nanoemulsion for potential applications
n varions industries,

Research on the influence of surfactant type and concetration
on nancemulion indicates that the selection of surfactant
significantly affects the characteristics of manoemulsion. Various
surfactant types, such as Tween 20, Tween 60, and Tween 80, play
different roles in forming manoemulsions. The research results show
that the particle size of Tween 30 surfactant is the highest, with an
average partick size of 107,196 um, Similar results were reported by
Chang et al, {7), who obtained the smallest droplets in carvacrol-
bused nanvemulgon made with a mixture of food-grade non-tonic
surfactants (Tween 20, 40, 60, 80, and £5). Tween, a non-kmic
sarfoctant derived from sorbitan ester, is soluble or dispersible in
water and is commonly used as an oll-in-water emulsifier in the
pharmaceutical, cosmetic, and cleaning industries, Among these
surfactants, Tween 80 is one of the most commonly wsed. Research
by Jadhay et al (5] confirms that the type of non-somic surfactant
sigmificantly influences the average particle diameter of the formed
colioid dispersion, The smallest droplets were observed in systems
prepured using Tween 80, while the largedt droplets formed in
systerns using Tween 85, The surfactant’s Hydrophalic - Lipophilic
Balance (HLB) plays a role in forming small particles. Surfactants
with dther too high {Tween 20) or too low (Tween 85) HLB values
cannot form optimal nanvemulsions. Tween types with intermediate
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HLB values (40, 60, #nd 80) can form nanoemulssons with small
particle sizes. However, there is no strong corrdation between HLH
values and particle sizes produced by these surfactants. Small-
muolecule surfactants have higher surface activity and foem smaller
emulsion droplets than lasge ones (17)

Another critical factor for minimal droplet emulsion
formation is the Hydrophilic- Lipophilic Balance (HLB) value of
the surfactant, defined by Griffin as the ratio of surfactant
hydrophilicity to Lpophilicity. A high HLE value indicates strong
hydrophilicity. and the HLB values of non-ionic surfactants
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Poly Disperuty Index

Tween Coacentation (*s)

Tween Concentration (%)

generally range from 0 to 20, such as Tween 20 (HLB 16.7) and  nanoemulsions made with Tween 80 surfactant, the surfactant
Tween 80 {HLB 15) { 4), Two polymer and particle surface tension  may not have a charge on the hydrophobic group, causing the
mechanisms influence emulsion stability: steric stability caused by covered droplet surface to be non-charged and resulting in low
macromolecules adsorbed on particle susfaces and electrostatic  C-potential valves, which can lead to icreased particle size

stability due to repulsion between aurface-charged droplets. In and PDI

Fresetioes m W 10
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Viscoutty (Cp)

Tween Concenmation ("s)

Tween Type

However, a dulferent study proposed by Alam et al, | 1) suggests
that Tween 20 helps improve PDI and allows for minmimum
polydispersity. Compared to other nanoparticles, the abiley to
maintain partice integrity using Tween 20 is significant. Increasing
the Surfactant content in the formulation inareases the polydispersity
indices for natural extracts in the 3D response surface graph. This
tndicates that the use of Tween types with Jow and high HLEB values
can be applicable when combined with an optimal concentration of
co-surfactant

Surfactant concentration is akso a critical factor i nanoemulsion
formation. Research indicates that increasing surfactant concentration
can resull in smaller and more bomogenous size distribution
However, there s a spexific limit where surfactant concentration
reaches a platesu level, leading to unadsorbed surfactant aggregation
and micelle formation, The results show that the higher the Tween
concentration, the higher the size and PDL This s confirmed by
Abaoknaga et al. (30), stating that nanoemulsions prepased with higher
surfactant concentrations significantly increase shart-term stabélity
Systems with 15 or 20% weight of Tween 80 are highly unstable to
ncreasing didution, indicating that a medium surfactant concentration
level may be more suitable for stable nanoemulsion preparation
Although the initial droplet size is small. higher surfactant
concentrations can Increase raw matenal costs and cause undestrable
sensory (laste) issues in commercial applications. Therefore, this study
uses a 10% weight of Tween 80 in further experiments.

Increasing surfactant concentration Increases the number of
surfactant molecules migrating from the oil phase to the emulsion
water phase, and nanodroplets form. Frictional forces applied to the
oil-water interface, coated with emulsifier, cause some elsifiers
1o sink paralld to the surface layer while others detach from the
surface layer. Hasani et al. reported that droplet xize icreases by

Frartieea m N

increasing surfactant concentration 1o 20%, and particles have a
broad and non-uniform size distribution. The instability of
nanoemulsion at high surfactant concentrations may be related to
the depletion-flocculation mechanism of absorbed surfactant. With
inareased surfactant concentration, additional surfactant molecules
form micelles in the continuous phase rather than orienting on the
particle surface. This leads to an increase in local osmotic pressure,
causing the continuous phase between maving droplets to decrease,
reducing the continuous phase between those droplets, As a result.
aggregation occurs, causing an increase In particle size. According
to Oh et &l. {41) and Tadros et al. {12), the average droplet size
becomes smaller, and the size distribution becomes narrower with
increasing emulsifier concentration, ultimately reaching a platean
level Beyond the plateau leved, free or unadsorbed emulsifiers may
accumulate W form micelles. Nancemulsions are known to
be thermodynamically unstable, tending to minimize interfacial area
through coalescersce.

An increase in the filler extmct’s concentration can lead to
nanopartichks’ tendency to aggregate or form agglomerates and pH
nanoemulbsion. This phenonsenon may occur due to physical or
chermcal interactions between manoparticles and compounds m the
filler extract. Increase m extrct concentration results in an increase
in particle size, particularly at the highest concentration of 347 2nm
On the other hand, the smallest concentration has the lowest particle
size at 86,98 nm. These results indicate that higher concentrations may
increase the likelthood of particle agglomeration

Fasthenmore, ncreasing the concentration of parjoto frust extract
can increase the total mass in the solution, which, in turn, can increase
averall viscosity. Additional particles or molecules from the filler
extract can contribute 10 the increase i viscosity. Partichs with the
highest concentration have the highest viscosity and vice versa. This
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Deswability Surface
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ncrease in viscosity may be caused by excess extract loaded mto
particies. The physicochemical characteristics of the filler extract may
mnfluence the viscosity properties of nanoparticles, and factoes such 45
changes in pH, temperature, or chemical composition may also play
a role in viscosity increase: Parijoto fruit is rich in active compounds,
such as anthocyaning, which can affect the surface charge of
nanoemulsion particles. At a certain pH, anthocyunins or other
components may have specific charges that can influence the
clectrostatic stability of particles (7). Anthocyanins may undergo
solubility changes at specific pH values, affecting the distributson and
stability of the nanoemulsion’s odl or water phase. The same occurs
with surfactants. where variations in charge of the filler extract from
parijoto fruit can affect the interaction between nanoparticles,
anthocyanins, and other components in the system. The loading
capacity of the extract in the nanoemulsion likely depends on its
solubility in the system used. Anthocyanins tend to undergo color
changes with pH (pH-dependent color shift). Additionally, the
antioxidant activity of anthocyanins can be influenced by pH. This
complexity can modulate the overall physicochemical properties of
the nancemulkion system.

Nanocemulsions, despite their promising applications, present
challenges related to stability. The challenge is the propensity for
Ostwald ripening, wherein barger droplets grow at the expense of
smaller anes, leading to phase separation and reduced shelf life

Fresevtioes m Hisrmoos
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Addationally, factors such as temperature fuctuations, pH changes,
and exposure © light can exacerbote instability, cansmg particie
aggregation. Surfactant degradation over time is another concern, as
it can compromise the emulson’s ability to maintain o stable
dispersion. However, the industrial application of parijoto fruit or
extract holds significant potentfal. Parijoto frun, known for its rich
content of bioactive conpounds, including anthocyaning, flavonoids,
and phenolic acads, offers vanious health benefits such as antioxidant
and anti-inflammatory properties. Incorporating panjoto extract into
hassce (s bioavatlabality and efficacy, making it
suitable for a range of industrial applications especially food functional
and nutracetical

nanoe wne

3.4 Optimal point prediction from RSM in
nanoemulsion parijoto fruit extract

Optimal poimt  predictions  from the Response Surface
Methodology are obtained by combining optimal conditions based on
interactions between independent varlabdes. Profiler predictions are
obtained if the fitted surface graph is in minimum, maximum, or
sadddle form. 3D graphics on | shaws a complex interaction
between the variable facton of bpophilic tween type and tween
concentration on the response Increasing the hpophilic tween type
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TABLE 3 Prediction of optimum conditions for parfjoto frult extrct nanoemadsion
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value increases the respanse somewhat, but the tween concentration
value can modify the effect. There is an optimal region where the
response reaches ity peak. The implication for practice Is that by
setting the varisble factors at levels tha ase estimated to be optimum,
the research results can achieve the highest optimization in the desired
response, which can be seenin 1o

It can be seen in 1uldc 1 that to achieve the maximum desired
concentration of nanoparticle size, L potential, Conductivity, Poly
Dispersity Index, degree of aadity, and Viscosity, it 1 necessary to set
the Tween solvent concentration to 80, Tween concentration to 12%
and Paripoto fruit extract concentration to 7. 5%. This set of
conditions hax a desirability value of 0,74, Because the value is almost
clese to | and falls into the moderate category, this set of conditions
s quite optimal for the alm of this research, namely to maximize
the respanse.

The ogtimization of nanoemulson formation from Parijoto fruit
extract osing Response Surface Methodology (RSM) has been
conducted in this study. RSM is a statistical method used to design
experiments and analyze the impact of multiple independent variables
on a messured response. As an oatput of this research, the synthests
process conditions of nanoemulsion from Partjoto fruit extract can
be optimized to achieve particle sze. polydispersity mdex (PDI),
{-potential, condactivity, pH, and viscosity levels, RSM determines the
optimal extraction time and temperature to maximize the resp
variable outcomes (44). In line with this, predictions and vbservations
are within a narrow range and do not show significant differences ata
% significance level, indscating the model’s suitability foe optindzation
und process efficiency purposes.

The optimal point prediction from the Response Surface
Methodofegy 1 obtained by integrating optimal coaditions and
depends on the interaction between independent variables, as
Ratnawati et al. (17) explained. The prediction profile is formed when
the adjusted surface graphs show a minimum, maximam, or saddle
shape. The optimization process can adueve optimal responses by
analyzing each response beforchand, ultimately reducing effort and
operationol costs, as Nurmiah et al (14) stated. Desirability, with a
range of values from 010 1, is used as the optimization target value,
with low (0-0.49), moderate (0.5-0.79), and high (0.8-1) categories
The claser the value of | &, the greater the desirability. which indicates
the suitability of the combination of process parameters 1o achleve
optimal response variables.

Talde + shows that o achieve the desired concentrations of
nanopartick size, C-potential, conductivity, polydispersity index,
acidity level, and viscosity, Tween 80 with a Tween concentration of
12% and Parijoto fruit extract concentration of 7,5% s necessary. This
set of conditions has a desirability value of 0740349, Since its value is
close to 1 and falls into the moderate category, this set of conditions is
optimal for this research to maximize the response,

4 Conclusion

In this series of experiments. nanoemulsion from pariyoto fruit
has been characterized. considering various phiysicochemsical
parameters such as particle size. polydispersity index, {-potential
conductivity, pH, and viscosity, respectively, ranged from
46032 1673nm W 118053 =4.5825nm, 040210038 to
087420100, +2219740738mV W ~2820711.598mV,

Brortersineeg
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0.0641 001N to 00%0+0.010 mS/cm, and 6.747 20035 to
6.897 £ 0.006, and 3.827 £ 0.02) to 5.633 20058, The research results
indicate significant variations in the physical characteristics of both
nanomaterials regarding changes 1o surfactant and parijoto extract
concentrations. Increased surfactant concentration tends to prosduce
smalker particle sizes and a more homogeneous distribution, although
certain limitations weee found that lead to surfactant aggregation and
micelle formation. The nanwemulsion characteristics include
-potential, polydispersity, particle size, conductivity, pH, and
viscosity, The type and concentration of surfactants played a crucial
role in determining the properties of the nanoemubsions, Varsations
m surfactamt parameters resulted in observable differences in
emulsion characteristics, highlighting the importance of surfactant
selection and optimization. To achieve optimal nancemulsion process
conditions, it is recommended 1o use Tween 80 with 12% Tween
concentration and 7,5% parijoto fruit extmct concentration, resalting
i a desirability value of 0.74, Into the moderate category.
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