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Abstract. Natural ingredientscan haveextraordinary potential as alternative
medicines due ttheir accessibility and cosffectivenessApplication of these
ingredientsshould considersolubility and permeability, which determine the
success of pharmaceutical characteristics formulation and biological activity
indication. In this contextphysical manipulation specifically particle size
reduction is an effective strategy taddress thesissues Previous researdhmas
explored active compounds in the stilbenoid grdopnd inthe outer skin, hard
shell, and endosperraf melinjo (Gnetum gnemort.) seed, functioning as
antioxidant. Based on the potential as antioxidant, stilbenoid compounds,
including resveratrol, contained imelinjo seedhardshelhave showrsignificant
pharmacological effects. Therefore, this research aimed to investigate the potential
of melinjo seedardshelextractas a natural antioxidant alternative by modifying

the particle size through a grinding process to obtain nanoparticles. The analysis
was carried out usingpall milling to enhance the solubility afhelinjo seed
hardshellextractby increasing the saturated solubility and surface areheof
particles. The results showed that the total phenol content and the antioxidant
power increased significantly (pG05) after ball millingMelinjo seedhardshell
nanoextactis reportedhereinasa promising source of natural antioxidant from
local Indonesian plants.

Keywords: melinjo seed hardshell nanoparticles; resveratrol characterization
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1 Introduction

Agro-industrial byproducts contribute significantly large amounts of
biomassposing challenges in environmental management. Sestachés
have shown that biomassan bea source of active compounds with
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valuable biological propertied-2]. Similarly, natural ingredients offer
extraordinary potentidor use inalternative medicines due tbeir high
accessibility and cosdffectiveness.

The two most important factors influencing the success of pharmaceutical
characteristics formulation and the indication of biological activity are solubility
and permeabilityPhysical manipulation, particularly particle size reductisn

an effective strategythat can beused to overcome tbe issues[3]. The
advantages of using ball milling include the productionacdfine powder,
applicability to various types of materials, and the ability to be carried out in a
continuous process.

Previousstudieshavesuccessfully explored active compounds in the stilbenoid
group found in all parts dahe nelinjo (Gnetum gnemoh.) seed, namely the
outer skin,hardshell and endosperm, functioning as antioxidant [1]. Based on
the potential as antioxidant, stilbenoid compounds, including resveratrol, gnetin
C, and gnetol, have shown important pharmacological effeotduding
antimicrobial, antihyperuricemic, afitiflammatory, and arnagingeffects|[8].

Resveratrolcan activate sirtuin enzymes, regulating several premature aging
related pathways, with synthetic sirttativating compounds [4]. Previous
research also reported the positive influence of polyphenols, particularly
resveratrol, with the potential to prevesming by improving cognitive brain
functions, including sirtuin modulation [5]The presentesearchhereforeaimed

to explore the potential ahelinjo seedhardshellextractas alternativenatural
antioxidant by modifyingts physical proprties. Thisan beachieved through a
grinding process to obtain nanoparticles and increase the solubility of the active
substance with a higher surface area.

Resveratrol, which has been examinedif®rantiaging potential in numerous
studies originates from grapes and berridpart fromits higher cost, this source
is alsodifficult to acquire due to the limited cultivationtbieplants. The present
studyusel a tropical plant widely found in Indonesia knowmaelinjo. Melinjo
seedhardshell wastecan be convered into pharmaceutical raw materials with
economic value. The utilization of nan@sveratrol platform has been
extensively documented, as referenced inlitieeature review. However, the
platforms include the advancement of nasariers for the encapsulation of
resveratrol. This research pioneea distinctive aspect throughereduction of
resveratroparticle sizesn melinjo seed hardsheditract[21-22].
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2 Method

The tools used wera Retsch Emadball mill, a Jasco 4206 ourier transform
infrared (FTIR) spectraneter a Shimadzu UWVis 2450 spectrophotometeg
cuvette,a Horiba SZ100 nanoparticle analyzean SU3500scanning electron
microscope,30 x 30 cnt aluminum foil (KlinPak),a 1,0000mL beaker glass
(Pyrex Iwaki), a 250mL beakerglass (HERMA), plastic wrap, and 10mL
sample bottles. Meanwhile, the materials used were dry extraatlinjo seed
hardshelland additional essential equipment such as glassware.

2.1 Characterization of Melinjo SeedHardshell Nanoextract

Thmel iusjeod i n this research was obtained fro
Yogyakarta. Bwemndsadl ectee@edséeadcol or. During p
outerwaskremoved, was hed, and dhkQ.e d n bl
Subsequemagslldevaslt hemoved from the pulp before
grinding sheat d r ag npeonwtd e r . The extraction pr
maceration with 5S50bkPartthagnedl yomt 3evdaryys, 24 h
The resulting filtroatteer awaos ad wa e darndbd esdu by swicrt g
spray drying with the addition of a matri x.

2.2  Transformation of Sample Particle Siz¢o Nanoscale

The dry extract ofmelinjo seedhardshellwas transformed into nansized
particles usinghetop-down method witlthe Retsch Emaiall mill. In addition,
optimization was carried oubr 90, 120, 150 and 180 minutes. The milled
particles from each milling duration were sampled and subjected to various
analyses for characterization, including particle size, phenol examination, total
phenol FTIR, and antioxidant activity.

2.2.1 Phenol Examination

Approximately 1g of sample was added to 100 mL of hot water, boiled for 5
minutes, and allowed to cool. Subsequently, 5 mL of filtrate was taken and
reacted with Follin Ciocalteau 10% v/v solution. The presence of phenolic
compounds was indicated by the formation of a diduk color[25].

2.3 Particle Size Analysis and Polydispersity Index with Particle Size
Analyzer

The mrticle size of the drynelinjo seedhardshellextractbefore and after ball

milling was measured usiraNano Horiba SZL00particle size analyzer (PSA)
Before measurement, each sample was suspended in distilled water and sonicated
for 15 minutes. Subsequently, the sample was put into a cuvette for measurement.
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The average particle size and polydispersity index obtained from the
measurement results with the instrument were recd@fgd

2.3 Analysis of Particle Surface Morphology using Scanning Electron
Microscopy

The surface morphology of the dnyelinjo seed hardsheéxtract particles and

the nanoparticles was observed usainEM SU3500 at 20 kV. In addition, the

dried samples were placed on double adhesive carbon tape and coated with a layer
of gold for 2 minutes usingamnartcoater. SEM images were taken at 2500x and
10,000x magnification.

2.4  Total Phenol Test using the FolirCiocalteu Method

A total phenol test was carried out using gallic acithastandard and making a
calibration curve with concentrations of 30, 50, 60, 70, and 80 pg/mL dissolved
in distilled water. A sample with a concentration of 0.8 g/L in 0.5 mL was mixed
with 2.5 mL of FolinCiocalteu reagent (7.5% in distilled water) and feft8
minutes. Subsequently, sodium carbonate (7.5%) was added and incubated at
room temperature for 30 minutes. This was followed by the measurement of UV
absorption at a wavelength of 760 fi2&].

2.5 Antioxidant Activity Testing Using DPPH

Melinjo hardshellseeddry extractsamples were made in certain variations and

analyzed for antioxidant activity by adding 50 pL of extract to 200 pyL of DPPH

solution (5 mg/100 mL methanol). The reaction was incubated for 30 minutes at

room temperature and t hd7mblsadditibratnec e was meas
percent (%) inhibitiowas calculated based on the following formula:

% inhibition = (AbsCGAbs S)/(Abs C) x 100%

where:

Abs C =control absorbance

Abs S =sample absorbance

As a comparison or positive control, Vitamin &dgorbicacid) was used1].

2.6  Functional Group Analysis based onFourier Transform
Infrared Spectrum

The prepared powder sampheighed50 mg andwas formed into pellets by
adding KBr to the plate before performing spectrum measurements. Baseline
correctiorswere used to remove ndreneficial effects. Subsequently, the sample
was placed on thETIR spectrometer instrumetu obtaintheinfrared spectrum.
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The analysisvasused to identify high absorption peakatmatch the molecular
vibrations of the functional groups. The identified pealese compared to a
database of vibrational frequencies for typical functional groupings. Moreover,
the FTIR spectrum othe melinjo seedhardshellextract andhe nanoparticles
was measured usirggJasco 420nstrument Scanning was also carried out in
the range of 400 to 4000 crwith 10 scans each time and a resolution distance
of 16 cm™.

2.7 Data Analysis

The cata were analyzed usitige SPSS statistical computer progrararsion 23.
The different effects of intervention groups were analyzed usingwagye
analysis of varianceThis was carried out whethe data were normally and
homogeneously distributecubsequently, @osthoc analysis was performed
using the Tukey testvith the differencebeingsignificantwhenp < 0.05.

3 Results and Discussion

3.1 Particle SizeTransformation to Nanoparticle Scale

The results of the samplggoducedby ball milling successfully achieved
nanometessized patrticles, withthe optimal durationbeing 120 minutes. This
process increadethe solubility of the melinjo seed hardshelkextract by
enhaning the surface area ttfie particles. Additionally, in the bodys biological
system,the particle size plays an important role in drug absorption Tk
proportionality betweera smaller particle sizeand surface area enadd more
efficient drug delivery.

In theory drugs with smaller particle sizes can diffuse quickboth
intracellularly and paracellularlythrough mucus towards the targftO].
Examinationof the phenokhowed a dark blue colofhetotal phenol testvas
used as a reference fitre active substance in the sampgiace resveratrol is a
phenolic compoun§ll2].

Table 1 Results of particle measurement with particle size analyzer

SampleDry hardshell seed

No extractGnetum gnemoh Particle Size (nm) Polydispersity
- . - Index
(milling duration (minute s))
1 0 1925.667 + 793.49C 0.38+0.53
2 90 1870 + 326390 0.71+£Q12
3 120 609+ 188597 0.35 £0.06
4 150 720333 + 45709 0.35+0Q10
5 180 898 + 361812 0.25 £ Q15

Data are shown as mean (n = 3) * standard deviation (SD).
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In general, a nanoparticle is particle with a size between 1 and 100 nm. For drugs,
particles with a size below 1 micron o0Q0 nm are also described as
nanoparticles because their physicochemical properties are different from the
microparticle form [2324]. The particles of the dry melinjo seed hardshell extract
before ball milling were micrometersized, exceeding 1 micrometer. After
grinding, the size was successfully reduced to nanoscale size. The results of
measurements using PSA are shown in Figure 1.

Particle Measurements with
Particle Size Analyzer
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Figure 1 Results of particle measurements Wt8A (p < 0.05)

The mlydispersity index othe melinjo seed hardshedixtract was less than 0.5,
showingthat the sample ldhan even particle size distribution. Analysis using
PSA can measurthe distribution expressed athe polydispersity index. The
acceptable range dfieindex values is 0 (monodisperse particles) to 0.5 (wide
particle size distribution). These values provide information regarding the
physical stability of a dispersion system. Meanwhile, a low polydispersity index
value showsthat the dispersion systeformed is more stable in the long term
[13]. PSA measurements were selected using gEdibtain the time requirdadr

the production oparticleswith asize less than 1 micronest as reported indble

2. The resulting particle size was significantly different fromthat of the dry
extract without milling, whiclwas 541143 + 98, and426,with a duration of 120
minutes. Thereforaheparticle sizavas optimally changetb nanoscal®ith this
milling duration which is in line with previousresearch[25]. According to
Prakash et al(2014) themilling results rarelypresentisometric or spherical
particles[29]. SEM images before and after baliilling for 120 minutesare
presented ifrigure 2

Particle size reduction plays an important role in enhancing the dissolution rate
by increasing the surface area of the particles. Different polymorphs show
varying degrees of solubility and dissolution, affecting the bioavailability of the



24 Marlina Indriastuti , et al .

drug. Meanwhile, morphological changes affect the behavior of the drug in
biological fluids and potentially increase the effectiveness when administered
orally [26]. The SEM results showed an amorphous morphology, which is in line
with Xin et al [27], who showed that amorphous forms can dissolve faster due to
solubility properties and increased bioavailability.

Figure 2 (&) Dry extract of rlinjo seed harshell before milling(b) nanoextract
of melinjo seed harshell after 120 mirf milling.
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Figure 3 Results of measuring total phenol content (p < 0.05).

The results showed an increase in total phenol levéiemelinjo seed hardshell
nanoextact. Smaller particle sizes result in greater surface area, facilitating drug
delivery potentialTheincrease in total levels of phenolic compounds occurred
gradually, from 2.187 + 0.086 g Galkcid equivalent /100 g to 4.070 £ 0.001 g
GAE/100g nanoparticles, with decreasing particle size. T#isws that
decreasinghe particle size increased the fage area and dissolution speed
According toprevious research [15particle sizeaffects solubility in supporing
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the delivery of active compounds. In the drieglimo seed hardshedixtract, the
measurement results of the total phenol value incdeasd were statistically
different. Resveratrolincreased with total phenol as thetive content irthe
particles whichwasprovenusingin vivo tests

Antioxidant Activity by The DPPH
Radical Scavenging Method
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Figure 4 Antioxidant activitymeasuredy the DPPH radical scavenging method
(p<0.05)

DPPH method was selected because Melinjo hardshell seed extract contained a
mixture of compounds, allowing for antioxidant activity from the compounds. In
the test system using DPPH, the reacting compounds were dissolved in methanol
organic solvent.

The DPPH free radical scavenging activity of the dry ethanol extractetihjo

seed hardshehad an IC50 value 0f1,155.411 + 24.378 ppm The hardshell
nanoextact showed increased antioxidant activity, as indicatealloyer IC50
value. It increased to 86021 + 15721 ppm after the particle size was
transformed to nanoscal&he antioxidant power (p< 0.05) was statistically
increasedby ball milling treatment for 120 minutesThese datashoweda
significant improvement in DPPH free radical scavenging activity compared to
the initial extractThe change was attributed to the reaction between the phenol
compound responsible for the extradieresulting fractbons were exposed to the
reagent used in DPRfree radicals systenfer the organic phase. Téeresults
arein line with Arif et al (2023),wherethe solubility increasd with antioxidant
power. Therefore, thenethod of increasing solubility is positively correlated with
antioxidant activity [28].
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FTIR testing was carried out as an initial characterization to ensure that the
grinding process did not lead to compound decomposition. The spectrum reveals
vibration peaks of the functional groups in a compound. Shifts in this
phenomenon can be an initiellue of compound decomposition. The FTIR
spectrum presented showed that the hardshebextacthaddominant vibration
bands in the peak range 080, 1700, 1200, 836, and 500 ctn The peaks at
shear 1755 1,400, 1267 and 597 cm! were characteristic for phenol;@(H),

and COQ groups, respectively.

Figure 5 Infrared spectra of dry extracif melinjo seedhardshell andthe
nanoextactof melinjo seedhardshell

The similarity in the peaks of the vibration bands from therdmyoextact of
melinjo seedhardshellsuggest that the milling process did not damage the
compound componentas previously reported byAbbas et al (2017 [13].
Therefore resveratrolis an undecomposgthenolic compound with aréiging
propertiesand thecontens fall under the polyphenol groufhe presence and
integrity of the main contemhay be confirmed using FTIR analydisr future
research.

4 Conclusion

In conclusionthe transformation ofdry extract ofmelinjo seedhardshellinto
nanoscale particles usirlge top-down ball millingmethodwas successfulas



