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ABSTRACT

Objective: The purposes of this study were to find active compounds of the secondary metabolites, screen and determine the comparison of solid
lipid, liquid lipid, and surfactant to produce the optimal NLCs formulation, analyze characteristic optimal NLCs loaded honey extract, and analyze
the effectiveness of the optimal NLCs formulation as memory support in vitro. The Design-Expert software used for optimal NLCs kelulut honey
extract formulation.

Methods: The research method begins with the extraction process using ethanol solvent's maceration method. The formulation of NLCs begins with
screening honey extracts for various solid lipids, liquid lipids, and surfactants. Next, the formulation design uses a D-optimal mixture design to
obtain 14 run variations of glyceryl monostearate: tocopherol oil: tween 20 and evaluation using transmittance response, pH, and entrapment
efficiency. The data on the response is entered into the software to obtain the optimal NLCs honey extract formula. The optimal NLCs honey extract
were evaluated for transmittance, pH, entrapment efficiency, particle size, transmission electron microscope (TEM), Fourier transform Infrared
Spectroscopy (FTIR), and in vitro activity as memory support.

Results: Based on the evaluation, the water content of honey extract was 5.74 %+0.144; metals present in honey are Pb (0.003 mg/kg) and Cd
(0.175 mg/kg). Phenolic and Total Flavonoids are 25.91 mg GAE/g+0.15 extract and 182.36 mg GAE/g extract+0.28. The optimal NLCs obtained
combined glyceryl monostearate: tocopherol oil: tween 20 with a 0.5: 5.54: 23.96 composition ratio. The optimal NLCs kelulut honey extract
formulation for transmittance value was 94.58%+1.54, pH was 6.59+0.15, and Entrapment efficiency was 99.89 %+0.09. Determination for particle
size was 327 nm#0.57, and TEM and FTIR provided details on their structure. Evaluation for memory support in vitro, ICso NLCs optimal formula
61.99+0.34; honey without extract 72.59+0.79; honey extract 38.55+0.24; and NLCs of base optimal formula without extract 829.81+0.93. The real-
time stability shows optimal NLCs honey extract stable in real-time stability and freeze-thaw.

Conclusion: NLCs from honey extract can be formulated from optimal NLCs using Design-Expert software. NLCs from honey extract has physical
characteristics according to requirements and is stable. In vitro antioxidant studies revealed that the optimal formulation NLCs loaded honey extract

had higher activity memory support with I1Cs0 61.99+0.34.
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INTRODUCTION

Online game addiction is called internet addictive disorder (IGD) [1], and
it is considered an international disease that causes response inhibition,
memory deficit, and brain damage [2, 3]. Antioxidant compounds can
prevent and overcome memory deficits due to free radicals, control
memory disorders, decrease lipid hydroperoxides, increase antioxidant
enzyme activity in the brain, and improve cognition [4]. Natural products
such as honey continue to provide benefits.

The nectar of flowers by honeybees (Apis mellifera; Family: Apidae)
[5]. Can made natural product called honey. Since 5500 y ago, honey
has been used by humans [6]. Honey is claimed to have many health
benefits, including antioxidant, anti-inflammatory, antibacterial,
antidiabetic, respiratory, gastrointestinal, cardiovascular, and
nervous system protection effects [6-12]. Honey contains vitamins,
minerals, amino acids, organic acids, and secondary metabolites:
flavonoids, phenolic acids, proteins, amino acids, ascorbic acid,
hydroxymethylfurfuraldehyde (HMF), and enzymes [13]. The
composition of honey is influenced by seasonal variations and the
geographic location from where the nectar is collected. The
composition of honey consists of about 82% water, carbohydrates,
proteins, phytochemicals, antioxidants, and minerals that determine
its potential and medical properties. The sugar content in honey
consists of fructose (38.2%), glucose (31.2%), disaccharides and
several other tri-saccharides and higher saccharides (9%) and
sucrose (0.7-1%) [5, 14, 15]. The phenolic content of certain types of
honey is not always known, and this causes difficulty in determining
whether there is an effect associated with honey consumption or its

content, so further experiments on honey are needed in different
areas [16]. Several types of honey are endemically developed in
West Kalimantan. Drugs acting on the brain require a targeted
delivery system capable of crossing the physical barrier to the
central nervous system (CNS), namely the blood-brain barrier (BBB)
[17]. Nanotechnology has been widely developed, and one of them is
its application in carrier systems to provide protection and as a
transfer of hydrophobic and hydrophilic bioactive compounds so
that their stability and bioavailability can be increased [18].
Nanostructured Lipid Carriers (NLC) use a lipid-based carrier
system with solid and liquid lipid matrices stabilized with
surfactants. NLC was developed to facilitate the dispersion of
hydrophobic bioactive compounds in hydrophilic systems [19, 20].
The NLC system has high encapsulation capability, controlled
release, is thermodynamically stable, and can increase the
bioavailability of bioactive compounds [19, 21]. The NLC system is
widely applied in the pharmaceutical field because of its ability to
deliver drugs to the target. It can also control drug release, with the
nanoparticle size causing bioactive components to more accurately
reach target cells or receptors in the body [22]. NLC has several
advantages, namely high drug loading capacity due to its imperfect
crystal structure and its ability to facilitate drug penetration through
the stratum corneum due to its small size, its ability to hydrate the
skin, increased drug solubility in lipids, high encapsulation ability,
controlled release, thermodynamically stable and able to increase the
bioavailability of bioactive compounds [19, 21, 23, 24]. From research,
NLCs formulation potential approach for sustained release of drug
which may reduce systemic side effects, increase skin retention time
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and duration of action, increase skin retention time, decreases
systemic absorption of the corticosteroid, thereby avoiding side effects
[25]. Caffeine formulated in NLC preparations can increase hair
growth higher than preparations on the market [26].

The purpose of this study is to find drugs that are targeted to the brain
and derived from local honey from West Kalimantan. Honey targeted
to improve memory must contain active compounds of secondary
metabolites, design and formulation, evaluation of NLCs madu extract,
and in vitro memory test using antioxidants. The novelty of this study
is the honey produced by local beekeepers in West Kalimantan, which
has never been studied for its active compound content, design
formulation NLCs, stability test, and in vitro antioxidant activity.

MATERIALS AND METHODS
Materials and excipient

The materials used in this study is a digital analysis balance (Ohaus
PA214, USA), glassware (pyrex), a vortex mixer (Thermolyne), UV-Vis
Spectrophotometer (Shimadzu tipe 2450), a one cm-sized quartz
cuvette, homogenizer (IKA RW20), hotplate with magnetic stirer
(DLab), glassware (pyrex), stopwatch, vortex mixer (Thermolyne),
ultrasonicator (J. P. Selecta), Particle Size Analyzer (Beckman coulter),
FTIR (Thermo Scientific), TEM (a magnetic stirrer (Stuart CB162), pH
meter (HANNA), filter paper, a micro pipette Socorex®(0,5-10; 5-50;
50-200, 200-1000 pl), an eppendorf tube, a rotary evaporator
(Heldolph tipe Hei-VAP), an oven (Memmert), a waterbath (Memmert
tipe WNB14), an aluminum foil, a thermometer. The excipients used in
this study are Kelulut honey was selected for the study from Paloh
(Sambas district), Kalimantan Barat, Indonesia. Ethanol 70% (Esa
Multi), Ethanol 96% (Merck), N-heksan (Esa Multi), ethyl acetate
(Merck), chloroform (Merck), methanol (Merck), aquadest
(Dwicentra), quercetin (Sigma aldrich), Gallic acid (Sigma aldrich),
DPPH (Smartlab), reagen Folin Ciocalteuy, Na2C0s (Merck),
AlCl3(Merck), CH3COOH (Merck), HCl (Merck), serbuk Mg, FeCls,
glyseril monostearat (Evonik), cetyl alcohol, cetyl palmitate, VCO,
tocopherol oil, castor oil, soya oil, olive oil, Tween 20, Tween 80, PEG
400, Cremophore EL, propylenglikol, nipagin.

Honey organoleptic test
Honey is tested for taste, aroma, texture
Honey moisture test

The moisture content test on the powder was carried out using the
moisture balance method. This method is carried out by weighing 1
gram of the preparation and then inserting it into a measuring
device. Observe until the % water content is indicated on the tool. A
good water content is less than 10% [27].

Preparation of extract honey

Honey was extracted by maceration using 70% ethanol; it was for 24 h
while being repeatedly shaken and macerated. The filtrate was then
evaporated further on the hot plate. The remaining solvent was
removed by placing the remaining residue in the dryer for+24 h [28].

Quantitative test for determination of total phenolic content
(TPC)

Amount of 1 g of honey sample was extracted with 5 ml of 40%
methanol/acid water (v/v, pH = 2, HCl). Then, the sample was
stirred for 15 min with a magnetic stirrer. From the extract, 0.2 ml
was mixed with 2 ml of Folin-Ciocalteu reagent 1:10 and 1.8 ml of
NazCO03 7.5% (w/v). Samples were kept in the dark for 20 min, and
absorbance was measured at 750 nm using a UV spectrometer [29].
Gallic acid as a standard solution ranging from 0-400 mg/l were
used to obtain a calibration curve [30].

Quantitative determination of total flavonoids (TFC)

A total of 5 ml of honey solution (0.1 g/ml) was mixed with 5 ml of
2% aluminum chloride (AICI3). Flavonoid-aluminum complexes
were formed after 10 min of incubation at 25 °C. Complex formation
was measured at 430 nm using a UV-Vis spectrophotometer.
Quercetin (0-100 mg/1) was used as a standard chemical to prepare
the calibration curve [31, 32].
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Solid lipid and liquid lipid screening

Lipid screening was performed on glyceryl monostearate, cetyl
palmitate, cetyl alcohol, a combination of cetyl palmitate and cetyl
alcohol (1:1), and cetyl palmitate and cetyl alcohol (1:4), tween 80,
tween 20, PEG 400, dan cremphore oil. One gram of each lipid was
melted to a temperature of 5 °C above the melting point, 25 mg of
condensed extract was added, and the mixture was stirred. The
selected lipids are lipids that can dissolve the highest extract without
any precipitate left behind, and when the lipid solidifies, it can become
a single phase. The selected lipids are used in the next stage [33].

Orientation of solid lipid, liquid lipid, and surfactant
composition formulas with D-optimal design

Optimization of the NLCSs formula was carried out using the D-
Optimal Design method. Furthermore, 14 runs were obtained on the
mixed composition for the optimized three components: GMS,
Tocopherol oil, and Tween 20. The lipid phase was prepared by
mixing selected solid and liquid lipids and melting them until they
reached a temperature of 5 °C above their melting point. Meanwhile,
the water phase is made by mixing distilled water and surfactant
[34, 35]. The lipid phase (GMS and tocopherol oil) is melted at 65 C
or 5 °C above the melting point. The water phase (Tween 20,
propylene glycol, nipagin, distilled water) was mixed
homogeneously. Mix the liquid and water phases on a magnetic
stirrer for and homogenizer, then sonicate. Leave at room
temperature for 1 h before measurement.

Evaluation of 14 runs of solid lipid, liquid lipid and surfactant
composition with D-optimal design

Transmittance evaluation

The prospective preconcentrate formula is 100.0 pl plus distilled
water to a final volume of 5 ml. Homogenization of the mixture was
carried out with the help of a vortex for 30 seconds. The absorption
of the solution that was obtained was measured at a wavelength of
650 nm to know the value of clarity [36]. The more evident it is, or
the absorbance is closer to the absorbance of distilled water, it
indicates that the emulsion droplets have reached nanometer size.

pH evaluation

NLCs pH measurements are carried out by dipping the electrode on the
pH meter into the NLCs honey extract, and the pH results will appear on
the screen after a few moments. Before use, the pH meter is calibrated
with a buffer solution of pH 7 and 4. The electrode used is rinsed with
distilled water before and after measurement. NLCSs of 100 ul were
added up to 5 ml with distilled water then homogenized by inverting it.
Readings on the pH meter are taken after 5 min to ensure the numbers
are stable and do not the number move anymore [37].

Determination of NLCs honey extract entrapment efficiency

NLCs were weighed as much as 1 g dissolved in ethanol. Then
centrifuged at 6000 rpm for 15 min to separate the lipid and water
phases. The supernatant was dissolved in ethanol and then read
using a UV-VIS spectrophotometer at 425 nm and 757 nm
(wavelengths for quercetin and gallic acid).

Particle size analysis

Measurements using the Particle Size Analyzer (PSA) tool determine
the size and distribution of nanoparticles. A total of 1 ml of NLCSs
was mixed with aquadest, add 5 ml, then homogenized by tossing for
1 min. After that, 3 ml was taken and put into a cuvette for analysis.
The particle size data is the average particle size, particle size
distribution, and deviation standard [17, 35].

Determination transmission electron microscope

The morphology of the NLC was observed by TEM using one drop of
sample spread on a 200-mesh copper grid coated with a carbon
membrane; TEM photos were taken using several magnifications to
obtain a precise image [38].

Determination fourier transform infrared spectroscopy (FT-IR)

Fourier transform infrared spectroscopy (FT-IR) The infrared
absorption characteristics of NMP bulk drug, physical mixtures, and
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NMP-NLC lyophilized powder were compared by FT-IR (IRTracer-
100; Shimadzu, Kyoto, Japan). The crystal form of the drug was
detected by the changes in the characteristic absorption peaks or the
hydrogen bond formation between the components. The KBr tablet
method prepared the sample, and an FT-IR analyzer recorded the
FT-IR spectra.25 Briefly, samples were squeezed to a fine powder,
added with anhydrous KBr at a mass ratio of 1:5 (sample: KBr), and
compressed to a thin pellet. The pressure was 5 tons for 3 min in a
hydraulic press, and the scanning range was 500-4,000 cm-1 at a
resolution of 1.0 cm-! [39].

Stability evaluation

Stability testing of NLCs optimal formula was held using the real-
time and freeze-thaw method. In the real-time method, the NLCs
samples were stored at 27+2 °C for one month (30 d) [40]. In the
freeze-thaw method, the NLC samples were stored at 4+2 °C for 24 h
and moved at 40+2 °C for 24 h (counted as one cycle), then repeated
up to six cycles (12 d) [41]. The organoleptic, transmittance, pH
values and EE were evaluated every cycle.

DPPH method of antioxidant in vitro test

Determination of Maximum Wavelength of 0.1 mmol. DPPH Solution
tested the free radical scavenging activity of DPPH mangosteen peel
by determining the maximum wavelength (Amax) of 0.1 mmol DPPH
in methanol using UV-Vis spectrophotometry. The absorbance of the
solution was read at a wavelength of 400-800 nm [42].

RESULTS AND DISCUSSION
Organoleptic

This honey was taken in July 2022 from the Kelulut area. The honey
selected for the study was freshly from Paloh (Sambas district) with
a golden brown color, thick consistency, and characteristic honey
aroma.

Water content

The water content test was intended to determine the percentage of
water content in the honey used as the sample. The water content in
honey dramatically affects the quality of the preparation. The higher
the water content in honey, the more excellent the opportunity for
the growth of microorganisms in it [43]. The test results showed that
the water content is 5.74 %=+0.144. The water content in honey is
responsible for its stability against fermentation and granulation.
The general requirement for honey is to have a water content below
18.6% [44]. The Codex Alimentarius was revised, and honey quality
parameters were established [45]. Honey with good quality should
have a moisture content of not more than 20 g 100 g-1. Honey with a

Honey solubility test data in liquid, solid and surfactant oils
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high water content has a more significant potential for fermentation,
so the fermentation must be considered, and appropriate storage is
needed [46]. Water content is the second largest constituent of
honey. It is influenced by several factors, including interest,
geographic origin of nectar, soil characteristics, climatic conditions,
conditions at harvest, degree of ripening, manipulation by
beekeepers during harvest, extraction, processing methods, and
storage conditions [47]. Indonesia has a wide variety of honey
because of its diverse climate and flora, and the resulting honey
depends directly on the geographical conditions of its origin and has
specific physicochemical properties.

Test for the metal content in honey

Based on the test results, metals present in honey are Pb (0.003
mg/kg) and Cd (0.175 mg/kg). The measurements of heavy metal
contamination were tested on arsenic, lead, and cadmium. Based on
the test results, the metal contamination levels generally do not
exceed the limits set in the test parameters. Heavy metal
contamination testing is critical to standardize medicinal plants
because it can be dangerous and toxic to health [48]. Heavy metals
will accumulate in plants, and many studies have proven that heavy
metals are at risk of toxic effects [49].

Determination of flavonoid and fenolic content

Gallic acid and quercetin have their main properties as antioxidants.
Gallic acid and quercetin equivalents are general references for
measuring the amount of phenolic and flavonoid compounds
contained in a sample or material [50]. Levels of total phenolic
compounds in honey extract using gallic acid. Phenolic compounds
are reacted under alkaline conditions so that proton dissociation
occurs to form phenolic ions. Based on the regression equation for
gallic acid absorption, it is y = 0.0126x+0.0014 with an r of 0.9984.
Quercetin is a flavonoid from the flavonol group, with a keto group
on the C-4 atom and a hydroxyl group on the neighboring C-3 and C-
5 atoms [51]. The quercetin regression equation is Y=0.0358 x-
0.0259. The standard curve equation for gallic acid and quercetin
obtained a linear relationship between absorbance and
concentration with a correlation coefficient 0f>0.9974. The results of
measuring honey extract's total phenolic and flavonoid content were
2591 mg GAE/g+0.15 extract and 182.36 mg GAE/g extract+0.28,
respectively. In research on several honeys worldwide, the phenolic
content was found to be 13.88 mg GAE/100 g (in acacia honey) and
142.61 mg GAE/100 g (in acacia honey, Serbia). Total flavonoid
content ranged between 0.44 mg QE/100 g in acacia honey and 3.97
mg QE/100 g in mint honey. This data shows that the data obtained
varies significantly from one type of honey to another and from one
country to another [52].

Table 1: Solubility test data for honey in liquid, solid oil and surfactants

No. Sample Solubility Colour Clarity  Transmittance*
Solid lipid

1 GMS dissolved Dark yellow Turbid 6.18+0.023
2 CA: CP 4:1 not dissolved Upper layer: cloudy white, bottom layer: dark yellow Turbid 4.16+0.021
3 Cetyl palmitate not dissolved Upper layer: white like crystal, bottom layer: dark yellow Unclear  40.52+0.00
4 Cetyl alcohol not dissolved Upper layer: yellow, bottom layer: dark yellow Turbid 1.15+0.015
5 CA: CP 1:1 not dissolved Upper layer: clear, bottom layer: dark yellow Clear 17.25£0.008
Liquid lipid

6 VCo not dissolved Upper layer: clear, bottom layer: dark yellow Clear 86.48+0.004
7 Tocopherol oil dissolved Clear, yellow Clear 81.88+0.05
8 Castor oil not dissolved Upper layer: clear yellow, bottom layer: dark yellow Clear 84.24+0.02
9 Soya Oil not dissolved Upper layer: clear yellow, bottom layer: dark yellow Clear 88.02+0.006
10 Olive Oil not dissolved Upper layer: clear yellow, bottom layer: dark yellow Clear 89.18+0.004
Surfactant

11 Tween 20 dissolved Turbid, yellow Turbid 89.02+0.003
12 Tween 80 not dissolved Upper layer: clear yellow, bottom layer: dark yellow Clear 91.71+0.009
13 PEG 400 not dissolved Yellow Clear 96.96+0.001
14 CEL not dissolved upper layer: clear yellow, bottom layer: dark yellow Clear 91.73+0.012

*(All values are mean+SD; n=3)
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The results of solubility testing show that the oils that can dissolve
honey extract are GMS, tocopherol oil, Tween 20, and PEG 400. The
presence of oil or liquid lipids in the NLC system gives the NLC
system advantages in terms of drug entrapment because, in general,
the drug ingredients are more soluble. In oil rather than liquid lipids
[19], the presence of oil can reduce the regularity of the lipid matrix
crystal lattice due to differences in the carbon chain lengths of lipids
and oils [53]. In other studies, it was found that the higher the liquid
lipid concentration in the NLC system, the higher the explanation
capacity and the smaller the size of the particles formed [54].

Tocopherol oil is a chain-breaking antioxidant that prevents the
spread of free radical reactions. It is the main and reference
antioxidant that interferes with auto-oxidation, reacting with lipid
radicals as an electron donor and converting free radicals into more
stable species. Tocopherol into NLC will have improved stability and
sustained release. GMS is a non-ionic group that contains high
molecular alcohol components and is an emulsifier whose increased
concentration can increase consistency and viscosity [55]. The
selected surfactant is Tween 20. Increasing Tween 20 as a surfactant
will also increase the solubility of the drug because apart from being
an emulsifying agent, Tween 20 can also be a solubilizing agent.
Tween 20 was chosen as a surfactant component because the high
HLB of tween 20 makes it more hydrophilic. The hydrophilic groups
in tween 20 produce higher solubility of simvastatin [56].

NLC formulations consist of solid lipids, liquid lipids, and
surfactants. All excipients selected for NLC preparations must be
under the GRAS (Generally Regarded as Safe) category, namely in
the safe category [48]. The selection of lipids, both liquid lipids and
solid lipids, varies significantly from one active substance to another.
This is because the selection of the type of lipid is usually based on
the solubility of the active substance or drug in the lipid material
[57]. Solid lipids, as the main ingredient in the formation of NLC are
responsible for ensuring the formation of solid particles at room
temperature, play a role in loading capacity and play a role in

A GMS
Design-Expert® Software

Transmittance .
# Design Points y N
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B: Tocopheral Oil C: Tween 20

Transmittance
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X2 = B: Tocopherol Oil
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maintaining the stability of the active substance [57, 58]. Liquid
lipids change the regularity of the solid lipid matrix crystal lattice to
irregular, increasing the charge capacity or space for active
compounds [59]. Surfactants as emulsifying agents used in NLC
preparations significantly impact the preparation's dispersion and
stability [57]. Surfactants reduce the interfacial tension between the
lipid mixture and the dispersing agent (water) to help prevent the
particles from forming aggregates to maintain size [58]. Non-ionic
surfactants are surfactants whose alkyl groups are uncharged. At the
same time, the skin has an ionic charge, so using ionic surfactants
will irritate the skin because the ions repel each other. So, non-ionic
surfactants are safer, compatible with the skin, and have slightly
irritating properties when used topically [60]. Tween 20 is an
amphiphilic molecule, a hydrophilic non-ionic surfactant that can
produce stable, solubilizing, oil-in-water emulsions. When added to
an oil/water mixture, the hydrophilic head accommodates into the
water phase and the hydrophobic tail into the oil phase.
Furthermore, there is a reduction in interfacial tension, and the
possibility of separation in the oil/water phase becomes small [61].
The NLCs formulation also uses 10% propylene glycol as a
cosurfactant in this study. In other studies using propyleneglycol, a
high percentage of transmittance was obtained [17].

Characterization NLCs 14 run
Transmittance response

Based on the ANOVA test, normal plot of residual curve analysis, and
lack of fit analysis, the quadratic model in the equation was a valid
and appropriate model for transmitting. This was also strengthened
by the lack of fit analysis results, which showed that p-value 0,
52>0.05 at the 95% significance level. These showed no significant
difference between the experimental and predicted data from the
proposed model. The quadratic p-value model 0.03<0.05 showed a
significant difference in clarity from using different compositions of
solid lipid, liquid lipid, and surfactants.

Design-Expert® Software

Transmittance

Transmittance

——— | C(%8

B(9S)

Fig. 1: Contour plot of transmittance response: X1 = A: GMS, X2 = B: Tocopherol oil, X3 = C: Tween 20 (Design Expert® Ver. 7.0.0.)

The D-Optimal design equation obtained can be seen in equation 1.

Y = —39,26 (A) — 137.57 (B)-8.72 (C) + 2.17 (A)(B)
+2.98 (A)(C) + 7.86 (B)(C) ... (1)

Information:

Y = Transmittance

A = Gliserol mono stearat
B = Tocopherol oil
C=Tween 20

Based on the Figure, the blue color contour plot showed the smallest
transmittance value, followed by green and red. The fig. showed that
Tween 20 has a role in increasing the transmittance value in the

honey extract of NLCs formulation. Combining Tocopherol oil and
Tween 20 increases the highest transmittance response; the
interaction between GMS and Tween 20 is next. The interaction
between GMS and Tocopherol oil has the slightest effect on the
transmittance response but is more significant than using the NLC
component alone.

Transmittance test results can be seen in table 1. Based on
observations, most runs showed a clear display, except at runs 4 and
10 using GMS: Tocopherol oil: Tween 20 with a ratio of (1,983: 3,017:
25). The results of the transmittance test in this study showed that
tween 20 in the excess composition caused. Transmittance describe
clarity NLCs; one of the NLCs characteristics that needs to be
measured affects the globul size. Based on the contour plot of
transmittance data and the equation. The transmittance value
determined by each optimized component and is also influenced by
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the interaction between the components. Interactions between GMS
and Tocopherol oil, GMS and Tween 20, and Tocopherol oil and Tween
20 had positive values. Components without combination had negative
values. This negative interaction showed that the interaction reduced
the transmittance value. A combination of Tocopherol oil and Tween
80 gave the most significant effect, indicated by the magnitude of the
coefficients in the equation. Tween 20 influenced the transmittance
value greater than GMS and tocopherol oil. The interaction of the
two components formed NLC with a clear and stable display,
which could increase the NLC transmitting value. The more precise
the emulsion, the smaller the particle size, and the more turbid the
emulsion, the larger the particle size. Surfactants in the NLC
formula must be able to reduce the interface tension between the
oil and the dispersing medium. A large amount of surfactant can
reduce the interface tension and the droplet's size. The size of the
droplet can be predicted from the emulsion's clarity level
(transmittance value), the more precise the formed emulsion, the
smaller the achieved droplet size [62]. In another research,
propylene glycol as a co-surfactant exhibited the smallest globular
size 3.10-6.04 pm and hence this composition was used further to
implement the factorial design as design of experiments [63].

Based on observations, most runs showed a straightforward
appearance, except for runs 4, and 10 using GMS: Tocopherol oil:
Tween 20 with a ratio (1,983:3,017:25). Transmittance describes
the clarity, which is one of the characteristics of NLCs that needs to
be measured because it affects particle size. Suppose the system has
a minimal globule size through which light passes. In that case, the
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light emission will be continued so that the color of the solution
appears transparent, and the resulting transmittance is even more
excellent. Large amounts of surfactant can reduce interfacial tension
and reduce droplet size. Based on the contour plot of the
transmittance data and their equations, it is known that the
transmittance value is determined by each optimized component
and influenced by the interaction between components. The
interaction between GMS and Tocopherol oil, GMS and Tween 20,
and Tocopherol oil and Tween 20 has a positive value. Components
without a combination have a negative value. This negative
interaction shows that the interaction reduces the transmittance
value. The combination of Tocopherol oil and Tween 80 provides the
most significant influence, as indicated by the large coefficient in the
equation. Tween 20 influences transmittance values more than GMS
oil and tocopherol. The interaction of these two components forms
an NLC with a clear and stable appearance, which ultimately can
increase the transmission value of the NLC.

pH response

Based on the ANOVA test, normal plot residual curve analysis, and
lack of fit analysis, the quadratic model in the equation is a valid and
appropriate model for pH. The lack of fit analysis results showed a p-
value of 0.22>0.05 at the 95% significance level. This shows no
significant difference between the experimental and predicted data
from the proposed model. The quadratic p-value model of 0.02<0.05
indicates a significant difference in pH from using different
compositions of solid lipids, liquid lipids, and surfactants.

Design-Expert® Software
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Fig. 2: Contour plot respon pH: X1 = A: GMS, X2 = B: Tocopherol oil, X3 = C: Tween 20 (Design Expert® Ver. 7.0.0.)

The D-Optimal design equation obtained can be seen in Equation 2.

Y = —3.07 (A) + 0.094 (B) + 0.177 (C) + 0,101 (A)(B)
+0.102 (A)(C) + 0.011 (B)(C) ... (2)

Information:

Y=pH

A = Gliserol mono stearat
B = Tocopherol oil
C=Tween 20

Based on the image, the blue Contour Plot shows the smallest pH
value, followed by green, yellow, and red. The red color shows the
most excellent pH. The increase influences this red area in Tween
20. This shows that Tween 20 increases the pH value in the NLCs
formulated honey extract. Combining GMS and Tween 20 increases
the pH response the highest. Next in sequence, those that increase

the pH response are tocopherol oil, a combination of Tocopherol oil
with Tween 20 and GMS. The single GMS component had the most
minor influence on the pH response.

Entrapment efficiency (EE) response

Based on the ANOVA test, normal residual curve analysis, and lack of
fit analysis, the quadratic model in the equation is a valid and
suitable model for Entrapment Efficiency (EE). The results of the
ANOVA test show that the p-value is at a significance level of 95%,
meaning that the quadratic model is the suitable model to explain
the effect of components and their interactions on Entrapment
Efficiency (EE). This is also reinforced by the lack of fit analysis
results, which shows a p-value of 0.48>0.05 at the 95% significance
level. This shows no significant difference between the experimental
and predicted data from the proposed model. The quadratic p-value
model 0.01<0.05 indicates a significant difference in Entrapment
Efficiency (EE) from using different compositions of solid lipids,
liquid lipids, and surfactants.
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Fig. 3: Contour plot respon entrapment efficiency (EE): X1 = A: GMS, X2 = B: Tocopherol oil, X3 = C: Tween 20 (Design Expert® Ver. 7.0.0.)

The D-Optimal design equation obtained can be seen in Equation 3.

Y = —7.61 (A)-41.69 (B)-0.53 (C) + 0.87 (A)(B) + 0.83 (A)(C)
+2.52 (B)(C) .. (3)

Information:

Y = Entrapment Efficiency (EE)
A = Gliserol mono stearat

B = Tocopherol oil

C=Tween 20

Based on the Figure, the green color contour plot showed the smallest EE
value, followed by yellow, orange, and red. The red color indicated the
greatest EE. This red area was affected by an increased combination of
Tocopherol oil with Tween 20. This showed that combination increases
the EE value in the honey extract of NLCs formulation. Combining
Tocopherol oil with Tween 20 increases the highest EE response. The
following sequence of things that increase the EE response is the
interaction of GMS with Tocopherol oil, the interaction of GMS with
Tween 20, and then the use of Tween 20, GMS, and Tocopherol oil alone.
GMS is a glyceryl monostearate lipid that can form stable emulsions
because it has two hydroxyl groups, which are polar and nonpolar, and
its solubility in lipids is very high compared to other lipid polymers [64].

The single Tocopherol oil component had the most minor influence
on the EE response. Entrapment Efficiency (EE) and Drug Loading
(DL) Capacity The amount of free drug in the sample is measured to
determine the entrapment efficiency and drug loading capacity of
the sample using the ultrafiltration method. Entrapment efficiency
studies are necessary to determine the high performance of the
formulation. In this NLC formulation, entrapment efficiency in the
run was 4.96-99.92% in a system with 9.84+0.041% drug loading
capacity in lipid concentration. High EE is required in any drug nano-
carrier system, including NLC. In addition, the amount of drug
trapped in the nano-carrier also determines the performance of the
drug delivery system because it affects the rate of drug release from
the system [65]. The addition of drugs in the NLC system minimizes

Design-Expert® Software
Desirability
® Design Poinis

0

X1 =A: GMS
X2 = B: Tocopheral Oil
X3 = C: Tween 20

95
8: Tocopherol Oi

interface retention between the lipid matrix and the liquid phase,
which reduces the free energy at the boundary of the lipid phase and
the combined drug [66]. A high loading capacity is intended because
it will ultimately increase the efficiency of drug adsorption [48].
Drug loading is defined as the process of incorporating the drug into
the carrier system, while entrapment efficiency describes the
effectiveness of the drug loaded into the carrier. The solubility of the
drug in the lipids ensures maximum loading in the NLC system [67].
Therefore, the high honey-loading capacity in the examined NLC
system is due to the excellent solubility of honey in the NLC lipid
phase. The formation of disordered lipid crystals in NLCs has
increased the loading capacity. Incomplete crystal formation in lipid
nanoparticles can be achieved by mixing solid lipids with liquid
lipids, leading to higher NLC drug loading [68].

NLCs honey extract optimal formula

The optimal formulation results obtained from the D-optimal design
are formulas with a ratio of GMS: Tocopherol oil: Tween 20
(0.50:5.54:23.96) with a desirability value of 0.964. Desirability
values close to one indicate that the response variable selected for
formula optimization can reach the optimal point according to the
desired target. The results of determining the composition of GMS,
Tocopherol, and Tween 20 oil obtained showed that the composition
of Tween 20 as a surfactant was only able to form a homogeneous
mixture if the composition ratio was greater than that of GMS,
Tocopherol oil. The higher the amount of surfactant in the ratio, the
better the interaction balance is achieved, but there are limitations.

Characterization NLCs honey extract optimal formula
Verification of optimal formula

Verification is carried out by comparing the optimal NLCs
experimental results with software predictions. Based on the
probability value for each response, a p-value>0.05 was obtained,
and it was concluded that there was no significant difference
between the predicted results of the D-Optimal design in the Design-
Expert software and the results of experimental observations.

A GMS
7

05 265
C: Tween 20

Desirability

Fig. 4: Desirability of NLCs honey extract (Design expert® Ver. 7.0.0.)
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Fig. 5: Superimposed of NLCs honey extract optimal formula, (Design Expert® Ver. 7.0.0.)

Based on the optimal formula produced by the D-Optimal design in
Design-Expert software version 7.0.0, this formula is predicted to
produce a transmittance of 94.35, a pH of 6.56, and an EE of 99.73.
Based on fig. 5, the contour plot is generated from the

transmittance, pH, and EE responses. The superimposed results
provide a yellow area that has an optimal response. This area
provides an optimal prediction formula with a desirability of
0.964.

Table 3: Evaluation NLCs honey extract optimal formula

Evaluation Prediction from software design expert Average from research SD

pH 6.56 6.59 0.15
Transmittance 94.35 94.58 1.54
Entrapment Efficiency 99.73 99.89 0.09

(Prediction from software Design Expert, n=1, from software, values from reasearch are mean+SD; n=3)

The NLCs observation results were compared with the results of the
predictive response produced by the optimal formula for the simplex
lattice design. Verification is then done using the One Sample T-Test in
the OpenStat software. Data analysis with SPSS using one sample T-Test.
In the transmittance test parameters, p-value = 0.852>0.05 was
obtained, so there was no difference between the predictions of the
Design-Expert software using the simplex lattice design method and the
experimental results using the optimal NLCs formula. In the pH test, p-
value = 0.713>0.05 was obtained, showing no difference between

200, 9m

software predictions and experimental results. Furthermore, the EE test
obtained a p-value = 0.103>0.05, meaning there was no significant
difference between software predictions and experimental results.

Characterization NLCs honey extract optimal formula with
transmission electron microscopy (TEM)

TEM evaluation aims to look at microstructural analysis, defect
identification, interface analysis, crystal structure, atomic
arrangement in crystals, and nanometer-scale elemental analysis.

100.0nm 50.0nm

Fig. 6: TEM NLCs honey extract optimal formula. The magnifications are 40.000 x
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Morphological tests are needed in NLC characterization, which aims
to determine the shape and internal structure of NLC, which already
contains active drug ingredients. Lipid crystals generally have a non-
spherical platelet shape. The non-spherical shape of lipid
nanoparticles has advantages, namely affecting NLC stability,
entrapment efficiency (EE), drug loading, drug location in the NLC,
and drug release rate, having a large surface area, short diffusion
path, and low lipid layer compared to the non-spherical shape of
lipid nanoparticles. Round requires more surfactant to stabilize the
NLC [19]. This follows the NLCs of optimal formula honey with a
high surfactant composition, namely 25.96. This morphology test
can also determine the particle size of an NLC. The particle size
determined by TEM was shown to be smaller than that determined
by dynamic laser light scattering techniques. Based on observations,
it was obtained that the NLCs of the optimal formula honey had
separate particles, no lumps, oval shape, and smooth and uniform

thermo
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size, ranging from 100 nm to 200 nm. The optimal formula for honey
NLCs was obtained using the high-pressure homogenization method.

Characterization NLCs honey extract optimal formula with
fourier transform infrared spectroscopy (FTIR)

The purpose of this test is to analyze the functional groups contained
in the sample. The analysis uses the UATR (Universal attenuated total
reflectance) or Universal Transmittance method. As shown in fig. 8, it
was observed that there were several peaks characteristic of drug
3342.02 (-OH stretch, strong bond broadening); 2925.42 (CH stretch,
strong bond); 2094.22 (C=C=N, weak bond); 1992.2 (aromatic C-H,
weak bond); 1639.5 (C=C alkene, medium bond); 1459.14 (CH2, weak
bond); 1080.05 (C-0, medium bond); 927.66 (C-0, strong bond) was
found to be similar to the spectrum of honey as shown in the following
image. This revealed no physicochemical interactions between the
drug and the excipients in the NLC formulation.
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Fig. 7: FTIR profile NLCs honey extract optimal formula

In a study conducted by Erejuwa et al., (2012) [69], it was found that
honey contains chemical compounds in the form of polyphenols and
flavonoids, which act as antioxidants. This follows the results of the
phytochemical and FTIR tests conducted on Trigona spp. The test
contained phenolics and flavonoids. Phenolic compounds are
compounds that have antioxidant effects. Meanwhile, flavonoids are
chemical compounds that come from a combination of several
phenols. Honey is a natural product of Apis mellifera bees from
nectar or honeydew. It has a distinctive sweet taste due to the high
concentration of sugars, namely glucose and fructose. Fructose is an
essential sugar in honey, about 36% range. Glucose with an average
value of 25%. Significant changes were also found in the 900-750
cm! area, confirming the variable saccharide configuration [39].

Characterization NLCs honey extract optimal formula with
particle size analyzer (PSA)

The test was carried out to determine the size of the nanoparticles
contained in the sample. Based on the test results, it is known that
the average size of NLCs is 327 nm+0.572. This proves that the NLCs
prepared are capable of producing nanostructures. The droplet size
decreases as the surfactant concentration increases [70]. Surfactants
can cause a decrease in the interfacial film and stabilize it, resulting
in a tiny droplet diameter.

In contrast, adding a co-surfactant can cause a more expansive
interfacial film [71, 72]. The relative proportions of surfactant and
co-surfactant cause variations in droplet size [73]. The oil
composition also affects the particle size of NLCs [74]. Oil can
increase the ability of NLCs to carry drugs but causes the
nanoemulsion to become more prominent, so the ratio of oil used is
always smaller than surfactants [75]. The droplet size of NLCs can
regulate the effective drug release [73, 76, 77]. In another study, the
average droplet size was obtained. The PI (polydispersity index)

value indicates the homogeneity of the nanoemulsion particles. The
PI value obtained from testing with aquadest media was 0.316. A
polydispersity index (PDI) of less than 0.5 indicates a uniform
globule size distribution [78, 79], so it can be concluded that the
particle size distribution of NLCs is uniform, and the nanoemulsion
preparation method has good reliability [59]. Samples with PDI
values close to 0 indicate monodispersion samples, while PDI
values<1 indicate polydispersion samples [80]. In other studies,
storage can increase the particle size of the NLCs system when
stored for 30 d, but the increase in size is still on the nanoscale and
is still in a stable condition; this can be caused by the aggregation of
particles during storage. Lv et al. (2016) reported that NLC Brucea
javanica oil experienced a slight increase in particle size from 181.5
to 195 nm after being stored for 30 d, partly due to particle
aggregation during storage. In addition, the size of nanoparticles has
a large specific surface area, which can affect the increase in the
bioavailability of bioactive compounds in digestion [81]. The NLC
system, which has a size in the range of 100-600 nm, has optimal
absorption potential in the human gastrointestinal tract [82]. As
depicted in fig. 7, the optimal formula honey NLCs on observation
gives a regular and relatively uniform shape showing good particle
dispersion.

Determination stability test

Stability Tests of NLC Formulations Stability tests include
accelerated and long-term stability tests. Stability tests are carried
out to detect possible changes during storage [83]. The physical
instability of an emulsion-based carrier system can be detected by
observing the occurrence of creaming, separation of the oil phase, or
sedimentation of components with a high density. This can be seen
when the NLC has been subjected to centrifugation, heating, or
cooling [84]. The optimal formula in this study found that the
surfactant ratio more dominantly affects the system's stability. This
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is because surfactants play an essential role in stabilizing oil-based
systems. Surfactants can reduce surface tension by quickly
preventing particle aggregation and recrystallization, stabilizing the
interfacial tension [85]. Other researchers [86, 87] also reported that
surfactant concentration and composition can affect the stability of
the NLC system. According to Ziani, et al, (2012) the ratio of
surfactant oil and the type of oil can affect the stability of the
colloidal dispersion system [87]. Macroscopic carrier systems can be
formed at lipid: surfactant ratios above 1:2 and are affected by the
manufacturing method used. Lipid-based carrier system
formulations can be easily formed wusing higher surfactant
concentrations [88, 89]. Lipids, as the main ingredient of lipid
nanoparticles, can affect the capacity and release of bioactive
compounds that will be carried in the NLC system later. Higher
concentrations of lipids can affect the encapsulation efficiency of the
bioactive compounds that are carried. The higher the concentration
of lipids, the higher the load of bioactive compounds carried and the
effect on the desired NLC entrapment efficiency. In addition, using
higher lipid concentrations can reduce the water composition in the
system, which helps the system to be more stable for a more
extended period and efficient during the system manufacturing
process [19]. The cycling test aims to determine the stability of NLCs
preparations against varying temperature stress. The cycling test
results conducted for six cycles found that the NLCs formula
remained stable, as indicated by the absence of discoloration,
precipitation, and crystallization. This shows that the NLCs formula
has good physical stability when stored at 4 °C and 40 °C for 24 h,
respectively, in the transmittance and adsorption efficiency tests,
but changes in the pH parameter. Data analysis with SPSS using the
ANOVA test showed that the transmittance test parameters obtained
p-value = 0.774>0.05, the pH test obtained p-value = 0.00<0.05, and
the EE test obtained p-value = 0.686>0.05 EE. These results indicate
that honey NLCs are stable during storage with cycling tests on
transmittance and EE evaluation but unstable at pH. Data analysis
with SPSS using the Paired Sample Test to see a comparison
between the evaluation of optimal formula honey NLCs and basic
NLCs showed that the transmittance test parameters obtained p-
value = 0.053>0.05, the pH test obtained p-value = 0.494>0.05 and
test EE obtained p-value = 0.005<0.05 EE, meaning that there is no
difference in transmittance and Ph, but different in EE. This aligns
with previous studies where there were significant differences in
particle size during storage with freeze-thaw cycles. There is an
increase in particle size, which indicates the coalescence of small
particles or coalescence [89]. The physical instability of an emulsion-
based carrier system can be detected by observing the occurrence of
creaming, separation of the oil phase, or sedimentation of
components with a high density. This can be seen when NLCs has
been subjected to centrifugation, heating, or cooling [37]. The results
of the real-time stability test for 60 d showed that the NLCs formula
remained stable, as indicated by the absence of color changes,
precipitation, and crystallization. This shows that the optimal
formula for honey NLCs has good physical stability when stored at
25 C for 60 d in transmittance, pH, and adsorption efficiency tests. In
the stability test of the optimal formula NLC base, it was found that
the base was unstable in response to pH and EE. Data analysis with
SPSS using the ANOVA test showed that the transmittance test
parameter obtained p-value = 0.107>0.05, the pH test obtained p-
value = 0.886>0.05, and the EE test obtained p-value = 0.871>0.05
EE. These results indicate that honey NLCs were stable after storage
for 60 d in all evaluations. Data analysis on the NLC basis shows that
the transmittance test parameters obtained p-value = 0.537>0.05,
the pH test obtained p-value = 0.001<0.05, and the EE test obtained
p-value = 0.007<0.05 EE. These results indicate that the base NLCs
were stable after storage for 60 d in the transmittance test but were
unstable in the pH and EE tests. Data analysis with SPSS using the
Paired Sample Test to see the comparison between the evaluation of
optimal formula honey NLCs and base NLCs shows that the
transmittance test parameters obtained p-value = 0.202>0.05, the
pH test obtained p-value = 0.00<0.05 and the EE test obtained p-
value = 0.042<0.05 EE, meaning there is no difference in
transmittance, but there is a difference in pH and EE. The results of
data analysis in real-time stability tests show that honey NLCs are
stable in storage compared to base NLCs, meaning that the presence
of honey in NLCs can increase the stability of the preparation.
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Antioxidant in vitro

The results of UV-Vis spectra on the test show that the wavelength
value is at 515.25 nm and is included in the range of visible light
wavelengths. The maximum wavelength of 0.1 mmol of DPPH is 515
nm [90]. The time used for the interaction between the test sample
and DPPH in this study was 30 min. This can also be seen visually
with a change in the purple color, fading and slightly yellowish after
an incubation period of 30 min. This color change occurred due to a
compound in the sample that donates a hydrogen atom to the DPPH
radical to reduce it to a more stable form, namely 1, 1-diphenyl-2-
picrylhydrazine. Several studies have shown that the reaction time is
30 min and has been investigated in research [91].

Table 4: ICso value

Sample ICso (ppm)
Honey 72.59+0.79
Ethanol Extract 38.55+0.24
NLCs of honey extract optimal formula 61.99+0.34
NLCs of base optimal formula without 829.81+0.93

extract

(All values are mean+SD; n=3)

Based on the test, it is known that the honey and the ethanol extract
have antioxidant activity. The ethanol extract was included in the
robust category, while the NLCs of honey extract optimal formula
and honey without preparation were in the strong category. NLCs of
base optimal formula without extract have no antioxidant activity. A
compound is categorized as a powerful antioxidant if the ICso value
is less than 50 g/ml and a strong category if the IC50 value is
between 50-100 g/ml. The smaller the ICso value, the stronger the
antioxidant activity [92]. The DPPH radical scavenging activity of
phenolic and flavonoid compounds. Flavonoid compounds act as
antioxidants because they have a hydroxyl group that can release
protons as hydrogen ions. The hydrogen ion has only one proton and
no electrons, so the radical electron contained in the nitrogen atom
in the DPPH compound binds to hydrogen ions and generates
reduced DPPH [93]. Radicals in DPPH can be reduced when reacting
with hydrogen donors contained in phenolic compounds [94].

The 70% ethanol extract has a small ICso value because it is a polar
solvent that can extract phenolic compounds. Phenolic compounds
are antioxidant compounds that can donate hydrogen atoms to
DPPH free radicals. The extraction of active compounds was with
70% ethanol as solvent. The liquid solvent in the extraction process
is the optimal solvent for the active or efficacious content
compounds so that these compounds can be separated from the
material and other constituent compounds, and the extract contains
only most of the desired content compounds. The main factors for
consideration in selecting filter fluids are selectivity, ease of work
and processes, economy, environmental friendliness, and safety [48].

CONCLUSION

The obtained NLCs of the optimal honey extract were a combination of
GMS: Tocopherol oil: Tween 20 with a composition ratio of 0.5: 5.54:
23.96. Based on the evaluation, the water content of honey extract was
5.74 %+0.144; metals present in honey are Pb (0.003 mg/kg) and Cd
(0.175 mg/kg). Phenolic and Total Flavonoids are 25.91 mg GAE/g+0,
15 extract and 182.36 mg GAE/g extract+0.28. The transmittance
value was 94.58%x1.54, pH was 6.59+0.15, and Entrapment efficiency
was 99.89+0.09. The average droplet size was 327 nm+0.57, and TEM
and FTIR provided details on their structure. Optimal NLCs loaded
honey extract had higher activity memory support with ICso
61.99+0.34. The real-time stability shows optimal NLCs honey extract
stable in real-time stability and freeze-thaw cycle.
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