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ABSTRACT: The aim of the present study was determine optimum processing conditions and nanoemulsion formulation for the
preparation of gingerol and shogaol nanoemulsion from ginger extract-based subcritical water. For this purpose, nanoemulsions
were prepared with rotor-stator homogenizer and varied surfactant and cosurfactant concentrations (24%, 26% and 28% v/v),
and stirring speed (22,000 rpm, 24,000 rpm). The stirring time is adjusted to 30 minutes. The density, viscosity, pH, %
transmittance, nanoemulsion type test, centrifugation test, particle size, zeta potential, and polydispersion index was observed.
Nanoemulsion with 28% emulsifier has a % transmittance value closest to 100% indicating that the particle size is estimated at
nanometers. The results of test showed that the formed ginger extract nanoemulsion was unstable. Therefore, further studies are
needed to find the optimum process conditions and nanoemulsion formulations to form stable
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1. INTRODUCTION

Cancer is a non-communicable disease (NCDs) with huge negative effects on the world population. This is caused by increased
abnormal body cells which lead to the formation of tumors with the possibility of metastases (migrating to other body tissues) [1].
Several treatments have been developed such as chemotherapy, radiotherapy, synthetic medicine, etc., but they have a toxic
effect on non-target tissues that impact patients' quality of life [1,3] Therefore, it is necessary for alternative treatment such as
using the medical plant.

Ginger has been used as a traditional drug because it has nutraceutical effects from the bioactive compound in ginger i.e.
gingerol, zingiberene dan shogaol [4,5]. In the delivery of a traditional drug, the drug is distributed into the body, and the targeted
cells only absorb part of the drug, depending on the location cells. However, the important part of the drug is excreted from the
body without being used, leading to drug wastage [6]. According to Indonesian Ministry of Industry data, imported pharmaceutical
raw materials are still more than 90 %. In addition, drug production also requires production costs such as raw material costs,
operating costs, marketing, and advertising costs, distribution costs, and others (administration) which leads to expensive drug
costs [7]. So it is necessary to develop traditional medicine from ginger.

Ginger is a medicinal plant with excellent prophylactic and curative anti-cancer properties. 6-shogaol, 8-shogaol, 10-shogaols, 6-
gingerol, 6-paradol, dan zingerone in ginger shown activity anticancer in the lung, colon, colorectal, ovary, prostate [1]. However,
6-gingerol (6G), 8-gingerol (8G), 10-gingerol, and 6-shogaol (6S), have low water solubility and low oral bioavailability, resulting in
limited nutraceutical effects [8]. In addition, these compounds are also sensitive to light, heat, and oxygen, causing the degradation
of bioactive compounds [9]. This can be overcome with nanoemulsions because nanotechnology can be an alternative to increase
the stability of bioactive compounds and increase bioavailability, water solubility, and absorption of bioactive compounds [9,10].

Nanoemulsion oil in water (O/W) has been used for a pharmaceutical compound with hydrophobic properties, encapsulation as
well as delivery of active compounds, especially in the biomedical industry [11]. They consist core-shell structure, where the core
(oil) internal phase contains nonpolar molecules, and this internal phase is stabilized by the shell external phase which is a
surfactant [12,13]. There have been several studies to prepare ginger extract nanoemulsions using the high-energy approach
method. [14] used an Ultra Turrax T8 homogenizer at 22,000 rpm for 10 minutes to make nano gingerol. [9] also used Ultra Turrax
T8 homogenizer at 7,200 rpm for 3 minutes to make ginger extract nanoemulsion-based maceration extraction. [15] made a ginger
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extract nanoemulsion based on enzymatic extraction using ng Ultra Turrax homogenizer with a stirring speed of 22000 rpm and a
time of 15-25 minutes. The previous study is limited to selecting the optimal conditions of operation in prepared nanoemulsions
(stirring speed) and nanoemulsion formulations. However, the main challenge in developing nanoemulsion is the selection of
optimal processing conditions and formulation of nanoemulsion that can produce nanoemulsion with great stabilization and afford
bioactive compound delivery into cell target, have good solubility and absorption.

Preliminary research has been carried out in the preparation of gingerol and shogaol nanoemulsions without using co-
surfactants. However, the result was that the ginger extract in the nanoemulsion precipitated after 3 days of storage. Therefore
the use of cosurfactants is important to stabilize the film on nanoemulsion globules [16]. The combination of surfactants and
cosurfactants used in the preparation of nanoemulsions is necessary to produce the very low interfacial tension required to reduce
droplet size down to the nanometer range. HLB calculation also has a necessary position in the preparation of nanoemulsions. The
HLB value takes parts of the hydrophilic and lipophilic of the surfactant molecule, so it will promote the formation of a physically
stable NE [17].

This study aims to determine optimum processing conditions and nanoemulsion formulation for the preparation of gingerol and
shogaol nanoemulsion from ginger extract-based subcritical water extraction with the smallest particle size and zeta potential
value.

2. RESEARCH METHOD

2.1. Ginger Extraction

Ginger extract was obtained through subcritical water extraction. 300 gr ginger dreg powder was added into 7-liter aquadest. The
mixture was put in stainless tube cells with a lid. Nitrogen gas was entered into the cell for 2 minutes to remove oxygen. The
temperature was set to 130°C and the pressure was 2 bar. The heating process takes 3 - 5 minutes to reach the desired
temperature. Extraction was carried out for 20 minutes. The extract was cooled in a cooling cell at 25°C and 1 MPa for 1 min [18].

2.2. Preparation Gingerol and shogaol Nanoemulsion

The preparation of gingerol and shogaol nanoemulsion was referred to research by [19] with modification. 1% v/v ginger extract,
tween 80, and PEG 400 were varied into 24% v/v, 26% v/v, and 18% v/v, and 2% VCO were mixed as the oil phase and stirred
continuously. Aquadest was added to obtain 100% of the mixture. The nanoemulsion was formed using homogenizer D-500 with
the speed 20.000 rpm and 24.000 rpm, with stirring time adjusted to 30 minutes.

2.3. Viscosity
Viscometer Ostwald was used to determine the viscosity value [20]. Low viscosity indicates that the formed nanoemulsion is oil in
water and high viscosity indicates that the formed nanoemulsion is water in oil [21].

2.4. Density
Density analysis on the nanoemulsion is carried out using a pycnometer to measure the density of the nanoemulsion formed [22].

2.5.pH
pH value was determined using a pH meter at room temperature. pH value was measured Repeat three times to get accurate
results [23].

2.6. Transmittant Test
The test was carried out by spectrophotometry UV-VIS with wavelength 650 nm and aquadest as a blank solution. This test aims
to measure the clarity of the nanoemulsion. A good nanoemulsion has a transmittance value close to that of water (100%) [24].

2.7. Nanoemulsion type test

This test was used to determine the type of nanoemulsion. The test of nanoemulsion type was performed by placing nanoemulsion
on object glass and adding a tiny bit of methylene blue. If nanoemulsion is in type o/w, the methylene blue will be dissolved and
dispersed in it. If the nanoemulsion is type w/o, the methylene blue will form a blue spot in it [25].

2.8. Centrifugation Test
Nanoemulsion was centrifuged at 3000 rpm for 30 minutes [26]. The result of the test is said to be good and stable if there is no
separation after centrifugation [27]

2.9. Particle size, zeta potential, and Polydispersion Index Test
The measurement particle size, zeta potential, and Polydispersion Index of nanoemulsion were determined using a particle size
analyzer with triplicate replication [28].
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3. RESULTS AND ANALYSIS
3.1 Effect of Stirring Speed and Emulsifier Concentration of Ginger Extract Nanoemulsion
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Figure 1. Effect of Stirring Speed and Emulsifier Concentration on Viscosity of
Ginger Extract Nanoemulsion

Viscosity affects the release of the active substance, if the viscosity value is high it can make it difficult to release the active
substance, and vice versa [29]. Figure 1 presents the effect of stirring speed and emulsifier concentration on the viscosity of ginger
extract nanoemulsion and figure 2 presents the effect of stirring speed and emulsifier concentration on the density of ginger
extract nanoemulsion. A faster stirring speed for nanoemulsion produces a smaller viscosity and density of the nanoemulsion. It
is in line with [22], the faster stirring speed can reduce the viscosity of the nanoemulsion but also increase the separation time of
the oil emulsion in water. The density value is directly proportional to the viscosity. So, when the viscosity decreases, the density
will also decrease.
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Figure 2. . Effect of Stirring Speed and Emulsifier Concentration on
Densityof Ginger Extract Nanoemulsion

Emulsion separation is influenced by viscosity. Viscosity affects the emulsion separation rate. The higher the viscosity, the smaller
the separation rate. The viscosity of the continuous phase will prevent the flocculation and/or coalescence of the dispersion phase.
With the intention that, the emulsion separation speed is reduced [22]. [30] stated that decreasing the number of surfactants and
cosurfactants will increase the interfacial tension between water and oil so that the viscosity increases[30]. In other words, the
higher the concentration of surfactants and cosurfactants used, the lower the viscosity value
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Figure 3. Effect of Stirring Speed and Emulsifier Concentration on pH of
Ginger Extract Nanoemulsion
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Figure 3. shows the effect of stirring speed and emulsifier Concentration on the pH of ginger extract nanoemulsion. It can be seen
that the speed of stirring does not affect the pH of the nanoemulsion. [31] reported that with various variations of stirring speed,
there has been a change in the pH of the emulsion, but the change is not very significant. However, the higher the
surfactant/emulsifier used the pH of the nanoemulsion decreased. When adding 24%, 26%, and 28% emulsifier, the pH of the
nanoemulsion was 7.2; 7.1; and 6,9. This is in accordance with the research of [32], the higher the surfactant concentration, the
pH of the emulsion also decreases. According to [33], pH 6-8 O/W nanoemulsion using surfactants will produce a large negative
charge, so it can prevent adjacent droplets and form particle aggregation.
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Figure 4. Effect of Stirring Speed and Emulsifier Concentration on
% transmittance of Ginger Extract Nanoemulsion

Figure 4 are shown that increasing the concentration of the emulsifier will increase the percent transmittance. Higher
concentrations of tween 80 lead to a large drop in surface tension leading to the spontaneous generation of interfacial turbulence
droplets. Increasing the concentration of tween 80 results in a stable interface between oil and water and particle size is smaller.
PEG as a cosurfactant reduces the interfacial tension. In this study, the cosurfactant concentration was lower than the surfactant
used. Cosurfactants with high levels of concentration produce nanoemulsions with lower transmittance percentages [29].

The transmittance percentage indicates the level of clarity of the formed nanoemulsion. The transmittance percentage close
to 100% indicates that the nanoemulsion formula produces a clear and transparent dispersion with a droplet size estimated at
nanometers. Nanoemulsion with 28% concentration emulsifier had a transmittance value closest to 100% with a value of 98%.
Therefore, the sample was further tested with a Particle Size Analyzer to determine particle size, PDI, and zeta potential, and its
stability was tested using centrifugation to determine the occurrence of phase separation.

3.2 Analysis of Particle Size, Zeta Potential, and PDI Nanoemulsion of Ginger Extract

The particle size value of ginger extract nanoemulsion is 617 nm. According to [34], nanoemulsion is an emulsion with droplet
sizes ranging from 20 to 500 nm. In other words, the nanoemulsion ginger extracts with a 28% concentration emulsifier do not
include the nanoemulsion size range, because the particle size of the nanoemulsion in this study is more than 500 nm. The droplet
size distribution of the emulsion is affected by the composition of the nanoemulsion system and/or the modification of the
homogenization conditions [34]. There is a homogenization condition called "over-processing", which means that the energy input
is too high to the emulsion system, such as too long homogenization time. The additional input of kinetic energy into the maximum
dispersed emulsion will cause the particle movement faster, which enables overcoming steric or electrostatic barriers. According
to the DLVO theory, over-processing promotes coalescence and the growth of droplet size [35]. This study used a stirring time of
30 minutes. A stirring process time of 10 minutes is included in the over-processing category [35]. Therefore, this study has
experienced the phenomenon of over-processing. Based on the DLVO theory, this phenomenon will encourage coalescence and
droplet size growth and make the function of the emulsifier to get poorer, an increase in Brownian motion which lead to a higher
probability of collisions and mergers when input energy is high in the nanoemulsion system [35,36].

Table 1. Results of Analysis of Particle Size, Zeta Potential, and PDI Nanoemulsion of Ginger Extract
Particle Size (nm) Zeta Potential (mV) Polydispersity index
617 0,4 0.383

The zeta potential value generated from ginger extract nanoemulsion with 28% emulsifier concentration is 0.4 mV. The higher the
surface charge material, the more stable the resulting nanoemulsion will be. In the case of low particle charge, the droplets tend
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to be attracted to each other and leading to increasing droplet size, which causes a decrease in the nanoemulsion stability [34].
[23] stated that a good zeta potential value to produce a stable preparation is less than -30 mV or more than +30 mV. However,
the results of the analysis, the zeta potential value of the nanoemulsion in this study is 0.4 mV, so the nanoemulsion was less
stable. Nanoemulsion may experience very large particle aggregation and flocculation due to van der Waals forces which result in
physical instability in the nanoemulsion preparation. This is caused by the surfactants and the amount of surfactants added to the
nanoemulsion formulation [23]. In further research, it is necessary to determine the type and amount of surfactants to produce
stable ginger extract nanoemulsions.

Polydispersity is defined as the ratio of standard deviation to the average droplet size which implies the uniformity of droplet
size in @ nanoemulsion formulation. For a higher uniform droplet size in a nanoemulsion, the polydispersity in the formulation
must be lower. The stable nanoemulsion has a PDI value between 0.2 and 0.5. A higher PDI value indicates a more dispersed
particle size distribution which can make the nanoemulsion susceptible to delamination or precipitation [34]. The polydispersity
index value of the resulting ginger extract nanoemulsion was 0.383, in other words, the nanoemulsion in this study had a uniform
size distribution.

3.3 Nanoemulsion Type Test

Figure 5. The result of nanoemulsion type test

This test shows that the type of nanoemulsion is an oil in water, by dripping methylene blue, the methylene blue dissolves and
diffuses into the nanoemulsion sample. [17] stated that oil-in-water (o/w) nanoemulsions are more likely to form in the HLB range
of 8-18. Tween 80 has an HLB value of 15 and PEG 400 has a value of 13.1, so the nanoemulsion is an oil-in-water type.

3.4 Centrifuge Test

The results of the centrifugation test at 3000 rpm for 30 minutes, the nanoemulsion with 28% emulsifier precipitation occurred.
The particle size of the nanoemulsion is 617 nm which is larger than the nanoemulsion criteria, which is below 500 nm [34]. This
is in accordance with research [37] which states that the smaller the particle size, the smaller the sedimentation rate, therefore
at the same centrifugation rate and the same centrifugation time, a suspension with a much smaller particle size will have a much
lower sedimentation rate than a suspension with a larger particle size.

a) b)
Figure 6 The resullt of the centrifugation test, (a)
before centrifugation (b) after centrifugation

4. CONCLUSION

The formed nanoemulsion is O/W type. The stirring speed of ginger extract nanoemulsion has affect to viscosity and density.
Emulsifier concentration of ginger extract nanoemulsion has affect to viscosity, density, transmittan, and pH of the nanoemulsion.
The nanoemulsion with 28% emulsifier has % transmitan value closest to 100% whis is indicate that the particle size estimated at
nanometers. The result of particle size, zeta potential, except PDI test shown that the formed nanoemulsion is unstable, and
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sedimentation after centrifugation occurred. It is necessary to find optimum processing conditions and nanoemulsion formulation

for the nanoemulsion from the ginger extract in future research to form a stable nanoemulsion.
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