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Abstract— Andaliman is widely used in culinary and medicine for a long time ago. However, it has a short storage life, so it takes a
preservation process. The study aims to create the synthesis of the Andaliman aroma compound and its characterization. The synthesis
process is conducted with several variables such as oleoresin concentration range of 10 and 20 wt% and type of surfactants such as
Tween 80, mixed of Tween 80:20 (50:50 wt%) and Tween 20. The homogeneous Maltodextrin solution and gum Arabic solution, called
solution 1 and 2, are created by using ultra turrax with a speed of 18,000 rpm for 5 minutes. Then they are mixed with a comparative
composition 2:3 as wall material. After that, the mixture is added by three different types of surfactants such as Tween 80, mixed Tween
80 and 20 (1:1), and Tween 20. Andaliman nanoemulsion is generated by mixing Andaliman oleoresin, wall materials, and water with
two different compositions, such as 10:20:100 and 20:20:100 and also nine wt% of surfactants. Their treatment mixing is similar to the
manufacture of wall materials. The characterization of nano emulsification was conducted by analyzing droplet size, zeta potential,
polydispersity index (PDI), emulsion stability index (ESI), and viscosity. The study results showed that mixed 20 wt% oleoresin
concentration and emulsifier of Tween 20 produced 100% of ESI value with a particle size of 68.5 nm and zeta potential of -44.95 in
which showed the stability of both emulsion and nanometer-sized particle.
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Microencapsulation provides better stability while controlling

I. INTRODUCTION the release of bioactive compounds [5].

Andaliman is species that contain aroma compounds from Surfactan?s are essgntlal during the synthesis process of
the citrus family. It is widely used as a cooking spice and nanomet@r-51zed particles (<100 nm) .to prevent the
traditional medicine for the Batak tribe community [1] coagulation process because of the attractive force between
However, it is quickly decayed or damaged due to its particles [6], [7]. The manufacturing of nanoemulsion is
extracted’ compounds oleoresin, produced using the influenced by the type of surfactant and emulsification energy
maceration process—mixed alcohol and ethyl acetate. It [8]. Thgre are two types of surfactant§: Tween 80 and Tween
contained mostly compounds of geranyl acetate and limonene 20, W,hwh are used to create. oleoresm-ba.sed encapsulatlop,
[2] in which sensitive to light, heat, and oxygen. Therefore, it espema.lly for fenpel oleoresin and turmeric; aqd astaxapthm
is necessary to research the preservation process. oleoresin, respectively [9]-[11]. The emulsion is a colloid of

two or more immiscible liquids where one liquid is dispersed

a flavor profile that approaches the freshly ground spices to as a small droplet (internal phase), anq .the other . is 2
be accepted as a natural flavoring ingredient [3]. However, it continuous phgse (external phgse). The stabilized emulsion is
is sensitive to light, heat, and oxygen, so that it has a short formfrbg’, adId 1n1g1.an emulslllfylng ag;n td[12]. O{I E of them lﬁ
storage life. The preservation process was conducted using an gum Arabic. In this research, we studied several factors suc

oven blower by drying method to maintain its aroma [4]. as homogen0u§ speed, the ratio (?f gum Arabic, maltodgxtrm,
and concentration of wall materials on the manufacturing of

Oleoresin, the extracted compounds of Andaliman, showed
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emulsion. However, in the first step, we must know both the
speed of the homogenizer and the optimized composition of
mixed gum Arabic and maltodextrin to create a stabilized
emulsion.

Both high and low energy methods can be used to prepare
the nano-sized particles. In this research, high-speed ultra
turrax was used to make nano-sized emulsions and form
stable emulsions. The emulsification process of the material
will affect the lipophilic and hydrophilic balance of the
system [13].

In this study, we set numbers of homogenizer speed such
as 16,000, 18,000, 20,000, 22,000, and 24,000 rpm to get the
optimized speed of the homogenizer to create a stabilized
emulsion. In terms of the composition of oleoresin: water:
emulsifier: wall materials (gum arabic: maltodextrin) is about
10:100:9:20 (1:1) respectively. The research purpose is to
create Andaliman aroma compounds used as cooking spices
and traditional medicine with a stronger and more stable
aroma activity. So, it has a longer storage life.

II. MATERIAL AND METHOD

A. Materials

This research used several materials such as andaliman,
maltodextrin with DE 10-15 made by Zucheng dong xiao
Biotechnology Co. Ltd, China, gum arabic, Tween 20, and
Tween 80 made by Merck. The analyzer instruments used are
ultra turrax homogenizer branded lka and type of T 25D
particle size analyzer zeta sizer nano series branded Malvern.

B. Procedure

Nanoemulsion manufacturing was conducted by three steps
as follows:

« Particle size reduction of emulsions with homogenizer
speed treatment.
Synthesis of nanoemulsion including (a) The effect of
the ratio of gum arabic and maltodextrin on the
preparation of nanoemulsions, (b) the effect of
surfactant ratio and concentration of andaliman
oleoresin.
Characterization of Andaliman aroma compound
nanoemulsion. In this study, statistical analysis was
carried out before the experimental design in the
making of the nanoemulsions process.

1) Particle size reduction of emulsions: In this process, we
set much homogenizer speed such as 16,000, 18,000, 20,000,
22,000, and 24,000 rpm to get the optimized speed

homogenizer to create a stabilized emulsion. The
composition used is oleoresin: water: emulsifier: wall
materials  (gum  arabic:  maltodextrin)  with  a

specified percentage of 10:100:9:20 (1:1), respectively.

2) Synthesis of Nano emulsion:
 Influence of ratio gum Arabic and maltodextrin on the
preparation of nanoemulsion. Maltodextrin has various
aspects of function, including film formation
properties, the ability to reduce the interface tension yet
it isnot a good emulsifier [14], good flavor carriers and
encapsulants because of bind taste and reduces the
permeability of oxygen to the wall matrix, solubility,
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and a relatively low price. To protect the flavor
compounds in the emulsion, gum Arabic is very
suitable to be mixed with maltodextrin because gum
arabic has good film-forming properties [15]. Gum
arabic has two poles with different charges,
hydrophobic and hydrophilic, because of its protein
groups [16]. The modification of the Assadpour and
Jafari Method was used as a method to produce
andaliman nanoemulsion [17]. First of all, solution 1
was made by mixing maltodextrin with water through
homogenous state using ultra turrax with the speed of
18,000 rpm for 5 minutes. By using a similar method,
solution 2, which consisted of gum arabic, has been
made. Then the two solutions are mixed with a
comparative composition 2:3 as wall material. After
that, it is added by three different types of surfactants,
such as Tween 80, mixed Tween 80 and 20 (1:1) and
Tween 20.

The effect of surfactant ratio and concentration of
andaliman oleoresin. The effect of surfactant was
conducted to obtain a stable nanoemulsion with the
design analysis, which carried out using an
experimental design.

Statistical Analysis and Experimental Design. The
experimental design was used in factorial, completely
randomized patterns where factor A is oleoresin
concentration, which consists of 2 levels (A1=10 and
A2=20). Whereas factor B is surfactant which consists
of 3 levels (B1 = Tween 80, B2 = mixed Tween 80 and
20 (ratio 1:1), B3 Tween 20). Andaliman
nanoemulsion is made by mixing andaliman oleoresin,
wall materials, and water with two different
compositions, such as 10:20:100 and 20:20:100 and
also 9 wt% of surfactants. Their mixing treatment is the
same as the manufacture of wall materials. Several
variables are analyzed, such as droplet size, zeta
potential, polydispersity index (PDI), emulsion
stabilization index, and viscosity. The most stable
emulsion on nanoemulsion manufacturing continued
for the manufacture of andaliman encapsulates using
spray drying. The experimental design of
nanoemulsion manufacturing was used in the form of
factorial, completely randomized patterns with two
replications. The diversity analysis was conducted
using software SAS 9.4.

3) Characterization of Andaliman Aroma Compound
Nanoemulsion:

o Droplet Size, Zeta Potential, and PDI (Poly Dispersity
Index): The particle size of oleoresin was measured
using Particle Size Analyzer (PSA) zeta sizer nano
series made by Malvern in 2014. After turning on the
analyzer, the temperature is set to 25 °C. Then the
intensity is regulated in which a drop of sample is
dissolved in 20 mL distilled water. Around 1 mL
sample is added to cuvette and then measured. The data,
such as droplet size, particle size distribution, and zeta
potential, will be processed automatically on the
computer.

Emulsion Stability Index Test: First, 15 mL of the
emulsion was added to a centrifuge tube, then closed



and stored at room temperature 24 hours. The emulsion
will be separated into three parts after storing: opaque
on the top, haze on the middle, and transparent on the
bottom. Especially the two latest mentioned parts; they
called it a serum layer (HS) and total emulsion height
(HE). Its thickness could be seen on the tube. The
change of creaming was measured using a ruler and
creaming index that has been calculated using Equation
1.

(1)

Viscosity: Viscosimeter followed the AOAC974.07
method, first action 1974. The formula is as follows.

)

HS
Indeks creaming (IC)= (ﬁ) x 100 w (1)

Viscosity (cP) = (flow rate x molecular weight x flow rate )%

III. RESULTS AND DISCUSSION

The emulsification process is very challenging due to
coalescence is rarely happened after this process. On the
initial agitation process, particle collisions occurred. In this
step, the droplet stabilization depended on the speed and time
of stirring, which can be attributed to the distribution of
emulsifiers between phases. Slow interface film formation or
disruption of film formation by continuous stirring
contributes to emulsion stability.

A. Particle Size Reduction of Emulsions with Homogenizer
Speed Treatment

Ultra turrax for emulsion particle size reduction is carried
out to reduce the particle size on a micro-scale.
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Fig. 1 Influence of homogenizer speed on particle size

As depicted in Figure 1, the particle size decreased with the
increase of the homogenizer speed of wultra turrax. The
homogenizer speed between 18,000 to 24,000 rpm did not
give significant results, yet different on between 16,000 rpm.
According to Ralla T., the homogenizer is a suitable
instrument to decrease the droplet size of liquid-liquid phase
dispersion resulting in a stabilized emulsion [18], [19].

On the homogenizer speed range of 20,000-24,000 rpm, an
extreme vibration occurred. While on the homogenizer speed
of 22,000 and 24,000 rpm, it turned to be the dark green and
brownish color with the charred smell, respectively.
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As depicted in Figure 2, the cream phase that stirred on
18,000 rpm of homogenizer speed is greater than that of
stirred on 20,000, 22,000, and 24,000 respectively.t happened
due to excessive energy from high homogenizer speed. Then
it turned the materials out to be brownish and created a
charred smell. In short, we stated that heat energy increased
with an increased rotation speed [20], [21].

The large particle sizes are formed at the high stirring rates
in the systems where the surfactant is not suitable, thus
facilitating the transport of molecular mass into larger lumps.
However, the stable emulsion can be produced on the
appropriate agitation speed and suitable surfactants as
conducted by Moreira et al. [22]. The formation of stable
beta-carotene nanoemulsion was obtained with a surfactant
concentration of 7 %wt, soy lecithin as a suitable surfactant,
10,000 rpm of agitation speed, and 5-20 minutes of agitation
time. It produced a particle size of 429 nm.

Fig. 2 Andaliman emulsion on homogenizer speed range of 18,000-24,000
rpm

The starch content on the emulsion turned to be brownish
due to the caramelization process as a result of heat energy
from rotation energy. It cannot be used. In brief, the suitable
homogenizer speed on this research is 18,000 rpm. A previous
study supported that the homogenizer speed of 18,000 rpm
produced stabilized emulsion on bioactive substance
emulsion release system. It showed on Figure 2 [23], [24].
Agitation speed of 18,000 rpm and gum arabic: maltodextrin
(3:2) ratio were continued to obtain a stable emulsion; the
process conditions were carried out with variations in the
types of surfactants Tween 80 and Tween 20.

B. Synthesis of Nanoemulsion

1) The effect of the ratio gum arabic and maltodextrin on
the preparation of nanoemulsions: Maltodextrin has various
aspects of function, including film formation properties to
reduce the interface tension, yet it is not a good emulsifier
[14], good flavor carriers and encapsulants because of bind
taste and reduces the permeability of oxygen to the wall
matrix, high solubility and a relatively cheap price [25]. In
order to protect the flavor compounds in the emulsion, gum
arabic is very suitable to be mixed with maltodextrin because
gum arabic has good film-forming properties [15]. Gum
arabic has two poles with different charges, hydrophobic and
hydrophilic, because of its protein groups.



2) The ratio of wall materials composed of gum arabic and
maltodextrin affects the particle size. It can protect the
encapsulated active compound. Gum arabic acts as surface-
active agents and matrix dryers to prevent the loss of volatile
compounds. According to Tsai FH. et al., gum arabic can
form a good film layer to protect the core material coated [5],
[26]. Meanwhile, maltodextrin has a simple molecular
structure to easily develop the encapsulation to give the
efficiency of protection or controlled release. It can
effectively protect from oxygen, water, and light because wall
materials can avoid contact with other substances. The ratio
of gum arabic and maltodextrin could be seen as following
Figure 3.
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Fig. 3 Influence of ratio gum arabic and maltodextrin on emulsion particle.

Based on the analysis of variance results, it is known that
both treatment ratio and concentration of wall materials are
different from other treatments except ratio gum arabic and
maltodextrin of 2:3 and 1:3. At the same time, the
concentration of wall materials of 20 wt% is different from 30
wt% or even 40 wt%. We could take brief information from
Figure 3 that the particle size increased with the increasing of
wall materials concentration on the same emulsifier
concentration. It happened due to the reassembly of particles.
But at a ratio of 3:2, the particle size shrunk again so that this
ratio is suitable for the good capsule to avoid
reagglomeration. As research by Hermanto, the ratio of gum
arabic and maltodextrin (3:2) produced stabilized emulsion
[27].

Assadipour and Jafari [17] stated that if the concentration
of gum arabic is higher than maltodextrin, it could produce
stabilized emulsion because the excessive both hydrophobic
and hydrophilic poles will bridge the emulsion formation
process. According to Mariod et al. [28], the formation of
gum's emulsifying properties is determined by the protein
aggregate content of the protein-peptide distribution between
parts with variations in their molecular weight and the
availability of protein-peptide molecules for absorption. The
3% protein content provides a good quality of gum arabic.
The process of absorption of gum Arabic and essential oil in
an emulsion is depicted in figure 4.
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C. Characterization of Andaliman Aroma Compound
Nanoemulsion

1) Droplet Size: The emulsion particle size showed
stability of emulsion according to 6 Emulsion particles below
100 nm are more stable than particles above 100 nm.
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Fig. 5 The size of andaliman nanoemulsion particles

Where:
Al: Concentration Oleoresin 10%  A2: Concentration Oleoresin 20%
B1: Tween 80 B2: Tween 20:Tween 80=1:1 B3:Tween 20%

Figure 5 showed that the kind of surfactant influenced
particle size. Especially for surfactant Tween 80, we have
117.9nm of A1B1, 25,1 nm of A2B1. All treatments are close
to 100; however, A2B3 treatment occurs real interaction
between oleoresin concentration and Tween 20, so that it is
obtained the smallest particle size of 44,95 nm. The result is
similar to the previous research or study in which the
manufacturing of nanoemulsion is influenced by
emulsification energy and type of surfactant [8].

Figure 4 showed that the kind of surfactant influenced
particle size. Especially for surfactant Tween 80, which has
size above 100 nm, 117.9 nm of A1B1, and 128.2 nm of A2B1
produced on proper condition. While the combination of
surfactant Tween 80 and Twen 20 with a ratio of 1:1 produced
nano-sized particles below 100 nm. This result is similar to
what Sapei et al. done in their research in 2017; the surfactant
mixtures are useful for reducing the destabilization rate of oil-
in-water emulsions. Structurally, the emulsifier is an



amphiphilic molecule whose have hydrophilic molecule and
lipophilic groups. The solubility of emulsifiers in water
follows the Hydrophile-Lyphophile Balance rating [29].

The Hydrophile-Lyphophile Balance (HLB) value of the
emulsifier ranges from 1 to 20. HLB value between 1-10 is
lipophilic while 10-20 is hydrophilic. The emulsifier's
hydrophilic part has a water-compatible group because it has
a polar pole that can bond with water and water-soluble
molecules. The lipophilic part has an oil-compatible group
composed of hydrocarbons mixed with oil and insoluble in
water [30].

Moreira et al. [22] stated that high surfactant concentration,
high, stirring speed, and a certain emulsification temperature
made the particle size of the emulsion smaller so that the
emulsion stability was achieved [31].

2) Zeta Potential: Zeta potential is defined as the potential
difference between the dispersion medium and the stationary
layer of fluid attached to the particle. It explained the
electrical potential at the inner surface, which measured using
a potential zeta analyzer. It occurred due to an electric current
on some surface area. The stability of the colloid could be
predicted using zeta potential [19].

50 44,95
39,05
40 36.2

30 22,1 23,5

20

Zeta Potential

10

0

AIB1 AIB2 AIlIB3 A2BI1

A2B2 A2B3

Fig. 6 Zeta potential nanoemulsion of andaliman
Where:

Al: Concentration Oleoresin 10%  A2: Concentration Oleoresin 20%

B1: Tween 80 B2: Tween 20:Tween 80=1:1 B3:Tween 20%

Oleoresin concentration, type of surfactant and their
interaction affect zeta potential. It means those parameters
significantly affect the stability of the emulsion. Figure 5
showed that surfactant of Tween 80, which prepared by
treatment B1, with the same concentration of oleoresin, did
not make the stable emulsion. It reflected by the zeta potential
value of -22.1 mV and -25.1 mV on AlBl1 and A2BI,
respectively. This result is because the working surfactant on
the inner surface cannot overcome the agglomeration. While
the surfactant of Tween 20, which prepared by treatment B3
with higher oleoresin concentration, has higher zeta potential.
It reflected by the zeta potential value of -44.95 mV and -
39.05 mV on A2B3 and A1B3, respectively.

The type of surfactant and its concentration must be
suitable with emulsified material because it may cause an oil-
to-water interface tension to low. Thus, it can reduce the re-
coalescence process; Then, the stable emulsion could be
produced as represented from the potential zeta size in figure
6. It could prevent both absorption of particle interface and
coagulation during the emulsification process.

Emulsion concentration of 20% and emulsifier Tween 20
(A2B3) showed a stable emulsion because the zeta value was
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the highest in this treatment (according to the emulsion
stability index in figure 8, the value is 100).

Tween 20 emitters in andaliman nanoemulsion adsorb
more quickly to the droplet surface and suppress interface
stress. The emulsifier adsorption rate is faster than the droplet
fragmentation rate so that the droplet is completely coated
with the emulsifier [32].

The surfactant mixture with an appropriate oil
concentration can reduce the destabilization rate of oil
emulsion in water because the appropriate Hydrophile-
Lyphophile Balance (HLB) is formed [33].

On the other hand, the zeta potential of mixed surfactant
80:20 (1:1) with treatment B2 is around -36.2 mV. It showed
the droplet's stability, shown by previous research on -30 mV
[21]. Tt showed that Tween 20 is more suitable for the
andaliman nanoemulsion process than both Tween 80 and
mixed Tween 80 and Tween 20. It can stabilize the emulsion
and unify the different phases. Based on Jumanca et al., a
range of -30 mV to -40 mV is typical moderate emulsion
stability [34]. While the range of -41 mV to -60 mV is typical
high emulsion stability.

It showed that the attractive force is increased with the
decreasing of zeta potential, so both coagulation and
flocculation will occur. On the other hand, the repulsive force
is our research increased with the increasing of zeta potential,
as stated by previous [7]. The emulsion can absorb the particle
so that it can protect the surface of the surfactant. This caused
a decrease of zeta potential [35], [36].

3) Poly Dispersity Index (PDI): Particle size distribution
expressed as polydispersity index (PDI). If the value of PDI
is small, it showed that dispersion is stable. If the value is 0,
it indicates monodisperse particles, whereas if 0.5 indicates
the particle size distribution width. [37].
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Fig. 7 Poli Dispersity Index Nanoemulsion of Andaliman

Figure 7 showed no significant difference in PDI on
different parameters such as oleoresin concentration, type of
surfactant, and interaction. According to the value of PDI
categorized as a homogeneous mixture if it is less than 1. The
10.8 nm quercetin nanoemulsion particles had a PDI of 0.349
[38]. The measurement of PDI obtained a range of 0.129-
0.320, which stated nanoemulsion of andaliman as
homogeneous dispersity.

4) Emulsion Stability Index: Emulsion stability index (ESI)
is strongly influenced by the type of surfactant and oleoresin
concentration on the manufacturing of andaliman
nanoemulsion. ESI is a parameter that measured the stability
of the emulsion physically [39]. Gracia added ESI could
measure the emulsion ability by comparing homogenized and



unhomogenized emulsion. The value of ESI showed on
Figure 7[40].
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Fig. 8 Emulsion Stability Index (ESI) Nanoemulsion of Andaliman

Figure 8 showed 100% of ESI from the treatment of A2B3.
It is a typical andaliman sample with 20 wt% of oleoresin
concentration and surfactant of Tween 20. The number of
interacting emulsions increases due to the nano-sized surface
of extracted andaliman is bigger than before, thus stabilizing
the emulsion. It is the same as the previous study [41]. The
influence of surfactant type and composition on ESI values
showed the change of globule on oil. Its result is similar to
previous research, which stated the surface area increased
with the decreasing of extracted size, absorbing more
surfactants. Emulsion concentration of 20% and emulsifier
Tween 20 (A2B3) showed a stable emulsion because the zeta
value was the highest in this treatment (according to the
emulsion stability index in Figure 7, the value is 100).

5) Viscosity of Emulsion: Viscosity is a type of parameter
in the stability and efficiency of releasing active components.
It is friction between adjacent fluid layers as it moves across
each other [42]. All components such as water, oil and
surfactant influenced the viscosity of formed nanoemulsion.
Figure 9 showed that there is no significant difference in
nanoemulsion viscosity due to different raw material and
formulation on the manufacturing of nanoemulsion. The
highest viscosity is A2B3 which consists of 20 wt.% of
oleoresin and surfactant of Tween 20. It is strongly affected
by particle size. The particle size is decreased with the
increase of surface area, so it absorbs more surfactant and
produces stable and thick emulsion.

800 724,03
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~ 581,66 596,06 60989 578
& 600
z
£ 400
(=3
3
Z 200

0

AIBI AIB2 AIB3 A2Bl A2B2 A2B3

Fig. 9 Viscosity Nanoemulsion of Andaliman

Jusnita informed that viscosity is increased with the
decreasing emulsion particle size. Different surfactants have
different adsorption kinetics, affecting the merge of droplet
because the formation of nano-sized particles causes the
surface to absorb surfactants and prevent flocculation [35],
[43].
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IV. CONCLUSION

Nanoemulsion which conducted using ultra turrax
homogenizer with speed around 18000 rpm using Tween 20
emulsifier and andaliman oleoresin concentration of 20 %wt.
With a long homogenization time of 15 minutes, it can
produce 68.5 nm stable emulsion with zeta potential -44.95
mV and 100% emulsion stability with viscosity 724.03 cps.
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