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Abstract

Lipid nanoemulsion is an effective system for improving or extending the functional
performance of a composite coating or film since the small particle size causes the lipids
to be evenly dispersed into the matrix. This study aimed to examine the effect of the ratio
of BW: OA and the concentration of Tween 80 on the physical characteristics of the
resulting lipid nanoemulsion. Lipid mixture nanoemulsion was prepared from beeswax
(BW) and oleic acid (OA) in various ratios, of 100:0, 75:25, 50:50, and 25:75. Tween 80
as a surfactant was added at concentrations of 2.5%, 5.0%, 7.5%, and 10%. The
characteristics of the nanoemulsion were determined by measuring the viscosity, particle
size, polydispersity index (PDI), zeta-potential, and stability of the nanoemulsion. Lipid
ratio BW:OA and surfactant concentration greatly affected the viscosity, particle size,
PDI, zeta-potential, and stability of nanoemulsions. At a higher BW amount than oleic
acid, increasing the concentration of Tween 80 did not affect the nanoemulsion viscosity,
but decreased the particle size, PDI value, and zeta-potential value. On the other hand, in
nanoemulsions with an OA ratio greater than BW, an increase in Tween 80 increased the
viscosity, particle size, and PDI value. Nanoemulsions with small particle sizes did not
undergo separation when tested by the Freeze-Thaw method. These results showed that
the particle size and PDI values determined the stability of the nanoemulsion. From this
study, it was found that formulation largely determined the -characteristics of
nanoemulsions.

1. Introduction

The use of edible coatings or films in the post-
harvest handling of fruits has very potential. Fruit
coating can control water vapor transfer, respiration rate,
oxidation processes, flavor components, and extend shelf
life (Hassan et al., 2018; Joshi and Rao, 2018). The main
components of edible coatings are polysaccharides,
proteins, and lipids (Sothornvit and Krochta, 2001;
Vargas et al., 2008). Many studies suggest that
hydrocolloid-based edible coatings are able to maintain
volatile components, and control gas exchange in
minimally processed or fresh fruit (Marpaung et al.,
2015; Alali et al., 2018; Nor Amalini et al, 2018;
Yousuf et al., 2018; Thakur et al., 2019). However, since
they are hydrophilic, natural biopolymers coating are
poor barrier materials that prevent water loss of product
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(Arnon et al., 2014; Hassan et al., 2018). On the other
hand, lipids are better in moisture barrier (Pérez-Gago
and Krochta, 2001). The functional properties of the
edible coating can be enhanced by adding hydrophobic
lipids into protein or polysaccharide-based coating
(Zhang et al., 2018).

Various studies have been carried out to reduce
water vapor permeability (WVP) of coatings by
incorporation of lipids (Kowalczyk and Baraniak, 2014;
Khanzadi et al., 2015; Klangmuang and Sothornvit,
2016). According to Zhang et al. (2018), beeswax is
more effective than carnauba wax in reducing the WVP
of edible films because it has high hydrophobicity. In
addition, beeswax also contains antimicrobials and
antioxidants (Fratini et al, 2016). The addition of
beeswax significantly reduces the WVP film based on
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hydroxypropyl methylcellulose (HPMC) (Klangmuang
and Sothornvit, 2016). However, although the addition of
beeswax lowers the WVP and water solubility, it causes
a decrease in the tensile strength of the whey protein-
pullulan-based film (Khanzadi et al., 2015). The addition
of wax is also reported to decrease WVP but increases
the opacity of the chitosan coating (Rodrigues et al.,
2014). Moreover, wax also causes the surface structure
of the coating to be inhomogeneous (Fabra et al., 2009;
Kowalczyk and Baraniak, 2014).

In other research, WVP is not only influenced by
wax but also affected by oleic acid. Oleic acid increases
the gloss effect and affects the particle size of the lipids
(Vargas et al., 2009). WVP is significantly affected by
lipid particle size, where WVP efficiency increases with
the smaller lipid particle size and the more homogeneous
dispersion of hydrophobic materials (Pérez-Gago and
Krochta, 2001). The instability phenomenon of large
droplets of lipids in the composite film prepared from
beeswax and oleic acid has been observed by Fabra et al.
(2009) and Monedero et al. (2009) The film is opaque
with a rough surface, which is associated with the
accumulation of lipid aggregates on the surface of the
film due to the coalescence and cream formation during
film drying. The stability of lipid-based coating can be
improved by applying nanotechnology approaches
through the formation of small lipid droplets.

Nanoemulsion is an emulsion system with a very
small droplet size, ranging from 20 to 200 nm or up to
500 nm (Tadros et al., 2004). Kinetically, nanoemulsion
is stable because of its tiny size and prevents creaming
and sedimentation (Acevedo-fani et al, 2017). In
addition, with petite particle size, the nanoemulsion
appears transparent (Wakisaka et al, 2014), which is
beneficial for fruit coating purposes. In the manufacture
of nanoemulsions, the formulation/composition of the
emulsion will determine the particle size of the resulting
nanoemulsion. e Silva et al. (2017) mentioned that the
appropriate particle size could be obtained by optimizing
the proportion of the emulsifier. Lipid volume and
viscosity also affect the formation of nanoscale particles.
According to Shariffa et al (2016), the suitable
emulsifier effectively reduces the interfacial tension
between the dispersed phase and the dispersing phase to
affect the droplets during the homogenization process.
The emulsifier forms interfacial layers on the droplets,
which prevent the droplets from aggregating. In this
study, Tween 80, a surfactant with an HLB value of 15,
was used to stabilize the oil-in-water emulsion system.
This research aimed to examine the effect of the ratio of
beeswax and oleic acid and the concentration of Tween
80 on the physical characteristics of the lipid
nanoemulsion.
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2. Materials and methods
2.1 Materials

Beeswax (purchased from a local producer in
Surabaya, Indonesia) and oleic acid 99% (PT Musim
Mas, Medan-Indonesia) were used as the lipid phase.
Glycerol 99.5% (PT. Sumi Asih Oleochemical Industry,
Indonesia) was used as a plasticizer agent in the
formulation. Tween 80 (PT. KAO Indonesia Chemicals)
as a surfactant and distilled water was used as a
continuous phase.

2.2 Preparation of lipids nanoemulsion

Nanoemulsions were prepared using a modified
procedure proposed by e Silva et al. (2017). A 5% (w/w)
of lipid fraction consisting of beeswax (BW) and oleic
acid (OA) at different ratios (100:0, 75:25, 50:50, and
25:75), 1% glycerol w/w, different concentrations of
Tween 80 (2.5%, 5%, 7.5%, 100%) as surfactant and
water as aqueous phase was heated separately to 75-
80°C. The molten BW was mixed with the heated oleic
acid, and then the surfactant was added into the lipid
phase while continuing to stir with a magnetic stirrer. In
a separate container, the hot water and glycerol were
mixed and then added into the lipid solution while
stirring for 2 mins. Subsequently, the solution was
homogenized for 5 mins at 8,000 rpm using a high-shear
homogenizer (Silverson L4R, England) to form a
nanoemulsion. The resulting nanoemulsions were placed
in 15 mL tubes for further analysis.

2.3 Determination of pH

The pH value was determined using a digital pH
meter (Laqua-PH 1100, Horiba Ltd, Japan). The
instrument was calibrated using a buffer at pH 4 and 7
before use. The pH was measured by dipping the
electrode probe in the lipid nanoemulsion. The readings
were taken when the pH meter showed a stable number.

2.4 Determination of viscosity

The viscosity of nanoemulsions was measured using
a Brookfield viscometer (USA equipped with 5 spindles
of different sizes. Nanoemulsions with low viscosity
were measured using spindle 1 at a rotating speed of 60
rpm, while those with high viscosity were measured
using spindle 3 at a speed of 30 rpm. The selected
spindle was immersed into the nanoemulsion and placed
in a beaker glass (200 mL) up to the marker limit in the
shaft. The viscometer was turned on and the readings
were taken after 2 mins. Values were expressed in cP
(mPa.s).

© 2024 The Authors. Published by Rynnye Lyan Resources
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2.5 Determination of particle size, polydispersity index
and zeta-potential

The droplet size of nanoemulsions was measured by
dynamic light scattering (DLS) with a Zetasizer Nano ZS
(Malvern Instrument Ltd, UK). The instrument worked
at 633 nm at 25°C and was equipped with a backscatter
detector (173°). Average droplet size and PDI were used
to characterize droplet dispersion in nanoemulsion based
on the Brownian motion of the particle in solution.
Droplet diameter and PDI value of nanoemulsion were
measured at 10-fold, 100-fold, and 1000-fold water
dilutions. A PDI near 1 indicates a heterogeneous
distribution between droplet sizes. The surface charge (¢-
potential) of nanoemulsion droplets was determined by
measuring the electrophoretic flexibility at 25°C, and
zeta-potential values were expressed in mV. Each sample
was evaluated at least three times.

2.6 Determination of nanoemulsion stability using freeze
-thaw method

The physical stability of lipid nanoemulsions
was determined by the freeze-thaw method (Gozali ef al.
2009). The lipid nanoemulsion was placed in the vial (t =
5.2 cm, d = 2 cm), then the samples were stored in the
refrigerator at 4°C for 24 hrs and then transferred to the
oven at 40°C for 24 hrs (calculated as one cycle). The
test was carried out for seven cycles. The phase
separation was measured using a micrometer in each
cycle with the equation:

the heigh of separation

E ation = » 100
% separation the heigh of total sample

2.7 Statistical analysis

All the experiments were carried out in three
replications. Statistical analysis was performed by one-
way analysis of variance (ANOVA) using SAS version
9.2. Duncan's multiple range test (DMRT) with a 95%
confidence level (p < 0.05) was considered statistically
significant.
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3. Results and discussion
3.1 The pH of nanoemulsion

Determination of pH is important because variation
in pH influences the stability of nanoemulsions (Shu et
al., 2018). The pH of nanoemulsions ranged between
4.40 and 6.11 (Table 1). The statistical analysis showed
that the pH of nanoemulsions was influenced by the lipid
ratio and Tween 80 concentration. The incorporation of
OA resulted in a decrease in the pH of the nanoemulsion.
The decrease in pH of BW-OA nanoemulsion could be
due to the presence of a carboxylate group of oleic acid
(Vargas et al, 2009). Increasing the concentration of
Tween 80 also had an effect on the pH of the
nanoemulsion. At a higher concentration, Tween 80
produced nanoemulsions with higher pH values. This
was presumably due to the contribution of pH of Tween
80 which was in the range of 6-8 (Rowe et al., 2009).
The changes in the pH could suggest the existence of
free fatty acids in the nanoemulsion (e Silva et al., 2017).

3.2 Viscosity

Viscosity is an important parameter determining the
surface properties of the coating. Viscous emulsion
would produce a thick and uneven coating on the fruit
surface. The effects of the BW:OA ratio and Tween 80
concentration on the viscosity of nanoemulsion are
shown in Table 2. The viscosity of nanoemulsion ranged
between 3.13 cP and 520.0 cP. The statistical analysis
showed that the viscosity of nanoemulsions was
influenced by the lipid ratio and Tween 80 concentration.
When the number of OA was equal to or greater than
BW, an increase in concentration of Tween 80 increased
the viscosity. On the other hand, when the amount of OA
was smaller than OA, the increase in Tween 80 did not
affect on viscosity of the nanoemulsion. The increase in
viscosity could be due to the increase in the amount of
emulsifiers that increased the total dissolved solids. The
same result was also observed by Yuliasari et al. (2014)
that increasing the concentration of Tween 80 led to an
increase in viscosity due to an increase in the total solids
in the nanoemulsion. According to McClements (2007)
and Pal (2011), the viscosity of the emulsion was

Table 1. The pH of nanoemulsion of different lipid ratios and Tween 80 concentrations.

Lipid Ratio Tween 80 (%)
(BW:0A) 25 5 75 10
100:00:00  5.25+0.00%*  5.39+0.20%  6.04+0.00®  6.11+0.01%°
75:25:00 4.56+0.11*  5.17+0.11%  5.06+0.35%°  5.11+0.35"°
50:50:00 4.46+0.03"  4.44+0.06"*  4.73+0.06"°  4.76+0.06""
25:75 4.46+0.04%  4.40+0.04  4.5140.00%*  4.93+0.05"°

Values are presented as mean+SD (n = 3). Values with different uppercase superscripts within the same column are statistically
significantly different due to lipid ratio (p<<0.05) as determined by Duncan’s Multiple Range Test (DMRT). Values with different
lowercase superscripts within the same row are statistically significantly different among Tween 80 concentrations (p<0.05) as
determined by Duncan’s Multiple Range Test (DMRT).

https://doi.org/10.26656/fr.2017.8(6).563 © 2024 The Authors. Published by Rynnye Lyan Resources



156

Novita et al. / Food Research 8 (6) (2024) 153 - 161

Table 2. The viscosity (centipoise, cP) of nanoemulsion of different lipid ratios and Tween 80 concentrations.

Lipid Ratio Tween 80 (%)

(BW:0A) 2.5 5 75 10
100:00:00 3.13+0.18% 3.2540.71 4.634+0.53* 5.00+£0.00™
75:25:00 3.25+0.35% 2.75+0.35% 3.00+0.00% 4.13+0.18%
50:50:00 3.13+0.18% 4.88+0.18%*  265.00+21.21%° 315.00+21.215¢
25:75 3.13+0.53% 15.50+0.71%*  285.00+21.21%° 520.00+21.21¢°

Values are presented as mean+SD (n = 3). Values with different uppercase superscripts within the same column are statistically
significantly different due to lipid ratio (p<0.05) as determined by Duncan’s Multiple Range Test (DMRT). Values with different
lowercase superscripts within the same row are statistically significantly different among Tween 80 concentrations (p<0.05) as

determined by Duncan’s Multiple Range Test (DMRT).

influenced by several factors, including the concentration
of the dispersed phase, the ratio of the dispersed and
emulsifying phase, and the particle size. In this study, the
results showed that the viscosity was closely associated
with the particle sizes of nanoemulsions, where at a
higher concentration of OA, the addition of Tween 80
(7.5% and 10%) resulted in nanoemulsions with larger
sizes. According to Khorram et al. (2017), the solid
content and viscosity of the coating affected of coating
thickness, internal gas modification of coated fruit and
respiration rate of the fruit during storage.

3.3 Particle size

The particle size ranged between 18.02 nm and 457
nm (Figure 1). Particle sizes of nanoemulsion were
significantly affected by both the BW:OA ratio and the
concentration of Tween 80. The particle size with
BW:OA ratio of 100:0 and 75:25 decreased with
increasing Tween 80 concentration. Increasing the
concentration of Tween 80 resulted in a decrease in the
particle size of the nanoemulsion at the dispersed phase
of 100 % BW. A more significant decrease in particle
size due to an increase in Tween 80 concentration
occurred in nanoemulsion with BW:OA ratio of 75:25.
The smallest particle size was obtained by incorporating
10% of Tween 80. The use of suitable surfactants
determines the success of nanoemulsion formation.
Surfactants play a role in droplet formation by lowering
the interfacial tension, which reduces resistance to
droplet deformation (Vargas ef al., 2009; Gundewadi et
al., 2018). Surfactants are adsorbed quickly on the
surface of the oil phase, thereby effectively reducing the
interfacial tension between the oil and water phases (Shu
et al., 2018). The same results were also observed by
Jadhav et al. (2015), that the average particle diameter of
paraffin wax nanoemulsion decreased with increasing
surfactant concentration. A higher concentration of
surfactant enhances the interfacial area and reduces
interfacial tension which causes a reduction in particle
size. Surfactants also reduce the flocculation effect in the
process of nanoemulsion instability because surfactants
are able to provide better steric stability against
flocculation (McClements, 2007).

https://doi.org/10.26656/1r.2017.8(6).563
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Figure 1. Effects of lipid ratio (BW:OA) and Tween 80
concentration on the particle size of lipid nanoemulsion. Each
point corresponds to the average obtained from three
replications.

On the contrary, an increase in the concentration of
Tween 80 actually caused an increase in particle size
when the addition of oleic acid in an equal amount to or
greater than the BW (Figure 1). The tendency of
increasing particle size with increasing concentration of
Tween 80 at a high proportion of OA may be related to
the role of OA as a surfactant. The presence of excess
surfactant could induce the formation of micellar
aggregates which increase the size of the oil droplet. A
similar result was reported by Vargas et al. (2009),
where more oleic acid could increase the particle size of
chitosan-oleic acid film-forming dispersions. According
to Rhim and Shelllhammer (2005), in the emulsion
system, fatty acids act as a dispersed agent and also as a
surfactant. So, the increasing number of oleic acid leads
to an increase in the amount of surfactant in the
nanoemulsion system. Flores et al. (2016) reported that
the use of excess surfactant resulted in larger particle
sizes due to the formation of micellar clusters in the
emulsion system. Vaidya and Ganguli (2019) explained
that excess surfactant causes the surface of oil droplets to
become saturated so that surfactants begin to aggregate
and form micelles. This point of concentration is called
the critical micelle concentration.

3.4 Polydispersity index

The polydispersity index (PDI) is a parameter to
define the particle size distribution of the nanoemulsion
system. PDI measures the uniformity of the sample
based on the particle size of the nanoemulsion. From the
study results, the PDI values ranged from 0.164 to 0.610
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(Figure 2). This value was the PDI medium value, in the
range of 0.05-0.7 (Malvern Instruments Worldwide,
2011). These values indicate a homogeneous distribution
of the resulting lipid nanoemulsion system. The PDI
value of >0.7 indicates that the sample has an extensive
particle size distribution and tends to be prone to
sedimentation (Danaei et al., 2018). In this study, the
PDI value was significantly affected by the lipid ratio
and the concentration of Tween 80. Generally, the
change in PDI values found in this study had the same
tendency as the particle size of the nanoemulsion. An
enhancement of Tween 80 concentration led to a
decrease in the PDI value of the nanoemulsion system on
the addition of a lipid mixture with an amount of BW
greater than OA. Conversely, increasing the
concentration of Tween 80 increased the PDI value at an
amount of OA equal to or greater than BW. The PDI
value increased along with the increase in nanoemulsion
particle size. The increase in PDI value could be due to
an increasing amount of surfactant of Tween 80 and
oleic acid that form micelle (Vargas et al, 2009;
Marhamati et al., 2021). The higher PDI values of lipid
nanoemulsion indicate a wide particle size variation. In
addition to the larger particle size and PDI value of
nanoemulsions, excess surfactant also resulted in
nanoemulsions with high viscosity levels (Table 2).
Therefore, an increase in the PDI value indicates a more
considerable droplet size variation. The same results
were also found in a study by Arnon-Rips et al. (2019),
where the PDI value and particle size in sunflower and
citral oil nanoemulsions increased with increasing Tween
80 concentrations.

100:0 75:25 50:50 25:75

0.700
0.600 ~

R HA

0.500

-

0.400

[

0.300 B
0.200

Polydispersity index

0.100

0.000

2.5% 5.0% 7.5% 10.0%

Tween 80 concentration
Figure 2. Effects of lipid ratio (BW:0OA) and Tween 80
concentration on the polydispersity index (PDI) of lipid
nanoemulsion. Each point corresponds to the average obtained
from three replications.

3.5 Zeta-potential

The zeta-potential value of the lipid nanoemulsion
mixture of beeswax and oleic acid in this study ranged
from -9.71 to -38.35 mV (Figure 3). The {-potential of
nanoemulsion was influenced by the ratio of BW:0OA
and the concentration of Tween 80. At the BW:OA ratio
of 100:0 and 75:25, the negative charge of the zeta-
potential tended to decrease with the addition of the
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Tween 80, which was from -24.95 mV to -19.50 mV and
-22.55 mV to -12.60 mV, respectively. In general food
emulsion systems, the droplets have an electric charge
due to the adsorption of molecules on their surface. The
charge present depends on the type and concentration of
the ionized charge and the physical properties of the
surrounding liquid (McClements, 2007). Determination
of the electrical properties of the droplets in the emulsion
system can be done by measuring the zeta-potential ({-
potential). This value is commonly used to predict the
surface charge which can be employed for understanding
the physical stability of a colloidal system (Teo et al.,
2015). From this study, the zeta-potential value of the
lipid mixture nanoemulsion in all samples was negative
(Figure 3). This negative charge might be related to the
charge on the carboxyl group of beeswax and oleic acid.
According to Fratini et al. (2016), the main components
of beeswax are free fatty acids such as palmitic,
palmitoleic, and long-chain oleic esters of aliphatic
alcohols. The lower zeta-potential values were allegedly
due to the use of Tween 80 in large numbers. Since
Tween 80 is a nonionic surfactant, the negative charges
of nanoemulsion were dominated by BW. These results
are in agreement with the research of e Silva et al
(2017), which reported that the zeta-potential value of
the carnauba wax emulsion produced is low due to the
use of surfactants Tween 80 with high concentrations.
Another study by Anarjan and Tan (2013) using various
polysorbate surfactants also resulted in a low negative
zeta-potential charge.
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50:50

g W
HUH A
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H

——
F

Zeta potensial (nV)

2.5% 5.0% 7.5% 10.0%

Tween 80 concentration
Figure 3. Effects of lipid ratio (BW:OA) and Tween 80
concentration on the zeta-potential of nanoemulsion. Each
point corresponds to the average obtained from three
replications.

On the other hand, at the BW:OA ratio of 50:50 and
25:75, the zeta-potential negative charge of the
nanoemulsion increased with increasing concentration of
Tween 80. The results were presumably due to the
addition of oleic acid in higher quantities increased the
presence of surface ions on the particles. Vargas et al.
(2009) reported that zeta-potential of a dispersion made
with Tween 80 and oleic acid possesses negatively
charged particles with two types of particles, oleic acid
micelles and oleic acid -Tween 80 micelles.
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The emulsion stabilization mechanism by the
emulsifier consists of electrostatic and steric
mechanisms. McClements (2007) noted a high zeta-
potential value indicates an emulsion was stable to
separation as a result of electrostatic repulsion. In
general, charge stabilization of nanoemulsions was
considered adequate when the zeta-potential was above
~30 mV. However, other groups of researchers
(Mcclements, 2007; Zhang et al., 2008) also explained
that non-ionic emulsifiers (including Tween 80) do not
affect the electrostatic stability of emulsions, but are
excellent steric stabilizers.

3.6 Freeze-thaw stability

The physical stability of the nanoemulsion was
measured by the Freeze-thaw method. The observations
for seven cycles of freeze-thaw can be seen in Figure 4.
The stability of the 16 sample formulas showed different
results (Figure 4). Some samples (L1T4, L2T1, L2T2,
L2T3, L2T4, L3T1, L3T2, L4T2, L4T3) remained stable
during the seven testing cycles. The emulsions were
considered stable if there was no phase separation from
the beginning of the nanoemulsion formation until the
seventh cycle. This stability was strongly influenced by
particle size. Lipid nanoemulsions with small particle
sizes were more stable than those with larger sizes. In
addition, the stable sample also had a PDI value of less
than 0.5, which ranges from 0.111-0.325. The PDI
values showed that the nanoemulsion system had high
stability. The study is in accordance with the statement
put forward by various research groups (Fryd and
Mason, 2012; Silva et al., 2017, Gundewadi et al.,
2018).
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Figure 4. Effects of lipid ratio (BW:0OA) and Tween 80
concentration on the stability of lipid nanoemulsion. Each
point corresponds to the average obtained from three
replications. L = BW:0OA, L1 = 100:0, L2 = 75:25, L3 =
50:50, L4 = 75:25; T = Tween 80; T1 = 2.5%, T2 = 5.0%, T3
=17.5%, T4 =10%.

By looking at the results of the stability test and also
considering the particle size, for further research, the
selected nanoemulsion was a lipid mixture nanoemulsion
with the L2T3 formula, with was BW:OA ratio of 75:25
and a Tween 80 concentration of 7.5%. The formula
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produced a lipid nanoemulsion with a particle size of
20.34 nm, PDI 0.173, zeta-potential -9.17, and a
viscosity level of 3.00 cP. The nanoemulsion particle
size of the selected formula was in accordance with the
findings of Fryd and Mason (2012); the nanoemulsion
has a particle size of less than 100 nm. Furthermore, a
small PDI value (PDI<0.5) indicates a narrow particle
size distribution indicating the homogeneity of the
nanoemulsion produced. Both of these were crucial
factors to obtain nanoemulsions with good stability (e
Silva et al., 2017; Gundewadi et al., 2018). Moreover,
the low zeta-potential negative charge of this formula (-
9.17 mV) indicated that the stabilization mechanism of
the nanoemulsion was steric hindrance. This was in
accordance with the study of Anarjan and Tan (2013),
that the primary mechanism of nanoemulsion stabilizing
nonionic emulsifiers such as polysorbates and sucrose
esters was the steric effect.

4. Conclusion

Lipid nanoemulsion with particle size less than 500
nm was obtained from a mixture of beeswax and oleic
acid as the dispersed phase and water as the dispersing
phase. The use of Tween 80 as a surfactant effectively
reduced the particle size. However, the higher oleic acid
ratio of beeswax increased the particle size while also
increasing the viscosity of the emulsion system. The
decrease in nanoemulsion particle size was accompanied
by an increase in the concentration of Tween 80 at
BW:OA ratios of 100:0 and 75:25, which have the same
tendency as the PDI value. Low PDI value indicated the
nanoemulsion was monodispers or homogeneous, and
had good stability. The small zeta-potential value in this
study indicated that the stability of the nanoemulsion
occurred through a steric mechanism. The results show
the best formulation was BW:OA ratio of 75:25 at a
Tween 80 concentration of 7.5 %. From this study, it was
found that the formation of stable nanoemulsions was
strongly influenced by the composition of the constituent
materials, both the dispersed and dispersing phases as
well as additives components such as surfactants.
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