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Abstract Optimal condition was determined to prepare
horse oil-in-water (O/W) emulsion stabilized by different
HLB system. Span 60 and Tween 60 were used to achieve
the predetermined HLB values ranging from 10 to 14 and
the surfactant concentrations were adjusted to 10-20%.
Fifteen formulated O/W emulsions were characterized by
mean particle diameter, zeta-potential (ZP), polydispersity
index, and encapsulation efficiency (EE, %). Mean particle
diameter decreased with increasing HLB value and sur-
factant concentration. Particles of the emulsion with HLB
12 and surfactant concentration at 15% were distributed in
the size of below 500 nm. The particle diameter and EE
(%) of the emulsion with HLB 11 or 12 and surfactant
concentration at 15 or 20% were not significantly changed
during storage at 40 °C for 15 days. These results suggest
the characteristics of horse oil O/W emulsion are depen-
dent on HLB values and surfactant concentration so that
affect to emulsion properties during storage.
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Introduction

Horse oil extracted from horse fatty meats has been widely
used to cure skin as a folk medicine in Asia such as Korea,
Mongolia, Japan, and China (Jang et al., 2014). Along with
this benefit, horse oil has been reported to show anti-in-
flammation, anti-bactericidal, and skin moisturizing effects
(Choi et al., 2014; Kim et al., 2020). As these benefits of
horse oil are known, cosmetic products containing horse oil
have become popular (Kim et al., 2016; Lee and Park,
2013). However, horse oil has some limitation to utilize
because it can be liquid or solid depending on the ambient
temperature (Park et al., 2019). This makes consumers
uncomfortable to use horse oil as skin care products. To
overcome this limitation, the O/W emulsion made of horse
oil can be a promising candidate.

Emulsion has been applied for various cosmetic prod-
ucts, such as body and face wash, essence, cream, and
lotion depending on their viscosity or appearances (An
et al., 2004; Lim, 2004). The O/W emulsion is the type of
emulsion that oil phase is dispersed in aqueous phase. This
emulsion contains particles with a mean particle diameter
of more than 1 pm and is thermodynamically unsta-
ble (Mun et al., 2006). On the other hand, nano-sized
emulsion is the oil-in-water colloidal dispersion, usually in
20-500 nm particle size distributed in the system with
good physical stability (De Oca-Avalos et al., 2017; Porras
et al., 2004). Generally, nano-sized emulsion is prepared by
high energy emulsification method using a high-speed and
high-pressure homogenizer to produce nano-scale particles
(Mulia et al., 2018; Wang et al., 2018). The stable nano-
emulsions are formed when oil phase, aqueous phase, and
hydrophilic-lipophilic balance (HLB) and concentration of
surfactant are well matched in the right sequences (Llinares
et al., 2018). Additionally, nano-emulsions possibly
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enhance therapeutic efficacy by maximizing the penetra-
tion of useful component (Jaiswal et al., 2015; Kale and
Deore, 2017).

The O/W emulsion with less than 100 nm of particle
sizes was formed by formulation of nonionic surfactant
mixtures, hydrophobic (Span 20, 40, 60, and 80) and
hydrophilic (Tween 80) surfactants (Cho et al., 2008).
According to Griffin (1949), a stable emulsion can be
formulated with surfactants or blends of surfactants, which
were compatible with the required HLB value of the oil
phase used. The use of surfactant mixtures increases the
repulsive interactions of particles in the emulsion and
furthermore improves their flocculation stability (McCle-
ments and Jafari, 2018). The required HLB value is an
essential parameter related to the emulsion formulation
because it allows the selection of suitable surfactants or
even a surfactant mixture required to produce a
stable emulsified system (Egito et al., 2018). The HLB
method is useful as a rough guide for surfactant selection
and the calculated HLB values can be used to determine
hydrophilic or lipophilic of the emulsifiers in O/W or W/O
emulsion. Non-ionic surfactants are generally recognized
as being safe and biocompatible (Sanjeewani and Sakeena,
2013). Currently, there are not many studies or data on
formulating O/W emulsion with horse oil (Choi et al.,
2014; Cho and Kim, 2020). The objectives of this study
were to prepare O/W emulsions made of horse oil using
non-ionic surfactants by adjusting HLB system and to
determine the characteristics and emulsion stability of the
prepared O/W emulsions during storage.

Materials and methods
Materials and chemicals

Horse fatty meats were purchased from Sansaemi Agri-
cultural Co. (Jeju, Korea). Sorbitan monostearate (Span 60)
and polyethylene glycol sorbitan monostearate (Tween 60)
were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Other chemicals used in the current study were
analytical grade.

Preparation of O/W emulsion with horse oil

Prior to the preparation of O/W emulsion, horse oil was
extracted from horse fatty meats by the method of Cho and
Kim (2020). Acid value of the final refined horse oil was
below 0.2 mg KOH/g and horse oil was stored in a freezer
until use.

The O/W emulsions made of horse oil were prepared
based on the HLB system, which binary nonionic surfac-
tants with low and high HLB values were combined. As
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binary surfactants, Span 60 (HLB = 4.7) and Tween 60
(HLB = 14.9) were used to achieve the predetermined
HLB values of 10, 11, 12, 13, and 14 using the following
equation (Griffin, 1949).

%Span 60 = [(X — HLBspan 60) x 100]/
(HLBTween 60 — HLBSpan 60)

%Tween 60 = 100 — %Span 60

X = the target HLB value of 10, 11, 12, 13, and 14.

The surfactant blends were directly added to horse oil at
the concentration of 10, 15, or 20%, which were deter-
mined by preliminary test to have a stable form of emul-
sion. The mixture of horse oil (30%, w/w) and surfactants
was pre-heated at 60 °C and homogenized at high speed
using a homogenizer (T25D, Ika, Staufen, Germany) at
10,000 rpm for 1 min. Ultrapure water (50, 55, or 60%) at
60 °C was poured to the homogenized mixture for 5 min
and the final mixture was stirred at room temperature for
20 min. Fifteen formulations of the O/W emulsion (E1 to
E15) were prepared and the composition of them are shown
in Table 1. After emulsifying, the formulated emulsions
were poured into 60 mL-wide neck glass bottles and then
stored at 40 °C in the dark for 30 days. After 15 days of
storage, the formulated emulsions were not stable so that
the data obtained during the storage of 0, 5, 10, and
15 days were reported in the results.

Characterization of horse oil O/W emulsion

The mean particle diameter, ZP, polydispersity index
(PDI), and particle size distribution of the O/W emulsions
were determined using a light scattering analyzer (Del-
samax pro, Beckman Coulter, Brea, CA, USA). For the
measurement, the O/W emulsions were diluted to 500-fold
with distilled water to prevent multiple scattering. The ZP
was indicated as absolute value in the results. The pH
values were measured at 25 °C by a pH meter (SevenEx-
cellence, Mettler-Toledo, Schwerzenbach, Switzerland).

The EE (%) was measured by the method of Davidov-
Pardo and McClements (2015) as following. The O/W
emulsions were diluted in hexane (1:3), vortexed for 2 min,
and centrifuged at 2,700 x g for 15 min (1248R, Labogene
Co., Daejeon, Korea). The supernatant of the solution was
collected and the absorbance at 272 nm was measured
using a spectrophotometer (OPTIZEN 2120UV, Mecasys,
Daejeon, Korea). The absorbance of the horse oil concen-
trations ranging from 0 to 10% was obtained at 272 nm for
the calibration curve. The EE (%) of the O/W emulsion
was calculated by the following equation:

EE(%) = [(A — B)/A] x 100
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Table 1 Tl}e composition of O/W emulsion of horse oil HLB value Surfactant (%, w/w) Distilled water (%, w/w)
O/W emulsions composed of
30% horse oil (w/w) with El 10 10 60
various HLB values and
surfactant concentrations E2 15 55

E3 20 50

E4 10 60

E5 15 55

E6 20 50

E7 12 10 60

E8 15 55

E9 20 50

E10 10 60

Ell 15 55

El2 20 50

El13 14 10 60

El4 15 55

El5 20 50

where A: amount of horse oil initially added to the emul-
sion and B: amount of horse oil escaped from the emulsion.

Statistical analysis

All experiments in this study were performed in triplicate.
The results were given as means + standard deviation.
Statistical comparisons were performed by analysis of
variance (ANOVA) followed by Duncan’s multiple range
test using SPSS 18.0 (SPSS Inc., Chicago, IL, USA).
Significant difference were considered at p < 0.05.

Results and discussion

Characteristics of O/W emulsion prepared
with horse oil

Fifteen O/W emulsions were formulated with 30% horse
oil depending on various HLB values and surfactant con-
centrations (Table 1). These formulations were prepared
based on the assumption that the particles of the O/W
emulsions were nano-sized and the emulsions were
stable at the optimum HLB value and surfactant concen-
tration of nonionic surfactant blends.

The characteristics of fifteen O/W emulsions prepared
with different HLB values and surfactant concentrations
are shown in Table 2. Briefly, the mean particle diameter,
ZP, PDI, and pH values of fifteen formulations were dif-
ferent depending on the HLB values and surfactant con-
centrations. The mean particle diameters of O/W emulsions
were in the range of 220.28 to 1033.28 nm and the E1, E2,
E3, E4, E7, and E10 formulations were not nano-sized

emulsions (diameter < 500 nm). As the surfactant con-
centration increased from 10 to 15 and 20%, the mean
particle diameters were decreased (Table 2). Ramisetty
et al. (2015) reported that the decrease in particle size of
coconut oil in water emulsion was observed when the
surfactant concentration increased. Small-sized particles in
the emulsion improved the emulsion stability and reduced
the sedimentation or creaming, a gravitational separation
(Pathak, 2017). The large particle sizes of the O/W emul-
sions formulated with 10% surfactants might be attributed
to insufficient surfactant amounts to cover all interfaces of
oil and water. Additionally, the particle sizes lowered with
increasing HLB values ranging from 10 to 12 (Table 2).
These were similar to the results of O/W emulsions made
with lippia and peppermint oil as reported by Orafidiya and
Oladimeiji (2002), which results showed that increasing the
hydrophilicity of the surfactant blends led to the decrease
of the particle size.

The particles of the O/W emulsions with horse oil were
found to be negatively charged thus the ZP values were
present in absolute values (Table 2). The ZP values of E5
and E6 formulations were the highest, 32.03 and
32.30 mV, and those of E8 and E9 formulations were
followed as 29.38 and 29.76 mV, respectively. When
compared to 15 and 20% surfactant concentrations within
the emulsions with the same HLB value, there were no
significant differences in the ZP values except E2 and E3 or
Ell and E12 formulations. The ZP values of the O/W
emulsions increased as increasing the HLB values of 10 to
11 or 12, which the ratio of Tween 60 (HLB 14.9)
increased. However, the ZP values decreased when the
HLB values increased to 13 and 14. The ZP value is a
useful parameter to predict the emulsion stability because it
reflects the electrostatic interaction of moving particles
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Table 2 Characteristics of O/W emulsion formulated with various HLB values and surfactant concentrations

O/W emulsion of horse oil

Mean particle diameter (nm)

El 1033.28 + 41.27°
E2 886.15 + 46.67°
E3 676.02 + 44.74°
E4 882.93 + 58.54°
E5 386.83 + 4.70°f
E6 353.52 + 4.49'
E7 577.65 + 11.73¢
E8 255.93 + 4.06"
E9 240.52 + 3.29"
E10 610.65 =+ 28.38¢
Ell 334.62 £ 9.27¢
E12 22217 + 4.74"
E13 396.77 + 11.79°
El4 246.70 + 4.89"
El5 220.28 + 3.72"

Zeta-potential (mV) Polydispersity index pH
19.96 + 2.85° 0.19 + 0.04° 7.63 + 0.01°
16.35 4 2.84° 0.16 + 0.06° 7.66 + 0.02°
21.50 + 3.54° 0.20 + 0.08° 7.74 + 0.00°
26.60 + 1.00° 0.14 £ 0.10° 7.45 + 0.028"
3230 + 0.468 0.23 + 0.01° 7.49 + 0.01°
32.03 + 0.92¢ 0.48 4+ 0.14% 7.56 &+ 0.01¢
24.05 + 1.18¢ 0.44 & 0.00° 7.41 £ 0.00'
29.38 + 0.24 0.21 + 0.00° 7.47 + 0.02°F
29.76 + 0.42° 0.20 + 0.02° 7.46 + 0.01%
8.94 + 1.35° 0.56 + 0.01° 7.21 £ 0.02™
21.13 £ 0.50° 0.52 £ 0.12%° 7.34 + 0.0
23.82 + 0.68¢ 0.20 + 0.02¢ 7.43 + 0.02"
19.59 + 0.83° 0.57 + 0.00° 7.24 +0.02"
21.37 + 0.32° 0.57 + 0.00° 7.26 £ 0.01"
20.72 + 0.51¢ 0.55 + 0.05° 7.28 & 0.01*

Each value is expressed as mean =+ standard deviation of triplicate determination. Values with different letters in a column are significantly
different by Duncan’s multiple range test (p < 0.05). The O/W emulsions were made with 30% horse oil, 10-20% surfactant, and 10-14 HLB

values. The ZP value was shown in absolute value

(Gutierrez et al., 2008). High ZP value indicated the floc-
culation or coalescence of particles were prevented so that
increasing the emulsion stability (McClements, 2005). The
formulations of E5, E6, E8, and E9 could be remained with
high stability compared to other formulations of the O/W
emulsions.

The PDI of all O/W emulsion formulations were shown
from 0.16 to 0.57 which varied with HLB values and
surfactant concentration (Table 2). Mostly, the PDI above
0.3 indicates a polydispersed system which requires high
energy at the emulsification process (Izquierdo et al.,
2002). The formulations of E5, E8, and E9 were possibly
stable nano-sized emulsions with low PDI. The pH values
of all O/W emulsion formulations were in the range of 7.21
to 7.74 and they slightly decreased with increasing HLB
values. The study of Macedo et al. (2006) showed the
similar trend that pH was changed depending on the HLB
values. According to the results of mean particle diameter,
ZP, PDI, and pH values, the O/W emulsions with HLB
value of 11 or 12 and surfactant concentration of 15 or 20%
(ES, E8, and E9 formulations) could be expected as a
stable emulsion.

Particle size distribution of O/W emulsion prepared
with horse oil

Figure 1 shows the particle size distribution of the O/W

emulsions formulated by HLB values ranging from 10 to
14 at 15% of surfactant concentration (E2, E5, E8, El1,
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and E14 formulation). The average value of main particle
diameters of E2, E5, and E8 emulsion was 961, 522, and
343 nm, respectively. The particle diameters of E11 and
E14 emulsions were relatively wide ranges from 123 to
712 nm and 163 to 712 nm. As shown in Fig. 1, the dis-
tributions of particle size in the E2, ES, and E8 emulsions
become narrow as its HLB value increased from 10 to 11
and 12. The mean particle diameters of those emulsions
declined from 886 to 256 nm as the HLB value increased
from 10 to 12 (Table 2). Nano-emulsions are characterized
by particle size and its distribution in the dispersed phase of
the emulsion (De Oca-Avalos et al., 2017). The narrow
range and high intensity of the particle size distribution
mean high protection from Ostwald ripening of particles in
emulsions (Klaus et al., 2012). Because the relatively small
particles in O/W emulsion made of horse oil were more
hydrophilic than large particles, they were possibly merged
to aqueous phase and coagulated with large particles. The
particles of this type of emulsion could be increased during
storage and finally separated by creaming. Llinares et al.
(2018) reported that the particle size of O/W emulsion
prepared with rosemary oil tended to decrease as the HLB
value increased, which results were similar to those in the
current study. As discussed above, the E8 formulation with
HLB 12 and surfactant concentration at 15% was nano-
sized emulsion showing the particle size below 500 nm and
narrow range of particle size distributions.



Formulation of horse oil-in-water emulsion 935
100 B2 100 E5 100 ES
50 50 50
&
& 0 o= 0
.‘E’ 10 100 1000 10 100 1000 10 100 1000
g 100 gy 100/ g4
50 50
0 0
10 100 1000 10 100 1000

Diameter (nm)

Fig. 1 Particle size distribution of O/W emulsions made of horse oil and formulated with various HLB values. The O/W emulsions of E2, ES,
E8, El1, and E14 were made with 30% horse oil, 15% surfactant, and HLB values of 10, 11, 12, 13, and 14, respectively

Emulsion stability of O/W emulsion prepared
with horse oil during storage

Changes in particle sizes of O/W emulsions formulated
with HLB 10 to 14 and surfactant concentration at 15 and
20% during storage at 40 °C for 15 days were shown in
Fig. 2. Prior to mention the changes in particle sizes of the
emulsion during storage, the temperature at 40 °C was
chosen for storage test. When compared the particle sizes

Fig. 2 Changes in particle sizes
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of E8 formulation stored at 25 and 40 °C for 30 days, the
particle sizes of emulsions stored at both temperature were
not significantly changed (data not shown). The E2 and E3
emulsions (HLB 10) had large particle sizes at 0 day and
the particles became small after 15 days. Possibly, the
sedimentation occurred to the E2 and E3 O/W emulsions
and small particles remained in the emulsions after 15 days
of storage. The formulations of ES and E6 kept the particle
sizes around 400 nm during storage. Only the mean

of O/W emulsions made of
horse oil and formulated with
HLB 10 to 14 and surfactant
concentration at 15 and 20%
during the storage of 0, 5, 10,
and 15 days at 40 °C in the
dark. Each value is expressed as
mean =+ standard deviation of
triplicate determination. Values
with the different lowercase
letters (a—i) within the storage
day and values with the
different uppercase letters (A—
D) within the O/W emulsion
formulation are significantly
different by Duncan’s multiple
range test (p < 0.05)
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particle sizes of E8 and E9 formulations were not signifi-
cantly changed during storage. The particle sizes of El1,
E12, E14, and E15 formulations (HLB 13 and 14) were
increased after 15 days at 40 °C. These differences were
attributed to different HLB values. When the HLB value
increased, the O/W emulsion could be destabilized because
the dispersed particles were highly hydrophilic. Addition-
ally, the wide particle size distribution of those formula-
tions were observed (data not shown). As the concentration
of Tween 60 in surfactants blends increased, hydrophile of
dispersed phase increased which possibly shifted to con-
tinuous phase and coagulated other particles (Yamashita
et al., 2017). Large particles easily grow through the

Fig. 3 Changes in (A)
encapsulation efficiency (EE,
%) of O/W emulsions made of

interchange with small particles (Djerdjev and Beattie,
2008; Zhou et al., 2018).

Changes in encapsulation efficiency (EE) of O/W
emulsions formulated with HLB 10 to 14 and surfactant
concentration at 15 and 20% during storage were shown in
Fig. 3(A), (B), respectively. The EE (%) values of the O/W
emulsions with 10% surfactant concentration (E1, E4, E7,
E10, and E13 formulation) were not shown since the phase
separation of the emulsion was observed during storage of
15 days at 40 °C. The EE (%) of E2, E5, El1, and E14
formulation was 85.9, 88.9, 89.7, and 85.6% at O day,
respectively, and after 1 day they were increased to 91.7,
92.6, 92.8, and 90.9%. However, the EE (%) of ES8
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formulation was not significantly changed from 94.8 to
92.5% (0 to 1 day). The EE (%) of E2, ES, and E8 for-
mulation were not significantly changed during storage;
however, the EE of E11 and E14 formulation decreased.
Especially, the EE values of E14 formulation were greatly
decreased for 9 and 10 days along with the observation of
the great increase of particle diameter (Fig. 2). This result
confirmed that the HLB value of 14 and surfactant con-
centration of 15% were not suitable to formulate O/W
emulsion made of horse oil. Figure 3(B) showed the EE
(%) of E3, E6, E9, and E12 formulations were not signif-
icantly changed during storage. The EE (%) of E3, E6, and
E9 formulations were maintained at the high value
(EE > 90%) for 15 days because those emulsions con-
tained enough concentration of surfactant blends. Capan
et al. (1999) reported that the EE value was reduced when
the stability of emulsion was low. These results showed
that the O/W emulsion with 30% horse oil could be
encapsulated well when used the surfactant concentration
of 15 or 20% at HLB value below 15.

In conclusion, the O/W emulsion formulations with
different HLB values and concentrations of surfactant
blends were prepared with 30% horse oil and 50, 55, and
60% ultrapure water using binary nonionic surfactants
(Span 60 and Tween 60). When the O/W emulsion was
formulated at the HLB value of 12 and surfactant con-
centration of 15% (E8 formulation in the current study), the
emulsion was a stable nano-particle sized emulsion.
Additionally, the characteristics of emulsion were not
significantly changed during storage at 40 °C for 15 days.
These results suggested that the characteristics of horse oil
in water emulsions were depending on HLB values and
surfactant concentrations so that affected to emulsion sta-
bility during storage.
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