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Synopsis 

In the present study, the required hydrophilic lipophilic balance (HLB) values of Citrus unshiu fruit oil (CUFO), 
Citrus unshiu peel oil (CUPO), horse fat (HF), and Camellia japonica seed oil were determined empirically by 
preparing oil-in-water (O/W) emulsions. Lipophilic and hydrophilic surfactants were prepared in various ratios 
in O/W emulsion. The droplet size of the emulsion was measured using a particle size analyzer, and the turbidity 
was measured using a turbidity meter and a ultraviolet (UV)-vis spectrophotometer. According to the Orafi diya–
Oladimeji method, the HLB value of the emulsion having the minimum dispersion ratio, the minimum droplet 
size, and the maximum turbidity degree was determined as the required HLB value for each essential oil. Based 
on these methods, the required HLB values of CUFO, CUPO, HF, and Camellia japonica seed oil were determined 
as 14.75–14.90, 15.35–15.40, 6.30–7.06, and 5.94–6.30, respectively. 

  INTRODUCTION

Essential oils are commonly used as preservatives and fragrances in cosmetics. However, 
in recent years, the medical values of essential oils such as antimicrobial properties, and 
their other various applications, for example, as food additives, organic pesticides, and 
natural insecticides are being actively explored. The oil-in-water (O/W) emulsion is one of 
the preferred techniques to minimize evaporation of the volatile essential oils, and 
thereby increase their shelf life (1–4). However, the O/W emulsion is thermodynamically 
unstable and can lead to various types of phase separations. These phase separation phe-
nomenon can pose a problem to the functionality and stability of the active ingredient in 
the product, so the emulsifi cation technology in cosmetics is very important (5–7). 
To produce a stable emulsion, emulsifi ers or combinations of emulsifi ers are used with 
the required hydrophilic lipophilic balance (HLB) values depending on the oil phase. 
Optimal stability is achieved when the HLB value of the surfactant mixture is close to 
that of the required oil (8–13). Required HLB means that when two or more emulsifi ers 
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are mixed with a given oil, the HLB value is presented as the optimum ratio that provides 
optimum emulsifi cation (14–18). , where fi is the mass (or 
weight) fraction of the oil i. The required HLB values are used not only to calculate the 
required HLB values of the oil phase but also to estimate the values of each component of 
the oil phase. HLB values are known to be affected by signifi cant errors. Therefore, the 
required HLB values should be determined experimentally (19,20).

 Experiments were conducted using three types of essential oils from Jeju Island and 
Jeju horse fat (HF). Citrus unshiu fruit oil (CUFO) has antibacterial activity against the 
main causes of acne (21). Citrus unshiu peel oil (CUPO) has physiological activities, 
such as antioxidant and antibacterial activities (22). Camellia japonica seed oil (CJSO) 
has a wrinkle improvement effect by inhibiting matrix metalloproteinase activity and 
by inducing human type I procollagen synthesis (23). In addition, Camellia japonica 
seed oil is known to have a dietary effect by reducing low-density lipoprotein choles-
terol level and increasing high-density lipoprotein cholesterol level (24). HF could be 
used as cosmetic and pharmaceutical materials with anti-infl ammatory effects by re-
ducing of erythema and Immunoglobulin E level and recovering of histopathological 
features of skin (25).

 In the present study, to determine the required HLB value of essential oils, the method of 
Orafi diya and Oladimeji was used in which stable emulsions were based on minimum 
droplet size and maximum turbidity (1). To verify our results, we also carried out related 
experiments using liquid paraffi n as a reference standard.

 MATERIALS AND METHODS

 MATERIALS

 Liquid paraffi n (paraffi n oil, Sigma-Aldrich, St. Louis, MO), sorbitan sesquioleate (Rheodol 
AO-15V, Kao, Tokyo, Japan; HLB = 3.70), polysorbate 60 (Rheodol TW-S120V, 
Kao, Tokyo, Japan; HLB = 14.90), and polysorbate 20 (Rheodol TW-L120V, Kao; 
HLB = 16.70) were used. Citrus unshiu fruit oil (Human Island, Jeju, Korea), Citrus unshiu 
peel oil (Human Island), horse fat (Ecotech, Bucheon, Korea), Camellia japonica seed oil 
(CJSO, Daebongs, Incheon, Korea), and pure water (k < 3 µS/cm, Pure RO 130, Human 
Corporation) were used. See Tables 1 and 2.

Table I
Description of Raw Materials Used

INCI name Science name
Manufacturing 

method
Specifi c gravity 

(d20/20) Refraction indexa

Citrus unshiu fruit oil Citrus unshiu Markovich Steam distillation 0.856 1.471
Citrus unshiu peel oil Citrus unshiu Markovich Cold press 0.862 1.470
Horse fat Horse fat Fermentation 0.860 1.469
Camellia japonica 

seed oil
Camellia japonica L. Cold press 0.911 1.467

aRefractometer (NAR-1T, Atago, Japan). INCI, International Nomenclature Cosmetic Ingredient.
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M ETHODS

P REPARATION OF EMULSIONS

T he volume of the O/W emulsion prepared was 50 mL and contained 1 wt% surfactant, 
3 wt% of essential oils or HF, and 96 wt% pure water. The surfactants, sorbitan sesquio-
leate (HLB = 3.70) and polysorbate 60 (HLB = 14.90), comprised 1 wt% of the total 
blend concentration used in the O/W emulsions. A series of emulsions with HLB values 
were prepared by blending the emulsifi ers together in different ratios (1). We can calcu-
late the HLB of the mixed surfactants using the following formula (12,14):

where Ca and Cb are the quantities of surfactants (%) an d HLBa and HLBb are the HLB 
values of surfactants.

Af ter mixing the surfactant with essential oil, the mixture was kept for 2 h at a tempera-
ture control of 45°C in a screw cap bottle to prevent the essential oil from volatilization 
and was placed in an ultrasonic cleaner (JAC-3010, KODO, Seongnam, Korea) for 
20 min and mixed well. After addition of purifi ed water, the solution was vortexed for 
1 min using a vortex mixer (vortex genie-2, Scientifi c Industries Inc., Bohemia, NY), and 
then stored at room temperature for 1 week.

 X: Sorbitan sesquioleate (HLB = 3.70) + polysorbate 60 (HLB = 14.90), Y:  Sorbitan ses-
quioleate (HLB = 3.70) + polysorbate 20 (HLB = 16.70), Z:  Polysorbate 60 (HLB = 
14.90) + polysorbate 20 (HLB = 16.70)

Table II
Main Composition Content for Two Citrus unshiu Oils

INCI name Main composition content (%)a

Citrus unshiu fruit oil dl-Limonene (92.51), gamma-Terpinene (0.68), alpha-Pinene (0.53)
Citrus unshiu peel oil dl-Limonene (91.97), gamma-Terpinene (3.48), alpha-Pinene (0.69)

aGas chromatograph mass spectrometer (GCMS-QP2010 plus, Shimadzu, Japan). INCI, International 
Nomenclature Cosmetic Ingredient.
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UV- VIS SPECTROPHOTOMETER MEASUREMENTS

The  O/W emulsions shown previously were used for UV-vis measurements (2,4,6,15). Turbid-
ity was compared using a UV-vis spectrophotometer (OPTIZEN Alpha, KLAB, Daejeon, 
Korea). For measurements, 1 mL of each CUFO and CUPO were used and diluted with 
15 mL of purifi ed water. Likewise, 1 mL of CJSO was diluted with 10 mL of purifi ed water, 
and 1 mL HF was diluted with 15 mL of purifi ed water. All measurements were carried out 
at 600 nm. Turbidity was measured using the following equation (1,4,15):

w here T is transmittance and A is absorbance. The  measurements were performed in triplicate.

TURB IDITY METER MEASUREMENT

Turb idity was compared using a turbidity meter (TU-2016, Lutron, Taipei, Taiwan). 
Turbidities of the essential oils or the HF emulsions were measured with the turbidity 
meter (Lutron) after 1 week storage at room temperature (2–4). Turbidity by nephelometry 
as ntu (nephelometry turbidity unit) was measured by diluting with purifi ed water 
[CUFO emulsion 30% (v/v), CUPO and CJSO emulsions 50% (v/v), and HF emulsion 
60% (v/v)]. Measurements were performed in triplicate.

DROP LET SIZE ANALYSIS

Oil  droplet sizes of the O/W emulsions were determined by dynamic light scattering 
using a Nano Zeta sizer (Nano ZS, Malvern Panalytical, England). Tubes with the O/W 
emulsions were stored undisturbed at room temperature. On the seventh day, each 
emulsion was diluted using pure water (1:100). Measurements were performed in trip-
licate, and the average droplet size was expressed by using the mean droplet diameter.

RESU LTS AND DISCUSSION

MACR OSCOPIC APPEARANCE OF THE EMULSIONS

Appe arance of the O/W emulsion [surfactant X: sorbitan sesquioleate (HLB = 3.70) + poly-
sorbate 60 (HLB = 14.90)] was observed after storing for 1 week at room temperature. 
Figures 1, 4, and 5 show that the lower the HLB value, the more the upper part is separated. 
Figures 2 and 3 show that the highest turbidity when HLB had the highest value, 14.90. 
The comparison of the degree of emulsifi cation by suspension or layer separation is diffi cult 
for the HF (Figure 4) and CJSO (Figure 5) emulsions in the HLB from 5.94 to 12.66.

TURB IDITY MEASUREMENT

UV-v is spectrophotometer. The O/W emulsions stored at room temperature for 1 week were 
used in this experiment. The turbidity values for liquid paraffi n, CUFO, CUPO, HF, and 
CJSO emulsions at different HLB values are illustrated in Figures 6 and 7.
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The  highest turbidity of liquid paraffi n emulsions is 63.18% when the HLB 
value was 10.42. The highest turbidity was shown by the CUFO (79.62%) and 
CUPO (76.58%) emulsions when the HLB value was 14.90. The HF emulsion 
displayed the maximum turbidity at 7.06 (50.77%). The CJSO emulsion showed 
the maximum turbidity of 73.40% when HLB was 7.06 and turbidity of 72.6% 
when HLB = 5.94. The CUFO and CUPO emulsions had the highest turbidity when 
HLB had the highest value, 14.90. Therefore, CUFO and CUPO needed additional 
experiments with polysorbate 20 (HLB = 16.70) so that HLB has a value higher than 
14.90.

From  the additional experiments, the CUFO emulsion showed the highest turbidity 
when HLB = 14.90 in Figure 8A and HLB = 14.75 in Figure 8B. The CUPO emul-
sion had the maximum turbidity at HLB = 15.35 in Figure 8A and HLB = 15.40 in 
Figure 8B.

To c onfi rm whether the additional experiments using polysorbate 20 showed the same 
tendency as the previous experiments, the experiments were conducted using HF and 
CJSO emulsions. The HF emulsion had the maximum turbidity of 53.22% at an HLB 
value of 6.30, and CJSO emulsion had the maximum turbidity of 55.88% at an HLB 
value of 6.30 (Figure 9).

Figure 1. Appearance after 1 week storage of liquid paraffi n emulsions.

Figure 2. Appearance after 1 week storage of CUFO emulsions.
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Turb idity meter. The O/W emulsions stored at room temperature for 1 week were used 
in this experiment. The turbidity measured by the turbidity meter (Lutron) (Figures 10 
and 11) showed a similar tendency to that measured by the UV-vis spectrophotome-
ter (Figure 6). The  maximum turbidities of liquid paraffi n, CUFO, CUPO, HF, and 
CJSO emulsions were measured at HLB values of 10.42, 14.90, 14.90, 7.06, and 
5.94, respectively.

Drop let size analysis. The  turbidity value in Figure 10 showed the maximum value 
in the HLB value of the average minimum droplet size (1,2). The  lowest mean 
droplet size of liquid paraffin (137.77 nm ± 1.46 nm), CUFO (138.00 nm ± 1.73 
nm), CUPO (123.50 nm ± 3.31 nm), and CJSO (150.60 nm ± 2.88 nm) emulsions 
were obtained at HLB values of 14.90, 14.90, and 5.94, respectively (Figures 12 
and 13).

In the m ethod of Orafi diya and Oladimeji (1) required HLB of liquid paraffi n was about 12, 
but it was 10.42 in this study by the analysis of mean droplet size and turbidity. This is seen 
as a difference in the molecular weight and structure of liquid paraffi n. Meher et al. (26) 
reported that required HLB of light liquid paraffi n was 11.80, but Niczinger et al. (2) 
reported required HLB of liquid paraffi n as 10.0.

Figure 4. Appearance after 1 week storage of HF emulsions.

Figure 3. Appearance after 1 week storage of CUPO emulsions.
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In the c ase of CUFO and CUPO, required HLB was tested as 14.9 in this study, but 
several previous studies reported that required HLB of D-limonene, the main com-
ponent in lemon oil, was 12.0 (2,27). However, depending on the geometrical struc-
ture of surfactants used in emulsion production, there are cases in which the required 
HLB for D-limonene was 13.7 (28) and 15.0 (29). In addition, according to Lu et al. 
(30), the nanoemulsion containing 10% D-limonene showed a minimum particle 
size and the maximum encapsulation rate when the HLB value was 12, but it is con-
sidered that this experiment needs to be expanded beyond HLB 12.

The lowe st mean droplet size of HF emulsion (153.97 nm ± 4.23 nm) was obtained at an 
HLB value of 7.06 (Figure 14). From the  turbidity experiment, the CUFO and CUPO 
emulsions had the minimum droplet size at the highest HLB value of 14.90. Therefore, 
the CUFO and CUPO needed additional experiments with polysorbate 20 (HLB = 16.70) 
to have the HLB value higher than 14.90.

Figure 5. Appearance after 1 week storage of CJSO emulsions.

Figure 6. Turbidity of liquid paraffi n emulsions in the HLB range from 3.70 to 14.90, which were measured 
by a UV-vis spectrophotometer after 1 week storage at room temperature (n = 3; ±SD).
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From the  additional experiments, the CUFO emulsion had a minimum droplet size 
(173.73 nm ± 0.43 nm) when HLB = 14.90 in Figure 15A and 127.13 nm ± 95.45 nm 
for the HLB value of 14.75 in Figure 15B. The CUPO emulsion had a minimum droplet 
size at an HLB value of 15.35 (126.73 nm ± 0.76 nm) (Figure 15A) and an HLB value of 
15.40 (106.27 nm ± 4.89 nm) (Figure 15B).

To confi rm wh ether the additional experiments using polysorbate 20 showed the 
same tendency as the previous experiments, the experiments were conducted using 

Figure 8. Turbidities of CUFO and CUPO emulsions with (A) surfactant (polysorbate 60: polysorbate 
20) HLB range 14.90–16.70, and (B) surfactant (sorbitan sesquioleate: polysorbate 20) HLB range 
13.45–16.70, which were measured by a UV-vis spectrophotometer after 1 week storage at room tem-
perature (n = 3; ±SD).

Figure 7. Turbidities of CUFO, CUPO, HF, and CJSO emulsions in the HLB range from 3.70 to 
14.90, which were measured by a UV-vis spectrophotometer after 1 week storage at room temperature 
(n = 3; ±SD).
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HF and CJSO emulsions. The HF emulsion had a minimum droplet size of 186.17 
nm ± 0.32 nm at an HLB value of 6.30, On the other hand, the CJSO emulsion 
had a minimum droplet size of 188.67 nm ± 0.63 nm at an HLB value of 6.30 
(Figure 16).

CONCLUSION

In t he present  study, we used the method of Orafi diya and Oladimeji so that the re-
quired HLB value is the HLB value when the emulsion has the maximum turbidity and 
the minimum droplet size during the storage period (1,2). A series of emu lsions was 

Figure 9. Turbidities of HF and CJSO emulsions in HLB range 3.70–16.70, which were measured by a UV-
vis spectrophotometer after 1 week storage at room temperature (n = 3; ±SD).

Figure 10. Turbidity of liquid paraffi n emulsions in HLB range 3.70–14.90 which was measured by a tur-
bidity meter after 1 week storage at room temperature (n = 3; ±SD).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE420

prepared by using sorbitan sesquioleate (HLB = 3.70) and polysorbate 60 (HLB = 
14.90). Evaluation of turbidity using a UV-vis spectrophotometer and a turbidity meter 
(Lutron) showed a similar tendency. The required HLB values for maximum turbidities 
of CUFO, CUPO, HF, and CJSO O/W emulsions were measured as 14.90, 14.90, 7.06, 
and 5.94, respectively.

The CUFO and CU PO emulsions had the highest turbidity at the highest HLB 
value of 14.90. Therefore, CUFO and CUPO needed additional experiments with 
polysorbate 20 (HLB = 16.70), considering the required HLB value higher than 
14.90. From the additional experiments, the CUFO emulsion exhibited the highest 
turbidity and minimum droplet size at HLB values of 14.75–14.90. The CUPO 

Figure 12. Mean droplet size variations of emulsions of liquid paraffi n in the HLB range 3.70–14.90 (n = 3; ±SD).

Figure 11. Turbidities of CUFO, CUPO, HF, and CJSO emulsions in HLB range 3.70–14.90 which was 
measured by a turbidity meter after 1 week storage at room temperature (n = 3; ±SD).
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emulsion had the highest turbidity and minimum droplet size at HLB values of 
15.35–15.40.

To confi rm whet her the additional experiments using polysorbate 20 shows the same 
tendency as the previous experiments, the experiments were conducted using HF and 
CJSO emulsions. The HF and CJSO emulsions had the maximum turbidity and the 
minimum droplet size at an HLB value of 6.30.

By measuring th e turbidity [UV-vis spectrophotometer and turbidity meter (Lutron)] 
and droplet size (particle size analyzer) of each prepared O/W emulsion, fi nally the re-
quired HLB values for the CUFO, CUPO, HF, and CJSO were found to lie within 14.75–
14.90, 15.35–15.40, 6.30–7.04, and 5.94–6.30, respectively.

Figure 14. Mean droplet size variation of emulsions of HF in the HLB range 3.70–14.90 (n = 3; ±SD).

Figure 13. Mean droplet size variations of emulsions of CUFO, CUPO, and CJSO in the HLB range 3.70–
14.90 (n = 3; ±SD).
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Figure 16. Mean droplet size variations of HF and CJSO emulsions in the HLB range 3.70–16.70 (sorbitan 
sesquioleate: polysorbate 20) after 1 week storage at room temperature (n = 3; ±SD).

Figure 15. Droplet sizes of CUFO and CUPO emulsions with (A) surfactant (polysorbate 60: polysor-
bate 20) HLB range 14.90–16.70, and (B) surfactant (sorbitan sesquioleate: polysorbate 20) HLB range 
13.45–16.70, which were measured by particle size analyzer after 1 week storage at room temperature 
(n = 3; ±SD).
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