
RESEARCH ARTICLE

Formation of microemulsions for using as cosmeceutical delivery
systems: effects of various components and characteristics of some
formulations

Krisada Wuttikul1 & Prapaporn Boonme1

Published online: 26 January 2016
# Controlled Release Society 2016

Abstract Microemulsions are interesting formulations for
cosmeceutical applications due to their good appearance,
high solubilization power, thermodynamic stability, and
enhancement of skin penetration. In addition, they can
spontaneously form when suitable types and amounts of
components are simply mixed. In this study, the phase
behavior of the nonionic systems with various parameters
was studied by construction of phase diagrams using ti-
tration method. Natural oils, i.e., coconut oil (CO), rice
bran oil (RBO), and palm oil (PO), were analyzed for
their fatty acid compositions and then mixed with blends
of nonionic surfactants (Tween80: Span80) and water or
mixtures of water and a cosolvent, propylene glycol (PG),
to find the microemulsion regions. Subsequently, some
microemulsions were selected for physical characteriza-
tion. The largest microemulsion regions which were ob-
tained from CO, RBO, and PO covered the sizes of 11.65,
9.84, and 9.24 %, respectively. The surfactant mixture at
weight ratio of 1:1 was the most suitable for CO and PO,
but for RBO, it was 2:1. PG could increase the
microemulsion regions of PO from 9.24 to 15.33 %, de-
pending on PG concentrations. Hence, the sizes of the
microemulsion regions were related to oil types, surfac-
tant mixtures, and ratios between water and PG. The stud-
ied microemulsions were water-in-oil (w/o) type, and their

internal droplets were in the nanosize range. They exhib-
ited Newtonian flow behavior and their mean viscosity
values were from 247.53 to 690.35 cP which were corre-
lated with the types and concentrations of the components
in the formulations. In conclusion, natural oils could form
w/o microemulsions with nonionic surfactants. The
microemulsion formation and characteristics were related
to many parameters of the components.
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Introduction

Microemulsions are visually transparent systems of two im-
miscible liquids, i.e., oil and water, stabilized by an interfacial
film of a surfactant. The advantages of microemulsions are
spontaneous formation, ease of manufacture, thermodynamic
stability, high soluble capacity for many compounds with dif-
ferent solubility properties, and potential for skin penetration
enhancement. Thus, they have been useful carriers for many
cosmeceuticals such as skin-lightening, anti-wrinkle, and sun-
screen agents [1, 2]. Recently, microemulsions have also been
reported for application as cleansing products to remove oily
makeup cosmetics [3]. In addition to oil, water, and surfactant
phases, a cosurfactant or a cosolvent may be necessary in
some systems. Another surfactant, a short-chain alcohol, or a
polyhydroxy compound can be used as a cosurfactant or a
cosolvent in the microemulsion system. Microemulsion for-
mation and properties are also dependent on the chemical
types and amounts of the components in the systems [4, 5].
Therefore, it is interesting to study the effects of different
components on microemulsion formation and characteristics.
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The selection of oil phase is very important since it influ-
ences the solubility of an active ingredient for incorporation
into microemulsions. Both natural and synthetic oils can be
used to form the microemulsion systems. In the case of natural
oils, both types and chain lengths of their composed fatty acids
could affect the microemulsion formation and the size of the
microemulsion region in the phase diagram. Many findings
have reported on the development of microemulsions
from natural oils such as babassu oil containing lauric
and myristic acids [6], soy bean oil containing oleic and
linoleic acids [7, 8], and coconut oil (CO) containing
lauric acid [9]. Therefore, these observations clearly indi-
cate that natural oils can provide microemulsions after
being mixed with surfactant and water, if the component
types and amounts in the systems are suitable.

It was of interest to use CO, rice bran oil (RBO), or palm oil
(PO) as an oil phase inmicroemulsions since they are obtained
from local plants in Southeast Asia countries, leading to sus-
tainable sources. Naturally, these oils have different fatty acid
compositions. CO is extracted from the copra of coconut palm
(Cocos nucifera). It has high content of a medium-chain fatty
acid, lauric acid. CO is extensively used for food applications
such as margarine, frying oil, and ice cream. Its health benefits
for the skin application include antioxidant and moisturizing
effects [10–13]. RBO is extracted from rice bran or the brown
outer layer of rice (Oryza sativa) kernel which is a by-product
generated during the milling process. RBO is a rich source of
linoleic and oleic acids. The benefits of RBO include its uses
for cooking, providing health benefits as an antioxidant, low-
ering plasma cholesterol levels, and regulating the immune
system [14, 15]. PO is extracted from the mesocarp of the fruit
of oil palm tree (Elaeis guineensis). It contains high amounts
of palmitic and oleic acids which are saturated and unsaturated
fatty acids, respectively. PO is widely used for cooking and for
manufacturing of many products such as ice cream, candles,
lubricants, biodiesel, toothpaste, and other cosmetics [16–18].
However, these three oils were reported that they had difficul-
ty to form microemulsions. For example, they could not form
microemulsions in systems composed of decylglucoside as a
surfactant, sorbitan monolaurate or sorbitan monooleate as a
cosurfactant, and water as an aqueous phase [19]. Hence, it
was of interest to find suitable microemulsion formula-
tions of these oils using ingredients in generally recog-
nized as safe (GRAS) class such as Tween80 and Span80
as nonionic surfactants and propylene glycol (PG) as a
cosolvent.

The objectives of this study were to investigate the phase
behavior of nonionic systems using different natural oils as oil
phase and to study the effects of cosolvent concentrations in
aqueous phase on microemulsion formation. Additionally,
some microemulsions were selected to be physically charac-
terized for being further used as cosmeceutical delivery
systems.

Materials and methods

Materials

CO was prepared in-house by a wet extraction process
from coconut milk. RBO was purchased from Thai
Edible Oil Co., Ltd. (Samut Prakan, Thailand). PO was
purchased from Oleen Co., Ltd. (Samut Sakhon,
Thailand). Tween80 (polyoxyethylene (20) sorbitan
monooleate), Span80 (sorbitan monooleate), and PG were
purchased from P.C. Drug Center Co., Ltd. (Bangkok,
Thailand). Distilled water was used throughout the exper-
iments. All the chemicals were used as received without
any modifications.

Investigation of types and amounts of fatty acids
in natural oils

Three natural oils, i.e., CO, RBO, and PO, were analyzed for
identifying their fatty acid compositions by gas chromatogra-
phy with flame ionization detector (GC-FID; Agilent, USA)
as described in a previous report [20] with some modifica-
tions. The flow rate of the carrier gas (helium) was 1 ml/min
and the split ratio was 50:1. Hydrogen gas and air were used
for FID with flow rates of 30 and 300 ml/min, respectively.
Separation was carried out on Select Biodiesel for FAME
length of 30 m. GC capillary column used was 30 m length,
0.25 mm internal diameter, and 0.25 μm film thickness
(Agilent, USA). The injector and detector temperatures were
set at 290 and 300 °C, respectively.

Study of the effects of natural oils on microemulsion
formation

A pseudoternary phase diagram was constructed by titra-
tion method to define the microemulsion region. Briefly,
each surfactant mixture (Smix) was prepared by mixing
Tween80 and Span80 at various weight ratios of 1:0,
1:1, 2:1, 3:1, 1:2, 1:3, and 2:3. Afterwards, oil (CO,
RBO, or PO) was added into each Smix at weight ratios
of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1.
Subsequently, each obtained mixture of oil and Smix was
titrated dropwise with distilled water under vigorous agi-
tation. Finally, the end point of titration was determined
when turbid liquid was visually observed. All component
amounts providing clear microemulsions were calculated
as %w/w and plotted on a triangular graph to define the
microemulsion region in each pseudoternary phase dia-
gram. The size of each microemulsion region was evalu-
ated as the percentage of the total area of the phase dia-
gram by cut-and-weight method [21].
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Study of the effects of cosolvent concentrations
on microemulsion formation

The aqueous phase was prepared by mixing water with a
cosolvent, PG, at various water:PG ratios, i.e., 5:1, 3:1, 1:1,
and 1:0. Then, each obtained mixture was used instead of
distilled water for the construction of the pseudoternary phase
diagrams by the method described above.

Preparation of selected microemulsions

Three identical points were selected from the largest
microemulsion region of four systems composed of different
oil and aqueous phases for the preparation and characteriza-
tion of the microemulsions. Hence, twelve formulations as
exhibited in Table 1 were investigated. All microemulsions
were prepared by simply mixing at room temperature.

Characterization of selected microemulsions

The type of microemulsions was identified by staining and
conductivity measurement methods. Awater soluble dye and
an oil soluble dye were dropped into each microemulsion to
evaluate the diffusion rates of these two dyes. A faster diffu-
sion of the water soluble dye indicated an oil-in-water (o/w)
type while a faster diffusion of the oil soluble dye indicated a
water-in-oil (w/o) type. The conductivity values were mea-
sured in triplicate by an electrical conductivity meter
(ADWA AD32, ADWA Instruments, Hungary) at room
temperature.

Microemulsion microstructure was observed using a trans-
mission electron microscope (TEM; JEM-2010, JEOL,
Japan). A sample was dropped on a Formvar carbon film on
200-mesh copper grid and left at room temperature until dry.
Eventually, the dried sample on the grid was examined by
TEM at magnification of ×50,000. Particle size and polydis-
persity index (PdI) values were determined without any dilu-
tion to avoid phase separation by dynamic light scattering
(ZetaPALS, Brookhaven Instruments Corporation, USA) at
room temperature.

Viscosity values were measured by Brookfield rheom-
eter model DV-III ultra (Brookfield Engineering

Laboratories, Inc., USA). The SC4-31 spindle was used
with a variety of five speeds from 40 to 95 rpm for which
the detected %torque was close to 100. Experiments were
performed in triplicate at room temperature. Subsequently,
rheograms were plotted for determining the rheological
behavior. Viscosity values of the studied oils were also
measured by the identical method.

Results and discussion

Types and amounts of fatty acids in natural oils

The types and amounts of fatty acids in CO, RBO, and PO as
analyzed by GC-FID are shown in Table 2. The results exhib-
ited that the components were in agreement with the previous
report [8] for both types and proportions of fatty acids.
However, some slight deviations in the amounts of each fatty
acid were found due to the different sources of the oils. The
main fatty acids in CO were medium chain such as lauric and
myristic acids but those in RBO and PO were long chain.
There were high amounts of oleic and linoleic acids in RBO
while palmitic and oleic acids were the main long-chain fatty
acids in PO.

Table 1 Compositions of selected microemulsions (%w/w)

Type of oil phase CO RBO PO PO

Formulation code C1 C2 C3 R1 R2 R3 P1 P2 P3 PPG1 PPG2 PPG3

Oil 20 35 45 20 35 45 20 35 45 20 35 45

1:1 Smix 70 60 50 70 60 50 70 60 50 70 60 50

Water 10 5 5 10 5 5 10 5 5 5 2.5 2.5

PG – – – – – – – – – 5 2.5 2.5

Table 2 Fatty acids in CO, RBO, and PO analyzed by GC-FID

Fatty acid (%) Lipid numbers C:Da Oil

CO RBO PO

Saturated type

Caprylic 8:0 4.82 – –

Decanoic 10:0 5.84 – –

Lauric 12:0 48.36 – 0.64

Myristic 14:0 18.89 0.41 1.10

Palmitic 16:0 9.35 19.67 36.72

Stearic 18:0 3.02 2.14 3.88

Unsaturated type

Oleic 18:1 6.48 41.85 45.44

Linoleic 18:2 1.30 32.63 10.96

a C and D are the numbers of carbon atoms and double bonds in the fatty
acid, respectively
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Fig. 1 Pseudoternary phase
diagrams showing microemulsion
regions and the sizes of the
studied systems containing water,
various Smix, and different natural
oils: a CO, b RBO, and c PO
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Effects of natural oils on microemulsion formation

It was found that the systems containing only Tween80
(Smix ratio = 1:0) could not form microemulsions with any
of the studied oils (CO, RBO, and PO) while mixtures of
Tween80 and Span80 could provide microemulsions. The

results indicated that a single surfactant was not suitable
to microemulsify the natural oils and water, but the com-
bination of surfactants could reduce the surface tension
better than a single surfactant, resulting in effectiveness
to generate microemulsions [22]. The pseudoternary
phase diagrams of the systems of water, various natural

Fig. 2 Microemulsion regions of
the systems prepared from
different oils at different HLB
values of Smix

Fig. 3 Pseudoternary phase diagrams showing microemulsion regions and the sizes of the studied systems containing PO, 1:1 Smix, and water:PG
mixtures at various ratios: a 1:0, b 5:1, c 3:1, and d 1:1
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oils, and different ratios of Smix were constructed as ex-
hibited in Fig. 1. The largest microemulsion region of the
systems prepared from CO and PO was 11.65 and 9.24 %,
respectively, when Smix at weight ratio of 1:1 was used.
However, the system from RBO provided the largest
microemulsion region of 9.84 % when Smix at weight ratio
of 2:1 was used. The reasons were unclear. However, it
might be related to affinity between Smix and oils. The
solubilization capacity of the surfactant and the structural
similarity between the tails of surfactant and fatty acid
chains of the oil were reported that they affected the for-
mation of microemulsions [23]. Hydrophilic-lipophilic
balance (HLB) is a parameter for identifying the solubili-
zation capacity of a surfactant or of a surfactant blend. In
this study, the largest microemulsion regions of the sys-
tems prepared from CO, RBO, and PO were found at
HLB values of Smix at 9.65, 11.43, and 9.65, respectively,
as exhibited in Fig. 2. Additionally, the microemulsion
regions of the systems prepared from the studied oils were
in agreement with the previous study reported that
medium-chain fatty acids provided lager microemulsion
regions than long-chain fatty acids since the last ones
were too bulky to penetrate into the interfacial film [24].
Hence, the microemulsion regions of the systems prepared
from CO were larger than those from RBO and PO at all
HLB values as shown in Fig. 2.

Effects of cosolvent amounts on microemulsion formation

Among the studied oils, PO provided the smallest
microemulsion regions. Therefore, it was a challenge to in-
crease the size of the microemulsion regions prepared from
PO by adding a cosolvent, PG, in aqueous phase. When the
systems composed of PO, 1:1 Smix, and various water:PG
mixtures were investigated, water:PG mixtures at weight ra-
tios of 1:0, 5:1, 3:1, and 1:1 gave microemulsion regions of
9.24, 10.41, 11.56, and 15.33 %, respectively, as exhibited in
Fig. 3. It could be noted that when water:PG mixtures were
used instead of pure water, the microemulsion regions in-
creased directly depending on PG concentrations. Higher
amounts of PG in water:PG mixtures provided larger sized
microemulsion regions. The results indicated that a cosolvent
did have an effect on the microemulsion region since it might
increase the flexibility of interfacial film and decrease the
polarity or dielectric constant of aqueous phase [25, 26].

Characteristics of selected microemulsions

All products obtained from the selected formulations were
clear yellowish liquids. The diffusion rate of the oil soluble
dye was faster than that of the water soluble dye in all formu-
lations (data not shown). Additionally, the conductivity values
of all formulations were 0.00 mS/cm. These results indicated

Fig. 4 TEM photo of P1 at magnification of ×50,000
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that all studied formulations were w/o type. The w/o
microemulsions were obtained since in each system, the
amount of aqueous phase was lower than that of oil phase
[27] and the total HLB value of Smix was 9.65 causing

negative curvature of the interfacial film [28]. This
microemulsion type could be applied in cosmetics for remov-
ing oily makeups [3]. Furthermore, w/o microemulsions in
both original and gel forms were reported to be useful carriers

Fig. 5 Rheograms of the studied microemulsions prepared from a CO, b RBO, c PO, and d PO with PG in aqueous phase

Fig. 6 Viscosity comparison of
the studied microemulsions
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of nicotinamide, a skin-lightening agent [29, 30]. The w/o
microemulsions were also suitable carriers for topical delivery
of benzophenone-3, a sunscreen, when compared to o/w ones
[31]. Hence, the obtained microemulsions should have a high
tendency to provide cosmetic and cosmeceutical benefits.

Globule structures were seen by TEM as demonstrated
for P1 in Fig. 4, confi rming for discont inuous
microemulsions. The droplet size of P1 was 17.0
± 0.2 nm, indicating the nanosize particles. In addition,
the droplet sizes of microemulsions typically range from
10 to 140 nm [32]. The PdI of P1 was 0.969 ± 0.055,
exhibiting very broad size distribution. Various and high
PdI va lues were prev ious ly repor ted for some
microemulsion systems. For instance, systems composed
of various ratios of isopropyl myristate, polyoxyethylene
(4) lauryl ether, isopropyl alcohol, and water provided
microemulsions with PdI values from 0.318 to 0.917
[33]. Systems composed of oleic acid, Tween20,
diethylene glycol monoethyl ether, and water at various
ratios provided microemulsions with PdI values from 0.25
to 0.89 [34]. This phenomenon was proposed to be caused
by the polydispersion and aggregation of the internal
droplets [33, 34].

It could be seen in Fig. 5 that the rheograms of the studied
formulations showed straight lines, exhibiting Newtonian
flow. This flow type is one of the specific characteristics of
microemulsions [1]. The mean viscosity values of the samples
were in the range of 247.53 to 690.35 cP as shown in Fig. 6.
When comparing the formulations containing the same oil,
viscosity values were directly dependent upon the concentra-
tions of Smix. It might be due to the intrinsic properties of
Tween80 and Span80. Decrease in viscosity was also found
in microemulsions having a decrease in Tween80 when the
systems were composed of isopropyl myristate, Tween80, PG,
water, and amphotericin B [35]. At the same amounts of Smix,
the viscosity values of microemulsions containing RBO and
PO were similar and higher than those of microemulsions
containing CO. The viscosity values of RBO, PO, and CO
were 62.27±0.25, 65.40±0.30, and 44.43±0.06 cP, respec-
tively. Hence, when microemulsions contained the same
amounts of Smix, their viscosity values were related to the
viscosity values of the oil phase. A cosolvent, PG, affected
viscosity values of microemulsions containing PO. After PG
was added to the aqueous phase (PPG1–PPG3), viscosity
values decreased when compared to those of their counterparts
(P1–P3). Decrease of viscosity could be obviously seen in
PPG1 compared with P1 rather than in PPG2 compared with
P2 and in PPG3 compared with P3. It could be explained by
that amount of aqueous phase in P1 and PPG1was 10%while
that in the other formulations was 5 %. The droplet size of
P1was 17.0±0.2 nm while that of PPG1 was 9.6±0.4 nm. A
decrease in dispersed droplet size resulted in a decrease in
viscosity in w/o microemulsions [36].

Conclusions

The natural oils were able to provide microemulsions when
mixed with blends of nonionic surfactants having suitable
HLB values. The largest microemulsion regions of the sys-
tems prepared from CO, RBO, and PO were observed at HLB
values of Smix of 9.65, 11.43, and 9.65, respectively. The ad-
dition of PG to the aqueous phase increased the
microemulsion regions of the systems prepared from PO and
was dependent on the cosolvent concentrations. All selected
formulations were w/o microemulsions and their characteris-
tics were related to the types and concentrations of the com-
ponents. The obtained data can be used in the future for the
development of cosmeceutical formulations.
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