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Abstract: The research was carried out to synthesize a stable kojic acid (KA)
encapsulated nanoemulsion as a whitening agent for topical skin usage. In this study, the
oil-in-water (O/W) KA nanoemulsion was formulated using integrated low and high
energy methods that combined ultrasonic and hot temperature inversion methods.
Several different combinations of parameters were screened, viz. xanthan gum amount
(1.0t0 2.0 g), kojic acid (KA) amount (0.5 to 1.5 g), and surfactant-to-water ratio (1:10.75
to 1:4.875), to prepare a stable KA nanoemulsion. The identified best parameters to
design the O/W KA nanoemulsion were then subjected to different stability tests: storage
and pH stability (freeze-thaw and centrifugal tests). Results revealed that the Trial 6
formulation, with the highest ratio of Tween 80 to water (1:4.875 v/v), yielded the best
polydispersity index at 0.255 + 0.006 with an average particle size of 90.57 + 1.401 nm.
The formulation retained the recommended pH range (pH 4.95-5.18) for topical skin
applications within six-week storage under room condition. The nanoemulsions were also
kinetically stable as proven by the absence of phase separation after the centrifugation,
freeze-thaw cycle, and storage temperature (2 and 25 °C) tests, except at the 37 °C three-
week extended storage. The results collectively showed that the formulated O/W KA
nanoemulsion is suitable for topical application on human skin.

Keywords: oil-in-water nanoemulsion; kojic acid; topical skin application; skin
whitening; ultrasonic and hot temperature inversion methods

m INTRODUCTION

Melanogenesis is a complex physiological process

kojic acid (KA), is gaining popularity as an agent that
inhibits melanin synthesis [3]. KA imparts its skin

controlled by both tyrosinase and tyrosinase-related
protein-1 and -2 (TRP-1 and TRP-20) found in
melanocytes, responsible for producing the melanin
pigment. This natural pigment has an important role in
protecting the human skin from injury due to sunlight
while affording color to the skin and hair. However,
melanin's over-production leads to aesthetic problems
such as hyperpigmentation, wrinkling, melasma, and
other dermatological disorders [1-2].

To inhibit skin pigmentation, 5-hydroxy-2-
hydroxymethyl-4H-pyran-4-one, commonly known as

whitening effect by blocking ultraviolet radiation,
suppressing  hyperpigmentation, and preventing
melanin formation by its tyrosinase inhibitory activity
[1,4-5]. KA is also a widely used active ingredient in an
array of cosmetics, medicines, foods, and agriculture and
chemical industries due to its antibacterial,
antimicrobial, antileukemic, and antifungal properties
[6]. For KA to exhibit their depigmentation effect, a
sufficient amount of this whitening agent should remain
close to melanocytes for a stipulated duration. Such cells
are typically located between the epidermis and dermis.

One of the challenges for using KA as a hydrophilic
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active whitening agent is its poor penetration into the
skin, and consequently, transportation to the target
location. This is due to difficulties in KA to pass through
the skin barrier that protects against ultraviolet light,
pathogenic bacteria, and pollution. A hydrophobic active
agent, on the other hand, is better adsorbed on the
stratum corneum but is unable to penetrate deep into the
skin due to the presence of water in the skin epidermis
[1,7].

Hence, surfactants and alcohols can be employed
simultaneously to overcome such issues and enhance the
transportation of KA through the human skin. In this
research, sorbitan monooleate (Tween 80) was used as the
surfactant to expedite the KA nanoemulsion formulation.
Tween 80 also kinetically stabilizes the nanoemulsion for
extended storage by minimizing the interfacial tension.
The KA should also be encapsulated to improve the
effect by
physicochemical stability, aside from preventing the

depigmentation increasing the system's
general accumulation of whitening agents within the
system [1,8]. This enhances the delivery of the active
ingredient as diffusion issues through the stratum
corneum barrier can be overcome, in turn, facilitating a
higher presence of the active ingredient at the targeting
area [9]. Encapsulated nanoparticles have a high surface
area to volume ratio to effectively allow a controllable
delivery of the active ingredient to targeted cells [10-11]
and facilitate the transportation of hydrophilic molecules
such as KA in the skin [12]. Besides that, the polymeric
nanoparticles in the nanoemulsion system further
stabilize the drug/active ingredients and boost the
delivery of poorly soluble or poorly absorbed substances,
alongside other chemicals, heat- and photo-labile
components [13]. The nanoemulsions’ small droplet size
boosts the penetration of active ingredients, i.e., KA
through the skin. This enhances their intended efficacies
to reduce hyperpigmentation, wrinkling, melasma and
other dermatological disorders, as well as promote a faster
turnover cycle, and inhibition of melanosome transfer
[14-15]. As far as we know, different forms of esterified
kojic acid, viz. kojic dipalmitate and kojic monooleate
were investigated as active ingredients in water/oil/water

multiple emulsions and nanoemulsion, respectively [16-
17].

Cosmetic products with an active whitening agent
such as KA are currently the topical skin whitening
action choice. Hence, it makes sense that the potential of
nanotechnology-based systems (DDS) to carry out
encapsulation of the active whitening ingredient in
nanoemulsion is investigated. To develop a kinetically
stable topical oil-in-water (O/W) nanoemulsion using
KA as the active ingredient, this study aimed to identify
the best composition of xanthan gum amount, kojic acid
(KA) amount, surfactant:water ratio in the formulation.
Hence, this is the first-ever report that prepares a
simplified, single surfactant (Tween 80) O/W KA
nanoemulsion for topical delivery through an integrated
ultrasonication and hot temperature technique. The
turbulent micro-implosions from repeated acoustic
highly
effective in breaking up primary droplets of dispersed oil

bombardment during ultrasonication are
into droplets of sub-micron size.

In contrast, the hot temperature technique can
flexibly tune the mixing temperature to achieve the
nanodroplet quality in the O/W KA nanoemulsion [18].
The prepared O/W KA nanoemulsion was tested for
stability in particle size and polydispersity index (PDI).
In addition, tests were also carried out to determine the
stability of the KA nanoemulsions in terms of storage
and freeze-thaw stability and the system's pH stability
for 6 weeks.

m EXPERIMENTAL SECTION
Materials

Xanthan gum from Xanthomonas campestris and
kojic acid (KA) were purchased from Personal Formula
Resources (Malaysia), while Tween 80 (polyoxyethylene
sorbitan monooleate HLB = 15.0) were purchased from
Scharlau (Barcelona, Spain). Grapeseed oil was procured
from Aceies Borges Pont (Spain), and fragrance oil and
phenoxyethanol (as preservative) were purchased from
Luzi Fragrance Compounds (Johor, Malaysia), and Thor
Specialty (US), respectively. All other chemicals were
obtained from the General Chemistry Laboratory of
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Faculty of Science, Universiti Teknologi Malaysia, Malaysia.
Instrumentation

A 20 kHz ultrasonic generator (130 W, KH5200DB
type, Kunshan ultrasonic instrument Co., Ltd., Jiangsu,
China) was used to produce the coarse emulsion. Hettich-
EBA20 (Germany) was used to create a centrifugal force
(10,000 rpm, 10 min) for the O/W stability test. The KA
nanoemulsion's pH stability was measured at 25 °C using
the Delta 320 pH meter (Melter-Toledo, Schwerzenbach,
Switzerland) after a 6-week incubation. Particle size and
polydispersity index (PDI) were monitored using the
Zetasizer Nano ZSP, Malvern Instrument, Malvern (UK).

Procedure

Preparation and screening of formulation parameters
for preparing KA nanoemulsion

In this research, an integrated ultrasonication and
hot-temperature method were used to prepare the O/W
KA nanoemulsion. Firstly, grapeseed oil and Tween 80
(surfactant) were combined in a beaker to form the oil
phase. In another beaker, the aqueous phase was prepared
by mixing KA, xanthan gum, and deionized water under
moderate stirring (100 rpm) for 5 min. Both liquid phases
were transferred to an oil bath and heated to 80 °C. Upon
reaching the temperature, the liquids were removed from
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the heat. The oil phase was added dropwise into the
aqueous phase under constant magnetic stirring at
600 rpm for 10 min, followed by the occasional manual
stirring. Next, the coarse KA emulsion was transferred
to an ice bath and ultrasonicated for 5 min to emulsify
the mixture. Other components, for instance, fragrance
and phenoxyethanol, were added dropwise during the
ultrasonication process. For screening purposes, the
above steps were repeated for another 6 sets to test for
the varying amounts of xanthan gum, KA, surfactant to
water ratio (Table 1). Lastly, the prepared KA
nanoemulsions were transferred into screw-capped vials
until further use.

Particle size and PDI analysis
It is important to note that PDI indicates

homogeneity and stability, wherein the target range
should be lower than 0.5 for a nanoemulsion. This value
shows similar and narrow size distribution in the KA
formulation, representing a more stable and uniformed
nanoemulsion system [19]. For all cases, nanoparticles
carrying encapsulated KA should be of sizes less than
100 nm to enable efficacious delivery of KA through the
skin. In this study, all readings were taken at 25 °C as
temperature change can influence the stability of
nanoemulsion, drug loading, and drug release [20].

Table 1. The different formulation parameters

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Trial 7
Oil Phase % Amount % Amount % Amount % Amount % Amount % Amount % Amount
Grapeseed Oil 6 3mL 6 3mL 6 3mL 6 3mL 6 3mL 6 3mL 3mL 6
Tween 80 12 6mL 12 6mL 12 6 mL 12 6mL 12 6mL 16 8mL 6mL 16
Aqueous Phase % Amount % Amount % Amount % Amount % Amount % Amount % Amount
H,O 82 4ImL 82 4ImL 82 41mL 82 41mL 82 41mL 78 39mL 86 43mL
Kojic Acid - 05g - 1.0g - 15¢g - 1.0g - 10g - 10g - 10g
Xanthan Gum - 15g - 15g - 15¢g - 1.0g - 20g - 15g - 15¢g
Additives % Amount % Amount % Amount % Amount % Amount % Amount % Amount
Phenoxyethanol - 500pL - 500pL - 500pL - 500uL - 500uL - 500pL - 500 pL
Perfume - 20pL - 20pL - 20 uL - 20uL - 20uL - 20pL - 20 uL
Total 100 50 mL 100 50mL 100 50mL 100 50mL 100 50mL 100 50mL 100 50 mL

Trial 1: Kojic Acid amount (lowest), Trial 2: Kojic Acid amount (moderate), Xanthan gum, amount (moderate), Surfactant to water ratio
(moderate), Trial 3: Kojic Acid amount (highest), Trial 4: Xanthan gum amount (lowest), Trial 5: Xanthan gum amount (highest), Trial
6: Surfactant to water ratio (highest), Trial 7: Surfactant to water ratio (lowest)
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Stability test

In this study, stability tests on the formulated KA
nanoemulsion were done to provide reasonable assurance
that the product remains at an acceptable level of fitness
or quality over different conditions. This study's stability
tests were simulated under conditions that are likely to
destabilize the KA nanoemulsion over time. The tests of
the KA nanoemulsions included accelerated storage
stability under centrifugal force, freeze-thaw cycles, as
well as under conditions of high heat and cold. To enable
comparison, each sample's initial conditions, such as
appearance, color, fragrance, pH, and viscosity, were
recorded before each test [21-22].

For the storage stability test, triplicates of the KA
nanoemulsion were subjected to variable temperatures (2,
25, 37 °C). This second test specifically observes the
stability of the KA nanoemulsion under an accelerated
destabilizing condition, i.e., centrifugal force (10,000 rpm,
10 min). It is worth indicating here that a correctly
formulated KA nanoemulsion is stable under the previous
tests and capable of resisting phase separation that
transforms the system back into its individual
components [21].

Next, the freeze-thaw stability test was conducted by
subjecting each sample to a triply repeated cycle of
freezing and thawing. Each condition was maintained for
24 h before the condition was changed. The physical
appearance of an adequately stable KA nanoemulsion
post-evaluation test should be similar to the pre-evaluated
one and without any phase separation [21]. The pH
stability of the KA nanoemulsion was then measured at
25 °C after a 6-week incubation.

m  RESULTS AND DISCUSSION

The rationale of the Preparation of Encapsulated
Kojic Acid (KA) Nanoemulsion

Literature has shown that the optimum pH range for
topical nanoemulsions should closely resemble the pH of
the surface of healthy human skin, which typically ranges
between pH 4.0-6.0 [23-24]. However, a condition for
better hydration is pH < 5.0 compared to skin with
pH > 5.0. Conversely, a higher pH on the skin surface
tends to intensify itching and skin dryness [22-23]. Thus,
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a slightly acidic skin surface protects against a myriad of
invading microorganisms and offers better resistance
against SLS-induced irritant dermatitis [25]. For these
reasons, the formulated KA nanoemulsion was kept
within the recommended pH range for healthy skin.

In this research, ultrasonic and hot temperature
methods were used to prepare a stable oil-in-water
(O/W) nanoemulsion containing encapsulated KA. It is
important to indicate here that the preparation of KA
nanoemulsions required two separate phases involving
the oil phase and aqueous phase. The components of the
oil phase used in this study comprised grapeseed oil and
Tween 80. The study used grapeseed seed oil as the oil
phase due to its high antioxidant content and anti-aging
properties [26]. Moreover, grapeseed oil contains
antioxidants, which include vitamin E and oligomeric
proanthocyanidins. These components help reduce
wrinkles by repairing collagen damaged by free radicals,
moisturizing the skin, and enhancing skin elasticity [22].
The bulk physicochemical characteristics of the oil
phase, for example, viscosity, are also important factors
when preparing stable nanoemulsions. They can limit
the type of homogenization method(s) preparing a
nanoemulsion from a given oil phase. To be specific, the
higher viscosity of grapeseed oil is crucial during the
ultrasonication (high-energy method) is useful for the
disruption of oil droplets into sub-micron size [18]. This
enables the nanoemulsion to have a longer shelf-life as
the creaming rate is decreased [27].

Another factor of concern when preparing the
O/W KA nanoemulsion is the suitability of Tween 80 for
the KA encapsulation process to yield nanoparticle sizes
of below 100 nm [20]. In this study, the non-ionic Tween
80 was chosen due to its low irritation and low toxicity,
high surface activity even at a low concentration, and
suitable for nanoemulsions prepared via both high-
energy and low-energy methods [27-30]. Whereas the
Hydrophilic Lipid Balance (HLB) value of 15 of Tween
80 stabilizes the O/W KA nanoemulsions by increasing
the affinity between the interacting molecules and
lowers the interfacial tension between the water and KA
in the oil phase. It also changes the interfacial layer's
increases the

optimum curvature and repulsive
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interactions (steric or electrostatic) between droplets [31].
Thus, the nanoemulsion system has higher stability,
formulating flexibility, and wider compatibility [32].
Thus, the use of Tween 80 is popular in the cosmetic,
pharmaceutical, and food industries.

Meanwhile, xanthan gum, KA, and distilled water
formed the aqueous phase components since the
innocuous, non-irritating, and non-sensitizing properties
[33] of xanthan gum can stabilize the O/W nanoemulsion.
The system also contributes to the electrostatic and steric
effects that repel similarly charged emulsion droplets. The
condition sustains the bulky stabilizing layer barrier that
maintains the kinetic stability of O/W emulsions [34].
The high molecular weight and high viscosity of Tween 80
also promote a low shear rate that effectively decreases
nanoparticle aggregation and enhances nanoemulsion
stability [14]. Meanwhile, KA was chosen as the study’s
whitening agent due to its ability to inhibit tyrosinase
activity and exhibit anti-oxidizing, anti-proliferative,
anti-inflammatory, alongside radioprotective tendencies
(6].

Characterization of Encapsulated KA Nanoemulsion

Determination of particle size and polydispersity
index (PDI)

In this study, all prepared KA nanoemulsions were
found to satisfy the required nanosize and data for particle
sizes and PDIs for all formulations (Fig. 1). It is important
to note that all the KA nanoemulsions were characterized
within 24 h after preparation to ensure consistency of

Indones. I. Chem., 2021, 21 (2), 400 - 410

measurements. Rapid characterization is required
because the structural organization of the KA

nanoemulsion, alongside its composition and
physicochemical properties, can fluctuate over time and
space when there is a mix of the organic and aqueous
phases [35]. Results revealed that KA nanoemulsions
showed the presence of KA droplets with diameters
ranging between 10-100 nm [20], as well as a well-
distributed nanoparticle showing an average PDI of less
than 0.5 [19]. The findings conveyed that the O/W KA
nanoemulsions were well-formulated and appeared
uniform in terms of size distribution. The narrow size
distribution is seen in this study (PDI = 0.5) effectively
illustrated the successful preparation of a stable and
uniformed nanoemulsion system [19], where Trial 6
formulation showed the highest ratio of Tween 80 to
water (1:4.875 v/v). The best PDI was 0.255 + 0.006 with
an average size of 90.57 + 1.401 nm.

It is important to mention here that currently,
cosmeceutical products formulated with smaller droplet
sizes are trending among consumers, as the system
supports a better permeation of the bioactive ingredient,
i.e., KA through the stratum corneum. The minute size
of KA particles seen in this study was the likelihood of
the unsaturated non-polar tails of Tween 80 that
facilitated an ideal packing of the surfactant molecules.
This state essentially allowed the ultrafine droplets to
form at the oil-water boundary freely [35]. Another
study reported that an optimal ratio of the effective
cross-sectional areas of the Tween 80 hydrophobic tail

0.5 = mm Particle Size (nm)  —=—PDI - 100
1 o !
0.4 ™. F 80
; ™. I E
0.3 4 - L 60 &
— - (7]
= — . -
o i L)
* B
0.2 4 L 40 =
] L &
0.1 1 F 20
0 - 0
Tral 1 Trial 2 Tral 3 Trial 4 Tral & Tral & Tral 7

Formulations
Fig 1. Graph of particle sizes and PDI for all seven trials
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part and its hydrophilic head part can synergistically and
exclusively influence the surfactant's molecular geometry.

Based on the desirable small droplet size (90.57 +
1.401 nm) and the satisfactory PDI (0.255 + 0.006) of the
KA nanoemulsion, it was clear that the formulation in
Trial 6 resulted in an optimal ratio of Tween 80 to water.
The formulation allowed the adoption of an optimum
curvature of surfactants surrounding the KA particles
during spontaneous emulsification. This phenomenon
occurs due to the kinked nature of the unsaturated non-
polar tails of Tween 80, which have been irrefutably
shown to promote a more ‘curved’ packing of the
surfactant molecules over the oil-water interface [14]. As
a matter of fact, several studies have achieved smaller
droplet sizes when using non-polar chains of non-ionic
unsaturated surfactants with more double bonds as the
emulsifier in spontaneously formed nanoemulsions [36-
37]. At smaller particle sizes, the effect of Brownian
motion is dominant over gravitational force, thus giving
better emulsion stability [14]. The graph of particle size
and PDI for all the trials are also shown in Fig. 1.

Thermodynamic stability test

In this investigation, the thermodynamic stability
tests' phases consist of three components: centrifugation
study, freeze-thaw cycle, and storage stability. As can be
seen, all seven KA formulations were stable, and no phase
separations were observed after centrifugation. This
particular test allows the user to anticipate the
destabilization of the prepared nanoemulsions through
the creaming or coalescence of the dispersed phase. This
test is also useful for predicting the prepared KA
shelf life storage
conditions [38]. This study believed that differences in

nanoemulsions’ under normal
density of the oil and aqueous phase could have played a
role in stabilizing the KA nanoemulsion. The findings also
communicated normally distributed components in the
nanoemulsion system [39].

The freeze-thaw cycle test was done in three
replicates for temperatures -10 °C (in the freezer),
followed at room temperature (+ 25 °C) at 24 h intervals.
The test was triplicated, and the results are tabulated in
Table 2. The noteworthy absence of phase separation in

all tested samples affirmed the stability of the

nanoemulsion system. The O/W KA nanoemulsion
stability was assisted by the bulky hydrophilic head
groups of the incorporated Tween 80 that acted as a
stearic barrier at the oil/water interface. This molecular
arrangement prohibited the destabilization of the oil
phase KA droplets by coalescence. It also averted
collisions between the droplets, as similarly reported by
other studies [40-41]. The additional presence of
xanthan gum in the aqueous phase further precluded the
movement of dispersed KA droplets and further
stabilized the O/W nanoemulsion. Sriprablom et al. [34]

Table 2. Thermostability test results on phase separation
for Trial 1-7

Trials 1 2 3 4 5 6 7
Weekl x x x X x x X
Week2 x x X X X X X
. . Week3 x X X X x x X
Centrifugation Week4 x x X x x x x
Week5 x x X X x x X
Week6 x x X X x x X
Weekl x x X X X X X
Week2 x x X X X X X
Freeze-Thaw Week3 x x x X x x X
Cycle Test Week4 x x x X X X X
Week5 x X X X X X X
Week6 x X X X X X X
Weekl x x x X x x X
Week2 x x x X x x X
Week3 x x X X X X X
2°C
Week4 x x X X X X X
Week5 x X X X X X X
Week6 x x x X x x X
Weekl x x x X x x X
Week2 x x X X X X X
Storage Week3 x x X x X x X
. 25°C
Stability Week4 x x x X X X X
Week5 x x X X x x X
Week6 x x X X x x X
Weekl x x X X X X X
Week2 x x X X X X X
o Week3 x x x x x x X
7C Weeka v NN N A A A
Week5 Y v v N A A A
Week6 Y v v N N A A

x = No phase separation occurs; V = Phase separation occurs
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also reported a comparable outcome when they
incorporated xanthan gum in the aqueous phase of whey
protein stabilized O/W emulsions. The reason behind this
is the presence of shear-thinning high molecular weight
polymers that encourages the formation of a high
viscosity nanoemulsion at low shear rates, thereby
decreasing the likelihood of a destabilized continuous
phase [14].

Results for the storage stability, on the one hand,
showed that all formulated emulsions placed under
different temperatures (2, 25, 37 °C), remained stable and
phase separation was not observed in the first three weeks.
The tested KA nanoemulsions for the stability tests are
shown in Fig. 2(a-e). Again, the study's observation
supported the stability of the KA nanoemulsions under
varying storage conditions and extended storage duration.
All KA nanoemulsions samples subjected to extended
storage at the lowest temperature (2 °C) appeared whiter
in color due to the gelation process [31].

On the other hand, all KA formulations were
notably more yellowish when stored at the highest tested
temperature (37 °C) after three weeks. This outcome was
caused by an increase in the growth rate of KA droplets in
the system due to coalescence. This was somewhat
expected as the issue typically affects O/W nanoemulsions
stored at higher temperatures [31], particularly when a
thermal sensitive non-ionic surfactant is used in the
formulation [19]. The study believed that the thermal
sensitive nature of Tween 80 was to blame for the more
rapid destabilization of the O/W KA nanoemulsion
stored at 37 °C. Hence, the formulations produced here
were not suitable for storage at temperatures exceeding
30 °C (Table 2).

pH Stability over an Extended Storage Period

It is important to highlight here, the optimum pH
range for a topical application of a nanoemulsion should
be close to the pH of natural healthy human skin (pH 4.0-
6.0) [20] to maintain good hydration and protect against
invading microorganisms [23]. In this research, the pH of
formulated O/W nanoemulsions was determined weekly
for six weeks, and they were found to range between pH
4.66 to 5.55. All formulations generally showed a decreasing

Indones. I. Chem., 2021, 21 (2), 400 - 410

(a)

/TR A :

e ‘, (= {1

A . - - 1 L 4
T T2 T3 T4 T5 T6 17

(b)

T T2 T3 T4 T5 TG 7
le)
4 (T3
. J‘uu
2°C 25°C 37*C

Fig 2. The appearance of Formulations 1-7 after the (a)
freeze-thaw cycle test, (b) extended storage at 2 °C after
6 weeks, (c) storage at 25 °C after 6 weeks and (d) storage
at 37 °C after 6 weeks (e) Formulations of Trial 6 (best
formulation) stored under different temperatures (2, 25,
37 °C) after 6 weeks

trend in terms of pH value from week 1 to week 6. This
can be attributed to the presence of free fatty acids
liberated by the degradation of the oil phase components
or the hydrolysis process caused by the temperature
factor [14].

The outcome of this study corroborated the
likelihood that the O/W KA nanoemulsions had
undergone oxidation under the high storage temperature.
Literature has shown that high temperatures tend to
promote the release of a higher concentration of free
hydrogen ions, which lowers a system's pH. In the case of
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Fig 3. Graph of pH values for Trial 1-7 over 6 weeks

this study, the destabilizing factor of a reduced pH in the
KA nanoemulsion has to be the surplus of hydrogen ions.
These ions counteracted the negatively charged ions and
undesirably reduced the zeta potential. This accelerated
flocculation within the O/W system [42]. However, all KA
formulations' pH values observably remained within the
ideal range of the skin pH (between 4-6), thus indicating
their [14]. In
demonstrated that the formulated KA nanoemulsions are

stability conclusion, the results
within the suggested pH range and suitable for topical
applications on human skin. The trend of pH value over

six weeks observed in this study is illustrated in Fig. 3.
m CONCLUSION

In this study, the nanoemulsion containing KA
screening was done successfully to prepare by a combined
treatment of ultrasonication and hot-temperature
methods. The study discovered that the Trial 6
formulation with the highest ratio of Tween 80 to water
(1:4.875 v/v) yielded the best PDI at 0.255 + 0.006, which
corresponded to an average particle size of 90.57 + 1.401
nm. Trial 6 formulated KA nanoemulsion showed good
storage capability under low temperature (2 °C) and room
temperature (25 °C), as supported by the absence of phase
separation. However, three weeks into storage at 37 °C,
the KA nanoemulsion turned slightly yellowish, which
signified the onset of phase separation. Thus, a review of

parameters to prepare the nanoemulsion must be done
to improve the storage stability at this temperature. The
absence of phase separation after three consecutive
freeze-thaw cycles and centrifugal tests affirmed the
kinetically stable KA nanoemulsions, as their pH
remained within the recommended pH range of pH 4.95
to 5.18 for 6 weeks storage. The results collectively thus,
supported the continued suitability of the KA emulsion
for topical human skin applications.
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