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This study was performed to examine the stability of retinol contained within oil-in-water (O/W) emulsions
under UV and during storage at different temperatures. O/W emulsions were prepared using different emulsifiers
and oil concentrations. The stability of the retinol contained in the O/W emulsions was investigated by mea-
suring the percentage of residual retinol in the samples after UV exposure and storage at different temperatures
(4, 25, and 40 °C). The oil concentration of the emulsion had a greater impact on UV stability than the type of
emulsifier used, whereas the storage stability at different temperatures was affected by both the choice of

emulsifier and the oil concentration. The storage stability of the retinol contained in the O/W emulsions may be
related to the lipid oxidation properties of the emulsions rather than the latter’s physical stability. Experiments
with EDTA and different oil types were performed to confirm this theory.

1. Introduction

All-trans retinol (AR) is a hydrophobic vitamin A compound that is
essential for animal growth, proper functioning of the optical trans-
duction system and the immune system, and differentiation of epithelial
tissue (Eskandar, Simovic, & Prestidge, 2009a,b; Sauvant, Cansell,
Sassi, & Atgié, 2012).

Many studies have been performed to improve the stability of re-
tinol, especially for use in pharmaceutical and cosmetic formulations
(Asai & Watanabe, 2000; Jenning & Gohla, 2001; Ghouchi-Eskandar,
Simovic, & Prestidge, 2012; Yanaki, 2001). However, little research has
been done in the food sector. Retinol deficiency can cause severe health
problems because retinol plays an important role in many of the body’s
physiological processes. Many children in developing countries still lose
their sight and die from a lack of retinol. The primary cause of vitamin
A deficiency is insufficient dietary intake, which can be corrected by
consumption of vitamin A-rich foods. However, retinol, with trans
double bonds in the isoprenoid side chain, is easily degraded as it is
sensitive to oxygen, heat, and light, and degrades through various in-
stability pathways such as isomerization to cis-isomers, molecular
fragmentation, and photochemical oxidation-reduction (Lee et al.,
2002; Goncalves, Estevinho, & Rocha, 2016). In addition, it is difficult
to incorporate retinol directly into food products because retinol may
crystallize at room temperature and has low water solubility. Therefore,
many studies have worked on developing formulations and delivery
systems that improve the incorporation of retinol into food and increase
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its chemical stability in food products (Eskandar et al., 2009a,b;
Jenning & Gohla, 2001; Lee et al., 2002).

A number of delivery vehicles for retinols have been developed,
including liposomes, nanoemulsions, solid lipid nanoparticles, forma-
tion of complexes, and nanoparticle coated emulsions (Eskandar et al.,
2009a,b; Ghouchi-Eskandar, et al., 2012; Jenning & Gohla, 2001; Lee
et al., 2002; Qi & Shieh, 2002; Yoshida, Sekine, Matsuzaki, Yanaki, &
Yamaguchi, 1999). For food applications the retinol delivery system
must fulfil specific functions, such as stabilizing retinol, preventing its
degradation during food processing and storage, and minimizing the
effects of reactive species on the system, whilst not modifying the
sensory properties of the food product.

Yoshida et al. (1999) loaded retinol into three types of emulsions,
oil-in-water (O/W), water-in-oil (W/0), and oil-in-water-in-oil (O/W/
0), and reported that the stability of retinol in the O/W/O was the
highest amongst the three types of emulsions, suggesting that O/W/O
emulsions are useful formulae for stabilizing vitamin A (Yoshida et al.,
1999). Another study investigated the chemical stability and phase
distribution of AR in nanoparticle-coated emulsions and reported that
the chemical stability of AR in this system was linked to the phase
distribution of the active agent and the interfacial structure of the
emulsions (Eskandar et al., 2009a). In addition, a study revealed that
the aqueous solubility of all-trans retinoic acid (ATRA) increased when
ATRA formed a complex with B-cyclodextrins (Qi & Shieh, 2002).

In this study, retinol-loaded O/W nanoemulsions were prepared and
their characteristics were investigated. It is the first step in developing a
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retinol delivery system applicable to food products, as O/W emulsions
are one of the delivery systems that can be easily and economically
manufactured. This paper also presents the effects of emulsifiers
(Tween 20, decaglycerin myristate, and whey protein isolate) and oil
concentrations on the UV and storage stability of retinol contained in
O/W emulsions. It is well known that the emulsifier is an important
factor for manufacturing the stable emulsion systems. Some of emul-
sifiers such as polysorbate and glycerol esters are solely emulsifiers,
which are called small molecule emulsifiers, while some of them such as
milk proteins and modified starches have both emulsifying and stabi-
lizing properties, which are called as large molecule emulsifiers.
Therefore, two types of emulsifiers were used to prepare emulsion in
current study (Mao et al., 2009). Tween 20 and decaglycerin myristate
were used as small molecule emulsifier and whey protein isolate was
used as large molecule emulsifiers.

2. Materials and methods
2.1. Materials

AR and Tween 20 were purchased from Sigma Aldrich (St. Louis,
MO, USA). Chemical Co. Whey protein isolate (WPIL; Product code:
9500) was obtained from Protient, Inc. (St. Paul, MN, USA).
Decaglycerin myristate (DM) was obtained from Mitsubishi-kagaku
Foods Corporation (Shinba-koen, Minato-ku, Tokyo, Japan). Soybean
oil and coconut oil were purchased from a local supermarket and used
without further purification. All other chemicals were of analytical
grade.

2.2. Preparation of retinol-loaded O/W nanoemulsions

To ensure the same amount of retinol was added to the emulsions
prepared with different oil concentrations, 5, 1, 0.5, 0.25, 0.125 and
0.05 wt% of retinol was directly added to 0.1, 0.5, 1, 2, 4 and 10 g of oil,
respectively, to obtain O/W nanoemulsions containing 0.1, 0.5, 1, 2, 4
and 10 wt% oil, respectively. The retinol-containing soybean oil was
sonicated (Ultrasonic cleaner-Powersonic 410, Hwashin, Seoul, Korea)
for 15min to ensure complete retinol dissolution. Three emulsifiers
(Tween 20, DM, and WPI) were used to investigate the effect of
emulsifier type on the stability of retinol contained in O/W nanoe-
mulsions. Emulsifier solutions were prepared by adding each emulsifier
to 10 mM phosphate buffer (pH 7) and gently stirring for 3 h. The used
ratio of oil to emulsifier of prepared emulsions was 6:1. Coarse emul-
sions were prepared by mixing combinations of retinol-containing oils
and emulsifier solutions using a high speed blender (ULTRA-TURRAX
model T25 digital, IKA, Germany) for 1 min at 12,000 rpm. Then nano-
sized emulsions were prepared by passing the solution through a mi-
crofluidizer (Picomax MN 250A, Micronox, Seongnam, Korea) three
times at 0.5 MPa. All samples were stored at 4 °C.

In addition, to check the zeta-potential value of retinol-loaded O/W
nanoemulsion when the amount of retinol contained in oil is different,
retinol-loaded Tween 20-stabilized emulsions were prepared with a
fixed oil concentration of 4 wt% and varying amounts of retinol (1.25,
2.5, and 5 mg). The following procedures were the same as the above.

2.3. Characteristics of the emulsions

The droplet size, size distribution and zeta-potential of the emul-
sions were analyzed by the dynamic light scattering method using
Zetasizer (Zetasizer Nano ZS90, Malvern Instruments Ltd.,
Worcestershire, UK). Prior to analysis, the emulsions were diluted with
10 mM phosphate buffer (pH 7) to avoid multiple scattering. Mean
droplet size (Z-average) was obtained from the graph of single intensity.

After diluting the emulsion 100-fold, the turbidity of the emulsions
was measured with a UV spectrophotometer (UV-1800, SHIMADZU,
Japan) at 500 nm.
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2.4. UV stability of retinol in O/W nanoemulsions

The UV stability of retinol loaded in O/W nanoemulsions was in-
vestigated using a UVA irradiation chamber. Each sample (4 mL) was
placed on a rotating plate at a distance of about 10 cm from the G8T5
UV lamp (8 W; Philips, Poland) and irradiated with UV for up to 24 h.

The concentration of retinol remaining in the emulsions was de-
termined using spectrophotometric analysis.

2.5. Storage stability of retinol in O/W nanoemulsions

To evaluate the storage stability of retinol loaded in O/W nanoe-
mulsions, each prepared emulsion (1 mL) was added into a 1.5mL
brown tube and stored at 4, 25 or 40 °C. The amount of retinol re-
maining was measured for 1 week. Samples were equilibrated at room
temperature for 10 min before analysis. Bulk oil containing retinol was
used for comparison. The remaining concentration of retinol was de-
termined using spectrophotometric analysis.

2.6. Retinol content analysis

The retinol content was determined using the method published by
Zhao et al. (Zhao, Guan, Pan, Nitin, & Tikekar, 2015) with slight
modification. To extract the retinol contained in the oil and emulsions,
100 pL of each sample was mixed with 1900 pL of methanol (20 times
dilution) using a vortex mixer for 1 min. Then the mixture was cen-
trifuged (Supra-22K, HANIL, Korea) at 14,000 rpm for 10 min and the
supernatant was filtered using a 0.45 pm filter (Part no. 89713, TPP,
Switzerland). The absorbance of the retinol in the filtered supernatants
was measured at 325 nm. Blank samples containing emulsions without
retinol were also tested. The absorbance was measured using a UV
spectrophotometer (UV-1800 model, Shimadzu, Japan). The standard
curve (R? = 0.998) was prepared by measuring the absorbance of
known concentrations of retinol in methanol.

2.7. Effect of EDTA and oil type on retinol stability

To determine the effect of EDTA on retinol stability, EDTA (75 mM)
was added to retinol-loaded O/W nanoemulsions prepared with WPI
and 4 wt% oil and prepared emulsions were stored at 4, 25, and 40 °C
for one week. In the case of the effect of oil type on retinol stability, it
was examined by comparing the residual retinol content from soybean
oil emulsion to that from coconut oil emulsion. The % residual retinol
was determined as described above.

2.8. Statistical analysis

All data were analyzed using SPSS for Windows (version 24.0; SPSS
inc., Chicago, IL, USA). The one-way ANOVA test was performed fol-
lowed by Student-Newman-Keuls’s multiple range tests. All data are
reported as means * standard deviations. A p-value < 0.05 was
considered statistically significant.

3. Results and discussion
3.1. Characterization of retinol-loaded O/W nanoemulsions

3.1.1. Effect of the emulsifier type

The retinol-loaded O/W nanoemulsions were prepared with Tween
20, DM and WPI, and the characteristics of the prepared emulsions were
examined by measuring droplet size and zeta-potential (Fig. 1). The
zeta-potential of the emulsions stabilized by Tween 20, DM and WPI
were around —10.3 + 1.5, —13.4 = 2.1, and —44.6 = 1.1 mV, re-
spectively. WPI-stabilized emulsion droplets were highly negative
compared to those stabilized by Tween 20 and DM because the emul-
sions were prepared at pH 7, which is appreciably above the isoelectric
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Fig. 1. Mean droplet size (A) and zeta-potential of retinol-loaded O/W emulsions (B) prepared with different emulsifiers. For measuring size and zeta-potential,
emulsions prepared with 0.1, 0.5, 1.0, 2.0, 4.0 and 10.0% oil were used. Different lower case mean significant difference (p < 0.05) on the zeta-potential between
emulsions with different oil concentrations. T20; Tween 20, DM; Decaglycerin myristate, WPI; Whey protein isolate. Zeta potential value (C) of retinol-loaded O/W
emulsion (4% oil emulsion using Tween20 as an emulsifier) when the amount of retinol contained in oil is different (1.25, 2.5 and 5mg in 4 g oil). Different lower

case mean significant difference (p < 0.05).

point of WPI (pI ~ 5). Even though Tween 20 and DM are non-ionic
emulsifiers, the emulsion droplets containing these emulsifiers had an
appreciable negative charge. Previous studies have reported adsorption
of impurities or of OH- species from water to the oil-water interface
(McClements, 2005; Marinova et al., 1996; Salvia-Trujillo, Qian,
Martin-Belloso, & McClements, 2013), which could explain this result.

The mean droplet sizes of the emulsions stabilized with Tween 20,
DM, and WPI were around 200 nm and there were no significant dif-
ferences between the different emulsions (Fig. 1(A)). Droplet size dis-
tributions were monomodal showing a single peak (data not shown)
and phase separation of retinol was not observed from any of the
emulsions. Therefore, these results suggest that stable retinol-loaded
emulsions were prepared using the method presented in this study and
that the choice of emulsifier did not significantly affect the character-
istics of the emulsions.

3.1.2. Effect of the oil concentration

Emulsions with different oil concentrations but equal amounts of
retinol were prepared. The oil concentration did not significantly affect
the mean droplet size or droplet distribution. However, the zeta-po-
tential value did vary depending on the emulsion’s oil concentration
(Fig. 1(B)). As the oil concentration increased, the absolute value of the
zeta-potential decreased in Tween 20 and DM stabilized emulsions. This
result may be due to the amount of retinol present in the oil. According
to previous studies, the amphiphilic AR may adsorb to the oil-water
interface by means of the hydroxyl group in its isoprenoid side chain
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(Eskandar et al., 2009a). Hence, the lower the oil concentration, the
higher the relative amount of retinol present in the oil, and the more
retinol present at the interface resulting in an increased negative zeta-
potential value. This effect was strong in Tween 20 and DM-stabilized
emulsions, but was negligible in WPI-stabilized emulsion.

In order to confirm this theory, retinol-loaded Tween 20-stabilized
emulsions were prepared with a fixed oil concentration of 4 wt% and
varying amounts of retinol (1.25, 2.5, and 5 mg). The results show that
as the amount of retinol in the oil increased, so did the negative value of
the zeta-potential (Fig. 1(C)). The zeta potential is a measure of the
charge on the surface of the oil droplet. Therefore, this result indicates
that the change in value might be caused by retinol dispersing on the
surface of the oil rather than within the oil, thus affecting the surface
charge. In a previous study, it was found that when a-tocopherol was
encapsulated in the lipid droplets of an O/W emulsion, its hydrophilic
group was in the continuous phase, whereas its lipophilic tail was in the
oil; hence, a-tocopherol was distributed on the surface of the oil dro-
plets (Silvestre, Chaiyasit, Brannan, McClements, & Decker, 2000). Si-
milarly, retinol is mainly hydrophobic with the exception of a single
hydroxyl group that prevents it from completely dispersing in oil. These
observations are related to the UV and storage stability of the retinol
contained in the investigated O/W emulsion systems, which will be
explained later in this paper.
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Fig. 2. UV-stability of retinol incorporated in O/W emulsions prepared with
decaglycerin myristate as an emulsifier and different concentration of oil (0.1,
0.5, 1, 2, 4 and 10%).

3.2. UV stability of retinol in O/W nanoemulsions

The UV stability of retinol incorporated into the oil phase of
emulsions was investigated by measuring the % residual retinol after
sample exposure to UV (Fig. 2). The % residual retinol was measured at
various time points over 24 h and the UV stability of the retinol con-
tained in the emulsions was compared to that of retinol contained in
bulk oil (control). The results show that as the emulsion’s oil con-
centration increased, so did the UV stability of the retinol it contained.
However, when comparing the UV stability of the retinol contained in
the emulsions to that of the retinol dispersed in bulk oil, it was seen that
at oil concentrations below 10 wt%, the retinol retention rate of the
emulsions was lower than that of the bulk oil. However, at 10 wt% oil,
the retinol retention rate of the emulsions became greater than that of
the bulk oil. This result suggests that the O/W nanoemulsions systems
with low oil concentrations, irrespective of the emulsifier used (Tween
20, DM, or WPI), are not effective at protecting retinol against UV;
however, over a certain oil concentration, they become effective.

Emulsions form oil droplets, therefore, a larger lipid surface area is
exposed to the water phase and light than with bulk oil; thus, more light
can penetrate into the emulsions. Furthermore, as previously men-
tioned, retinol is likely to be dispersed on the surface of the oil rather
than entirely within the oil. Thus, the retinol that is contained within
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the emulsion systems is more easily reached and degraded by UV
compared to retinol dispersed in bulk oil.

Eskandar et al. (2009a) reported that despite the relatively low
water solubility of retinol at room temperature and pH 7.3, retinol can
move through the aqueous phase, thus, resulting in the fast partitioning
of AR from the oil phase of the emulsions to the aqueous phase. They
also suggested that this kind of distribution of AR could be limited by
adding an interfacial barrier such as a silica-oleylamine complex at the
oil-water interface (Eskandar et al., 2009a). Cho, Cho, Choi, and
Cheong (2012) prepared the Retinol 50C emulsion, which is co-stabi-
lized with triblock copolymers. They suggested that the UV stability of
retinol was improved by using triblock copolymers with a long PCL
(polycaprolactone) block length and low HLB value (Cho et al., 2012).
These previous studies suggest that the structure of the oil-water in-
terface and the interaction of retinol with the emulsifier at the interface
may be another important factors to protect the retinol loaded in O/W
emulsions from UV degradation. Therefore, we deduced that the
emulsifiers used in this study were not effective for retinol partitioning
at lower oil concentrations.

The higher UV stability of retinol contained in emulsions with 10 wt
% oil was likely attributable to the turbidity of these emulsions because
more lipid droplets could scatter light. We hypothesized that differ-
ences in the ability of UV to penetrate the emulsions affected the UV
stability. The turbidity of the emulsions was measured to prove this
hypothesis. Measured turbidity values of emulsions containing 0.1, 0.5,
1.0, 2.0, 4.0, and 10 wt% oil were 0.069 + 0.002, 0.159 + 0.012,
0.344 = 0.014, 0.555 = 0.024, 0.799 + 0.006, and 1.497 + 0.02,
respectively. Emulsions prepared with lower oil concentrations were
more transparent. As the oil concentration in the emulsions increased so
did the turbidity, suggesting that the turbidity of O/W nanoemulsions
can affect the UV stability of the retinol contained in the emulsions.

3.3. Storage stability of retinol at different temperatures

The effect of storage temperature (4, 25 and 40 °C) on the stability
of the retinol contained in the emulsions prepared with different oil
concentrations and emulsifiers was examined.

First, the stability of the emulsions themselves was examined by
measuring the mean droplet size and zeta-potential over time. The
mean droplet size of freshly prepared emulsions with different oil
concentrations and emulsifiers was not significantly different
(Fig. 1(A)), however, when the emulsions were stored at different
temperatures, the droplet size and appearance of the emulsions
changed depending on the oil concentration and storage temperature
(Fig. 3). At 4°C and 25 °C, the mean droplet size was not affected.
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Fig. 3. Changes in the particle size (A) and zeta potential value (B) of O/W emulsions stored at different temperature (4, 25 and 40 °C) and for one week. Emulsions
were fabricated with different oil concentrations (0.3, 4% oil emulsion) and different emulsifiers (Tween 20 (T20), Decaglycerin myristate (DM) and WPI). * means
significant difference (p < 0.05) on the value between emulsions stored at different storage temperatures.
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Fig. 4. Retention rate (%) of retinol in O/W emulsion according to oil concentration (0.3, 4 and 10% w/w),

myristate (DM) and WPI) and storage temperature (4, 25 and 40 °C).

However, at 40 °C a relationship between the size of the emulsion
droplets and the oil concentration of emulsions was observed. At a re-
latively lower oil concentration (0.3 wt% oil), the size of the emulsion
droplets increased over time and the emulsions were unstable regard-
less of the type of emulsifier used, whereas, the mean droplet size and
size distribution (data not shown) were kept constant at a higher oil
concentration (4 wt%). The zeta-potential values confirmed these re-
sults. When the emulsions prepared with 0.3 wt% oil were stored at
40 °C, the value of the negative charge decreased indicating that the
repulsive forces between the oil droplets became weaker.

The storage stability of the retinol contained in the emulsions was
investigated by measuring the % residual retinol throughout 1 week of
storage at different temperatures (Fig. 4). At a storage temperature of
4°C, the retinol concentration in the Tween 20- and DM-stabilized
emulsions was maintained regardless of the oil concentration. However,
the % residual retinol in the WPI-stabilized emulsions decreased in a
manner similar to the retinol contained in the bulk oil. When samples
were stored at 25 °C, the % residual retinol was dependent on the oil
concentration of the emulsions. After 1 week of storage, the % residual
retinol in Tween 20- and DM-stabilized emulsions with higher oil
concentrations (4 and 10 wt%) was around 80%, which was higher than
in the bulk oil. However, lower residual amounts of retinol were found
in the emulsions stabilized with WPI than in the bulk oil at this storage
temperature, even though the droplet size of the WPI emulsions did not
change over time. At a storage temperature of 40°C, none of the
emulsion systems were able to prevent retinol from degrading during
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type of emulsifier (Tween 20 (T20), Decaglycerin

storage, and the rate of decomposition increased as the oil concentra-
tion decreased.

We expected that the stability of the emulsions themselves would be
related to retinol stability during storage, however, the results suggest
that the ability of the emulsions to stabilize retinol over long periods of
storage is not related to the physical stability of the emulsions them-
selves. The mean droplet size of the emulsions prepared with a higher
oil concentration (4 wt%) was not changed after storage regardless of
the temperature or the type of emulsifier (Fig. 3). However, at high
temperatures, the stability of the retinol contained in the emulsions was
lower than that of the retinol in bulk oil. The retinol retention rate of
the retinol-loaded WPI-stabilized emulsions was lower than that of bulk
oil at all temperatures. This may be caused by lipid oxidation. It is well
known that the rate of oxidation is significantly enhanced in O/W
emulsion systems compared to bulk food products because of the large
lipid surface area and preferential localization of lipid hydroperoxides
at the oil-water interface (Chaudhari & Nitin, 2015; McClements &
Decker, 2000).

Although the % residual retinol of the emulsion systems decreased
over time, around 80% of the retinol was maintained in the higher oil
concentration Tween 20- and DM-stabilized emulsions at storage tem-
peratures of 4 and 25 °C. However, the % residual retinol in the WPI-
stabilized emulsion was constantly lower than that in the bulk oil. The
type of emulsifier used can affect lipid and retinol oxidation. Tween 20
and DM are nonionic emulsifiers, whereas WPI is anionic emulsifier.
Previous studies have reported that anionic emulsifiers promote lipid
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oxidation within emulsion systems (Hu, McClements, & Decker, 2003;
McClements & Decker, 2000). They reported that the lipid oxidation
rates were highest for negatively charged droplets, whereas they were
fairly lower and similar for uncharged droplets and positively charged
surface. Negatively charged droplets can easily react with trace
amounts of metal ions present in the aqueous phase. This may explain
the greater degradation seen with WPI. Another factor is the effect of
the aqueous phase pH on the trace amounts of iron ions in the water.
For example, at pH 7, the solubility of iron ions is low so they are not
dissolve in the aqueous phase but rather exist at the oil-water interface;
thus, oxidation is promoted on the surface of the oil droplets (Donnelly,
Decker, & McClements, 1998). Moreover, in this study the emulsions
were prepared at pH 7, which is higher than the pI of WPI, so within our
emulsion systems WPI was negatively charged. As mentioned pre-
viously, retinol was distributed at the oil-water interface of the emul-
sions and within the oil, therefore, it is likely that the retinol contained
in the emulsions stabilized with WPI was exposed to conditions that
would cause it to be more easily oxidized.

3.4. Effect of EDTA and oil type on retinol stability

In order to confirm whether the interpretations given above are
correct, EDTA, which chelates metals, was added to the retinol-loaded
O/W nanoemulsions prepared with WPI. The % residual retinol are
shown in Fig. 5. At a storage temperature of 4 °C, the % residual retinol
in the emulsion with EDTA became higher than in that without EDTA
after 3 days. However, at 25 and 40 °C, the % residual retinol was
higher in the emulsion containing EDTA than in that without EDTA
throughout the 7 days, suggesting that WPI reacts with the metal ions
present in the aqueous phase promoting the oxidation of retinol.

Finally, the effect of the oil type on the stability of the retinol
contained in O/W nanoemulsions was examined. If lipid oxidation was
responsible for retinol degradation, we hypothesized that retinol-loaded
emulsions prepared with different oils that have different lipid oxida-
tion rates, would show different retinol retention rates. In this study,
the oil used to make the O/W emulsions was soybean oil, which is a
long-chain triglyceride containing about 55% linoleic acid, and which is
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vulnerable to oxidation. Alternatively, coconut oil composed of 95%
medium-chain triglyceride was used to prepare emulsions (Kupongsak
& Sathitvorapojjana, 2017).

The stability of retinol was higher in emulsions prepared using co-
conut oil (Fig. 5). The retention rate of retinol in WPI-stabilized
emulsions was similar to that of bulk oil at 4 °C but lower at 25 and
40 °C. However, when the soybean oil was replaced with coconut oil,
the retention rate of retinol improved at all of temperatures. These
results are due to the different compositions of fatty acids of the two
kinds of oils. Oxidation is promoted as the number of double bonds
increases. In other words, the higher the content of unsaturated fatty
acids, the more easily the oxidation proceeds. Soybean oil has about
15% saturated fatty acid and about 80% unsaturated fatty acid,
whereas coconut oil has only 9% unsaturated fatty acid (Kupongsak &
Sathitvorapojjana, 2017). Therefore, the oxidation rate of the oil used
in the emulsion has an effect on the oxidation of the retinol distributed
at the oil’s surface.

From these results, we concluded that the stability of the retinol
incorporated into WPI-stabilized emulsions was especially lower than
that of retinol contained in other emulsions or bulk oil because of the
greater lipid oxidation in these emulsions. It was also seen that retinol
stability was not dependent on the physical stability of the emulsions
themselves, but on the oxidation properties of the emulsion systems,
which could be affected by various factors, such as the type of emul-
sifier used, the unsaturated fatty acid content, the pH, etc. Ultimately
affecting the rates of retinol oxidative degradation.

4. Conclusions

The stability of retinol contained within O/W nanoemulsions under
UV and during storage at different temperatures was examined. After
exposure to UV, the % residual retinol was lower in emulsions systems
prepared with low oil concentrations than in bulk oil. However, above
10 wt% oil concentration, the % residual retinol was greater than in the
bulk oil because of the higher turbidity of the emulsions. This result can
be rationalized using the following explanations: i) emulsion systems
have larger lipid surface areas exposed to the aqueous phase and more
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light can penetrate through the emulsions than the bulk oil, ii) as shown
by the zeta-potential measurements, within the emulsions retinol is
dispersed on the surface of the oil, suggesting that the degradation of
retinol occurs at the water-oil interface.

The results obtained from storage experiments of retinol-loaded O/
W nanoemulsions suggested that the long-term stability of retinol in-
corporated into O/W nanoemulsions might be related to the chemical
stability of the emulsions rather than their physical stability. This
means that although the emulsions themselves were physically stable,
some systems such as the WPI-stabilized emulsions still had poor retinol
retention rates, possibly due the presence of factors that promote oxi-
dation within these systems.
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