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Abstract

Arthrospira platensis is a blue-green microalgae that has carotenoid as the main pigments,
with the largest content being beta-carotene. Carotenoids are a type of pigment that is
water insoluble, unstable, and has a limited bioavailability. One of the efforts to improve
its solubility and stability, especially with regard to its anti-photooxidation capabilities, is
to make it into a microemulsion. This study aimed to develop the most stable oil-in-water
(O/W) microemulsion containing carotenoids from A. platensis for use as an anti-
photooxidation agent in vitamin C beverages. Microemulsions consist of three distinct
phases: oil, water and surfactant. The oil phase consisted of virgin coconut oil (VCO) or
palm oil, with 7.5% and 15% and the aqueous phase was distilled water at a concentration
of 65% or 80%. The surfactant used a combination of Tween 80, Tween 20, and Span 80
with a final hydrophilic-lipophilic balance or HLB value of 14.5. All microemulsion
formulations were incubated for 24 hrs before being tested for stability by centrifugation
at 3000 rpm for 30 mins, heating at 105°C for 5 hrs, and storage for 2 and 4 weeks. The
resulting turbidity index was used to test the microemulsion's stability. The most stable
microemulsion was chosen as a delivery system for carotenoid compounds. The
carotenoid microemulsion was also tested by centrifugation, heating, and stability at
different pH (6.5 and 4.2) and in varied ratios (1:1, 1:9 and 1:99). The results revealed that
the concentration of oil and water phases in the microemulsion formulation influenced the
microemulsion's stability. The best formulation obtained was a microemulsion with 7.5%
of virgin coconut oil, 80% of water concentration, and surfactant with a ratio of 92:5.5:2.5
(Tween 80: Span 80:Tween 20). The most stable carotenoid microemulsion was a
microemulsion with 100 ppm of carotenoid added. The carotenoid microemulsion was
able to inhibit photooxidation at 4000 lux for 4 hrs. The vitamin C beverage model added
with 6 ppm carotenoid microemulsion was able to inhibit photooxidation compared to the
control and 12 ppm, for up to 6 hrs and there was a significant decrease in vitamin C and
antioxidants after 24 hrs of photooxidation. 4. platensis carotenoid microemulsion with a
concentration of 6 ppm could inhibit photooxidation on vitamin C beverages for up to 6
hrs.

1. Introduction

Arthrospira platensis is a blue-green microalgae

being beta-carotene (Vilchez et al., 2011). Beta-carotene
contained in A. platensis can be converted into vitamin A

(cyanobacterium), multicellular and filamentous with a
high concentration of proteins (containing all essential
amino acids), polyunsaturated fatty acids (rich in
linolenic acid, linoleic acid, stearidonic acid,
eicosapentaenoic acid, docosahexaenoic acid,
arachidonic acid), vitamins, phenolics, and pigments
(phycocyanin, chlorophyll a, beta-carotene, and
xanthophylls) (Habib ef al., 2008). The main pigments in
A. platensis are carotenoids, with the largest content

*Corresponding author.
Email: sitabudhiyanti@ugm.ac.id

by the body (Christwardana et al., 2013). The content of
beta-carotene in 1 gram of 4. platensis is 2,300 IU which
is 19 times higher than that of carrots, which is 120 U/
gram (Maulina, 2011), and 4 times higher than pumpkin,
which is 597.3 [U/gram (Henrikson, 2000; Gardjito et
al., 2006). The beta-carotene extracts from A. platensis
can reach 37-47.10% dry weight as the main carotenoid
component, along with other carotenoids (Abd El-Baky
et al., 2007; Dey and Rathod, 2013). Beta-carotene is a
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hydrophobic antioxidant that can act as the best natural
quencher compound to minimize photooxidation in food
systems. Beta-carotene has the ability to act as a singlet
oxygen quencher, with the singlet oxygen quenching rate
of beta-carotene being higher than that of alpha-
tocopherol, at 4.6x10° M"' s and 2.7x10" M s,
respectively (Beutner et al., 2000; Min and Boff, 2002).

Carotenoids are a type of pigment that is water
insoluble, unstable, has a high melting point, and has a
limited bioavailability (Qian et al., 2012). Furthermore,
carotenoids also have a high susceptibility to chemical
degradation, so their use in food and beverage products
is very limited (Piorkowski and McClements, 2014). One
of the efforts to improve solubility and stability,
especially as regards its anti-photooxidation capabilities,
is to make it into a microemulsion.

Microemulsions are thermodynamically stable,
visually transparent, and optically isotropic systems, with
an aqueous and an oily phase stabilized by an interfacial
film of a suitable surfactant, with a droplet size smaller
than 100 nm (Barbosa et al., 2011; Amiri-Rigi et al.,
2016). It can be used as a delivery system for
hydrophobic compounds to improve their effectiveness
and bioavailability (Flanagan and Singh, 2006).
Microemulsions have more benefits than regular
emulsions and nanoemulsions since they may be
prepared without requiring a great deal of energy and are
translucent due to the smaller droplet size (Anton and
Vandamme, 2011). Due to their increased solubility, oil-
in-water (O/W) microemulsions have proven to be an
effective vehicle for the integration of lipophilic
nutrients into aqueous systems, as reported by Silva et al.
(2015). Several studies have reported the addition of
vitamin E, retinol, fish oil (omega 3), beta-carotene, and
other carotenoids to these systems. According to Moulik
et al. (2000), lycopene can be solubilized in a
microemulsion at a concentration up to 10 times greater
than its dissolution in a completely lipophilic system.
The author observed that the molecule was more stable
when microemulsified, with average of deterioration
between 34.5 and 52% after 72 days of storage, whereas
the control experiment (non-microemulsified lycopene)
exhibited 100% deterioration during the same time
period.

O/W microemulsion is an efficient method to get
hydrophobic substances like carotenoids dissolved into
water systems so that they can be used in a variety of
applications (Singh et al., 2016). Microemulsions have
high stability and solubility when a mixture of
surfactants is obtained with the right ratio. The use of a
combination of hydrophobic and hydrophilic surfactants
can minimize the microemulsion's interfacial tension and
droplet size, resulting in a stable microemulsion (Cho et
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al., 2008). Permana and Suhendra (2015) claimed that O/
W microemulsions composed of a mixture of surfactants
such as tween 20, tween 80, and span 80 can produce
microscopic droplets while causing no toxicity, making
them safe to consume. Ariviani et al. (2015) found that
beta-carotene microemulsion produced from palm oil
exhibited greater chemical stability than virgin coconut
oil when stored at different temperatures. However, the
viscosity, specific gravity, refractive index, and pH value
of both were not significant. In addition to surfactants
and oil, water is also a crucial component in the
formation of O/W microemulsions. The surfactant
formulation, oil phase, and water in the O/W
microemulsion must be determined to increase the
solubility and stability as a carrier for carotenoid
compounds from 4. platensis.

The use of a mixture of food grade surfactants and
oil phase in microemulsions as carriers of bioactive
compounds has been widely used, such as fucoxanthin
(Suhendra et al., 2012), astaxanthin and alpha-tocopherol
(Yuwanti et al, 2011), and synthetic beta-carotene
(Ariviani et al., 2011; Ariviani et al., 2015). However,
the use of a mixture of food grade surfactants (a
combination of Tween 20, Tween 80, and Span 80) and
oil phases (virgin coconut oil (VCO) and palm oil) in O/
W microemulsions as carriers of carotenoid compounds
from A. platensis has never been done. Determination of
the formulation of food grade surfactants (combination
of Tween 20, Tween 80, and Span 80) and oil phase
(VCO and palm oil) in O/W microemulsions needs to be
done to improve solubility and stability as a carrier for
carotenoid compounds from A. platensis.

Photooxidative damage in food products can lead to
the formation of off-flavors and damage to nutrients such
as amino acids, essential fatty acids, vitamin D, and
vitamin C so that the product is less attractive to
consumers (Lee, 2002). Photooxidation can be inhibited
by antioxidants that act as quenchers in three ways,
namely excited triplet sensitizer quenching, physical
singlet oxygen quenching, and chemical singlet oxygen
quenching (Pokorny et al., 2001). The effectiveness of
carotenoids as quencher compounds has been proven in
various studies including beta-carotene microemulsions
in aqueous food models that are close to the citrus juice
system and citrus-flavored beverages with erythrosine as
a sensitizer (Ariviani et al., 2011), in models of
beverages fortified with lutein compounds (Ariviani et
al., 2011; Kline et al., 2011), and a model of a beverage
containing a fucoxanthin microemulsion (Suhendra et
al., 2014). The purpose of this study was to determine
how carotenoid microemulsions from A. platensis were
produced, how stable they were, and how efficiently they
inhibit photooxidation. However, the use of carotenoids
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from A. platensis to inhibit photooxidation in beverage
models containing vitamin C has not been carried out.
The potential of carotenoid microemulsions in inhibiting
the photooxidation of vitamin C was determined by
testing the antiphotooxidative activity at various
concentrations.

2. Materials and methods
2.1 Extraction of carotenoids from Arthrospira platensis

Nine grams of Arthrospira platensis were weighed
and placed in a three-neck flask lined with aluminum
foil, along with 27 mL of ethanol and 270 mL of hexane
solvent. The three-neck flask was then installed on the
condenser and hotplate stirrer, and extracted for 3.4 hrs
at a constant speed at 51.9°C (Wahyu and Yanuar, 2010).
The carotenoid extract solution was then evaporated for
20 mins at 45°C in a rotary vacuum evaporator, and
nitrogen gas was sprayed on the extract until the
remaining solvent was entirely evaporated and a thick
carotenoid extract was obtained (Pahlevi ef al, 2008).
The carotenoid extract was collected in a bottle with
aluminium foil and kept in the freezer.

2.2 Formulation of microemulsions

The emulsification method was used to create
microemulsions using a combination of hydrophilic
(Tween 20 and Tween 80) and lipophilic surfactants
(Span 80). The surfactant mixture was adjusted to HLB
(v/v/v) in the range of 14.5 according to Table 1. The
surfactant formulation was combined with VCO or palm
oil at a treatment-specific ratio (v/v). The surfactant and
VCO combination were dropped with water dropwise
and agitated with a hotplate magnetic stirrer at 70£5°C
until the solution was transparent at a predetermined
water content.

The procedure for making carotenoid

Table 1. Microemulsion formulation.

89
microemulsions was the same as for making
microemulsions. Carotenoids were added to the oil-

surfactant combination, and then water was added
dropwise until the carotenoid concentrations reached 50,
100, 150 and 200 ppm, respectively.

2.3 Stability of microemulsions

The stability of microemulsions was tested against
centrifugation, heating, and storage using the method of
Cho et al. (2008). The stability test was carried out after
10 mL of the sample was centrifuged at 3000 rpm for 30
mins, after 15 mL of the sample was heated in an oven at
105°C for 5 hrs, and after 10 mL of the sample was
stored at room temperature for 2 and 4 weeks. An O/W
microemulsion was considered stable if it appeared
transparent, did not gel, and had a turbidity index of less
than 1%. The microemulsion turbidity was measured by
a UV-VIS spectrophotometer at a wavelength of 502 nm
with the formula : turbidity x cuvette length = 2,303 x
absorbance.

Microemulsions containing carotenoids were also
tested for microemulsion stability. The method of Cho et
al. (2008) was used to examine the stability of carotenoid
microemulsions against dilution and storage. After
diluting the microemulsion with citrate buffer pH 4.2 and
distilled water pH 6.5 in amounts of 1:1, 1:9, and 1:99,
stability testing was performed. The stability of the
carotenoid microemulsion was tested after storing 10 mL
of the sample at 4°C for 2 and 4 weeks.

2.4  Effect of photooxidation on  carotenoid
microemulsions
The effect of photooxidation on carotenoid

microemulsions and microemulsions without carotenoids
was investigated using the most stable microemulsion
formulation. The most stable microemulsion formulation

Water Oil Phase Surfactant formulation (% v/v) Sample
(% V) Tween80  Span 80  Tween 20

Virgin coconut oil (7.5%) 899%5 gg 255 ijlg
o< Virgin coconut oil (15%) 899%5 22 255 gé
Palm ol (7.5%) et . 5 o
Palm oil (15%) 0 . 5 D2
Virgin coconut oil (7.5%) 899%5 22 255 gé
“ Virgin coconut oil (15%) 89;5 gg 255 g;
Palm oil (7.5%) cos i O o2
Palm oil (15%) 0 iy 5 i)
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was added with 5 ppm erythrosine as a sensitizer. As a
control, erythrosine was not added to the microemulsion
with or without carotenoids. A total of 15 mL of the
sample was collected and placed in a vial with a rubber
seal. Then the sample was put into a lighting box
equipped with a fluorescent lamp with a light intensity of
4000 lux (Lee and Min, 1988). Peroxide value was
measured at 1 hr intervals for 4 hrs using the ferric
thiocyanate method (Adnan, 1980).

2.5 Preparation of vitamin C beverage model

The preparation of the Vitamin C Beverage Model
used the method by Ariviani et al. (2011). The model
beverage contained vitamin C (450 mg/L), sugar (6%),
citric acid (1%) and aquadest (92.89%) with 20 ppm FD
and C Red No. 3 (erythrosine) as a photosensitizer. The
microemulsion of carotenoids was diluted to obtain
concentrations of 6 ppm and 12 ppm. Next, 15 ml of the
beverage model was placed in a 50 mL bottle with a
rubber cap that may or may not be wrapped in aluminum
foil. Then, the bottle was sealed and exposed to 2000 lux
of fluorescent light for 24 hrs. A vitamin C test using the
UV photodynamic method and an antioxidant percentage
test (DPPH) were conducted at each 2-hr interval (0, 2,
4, 6 and 24 hrs).

2.6 Vitamin C analysis

Vitamin C was determined by the riboflavin-
sensitized photodynamic UV spectrometer method (Jung
et al., 1995). This method was based on the oxidation of
vitamin C samples by exposing them to 5500 lux for 15
mins and adding 6 ppm riboflavin as a sensitizer. The
absorbance of the sample was measured at a wavelength
of 265 nm. The quantification of vitamin C levels was
obtained by designing a vitamin C standard curve. As a
blank, a phosphate buffer pH 7.5 solution containing 6
ppm riboflavin was chosen. The rate of vitamin C loss
was measured by fitting a curve to the connection
between vitamin C levels (Y-axis) and light exposure (X-
axis). Vitamin C's photooxidative rate was represented
by the slope.

2.7 1,1-diphenyl-2-picrylhydrazyl test

The antioxidant test was conducted using the DPPH
free radical scavenging technique (1,1-diphenyl-2-
picrylhydrazyl) (Boeing et al, 2014). The test was
conducted by collecting a 0.1 mL sample and placing it
in a tiny falcon tube. Next, 10 mL of methanol pro-
analyte solvent was added, and the solution was vortexed
until it was completely mixed. The sample was
centrifuged at 3000 rpm for 15 mins. Then 1 mL of 0.1
mM DPPH was added to 0.5 mL of the solution in a dark
bottle. After 30 mins, the solution was left to stand. Then

the samples were calibrated using a UV-Vis
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spectrophotometer with a 517 nm wavelength. The blank
sample consisted of 0.5 mL of methanol combined with
1 mL of 0.1 mM DPPH.

2.8 Data analysis

The method used was Completely Randomized
Design (CRD) with 3 replications. The research data was
examined using Analysis of Variance (ANOVA) in the
SPSS 20, and the Duncan Multiple Range Test (DMRT)
was performed if a significant difference was detected.

3. Results and discussion
3.1 Microemulsion formulation

Stable microemulsions were produced by formulas
with a turbidity index of less than 1% and a translucent
appearance (Cho et al, 2008). Table 2 shows the
turbidity index for each formulation. The water and oil
concentrations had a significant effect on the stability of
the microemulsion (p<0.05). At 15% oil concentrations,
microemulsions containing 65%  water differed
significantly from microemulsions containing 80%
water, whether in VCO or palm oil. This was because the
utilized oil phase was triglyceride, which was surface
active and therefore incapable of forming an oil layer in
the amphiphilic-water system. It restricted the oil, water,
and surfactant systems that could be employed to create
microemulsions (Paul and Moulik, 2001).

According to the results in Table 2, there was an
interaction between water concentration and oil
concentration (p<0.05), but there was no interaction
between oil type and oil concentration in terms of
microemulsion stability (p>0.05). At 80% water
concentration, the microemulsion containing 7.5% oil
differed  considerably = from the
microemulsions carrying 15% oil concentration, both in
VCO and palm oil. The turbidity index for
microemulsions with a 15% oil concentration was
greater than 1%, and they appeared opaque. In the
meantime, microemulsions with a concentration of 7.5%
oil were not significantly different from those with a
concentration of 15% oil at a water content of 65%, both
appeared transparent, and the turbidity index was less
than 1%. It was due to an imbalance in the oil-to-water-
to-surfactant ratio. By increasing the oil content, the
surfactant concentration may be decreased. Low
surfactant concentrations reduced the ability to dissolve
oil and the solution became cloudy as a result (Suhendra
etal., 2012).

concentration

The formulation of the surfactant with the same
hydrophilic-lipophilic balance (HLB) value had no effect
on the stability of the microemulsion, as shown in Table
2 (p>0.05). Samples Al and A2 with different surfactant
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Table 2. Turbidity index of microemulsion after centrifugation, heating and storage.

Sample Before (%) . Afte.r , After Eleating After 2 wecf)ks After 4 we%ks
centrifugation (%) (%) of storage (%) of storage (%)
Al 0.186+0.01° 0.190+0.03° 0.461£0.24*  0.237+0.02°  0.491+0.14°
A2 0.190+0.00° 0.1970.00° 0.256+0.01%  0.323+0.11°  0.338+0.01°
Bl 0.197+0.01° 0.216+0.02¢ 0.358+0.02"  0.339+0.07°  0.427+0.16°
B2 0.230+0.00° 0.240+0.01¢ 0.225£0.02°  0.374+0.05°  0.418+0.03°
Cl1 0.190+0.02° 0.210+0.01° 0.282+0.05%  0.22040.00°  0.214+0.01°
C2 0.197+0.02° 0.206+0.00° 0.321+£0.07%  0.213+0.01°  0.213+0.01°
DI 0.250+0.02° 0.318+0.04° 0.285+0.00  0.480+0.09°  0.656+0.10°
D2 0.427+0.11° 0.442+0.11¢ 0.269+0.00°  0.689+0.16°  0.920+0.22°
El 0.194+0.01° 0.195+0.01¢ 0.224+0.01°  0.210+£0.01°  0.215+0.01°
E2 0.200+0.01° 0.207+0.01¢ 0.216£0.01°  0.223£0.01°  0.213+0.01°
Fl 3.437+0.32° 4.079+0.68" 0.220£0.01°  3.797+0.98"  4.058+0.91°
F2 3.303+0.27° 4.009+0.72° 0.228+0.00°  3.913+0.92°  3.979+0.91°
Gl 0.197+0.01° 0.213+0.01¢ 0.230£0.02°  0.208+0.01°  0.210+0.00°
G2 0.204+0.00° 0.209+0.01¢ 0.216£0.01°  0.212+0.01°  0.215+0.00°
HI 4.141+1.30° 4.075+1.26" 0.262+0.01*  4.293+1.39°  4.383+1.42%
H2 4.357+0.30° 5.042+0.15° 0.265£0.02%  5.123+0.21*°  5.149+0.19°

91

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different at 95%.

ratios did not significantly differ from one another. It
was due to the fact that both of their final HLB scores
were 14.5. According to the findings of Suhendra et al.
(2012), there were no significant changes in the
microemulsion formulation of a mixture of surfactants
with the same HLB value. Combining surfactants could
increase the partitioning of surfactants in the interface
layer, hence enhancing the solubility, particle size, and
equilibrium HLB value of microemulsions. This
condition may be achieved if there is a balance between
hydrophilic and lipophilic groups. Hydrocarbon chain
tails would be close together, with low HLB surfactants
on the inside and high HLB surfactants on the outside
(Cho et al., 2008). The high HLB value of Tween 80
facilitated the combination of the oil phase or dispersed
phase with the dispersing phase. While employing Span
80, which possessed a low HLB value, it was easier to
bind hydrophobic substances. Tween 20, a cosurfactant
with a medium HLB, could reduce interfacial layer
tension, hence facilitating the formation of tiny droplets
(Ariviani, 2009). The HLB combination of surfactants
should be considered since the formation of
microemulsions containing water, oil, and a single kind
of surfactant without the addition of cosurfactants such
as short-chain alcohols, polyols, and organic salts has
proven to be extremely difficult (Zhang et al., 2008).
Tomsic and Jamnic (2009) noted that the solubility of a
surfactant in oil could be altered by the kind of
surfactant, the amount of surfactant added, the
temperature, and the presence of additives such as
alcohol or electrolytes.

https://doi.org/10.26656/1r.2017.8(5).414

Almost all formulations tested stable against heating,
centrifugation, and storage had a turbidity index of less
than 1%, except for microemulsions containing 15% oil
concentration and 80% water concentration. The best
formulations among the different varieties of
microemulsion are sample E1 containing virgin coconut
oil (VCO) as the oil phase, which has a turbidity index of
0.194%, and sample F1 containing palm oil as an oil,
which has a turbidity index of 0.197%. Both consist of a
7.5% oil concentration, an 80% water concentration, and
a surfactant with a final HLB of 14.5 in the ratio
92:5.5:2.5. (Tween 80:Span 80:Tween 20). Similarly,
Ariviani et al. (2015) found that the most stable
microemulsion with VCO as the carrier had a turbidity
index of 0.162% and an average particle diameter of 21.7
nm, while the microemulsion with palm oil as the carrier
had a turbidity index of 21.7 nm. This showed that the
surfactant mixture, oil concentration, and water
concentration exhibit synergy. The exact composition of
each component can be determined using the phase
diagram to determine the existence of synergy between
components. Figure 1 illustrates the phase diagram of a
stable microemulsion. The shaded portion of the phase
diagram represents the microemulsion's most stable
region. According to Tadros (2005), a certain mixture of
surfactants, oil, and water can produce a stable
microemulsion. Stability can be attained when a mixture
of surfactants dispersed in water begins to form micelles
with the poles of the polar groups in the water phase and
the poles of the nonpolar groups in the oil phase. It must
be considered throughout the production of
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microemulsions  because the development of
microemulsions is extremely sensitive to formulation.
The existence of formulation errors in the creation of
microemulsions might lead to considerable changes in

characteristics (Stubenrauch, 2008).

\ Surfactant

<___

"4 AV AV AN ALY

90 80 70 60 50 40 30 20 10

Figure 1. The phase diagram of a stable microemulsion.

3.2 Carotenoid microemulsion stability

Microemulsion stability was greatly affected by the
kind of carrier oil and concentration of carotenoids
(p<0.05). There was an interaction between the kind of
carrier oil and the concentration of carotenoid (p<0.05).
The carotenoid microemulsion's turbidity index is
displayed in Table 3. The microemulsion's turbidity
index increased following the addition of carotenoids.
The enhanced turbidity index of the microemulsion was
significantly influenced by the higher concentrations of
carotenoids present in either VCO or palm oil. In
general, microemulsions containing VCO had a lower
turbidity index than microemulsions containing palm oil.
It was found that microemulsions containing VCO had
smaller droplets than those containing palm oil.
According to research by Ariviani et al. (2015),

microemulsions containing 0.025% beta-carotene and
VCO as carriers had smaller particle sizes than
microemulsions with palm oil as carriers, which had
particle sizes of 20£2.83 and 2340.29 nm, respectively.
The most stable microemulsion consisted of VCO as the
carrier and 100 ppm of carotenoids; it had a turbidity
index of less than 1% and a transparent appearance. The
high turbidity index of the carotenoid microemulsion
was induced by the presence of carotenoid color, which
affected the microemulsion's appearance.

According to the research, stable carotenoid
microemulsions could be preserved at cold temperatures.
It was recognized by its turbidity index, which remained
steady over storage periods of 2 and 4 weeks, as shown
in Figure 2. The storage was conducted in cold, dry, and
dark conditions (wrapped in aluminum foil). According
to Khachik et al. (1997), carotenoids were extremely
sensitive to high temperatures, light, and oxygen because
they were susceptible to oxidative decomposition,
structural alteration, and stereoisomerization.

(e8]

Figure 2. Carotenoid microemulsion with virgin coconut oil
(VCO) (1) and palm oil (2) as oil phase with carotenoid
concentration of 50 ppm (A), 100 ppm (B), 150 ppm (C), 200
ppm (D).

3.3 Carotenoid microemulsion dilution stability

In general, microemulsions were not used to supply
nutrients to the system, but the active components were
added after dilution. Carotenoid microemulsions were
diluted to determine if they might be used to transport
nutrients. The turbidity index was significantly decreased
when the microemulsion was diluted with the pH
adjustment shown in Figure 3. All microemulsion

Table 3. Turbidity index of carotenoid microemulsion after centrifugation, heating, and storage

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly
different at 95%.

0Oil phase Carotenoid Before (%) After centrifugation After heating  After 2 weeks After 4 weeks
P concentration (ppm) ° (%) (%) of storage (%) of storage (%)
50 0.521+0.03" 0.527+0.03f 0.603+0.02¢  0.517+0.03°  0.533+0.04°
Virgitn . 100 0.722+0.00° 0.705+0.01° 0.825+0.00°  0.730+0.00°  0.735+0.01¢
coconut 01 .
(VCL(I)) 150 1.114£0.05° 1.083+0.06° 1.275£0.06"  1.095+0.06°  1.118+0.07°
200 1.445+0.08° 1.444+0.06 1.645+0.02°  1.502+0.08"  1.491+0.08°
50 0.484+0.02" 0.496+0.01" 0.649+0.03%5  0.501+0.01°  0.522+0.02°
palm oil 100 0.848+0.04 0.834+0.03¢ 1.081£0.05°  0.861£0.02°  0.852+0.04"
m o1
ame 150 1.174+0.05° 1.180+0.07° 1.539£0.03°  1.184+0.04°  1.28040.17°
200 1.558+0.05° 1.517+0.03° 1.971£0.09*  1.551£0.14*  1.689+0.23°
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formulations were stable and did not degrade when
diluted up to 1:99, since there was no polarity difference
between micelles and water; therefore, it did not affect
the stability of the microemulsion. The stability of
carotenoid microemulsions from virgin coconut oil
(VCO) and palm oil against dilution at 1:1, 1:9, 1:99 was
shown in Figure 3. According to Whiddon et al. (2003),
if the dilution was too extreme, the surfactant
concentration would be relatively low, and the
microemulsion concentration in the solution would
approach the CMC (critical micelle concentration) point,
where all surfactant would form micelles. The
microemulsion could be unstable if its concentration was
close to the CMC point. When the concentration of the
microemulsion was below the CMC point, the surfactant
assumed the form of monomers, which had a high
surface tension, whereas no micelles had a low surface
tension.

VCO microemulsion

de c
a oo a Chcab ab® ababab b

Turbidity Index (%)

TN e

Z 2 P
nEl’ memz m2l) memz
1:9 1:99 19 1:99
pH 6.5 (neutral) pH 4.2 (acid)
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w50 ppm =100ppm = 150ppm %200 ppm
Palm oil microemulsion
=
] e e
2
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§ é bc © é c
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%z mial7 mEmz 7% mENZ memy

19 1:99
pH 6.5 (neutral)

1:9 1:99
pH 4.2 (acid)

Dilution

m50ppm  %100ppm  ®150ppm 7200 ppm

Figure 3. Stability of carotenoid microemulsion from virgin
coconut oil (VCO) and palm oil against dilution at 1:1, 1:9,
1:99. Note: The same superscript letter shows no significant
difference at 95% significance level.

When the carotenoid microemulsion was diluted
with pH adjustments (6.5 and 4.2), the turbidity index
reduced drastically. The hydrophilic component of the
surfactant did not dissociate under the influence of pH
when nonionic surfactants were used to prepare the O/W
microemulsion. The electrical charge of nonionic
surfactant emulsions was unaffected by pH alterations
(McClement and Decker, 2000).

3.4 Effect of photooxidation on peroxide value of
carotenoid microemulsions

The peroxide value of the microemulsion remained
substantially unchanged after 4 hrs of photooxidation
without the addition of erythrosine. In the meantime, the
addition of erythrosine as a sensitizer and light increased

https://doi.org/10.26656/1r.2017.8(5).414

the peroxide value of the sample. According to Min and
Boff (2002), photooxidation occurs in microemulsions
when light, triplet oxygen, and sensitizing chemicals are
available. Due to the ability of sensitizers to absorb light
energy and then produce singlet oxygen through
photooxidation processes, the presence of sensitizers
might accelerate the oxidation reaction. The
photooxidation reaction began when the singlet sensitizer
absorbed light energy and became unstable and excited,
transforming into an excited singlet sensitizer. In
addition, the excited singlet sensitizer molecule released
energy via internal conversion in order to produce an
excited triplet sensitizer by light emission or intersystem
crossover. The photooxidation process involved both
type I and type II reactions. Type I photooxidation takes
place when an excited triplet sensitizer combined
directly with an electron-rich substrate (RH) such as a
phenolic component or linoleic acid, donating and
receiving hydrogen or electrons and producing free
radical ions. The radical ion then interacted with triplet
oxygen to produce a peroxy radical. Through electron
transfer to triplet oxygen, type II photooxidation
occurred when the excited triplet sensitizer combines
with triplet oxygen to produce superoxide anion (1%).

Figure 4 shows that the A. platensis carotenoid added
to the microemulsion had a photooxidation inhibitory
effect. The microemulsion containing both carotenoids
and erythrosine had a peroxide value that was
significantly  different from the microemulsion
containing only erythrosine. During 4 hrs of
photooxidation, the peroxide value of microemulsions
containing erythrosine was 16.65 meq/kg and that of
microemulsions containing erythrosine and carotenoids
was 5.19 meq/kg. The peroxide value of microemulsions
containing both erythrosine and carotenoids was 3 times
higher than that of microemulsions containing only
erythrosine. The high concentration of peroxides in the
microemulsion implied that the microemulsion contained
carotenoids, which inhibit photooxidation. This was
consistent with the findings of Suhendra et al. (2012),
who discovered that fucoxanthin microemulsions may

Peroxide Value {meg/kg oil}

0 1 2 3 4

Exposure Time (hr)

—e— M (control) —— ME (control) —<—M (carotenoids) —e—ME (carotenoids)

Figure 4. Peroxide value of microemulsion exposed to
fluorescent light for 4 hrs. M: Microemulsion only, ME:
Microemulsion with 5 ppm erythrosine.
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protect dispersed droplets from photooxidation, allowing
them to function more efficiently and preventing
peroxide  formation. The  diluted fucoxanthin
microemulsion was inhibited in the same way as the
undiluted fucoxanthin microemulsion. After 3 hrs of
photooxidation, the 50x dilution of fucoxanthin
microemulsion was more effective at reducing the
peroxide value than the 100x dilution. The higher
concentration of fucoxanthin microemulsion protected
the dispersed droplets from photooxidation, making it
more effective and able to inhibit peroxide production.

There were several factors that affected the ability of
carotenoids to inhibit photooxidation, including
concentration, type of solvent, and type of sensitizer. The
higher concentration of carotenoids created a greater
quenching speed (Lee and Min, 1988). This was further
supported by Viljanen ef al. (2002) finding, which
revealed that beta-carotene, lutein and lycopene acted as
antioxidants during photooxidation and their antioxidant
activity depended on their concentration. It had
significantly different antioxidant activity at all doses
evaluated. At a concentration of 40 ppm beta-carotene
turned out to be the most efficient. At concentrations of
10 and 20 ppm, there were no significant differences in
antioxidant activity between lycopene and lutein,
although their antioxidant activity was better at 40 ppm
than at lower values.

Carotenoid photooxidation was inhibited by
quenching singlet oxygen and deactivating excited
sensitizers. Singlet oxygen was quenched by the transfer
of energy from singlet oxygen to carotenoids, resulting
in the formation of excited carotenoids without the
formation of oxidation products. The excited carotenoids
also released heat in order to return to their ground
condition. In the meantime, stimulated sensitizers were
physically deactivated by absorbing energy from them
(Choe and Min, 2006). According to Paiva and Russell
(1999), carotenoids can function as antioxidants capable
of capturing peroxy radicals. The number of conjugated
double bonds and the presence of cyclic or acyclic
groups determine the final quenching activity.

3.5 Effect of photooxidation on vitamin C beverage
model

The capacity of carotenoid microemulsion to inhibit
photooxidative damage in the vitamin C beverage model
was tested by evaluating the vitamin C levels in the
vitamin C beverage model that has been supplemented
with carotenoid microemulsion and subjected to 2000
lux fluorescent light under both light and dark conditions
(wrapped in aluminum foil). The light and dark
treatments were utilized to determine the damage that
occurred under light (photooxidative) and dark
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(autooxidative) conditions, as well as the antioxidant
impact of carotenoid microemulsions under these
settings. According to the linear equation in Table 4,
there was a negative association between the duration of
photooxidation and the vitamin C concentration in all
samples. The vitamin C level of the sample decreased as
the photooxidation duration increased. Table 4 illustrates
the effect of 6 ppm and 12 ppm carotenoid
microemulsions added to a vitamin C beverage model at
2000 lux at room temperature.

Table 4 shows that the vitamin C concentration in
the vitamin C beverage model reduced under fluorescent
lighting of 2000 lux. In the beverage model, the
decreasing trend indicates the possibility of suppressing
vitamin C photooxidation. After 24 hrs of exposure to
2000 lux fluorescent light, samples containing 6 ppm and
12 ppm carotenoid microemulsions had more vitamin C
than the control samples in both dark and light
conditions. It  demonstrated  that  carotenoid
microemulsions helped  prevent  vitamin C
photooxidative degradation. Similarly, Ariviani et al.
(2011) demonstrated that a 6 ppm beta-carotene
microemulsion inhibited vitamin C photooxidation more
effectively than only microemulsion or beta-carotene.

In light conditions, the beverage model containing
carotenoid microemulsion was less effective at inhibiting
vitamin C photooxidation. This was due to the fact that
carotenoids are light-sensitive molecules. The carotenoid
microemulsion added to the vitamin C beverage model
was able to maintain vitamin C levels in the dark.
Carotenoids are a class of antioxidants that can serve as
singlet oxygen quenchers. According to Viljanen (2002),
the mechanism of carotenoid in  inhibiting
photooxidation was the deactivation of excited singlet or
triplet oxygen sensitizers by physical quenching, which
was involved in the transfer of excited energy from
singlet or triplet oxygen sensitizers to antioxidants. At
this point, the ground state oxygen or sensitizer and
excited carotenoid triplets were created. The excited
carotenoid then conducts a reaction, releasing energy
into the environment and reverting to its initial form.

3.6 Effect of photooxidation on antioxidant activity of
vitamin C beverage model

The DPPH (2,2-diphenyl-1-picrylhydrazil) test was
used to determine the antioxidant activity of the vitamin
C beverage model. This test's mechanism was the
donation of hydrogen atoms from the tested material to
the DPPH free radical, which resulted in a change in
color. DPPH free radicals were sensitive to light,
oxygen, and pH, but are persistent in their radical form,
allowing antioxidants to be measured (Molyneux, 2004).
Table 5 shows the antioxidant levels of the vitamin C
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Table 4. Vitamin C levels in beverage models.

95

Microemulsion Vitamin C Levels (mg/mL)

Concentration 0 hr 2 hrs 4 hrs 6 hrs 24 hrs
Control (Light) ~ 4.69£1.09"  3.30+£1.21"  2.31+0.64°  2.47+0.41°  0.06+0.04°
6 ppm (Light)  4.78+0.20°  3.92+0.27%®  3.47+0.48"  2.71+0.34™  0.34+0.33"
12 ppm (Light))  4.14+£0.55*  2.99+0.64°  2.83+0.77™  2.39+0.58°  0.44+0.20"
Control (Dark) ~ 4.69+1.09°  3.97+0.66™  3.75+0.76™  3.99+0.59*  0.46+0.44™
6 ppm (Dark)  4.78£0.20°  4.39+0.20°  4.02+0.47°  3.54+£0.19®  0.87+0.68*
12 ppm (Dark) ~ 4.14+0.55*  3.62£0.29"  3.51x0.1"  3.94+£0.67°  1.25+0.18"

Linear Equation R’

Control (Light) y =-1.0098x + 5.5939 0.89

6 ppm (Light) y =-1.0098x + 6.0735 0.89

12 ppm (Light) y =-0.7998x + 4.9559 0.88
Control (Dark) y =-0.8439x + 5.9054 0.64

6 ppm (Dark) y =-0.8675x + 6.1228 0.78

12 ppm (Dark) y =-0.545x +4.926 0.55

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different at 95%.
beverage model as measured by the DPPH test.

Table 5 demonstrates that the beverage model with 6
ppm and 12 ppm carotenoid microemulsion had better
free radical scavenging activity than the sample without
microemulsion (control). The larger the carotenoid
microemulsion added, the greater its ability to combat
free radicals. After 24 hrs of exposure to 2000 lux
fluorescent light, the percentage of antioxidants
decreased in all samples. The decrease in vitamin C
levels during photooxidation was correlated with the
decrease in antioxidants after 24 hrs of photooxidation.
Vitamin C levels could only be preserved for up to 6 hrs
of photooxidation and could not be preserved after 24 hrs
of photooxidation. After 24 hrs of photooxidation, the
percentage of antioxidants also decreased, indicating that
none of the samples could sustain their antioxidant
activity. This might be due to the breakdown of
antioxidants caused by light intensity and radiation
duration. In line with Viljanen et al. (2002), the
proportion of antioxidants in 20 ppm of lycopene and

Table 5. Antioxidant activity of the vitamin C beverage
models.

. . % Antioxidant

Microemulsion

Concentration Before After 24 hrs

photooxidation

Control (Light) 24.98+7.23° 12.08+0.54°
6 ppm (Light) 42.91+16.31% 13.81£2.39%
12 ppm (Light)) 58.08+0.62° 14.78+1.04°
Control (Dark) 24.98+7.23° 12.04+0.46°
6 ppm (Dark) 42911631  14.67+3.19°
12 ppm (Dark) 58.08+0.62° 15.43+1.14°

Values are presented as meantSD. Values with different
superscripts within the same column are statistically
significantly different at 95%.
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beta-carotene decreased significantly after 60 mins of
exposure to 2000 Iux fluorescent light. Carotenoids and
vitamin C are antioxidants that limit oxidation by
binding to free radicals and highly reactive compounds.
According to Karadag et al. (2009), the inhibition
mechanisms produced by antioxidants included (1)
physical barriers to prevent ROS access to biologically
important parts, such as UV filters, cell membranes; (2)
chemical capture (absorb energy and electrons),
extinguishing ROS such as carotenoids, anthocyanidins;
(3) catalysts that neutralize or divert ROS, such as
antioxidant enzymes SOD (superoxide dismutase),
catalse, and glutathione peroxidase; (4) binding/
inactivating metal ions to prevent ROS generation, such
as ferritin, ceruloplasmin, catechism; and (5) chain
breaker antioxidants that capture and destroy ROS, such
as ascorbic acid (vitamin C), tocopherols (vitamin E),
uric acid, glutathione, flavonoids.

4. Conclusion

The concentrations of water and oil in the
formulation of the microemulsion affected its stability.
The optimal formulations were microemulsions with an
oil concentration of 7.5%, a water concentration of 80%,
and a ratio of 92:5.5:2.5 for the surfactants (Tween 80:
Span 80: Tween 20). The addition of carotenoids to a
microemulsion may affect its stability. The most stable
microemulsion of carotenoids, containing 100 ppm of
carotenoids. The microemulsion of carotenoids extracted
from A. platensis inhibited photooxidation. At a
concentration of 6 ppm, carotenoid microemulsion from
A. platensis effectively inhibited photooxidation of the
vitamin C beverage model.
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