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Abstract

β-carotene is one of the major carotenoids in the human diet which shows pro-vitamin A
activity, and is associated with prevention of cardiovascular diseases, cancer, and immune
system enhancer. However, the poor water-solubility, high melting point, and chemical
instability of carotenoids is currently a challenge to their application in the food sector. In this
research, the characteristics of β-carotene microemulsions (0.025%, 0.05% wt) prepared with
Keywords
ternary food grade surfactants (Span 80, Span 40, Tween 80) and VCO (virgin coconut oil)
or palm oil as oil phase, using spontaneous emulsification method were evaluated. Chemical
β-carotene
stability of β-carotene loaded microemulsions during storage was also examined. The result
Degradation
Microemulsions
showed that β-carotene microemulsions prepared using either VCO or palm oil had viscosity,
Particle size and distribution specific gravity, refractive index and pH values which were not significantly different. The
Zeta potential
mean particle diameters (z-average) of the β-carotene microemulsions ranged from 20 – 23
nm and the size distributions were monomodal with a narrow particle size range from 10 – 50
nm. The β-carotene microemulsions showed significantly different zeta potential, i.e.: -14.4 ±
0.8mV (VCO, 0.025 %wt), -10.6 ± 0.3 mV (VCO, 0.05 %wt), -24.6 ± 1.0 mV (palm oil, 0.025
%wt) and -16.6 ± 0.9 mV (palm oil, 0.05 %wt). The β-carotene degradation during storage was
slower in microemulsions with palm oil as an oil phase than that of VCO as an oil phase. These
results have important consequences for the design and utilization of microemulsions as delivery
systems to encapsulate and stabilize β-carotene for food or pharmaceutical applications.
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Introduction
β-carotene is the most commonly detected
carotenoid in human tissue and plasma (Aherne et
al., 2010), provides the highest provitamin A activity
(Castenmiller and West, 1998; Tan and Nakajima,
2005; Wang et al., 2012; Qian et al., 2012b) and also
exhibits anti-inflammatory (Chou et al., 2010) as
well as anti-cancer activity (Cui et al., 2007). Due
to their potential health benefits, there is a growing
interest in using β-carotene and other carotenoids as
functional ingredients in food products. However,
the application of carotenoids in food formulations
is currently limited because of their poor watersolubility, high melting point, and chemical
instability (Qian et al., 2012a; Qian et al., 2012b).
Piorkowski and McClements (2014) revealed that
one of the major factors limiting the incorporation of
carotenoids into many food and beverage products
is their high susceptibility to chemical degradation.
*Corresponding author.
Email: sraharjo_ugm@yahoo.com

Boon et al. (2010) explained that the conjugated
polyene chain which is characteristic of carotenoids
makes these compounds susceptible to degradation.
Heat, light, singlet oxygen, acid, iron and iodine, and
free radical promote this degradation (Dutta et al.,
2005; Boon et al., 2010).
Emulsion-based delivery systems, such as
conventional emulsions, nanoemulsions as well
as microemulsions are a particularly convenient
means of encapsulating, protecting, and delivering
poorly water soluble nutraceuticals like carotenoids
for both functional food and pharmaceutical
application thereby increasing its solubility, stability,
bioaccessibility and bioactivity (Flanagan and
Singh, 2006; Chakraborty et al., 2009; McClements
and Li, 2010; Huang et al., 2010). Previous studies
had investigated the formation, characteristic and
stability of β-carotene emulsions or β-carotene
nanoemulsions (Tan and Nakajima, 2005; Yuan et
al., 2008; Mao et al., 2009; Silva, et al., 2011; de
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Paz et al., 2013; Yi et al., 2014). The emulsions or
nanoemulsions were prepared using high-energy
methods such as high-pressure homogenization, high
shear homogenization, emulsification–evaporation
technique, ultrasound, or microfluidization.
Microemulsions have several advantages over
conventional emulsions or nanoemulsions, such as
microemulsions can be prepared without involving
high energy called spontaneous emulsification
method (Flanagan and Singh, 2006; Anton and
Vandamme, 2011), generally easier to prepare than
nanoemulsions and conventional emulsions (Rao and
McClements, 2011a), have transparent appearances,
smaller droplets sizes, and thermodynamically stable
(Huang et al., 2010; Rao and McClements, 2011b
; Ziani et al., 2012). The authors had conducted
microemulsion researches, such as Ariviani et al.
(2011a), Ariviani et al. (2011b) and Rukmini et al.
(2012). In the previous studies, microemulsions were
prepared without involving high energies, i.e., by
spontaneous emulsification method.
This research aimed to characterize β-carotene
microemulsions
prepared
by
spontaneous
emulsification method using VCO or palm oil as
oil phase, and to evaluate chemical stability of the
β-carotene loaded microemulsions during storage at
ambient temperature, 15ºC and 4ºC. The different
storage temperatures were chosen to reproduce
eventual commercial conditions. Thus, the results
are expected to provide information for an optimal
handling to maintain the stability of β-carotene
during storage.
Materials and Methods
Materials
Materials: β-carotene (Type I, C9750), sorbitan
monooleate (Span 80, HLB 4.3) and sorbitan
monopalmitate (Span 40, HLB 6.7) were purchased
from Sigma-Aldrich Co. (St. Louis, MO, USA),
polyoxyethylene sorbitan monooleate (Tween 80,
HLB 15), sodium dihydrogen phosphate monohydrate
and disodium hydrogen phosphate dihydrate were
purchased from Merck Millipore Co. (Darmstadt,
Germany), virgin coconut oil (VCO) and palm oil
were purchased from a local supermarket and used
without further purification. Distilled water was used
to prepare all solutions and microemulsions.
Preparation of β–carotene microemulsions
β-carotene microemulsions were prepared with
spontaneous emulsification method as described
previously (Ariviani, 2009), use ternary food grade
nonionic surfactants mixture consisting of Span 80,

Span 40 and Tween 80 with ratio 10 : 5: 85 (w/w).
10 µM phosphate buffer pH 7 was used as aqueous
phase (Hur et al., 2009; Hur et al., 2011; Rao and
McClements, 2012), whereas VCO or palm oil was
used as the oil phase. Virgin coconut oil is known as
triglyceride which is rich in medium chain fatty acids
(Dayrit et al., 2007) and medium chain triglycerides
shown several health benefits, e.g.: anti-diabetic
(Nagao and Yaganita, 2010), prevention of obesity
(Tsuji et al., 2001; St-Onge and Jones, 2002), and
anti-inflammation of colon (Kono et al., 2010). Palm
oil was most widely oil consumed in the world since
2005 (Badrun, 2010; Abdullah and Wahid, 2012).
The proportion of surfactant, oil, and the aqueous
phase were 16%, 4%, and 80% wt respectively.
Briefly, β-carotene (0.025 or 0.05 %wt) was added
in mixed surfactant-oil, heated and stirred using
heating magnetic stirrer (AREC, VELP Scientifica,
Italy) at 70ºC and 800 rpm. After 10 minutes, the
aqueous phase was added dropwise while stirring and
heating up to 20 minutes. The microemulsions were
maintained at ambient temperature for 24 h to reach
equilibrium before further investigation.
Characterization of β-carotene microemulsions
In addition to the mean particle size and size
distribution as well as rheological properties,
determination of physical properties such as
pH and specific gravity are also required for the
characterization of microemulsion (Kumar et al.,
2014). Roohinejad et al. (2015) have performed
characterization of β-carotene microemulsion by
measurement of the viscosity, pH, refractive index,
mean particle size and zeta potential. In the present
study, characterization of β-carotene microemulsions
was performed by measuring the viscosity, specific
gravity, pH, refractive index, the mean particle
diameter and size distribution as well as zeta
potential. The viscosities were determined using
Brookfield viscometer (Model LVT, Brookfield Co.,
Mass., USA) with spindle 61 at 25ºC and 60 rpm.
Specific gravity measurements were taken using
Specific gravity bottle (Pycnometer 25 ml, BRAND,
Germany) at 20ºC. The refractive indices were
measured by Abbe refractometer (ATAGO, NAR-1T
1217-LO) at ambient temperature (27±2ºC). The pH
values were determined using pH meter (CyberScan
pH 510, Eutech Instrument, Singapore) at ambient
temperature (27±2ºC), calibrated using standard
buffer solution (pH 7 and 4). The mean particle
diameters (z-average) and size distributions, as well
as the zeta potentials of β-carotene microemulsions
were determined using zetasizer nano ZS (Malvern
Instrument Ltd., Worcestershire, UK). Samples
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Table 1. Characteristic of β-carotene microemulsions with different oil phase and β-carotene loaded

Different superscript in the same column indicated significant differences (p < 0.05)

were diluted using 10 µM phosphate buffer solution
(pH 7) prior to analysis to avoid multiple-scattering
effects during measurement. The mean particle
diameters and the size distributions of the β-carotene
microemulsions were measured by DSL (dynamic
light scattering) at a wavelength of 633 nm and
temperature of 25ºC (Salvia-Trujillo et al., 2013a).
Zeta potentials of particles were measured by the
PLS (phase-analysis light scattering) use dip Zeta
cells (Salvia-Trujillo et al., 2013a).
Chemical stability evaluation of β-carotene loaded
microemulsions
The β-carotene microemulsion samples prepared
freshly were transferred into screw-capped glass
vials immediately after preparation. The samples
were divided into four groups which were stored in
the dark at (1) ambient temperature (27 ± 2ºC), (2)
ambient temperature with heating treatment (oven,
105ºC for 5 h) prior to storage, (3) 4ºC and (4) 15ºC.
The stability of β-carotene loaded microemulsion
against chemical degradation was monitored by
measuring the β-carotene concentration over storage
time. The results are expressed as the β-carotene
retention which are defined as 100 x (Ct/C0), where
C0 is the initial β-carotene concentration, Ct is the
beta-carotene concentration at storage time t.
Determination of β-carotene concentration
β-carotene concentration was determined by
measuring the absorbance of prepared β-carotene
microemulsions at 461 nm (wavelength of maximum
absorption) using UV-vis spectrophotometer (UV1650 PC, Shimadzu, Japan). The absorbance
determined with this method is proportional to the
amount of β-carotene dispersed in solution (de Paz et
al., 2013). Empty microemulsions (Microemulsions
without β-carotene) were used as blanks.
Statistical analysis
All measurement were performed at least three
replication using freshly prepared samples and were
reported as means and standard deviations. The
viscosity, specific gravity, pH, refractive index, mean
particle diameter and zeta potential values were
analyzed using the program IBM SPSS Statistics 22

(SPSS Inc., Chicago, USA) by analysis of variance
(ANOVA). Significant differences of mean (p<0.05)
were determined by Duncan’s multiple range test
(DMRT).
Results and Discussion
Characteristics of β-carotene microemulsions
The characteristics of β-carotene microemulsions
included the viscosity, specific gravity, refractive
index, and pH were presented in Table 1. The type
of an oil phase and levels of β-carotene loaded had
no effect on the viscosity, specific gravity, refractive
index or pH values of the β-carotene microemulsions.
β-carotene microemulsions prepared using either
VCO (VCO microemulsions) or palm oil (palm oil
microemulsions) as the oil phase had specific gravity
range from 1.010 – 1.011. It was close to the specific
gravity of several beverages, such as fruit drinks
(1.010 – 1.030), fruit juice drinks (1.030 – 1.040),
Guava nectar (1.020), sport drink (1.030) and soft
drinks (1.020) (Charrondiere et al., 2012). The
specific gravity of orange juice and orange soft drink
from different brands were 1.044 – 1.046 and 1.003
– 1.049 respectively (Vieira et al., 2007). Specific
gravity is also required for conversion from volume
to weight and vice versa. Thus, it will simplify
the application of β-carotene microemulsions
as functional food ingredient. The β-carotene
microemulsions prepared in this study showed
refractive index ranged between 1.365 and 1.366.
Sahoo et al. (2014) reported that the microemulsion
refractive index which ranged between 1.34 and 1.40
signifies that the microemulsions were clear and
transparent. The pH of emulsions had a significant
impact on the stability of carotene, with most rapid
degradation occurring in emulsions at pH 4 and
below (Boon et al., 2009). Xu et al. (2013) reported
that pH had an effect on β-carotene emulsions
degradation, the degradation rate of β-carotene was
much greater at pH 4 compared to pH 7.0. Qian et al.
(2012a) studied the physical and chemical stability
of β-carotene-enriched nanoemulsions. They showed
that β-carotene degradation was faster at pH 3 than
pH 4–8. Carotene (lycopene) degradation of WPI
microemulsions was lower at pH 6.01 and 7.01 than
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Figure 2. Chemical stability of β-carotene loaded
microemulsions during ambient temperature storage.
Without (A) and with (B) heating treatment (oven, 105ºC
for 5 h) prior to storage.

Figure 1. Mean particle diameter (A), particle size
distribution (B) and zeta potential (C) of β-carotene
microemulsions with different oil phase and β-carotene
loaded. Different letter indicated significant differences
(p<0.05).

pH 5.01 and below. The carotene degradation rate
at pH 6.01 was not significantly different with those
at pH 7.01, i.e. 34.7 ± 0.9 and 33.2 ± 1.4 mg/100g
respectively (Shi et al., 2015). In the present study,
β-carotene microemulsions showed pH values
ranged from 6.63 – 6.70. Viscosity of microemulsion
needs to be defined for the physical characterization.
A lower viscosity at ambient temperature is useful for
microemulsion applications on liquid food products
such as beverages (Cho et al., 2008). All β-carotene
microemulsions prepared in this study showed very
low viscosities, ranged between 5.90 – 6.08 mPa s.
Fanun (2010) stated that one of the unique properties
of microemulsion is the very low viscosities.
The
fundamental
differences
between

conventional emulsions, microemulsions and
nanoemulsions are their particles size, stability
and appearance. Conventional emulsions have a
larger particle size, i.e. 100-100000 nm, whereas
microemulsions and nanoemulsions have fine
particle size, i.e. 5 – 50 nm for microemulsions
and 20-100 nm for nanoemulsions (McClements,
2010). Conventional emulsions and nanoemulsions
are kinetically stable, while the microemulsions
are thermodynamically stable (Mason et al., 2006;
McClements, 2010; Anton and Vandamme, 2011).
Conventional emulsions tend to appear either turbid
or opaque, microemulsions tend to appear transparent
or translucent, while the nanoemulsions tend to
appear either transparent or only slightly turbid
(McClements and Rao, 2011). Therefore, β-carotene
microemulsions characterizations were also carried
out by determining the mean particle diameters and
size distributions, as well as the zeta potential. The
results were presented in Figures 1.
All of the β-carotene microemulsions tested had
very small mean particle diameter (z-average) and
were not significantly different between samples,
i.e. 20±2.83 nm and 22.60±0.16 nm for VCO
microemulsions loaded β-carotene 0.025 and 0.05
%wt, 23±0.29 nm and 22.92±0.12 nm for palm oil
microemulsions loaded β-carotene 0.025 and 0.05
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Figure 3. Chemical stability of β-carotene loaded
microemulsions during storage at 15ºC (dotted line) and
4ºC (full line).

%wt respectively (Figure 1A). Figure 1B showed
that all β-carotene microemulsions which were
prepared by spontaneous emulsification method
using different oil phases and β-carotene levels have
monomodal particle size distribution, with a narrow
size range from 10 – 50 nm. These results indicated
that all β-carotene microemulsions had relatively
homogeneous particle size. It was also supported by
the low values of polydispersity index (PdI), i.e. 0.139
± 0.040 (VCO, 0.025 %wt), 0.170 ± 0.044 (VCO,
0.05 %wt), 0.189 ± 0.014 (Palm oil, 0.025 %wt) and
0.143 ± 0011 (Palm oil, 0.05 %wt). The PdI measures
the spread of the particle size distribution and, PdI
values range from 0 to 1, if the value is close to 1
indicate a heterogeneous distribution of particle size
(Salvia-Trujillo et al., 2013b). The small PdI value
indicates a narrow particle size distribution (Yuan
et al., 2008). Generally, it can be concluded that the
type of the oil phase did not have an effect on the
mean particle diameters and the size distributions
of β-carotene microemulsions. Similar result was
also reported by Qian et al. (2012b). In their study,
β-carotene nanoemulsions were prepared with
different oil phases, namely MCT (medium chain
triglycerides), corn oil or orange oil. The β-carotene
nanoemulsions had similar mean particle size and
monomodal particle size distributions. Levels of
β-carotene loaded microemulsions also had no effect
on the mean particle diameter and its size distribution,
this result was in line with the study of Chu et al.
(2007).
The results of zeta potential analysis in Figure 1C
showed that the β-carotene microemulsions particles
had a negative electrical charge (-), even though all
surfactant used in this study were nonionic surfactant.
Several previous studies such as Mao et al. (2009),
Qian et al. (2012b), Salvia-Trujillo et al. (2013a),
and Salvia-Trujillo et al. (2013b) which used a
nonionic surfactant Tween 20 to stabilize β-carotene
nanoemulsions also showed negative value of the
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zeta potential. It has been possible due to preferential
adsorption of hydroxyl ions (OH-) from the aqueous
phase or the presence of anionic impurities (such as
free fatty acids) in the surfactant or oil used to prepare
the emulsion (McClements, 2005). Type of the oil
phase influences the zeta potentials of β-carotene
microemulsions. VCO which is rich in medium chain
fatty acids showed lower zeta potential than palm oil
that known has predominant long chain fatty acids.
This result was in line with the study of Salvia-Trujillo
et al. (2013a) which showed that the nanoemulsions
with MCT (medium chain triglycerides) as oil phase
have significantly lower zeta potential than that of
LCT (long chain triglycerides) as oil phase. Levels of
β-carotene loaded microemulsions also had an effect
on zeta potential of prepared microemulsions. Higher
β-carotene level provided lower zeta potential value.
Chemical
stability
of
β-carotene
loaded
microemulsions
Since the chemical stability of β-carotene in
emulsions-based delivery system was affected by
storage temperatures (Qian et al., 2012a; Liang et al.,
2013), four different storage conditions were carried
out to evaluate chemical stability of β-carotene
loaded microemulsions. Three different storage
temperatures, i.e. ambient temperature, 15ºC, and
4ºC were chosen to reproduce eventual commercial
conditions. Chemical stabilities of β-carotene during
ambient temperature storage were presented in
Figure 2. The β-carotene microemulsion samples
with and without heating pretreatment (105ºC, 5h)
incubated at ambient temperature for 4 weeks in
dark conditions. Heating treatment was intended to
accelerate the degradation (accelerated stability test).
Either with or without heating pretreatment, the VCO
microemulsions showed β-carotene degradation rates
were greater than that of palm oil microemulsions.
It was possible due to the differences in β-carotene
solubility in the oil phases. β-carotene has very limited
solubility in both oil and water, at concentrations
above the saturation levels, β-carotene will form
crystals. The presence of crystalline material in the
emulsion-based delivery systems often promotes
instability during storage (McClements, 2012). This
was confirmed by the β-carotene degradation rate of
the VCO microemulsions with heating pretreatment
(Figure 2B) which were significantly lower
compared to those without heating pretreatment
(Figure 2A). The heating pretreatment (oven 105ºC
for 5 h) could dissolve crystalline β-carotene in the
oil phase, thus the deterioration rate of β-carotene
loaded microemulsions become slower. The second
possibility was due to the presence of an endogenous
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antioxidant tocopherol in palm oil. Gunstone et
al. (2007) stated that palm oil contains 650 ppm
tocopherol consisting of 260 ppm α-tocopherol,
320 ppm γ-tocopherol, and 70 ppm δ-tocopherol.
The research conducted by Xu et al. (2013) showed
that both transition metals and free radicals induce
β-carotene degradation, nevertheless free radicals
were found to be the predominant mechanism of
β-carotene degradation. The study also proved that the
presence of α-tocopherol significantly impacts on the
β-carotene degradation. The β-carotene degradation
rate was slower in the presence of α-tocopherol rather
than the presence of EDTA.
Figure 3 exhibited that the β-carotene degradation
rate of palm oil microemulsions which were stored at
4ºC have no significantly different with those stored
at 15ºC, but it was significantly lower compared with
those stored at ambient temperature (Figure 2A).
Qian et al. (2012a) reported that the degradation rate
of β-carotene in the nanoemulsions stored at 5ºC were
not different with those stored at 20ºC. In all storage
conditions (i.e.: 4ºC, 15ºC and ambient temperature),
the VCO microemulsions showed greater β-carotene
degradation compared with the palm oil ones. It could
be concluded that in order to minimize the β-carotene
degradation, palm oil microemulsions could be stored
at 15ºC, whereas the VCO microemulsions should be
stored at temperature not more than 4ºC.
Conclusion
The present study has shown that β-carotene
microemulsions
prepared
by
spontaneous
emulsification method using either VCO or palm
oil as oil phase, had the viscosity, specific gravity,
pH, refractive index, and mean particle diameter
which were not significantly different. The mean
particle diameter (z-average) of the β-carotene
microemulsions ranged from 20 – 23 nm and
the particle size distribution were monomodal
with narrow size ranged from 10-50 nm. The
type of oil phase and levels of β-carotene loaded
microemulsions had effect on the zeta potential of
prepared microemulsions. The VCO microemulsions
had significantly lower zeta potential than that of
palm oil microemulsions. The higher β-carotene
level provides lower zeta potential value. β-carotene
loaded in palm oil microemulsions were more
stable toward chemical degradation during storage
rather than those loaded in VCO microemulsions. In
order to minimize β-carotene degradation, the VCO
microemulsions must be stored at temperature not
more than 4ºC, whereas the palm oil microemulsions
could be stored at 15ºC.
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