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This study investigated the effect of ionic liquid (IL)-microwave assisted extraction (MAE) on y-oryzanol
extraction from rice bran (Oryza sativa L.). The conditions included the concentration of IL, liquid (IL)/
solid (sample) ratio, extraction time, and microwave power. The use of 1-butyl-3-methylimidazolium
([Bmim]BF,) as a selected solvent in IL-MAE method was developed for extraction of y-oryzanol from
rice bran. The Box-Behnken design on four factors with response surface methodology (RSM) was
used to optimize the experimental conditions. The optimum conditions for the MAE were a [Bmim]BF,
concentration of 0.7 M, liquid/solid ratio of 15 mL/g, extraction time of 10 minutes, and 30% microwave
power with a y-oryzanol value of 0.41 mg/g. The experimental values agreed with those predicted by the
RSM models. A microplate reader method was used to determine the IC;, value in tyrosinase inhibitory
activity of the extract. An IC,, value of the extract obtained from IL-MAE was 1240 pg/mL. This study
suggests that IL-MAE is suitable for the extraction of y-oryzanol from rice bran and that under the
optimum conditions the extract has low activity as a tyrosinase inhibitor.

Keywords [Bmim]BF, Tonic liquid. IL-MAE. y-oryzanol. Tyrosinase.

INTRODUCTION

Indonesia is known as agricultural country,
and paddy is one of its most significant agricultural
commodities. As paddy production has increased, the
process of milling paddy into rice has expanded, and
many by-products have been created. One of the by-
products of rice milling is rice bran. In previous research,
rice bran was used as a raw material in the extraction
process because it has many bioactive compounds and
antioxidants, such as tocopherol, tocotrienol, oryzanol,
squalene, and polyphenol (Goffman, 2003). y-oryzanol
is a mixture of ferulate (4-hydroxo-3-methoxy cinnamic
acid) esters of sterols (campesterol, stigmasterol, and
B-stigmasterol) and triterpene alcohols (cycloartenol,
and 24-methylene cycloartenol) that are responsible
for the biological properties of rice bran (Miller ef al.,
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2003). These include antioxidant, antihypertensive,
antimicrobial, cholesterol reducing agents, antidiabetic,
and anticancer properties (Bhatnagar ef al., 2014;
Gul et al., 2015; Kaur et al., 2015; Wang et al., 2015;
Foster et al., 2013).

The extraction of metabolite from plants is
necessary for finding a suitable solvent to increase
the levels of targeted compounds such as y-oryzanol.
Previous studies have focused on the extraction of rice
bran oil using conventional solvents such as ethanol,
methanol, isopropanol, and hexane (Xu, Godber,
2000; Chen, Bergman, 2005). A disadvantage of using
conventional solvents was that too many solvents had to
be used. This practice was time-consuming, inefficient,
and environmentally unfriendly (Ballard ef al., 2010).
Therefore, ionic solvents (IL) have been used because of
their maximum yield value and the potential for obtaining
active compounds from natural products (Espino et al.,
2016). Ionic liquid has a low melting point (<100 °C).
They are safe, non-toxic solvents, with excellent
thermal stability. In addition, they are environmentally
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friendly, have a negligible vapor pressure, and are
non-combustible. The ionic liquid microwave-assisted
extraction (IL-MAE) approach is a green, simple, rapid,
efficient method for extracting bioactive compounds from
plant materials (Xu et al., 2012). So far, the extraction
of y-oryzanol from rice bran (Oryza sativa L.) using IL-
MAE methods has been reported (Trinovita et al., 2017),
but the y-oryzanol level was still low. In this study, IL,
1-butyl-3-methylimidazolium tetrafluoroborate [Bmim]|
BF, was used as a hydrophilic solvent in the microwave-
assisted extraction (MAE) method in y-oryzanol
extraction from rice bran. The MAE method is more
efficient than conventional extraction methods such
as Soxhlet and reflux. Response surface methodology
(RSM) is an application that can be used to determine
the process for studying the parameters and variables
in the study. The experimental results were analyzed
by RSM after the optimization by IL-MAE, along with
high-performance liquid chromatography (HPLC),
was performed to analyze the chemical composition
of the rice bran. Thus, the purpose of this study was to
determine the optimum conditions for the extraction
of y-oryzanol. Four parameters were considered in
obtaining the y-oryzanol extracted from rice bran: ionic
liquid concentration, liquid (IL) to solid (sample) ratio,
extraction time, and microwave power. This experiment
sought to determine the strength of the tyrosinase
inhibitory activity of y-oryzanol from rice bran, given
that the y-oryzanol antioxidant function is considered
to affect the process of melanogenesis in human skin
(Jun et al., 2012). The tyrosinase inhibitory activity was
measured under the optimum conditions of extraction
from optimization using IL-MAE, and a larger sample
than have been previously used was to obtain a more
significant amount of extract.

MATERIAL AND METHODS
Material

Samples of varieties of rice bran (Oryza sativa L.)
were obtained from Bogor (West Java). Standards of
y-oryzanol were purchased from Sigma-Aldrich Co. (St.
Louis, MO, USA). [Bmim]BF, (>99%) was purchased
from Chengjie Chemical Co., Ltd., (Shanghai, China).
Isopropanol pro analysis was obtained from Merck
(Darmstadt, Germany). Solvents based HPLC grade
(methanol, isopropanol, and acetonitrile) and dimethyl
sulfoxide were obtained from Merck (Darmstadt,
Germany). Tyrosinase and L-DOPA were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
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METHODS

Preparation of rice bran

Sample rice bran was stabilized for 15 minutes using
an oven heated to 110 °C. After that, the rice bran sample
was cooled in a container to room temperature for £30
minutes. Last, the stabilized rice bran was put in clear
plastic and stored at room temperature.

Pre-optimization of various salts in extraction after IL-
MAE

1 gram of rice bran sample was extracted with
10 mL of solvent, 1 M [Bmim]BF, in ethanol solution,
using the microwave power at 30%. It was then filtered
using filter paper to obtain the desired filtrate resulting
from extraction MAE. Also, the filtrate was added to 1 mL
n-hexane solvent and 1 mL of 1 M salts (NaNO,, KH,PO,,
and NaCl). It was then vortexed for 10 seconds. The
process was continued with centrifugation at 3,000 rpm
for 15 minutes to separate the residue from the supernatant.

Extraction method: Microwave-assisted extraction
(MAE) with IL ([Bmim|BF,)

The stabilized rice bran was put in a flat-bottomed
flask (1 gram rice bran), and ionic liquid-ethanol solutions
(10, 15, and 20 mL) with different concentrations (0.4,
0.7, and 1.0 M) were added. The flask was placed in a
microwave oven and set to extraction with microwave
energy. The extraction was performed at various
power levels and times (based on running). After the
extraction was completed, the sample was cooled to room
temperature for +10 minutes and then filtered to obtain
the desired filtrate resulting from IL-MAE. Then, the
filtrate was added to 1 mL of n-hexane and 1 mL of 1 M
NaNO;; then it was vortexed for 10 seconds, followed by
centrifugation at 3,000 rpm for 15 minutes to separate the
residue with the supernatant.

Determination of levels of y-oryzanol with HPLC

Before the yield from the sample was determined,
the supernatant (0.5 mL) was added to isopropanol; then
it was put into a flask of up to 10.0 mL. Next, 20 puL of the
mixture was injected into the HPLC system (Shimadzu
Corp., Japan). The column used was a Zorbax Eclipse
Plus, C-18 analytical column, 4.6 x 150 mm, 5 pm (Agilent
Technology, USA). A mixture of methanol, acetonitrile,
and isopropanol (in a 50:40:10 ratio) was used in the
mobile phase under isocratic conditions. The wavelength
of UV detector was set at 327 nm, and the flow rate was
set at | mL/minutes. Each sample was measured with
three replicates.
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Tyrosinase inhibitory activity of standard kojic acid

Kojic acid was dissolved in 50 mM phosphate buffer
(pH 6.8) to obtain solutions with concentrations of 5, 10,
20, 40, and 80 pg/mL. A total mixture of 80 pL phosphate
buffer solution (50 mM, pH 6.8), 40 uL L-DOPA solution
(20 mM), 40 pL kojic acid solution, and 40 pL tyrosinase
enzyme solution (620 IU/mL) was put into 96 well-
plates. It was incubated at 37 °C for 10 minutes; then the
absorbance was measured using a microplate reader at
490 nm (VersaMax Elisa Microplate Reader, USA). The
tests were replicated three times (Masuda et al., 2005;
Kamkaen, Mulsri, Treesak, 2007). The composition of
each substance can be seen in Table I.

Tyrosinase inhibitory activity on the extract from the
optimum conditions of IL.-MAE

The extract (100 mg) was dissolved in 1 mL of
dimethyl sulfoxide (DMSO) and adjusted to 10.0 mL
in the flask with a phosphate buffer solution (50 mM,
pH 6.8). The extract solution (1.25 mL) was transferred
to a 10.0 mL flask, and the volume was adjusted with the
phosphate buffer solution. The mixture was diluted to a
concentration of 50, 100, 200, 400, and 800 pg/mL. In
control, the sample solution was replaced with 1.25%
DMSO solution with the blank treated the same but not
given a tyrosinase enzyme solution. The composition of
each substance can be seen in Table II. The sample blanks
were treated the same as the test sample, but without the

addition of the tyrosinase enzyme solution. The mixed
solution was incubated at 37 °C for 15 minutes. After
incubation, the absorbance of the mixed solution was
measured using a microplate reader at 490 nm.

Based on the method developed by Kamkaen ef al.
(2007), the percentage of tyrosinase inhibitory activity
was calculated as:

% Inhibition = w x100%
(4-B)

A represents the absorbance of controls with an
enzyme, B represents the absorbance of control-blanks
without enzyme, C represents the absorbance of the
sample with an enzyme, and D represents the absorbance
of sample-blank without enzyme.

Samples with a percentage of inhibition of more than
50% or extracts with the highest percentage inhibition
were calculated. The concentrations of the sample for the
IC,, values were 50, 100, 200, 400, and 800 ng/mL. The
IC,, was calculated by making curve-% inhibition vs.
sample concentration. A linear equation was sought from
the curve, and the IC,, was calculated.

RESULTS
Calibration curve of standard y-oryzanol

A calibration standard curve of y-oryzanol in the

TABLE | - Substance composition of tyrosinase inhibitory acitivity of Kojic acid as positive control

Volume (nL)

Substances

C CB S SB
Phosphate buffer solution 120 160 80 120
L-DOPA (20 mM) 40 40 40 40
Kojic acid solution - - 40 40
Tyrosinase enzyme (620 unit/mL) 40 - 40 -
C = Control, CB = Control-Blank, S = Sample, SB = Sample-Blank
TABLE Il - Substance composition ot tyrosinase inhibitory activity of IL-MAE extract
Substances Volume (uL)

C CB S SB
Phosphate buffer solution 80 120 80 120
1.25% DMSO solution 40 40 - -
L-DOPA (20 mM) 40 40 40 40
Samples solution - - 40 40
Tyrosinase enzyme (620 unit/mL) 40 - 40 -

C = Control, CB = Control-Blank, S = Sample, SB = Sample-Blank
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range concentration of 5 — 45 ppm was constructed by
HPLC analysis. This process is represented in the linear
regression curve at Figure 1.

y=35665x + 30250 (Equation 1.)

and r=0.9991.
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FIGURE 1 - Calibration curve of standard y-oryzanol.
Pre-optimization of various salts in IL-MAE

Figure 2 shows the results of the pre-optimization
of the salt sample with a concentration of 1 M. The figure
illustrates the conclusions. The highest yield of y-oryzanol
was 0.0208 mg/g rice bran using a NaNO; solution, and
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IL-MAE for y-oryzanol extractions

A Box-Behnken design of four factors with RSM
version 10 was used to optimize the experimental
conditions. Table III shows the obtained levels of
y-oryzanol from 25 running samples that were calculated
using Microsoft Excel.

Statistical analysis by RSM

Figure 3 showed that the data for all sample
(Table 3) had a normal distribution. This made it easier
to analyze the optimum conditions for IL-MAE method.
The result of ANOVA analysis showed that two models
had a significant relationship with y-oryzanol level (Prob
value > F) under 0.05 including an AD (concentration of
IL and microwave power) of 0.0490 and a B (sample/liquid
ratio) of 0.016. Therefore, it can be concluded that there
was a significant correlation between the concentration of
IL and the sample/liquid ratio regarding the increases in
the y-oryzanol levels.

The experimental data were analyzed using the
quadratic polynomial equations. The final equation to
investigate the relationship between the independent
variables and the response variable is shown below:

y=-4.167x107°4 +8.333 x 10*B+4.617 x 10°C +
5.833 x10°D—-0.0154B +2.5 x 10°4D + 0.013BD +

the lowest yield of y-oryzanol was 0.0104 mg/g rice bran  2.50x 10°3CD (Equation 2.)
using a NaH,PO, solution.
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FIGURE 2 - Levels of y-oryzanol in various slats.
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TABLE lll - The yields of y-oryzanol in IL-MAE

Factor 1 Factor 2 Factor 3 Factor 4 Response 1
IL concentration IL/Rice bran Extraction time Power microwave Levels of gallnma
(M) (mL/g) (Minutes) (%) (g ‘/’;y:ii:‘;)ran)
0.4 10 10 30 0.264
0.4 15 15 30 0.301
0.4 15 5 30 0.291
0.4 20 10 30 0.310
0.4 15 10 10 0.243
0.4 15 10 50 0.291
0.7 15 15 10 0.421
0.7 15 10 30 0.410
0.7 10 15 30 0.391
0.7 20 15 30 0.380
0.7 10 10 10 0.371
0.7 10 10 50 0.382
0.7 15 5 50 0.400
0.7 20 10 10 0.390
0.7 15 15 50 0.420
0.7 20 10 0.382
0.7 15 30 0.411
0.7 10 30 0.391
0.7 20 10 50 0.350
1 15 5 30 0.281
1 15 10 10 0.240
1 10 10 30 0.272
1 15 10 50 0.302
1 20 10 30 0.261
1 15 15 30 0.294
Normal Plot of Residuals In equation 2, y represents the y-oryzanol yield
(mg/g), A represents the IL concentration, B represents
o the sample/liquid ratio, C represents the extraction time,
. = and D represents the microwave power.
- N - Figure 4 shows that run 8 in Table 3 occupied
% 00— - hot area coordinates in extraction conditions of 0.7 M
;23 ” D-ﬂ ' concentration, with a ratio of 15 mL/g solvent-sample
= . Ff in 10 min. of extraction time and 30% microwave
§ o _ 6 power. This condition had the highest response. Based
= b Pl on RSM result, it can be concluded that the solvent with
. = a concentration of 0.7 M had a closer polarity level to
" ‘ he y-oryzanol than the solvent with concentrations of
0.4 and 1 M. the extraction results by using a relatively

Internally Studentized Residuals

FIGURE 3 - Normal distribution chart.
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short extraction time so that potential damage of the
y-oryzanol compound is reduced. Figure 5 illustrates that
a 3D image of surface response shows a hyperbolic curve
with a peak area at the midpoint, indicating the location
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FIGURE 4 - Heat area coordinates.

of the optimum conditions and the presence of a response
relationship between the variables.

Tyrosinase inhibitory activity of the kojic acid

Figure 7 shows that the highest inhibition obtained
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0.422007
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in a concentration of 16 pg/mL was 59.05%, and the IC,
value of kojic acid as a positive control was 11.64 pg/mL.

Tyrosinase inhibitory activity of IL-MAE extract
under the optimum condition

The absorbance was obtained using a microplate
reader. As seen in Table IV below, it was concluded that
the highest inhibitory of 800 ng/mL was 43.96%. It was
calculated the IC, value of the extracted sample was
1240 pg/mL

DISCUSSION

Previous studies have discussed many methods
for the stabilization of rice bran. These include chemical
stabilization, the hydrothermal process, ohmic heating,
and infrared radiation. However, in this study, the
stabilization of the rice bran was done by drying for 15
minutes using an oven heated to 110 °C. Previous research
has identified a few stabilization (heating) methods
for increasing extraction. These are hot-water heating,
roasting, steaming, oven heating and microwave heating
(Thanonkaew et al., 2012). However, the stabilization
method using a microwave oven was not suitable as

0.465438

0.422007

0.378576

0.335145

0.291714

0.248284

0.204853

Levels of Gamma Oryzanol (mg/g)

Levels of Gamma Oryzanol (mg/g)

D: Power (%)

B: Sample : Solid Ratio (g/ml)

FIGURE 5 - The 3D response surface methodology (RSM) models.
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FIGURE 7 - Curve of tyrosinase inhibitory activity of the kojic acid.

TABLE IV - Tyrosinase inhibitory activity of [IL-MAE extract

a stabilization method for a small- or a medium-scale
project. The oven was more efficient for a small-scale

Concentration of samples (ug/mL) % Inhibition project. This occurred because a temperature higher than
50 33.68 120 °C can cause the volume of the components contained
100 36.59 in the rice bran to decrease and thus, the oil yield. In
200 3754 the extraction process, it was necessary for selecting a
400 4054 suitable solvggt using the MAE method to have an effect
‘ on the solubility of the targetted compound and solvent
800 43.96 penetration.
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Based on the results in Table III, the highest
levels of y-oryzanol, 0.421 mg/g, were obtained in run
7. The result was higher than that of a previous study
(Trinovita et al., 2017). The optimum levels of y-oryzanol
concentration were based on the response to the surface
analysis conducted in run 8 (Optimization), where a yield
of 0.41 mg/g. The optimum conditions was shown to be
0.7 M [Bmim]BF, solution, liquid/solid ratio of 15 mL/g,
extraction time of 10 min, and microwave power of 30%.
Nevertheless, in this experiment, the optimum conditions
for extraction were not the same as the conditions with
the highest yield because the optimum condition for
extraction has a relationship with all the parameters for
extraction. One reason is that an extraction time is too
long can decrease the levels of y-oryzanol or damage the
targeted compounds in the rice bran. In such a case, the
dissolution of [Bmim]BF, in ethanol is recommended
because, according to Xiaohong et al. (2015), the
solubility of [Bmim]BF, in ethanol is high. The study
showed that many solvents are not suitable for microwave
extraction because microwave radiation is absorbed by
[Bmim]BF,. Besides, increased energy for heating is
required. The IL [Bmim]BF, can e quickly heated to a
high temperature under microwave power (irradiation),
although the polarity of IL [Bmim]BF, referred by the
dielectric constant is far lower than that of water. Also,
the existence of [Bmim|BF, enables [Bmim]BF,-ethanol
solution to be heated much faster than water by microwave
irradiation. In the study conducted by Mandal, Mohan and
Hemalatha (2007), this result may have stemmed from the
breakdown of the cell walls because of the intensity of the
power and the heat.

Microwave irradiation as an energy source has
become a favorite method in modern chemistry (Lyopy,
2012). Microwave irradiation transfers energy through
microwaves to the targeted compound by two mechanisms:
dipole rotation and ionic conduction. Microwave power
is very much influenced by extraction time and extraction
temperature. There is an interaction between the solvent
(ethanol) and matrix material (rice bran) so that it can
absorb microwave energy. Therefore, eventually reduced
reaction time from hours to minutes with significant
increase targeted compound yield (Kappe, Dallinger,
Murphree, 2009). Heat from microwave power reduces
the enzymatic activity that damages y-oryzanol or targeted
compounds (Salas et al., 2010). In this experiment, the
microwaves decreased the lipase enzyme activity in the
rice bran.

This study used solvent ethanol to dilute the ionic
liquid [Bmim]BF,. The next parameter in the extraction
was the length of the extraction time. Generally, the
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extraction time was positively correlated with the amount
of the target compound, although there was a risk of
degradation of the target compound itself. An extraction
time depending on the extracted material. Research on
the optimization of the extraction time is needed because
the extraction time may vary with different kinds of
materials. The extraction time was affected by the value of
the dielectric solvent. Selection of the appropriate power
can avoid the degradation of the target compound and the
excess pressure in an extraction process.

The pre-optimization of various salts informed
the selection of NaNO, as the process for salting out in
the rice ran extraction, because the results showed that
NaNO, salt had higher levels of y-oryzanol than those of
other spices that were used. This result is different with
our previous study (Trinovita et al., 2017). The primary
purpose for using salt in this study was to increase the
partition coefficient to increase the yield of y-oryzanol.
Salt weakens the chemical bonding between IL and
targeted compounds (Han et al., 2010). The ionization
process occurred in the process of salting out where nitrate
ion was bonded with ethanol so that the combination of
both liquids formed two phases: the aqueous two-phase
system (ATPS) increased hydrophilic intensity and
showed an increase in the yield of the target compounds
(Wang et al., 2011).

Response surface methodology (RSM) is a design
and model for the evaluation of variable effects and
the interactions of variable responses. Thus, RSM is a
collection of statistical and mathematical techniques that
have been successfully used for developing, improving,
and optimizing processes (Liyana, Shahidi, 2005).
Figure 6 shows that a rice bran sample and a standard
of y-oryzanol had the same retention times and the same
peaks in derivatives of y-oryzanol.

Based on research by Lu et al. (2008), [Bmim]
BF, was used as a solvent in the extraction of Nelumbo
nucifera Gaertn. to find phenolic and alkaloid compounds
where they were extracted by MAE. This was the main
reason for the use of liquid ionic solvent, 1-butyl-3-
methylimidazolium tetrafluoroborate to increase the levels
of y-oryzanol. In other extraction methods [Bmim|BF, was
coupled with ultrasonic-assisted extraction was used to
extract Stephanie tetrandrine which targeted compounds
of fangchinoline and tetrandrine (Zhang et al., 2009).
Also, at the extraction of white pepper which targeted
compound of piperine (Ma et al., 2010). Ionic liquid (IL)
can be applied to microwave-assisted extraction (MAE)
methods and can be used as a solvent in extraction and
extracted other natural products.

The test of kojic acid was performed as a positive
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control to ensure that the method was correct by comparing
the IC,,values obtained in this study with the IC,, values
obtained in studies reviewed in the literature. If the IC,
values obtained in this study were within the range of
IC,, values obtained in previous studies, then it could be
concluded that the method can be used. The test was done
by the protocols for achieving optimal results. The results
of the experiment on the tyrosinase inhibitory activity of
kojic acid as a positive control can be seen in Figure 7.
An IC,, value that is equal to 11.64 pg/mL was obtained.
This IC,, value was not much different from the amount
reported by Lee ef al. (2006), who got an IC,, kojic acid
value of 30.61 uM or 4.35 pg/mL. It can, therefore, be
concluded that this method can be used.

The optimum conditions for extraction with the IL-
MAE method were obtained by run 8 in Table III with a
y-oryzanol content of 0.41 mg/g. A regression equation
was used to calculate the IC, value for the optimum results
of rice bran extraction. The IC,, values obtained from
the optimum extract at a various initial concentration of
samples were 50, 100, 200, 400, dan 800 p g/mL. Based on
this experiment, the IC, value of the optimum condition
extract is 1,240 pg/mL, as illustrated in Table 4.

Research conducted by Moon et al. (2010) showed
that tyrosinase inhibitory activity was not active if the
percentage of inhibition at 500 pg/mL concentration was
less than 30%. Activity was considered as weak if this
inhibition was 30-60%, and it was strong if this inhibition
was more than 60%. The IC,, value of arbutin was 180
ug/mL, where arbutin is commonly used as the whitening
agent. Table 4 shows the percentage of inhibition from
the extract of the optimum IL-MAE at 800 pg/mL
concentration to be 43.96%. It can, therefore, be concluded
from the results that the extraction from optimum IL-MAE
has low activity as a tyrosinase inhibitor.

CONCLUSIONS

According to the experimental design and response
surface analysis, quadratic polynomial models can be
used to predict the yield of y-oryzanol. This suggests that
IL-MAE be more efficient for the extraction of y-oryzanol
compounds from rice bran. The optimum condition for the
MAE using ionic liquids was 0.7 M [Bmim]BF, solution,
a 15 mL/g liquid/solid ratio, 10 minutes extraction time,
and 30% microwave power, with a y-oryzanol value
of 0.41 mg/g. lonic liquid-based MAE was used as an
alternative method for the extraction of y-oryzanol from
rice bran. In a future experiment, other ionic liquids can be
used to obtain a higher yield of y-oryzanol. Based on the
observed tyrosinase inhibitory activity, it can be concluded

Braz. J. Pharm. Sci. 2020;56:¢18115

that the IC,, value of sample under an optimum condition
in [IL-MAE is 1240 pg/mL. This means y-oryzanol has
weak/low activity in tyrosinase inhibition, so further
research is needed to discover the best activity from rice
bran, specifically from y-oryzanol, the main component
in rice bran.
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