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Abstract: Soy milk, one of the soybean products, become more popular in recent years
due to its benefit for human health. Biological activities of soybean products have been
widely studied according to the presence of isoflavone aglycones content, including genistein,
daidzein, and glycitein. Hence, it is important to develop an effective and efficient
analytical method to provide guidance regarding appropriate isoflavone intake levels for
soy milk. A reversed-phase high performance liquid chromatography (HPLC) method was
developed and optimized in this study employed by rsm package in R statistical software.
A Cis column was used for HPLC separation with the detection at 260 nm. Optimized
condition for HPLC separation has been achieved with the mobile phase of methanol:
water (63.26:36.74), a flow rate of 0.81 mL/min, and a column temperature of 45.31 °C.
These conditions were applied in the HPLC system and successfully tested for the system
suitability. Quantitative estimation was performed and resulted that the genistein,
daidzein, and glycitein content in soy milk samples were 6.372, 6.273, and 2.853 ug/mlL,

respectively.
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m INTRODUCTION

Functional food from soybeans (Glycine max L.
Merrill) has attracted much attention in recent years due
to their beneficial effects on immune function, brain
function, and neurochemistry towards healthy people [1].
It was stated that soy foods were not only providing high-
quality protein and healthful fat but also having health
benefits such as reducing the risk of coronary heart
disease, performing an anticancer activity for breast and
prostate cancer, improving renal function, brain smartness,
and skin health [2-3]. In the previous studies [4-6], several
biological activities of soy foods indicated the presence of
isoflavones content as bioactive compounds.

Soy milk, one of the most popular beverages in
Asian countries, is commonly produced by the grinding
process of soybeans with water to achieve soybean water

extract [7]. As one of soy foods products, soy milk was
reported to have isoflavone aglycones content, including
genistein, daidzein, and glycitein [8]. Fig. 1 presents the
chemical structure of genistein, daidzein, and glycitein
as the three major isoflavone aglycones in soy milk.
More than two thousand soy-related studies have
been annually published since there was evidence of the
activity from its nutrients content [2]. Hence, it is
necessary to provide guidance regarding appropriate
isoflavone intake levels for soybeans food products [9].
High performance liquid chromatography (HPLC) has
been widely used as an analytical method to analyze
isoflavones content in several soy foods [10-12]. As an
analytical method, analytes separation by HPLC was
affected by several experimental conditions, including
column conditions, solvent purity, column temperature,
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Fig 1. Chemical structure of genistein (a), daidzein (b), and glycitein (c)

flow rate, and mobile phase composition [13]. Observation
of the optimum conditions for the HPLC method can be
performed using response surface methodology (RSM) as
a mathematical-statistical model for optimization [14-
18]. RSM can be employed in the optimization of
independent variables in HPLC separation [18].

RSM, as one of the statistical techniques, can be
applied in optimization research using commercial
software such as Minitab® [19] and Design-Expert® [20].
However, this kind of software is expensive and protected
by software licensing [21]. On the other hand, R, as open-
source software with the GNU General Public License
(GPL), offers a broad range of statistical technique by
installing software packages for each statistical need [22].
The interest in implementing RSM for the HPLC method
has increased since there were many reports on its
application in the field of chromatographic method
optimization over the last decade [23-28]. Nevertheless,
there was limited publication reporting the employment
of R software for HPLC optimization. The aim of this
study was to optimize the HPLC separation of genistein,
daidzein, and glycitein in soy milk analysis employed by
R software using the rsm package. This package supported
the application of Box-Behnken Design (BBD) and
provided response surface estimation with contour and
perspective plots in order to present a sophisticated
visualization of optimization [29]. In this paper, the R
codes function, and their implementation in the rsm
package was discussed. Parameters, namely methanol
percentage, flowrate, and column temperature, were stated
as independent  variables, whereas several
chromatographic responses, namely retention time,
resolution, tailing factor, and theoretical plate number,
were chosen to be evaluated as dependent variables. The
system suitability test of the HPLC method, followed by
the quantitative estimation of the three isoflavone
aglycones, was also performed in this study.

m EXPERIMENTAL SECTION
Materials

All the reference standard including genistein,
daidzein, and glycitein were purchased from Sigma-
Aldrich. The solvents used in this study were methanol
gradient grade for liquid chromatography (Merck
Millipore), petroleum ether, ethyl acetate (Smart Lab),
and redistilled water (PT. Ikapharmindo Putramas).
Sodium sulfate anhydrous was purchased from Merck
Millipore. Soymilk sample was produced by the local
brand and obtained in Yogyakarta, Indonesia.

Instrumentation and Software

Instrumentation used in this study were ultra-
micro analytical balance RADWAG?® series of UYA 2.3Y
(max: 2.1 g, min 0.01 mg), HPLC system of Shimadzu®
LC-2010 CHT with UV/Vis detector, a Cis column of
Hibar® 250-4,6 Purospher® STAR RP-18 endcapped
(5 um), a system of Buchi Rotary Evaporator (Interface
1-300, Rotavapor R-300, Heating Bath B-300), Retsch®
T460 ultrasonicator, Gast® vacuum pump model DOA-
P504-BN, sterile syringe filter with a 0.2 um pore size
hydrophilic PTFE membrane (Merck Millipore), and a
set of Socorex” micropipettes. Statistical technique and
response surface application was carried out using R
Studio software version 1.1.456 with an rsm package.

Procedure

Standard and sample preparation
Accurate weight of 4.976 mg of genistein, 5.003 mg

of daidzein, and 1.068 mg of glycitein were transferred
into 10 mL volumetric flask for genistein and daidzein
and 5 mL volumetric flask for glycitein. The contents of
each volumetric flask were diluted in methanol to achieve
a stock solution for each standard. The mixture solution
containing all standards was prepared by transferring
0.2 mL, 0.2 mL, and 0.4 mL of genistein, daidzein, and
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glycitein stock solution into a 5 mL volumetric flask,
respectively, followed by dilution to volume. This solution
was filtered using a sterile syringe filter membrane before
injection into the HPLC system.

Fifty milliliters of soy milk samples were transferred
into beaker glass and macerated in 50 mL petroleum ether
for 40 min (150 rpm) followed by the removal of the
petroleum ether. The hydrophilic solution was then
fractionated using ethyl acetate and water. The ethyl
acetate fraction was subsequently separated and filtered to
remove the solid phase residue. Sodium sulfate anhydrous
was added into the filtrate follow by filtration to achieve
the yellowish solution of ethyl acetate. This yellowish
filtrate solution was evaporated using a rotary evaporator.
The residue obtained from the evaporation stage was
diluted in 10 mL methanol. The working sample solution
was prepared by transferring a 5 mL sample diluted
solution into a 10 mL volumetric flask followed by
dilution to volume. This solution was filtered using a
sterile syringe filter membrane before injection into the
HPLC system.

Experimental design

RSM as an experimental design approach was
implemented in this study to optimize chromatographic
separation. The BBD [30], one of the RSM technique, has
been applied as experimental design since there were
three observed factors with three levels for each [15].
Preliminary HPLC optimization for condition screening
was performed by one variable at time (OVAT)
observation. The percentage of methanol (X1), flowrate
(X2), and column temperature (X3) were selected as
HPLC
responses namely retention time (Y1), resolution (Y2),

independent variables, whereas separation
tailing factor (Y3), and theoretical plates number (Y4) was
selected as dependent variables. The BBD design for this
study was generated using R software using the following
formula:
> library(rsm)
> bbd(3, randomize=FALSE)

Every independent variable was coded as -1, 0, and
+1 for low, medium, and high levels, respectively. The
coded levels of variables and their values are presented in

Table 1. After successfully generated a BBD model with
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Table 1. Coded levels of variables and their observed
values

. Coded levels
Variables
-1 0 +1
X1: methanol (%) 60 65 70
X2: flowrate (mL/min) 0.6 0.8 1.0
X3: column temperature (°C) 30 40 50

16 runs, HPLC separation was performed for each run
by HPLC system of Shimadzu® LC-2010 CHT with
UV/Vis detector and a Cis column of Hibar® 250-4,6
Purospher” STAR RP-18 endcapped (5 um). Wavelength
detection was set to 260 nm in which three analytes were
resulting in a good response. The volume injection for
each run was 10 pL.

RSM observation

The results of 16 BBD runs were recorded and
listed for each response and each compound to build
RSM coded model. After storing coded data for each
compound, the effect of independent variables toward
each dependent variable was fitted using the RSM
function following the second-order model since it
provided flexibility, simplicity for parameter estimation,
and the ability for solving response surface problems
[31]. The statistical analysis resulted from an analysis of
variance (ANOVA) table to observe the significant
differences among independent variables. Estimated
coefficients for each RSM equation [28] were also
generated by the software. The second-order
polynomials are considered to estimate the response of
the dependent variable:
Y =B + 51X +B2 Xy +B3 X5 +P1a X Xy +B13X X5

B Xo X5 + B Xy + By Xy + BysXy’

where,

(1

Y = predicted response
X, X, X3 = independent variables
Bo = intercept
B1, B, Bs = linear effect
B12, Bis, B2z = interaction effect
B:% Bi% Bs® = squared effect
Further, statistical analysis using R software
provided stationary points along with the eigenvalues,
which practically assist the optimization process. The
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Fig 2. Preliminary HPLC optimization using three variations separation condition of OVAT1 (a), OVAT2 (b), and
OVAT3 (c) for mixture standard solution containing genistein (Gen), daidzein (Dai), and glycitein (Gly). Column: C;s
column of Hibar® 250-4,6 Purospher® STAR RP-18 endcapped (5 pm). Wavelength detection at 260 nm. Volume

injection: 10 pL

perspective plots for each dependent variable were also
generated to depict the effective visualization of RSM
models.

System suitability test

The system suitability test was performed by
injecting a mixture solution containing all standards of
10 pL with a concentration of 9.951, 10.005, and
8.544 pg/mL for genistein, daidzein, and glycitein,
respectively. These injections were replicated five times.

Quantitative estimation
Qualitative estimation for genistein, daidzein, and

glycitein was performed using a single-point calibration
method
daidzein, and glycitein was determined by the peak area
sample and standards.

m  RESULTS AND DISCUSSION

[27,32]. The concentration of genistein,

BBD, as one of the three-level fractional factorial
design classes, providing an effective and economic
statistical model to solve the optimization problem [33].
The percentage of methanol in combination with water,
flow rate, and the column temperature was stated as
independent variables due to their contribution for
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achieving a sophisticated HPLC separation. The selection
of mobile phase composition played an important role in
liquid chromatography after considering stationary phase
selection [34] and supported with an optimized flow rate
to minimize the peak broadening [35]. The column
temperature was also considered in HPLC optimization
due to its contribution toward the elution strength of the
mobile phase [36]. Preliminary HPLC optimization has
been performed by the conventional OVAT approach
using three condition variations (OVAT1, OVAT2, and
OVAT3) of the mobile phase, flow rate, and column
temperature, as presented in Fig. 2. This approach has
been considered for preliminary screening of various
independent variables influencing HPLC separation
responses for further statistical optimization using the
BBD technique.

The BBD model has been generated using R
software with the formula of bbd(3, randomize=FALSE).
This formula resulted in 16 runs for RSM experimental
model, including four central point replications agreed
with BBD number of experiments formula: 2k(k-1)+Cp,

Indones. I. Chem., 2020, 20 (5), 1184 - 1198

where k represents the number of factors and Cp
represents the replicate number of the central point [15].
The BBD and the experimental responses of genistein,
daidzein, and glycitein separation were presented in
Table 2.

RSM Optimization of Genistein, Daidzein, and
Glycitein Separation

A total of 16 runs of experiments were performed
with different combinations of variables X1, X2, and X3
using BBD which also includes four central point
replication of second order response surface. These runs
allowed to collect responses data of independent
variables Y1, Y2, Y3, and Y4. RSM statistical analysis was
performed to observe each response for genistein,
daidzein, and glycitein. It should be noted that setting up
the coded formula of independent variables was the
important step for generating RSM model in R software.
The medium level of each factor and its interval to low and
high level should be clearly defined. RSM coded model
for each compound was input in R software using the

Table 2. The Box-Behnken Design and the experimental responses of dependent variables of genistein, daidzein, and

glycitein separation

Independent Dependent variables
Run variables Genistein Daidzein
met flow temp ret res tai n ret res tai n
1 60 0.6 40 12.699 4.292 1.238 8821.962 9.553 13.294 1.221 6475.064
2 70 0.6 40 8.346 1.738 1.234 5465.418 6.962 3.397 0.000 5110.210
3 60 1.0 40 7.796 4.020 1.201 7802.569 5.848 8.875 1.188 5865.786
4 70 1.0 40 5.090 1.649 1.208 5199.550 4.253 7.057 1.184 4941.509
5 60 0.8 30 11.437 5.089 1.184 7808.821 8.199 8960 1.194 5986.763
6 70 0.8 30 6.833 2.297 1.270 5269.899 5.562 4.435 0.000 4636.857
7 60 0.8 50 8.800 2.779 1.209 8139.261 6.820 11.540 1.093 4931.067
8 70 0.8 50 5.923 1.336 1.177 5335.514 5.032 5102 1455 5121.019
9 65 0.6 30 10.776 3213 1.266 6168.342 8.352 7.573 0.000 4939.654
10 65 1.0 30 6.687 3275 1.198 5568.114 5.128 6.449 0.000 4376.574
11 65 0.6 50 9.019 2.109 1.247 6399.267 7.382 3.737 1.252  5135.400
12 65 1.0 50 5.335 1.874 1.227 5634.854 4.390 7.679 1.243 4743.974
13 65 0.8 40 7.476 2.699 1.233 6716.002 5.959 6.112 1.314 4995.631
14 65 0.8 40 7.482 2.688 1.233 6665.227 5.961 6.310 1312 5021.040
15 65 0.8 40 7.451 2.679 1.232 6614.460 5.935 6.238 1312 5010.788
16 65 0.8 40 7.460 2.672 1.228 6549.274 5.956 4319 1.309 5122.781
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Table 2. The Box-Behnken Design and the experimental responses of dependent variables of genistein, daidzein, and

glycitein separation (Continued)

Independent Dependent variables
Run variables Glycitein
met flow temp ret res tai n
1 60 0.6 40 10.450 1.825 1.208 6778.520
2 70 0.6 40 7.526 1.282 0.000 3757.794
3 60 1.0 40 6.413 1.764 1.178 5863.593
4 70 1.0 40 4.603 1.270 0.000 3558.951
5 60 0.8 30 8.895 1537 1.168 5464.280
6 70 0.8 30 5939 1.035 0.000 3496.609
7 60 0.8 50 7.689 2179 1115 5646.459
8 70 0.8 50 5459 1311 0.000 3486.538
9 65 0.6 30 9.019 1308 0.000 4389.452
10 65 1.0 30 5514 1.158 0.000 3803.609
11 65 0.6 50 8.048 1.507 1.158 4675.234
12 65 1.0 50 4.784 1.410 0.000 3975.597
13 65 0.8 40 6.468 1.413 0.000 4581.871
14 65 0.8 40 6.472 1417 0.000 4527.589
15 65 0.8 40 6.440 1.395 0.000 4408.380
16 65 0.8 40 6.452 1.381 0.000 4485.048

Note. met: methanol percentage (%); flow: flowrate (mL/min); temp:

column temperature (°C); ret: retention time (min); res: resolution; tai:

tailing factor; n: theoretical plates number

following formula:

#setting up coded levels for genistein model

> gen.rsm <- coded.data(gen, x1 ~ (methanol - 65)/5,
x2 ~ (flowrate - 0.8)/0.2,
x3 ~ (temp - 40)/10)

#setting up coded levels for daidzein model

> dai.rsm <- coded.data(dai, x1 ~ (methanol - 65)/5,
x2 ~ (flowrate - 0.8)/0.2,
x3 ~ (temp - 40)/10)

#setting up coded levels for glycitein model

> gly.rsm <- coded.data(gly, x1 ~ (methanol - 65)/5,
x2 ~ (flowrate - 0.8)/0.2,
x3 ~ (temp - 40)/10)

The coded data sets facilitated to ensure the RSM
analysis can be employed properly. It was necessary to
understand that the medium level for methanol
percentage was set to 65% with the interval of + 5%, the
medium level for flow rate was set to 0.8 mL/min with the
interval of + 0.2 mL/min, and the medium level for
column temperature was set to 40 °C with the interval of

+ 10 °C for genistein, daidzein, and glycitein.

After successfully coded all data sets, RSM analysis
was performed to assess the optimized condition for
separation of genistein, daidzein, and glycitein. The
empiric second-order polynomial models and RSM
analysis of each response for genistein, daidzein, and
glycitein were presented in Table 3. The RSM
perspective plots of all responses for genistein (Fig. 3),
daidzein (Fig. 4), and glycitein (Fig. 5) were also
generated using R software.

Independent variables have significantly affected the
responses only if multiple R* > 0.8 and adjusted R* > 0.8;
in addition, the difference between multiple R* with the
adjusted R* must be less than 0.2 [37]. These results
indicated that the experimental model was a good fit with
polynomial equations [18]. Except for the tailing factor
for genistein, all equation models generated were resulted
acceptable both multiple R* and adjusted R* All responses
resulted desirable p-value with p < 0.05. These data
implied that all the generated models were significant.
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Table 3. The empiric second-order polynomial model and RSM analysis of retention time, resolution, tailing factor,

and theoretical plate number for genistein, daidzein, and glycitein

Stationary points and eigenvalues

. Multiple Adjusted
Responses Model equations R R p-value  Methanol  Flow rate Column
(%) (mL/min)  temp. (°C)

Genistein

Retention  Y1=7.467-1.816X,-1.992X,- 0.9990 0.9976 2.439e-08 63.09 1.31 69.18**
0.832X35+0.412X,X2+0.432X,Xs + 0.101 X X5+ (0.827) (0.267) (0.047)
0.655X,2+0.361X,2+0.126X3?

Resolution  Y2=2.685-1.145X,+-0.067Xz- 0.9912 0.9779 1.808e-05 74.79 0.39** 47.87
0.722X3+0.046X1X2+0.337X1X5-0.074X:X5+0.249X:- (0.324) (0.005) (-0.146)
0.009X,%-0.058X5?

Tailing Y3=1.232+0.007X:-0.019X>-0.007X3+0.002X:X;- 0.8870 0.7175*  2.844e-02 66.57 1.07 39.88

factor 0.029X:X5+0.012X,X5+0.018X,%+0.006X*-0.004X5> (0.011) (0.002) (-0.020)

N Y4=6636.241-1412.779X,- 0.9966 0.9914 1.064e-06 73.06 0.80 39.80
331.238X,5+86.715X5+188.381X1X2-66.206X:X;- (454.870)  (-265.862)  (-441.673)
41.046X2X3+440.932X,2-254.798X,?-438.799X5?

Daidzein

Retention  Y1=5.953-1.076X,-1.579X>- 0.9995 0.9986 4.270e-09 63.34 1.28 75.07**
0.452X5+0.249X:X2+0.212X:X5+0.058X2X5+0.396 X, >+ (0.507) (0.225) (0.024)
0.306X,%+0.055X5?

Resolution Y2=>5.745-2.835X1+0.257X>+0.080X5+2.020X:Xz- 0.9221 0.8053 1.028e-02 67.82 0.82 27.78
0.478X1X5+ 1.267X2X3+1.780X:1%+0.631X,%-0.016X5? (2.373) (0.679) (-0.657)

Tailing Y3=1.312- 0.9275 0.8187 8.418e-03 63.26 0.81 45.31

factor 0.257X1+0.143X+0.481X5+0.304X,X2+0.389 X, X5- (0.090) (-0.346) (-0.483)
0.002X,X;5-0.051X,2-0.363X,?-0.325X5?

N Y4=5037.560-431.136X1-216.560Xz- 0.9203 0.8008 1.095e-02 66.32 0.99 42.11
1.048X5+110.144X:X; (517.345) (87.337) (-378.037)
+384.965X1X3+42.914X2X3+465.304X,2+95.278X,%-
333.937X5?

Glycitein

Retention  Y1=6.458-1.240X:-1.716X,- 0.9992 0.9980 1.306e-08 66.30 1.28 57.61**
0.423X5+0.279X1X>+0.182X1 X5+ (0.571) (0.238) (0.046)
0.060X2X3+0.472X:%+0.318X22+0.065X3>

Resolution  Y2=1.402-0.300X,-0.040X>+0.171X3+0.012X,X>- 0.9603 0.9006 1.514e-03 71.11 0.71 47.09
0.092X:X5+ 0.013X2X3+0.152X,2-0.018X,%-0.038X5? (0.162) (-0.016) (-0.050)

Tailing Y3=2.7756e-17-0.584X;- 0.9265 0.8161 8.753e-03 67.63 1.97%* 98.72*%*

factor 0.149X5+0.138X5+0.008X:X>+0.013X,X5- (0.439) (0.290) (-0.001)
0.290X2X3+0.439X:%+0.158X22+0.132X5>

N Y4=4500.722-1181.620X;- 0.9845 0.9613 9.520e-05 72.07 0.85 40.04
299.906X>+78.735X3+179.021X:X>-48.063X:X;5- (425.467) (64.552) (-379.024)
28.449X,X5+400.746X,2+88.247X,%-377.996 X 5>

Note.

* indicated unacceptable R? (R? < 0.8)
** indicated inapplicable suggestion (too slow or too fast flowrate and too high column temperature)

R software also generated stationary points for each
independent variable. However, the stationary points
were nowhere near the experiment as the extrapolation.
In several cases, stationary points in the original unit as an
estimation of optimum condition resulted in a negative

number or inapplicable estimation for the specific

experimental process [29]. Hence, it is recommended to

observe each estimation to collect confirmatory data of

stationary points prediction. In this RSM analysis, a

model for a retention time of genistein, daidzein, and
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glycitein, and tailing factor for glycitein resulted from
high column temperature (more than 50 °C) and did not
recommend to be applied in the experiment in order to
avoid band broadening and loss of separation efficiency.

Unsuitable flow rate estimations were found in the model
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of genistein resolution and glycitein tailing factor which
were too slow and too fast, respectively. If the flow rate
was set too slow, the analytical time will be too long and
lead to the band broadening. On the other hand, the

faster flow rate may increase the column pressure and
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affecting column lifetime. The eigenvalues indicated the
shape of the response surface. The negative eigenvalues
direct a downward curvature, whereas positive eigenvalues
direct an upward curvature. Hence, all negative eigenvalues
indicated the stable point is a maximum, all positive
eigenvalues indicated the stable point is a minimum, and
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the mixed sign of eigenvalues indicated the stable point
is a saddle.

The optimized condition has successfully resulted
in the good separation of daidzein, glycitein, and
genistein for both standard and sample solutions (Fig. 6).
The three compounds were completely separated from
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Fig 5. The perspective plot of retention time (Y1), resolution (Y2), tailing factor (Y3), and theoretical plates number

the soy milk matrix with a short analytical time (less than
10 min). Besides the statistical approach, the equation model
of the daidzein tailing factor was applicable to estimate the
optimized condition of HPLC separation since the peak
of glycitein was detected near the daidzein peak. If the
tailing factor of the daidzein peak was too high, it has
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potentially resulted in a peak broadening, which can be
affected by the separation between daidzein and glycitein.

Genistein, daidzein, and glycitein can be separated
by reversed-phase HPLC using the Cis column [11-

12,38-39] due to the possibility of interaction between
isoflavone aglycones as organic compounds toward the
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silica-based column [40]. Methanol was chosen as one of
the mobile phase compositions since it was reported that
aglycone isoflavone such as genistein was played an
important role as either a hydrogen bond donor or
acceptor to interact with methanol and resulted in extra
stability for the whole system [41]. The mobile phase
composition of methanol-water resulted in stronger
interaction with the residual surface silanols compared to
acetonitrile-water composition in the same organic mol
fraction [34]. However, methanol was chosen in this study
since it was less toxic and significantly lower in the cost
compared to acetonitrile [42]. The optimized method
resulted in a more effective HPLC method compared to
the previous study since it can separate not only genistein
and daidzein but also glycitein [39]. From the point of
view of retention time, the optimized method resulted in
the lower retention time of genistein and daidzein
compared to other previous studies [11], indicating the
time efficiency of HPLC separation.
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System Suitability Test

The system suitability test ensures that the method
can work properly to be applied in a further analytical
stage. HPLC separation properties, including retention
time (RT), area, capacity factor (K’), resolution (Rs),
tailing factor (TF), and theoretical plate number, were
observed. The result of the system suitability test was
exhibited in Table 4.

From the system suitability test results, a relative
standard deviation of retention time and area were met
the acceptance criteria (RSD < 2.0). Capacity factor, tailing
factor, and the number of the theoretical plate were also
met the acceptance criteria of K’ > 2.0, TF < 2.0, and N >
2000, respectively [13]. The general recommendation for
peak resolution was Rs > 2.0 as the resolution of
genistein and daidzein met this criterion. However, a
resolution of 1.5 between two adjacent peaks was quite
sufficient for accurate peak integration, if the peak areas
are not too much different [43].
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Fig 6. HPLC chromatograms of mixture standard solution (A) and soy milk sample solution (B) containing genistein
(Gen), daidzein (Dai), and glycitein (Gly). Mobile phase: methanol-water (63.26:36.74). Flowrate: 0.81 mL/min.
Column: Cis column of Hibar® 250-4,6 Purospher® STAR RP-18 endcapped (5 um). Column temperature: 45.31 °C.

Wavelength detection at 260 nm. Volume injection: 10 pL
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Table 4. Results of system suitability test (n = 5)
RT Area
Analytes K Rs TF N
Mean RSD (%) Mean RSD (%)
Genistein 7.611 0.554 804077.6 0.295 8.888 2.043 1.208 5817.173
Daidzein 6.060 0.418 714179.0 0.398 6.875 2.479 1.198 3870.025
Glycitein 6.769 0.655 521229.0 0.342 7.771 1.742 1.111 4070.633
Table 5. Quantitative estimation of genistein, daidzein, and glycitein
Standard solution Sample solution
Compounds Retention Peak Concentration  Retention Peak Concentration
time (min) Area (ng/mL) time (min) Area (ng/mL)
Genistein 7.826 347095 4.002 7.726 552680 6.372
Daidzein 6.168 545258 7.961 6.138 429648 6.273
Glycitein 6.777 122714 3.204 6.665 109279 2.853

Quantitative Estimation

The research of RSM development for HPLC
separation, followed by quantitative estimation, has been
performed in the previous studies [27]. A single point
calibration method was applied for estimating the content
of genistein, daidzein, and glycitein using a single-point
calibration method. Quantitative estimation of genistein,
daidzein, and glycitein was presented in Table 5. Estimated
concentration of genistein, daidzein, and glycitein in soy
milk sample were 6.372, 6.273, and 2.853 pg/mlL,
respectively.

m CONCLUSION

The employment of rsm package of R software for
optimizing of genistein, daidzein, and glycitein separation
has successfully performed and useful for soy milk analysis
by HPLC method. Independent variables, including
methanol percentage in mobile phase composition, flow
rate, and column temperature, were optimized using Box-
Behnken Design involving response surface methodology.
Methanol percentage of 63.26%, the flow rate of
0.81 mL/min, and column temperature of 45.31 °C were
applied in the HPLC system and resulted in quantitative
estimation of genistein, daidzein, and glycitein in soy milk
sample were 6.372, 6.273, and 2.853 pg/mL, respectively.
In the future, it is recommended to perform analytical
method validation after employing an experimental design
in the optimization stage. Employing RSM in HPLC
optimization can be applied in other analytical samples

such as natural products, pharmaceutical products, and
biological samples. However, the economical and
effective optimization HPLC method can be carried out
with RSM employed with R statistical software. Using
the rsm package, it is also possible to generate a
sophisticated visualization of the response surface model
for supporting data interpretation.

m SUPPLEMENTARY

S1. R formula for analyzing genistein data
$2. R formula for analyzing daidzein data
$3. R formula for analyzing glycitein data
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