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Background: Extraction conditions greatly affect composition, as well as biological activity. Therefore,
optimization is essential for maximum efficacy.
Methods: Korean Red Ginseng (KRG) was extracted under different conditions and antioxidant activity,
extraction yield, and ginsenoside Rg1 and phenolic content evaluated. Optimized extraction conditions
were suggested using response surface methodology for maximum antioxidant activity and extraction
yield.
Results: Analysis of KRG extraction conditions using response surface methodology showed a good fit of
experimental data as demonstrated by regression analysis. Among extraction factors, such as extraction
solvent and extraction time and temperature, ethanol concentration greatly affected antioxidant activity,
extraction yield, and ginsenoside Rg1 and phenolic content. The optimal conditions for maximum
antioxidant activity and extraction yield were an ethanol concentration of 48.8%, an extraction time
73.3 min, and an extraction temperature of 90�C. The antioxidant activity and extraction yield under
optimal conditions were 43.7% and 23.2% of dried KRG, respectively.
Conclusion: Ethanol concentration is an important extraction factor for KRG antioxidant activity and
extraction yield. Optimized extraction conditions provide useful economic advantages in KRG develop-
ment for functional products.
Copyright � 2015, The Korean Society of Ginseng, Published by Elsevier. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Panax ginseng Meyer (Araliaceae), commonly known as
Korean Ginseng, is one of the most widely used traditional
medicines. P. ginseng roots are used as a tonic to enhance im-
mune response and consequent health and longevity [1,2].
Diverse beneficial effects, such as anticancer, anti-diabetic, neu-
roprotective, and anti-inflammatory activities have also been
reported [3e6].

To increase useful components and biological activities of
Korean Ginseng, various preparation methods have been
gbuk National University, 1 Chung
.
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investigated. Drying after steaming, which produces Korean Red
Ginseng (KRG), is well known for the production of new active
constituents [7e10]. Fermentation or treatment in acidic conditions
is also suggested for production of and/or increasing active con-
stituents [11e14].

In order to use P. ginseng in traditional medicine or for devel-
opment as functional foods, appropriate extraction procedures are
indispensable. Extraction procedures are also important in deter-
mining extract efficacy. Many factors, such as extraction solvent,
extraction time and temperature, and solideliquid ratios, affect
extract composition, as well as biological activity [15e17].
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Therefore, optimization of extraction conditions is required for
maximum efficacy. Response surfacemethodology (RSM) is a useful
statistical tool that can derive optimal conditions by considering
several factors simultaneously. RSM consists of mathematical and
statistical methods and derives optimal conditions based on
experimental data obtained from rationally designed experiments
[18e20]. Therefore, RSM is an effective method for optimization of
extraction conditions, especially in cases involving multiple
variables.

Oxidative stress describes an imbalance between the production
of reactive oxygen species and antioxidant defenses. It is a major
contributor to age-related symptoms and pathogenesis of many
diseases, such as cancer, diabetes, atherosclerosis, neurodegener-
ative diseases, and osteoporosis [21,22]. Consumption of
antioxidant-rich fruits or botanical extracts minimizes senescence
and chronic disease [23e25]. KRG reportedly exhibits beneficial
effects against various diseases through enhancing antioxidant
defense [26e29].

In the present study, we investigated the impact of KRG
extraction conditions on antioxidant activity using RSM. Given the
importance of extraction efficiency for further product develop-
ment, the extraction yield was also compared. Additionally, ginse-
noside Rg1 and phenolic content were also measured. Ultimately,
optimized extraction conditions for maximum antioxidant activity
and maximum extraction yield using RSM are suggested.
2. Materials and methods

2.1. Plant material

KRG was purchased from a local herbal market in Chungbuk,
Korea, in September 2014. Theywere identified by the herbarium of
College of Pharmacy at Chungbuk National University, where a
voucher specimen was deposited (CBNU201409-KRG). Ginsenoside
Rg1 was purchased from Baoji Herbest Bio-Tech Co., Ltd (Baoji,
Shaanxi, China).
2.2. Preparation of KRG extract

Powdered KRG (500mg) was weighed and extractedwith 10mL
extraction solvent as indicated in Table 1. The solvent was evapo-
rated and the extract analyzed for antioxidant activity. For HPLC
Table 1
A Box-Behnken design for independent variables and their responses

Run Coded variables Actual variables

X1 X2 X3 EtOH
(%)

Time
(min)

Temperatu
(�C)

1 1 0 �1 100 60 30
2 0 0 0 50 60 60
3 0 �1 �1 50 30 30
4 0 0 0 50 60 60
5 0 1 1 50 90 90
6 1 �1 0 100 30 60
7 0 0 0 50 60 60
8 1 1 0 100 90 60
9 �1 0 1 0 60 90
10 0 �1 1 50 30 90
11 �1 0 �1 0 60 30
12 �1 1 0 0 90 60
13 �1 �1 0 0 30 60
14 0 1 �1 50 90 30
15 1 0 1 100 60 90

EtOH, ethanol.
analysis, each sample solution was filtered through a 0.45 mm
membrane filter.
2.3. Antioxidant activity

KRG antioxidant activity was evaluated bymeasuring free-radical
scavenging activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH).
Briefly, extracts prepared from different extraction conditions were
mixed with freshly prepared DPPH solution. After shaking, the re-
action mixtures were allowed to stand for 30 min at room temper-
ature in a dark environment. The radical scavenging activity was
determined by measuring the absorbance at 517 nm. The relative
radical scavenging activity (%) was calculated as [1 � absorbance of
solution with sample and DPPH / absorbance of solution with
DPPH] � 100.
2.4. Experimental design for RSM

A Box-Behnken design (BBD) with three variables and three
levels was used to optimize the extraction conditions of KRG. Target
responses were selected as antioxidant activity, extraction yield,
and ginsenoside Rg1 and phenolic content. The independent
extraction variables for extraction solvent (ethanol) (X1), extraction
time (X2), and extraction temperature (X3) were chosen for this
study and their ranges determined based on a preliminary single-
factor experiment. As shown in Table 1, the complete design con-
sisted of 15 experimental points, including three replicates of the
center points (all variables were coded as zero).

Regression analysis was performed according to the experi-
mental data. The mathematical model is described by the following
equation:

Y ¼ b0 þ
X3

i¼1

biXi þ
X3

i¼1

biiX
2
i þ

X3

1�i�j

bijXiXj

where Y is the response, b0 is the constant coefficient, bi is the linear
coefficient, bii is the quadratic coefficient, and bij is the interaction
coefficient. The statistical significance of the coefficients in the
regression equation was checked by analysis of variance (ANOVA).
The fitness of the polynomial model equation to the responses was
evaluated with the coefficients of R2 and lack of fit was evaluated
using an F-test.
Observed values

re Antioxidant
activity

(%)

Extraction
yield
(%)

Rg1
(mg/g extract)

Phenolics
(mg GAE
/g extract)

7.9 1.6 23.0 2.8
40.9 19.7 3.3 7.4
36.2 18.2 3.7 7.3
40.3 20.1 3.3 8.7
35.6 27.9 2.2 10.2
18.9 5.4 14.3 3.7
40.1 18.2 3.4 7.3
25.6 5.4 21.5 4.0
20.2 27.0 1.3 7.8
39.7 23.1 2.5 9.8
29.2 24.0 1.7 8.8
25.0 21.3 1.8 6.6
20.2 24.5 2.0 8.3
36.3 16.3 3.7 8.8
32.8 8.0 16.0 5.2
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2.5. HPLC conditions for the quantitation of ginsenoside Rg1

Analysis was performed using a Waters HPLC system (Waters
Corp., Milford, MA, USA) equipped with Waters 515 pumps, a 2996
photodiode array detector, and Waters Empower software using
YMC J’sphere ODS-H80 [YMC America, Inc., Allentown, PA, USA;
(4 mm, 150 mm � 4.6 mm)] for quantitation. Chromatographic
separation was accomplished using a gradient solvent system of
acetonitrileewater (ratio range, 20:80 to 50:50) for 30min at a flow
rate of 1.0 mL/min. Molecule detection was achieved using an
evaporative light-scattering detector (Waters Corp., Milford, MA,
USA) (Fig. 1).

Stock standard solution of ginsenoside Rg1 was prepared in
methanol at a concentration of 1.0 mg/mL. Standard working so-
lutions were prepared with serial dilutions of 0.01, 0.02, 0.10, 0.25,
and 0.50 mg/mL, and used to generate calibration curves. A good
linearity of calibration curves for ginsenoside Rg1 was achieved
with a correlation coefficient of 0.9998.

2.6. Measurement of total phenolic content

The total phenolic content was measured using a Folin-
Ciocalteau assay. Folin-Ciocalteau’s phenol reagent was added to
the 96-well plate containing the test samples. After 5 min of in-
cubationwith gentle shaking, 7% Na2CO3was added to the reaction
mixture, and the mixture was left in the dark for 90 min at room
temperature. The absorbance was measured at 630 nm using a
microplate reader and total phenolic content expressed as gallic
acid equivalents using gallic acid as a standard.

3. Results

3.1. Model fitting

To evaluate the multiple effects of extraction factors on antioxi-
dant activity, extraction yield, and ginsenoside Rg1 and phenolic
content, a BBDwith a three-level factor was employed. The ranges of
these variables were determined as extraction solvent (X1, ethanol
concentration at 0%, 50%, or 100%), extraction time (X2, 30, 60, or
90 min), and extraction temperature (X3, 30, 60, or 90�C) based on a
preliminary single-factor experiment. The variables were coded at
three levels (�1, 0, and 1) and the complete design consisted of 15
experimental points, including three replicates of the center points
(all variables were coded as zero), as shown in Table 1.

Table 1 shows that antioxidant activity, extraction yields and
ginsenoside Rg1 and phenolic content varied depending on
extraction conditions. Second-order polynomial regression equa-
tions were established by RSM to evaluate the relationship between
variables and responses. The linear (X1, X2, and X3), quadratic (X1

2, X2
2,

and X3
2), and interaction coefficients (X1X2, X2X3, and X1X3) were

calculated and the significance of each coefficient determined using
t test and p values (Table 2). Larger coefficients with a smaller p
value (p < 0.05) indicated the considerable effect of these co-
efficients on the respective responses. Correlations between three
independent variables and each response were also estimated by
multiple determination (R2). The value of R2 was 0.959, 0.982, and
0.986 for antioxidant activity, extraction yield, and ginsenoside Rg1
and phenolic content, respectively, which demonstrated the
effectiveness of this model. The validity of the models was also
confirmed using lack-of-fit testing (Table 3). an insignificant p value
for lack of fit (p > 0.05) for three responses indicated the adapt-
ability of this model to experimental data. Relationships between
every two variables for antioxidant activity, extraction yield, and
ginsenoside Rg1 and phenolic content are shown in three-
dimensional response surface plots based on regression equations



Table 2
Regression coefficients and their significance in the second-order polynomial
regression equation

Coefficient Standard error t p

[Antioxidant activity]
Intercept 40.133 1.912 20.995 < 0.001
X1 �1.063 1.171 �0.908 0.406
X2 0.988 1.171 0.844 0.437
X3 2.225 1.171 1.901 0.116
X1
2 �15.917 1.723 �9.238 < 0.001

X2
2 �1.767 1.723 �1.025 0.352

X3
2 �1.392 1.723 �0.808 0.456

X1X2 0.500 1.655 0.302 0.775
X1X3 8.275 1.655 4.999 0.004
X2X3 �1.025 1.655 �0.619 0.563
[Extraction yield]
Intercept 19.333 1.098 17.610 < 0.001
X1 �9.550 0.672 �14.205 < 0.001
X2 �0.038 0.672 �0.056 0.958
X3 3.238 0.672 4.816 0.005
X1
2 �5.704 0.990 �5.764 0.002

X2
2 0.521 0.990 0.526 0.621

X3
2 1.521 0.990 1.537 0.185

X1X2 0.800 0.951 0.841 0.438
X1X3 0.850 0.951 0.894 0.412
X2X3 1.675 0.951 1.762 0.138
[Ginsenoside Rg1]
Intercept 2.990 0.890 3.361 0.020
X1 8.504 0.545 15.611 < 0.001
X2 0.886 0.545 1.627 0.165
X3 �1.210 0.545 �2.221 0.077
X1
2 7.244 0.802 9.034 < 0.001

X2
2 �0.336 0.802 �0.419 0.692

X3
2 0.251 0.802 0.313 0.767

X1X2 1.858 0.770 2.411 0.061
X1X3 �1.640 0.770 �2.129 0.087
X2X3 �0.185 0.770 �0.240 0.820
[Phenolics]
Intercept 7.783 0.488 15.937 < 0.001
X1 �1.992 0.299 �6.662 0.001
X2 0.055 0.299 0.184 0.861
X3 0.668 0.299 0.232 0.076
X1
2 �2.509 0.440 �5.700 0.002

X2
2 0.366 0.440 0.831 0.444

X3
2 0.881 0.440 2.001 0.102

X1X2 0.485 0.423 1.147 0.303
X1X3 0.865 0.423 2.045 0.096
X2X3 �0.275 0.423 �0.650 0.544

Table 3
ANOVA for response surface regression equation

Sum of
square

Degree of
freedom

Mean
square

F p

[Antioxidant activity]
Regression 1,329.35 9 147.705 12.37 0.006
Linear 62.35 3 20.782 1.74 0.274
Square 972.50 3 324.166 27.14 0.002
Interaction 294.50 3 98.167 8.22 0.022
Residual error 59.71 5 11.943 e e

Lack-of-fit 59.33 3 19.777 12.88 0.100
Pure error 0.38 2 0.192 e e

Total 1,389.06 14 e e e

R2 ¼ 0.959, adjusted R2 ¼ 0.884
[Yield]

Regression 967.07 9 107.452 29.72 0.001
Linear 813.48 3 271.161 74.99 < 0.001
Square 136.91 3 45.637 12.62 0.009
Interaction 16.67 3 5.557 1.54 0.314
Residual error 18.08 5 3.616 e e

Lack-of-fit 16.08 3 5.358 5.34 0.162
Pure error 2.01 2 1.003 e e

Total 985.14 14 e e e

R2 ¼ 0.982, adjusted R2 ¼ 0.949
[Ginsenoside Rg1]

Regression 818.13 9 90.903 38.29 < 0.001
Linear 596.51 3 198.835 83.76 < 0.001
Square 196.93 3 65.642 27.65 0.002
Interaction 24.70 3 8.232 3.47 0.107
Residual error 11.87 5 2.374 e e

Lack-of-fit 11.36 3 3.788 14.96 0.063
Pure error 0.506 2 0.253 e e

Total 830.00 14 e e e

R2 ¼ 0.986, adjusted R2 ¼ 0.960
[Phenolics]

Regression 67.98 9 7.55 10.56 0.009
Linear 35.35 3 11.78 16.47 0.005
Square 28.40 3 9.46 13.23 0.008
Interaction 4.24 3 1.41 1.97 0.236
Residual error 3.58 5 0.72 e e

Lack-of-fit 2.42 3 0.81 1.40 0.443
Pure error 1.16 2 0.58 e e

Total 71.56 14 e e e

R2 ¼ 0.950, adjusted R2 ¼ 0.860

ANOVA, analysis of variance.
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(Figs. 2e4). Collectively, this model adequately fits the experi-
mental data and is suitable for optimization.
3.2. Effect of extraction variables on antioxidant activity

Multiple regression analysis on the experiment data yielded the
second-order polynomial regression equation for coded values as
follows:

Antioxidant activity ð%Þ ¼ 40:13� 1:06X1 þ 0:99X2 þ 2:23X3

� 15:92X2
1 � 1:77X2

2 � 1:39X2
3

þ 0:50X1X2 þ 8:28X1X3 � 1:03X2X3

Table 2 shows that the quadratic term for ethanol concentration
(X1

2) had themost significant effect on antioxidant activity, followed
by interaction terms for ethanol concentration and extraction
temperature (X1X3). Other variables, however, were not significant
in this model.

The fitness of the predicted model was supported by F ¼ 12.37
and p ¼ 0.006. An insignificant lack-of-fit value of p ¼ 0.100 also
indicated that the model adequately fit the experimental data.
Overall, statistical analysis supported good fits between
experimental and predicted values and the suitability of this
polynomial model for further optimization.

Three-dimensional response surfaces describing antioxidant
activity are shown in Fig. 2. Figs. 2A and 2B showed the quadratic
effects of ethanol concentration on antioxidant activity. Antioxi-
dant activity slightly improved with increasing ethanol concen-
trations up to a certain level, but diminished thereafter. Extraction
temperature showed linear effects on antioxidant activity, as anti-
oxidant activity improved with increasing extraction temperatures
(Fig. 2B). However, antioxidant activity showed minimal changes
relative to extraction time (Figs. 2A and 2C).

Taken together, response surface analysis, as well as statistical
analysis, indicated that KRG antioxidant activity was greatly
impacted by ethanol concentration changes, whereas little effect
was observed related to extraction temperature and time.

3.3. Effect of extraction variables on extraction yield

A second-order polynomial regression equation for extraction
yield using coded values was derived from multiple regression
analysis on the experimental data as follows:

Extraction yield ð%Þ ¼ 19:33� 9:55X1 � 0:04X2 þ 3:24X3

� 5:70X2
1 þ 0:52X2

2 � 1:52X2
3

þ 0:80X1X2 þ 0:85X1X3 þ 1:68X2X3



Fig. 3. Response surface plot analysis of KRG extraction solvent, extraction time, and extraction temperature of KRG on extraction yield. The fixed variables were set to coded value
0 as (A) 60�C, (B) 60 min, and (C) 50% ethanol. KRG, Korean Red Ginseng.

Fig. 4. Response surface plot analysis of KRG extraction solvent, extraction time, and extraction temperature on ginsenoside Rg1 and phenolic content. The fixed variables were set
to coded value 0 as (A,D) 60�C, (B,E) 60 min, and (C,F) 50% ethanol. KRG, Korean Red Ginseng.

Fig. 2. Response surface plot analysis of KRG extraction solvent, extraction time, and extraction temperature on antioxidant activity. The fixed variables were set to coded value 0 as
(A) 60�C, (B) 60 min, and (C) 50% ethanol. KRG, Korean Red Ginseng.
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Table 4
Predicted and observed values of maximum antioxidant activity and extraction yield
under optimized conditions

Extraction condition Antioxidant activity (%) Extraction yield (%)

EtOH
(%)

Time
(min)

Temperature
(�C)

Predicted Observed Predicted Observed

46.8 73.0 90.0 40.7 43.7 24.9 23.2

EtOH, ethanol.

J Ginseng Res 2016;40:229e236234
The linear (X1) and quadratic (X1
2) terms for ethanol concentra-

tion exhibited the most significant effects on extraction yield, with
p < 0.001 and p < 0.002, respectively (Table 2). The linear term of
extraction time (X3) also showed significant effect, however, other
variables did not show significant effects on extraction yield. Values
of F ¼ 29.72 and a p ¼ 0.001 demonstrated the fitness of the pre-
dicted model. The coefficient determination (R2) and the adjusted
coefficient determination (adj. R2) were 0.982 and 0.949, respec-
tively, and the lack-of-fit value was p ¼ 0.162. These results sup-
ported the good fit of experimental values and predicted ones.

Three-dimensional response surface plots for extraction yield
are shown in Fig. 3. Consistent with regression analysis results, the
linear effect of ethanol concentration was inversely proportional to
extraction yield (Figs. 3A and 3B). Extraction temperature showed
linear effect on extraction yield and as extraction temperature
increased, extraction yield also increased (Fig. 3C). Extraction time
showed mixed effects that were dependent upon other variables.

Collectively, response surface analysis, as well as statistical
analysis, indicated that extraction yield was noticeably affected by
ethanol concentration to a greater degree than extraction
temperature.
3.4. Effect of extraction variables on ginsenoside Rg1 and phenolic
content

Multiple regression analysis of the experimental data yielded
the second-order polynomial regression equation for coded values
as follows:
A

B

Fig. 5. Correation between (A) antioxidant activity and extraction yield and (B) antioxidant
Open dots indicate the actual values of experimentatal data and closed dots indicate the o
Rg1 content ðmg=g extractÞ ¼ 2:99� 8:50X1 þ 0:87X2

� 1:21X3 þ 7:24X2
1 � 0:34X2

2

þ 0:25X2
3 þ 1:86X1X2

� 1:64X1X3 � 0:19X2X3

Phenolic content ðmg=g extractÞ
¼ 7:78� 1:99X1 þ 0:06X2 þ 0:67X3 � 2:51X2

1 þ 0:37X2
2

þ 0:88X2
3 þ 0:49X1X2 þ 0:87X1X3 � 0:28X2X3

As given in Table 2, the linear (X1) and quadratic (X1
2) terms for

ethanol concentration had the most significant effect on ginseno-
side Rg1 and phenolic content. Other variables, however, did not
show any significant effect.

Values of F ¼ 38.29 and F ¼ 10.56, together with p < 0.001 and
p < 0.009, for ginsenoside Rg1 and phenolic content, respectively,
supported the fitness of the model. Additionally, insignificant lack-
C

activity and ginsenoside Rg1 content (C) and antioxidant activity and phenolic content.
ptimized values.
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of-fit values of p ¼ 0.063 and p ¼ 0.443 for ginsenoside Rg1 and
phenolic content, respectively, also indicated that the model
adequately fit the experimental data. Overall, statistical analysis
supported the suitability of this polynomial model for further
optimization.

Three-dimensional response surface plots for ginsenoside Rg1
content also showed the dramatic effect of ethanol concentration
on ginsenoside Rg1 content. Using a fixed temperature of 60�C,
ethanol concentration exerted a linear effect on ginsenoside Rg1
content (Fig. 4A), as ginsenoside Rg1 content increased with
increasing ethanol concentration. Using a fixed time of 60 min,
ethanol concentration exhibited a quadratic effect on ginsenoside
Rg1 content (Fig. 4B). Ginsenoside Rg1 content began to decrease
slightly up to a certain ethanol concentration, but increased
thereafter. However, ginsenoside Rg1 content displayed minimal
changes relative to extraction time and temperature as compared
to ethanol concentration (Figs. 4Ae4C).

Three-dimensional response surface plots for phenolic content
also showed the dramatic effects associated with ethanol concen-
tration. However, contrary to ginsenoside Rg1 content, phenolic
content decreased with increasing ethanol concentration (Figs. 4D
and 4E). Phenolic content showed minimal changes relative to
extraction time and temperature as compared to ethanol concen-
tration (Fig. 4F).
3.5. Correlation between antioxidant activity, extraction yield, and
ginsenoside Rg1 and phenolic content

In the present study, KRG extracts prepared from 15 different
extraction conditions were evaluated for antioxidant activity,
extraction yield, and ginsenoside Rg1 and phenolic content. As
shown in Table 1, responses varied greatly depending on extraction
conditions. Therefore, correlations between each response were
investigated. First, correlation between antioxidant activity and
extraction yield was analyzed. Little correlation was observed be-
tween antioxidant activity and extraction yield, as demonstrated by
the value R2¼ 0.178 (Fig. 5A). Next, correlation between antioxidant
activity and ginsenoside Rg1 and phenolic content was analyzed.
Ginsenosides are characteristic saponins of ginseng known to play
an important role in ginseng pharmacological activity [30e33].
Antioxidant mechanism of ginsenosides, including Rg1, is involved
in diverse biological activity [32e34]. However, antioxidant activity
was not proportional to ginsenoside Rg1 content and little corre-
lation was observed, as R2 ¼ 0.281 (Fig. 5B). Analysis of correlation
between antioxidant activity and phenolic content showed that
antioxidant activity was slightly proportional to phenolic content,
with R2 ¼ 0.409 (Fig. 5C). Ginseng contains diverse constituents,
including ginsenosides and phenolic, as well as oligosaccharides
and polysaccharides [35e38]. Our present study suggests that
antioxidant activity was achieved by the combinatorial actions of
diverse ginseng extract components.
3.6. Optimization of extraction parameters and verification

We next optimized extraction conditions to achieve maximum
antioxidant activity and extraction yield. Based on our results, an
optimized extraction condition for maximum antioxidant activity
and extraction yield was determined at ethanol concentration of
46.8%, an extraction time of 73.0 min, and a temperature of 90.0�C,
which predicted 40.7% of antioxidant activity and a 24.9% extrac-
tion yield. KRG extract prepared under this condition exhibited
43.7% antioxidant activity and 23.2% extraction yield, correlating
with predicted values (Table 4). Thus, this model is suitable for
optimizing the KRG extraction process.
KRG is widely developed as functional ingredients for diverse
activities. Antioxidant activity is a representative effect of KRG and
contributes to diverse pharmacological uses, such as anti-fatigue,
immunomodulatory, anticancer, and metabolic disorder medica-
tion. Therefore, maximum antioxidant activity is essential in the
delivery of a high quality product. As shown in Fig. 5A, the anti-
oxidant activity of KRG extract prepared under optimized extrac-
tion conditions was 43.7%, which is a stronger result relative to 15
other extraction conditions. Therefore, KRG extract prepared under
these conditions will be more effective to applications involving
human health. For the development of KRG as a product, economic
efficiency is also required. Although higher extraction yields can be
achieved from other extraction conditions (Fig. 5A), effectiveness is
more important than extraction yield for the development of
functional products. Therefore, the optimized conditions were
preferentially focused on antioxidant activity in our present study.
These optimized extraction conditions provide adequate extraction
yields as compared to 15 other extraction conditions.

In conclusion, efficacy and extraction yields are greatly impacted
by extraction conditions, especially extraction solvent. Our present
study provides optimized extraction conditions for maximum
antioxidant activity and extraction yield. This will provide useful
information for KRG development that offers not only maximum
efficacy, but also economic efficiency.
Conflicts of interest

The authors declare no conflicts of interest.
Acknowledgments

This work (Grants No. C0199866) was supported by Business for
Cooperative R&D between Industry, Academy, and Research Insti-
tute funded by Korea Small and Medium Business Administration
in 2014.
References

[1] Bae KH. The medicinal plants of Korea. 8th ed. Seoul: Kyo-Hak Publishing Co.;
2000.

[2] Im DS, Nah SY. Yin and yang of ginseng pharmacology: ginsenosides vs gin-
tonin. Acta Pharmacol Sin 2013;34:1367e73.

[3] Wong AS, Che CM, Leung KW. Recent advances in ginseng as cancer thera-
peutics: a functional and mechanistic overview. Nat Prod Rep 2015;32:256e
72.

[4] Jung JH, Kang IG, Kim DY, Hwang YJ, Kim ST. The effect of Korean red ginseng
on allergic inflammation in a murine model of allergic rhinitis. J Ginseng Res
2013;37:167e75.

[5] González-Burgos E, Fernandez-Moriano C, Gómez-Serranillos MP. Potential
neuroprotective activity of Ginseng in Parkinson’s disease: a review.
J Neuroimmune Pharmacol 2015;10:14e29.

[6] Kim K. Effect of ginseng and ginsenosides on melanogenesis and their
mechanism of action. J Ginseng Res 2015;39:1e6.

[7] Nam KY. The comparative understanding between red ginseng and white
ginsengs, processed ginsengs (Panax ginseng Meyer). J Ginseng Res 2005;29:
1e18.

[8] Park JD, Lee YH, Kim SI. Ginsenoside Rf2, a new dammarane glycoside from
Korean red ginseng (Panax ginseng). Arch Pharm Res 1998;21:615e7.

[9] Hwang CR, Lee SH, Jang GY, Hwang IG, Kim HY, Woo KS, Lee J, Jeong HS.
Changes in ginsenoside compositions and antioxidant activities of
hydroponic-cultured ginseng roots and leaves with heating temperature.
J Ginseng Res 2014;38:180e6.

[10] Yamabe N, Song KI, Lee W, Han IH, Lee JH, Ham J, Kim SN, Park JH, Kang KS.
Chemical and free radical-scavenging activity changes of ginsenoside Re by
maillard reaction and its possible use as a renoprotective agent. J Ginseng Res
2012;36:256e62.

[11] Kim MH, Lee YC, Choi SY, Cho CW, Rho J, Lee KW. The changes of ginsenoside
patterns in red ginseng processed by organic acid impregnation pretreatment.
J Ginseng Res 2011;35:497e503.

[12] Murthy HN, Dandin VS, Lee EJ, Paek KY. Efficacy of ginseng adventitious root
extract on hyperglycemia in streptozotocin-induced diabetic rats.
J Ethnopharmacol 2014;153:917e21.

http://refhub.elsevier.com/S1226-8453(15)00076-7/sref1
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref1
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref2
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref2
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref2
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref3
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref3
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref3
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref4
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref4
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref4
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref4
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref5
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref5
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref5
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref5
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref6
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref6
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref6
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref7
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref7
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref7
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref7
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref8
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref8
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref8
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref9
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref9
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref9
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref9
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref9
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref10
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref10
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref10
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref10
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref10
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref11
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref11
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref11
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref11
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref12
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref12
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref12
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref12


J Ginseng Res 2016;40:229e236236
[13] Siddiqi MZ, Siddiqi MH, Kim YJ, Jin Y, Huq MA, Yang DC. Effect of fermented
red ginseng extract enriched in ginsenoside Rg3 on the differentiation and
mineralization of preosteoblastic MC3T3-E1 Cells. J Med Food 2015;18:542e8.

[14] Lee S, Lee YH, Park JM, Bai DH, Jang JK, Park YS. Bioconversion of ginsenosides
from red ginseng extract using candida allociferrii JNO301 isolated fromMeju.
Mycobiology 2014;42:368e75.

[15] Zhang WM, Huang WY, Chen WX, Han L, Zhang HD. Optimization of extrac-
tion condition of areca seed polyphenols and evaluation of their antioxidant
activities. Molecules 2014;19:16416e27.

[16] Gan C-Y, Latiff AA. Optimization of the solvent extraction of bioactive com-
pounds from Parkia speciosa pod using response surface methodology. Food
Chem 2011;124:1277e83.

[17] Jeong JY, Jo YH, Kim SB, Liu Q, Lee JW, Mo EJ, Lee KY, Hwang BY, Lee MK.
Pancreatic lipase inhibitory constituents from Morus alba leaves and optimi-
zation for extraction conditions. Bioorg Med Chem Lett 2015;25:2269e74.

[18] Bezerra MA, Santelli RE, Oliveira EP, Villar LS, Escaleira LA. Response surface
methodology (RSM) as a tool for optimization in analytical chemistry. Talanta
2008;76:965e77.

[19] Ferreira SLC, Bruns RE, Ferreira HS, Matos GD, David JM, Brandao GC, Da
Silva EGP, Portugal LA, Reis PS, Souza AS, et al. Box-Behnken design: an
alternative for the optimization of analytical methods. Anal Chim Acta
2007;597:179e86.

[20] Jeong JY, Jo YH, Lee KY, Do SG, Hwang BY, Lee MK. Optimization of pancreatic
lipase inhibition by Cudrania tricuspidata fruits using response surface
methodology. Bioorg Med Chem Lett 2014;24:2329e33.

[21] Betteridge DJ. What is oxidative stress? Metabolism 2000;49:3e8.
[22] Yoshikawa T, Naito Y. What is oxidative stress? J Japan Med Ass 2002;45:271e

6.
[23] Gostner JM, Becker K, Ueberall F, Fuchs D. The good and bad of antioxidant

foods: an immunological perspective. Food Chem Toxicol 2015;80:72e9.
[24] García-Niño WR, Zazueta C. Ellagic acid: pharmacological activities and mo-

lecular mechanisms involved in liver protection. Pharmacol Res 2015;97:84e
103.

[25] de Oliveira CC, Araújo Calado VM, Ares G, Granato D. Statistical approaches to
assess the association between phenolic compounds and the in vitro anti-
oxidant activity of Camellia sinensis and Ilex paraguariensis teas. Crit Rev Food
Sci Nutr 2015;55:1456e73.

[26] Sohn SH, Kim SK, Kim YO, Kim HD, Shin YS, Yang SO, Kim SY, Lee SW.
A comparison of antioxidant activity of Korean white and red ginsengs on
H2O2-induced oxidative stress in HepG2 hepatoma cells. J Ginseng Res
2013;37:442e50.

[27] Lim KH, Cho JY, Kim B, Bae BS, Kim JH. Red ginseng (Panax ginseng) decreases
isoproterenol-induced cardiac injury via antioxidant properties in porcine.
J Med Food 2014;17:111e8.

[28] Seo SK, Hong Y, Yun BH, Chon SJ, Jung YS, Park JH, Cho S, Choi YS, Lee BS.
Antioxidative effects of Korean red ginseng in postmenopausal women: a
double-blind randomized controlled trial. J Ethnopharmacol 2014;154:753e7.

[29] Pan HY, Qu Y, Zhang JK, Kang TG, Dou DQ. Antioxidant activity of ginseng
cultivated under mountainous forest with different growing years. J Ginseng
Res 2013;37:355e60.

[30] Jin Y, Kim YJ, Jeon JN, Wang C, Min JW, Noh HY, Yang DC. Effect of white, red,
and black ginseng on physicochemical properties and ginsenosides. Plant
Foods Hum Nutr 2015;70:141e5.

[31] Smith I, Williamson EM, Putnam S, Farrimond J, Whalley BJ. Effects and
mechanisms of ginseng and ginsenosides on cognition. Nutr Rev 2014;72:
319e33.

[32] Yamabe N, Kim YJ, Lee S, Cho EJ, Park SH, Ham J, Kim HY, Kang KS. Increase in
antioxidant and anticancer effects of ginsenoside Re-lysine mixture by Mail-
lard reaction. Food Chem 2013;138:876e83.

[33] Jiang Z, Wang Y, Zhang X, Peng T, Li Y, Zhang Y. Protective effect of ginse-
noside R0 on anoxic and oxidative damage in vitro. Biomol Ther (Seoul)
2012;20:544e9.

[34] Wang Y, Dong J, Liu P, Lau CW, Gao Z, Zhou D, Tang J, Ng CF, Huang Y. Gin-
senoside Rb3 attenuates oxidative stress and preserves endothelial function in
renal arteries from hypertensive rats. Br J Pharmacol 2014;171:3171e81.

[35] Lee LS, Cho CW, Hong HD, Lee YC, Choi UK, Kim YC. Hypolipidemic and
antioxidant properties of phenolic compound-rich extracts from white
ginseng (Panax ginseng) in cholesterol-fed rabbits. Molecules 2013;18:12548e
60.

[36] Han Y, Xu Q, Hu JN, Han XY, Li W, Zhao LC. Maltol, a food flavoring agent,
attenuates acute alcohol-induced oxidative damage in mice. Nutrients
2015;7:682e96.

[37] Jiao L, Li B, Wang M, Liu Z, Zhang X, Liu S. Antioxidant activities of the oli-
gosaccharides from the roots, flowers and leaves of Panax ginseng C.A. Meyer.
Carbohydr Polym 2014;106:293e8.

[38] Wang J, Sun C, Zheng Y, Pan H, Zhou Y, Fan Y. The effective mechanism of the
polysaccharides from Panax ginseng on chronic fatigue syndrome. Arch Pharm
Res 2014;37:530e8.

http://refhub.elsevier.com/S1226-8453(15)00076-7/sref13
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref13
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref13
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref13
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref14
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref14
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref14
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref14
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref15
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref15
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref15
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref15
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref16
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref16
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref16
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref16
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref17
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref17
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref17
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref17
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref18
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref18
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref18
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref18
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref19
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref19
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref19
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref19
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref19
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref20
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref20
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref20
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref20
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref21
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref21
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref22
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref22
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref23
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref23
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref23
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref24
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref24
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref24
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref25
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref25
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref25
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref25
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref25
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref26
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref27
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref27
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref27
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref27
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref28
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref28
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref28
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref28
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref29
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref29
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref29
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref29
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref30
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref30
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref30
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref30
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref31
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref31
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref31
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref31
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref32
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref32
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref32
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref32
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref33
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref33
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref33
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref33
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref34
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref34
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref34
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref34
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref35
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref35
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref35
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref35
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref36
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref36
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref36
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref36
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref37
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref37
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref37
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref37
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref38
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref38
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref38
http://refhub.elsevier.com/S1226-8453(15)00076-7/sref38

	Effect of Korean Red Ginseng extraction conditions on antioxidant activity, extraction yield, and ginsenoside Rg1 and pheno ...
	1. Introduction
	2. Materials and methods
	2.1. Plant material
	2.2. Preparation of KRG extract
	2.3. Antioxidant activity
	2.4. Experimental design for RSM
	2.5. HPLC conditions for the quantitation of ginsenoside Rg1
	2.6. Measurement of total phenolic content

	3. Results
	3.1. Model fitting
	3.2. Effect of extraction variables on antioxidant activity
	3.3. Effect of extraction variables on extraction yield
	3.4. Effect of extraction variables on ginsenoside Rg1 and phenolic content
	3.5. Correlation between antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content
	3.6. Optimization of extraction parameters and verification

	Conflicts of interest
	Acknowledgments
	References


