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ABSTRACT

The objective of this study was to employ the response surface methodology (RSM) to model and enhance the accelerated
solvent extraction (ASE) technique for the extraction of polar ginsenosides, non-polar ginsenosides, and total ginsenosides from
red ginseng. To achieve this, a novel ASE-based method was developed and combined with RSM modeling and optimization.
The RSM approach, utilizing a five-level, three-factor central composite design, was employed to determine the optimal combi-
nation of extraction parameters. In summary, the optimal extraction conditions for polar ginsenosides, non-polar ginsenosides,
and total ginsenosides were as follows: an extraction solvent consisting of 88.64% ethanol, extraction temperatures of 82.30TC,
190.96C, and 64.19C, respectively, extraction times of 19.74, 28.77, and 28.77 min, respectively, and one extraction cycle.
Under these optimized conditions, the experimental extraction yields for polar ginsenosides, non-polar ginsenosides, and total
ginsenosides closely matched the predicted yields of 134.91, 68.86, and 149.35 mg/g, respectively, which were in excellent
agreement with the model’s predictions. Therefore, to conclude, the present study provided a new and efficient method for
the extraction of ginsenosides from red ginseng.

Key words: accelerated solvent extraction, red ginseng, polar ginsenosides, non-polar ginsenosides, response surface

methodology

INTRODUCTION

Panax ginseng Meyer (Araliaceae), commonly referred to
as Korean Ginseng, holds a prominent position in traditional
medicine. The roots of Panax ginseng have been traditionally
employed as a tonic to bolster the immune response and pro-
mote overall health and longevity (Im DS & Nah SY 2013).
Ginsenosides, the active compounds in ginseng, are traditio-
nally categorized into three primary groups based on their
aglycone structure: protopanaxadiol (PPD) type, protopanaxa-
triol (PPT) type, and oleanane-type ginsenosides. Additionally,
ginsenosides can be further divided into two groups based on
their polarity: polar ginsenosides and less polar ginsenosides.
In raw ginseng, the major ginsenosides belong to the polar
group and include ginsenosides Rbl1, Rb2, Rb3, Rd, Re, Rgl,
Rf, and malonyl ginsenosides. Conversely, less polar ginseno-
sides such as ginsenosides Rg3, Rh2, compound K, Rh3, Rh4,
Rkl1, Rk2, Rk3, Rg5 are relatively scarce in raw ginseng
products. Some studies have highlighted that the alteration of
ginsenoside chemical structures induced by the steaming pro-

cess significantly enhances the biological activities of ginseng
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roots. For example, during steaming, the concentration of polar
ginsenosides decreases, while that of non-polar ginsenosides
increases (Xie YY et al 2012). As a result of its relatively
high levels of non-polar ginsenosides, red ginseng exhibits
notably potent anticancer, antidiabetic, and anti-inflammatory
properties (Yun TK et al 2001; Hong CE & Lyu SY 2011).

Accelerated solvent extraction (ASE) is considered an envi-
ronmentally friendly technique for preparing plant material
samples before chromatographic analysis (Azmir J et al 2013;
Heng MY et al 2013). This approach, initially introduced by
Dionex Corporation in 1995, is known by several names,
including pressurized liquid extraction, pressurized solvent
extraction, and enhanced solvent extraction. When water is
used as the solvent, it can also be called pressurized hot water
extraction, sub-critical water extraction, or superheated water
extraction (Mustafa A & Turner C 2011). ASE is an automa-
ted, high-speed extraction method that uses minimal solvent
while operating at elevated temperature and pressure. The
increased temperature serves to enhance solubility and the
transfer of solutes into the solvent, while elevated pressure
prevents the solvent from reaching its boiling point. This
combination enables rapid, safe, and efficient extraction of

target analytes from plant materials into the extraction solvent
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(Mottaleb MA & Sarker SD 2012). Typically, an extraction
process is completed in 15—25 min using only 15—45 mL of
solvent. Consequently, ASE finds wide applications in various
fields, including environmental, food, polymer, and pharma-
ceutical research (Hadidi M 2019).

Response Surface Methodology (RSM), initially introduced
by Box GE & Wilson KB (1951), stands as a powerful statis-
tical and mathematical technique for optimizing experimental
parameters, making use of various experimental designs in-
cluding the Box - Behnken design (BBD), central composite
design (CCD), and Doechlert’s design (Zolgharnein J et al
2013). While it’s possible to approach the selection of optimal
extraction parameters in a “one variable at a time” manner,
this approach is notably time-consuming and often overlooks
potential interactions among variables and parameters (Belwal
T et al 2016). RSM serves as an effective statistical technique
for optimizing complex processes, with CCD being a specific
type of RSM that is particularly efficient, easy to set up and
interpret for optimization experiments compared to other
designs. CCD has found widespread application in optimizing
numerous parameters (Viacava GE et al 2015; Belwal T et al
2016). The objective of this study is to utilize RSM to model
and optimize ASE techniques for the extraction of polar gin-
senosides, non-polar ginsenosides, and total ginsenosides from
red ginseng. Several crucial factors, including the extraction
solvent, extraction time, and extraction temperature, have been

systematically analyzed using CCD.

MATERIALS AND METHODS

1. Materials

Six-year-old red ginseng purchased from Korea Ginseng
Corp. (Daejeon, Korea). Ginsenoside standards, including
Rbl, Rgl, Re, Rf, Rhl, Rc, Rb2, Rd, Rg6, F4, Rk3, Rh4,
Rg3, Rkl, and Rg5, were procured from the Ambo Institute
(Daejeon, Korea). Acetonitrile and water were provided by
J.T. Baker (Phillipsburg, NJ, USA). All other chemicals utilized
in this study were of analytical grade.

2. Accelerated Solvent Extraction

Pressurized liquid extraction was carried out using an ASE
350 System (Dionex, Sunnyvale, CA, USA). About 5 g of the
red ginseng sample was evenly mixed with an equal weight

of diatomaceous earth and placed into the extraction cell fitted
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with two cellulose filters. To prevent the powder from en-
tering the extraction bottle, a frit and filter (Dionex Extraction
Cell Filters, Dionex, Sunnyvale, CA, USA) were placed at the
end of the cell. The ASE conditions were as follows: one
static cycle, 60 solvent flush volumes, a 60-second nitrogen
purge, and a pressure of 1,500 psi. Extraction variables for
ginsenosides included extraction solvent, temperature, and
static time. The resulting extract was subjected to a drying
process through evaporation using a rotary evaporator at 50C,

after which it underwent freeze-drying.

3. Ginsenosides Analysis by HPLC

The ginsenosides were quantified following the procedure
outlined by Dong H et al (2011) with minor adjustments.
Analysis was carried out using an Agilent 1260 liquid chro-
matograph (Hewlett Packard, Wilmington, NC, USA) equip-
ped with a quaternary gradient pump and multiple wavelength
detector set to operate at 203 nm. Separation of samples
occurred on a Zorbax Eclipse XDB-C18 column (4.6 mm X
150 mm, 5 um; Agilent Technologies, Inc., Santa Clara, CA,
USA) maintained at 357C, and each sample was injected at a
volume of 10 pL. The mobile phase consisted of a gradient
mixture of water (A) and acetonitrile (B), with the gradient
profile as follows: 20% B (0 min), 20% (0—10 min), 32%
(10—40 min), 50% (40—55 min), 65% (55—70 min), 90%
(70—82 min), and 80% (82—90 min). Data analysis was
performed using Chemstation software (Hewlett Packard,
Wilmington, NC, USA), and the mobile phase flow rate was
set to 0.9 mL/min.

4. Experimental Design and Statistical Analytic

RSM was employed to optimize the extraction of ginseno-
sides from red ginseng, focusing on three critical factors:
ethanol concentration (Xj), extraction temperature (X2), and
extraction time (X;). To enhance the experimental design, we
applied an experimental designs (CCD) with six center points
for these three factors. A five-level three-factor CCD was
implemented using MINITAB Statistical Software (Release 21
for Windows, Minitab Inc., State College, PA, USA) to
identify the optimal combination of extraction variables for
maximizing ginsenoside yield from red ginseng. The CCD
method encompasses factorial, center, and axial points, result-
ing in a design with five levels for each factor and three
replicates, totaling 60 experimental runs [3(2+2k+m)=3(8+6+
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Table 1. Factors and their adopted (uncoded) values at different coded levels

Coded: -2 -1 0 +1 +2
Factors (Y) Symbol
Uncoded values of coded levels
Ethanol concentration (%) X 21 35 55 75 &9
Extraction temperature (C) ¢ 53 81 122 163 191
Extraction time (min) Xz 5 10 17 24 29

6)=60]. Table 1 provides a comprehensive overview of the
experimental plan, including both coded and uncoded levels of
design factors. For each factor, we used codes of —1, 0, and
+1 to represent the low, middle, and high levels, respectively.
The lowest and highest levels were coded as —2 and +2,
respectively. The mathematical relationship between the
response variable Y and its corresponding factors is expressed
through the following second-order polynomial equation:
V=B, + 3058+ 205 B+ 2020 B XY, Eq. 1

In this equation, Y represents the predicted outcome; 5, 5,
G, and G, are the regression coefficients for the intercept,
linearity, square, and interaction terms, respectively; X; and X;
are independent coded variables. The estimation of response
within each experimental design and the determination of the
optimal conditions were conducted using MINITAB software.
The adequacy of the polynomial model equation is assessed
through the R’ coefficient. The F and P values were employ-
ed to assess the significance level (p<0.05, p<0.01, p<0.0001)
of the regression coefficients. The data presented here repre-
sents the mean of three replicates. Furthermore, the experi-
mental data underwent analysis of variance (ANOVA) to
compare the mean values obtained from three replicate tests
(i.e., p<0.05) using statistical analysis software (SPSS 20.0,
IBM Inc., Armonk, NY, USA).

RESULTS AND DISCUSSION

1. Optimization of ASE by RSM

To assess the various influences of extraction variables on
the combined content of polar ginsenosides, non-polar gin-
senosides, and total ginsenosides, a BBD with five levels and
three factors. The variables were characterized by the follow-
ing ranges: for the extraction solvent (X;), ethanol concentra-
tions of 21%, 35%, 55%, 75%, and 89% were considered; for

extraction temperature (X>), values of 53, 81, 122, 163, or
191 were explored; and for extraction time (X3), a range
from 5 to 29 min was investigated. These variables were
categorized into five levels (=2, —1, 0, 1, and 2), resulting
in a comprehensive experimental design comprising 60 data
points. This included three replications at the central points,
where all variables were designated as zero, as outlined in
Table 1.

Table 2 presents the results of the analysis of polar
ginsenosides, non-polar ginsenosides, and total ginsenoside
content under various extraction conditions. Across 60 diffe-
rent conditions, which varied in ethanol concentration, extrac-
tion temperature, and extraction time, the polar ginsenoside
content exhibited a range of 0.77 to 128.39 mg/g. The highest
content was observed under the conditions of 89% ethanol
concentration, an extraction temperature of 122°C, and an
extraction time of 17 min (Run. 22), resulting in a content of
128.39+2.75 mg/g. In the case of non-polar ginsenosides, their
content ranged from 6.39 to 57.58 mg/g, with the highest
content recorded under conditions of 55% ethanol concentra-
tion, an extraction temperature of 191°C, and an extraction
time of 17 min (Run. 9), resulting in a content of 57.58+1.24
mg/g. Furthermore, the total ginsenoside content spanned from
52.35 to 136.10 mg/g, with the peak content noted under
conditions of 89% ethanol concentration, an extraction tem-
perature of 122C, and an extraction time of 17 min (Run.
46), resulting in a content of 136.10+2.92 mg/g. Notably, the
sum of polar ginsenosides, non-polar ginsenosides, and total
ginsenosides content displayed variations under different ex-
traction conditions, as outlined in Table 1. To assess the rela-
tionship between variables and responses, second-order poly-
nomial regression equations were formulated using RSM. The
coefficients for linearity (X;, X5, and Xj3), quadratic (X7, X7,
and X7), and interaction (X; X2, X; X;, and X; X;) terms were
computed, and their significance was determined using z-tests

and associated p-values, as summarized in Table 3. Larger
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Table 2. Experimental data on the sum of polar ginsenosides, non-polar ginsenosides, and total ginsenosides of red ginseng

under different conditions based on central composite design for response surface methodology

Run” Factors” Sum of polar gisenosides Sum of non-polar gisenosides Total ginsenosides

X, X X; (mg/g)’ (mg/g)? (mg/g)”

1 21 122 17 56.53+1.219 7.39+0.16 63.92+1.37
2 55 122 17 91.03+1.95 8.9940.19 100.03+£2.15
3 55 122 17 97.81£2.10 9.50+0.20 107.31£2.30
4 75 163 24 55.52+1.19 37.71+0.81 93.23+2.00
5 55 191 17 11.8340.25 40.52+0.87 52.35+1.12
6 35 163 10 27.2140.58 41.26+0.89 68.47+1.47
7 55 122 29 94.84+2.03 10.32+0.22 105.16£2.26
8 75 81 10 113.69+2.44 8.5140.18 122.20+£2.62
9 55 191 17 0.77+0.02 57.58+1.24 58.35+1.25
10 55 122 17 88.93+£1.91 9.11£0.20 98.05+£2.10
11 55 122 29 93.70+2.01 10.46+0.22 104.17+£2.23
12 55 122 17 95.61£2.05 9.47+0.20 105.08+2.25
13 55 53 17 93.5242.01 7.9940.17 101.51£2.18
14 55 53 17 90.90+1.95 7.90+0.17 98.81+2.12
15 55 122 17 90.19+1.93 9.1340.20 99.3242.13
16 35 81 10 66.16+1.42 6.64+0.14 72.80+1.56
17 55 122 17 95.72+£2.05 9.2940.20 105.01£2.25
18 89 122 17 126.33£2.71 9.89+0.21 136.22+2.92
19 55 122 17 89.40+1.92 9.09+0.20 98.49+£2.11
20 75 163 24 42.684+0.92 43.27+0.93 85.95+1.84
21 55 53 17 93.05+2.00 8.08+0.17 101.13£2.17
22 89 122 17 128.39+£2.75 10.3340.22 138.724+2.98
23 55 122 17 94.7142.03 9.2940.20 103.99+£2.23
24 55 122 17 91.73+1.97 8.96+0.19 100.69+2.16
25 55 122 29 94.02+2.02 10.67+0.23 104.68+2.25
26 75 163 10 68.17+1.46 41.43+0.89 109.60+2.35
27 75 81 24 116.59+2.50 8.71+0.19 125.30+2.69
28 35 81 10 74.37£1.60 6.95+0.15 81.32+1.74
29 55 122 17 89.79+1.93 9.11£0.20 98.90+2.12
30 55 122 17 93.46+2.00 9.3540.20 102.81£2.21
31 75 81 10 119.21£2.56 9.71£0.21 128.9242.77
32 35 81 24 75.79+1.63 7.08+0.15 82.87£1.78
33 35 163 24 20.4940.44 36.01+0.77 56.50+1.21
34 55 122 5 92.97+1.99 8.48+0.18 101.44+2.18
35 75 81 24 122.41£2.63 9.74+0.21 132.14+2.83
36 75 163 24 53.98+1.16 39.57+0.85 93.55+2.01
37 21 122 17 61.76x1.32 7.54+0.16 69.30+1.49
38 35 81 24 83.18+1.78 7.18+0.15 90.36+1.94
39 75 163 10 61.32+1.32 38.07+0.82 99.39+£2.13
40 35 81 10 74.33+1.59 6.91£0.15 81.24+1.74
41 55 122 17 85.17+1.83 8.58+0.18 93.7542.01
42 35 163 10 23.3040.50 38.15+0.82 61.44+1.32
43 75 81 24 119.4242.56 9.54+0.20 128.96+2.77
44 55 122 17 87.73£1.88 8.91+0.19 96.65+£2.07
45 55 122 17 88.33+1.89 8.97+0.19 97.29+£2.09
46 89 122 17 125.62+2.69 10.48+0.22 136.10+£2.92
47 55 122 17 91.40+1.96 9.03+0.19 100.44+£2.15
48 55 122 17 96.37+2.07 9.39+0.20 105.75£2.27
49 55 191 17 0.77+ 0.02 57.23+1.23 58.00+1.24
50 35 163 24 22.93+0.49 38.93+0.84 61.86+1.33
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Table 2. Continued

Optimization of ASE of Polar and Non-polar Ginsenosides Using RSM

Run? Factors” Sum of polar gisenosides Sum of non-polar gisenosides Total ginsenosides

X; X X; (mg/g)” (mg/g)’ (mg/g)”
51 35 163 24 18.64+0.40 38.3840.82 57.02+1.22
52 55 122 5 96.79+£2.08 8.4740.18 105.26+£2.26
53 35 163 10 31.13+0.67 35.56+0.76 66.69+1.43
54 55 122 5 86.49+1.86 8.0840.17 94.56+2.03
55 75 81 10 115.33£2.47 8.2440.18 123.57£2.65
56 35 81 24 77.26x1.66 6.39+0.14 83.65+1.79
57 55 122 17 84.19+1.81 8.70+0.19 92.89+1.99
58 21 122 17 58.39+1.25 7.4840.16 65.88+1.41
59 55 122 17 91.31£1.96 8.4240.18 99.73+£2.14
60 75 163 10 65.57+1.41 36.41+0.78 101.98+2.19

Factors are as described in Table 1.

The number of experimental conditions by central composite design.

) Sum of polar ginsenoside content (Rbl+Rgl+Re+Rf+Rh1+Rc+Rb2+Rd).
» Sum of non-polar ginsenoside content (Rg6+F4+Rk3+Rh4+Rg3+Rk1+Rg5).
% Sum of individual ginsenoside content (Rbl+Rgl+Re+Rf+Rh1+Rc+Rb2+Rd+Rg6+F4+Rk3+Rh4+Rg3+Rk1+Rg5).

Data are expressed as mean+S.D.

coefficients coupled with smaller p-values (p<0.05) indicated
substantial influences on the respective responses. Further-
more, the correlations between the three independent variables
and each response were assessed using multiple determina-
tions (R%). The R values were calculated as 0.9792, 0.9806,
and 0.99548 for the sum of polar ginsenosides, non- polar
ginsenosides, and total ginsenosides content, respectively, un-
derscoring the efficacy of this model. The model’s validity
was substantiated via a lack-of-fit assessment (Table 3). The
presence of non-significant p-values for the lack of fit (p<
0.05) concerning the three responses affirmed that this model
accurately represented the experimental data. Relationships
between pairs of variables for the content of polar ginseno-
sides, non-polar ginsenosides, and total ginsenosides are
visually portrayed through three-dimensional response surface

plots, as governed by the regression equations (Figs. 1—3).

2. Effect of Extraction Variables on the Sum of Polar
Ginsenosides

Table 3 presents the design matrix and the respective
outcomes from the RSM experiments. These experiments were
carried out to evaluate the influences of three independent
variables: ethanol concentration, extraction temperature, and
extraction time. Utilizing multiple regression analysis on the
experimental data, we can represent the anticipated response

Y for the total sum of polar ginsenosides in coded values, as

presented in the subsequent second-order polynomial equation:

Y=—91.4+1.837X,+2.084X,+2.280X; —0.00461 X7 —0.009949
X;—0.0191.x7 —0.00238X; X>—0.00515X; X;—0.01100X, X;

where Y is the sum of polar ginsenosides (mg/g), and X,
X>, and X; are the coded variables for ethanol concentration,
extraction temperature, and extraction time, respectively.

Statistical evaluation of the model was carried out through
analysis of variance (ANOVA). The ANOVA outcomes for
the well-fitted quadratic polynomial model of the total sum of
polar ginsenosides are outlined in Table 3. The quadratic
regression model demonstrated a determination coefficient
R of 0.9792, along with a significant lack of fit at p<0.05.
This indicates that the model’s calculations can aptly explain
97.92% of the observed outcomes. These results strongly
suggest that the model employed to depict the response
variable was highly significant (p<0.0001) and suitable for
elucidating the connection between the response and indepen-
dent variables (Hossain MB et al 2012). Additionally, the
model’s significance was affirmed through an F-test, unco-
vering a remarkably high F-value (F=261.71). The adjusted
determination coefficient, referred to as R’ adj, serves as a
correlation measure to assess the quality of fit of the regre-
ssion equation (Kim HK e al 2012). For this model, the R’
adj value was calculated as 0.9755, signifying that only 2.45%
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Table 3. Analysis of mean square deviation of regression equation for the sum of polar ginsenosides, non-polar

ginsenosides, and total ginsenosides of red ginseng

Sum of polar ginsenosides”

Parameter SS DF MS F-value Prob>F
Model 57,4184 9 6,379.8 261.71 <0.0001
Linear
X,V 14,851.8 1 14,851.8 609.24 <0.0001
X, 30,105.5 1 30,105.5 1,234.96 <0.0001
X, 0.1 1 0.1 0.00 0.957
Quadratic
X} 147.1 1 147.1 6.03 0.018
X7 12,092.2 1 1,2092.2 496.03 <0.0001
X2 37.7 1 37.7 1.55 0.219
Interaction
X X, 91.2 1 91.2 3.74 0.059
XX, 12.5 1 12.5 0.51 0.477
X, X, 239.3 1 2393 9.82 0.003
Residual 1,218.9 50 244 - -
Lack of fit 593.8 5 118.8 8.55 <0.0001
Pure error 625.1 45 13.9 - -
Cor total 58,637.3 59 - - -
R=0.9792
Parameter Sum of non-polar ginsenosides”
SS DF MS F-value Prob>F
Model 12,051.1 9 1,339.01 280.35 <0.0001
Linear
X, 46.1 1 46.08 9.65 0.003
X, 8,316.7 1 8,316.74 1,741.28 <0.0001
X, 12.0 1 11.98 2.51 0.120
Quadratic
X7 36.7 1 36.65 7.67 0.008
X; 3,671.4 1 3,671.38 768.68 <0.0001
X; 54.1 1 54.11 11.33 0.001
Interaction
XX, 04 1 0.36 0.08 0.785
XX, 0.1 1 0.08 0.02 0.898
X, X, 2.7 1 2.66 0.56 0.459
Residual 238.8 50 4.78 - -
Lack of fit 217.8 5 43.57 93.46 <0.0001
Pure error 21.0 45 0.47 - -
Cor total 12,289.9 59 - - -

R*=0.9806
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Table 3. Continued
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Sum of total ginsenosides®

Parameter SS DF MS F-value Prob>F
Model 27,210.7 9 3,023.4 200.92 <0.0001
Linear
X 17,099.8 1 17,099.8 1,136.34 <0.0001
X, 6,623.1 1 6,623.1 440.13 <0.0001
X, 0.6 1 0.6 0.04 0.848
Quadratic
X? 0.4 1 0.4 0.03 0.866
X; 2,871.2 1 2,871.2 190.80 <0.0001
X; 7.0 1 7.0 0.47 0.498
Interaction
XX, 135.9 1 135.9 9.03 0.004
XX, 30.0 1 30.0 1.99 0.164
XX 358.0 1 358.0 23.79 <0.0001
Residual 752.4 1 15.0 - -
Lack of fit 103.0 5 20.6 1.43 0.233
Pure error 649.4 45 14.4 - -
Cor total 27,963.1 59 - - -
R*=0.9548

Y Factors are as described in Table 1.

? Sum of polar ginsenoside content (Rbl+Rgl+Re+Rf+Rh1+Rc+Rb2+Rd).

» Sum of non-polar ginsenoside content (Rg6+F4+Rk3+Rh4+Rg3+Rk1+Rg5).

9 Sum of individual ginsenoside content (Rbl+Rgl+Re+Rf+Rh1+Rc+Rb2+Rd+Rg6+F4+Rk3+Rh4+Rg3+Rk1+Rg5).

SS, sum of squares; DF, degree of freedom; MS, mean square; F-value, Fischer test value; Prob, probability; R?, determination coefficient.

of the total variation remained unexplained by the model. The
significance of each coefficient was determined using both the
F-value and P-value (Table 3). Notably, two extraction para-
meters (X;, X5, p<0.0001 or Xz, p>0.05) significantly influ-
enced the sum of polar ginsenosides. Additionally, all qua-
dratic parameters (X7, X7) were significant at the levels of
p<0.05 or p<0.0001, while X7 was deemed insignificant (p>
0.05). Moreover, the interaction quadratic parameters (X> X3)

were significant at p<0.01.

3. Effect of Extraction Variables on the Sum of
Non-polar Ginsenosides

The equation for non-polar ginsenosides, expressed in
coded values, was developed through a multiple regression

analysis of the experimental data using a second-order poly-

nomial regression model, as shown below:

Y=61.24-0.225X;-1.0180X>—0.863X;+0.002302 X7+
0.005482.X;7+0.02283 X;+0.000149.X; X,+0.00041X; X;+
0.00116X> X;

where Y is the non-polar ginsenoside content (mg/g), and
X;, X and X; are the coded variables for ethanol concentra-
tion, extraction temperature, and extraction time, respectively.

Remarkably, the experimental model proved to be adequate
(»<0.0001), and the lack of fit was notably significant (p<
0.0001) (Table 3). The determination coefficient (R?) for non-
polar ginsenosides reached 0.9806, signifying that the model
could account for 98.06% of the variation. The model held
high significance and aligned well with the experimental data.
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Furthermore, the positive linear effects of the two independent
variables on all response variables were statistically significant
(X1, p<0.01, X5, p<0.0001 or X;, p>0.05). Specifically, two
extraction parameters (X;, p<0.01 or X, p<0.0001) signifi-
cantly influenced the sum of non-polar ginsenosides. Additio-
nally, all quadratic parameters (X7, X;, X;) demonstrated sta-
tistical significance at the levels of p<0.01, p<0.0001, p<0.01,
respectively. However, the interaction quadratic parameters
X; X2, X; X5, Xo X;) were found to be statistically insignifi-
cant (p>0.05).

4. Effect of Extraction Variables on Total Ginseno-
sides

The equation for total ginsenoside, expressed in coded
values, was developed through a multiple regression analysis
of the experimental data using a second-order polynomial reg-

ression model, as shown below:

Y=—41.5+1.484X,+1.261X>+1.785X;+0.00025x; —0.004848 X;
+0.0082.x; —0.002902X; X>—0.00799X; X;—0.01346X; X;

where Y is the total ginsenosides content and X;, X> and X;
are the coded variables for ethanol concentration, extraction
temperature, and extraction time, respectively.

Notably, the experimental model exhibited high adequacy
(»<0.0001), and the lack of fit was determined to be non-
significant (p>0.05) as shown in Table 3. The determination
coefficient (R?) for total ginsenosides was 0.9548, indicating
that the model accounted for 95.48% of the observed varia-
tion. This suggests that the model is highly significant and
effectively explains the experimental data. Furthermore, the

positive linear effects of the two independent variables on all

Polar ginsenosides (mg/g)
g 8
Polar ginsenosides (mg/g)
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response variables were highly significant (X;, p<0.0001, X,
p<0.0001 or X3, p>0.05). Two extraction parameters (X,
p<0.01 or X5, p<0.0001) had a significant impact on the total
sum of ginsenosides. Additionally, only one quadratic para-
meter (X7) was found to be highly significant at p<0.0001,
while the interaction quadratic parameters (X; X5, X> X3) were
also significant at p<0.01 and p<0.0001, respectively. However,
the interaction X; X; was not significant (p>0.05).

5. Analysis of the Surface Plots

The interaction between two of the three variables and their
impact on the recovery of polar ginsenosides, non-polar gin-
senosides, and total ginsenosides content in a three-dimen-
sional RSM plot (Figs. 1—3), while keeping the remaining
three variables constant. Specifically, as the ethanol concentra-
tion increased from 21% to 89% at an extraction temperature
of up to 86T, there was a notable increase in the content of
polar ginsenosides. However, as the extraction temperature
continued to rise while maintaining a fixed extraction time,
the content initially increased and then decreased. The peak
content, at 134.80 mg/g, was reached when using an ethanol
concentration of 89% and an extraction temperature of 86C
(Fig. 1A). Furthermore, a similar linear effect was observed in
relation to ethanol concentration, leading to an increase in the
total polar ginsenosides content. The content of polar gin-
senosides increased steadily until the ethanol concentration
reached 89%. However, as the extraction time increased at a
fixed extraction temperature, the content decreased. The opti-
mal sum of polar ginsenosides reached its peak at 122.67
mg/g with an ethanol concentration of 89% and an extraction
time of 8 min (Fig. 1B). In Fig. 1C, the interactive effect

between extraction temperature and time, illustrating the nega-
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Fig. 1. Response surface plot analysis of ethanol concentration, extraction temperature, and extraction time on the sum
of polar ginsenosides. The fixed variables were set to coded value 0 as (A) 17 min, (B) 122T, and (C) 55% ethanol.
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tive quadratic effect of this interaction on polar ginsenosides
content. The polar ginsenoside content showed a pattern of
increase and decrease as both extraction temperature and time
varied while maintaining a constant extraction concentration,
with the peak content observed at 104.24 mg/g at an extrac-
tion temperature of 827 and an extraction time of 27 mins.

The influence of ethanol concentration and extraction tem-
perature on non-polar ginsenoside content is visualized in the
3D response surface plot presented in Fig. 2A. When the
extraction time remained constant, non-polar ginsenoside con-
tent exhibited slight fluctuations with increasing extraction
temperature. Generally, higher extraction temperatures led to
increased content, with the highest non-polar ginsenoside
content observed at 62.72 mg/g, occurring at an ethanol con-
centration of 89% and an extraction temperature of 190°C. On
the other hand, when maintaining a constant extraction tempe-
rature, the non-polar ginsenoside content experienced minor
variations with changing extraction concentration and extrac-
tion time. Specifically, at an ethanol concentration of 89% and
an extraction time of 29 min, the non-polar ginsenoside con-
tent measured 20.17 mg/g (Fig. 2B). Fig. 2C presents a three-
dimensional response surface plot illustrating the interaction
between extraction temperature and extraction time. The non-
polar ginsenoside content exhibited fluctuations in response to
changes in both extraction temperature and extraction time, all
while maintaining a constant extraction concentration. Notably,
the peak non-polar ginsenoside content was reached at 63.22
mg/g, occurring at an extraction temperature of 55C and an
extraction time of 29 min.

Fig. 3A presents 3D response surface plots illustrating the
impact of ethanol concentration and extraction temperature on

the total ginsenosides content, as generated by the model. The
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total ginsenosides content exhibited a steady increase as ethanol
concentration ranged from 21% to 89%, while keeping the
extraction temperature below 80C. However, it demonstrated
an initial increase followed by a decrease with increasing
extraction temperature, reaching its peak at 143.61 mg/g with
an ethanol concentration of 89% and an extraction tempera-
ture of 80C. Furthermore, an increase in ethanol concentra-
tion yielded a similar increase in total ginsenoside content. At
a constant extraction temperature, the total ginsenoside content
remained relatively stable or exhibited a slight decrease with
prolonged extraction time. However, when the extraction tem-
perature exceeded around 122°C, there was a noticeable decline
in the total ginsenoside content. Additionally, the content
showed a modest decrease as the extraction time increased at
a fixed extraction temperature. With an ethanol concentration
of 89% and an extraction time of 5 min, the total ginsenoside
content measured 139.54 mg/g (Fig. 2B). However, the total
ginsenoside content increased and decreased with the increase
in the extraction temperature, while it increased as increase
extraction time at a fixed extraction concentration, with the
total ginsenoside content peaking at 112.66 mg/g at an extrac-
tion temperature of 55°C and extraction time of 29 min (Fig.
3C). The total ginsenoside content exhibited two distinct pa-
tterns in response to varying extraction conditions. It either
remained stable or showed a slight decrease when the extrac-
tion time increased at a constant temperature. However, as the
extraction temperature exceeded approximately 122°C, there
was a noticeable slight decline in the total ginsenoside con-
tent. On the other hand, at a fixed extraction temperature, the
content also exhibited a slight decrease with increasing extrac-
tion time. Notably, at an ethanol concentration of 89% and an

extraction time of 5 min, the total ginsenoside content reached
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Fig. 2. Response surface plot analysis of ethanol concentration, extraction temperature, and extraction time on the sum
of non-polar ginsenosides. The fixed variables were set to coded value 0 as (A) 17 min, (B) 122C, and (C) 55% ethanol.
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139.54 mg/g (Fig. 2B). Conversely, the behavior of the total
ginsenoside content varied when adjusting the extraction
temperature while maintaining a constant extraction time. It
exhibited both increases and decreases in response to changes
in extraction temperature, but it consistently increased as the
extraction time was extended at a fixed extraction concentra-
tion. The highest total ginsenoside content, peaking at 112.66
mg/g, was observed at an extraction temperature of 55C and
an extraction time of 29 min (Fig. 3C). Chen Y et al (2007)
observed that as temperatures increase, molecular mobility
accelerates, leading to greater extraction efficiency. Addition-
ally, higher temperatures enhance the solvent’s dissolution
capacity while reducing surface tension and solvent viscosity.
These factors collectively improve the mass transfer rate and,
consequently, the availability of bioactive chemicals for
extraction. However, it's important to note that saponin, as
demonstrated by earlier research (Shi J et al 2004), is
sensitive to high temperatures, which can reduce its extraction
efficiency. Furthermore, Tan M et a/ (2013) found that
excessive extraction time is unnecessary because the solvent
and sample reach full equilibrium after a certain duration,
following Fick’s second diffusion law. As equilibrium is

achieved, the extraction process naturally slows down.

6. Determination of Optimal Conditions and Validation
of the Model

To validate the accuracy of the model for predicting
optimal yields, experiments were conducted using the recom-
mended extraction conditions. The results closely matched the
predicted values, demonstrating the reliability of the optimi-

zation process in this study. The quadratic polynomial regre-
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ssion model produced extraction conditions achieving a de-
sirability score of 1.000. This desirability score, ranging from
0 to 1, indicates the performance of the variable, with 0
signifying an undesirable response and 1 indicating optimal
functionality (Jeong 1J & Kim KJ 2009). The determined
optimal extraction conditions for the sum of polar ginseno-
sides, non-polar ginsenosides, and total ginsenosides content
were as follows: 88.64% ethanol in the extraction solvent,
extraction temperatures of 82.30C, 190.96C, and 64.19T,
extraction times of 19.74, 28.77, and 28.77 min, along with
a single extraction cycle. Under these optimal conditions, the
sum of polar ginsenosides, non-polar ginsenosides, and total
ginsenosides content reached 134.91, 68.86, and 149.35 mg/g,
respectively (Table 4). To assess the model’s ability to predict
actual values accurately, five verification experiments were
conducted, resulting in values of 132.19, 67.70, and 144.18
mg/g, respectively, which closely aligned with the predicted
values. The efficiency of ASE in saponin extraction was also
evaluated and compared with other extraction methods. Giiglii-
Untiindag O et al (2007) reported that ASE resulted in a
higher saponin yield from cow cockle seeds compared to
ultrasonic-assisted extraction, using both pure and aqueous
solvents such as ethanol and methanol. Similarly, Engelberth
AS et al (2010) observed that the pressurized hot water
system yielded a greater quantity of ginsenosides compared to
the ultrasound-assisted method when extracting from Panax
quinquefolium. Additionally, Wan JB et al (2006) noted that
pressurized liquid extraction demonstrated distinct advantages
in yielding a total amount of saponins, with a content of
7.36%, over other green extraction methods, including ultra-

sound (5.77%), conventional extractions using Soxhlet (6.99%),
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Fig. 3. Response surface plot analysis of ethanol concentration, extraction temperature, and extraction time on the sum
of total ginsenosides. The fixed variables were set to coded value 0 as (A) 17 min, (B) 122T, and (C) 55% ethanol.
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Table 4. Predicted and observed values of the optimum red ginseng extract treatment conditions for the maximized

ginsenosides of red ginseng by the ridge analysis of their response surfaces

Red ginseng extract treatment condition

Maximum yield (mg/g)

Responses Ethanol Extraction Extraction time Mat?hi?g
concentration (%) temperature (C) (min) Predicted Actual e
Sum of polar ginsenosides" 88.64 82.30 19.74 134.91 132.19 97.98
Sum of non- polar ginsenosides” 88.64 190.96 28.77 68.86 67.70 98.31
Total ginsenosides” 88.64 64.19 28.77 149.35 144.18 96.54

Y Sum of polar ginsenoside content (Rbl+Rgl+Re+Rf+Rh1+Rc+Rb2+Rd).
? Sum of non-polar ginsenoside content (Rg6+F4+Rk3+Rh4+Rg3+Rk1+Rg5).

» Sum of individual ginsenoside content (Rbl+Rgl+Re+Rf+Rh1+Rc+Rb2+Rd+Rg6+F4+Rk3+Rh4-+Rg3+Rk1+Rg5).

9 Actual content/predicted content x 100 (%).

and maceration (6.00%), in the extraction of saponins from

Panax notoginseng.

CONCLUSION

In this study, RSM was used to model and optimize the
ASE technique to extract the sum of polar ginsenosides, non-
polar ginsenosides, and total ginsenosides from red ginseng.
This approach allowed for an effective assessment of the effect
of three independent variables (ethanol concentration, extraction
temperature, and extraction time) using contour and surface
plots within RSM. In addition, a second-order polynomial
model was utilized to optimize the extraction of ginsenosides
from red ginseng through ASE technology. The optimized
extraction conditions for the sum of polar ginsenosides, non-
polar ginsenosides, and total ginsenosides were as follows:
88.64% ethanol in the extraction solvent, extraction tempera-
tures of 82.30C, 190.96C, and 64.19C, extraction times of
19.74, 28.77, and 28.77 min, along with a single extraction
cycle. Under the optimum conditions, the experimental extrac-
tion yields of the sum of polar ginsenosides, non-polar gin-
senosides, and total ginsenosides content agreed closely with
the predicted yields of 134.91, 68.86, and 149.35 mg/g, res-
pectively. Therefore, this study presents a novel and effective

approach for red ginseng extraction.
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