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a b s t r a c t

Background: Short-term hydroponic-cultured ginseng (sHCG), which is 1-year-old ginseng seedlings
cultivated for 4 weeks in a hydroponic system, is a functional food item with several biological effects.
However, the optimal extraction conditions for sHCG, and the bioactivity of its extracts, have not been
evaluated.
Methods: Chlorogenic acid (CGA) and ginsenoside contents were evaluated in sHCG, white ginseng (WG),
and red ginseng (RG) using high-performance liquid chromatography. Response surface methodology
(RSM) was used to optimize the extraction conditions (temperature and ethanol concentration) to
maximize the yield of dry matter, CGA, and four ginsenosides (Re, Rg1, Rb1, and Rd) from sHCG. The
optimal extraction conditions were applied to pilot-scale production of sHCG extracts. The expression
levels of tumor necrosis factor (TNF)-a/interferon (IFN)-g-induced thymic and activation-regulated
chemokines (TARC/CCL17) were measured after treatment with sHCG, WG, and RG extracts, and the
effects of their bioactive compounds (CGA and four ginsenosides) on human skin keratinocytes (HaCaTs)
were evaluated.
Results: CGA and four ginsenosides, which are bioactive compounds of sHCG, significantly inhibited TNF-
a/IFN-g-induced TARC/CCL17 expression. The optimal sHCG extraction conditions predicted by the RSM
models were 80 �C and 60% ethanol (v/v). The sHCG extracts produced at the pilot scale under optimal
conditions greatly alleviated TNF-a/IFN-g-induced TARC/CCL17 production compared with WG and RG
extracts.
Conclusions: Pesticide-free sHCG extracts, which contain high levels of CGA and the ginsenosides Re, Rg1,
Rb1, and Rd as bioactive compounds, may have therapeutic potential for atopic diseases.
© 2021 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

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

The root of Panax ginsengMeyer (Korean ginseng) has been used
as traditional medicine in East Asian countries for more than 2000
years [1]. Various processed products from P. ginseng have been
introduced globally. Panax ginseng has antioxidant [2] and anti-
inflammatory [3] properties; thus, it is under investigation for its
therapeutic effects on skin disorders, including atopic dermatitis
(AD) [4]. Intake of red ginseng (RG) extract reportedly attenuated
eczema, transepidermal water loss (TEWL), and skin squamation in
patients with AD [5,6]. Also, an RG extract decreased 1-fluoro-2,4-
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dinitrobenzene-induced ear thickness, TEWL, and levels of immu-
noglobulin E, thymic and activation-regulated chemokines (TARC/
CCL17), thymic stromal lymphopoietin, and tumor necrosis factor
(TNF)-a in mice [7e9].

The beneficial effects of P. ginseng are attributable to ginseno-
sides, which are the main active compounds in its roots [10].
However, phenolic compounds, including phenolic acids and fla-
vonoids, have also been detected in the fruits, leaves, and roots of
P. ginseng aged 3e6 years. Higher antioxidant activity has been
measured in ginseng leaves and fruits than in roots, possibly in
association with the 4e9-fold higher phenolic contents of fruits
and leaves than roots [11]. However, the beneficial effects of these
phenolic compound-rich fruits and leaves remain unclear.

Short-term hydroponic-cultured ginseng (sHCG) [12] is a widely
available, eco-friendly plant that cultivated in pesticide-free indoor
farms. Unlike typically grown ginseng, which is usually sold in the
form of dried roots, sHCG is harvested as a whole plant, consisting
of roots, stems, and leaves. Ginseng roots contain high levels of
ginsenosides, whereas the stems and leaves contain high levels of
phenolic compounds; therefore, sHCG has a nutritional advantage
over ginseng because all parts of the plant are used. Our previous
study reported that sHCG, in the form of 1-year-old ginseng seed-
lings grown hydroponically for 21 days, exhibited higher antioxi-
dant activity than 5-year-old ginseng plants [13]. Contents of total
ginsenosides and four ginsenosides (Re, Rg1, Rb1, and Rd) were
significantly higher in sHCG than in 5-year-old ginseng. Addition-
ally, sHCG has an almost fourfold higher total phenolic content
compared to 5-year-old ginseng. However, the beneficial physio-
logical effects of sHCG are not clear.

Several variable factors determine the extractability of saponin,
such as temperature, solvents, extraction time, and the liquid to
solid ratio. However, it is difficult to determine which factor is most
important due to their complex interactions. Therefore, response
surface methodology (RSM) has been used to determine optimal
extraction conditions in studies attempting to maximize the yield
of saponins from medicinal plants [14e16] and Rg1 and phenolics
from RG [11].

However, to date, no study has evaluated the extraction condi-
tions for sHCG and the bioactivity of the extract. In this study, the
optimal extraction conditions for sHCG were evaluated using RSM
modeling, with the aim of maximizing the yields of bioactive
compounds abundant in sHCG but present at lower levels in white
ginseng (WG) and RG. Additionally, pilot-scale sHCG extracts were
produced using the optimal extraction conditions for future com-
mercial production and the effects of the extracts on TNF-a/IFN-g-
induced TARC levels in human keratinocytes were evaluated as
indicators of AD disease severity [17].
2. Materials and methods

2.1. Preparation of sHCG

sHCG was grown in an agricultural corporation, Farmcraft
(Gimpo, Korea), as previously described [13] and harvested on June
8, 2018. Briefly, ginseng seedling roots that had been cultivated in
soil for 1 year were transplanted into a hydroponic system and
incubated for 28 days at 22 �C under a light-emitting diode (LED)
lighting systemwith a red:blue ratio of 5:2 at a photon flux density
of 100 mmol/m2/s. Silicate mineral water (pH 6.5e7.5) was sprayed
twice daily. The 5-year-old WG (commonly cultured form) was
obtained from the Anseong Ginseng National Agricultural Cooper-
ative Federation (Anseong, Korea) and RG was from the Korea
Ginseng Corporation (Seoul, Korea). The ginseng samples were
washed with distilled water and stored at �70 �C until required.
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2.2. Standards and reagents

Standards for the ginsenosides Re, Rg1, Rb1, and Rd were pur-
chased from ChemFaces Biochemical Co. (Wuhan, China). The
chlorogenic acid (CGA) standard was obtained from Sigma-Aldrich
(St. Louis, MO). The organic solvents used in this study were of
ultrapure grade.

2.3. Extraction of sHCG

sHCG was lyophilized and ground to a particle size of <500 mm.
The powderwas stored at�80 �C. Frozen sHCGwas thawed at room
temperature immediately before extraction. The extraction yields
of Rg1 and phenolics are mainly determined by the ethanol ratio
and temperature, not extraction time [11]; Thus, when evaluating
extraction efficiency, only the ethanol ratio (0e70% v/v) and tem-
perature (50e80 �C) were considered. The ethanol ratio was
adjusted over a wide range because ginsenoside hydrophobicity
varies by the number of sugar moieties and CGA is hydrophilic; the
temperature range of 50e80 �C was selected based on previous
studies on standardization of ginseng processing [18]. Because
ethanol can evaporate near the boiling point during heat treatment,
the extraction chamber was connected to a cooling condenser to
maintain the ethanol concentration. The solid-to-liquid ratio was
maintained at 50 g/L for all extraction batches, and the extraction
time was 6 h; these conditions are commonly used for pilot-scale
production. The extracted solution was passed through Advantec
No. 1 filter paper (6-mm pore size, Advantec Co., Ltd, Tokyo, Japan),
the filtrate was concentrated, and residual ethanol was removed in
a vacuum rotary evaporator. The concentrate was lyophilized, and
the resulting powder, the sHCG extract, was stored at �80 �C for
chromatography.

Pilot-scale production was carried out using a sequential
extraction method selected to maximize yields. Successive extrac-
tions were performed at 80 �C with 60% ethanol, 70 �C with 30%
ethanol, and 60 �C with 0% ethanol. These conditions were also
applied for the extraction of 5-year-old ginseng.

2.4. Determination of ginsenoside and CGA contents

Four ginsenosides (Re, Rg1, Rb1, and Rd) and CGAwere analyzed
using high-performance liquid chromatography with diode array
detection as described previously [13]. Briefly, 1 g of sample was
extracted with 10 mL of 70% (v/v) aqueous methanol for 2 h to
analyze ginsenosides, and with 10 mL of 80% (v/v) aqueous meth-
anol for 24 h to analyze CGA. The extracted solution was centri-
fuged (850�g, 10 min, 4 �C), filtered through a 0.22-mm nylon
membrane, and analyzed with an Ultimate 3000 HPLC system
(Dionex, Thermo Fisher Scientific, Waltham, MA) using Inno C-18
column (4.6 � 250 mm, 5 mm; Young Jin Biochrom, Seongnam,
Korea). The column temperaturewasmaintained at 30 �C. Solvent A
was 0.3% trifluoracetic acid, and solvent B was acetonitrile. The four
ginsenosides and CGA were detected at 215 and 340 nm, respec-
tively. Representative HPLC chromatograms are shown in Fig. 1;
these reveal the peaks of the four ginsenoside standards (Fig. 1A);
the CGA standard peak (Fig. 1B); the Re, Rg1, Rb1, and Rd peaks in
the sHCG extract (Fig. 1C); and the CGA peak in the sHCG extract
(Fig. 1D). The levels of the four ginsenosides in ginseng were
quantified using an external standard curve (R2 > 0.99).

2.5. Experimental design and RSM modeling

To assess the relationships of temperature and ethanol con-
centration with extraction efficiency, RSM was conducted with a
central composite design (CCD) using Design-Expert software (Stat-



Fig. 1. Representative high-performance liquid chromatography (HPLC) chromatograms showing the peaks of four ginsenosides (Re, Rg1, Rb1, and Rd) and chlorogenic acid (CGA).
Ginsenosides and CGAwere detected using a diode array operating at 215 nm and 340 nm respectively. (A) The peaks of a mixture of the four ginsenoside standards; (B) the peak of
the CGA standard; (C) four ginsenoside (Re, Rg1, Rb1, and Rd) peaks in the short-term hydroponic-cultured ginseng (sHCG) extract; and, (D) the CGA peak in the sHCG extract.
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Ease Inc., Minneapolis, MN). The two independent variables were
temperature (X1; 50e80 �C) and ethanol concentration (X2; 0e70%
v/v), and the dependent variables were dry matter (Y1; %, w/w),
CGA (Y2; mg/g), Re (Y3; mg/g), Rg1 (Y4; mg/g), Rb1 (Y5; mg/g), and
Rd (Y6; mg/g) yields. Data were obtained by running the extraction
process 29 times with different values set for the independent
variables, according to the CCD. Based on the results, the RSM
model was fitted to the following second-order polynomial
quadratic equation (Equation [1]):

Y ¼ b0 þ
Xk

i¼1

biXiþ
Xk

i¼1

biiX
2
i þ

Xk

i¼1

Xk

i< j

bijXiXj [1]

Where Y is a dependent variable representing the extraction
response, Xi and Xj are the independent variables, and bi, bii, and bij
are regression coefficients representing linear, quadratic, and
interaction terms, respectively.

2.6. Measurement of TARC/CCL17 levels

Human skin keratinocytes (HaCaTs) were purchased from CLS
Cell Lines Service GmbH (Eppelheim, Germany). The HaCaTs were
maintained at 37 �C in an atmosphere of 5% CO2 in Dulbecco's
modified Eagle's medium supplemented with 10% fetal bovine
serum, 2 mM L-glutamine, and penicillin (100,000 units/L)/strep-
tomycin (100 mg/L).

To evaluate the effect of the extracts on TARC/CCL17 production,
HaCaTs were seeded at a density of 2 � 105 cells/well in six-well
plates for sandwich enzyme-linked immunosorbent assay (ELISA).
The HaCaTs were pretreated with extracts of sHCG, WG, or RG for
1 h and stimulated with 10 ng/mL TNF-a/IFN-g for 24 h. The TARC/
CCL17 levels in culture media were measured using an ELISA kit
(R&D Systems, Minneapolis, MN) following the manufacturer's
instructions. Cell viability was assessed by MTT assay [19].

2.7. Statistical analysis

Data are expressed as the means ± standard deviations. The
significance of differences among groups was assessed using one-
way ANOVA with Duncan test (P < 0.05 or P < 0.01). Statistical
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analysis was carried out using SPSS version 23.0 forWindows (SPSS
Inc., Chicago, IL).
3. Results and discussion

3.1. Inhibitory effects of bioactive sHCG compounds on TNF-a/IFN-
g-induced TARC/CCL17 production in HaCaT cells

Fifty-one phenolic compounds were extracted from sHCG, WG,
and RG, and analyzed using ultra-high-performance liquid
chromatography-tandem mass spectrometry by reference to a
database of mass-fragmentation patterns. The CGA content was
markedly higher in sHCG than in WG and RG. HPLC-UV quantifi-
cation revealed a CGA content of 12.7 mg/100 g dry sHCG, which
was 2.5- and 13.3-fold higher than the contents in WG and RG,
respectively (Fig. 2A). Similarly, Chung et al. reported that of 23
phenolic compounds, CGA and p- and m-coumaric acids were the
major phenolic compounds detected, particularly in leaves of
ginseng aged 3e6 years [11]. Because only roots ofWG and RGwere
analyzed, the higher content of CGA in sHCG may be attributed to
the leaves. CGA is biosynthesized and stored during the early stages
of leaf development in other plants, such as coffee trees and
perforate St John's wort [20,21]. Therefore, it is reasonable to as-
sume that the ginsenoside and CGA contents are higher in sHCG
containing leaves and stems cultured in the early growth period
than in conventionally grown ginseng and RG. In addition to CGA,
22 ginsenosides of sHCG were profiled in our previous study [13],
and 4 ginsenosides (Re, Rg1, Rb1 and Rd) were selected as repre-
sentative bioactive compounds. These four ginsenosides and CGA
are known to be anti-inflammatory, antioxidant and immune-
enhancing agents [22e26].

AD is a chronic inflammatory skin disease caused by impaired
immune regulation, genetic abnormalities, and hypersensitivity to
environmental factors such as allergens [27,28]. Keratinocytes are
epidermal cells that play a critical role in maintaining epidermal
barrier function, thus protecting the body from allergens and
pathogens [29]. When stimulated by immune triggers (e.g., aller-
gens or cytokines produced by T cells such as TNF-a and IFN-g),
keratinocytes release inflammatory mediators (e.g., TARC/CCL17)
and macrophage-derived chemokines [30]. TARC/CCL17 and the



Fig. 2. Comparison of CGA contents among ginseng sources, and the inhibitory effects of bioactive compounds in sHCG on the production of the atopic dermatitis (AD)-associated
chemokine TARC/CCL17 in human skin keratinocytes (HaCaTs). (A) CGA content (mg/100 g dry ginseng) in sHCG, white ginseng (WG), and red ginseng (RG). (B) The effects of CGA
treatment (2 and 4 mM) on tumor necrosis factor (TNF)-a/interferon (IFN)-g-induced TARC/CCL17 production in HaCaTs. (C) The effects of treatment with 10 mM of ginsenoside (Re,
Rg1, Rb1, or Rd) on TNF-a/IFN-g-induced TARC/CCL17 production in HaCaTs. Asterisks indicate significant differences from the control (**P < 0.01; ***P < 0.001). Different lowercase
letters above the bars indicate significant differences between groups (P < 0.05).
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chemokines promote penetration of inflamed tissue by T cells [31].
In particular, TARC/CCL17, which has high affinity for CCR4þ T cells,
is found only in AD lesions; higher levels are associated with more
severe AD [32,33].

To examine the AD-preventing effects of CGA and the four gin-
senosides, it was evaluated whether secretion of TNF-a/IFN-g-
induced TARC/CCL17 was decreased by the treatment of HaCaT cells
with CGA and the four ginsenosides. Treatment of HaCaTs with 2
and 4 mM CGA significantly reduced TNF-a/IFN-g-induced pro-
duction of TARC/CCL17 by 32% and 45%, respectively (Fig. 2B). Also,
Re, Rg1, Rb1, and Rd at 10 mM significantly reduced TNF-a/IFN-g-
induced TARC/CCL17 production in HaCaTs by 28%, 38%, 31%, and
22%, respectively (Fig. 2C).
3.2. Optimization of sHCG extraction conditions to maximize CGA
and ginsenoside yields

High concentrations of CGA (Fig. 2A), Re, Rg1, Rb1, and Rd can be
found in sHCG [13]. CGA and the four ginsenosides inhibited TNF-a/
IFN-g-induced TARC/CCL17 production in HaCaTs (Fig. 2B and C).
Therefore, it was hypothesized that sHCG extracts with high con-
centrations of these compounds can be used in the prevention and
treatment of AD. Therefore, RSM modeling was used to determine
the optimal temperature (X1) and ethanol concentration (X2) for
extracting these compounds from sHCG.
370
RSM enables the identification of optimal conditions from pre-
dictive models. In industry, RSM is applied to increase productivity,
reduce costs, and control processes. RSM has been used to optimize
the extraction of bioactive compounds from Panax plants, including
polysaccharides from WG (P. ginseng) [34], Rg1 and phenolics from
RG (P. ginseng) [11], polysaccharides from Panax japonicus Meyer
[35], and flavonoids from Panax notoginseng stems and leaves [36].
However, this is the first RSM study of the optimal extraction
conditions for sHCG for maximizing the yields of CGA and
ginsenosides.
3.2.1. Experimental data
Twenty-nine runs were conducted to assess the effects of tem-

perature (X1: 50 �C, 65 �C, and 80 �C) and ethanol concentration
(X2: 0%, 35%, and 70%) on the yields of bioactive compounds from
sHCG. The factors and responses of interest are listed in Table 1. The
responses were dry matter (Y1), CGA (Y2), Re (Y3), Rg1 (Y4), Rb1 (Y5),
and Rd (Y6) yields.

The dry matter yield (Y1) ranged from 16.9% to 27.4% (w/w). The
lowest dry matter yield was obtained on run 11 (X1: 50 �C, X2: 70%),
and the highest on run 25 (X1: 65 �C, X2: 0%). The CGA (Y2) yield
ranged from 0.01 to 0.44 mg/g dry extract. The lowest CGA yield
was observed on runs 12 (X1: 50 �C, X2: 0%), 17 (X1: 50 �C, X2: 0%),
and 21 (X1: 50 �C, X2: 0%), and the highest on run 23 (X1: 65 �C, X2:
70%). For all extracts, the Re yield (Y3) was higher than those of the
other ginsenosides (Y4, Y5, and Y6). This is consistent with our



Fig. 3. The response surface model and statistical distribution of experimental and predicted values. (A) Three-dimensional plot of the regression model of temperature (50e80 �C)
and ethanol concentration (0e70%) against (a) dry matter yield, (b) CGA, (c) Re, (d) Rg1, (e) Rb1, and (f) Rd. (B) Observed and predicted values of (a) dry matter yield, (b) CGA, (c) Re,
(d) Rg1, (e) Rb1, and (f) Rd. Regression model accuracy was evaluated using the coefficient of determination (R2).
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Table 1
Data obtained using a central composite design matrix for optimization of dry-matter yield and the chlorogenic acid, Re, Rg1, Rb1, and Rd contents.

Run
#

Factors Responses

Temperature
X1 (�C)

Ethanol
concentration X2 (%)

Dry-matter yield
Y1 (%)

Chlorogenic acid Y2

(mg/g)
Ginsenoside Re Y3

(mg/g)
Ginsenoside Rg1 Y4

(mg/g)
Ginsenoside Rb1 Y5

(mg/g)
Ginsenoside Rd Y6

(mg/g)

1 80 (þ1) 0 (�1) 24.70 0.18 23.91 9.99 5.27 5.49
2 65 (0) 35 (0) 21.10 0.35 32.16 12.04 8.85 17.58
3 80 (þ1) 0 (�1) 25.30 0.18 23.00 10.83 5.43 5.78
4 65 (0) 70 (þ1) 23.60 0.41 31.19 12.43 10.01 18.61
5 80 (þ1) 70 (þ1) 23.20 0.42 36.86 16.12 14.39 25.75
6 65 (0) 35 (0) 21.40 0.40 31.47 11.49 8.73 16.77
7 50 (�1) 70 (þ1) 23.60 0.36 26.05 11.76 7.60 14.94
8 80 (þ1) 35 (0) 19.70 0.26 29.40 13.26 11.53 19.71
9 50 (�1) 35 (0) 20.80 0.19 25.35 10.71 7.00 12.38
10 65 (0) 70 (þ1) 23.50 0.43 32.52 12.85 9.90 19.47
11 50 (�1) 70 (þ1) 16.90 0.42 32.30 8.81 7.79 16.01
12 50 (�1) 0 (�1) 26.50 0.01 20.98 10.31 2.49 0.00
13 65 (0) 35 (0) 21.40 0.40 32.01 11.56 8.83 17.19
14 80 (þ1) 0 (�1) 24.50 0.18 22.97 10.25 5.24 5.42
15 80 (þ1) 70 (þ1) 22.70 0.40 36.51 13.27 13.69 23.89
16 65 (0) 35 (0) 21.60 0.40 31.98 12.19 9.06 17.48
17 50 (�1) 0 (�1) 27.00 0.01 19.71 11.21 2.64 0.00
18 80 (þ1) 35 (0) 18.90 0.28 28.78 14.83 11.82 20.10
19 50 (�1) 70 (þ1) 23.30 0.42 33.86 10.69 8.68 18.11
20 65 (0) 35 (0) 20.00 0.37 30.49 11.29 8.33 15.95
21 50 (�1) 0 (�1) 26.80 0.01 18.27 10.03 2.32 0.00
22 80 (þ1) 70 (þ1) 22.60 0.41 36.40 15.38 14.26 25.21
23 65 (0) 70 (þ1) 24.20 0.44 31.85 13.62 9.85 19.22
24 50 (�1) 35 (0) 21.30 0.19 26.99 10.69 7.14 12.75
25 65 (0) 0 (�1) 27.40 0.20 19.78 7.72 2.86 1.90
26 65 (0) 0 (�1) 26.70 0.19 18.93 7.58 2.64 1.84
27 50 (�1) 35 (0) 20.60 0.17 22.92 10.39 6.50 11.93
28 80 (þ1) 35 (0) 19.90 0.27 28.58 12.59 11.18 18.94
29 65 (0) 0 (�1) 27.10 0.20 19.98 7.59 3.14 1.86

Coded factors (�1, 0, þ1) corresponding to independent variables are shown in parentheses.
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previous finding that the Re level in sHCG is two-to three-fold
higher than those of Rd, Rb1, and Rg1 [13].

The contents of the four ginsenosides were as follows: Re,
18.27e36.86 mg/g dry extract; Rg1, 7.58e16.12 mg/g dry extract;
Rb1, 2.32e14.39 mg/g dry extract; and Rd, 0e25.75 mg/g dry
extract. The highest levels of ginsenosides were obtained on run 5,
at the highest temperature and ethanol concentration (X1: 80 �C,
X2: 70%).
3.2.2. RSM
Theoretical RSM runs were computed using the experimental

data in Table 1. The experimental datawere fitted to a second-order
polynomial model (Equation [1]) to determine the regression
model for each response. The resulting regression model contains
only the coefficients significant at the 95% confidence level
(a ¼ 0.05). The coefficients of the variables for each model and the
statistical evaluations are presented in Supplementary Table 1.

The dry matter yield (Y1) was not significantly affected by
temperature (X1) (P > 0.05), but increased as the ethanol concen-
tration (X2) became close to either extreme (X2 ¼ 0%, 70% v/v)
(Fig. 3Aa). The regression model of CGA (Y2) revealed a positive
relationship with ethanol concentration (X2) (Fig. 3Ab). However,
extremely high temperatures (X1) compromised CGA extraction.
CGA and its derivatives are transformed by isomerization and hy-
droxylation, or degraded to caffeic and quinic acid, by heat [37,38].
This explains why the yield of CGA decreased at the upper tem-
perature. The regression model for the ginsenosides (Y3-6) posi-
tively correlated with both temperature (X1) and the ethanol ratio
(X2) (Fig. 3Ac-f). Lee et al. reported similar results; Rg1 extractability
from RG increased at a higher ethanol concentration and temper-
ature [11].
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The goodness-of-fit was tested by calculating the coefficient of
multiple determinations (R2), the adjusted coefficient of multiple
determinations (adj. R2), and the coefficient of variation (CV). All
regression models were significant (P < 0.0001), thus with R2

values of 0.800e0.993 and CVs of 3.94e9.62%. However, even if a
best-fit model is optimized, regression analysis of individual re-
sponses may not yield the best results. For this reason, some
models, such as Rg1 (Y4), differed in terms of the predicted and
experimental values (Fig. 3Bd). In contrast, one model for Rb1 (Y5)
exhibited low variance and data very similar to the experimental
findings [39]. This regression model evidenced a strong correlation
between the predicted and experimental values, and was thus
more accurate than the other models (Fig. 3Be).
3.3. Optimization and validation of predicted values

Based on the regression models described above, the combi-
nations of variables predicted to result in yields of at least 20% for
dry matter, 0.35 mg/g dry extract for CGA, and 85 mg/g dry extract
for the four ginsenosides are shown in Supplementary Fig. 1. A
temperature of 80 �C and an ethanol concentration 60% were the
conditions that allowed the production of the target yields. To
validate the models, the predicted and observed values under these
conditions (temperature 80 �C, ethanol concentration 60%) are
shown in Supplementary Table 2. The following six responses were
predicted: dry matter yield (Y1), 21.11%; CGA yield (Y2), 0.36 mg/g
dry extract; Re yield (Y3), 34.68 mg/g extract; Rg1 yield (Y4),
15.08 mg/g extract; Rb1 yield (Y5), 13.75 mg/g extract; and Rd yield
(Y6), 24.36 mg/g extract. The corresponding observed values were
as follows: dry matter yield (Y1), 25.67 ± 0.28%; CGA yield (Y2),
0.24 ± 0.00 mg/g dry extract; Re yield (Y3), 36.98 ± 1.60 mg/g



Table 2
Dry-matter yields and bioactive compound levels in pilot-scale extracts.

Extract Dry-matter yield (%, w/w) Chlorogenic acid (mg/g) Ginsenoside Re (mg/g) Ginsenoside Rg1 (mg/g) Ginsenoside Rb1 (mg/g) Ginsenoside Rd (mg/g)

sHCG 35.5 0.383 ± 0.018c 34.2 ± 0.4c 9.7 ± 0.8c 10.2 ± 0.1b 24.2 ± 0.4b

RG 38.2 0.019 ± 0.001a 3.0 ± 0.0a 6.4 ± 0.0b 10.2 ± 0.4b 0.7 ± 0.0a

WG 54.4 0.079 ± 0.004b 5.0 ± 0.4b 4.8 ± 0.2a 5.7 ± 0.4a 0.5 ± 0.0a

Different lowercase letters in the same column indicate significant differences between extracts (P < 0.05). sHCG, short-term hydroponic-cultured ginseng; RG, red ginseng;
WG, white ginseng.
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extract; Rg1 yield (Y4), 12.92 ± 0.48 mg/g extract; Rb1 yield (Y5),
11.95 ± 0.18 mg/g extract; and Rd yield (Y6), 25.23 ± 0.54 mg/g
extract. The observed and predicted values were compared to
determine the reliability of the RSM. According to Dominguez et al.,
observed and predicted values are considered similar if the relative
significant difference (RSD) is <10% [40]. The RSDs ranged from
0.28% to 4.33%, indicating that the predicted and observed values
were similar.
3.4. Pilot-scale production of sHCG extracts

Pilot-scale extraction tests were carried out next. Analysis of
samples collected during the first step of sHCG extraction yielded
the following results: extraction yield, 25.4%; CGA, 0.27 mg/g
extract; Re, 40.97 mg/g extract; Rg1, 15.66 mg/g extract; Rb1,
11.41 mg/g extract; and Rd, 34.08 mg/g extract. The pilot-scale
production data were similar to the laboratory-scale results in
Section 3.3.

Three sequential extractions were performed to maximize the
yields. The contents of CGA and the four ginsenosides in the final
pilot-scale product are shown in Table 2. The CGA content was 4.8-
and 20.2-fold higher in the sHCG extract compared to the WG and
RG extracts, respectively (P < 0.05). Chung et al. reported that the
CGA content is 4.6- to 17.0-fold higher in leaves compared to roots
[11]. Therefore, the abundant CGA in sHCG is attributable to its
shoot parts, including stems and leaves. In addition, the sHCG
extract had significantly higher Re, Rg1, and Rd contents than did
the WG and RG extracts. This result might be came from the exis-
tence of leaves, which have higher ginsenoside contents than roots
[41,42]. Also, the Rb1 concentration in the sHCG extract was
approximately two-fold that in theWG extract. On the contrary, the
Rb1 content did not differ significantly between sHCG and RG ex-
tracts (P > 0.05). There are more than 100 ginsenoside derivatives,
Fig. 4. Inhibitory effects of extracts from pilot-scale ginseng production on AD-associated ch
from sHCG, WG, and RG on TNF-a/IFN-g-induced TARC/CCL17 expression in HaCaTs. Dexam
dexamethasone on TNF-a/IFN-g-induced TARC/CCL17 expression in HaCaTs, showing dose
Different lowercase letters indicate significant differences between TNF-a/IFN-g treatment
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which can be interconverted by heat and acidity [43,44]. Malonyl
ginsenoside Rb1, which is present in WG, is heat labile. Heating
causes demalonylation of malonyl Rb1 and its conversion to gin-
senoside Rb1 [45]. For this reason, the Rb1 content in RG extracts
may be similar to that in sHCG extracts.
3.5. Inhibitory effects of sHCG extracts on TNF-a/IFN-g-induced
production of TARC/CCL17 in HaCaT cells

The inhibitory effects of pilot-scale sHCG extracts containing
large amounts of CGA and the four ginsenosides (Table 2) on AD
were evaluated in terms of TNF-a/IFN-g-induced production of the
proinflammatory cytokine TARC/CCL17 in HaCaTs. According to the
MTT assay results, the highest non-toxic concentration of the ex-
tracts was 50 mg/mL (Fig. S2). Treatment of HaCaTs with TNF-a/IFN-
g increased the production of TARC/CCL17 to 368.05 ± 17.79 pg/mL,
which was decreased by the sHCG extract (50 mg/mL) to
144.12 ± 8.59 pg/mL (60.84% inhibition). Dexamethasone was used
as a positive control because it has been used as a treatment for
atopic dermatitis [46]. Dexamethasone also reduced TNF-a/IFN-g-
induced TARC/CCL17 production (214.18 ± 12.20 pg/mL, 41.81% in-
hibition), but the ability of the sHCG extract to reduce TARC/CCL17
production was significantly higher than that of 20 mM dexa-
methasone (Fig. 4A). At 25 and 50 mg/mL, the sHCG extract
decreased TNF-a/IFN-g-induced production of TARC/CCL17 in a
dose-dependent manner. Again at 50 mg/mL concentration, the
ability of the sHCG extract was significantly higher than that of
20 mM dexamethasone (Fig. 4B). Together, these results suggest
that, compared to WG and RG, sHCG extracts containing signifi-
cantly higher amounts of CGA, and the four ginsenosides, may have
AD prevention effects. In this study, ginsenosides and phenolic
compounds were principally focused on, because these are partic-
ularly abundant in shoots [11] and effective against AD [47].
emokine TARC/CCL17 production in HaCaTs. (A) Inhibitory effects of 50 mg/mL extracts
ethasone (20 mM) was used as a positive control. (B) Inhibitory effects of sHCG and

-dependency. Asterisks indicate significant differences from the control (**P < 0.01).
groups (P < 0.05).
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However, in addition to ginsenosides and phenolic compounds,
ginseng contains various other active ingredients, including poly-
saccharides [48] and gintonin [49]. Therefore, further studies are
needed to determine whether such alternative active ingredients
contribute to the beneficial effects of sHCG.

4. Conclusion

In this study, the optimal conditions for producing sHCG ex-
tracts rich in CGA, Re, Rg1, Rb1, and Rd were investigated. Pilot-scale
extraction of sHCG, WG, and RG showed that the sHCG extracts had
greater therapeutic potential for AD than WG and RG extracts. Our
results suggest that sHCG extracts are potential candidates for
ecologically sound production of anti-AD agents. Further studies
are necessary to investigate whether these sHCG extracts prevent
and/or reduce AD symptoms in animals or humans.
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