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ABSTRACT

Background: This study evaluated changes in ginsenoside compositions and antioxidant activities in
hydroponic-cultured ginseng roots (HGR) and leaves (HGL) with heating temperature.
Methods: Heat treatment was performed at temperatures of 90°C, 110°C, 130°C, and 150°C for 2 hours.
Results: The ginsenoside content varied significantly with heating temperature. The levels of ginseno-
sides Rg1 and Re in HGR decreased with increasing heating temperature. Ginsenosides F2, F4, Rk3, Rh4,
Rg3 (S form), Rg3 (R form), Rk1, and Rg5, which were absent in the raw ginseng, were formed after heat
treatment. The levels of ginsenosides Rg1, Re, Rf, and Rb1 in HGL decreased with increasing heating
temperature. Conversely, ginsenosides Rk3, Rh4, Rg3 (R form), Rk1, and Rg5 increased with increasing
heating temperature. In addition, ginsenoside contents of heated HGL were slightly higher than those of
HGR. The highest extraction yield was 14.39% at 130°C, whereas the lowest value was 10.30% at 150°C.
After heating, polyphenol contents of HGR and HGL increased from 0.43 mg gallic acid equivalent/g
(mg GAE eq/g) and 0.74 mg GAE eq/g to 6.16 mg GAE eq/g and 2.86 mg GAE eq/g, respectively.
Conclusion: Antioxidant activities of HGR and HGL, measured by 1,1-diphenyl-2-picrylhydrazyl and 2,2-
azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical scavenging ability, increased with increasing
heating temperature. These results may aid in improving the biological activity and quality of ginseng
subjected to heat treatments.

Copyright © 2014, The Korean Society of Ginseng, Published by Elsevier. All rights reserved.

1. Introduction

protopanaxadiol type, including ginsenosides Rb1, Rb2, Rb3, Rc, Rd,
Rg3, Rh2, and others; the protopanaxatriol type, including ginseno-

Ginseng is commonly used in Asian traditional medicine to treat a
variety of diseases [1], with effects demonstrated in the central ner-
vous, cardiovascular, endocrine, and immune systems, as well as on
antineoplastic, antistress, and antioxidant activities [2]. White and
red ginseng extracts are produced from raw ginseng. The differences
inbiological activities between white and red ginseng may result from
changes in their chemical constituents, which occur during steaming
[1]. Ginseng saponins, referred to as ginsenosides, are believed to play
an important role in pharmacological action. Ginsenosides are
divided into three groups on the basis of their structure: the

sides Re, Rf, Rg1, Rg2, and others; and the oleanane type [3].

Hydroponics is a method of growing plants without soil, using
mineral nutrient solutions in water. Recently, the Rural Develop-
ment Administration in Korea has introduced a new technology,
which has not been used for ginseng cultivation earlier. The new
method utilizes hydroponic technology, and the plants grow with
their roots in nutrient-enriched water. This method speeds up the
ginseng growth considerably, with only 4 months being required to
grow a root the size of a 2-year-old conventionally grown ginseng
root.
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Heat treatment is the most widely used method for preserving
and extending the shelf-life of food products and nutritional sup-
plements. This treatment is used to improve the biological activity
and ginsenoside content of ginseng. However, some naturally
occurring nutrients can be lost during thermal processing because
most bioactive compounds are relatively unstable to heat [4,5].
Thermally processed foods, especially fruits and vegetables, have
increased biological activity compared with fresh foods, owing to
the chemical changes that occur during heat treatment [6]. How-
ever, both the content of phenolic compounds and the antioxidant
activity increase with increased temperature and pressure in plants
such as pear [7], ginseng [8], onion [9], garlic [10], tomato, melon,
oriental melon, apple, watermelon, and banana [11]. Steaming, for
instance, is known to induce a structural change in ginsenoside and
to enhance the biological activities of ginseng [8,12].

Roots of ginseng are the main plant part used for medicinal
purposes, and physicochemical properties and antioxidant activities
of heated ginseng roots have already been reported [8,12]. By
contrast, few studies have been conducted on hydroponic-cultured
ginseng, and most studies have focused on ginseng roots. In addition,
chemical components, various activities, and the total ginsenoside
content in ginseng leaves are different from those in ginseng roots.
Therefore, the objective of this study was to investigate the changes
in ginsenoside and various antioxidants in hydroponic-cultured
ginseng roots (HGR) and leaves (HGL) following heat treatment.

2. Materials and methods
2.1. Materials

Fresh ginseng, cultured using hydroponics, was obtained from
Cheongwon-Gun in Chungbuk, South Korea. Ginseng roots and
leaves were rinsed with tap water, dried at room temperature, and
stored at —20°C. Standard ginsenosides Rb1, Rb2, Rb3, Rc, Rd, Re, Rf,
Rg1, Rg2(S), Rg3(S), Rh1, and Rh2 were purchased from Wako Pure
Chemical (Osaka, Japan). Standard ginsenosides F2, F4, Rg2(R),
Rg3(R), Rg5, Rh4, Rk1, and Rk3 were purchased from Ambo Insti-
tute (Seoul, South Korea); all chemicals were of reagent grade.

2.2. Sample preparation and extraction

Fresh HGR and HGL were subjected to temperature-controlled
environments for heat treatment at different temperatures (90°C,
110°C,130°C, and 150°C) for 2 hours. Heated HGR and HGL were put
into flasks. After adding an 80% (v/v) ethanol—water solution, the
flasks were sonicated at room temperature for 1 hour in an ultra-
sonic water bath (frequency 40 Hz, power 300 W; SD-350H; Seong
Dong, Seoul, Korea). Three replicate extracts were combined, and
the solvent was evaporated using a rotary evaporator (N-1000;
Eyela, Tokyo, Japan) under a vacuum at 40°C. The residue was
dissolved in 50 mL of distilled water and washed twice with 100 mL
of diethyl ether. The aqueous layer was extracted three times with
100 mL of water saturated with n-butanol. The n-butanol layer was
washed twice with 100 mL of distilled water to remove impurities
and was then evaporated using a rotary evaporator under a vacuum
at 50°C. The residue was dissolved in 2 mL of methanol and filtered
through a 0.45-um syringe filter (Millipore, Billerica, MA, USA).
Ginsenoside compositions were determined by high performance
liquid chromatography (HPLC).

2.3. HPLC analysis of ginsenosides
The high-performance liquid chromatograph was a Younglin

ACME 9000 (Younglin, Anyang, South Korea) equipped with a UV
detector. The analytical column used was a mightysil RP-18 GP

column (4.6 mm x 250 mm, 5 um; Kanto Chemical, Tokyo, Japan)
and the detection wavelength was 203 nm. The mobile phase con-
sisted of solvent A (acetonitrile) and solvent B (water) at a flow rate
of 0.6 mL/minute. The gradient elution procedure was as follows:
0 minute, 18% A; 0—42 minutes, 24% A; 42—46 minutes, 29% A; 46—
75 minutes, 40% A; 75—100 minutes, 65% A; 100—135 minutes, 85%
A; and 135—150 minutes, 85% A. The injection volume was 20 pL.

2.4. Total polyphenol contents

Phenolic content of the 80% ethanol extract of the heated
ginseng was determined using the Folin—Ciocalteu method [13]. In
a 10-mL test tube, 2 mL of 2% NayCOs, 0.1 mL of extract appropri-
ately diluted, and 0.1 mL of 50% Folin—Ciocalteu phenol reagent
(Sigma-Aldrich, St. Louis, MO, USA) were added and mixed. After
exactly 30 minutes, the 750-nm absorbance was read, and the
phenolic content was calculated from a calibration curve
(R? = 0.9996), which was obtained using gallic acid as a standard
(20—200 pg/mL). All extracts were analyzed in triplicate.

2.5. DPPH radical scavenging activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity of the 80% ethanol extract on the heated ginseng was
measured according to the method of Tepe et al [13], which was
based on the scavenging activity of the stable DPPH free radical,
with some modifications. Aliquots of 0.8 mL of 0.2 mM DPPH
(Sigma-Aldrich) methanolic solution were mixed with 0.2 mL of the
extract. The mixture was shaken vigorously and then left to stand
for 30 minutes under low light. The absorbance was measured at
520 nm using a spectrophotometer (UV-1650PC; Shimadzu, Kyoto,
Japan). The percentage of inhibition of activity was calculated as:

(AD — A1)/AO x 100 (1)

where Ag is the absorbance without the sample and A; is the
absorbance with the sample. Sample concentrations providing 50%
inhibition (ICsg) were calculated from a graph of inhibition per-
centage versus extract concentration. All samples were analyzed in
triplicate.

2.6. ABTS radical scavenging activity

The 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
radical cation scavenging activity of the 80% ethanol extract on
the heated ginseng was measured according to the method of
Re et al [14], with some modifications. The ABTS radical cation
was generated by adding 7 mM ABTS to 2.45 mM potassium
persulfate solution and leaving the mixture to stand overnight
in the dark at room temperature. The ABTS radical cation so-
lution was diluted with distilled water to obtain an absorbance
of 1.4—1.5 at 735 nm. A 1 mL aliquot of diluted ABTS radical
cation solution was added to 50 pL of the extract, ascorbic acid
standard solution, or distilled water. The absorbance at 735 nm
was determined using a spectrophotometer (UV-1650PC; Shi-
madzu) after 60 minutes. The ascorbic acid equivalent antioxi-
dant activity (AEAC) was calculated as:

(4A/4App) x Cap (2)

where AA is the change in absorbance after the addition of the
extract, AAaa is the change in absorbance after the addition of
ascorbic acid standard solution, and Caa is the concentration of the
ascorbic acid standard solution. The ABTS radical cation scavenging
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activity was expressed as the AEAC in milligrams of ascorbic acid e
equivalents (mg AA eq). All samples were analyzed in triplicate. § é °§ § § § % §
U
2.7. Reducing power 5238352283387
The reducing power of the extracts was determined using the sccs =8¢
method described by Kong et al [15]. To each extract sample of z |2 § % § ? 2 % § g %
250 pL, 250 puL of 0.2M phosphate buffer at a pH of 6.6 and 250 pL of *h%% hakk
1% (w/v) K3Fe(CN)s were added. The mixture was incubated at 50°C | 8333 sS:Ss8
for 20 minutes, after which 10% (w/v) trichloroacetic acid (250 pL) slossggo588s
was added to it. The resulting mixture was centrifuged at 2,220 x g B O
for 10 minutes. The upper 500-pL layer was mixed with 500 pL of $888 c-g4g
deionized water and 100 pL of 0.1% (w/v) ferric chloride, and the Sl fd5g sa3o
absorbance was measured at 700 nm using a spectrophotometer. A 223858282553 <
higher absorbance indicated a higher reducing power. 5558 L33
$E5% 3939
2.8. Statistical analysis r|o8888-8858
8%z BRLY
Results are reported as mean =+ standard deviation. The signif- ssss 83235
icance of differences among treatment means was determined 2|oB8288,8538
using a one-way analysis of variance with SPSS version 12 (SPSS Bl DSy
Inc., Chicago, IL, USA) and a significance level of p < 0.05. ssgs Sc3
diam  mas
3. Results and discussion T[2855822555
3.1. Changes in ginsenoside content E Z § Z z ;
S LR
The extraction yields of the heated HGR and HGL ranged from o) $h8% Ghhkg
10.03% to14.39% and from 4.55% to 5.57%, respectively (data not i 2293 233399
shown). Changes in ginsenoside compositions and HPLC chro- : = |5 % § § 5 g % 2 §§
matograms with the heating of HGR are shown in Table 1 and Fig. 1. £ E3RABRES
Ginsenoside compositions varied significantly with heat treat- £ 333333353
. . 2 HHHHHAHHA
ments. The levels of ginsenosides Rg1, Re, and Rb1 decreased from flolac2Bgggees
1.52 mg/g, 2.16 mg/g, and 1.63 mg/g to 0.030 mg/g, 0.024 mg/g, and 5§|8|=28s5sssSss
0.110 mg/g, respectively, with increasing temperature. The level of £28 8388
ginsenoside Rh1 was highest, with a content of 2.29 mg/g at 90°C, A
which decreased with increasing heating temperature. The levels of 2|223c2:538¢8¢2
ginsenosides Rg2 (S form) and Rg2 (R form) increased with heating 2% BE%
up to 110°C and then decreased at higher temperatures. Ginseno- - 95 959
sides Rf,Rb1,Rh1, Rg2 (S and R forms), and Rb2 were not detected at 3|228822888,
150°C. Ginsenosides F2, F4, Rk3, Rh4, Rg3 (S and R forms), Rk1, and aheh T%el
Rg5, which were absent in raw plant tissues, were formed after heat El | [s38388 sSs8383
treatment. After heating, the contents of ginsenosides Rk3, Rh4, Rg3 E‘ § TS89,088834
(S and R forms), Rk1, and Rg5 increased with increasing tempera- 8 I Il
ture. In particular, ginsenosides Rk1 and Rg5 at 150°C had the e €888 g:z8
highest contents of 3.16 mg/g and 2.13 mg/g, respectively. : Smee aza
The observed changes in ginsenoside compositions with the : 2|2R2524 ~ 22
heating of HGL are shown in Table 1. The levels of ginsenosides Rg1, g 3 ED% E §_§Z§ §
Re, Rb1, and Rh1 decreased from 5.20 mg/g, 17.88 mg/g, 2.43 mg/g, E e
and 2.58 mg/g to 0.30 mg/g, 0.11 mg/g, 0.19 mg/g, and 1.68 mg/g, s z|ee8z2%8223
respectively, with increasing temperature. The levels of ginseno- g LeE: 835G
sides Rg2 (S form) and Rb2 increased with heating up to 110°C and § 2333 553
then decreased at higher temperatures. Ginsenosides F2, F4, Rk3, £ _|8888,588%4
Rh4, Rg3 (S and R forms), Rk1, and Rg5, which were absent from N R PP g
raw ginseng tissues, were formed after heat treatment. The con- H g38s8 : 2888
tents of ginsenosides Rk3, Rh4, Rg3 (S and R forms), Rk1, and Rg5 < znzazfooss
increased with increasing temperature. In particular, the contents = A REREE R
of ginsenosides Rg3 (S and R forms), Rk1, and Rg5 were highest E EEEE
(4.79 mg/g, 3.27 mg/g, 6.88 mg/g, and 4.90 mg/g, respectively) at g E z z 2 z 2 z E Z
150°C. Total ginsenoside content increased with increasing tem- S I EEEEEEEREE
perature up to 130°C, but rapidly decreased above 150°C due to %o
further dehydration of glycosyl moiety at the C-3 and C-20 posi- ils |Es=2883g28%
tions. The contents of ginsenosides Rb1 and Rb2 decreased with | Y
increasing temperature, whereas those of ginsenoside Rg3 (S form) % % § é é
and Rg3 (R form) increased due to the conversion of ginsenosides &3S

2) Values with different superscripts in same column are significantly different at p < 0.05 by Duncan's multiple range test.

1) ND: Not detected.
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Fig. 1. Ginsenoside chromatograms of hydroponic-cultured ginseng roots. (A) Raw ginseng; ginseng heated at (B) 90°C, (C) 110°C, (D) 130°C, and (E) 150°C; and (F) standard

ginsenosides.

Rb1, Rb2, Rc, and Rd by heat treatment. Our results are similar to
those reported previously by Kim et al [16], who performed auto-
clave steaming of ginseng at high temperatures (100°C, 110°C, and
120°C) for 2 hours. Rare ginsenosides, such as Rg3 (S form), Rg3 (R
form), Rg5, and Rk1, can be obtained from red ginseng and from
ginsenosides F4, Rg3, and Rg5 after steaming.

The total ginsenoside contents of HGR and HGL following heat
treatment were significantly higher than those of raw material. In
addition, the ginsenoside contents of HGL were higher than those

of HGR. Korean ginseng leaves are rich in polysaccharides and
polyphenols, and accordingly, ginseng leaves had higher ginseno-
side levels than ginseng roots. The results of this study are
consistent with those of Wang et al [17], who reported that the
levels of seven ginsenosides, Rg1, Re, Rb1, Rc, Rb2, Rb3, and Rd,
during steaming treatment appeared to decrease, whereas those of
five other ginsenosides, Rg2 (S form), Rg2 (R form), Rg3, Rh1, and
Rh2, increased with steaming. In addition, Park et al [18] isolated
three new dammarane glycosides (ginsenosides Rk1, Rk2, and Rk3)
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Fig. 2. Changes in total polyphenol contents of HGR and HGL with heating temperature. !’ Values with different superscripts are significantly different at p < 0.05 by Duncan’s
multiple range test. HGL, hydroponic-cultured ginseng leaves; HGR, hydroponic-cultured ginseng roots.
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Fig. 3. Changes in DPPH radical scavenging activity (ICso) of HGR and HGL with heating temperature. ! Values with different superscripts are significantly different at p < 0.05 by
Duncan’s multiple range test. DPPH, 1,1-diphenyl-2-picrylhydrazyl; HGR, hydroponic-cultured ginseng roots; HGL, hydroponic-cultured ginseng leaves.

from heat-processed ginseng. In particular, ginsenosides Rg3 (S
form), Rg3 (R form), Rg5, and Rk1 have been recognized as strong
anticancer reagents. Ginsenoside Rg3 is most likely produced by an
attack on the C-20 glycosidic bond of protopanaxadiol-type sapo-
nins, such as ginsenosides Rb1, Rb2, Rc, and Rd, which can readily
be converted by acid treatment and heat processing. Ginsenoside
Rg3 is converted to Rg5 and Rk1 by further dehydration at the C-20
position [19]. Kim et al [12] reported that crude saponin content
was not influenced by steaming and that the contents of ginseno-
sides Rg1, Re, Rf, and Rb2, which were major components of the
ginseng, were reduced by increases in steaming time.

3.2. Changes in polyphenol content

Changes in total polyphenol content of the heated HGR and HGL
are shown in Fig. 2. The total polyphenol content significantly
increased relative to that of raw materials with increasing tem-
perature. The total polyphenol contents of raw HGR and HGL ma-
terial, expressed as milligrams of gallic acid equivalents per gram of
sample, were 0.43 mg/g and 0.74 mg/g, respectively. After heating
at 150°C, the total polyphenol content increased to 6.16 mg/g in
HGR and 2.86 mg/g in HGL. Our results are similar to those previ-
ously reported. For instance, Hwang et al [20] reported that the

phenolic content of ginseng increased with increasing heating
temperature. Hwang et al [7], Kwon et al [10], Woo et al [21], and
Jeong et al [22] reported that soluble phenolic compounds signifi-
cantly increased according to thermal processing due to the liber-
ation and breakdown of the cell matrix. Phenolic compounds are
secondary metabolic products that occur throughout the plant
kingdom. They contain the phenolic hydroxyl group, which has an
antioxidative effect via interactions with the phenol ring and its
resonance stabilization [14].

3.3. Changes of antioxidant activity

The DPPH radical scavenging activities of heated HGR and HGL
are shown in Fig. 3. The antioxidant activities are expressed in
terms of the ICsg value, i.e., the concentration necessary for a 50%
reduction in the DPPH radical. The antioxidant activities of heated
HGR and HGL were affected significantly by the heating tempera-
ture. The ICsqg values of HGR and HGL raw material were 36.0 mg/
mL and 8.36 mg/mL, respectively. After heating to 150°C, the ICso
values decreased to 0.78 mg/mL and 1.08 mg/mL, respectively.
Several studies have reported the effects of heating on the antiox-
idant activity of various foods. Lee et al [9] reported that the anti-
oxidant activities of heated onion juices showed high DPPH radical

5.0
EHGR OHGL e
40 r
c
g
< 3.0 f_
<«
g
= L d
o 2.0
< d
=
< 1.0 c
. . b .
)] a
0.0 : | — L - I - I I
Control 90 110 130 150

Heating Temperature(C)

Fig. 4. Changes in AEAC of HGR and HGL with heating temperature. V) Values with different superscripts are significantly different at p < 0.05 by Duncan’s multiple range test. AEAC,
ascorbic acid equivalent antioxidant activity; HGL, hydroponic-cultured ginseng leaves; HGR, hydroponic-cultured ginseng roots.
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scavenging activities of 36% at 120°C, 45% at 130°C, and 58% at
140°C. Heated onion has been found to have higher DPPH radical
scavenging activities than raw onion, and that activity increases
with increasing temperature. Kim et al [23] also reported that the
antioxidant activity of heated ginseng extract increased with
increasing temperature. Furthermore, Woo et al [24] reported that
the antioxidant activity of heated Rehmannia radix Libosch
increased significantly with increasing heating temperature (from
110°C to 150°C) and heating time (from 1 hour to 5 hours). More-
over, Hwang et al [7], Kown et al [10], and Kim et al [11] reported
that DPPH radical scavenging activity increased significantly with
thermal processes.

The ABTS cation radical scavenging activities of heated HGR and
HGL under various heating conditions, expressed in terms of the
AEAC (mg AA eq/g), are shown in Fig. 4. The ABTS radical scav-
enging activity was affected by the heating temperature in a
manner similar to the DPPH radical scavenging activity. The anti-
oxidant activities of both HGR and HGL at 150°C were higher than
those of raw material. The ABTS radical scavenging activities of HGR
and HGL raw materials were 0.037 mg AA eq/g and 0.162 mg AA eq/
g, respectively. After heating, the AEAC values at 90°C, 110°C, 130°C,
and 150°C were expressed as 0.36 mg AA eq/g, 0.53 mg AA eq/g,
1.88 mg AA eq/g, and 4.25 mg AA eq/g for HGR, and 0.57 mg AA eq/
g,0.79 mg AA eq/g, 1.37 mg AA eq/g, and 2.86 mg AA eq/g for HGL,
respectively. Our results show that by increasing processing tem-
perature the overall antioxidant activities of both HGR and HGL
enhanced significantly. Kim et al [23] reported that the ABTS radical
content (% of control) of heated ginseng extract increased with
increasing heating temperature. Woo et al [25] reported that the

Table 2

Correlation Coefficients Among Total Polyphenol, ABTS, DPPH and Reducing Power
of Hydroponic-cultured Ginseng Roots (HGR) and Leaves (HGL) with Heating
Temperature

Factor Polyphenol ABTS DPPH Reducing power
Root  Polyphenol 1.000 0.998** —-0.646** 0.999***
ABTS 1.000 0.684** 1.000***
DPPH 1.000 -0.671**
Reducing power 1.000
Leave Polyphenol 1.000 0.992**  —-0.780** 0.982**
ABTS 1.000 —0.755** 0.987**
DPPH 1.000 -0.701**
Reducing power 1.000

DPPH: DPPH radical scavenging activity, ABTS: ABTS radical scavenging activity.
**P < 0.01, ***P < 0.001.

ABTS radical scavenging activities of heated garlics and its aroma
extracts increased with increasing heating temperature and time.
Kim et al [11] reported that the antioxidant activities of tomato,
melon, and watermelon were 0.61 mg AA eq/100 g, 0.51 mg AA eq/
100 g, and 0.64 mg AA eq/100 g in raw materials, which increased,
respectively, to 4.59 mg AA eq/100 g, 13.13 mg AA eq/100 g, and
8.81 mg AA eq/100 g after heating at 140°C.

As shown in Fig. 5, the reducing powers of heated HGR and
HGL illustrate similar patterns of change in total polyphenol
contents and ABTS radical scavenging activity. In the methods
used, the ferric—ferricyanide complex was reduced to the ferrous
form, depending on the presence of antioxidants [15]. The
reducing powers of HGR and HGL were highest at 150°C, with
values of 0.49 and 0.52, whereas the reducing powers were only
0.25 and 0.33 in raw materials, respectively. The reducing power
increased significantly with increasing temperature. In addition,
HGL had a relatively higher reducing power than HGR. These
results indicate that the heated HGR and HGL extracts has a
function as free radical scavengers and as primary antioxidants,
and may be attributed to their proton donating ability. The
reducing power was highly correlated with the total polyphenol
contents (r = 0.998, p < 0.001; Table 2). Significant correlations
have been observed between the polyphenol contents of HGR and
the ABTS, DPPH, and reducing power (r = 0.998, —0.646, 0.999,
respectively; p < 0.01, p < 0.001). Significant correlations also exist
between the polyphenol contents of HGL and the ABTS, DPPH, and
reducing power (r = 0.998, —0.646, 0.999, respectively; p < 0.01).

In conclusion, the total ginsenoside contents of HGR and HGL
following heat treatment were significantly higher than those of
the raw material. Furthermore, the ginsenoside contents of HGL
were higher than those of HGR. The antioxidant activities of HGR
and HGL can be enhanced by heat treatment, and the antioxidant
activity of HGL was higher than that of HGR. These results may aid
in improving the biological activity and quality of ginseng subjected
to heat treatments, and in general applying to the additional food
and natural products for antioxidant capability.

Conflicts of interest
All authors declare no conflicts of interest.

References

[1] Zhang S, Chen R, Wang C. Experiment study on ultrahigh pressure extraction
of ginsenosides. ] Food Eng 2007;79:1-5.


http://refhub.elsevier.com/S1226-8453(14)00034-7/sref1
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref1
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref1

186

[2]

3]

14
[5]

[6]
[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

J Ginseng Res 2014,38:180—186

Wau ], Zhong ]. Production of ginseng and its bioactive components in plant
tissue culture: current technological and applied aspects. ] Biotechnol
1999;68:89—-99.

Kim SJ, Murthy HN, Hahn EJ, Lee HL, Paek KY. Effect of processing methods on
the concentrations of bioactive components of ginseng (Panax ginseng C. A.
Meyer) adventitious roots. LWT 2008;41:959—64.

Bangay JR, Balsa-Canto E, Molesy CG, Alonsoy AA. Improving food processing
using modern optimization methods. Trends Food Sci Technol 2003;14:131—44.
Awuah GB, Ramaswamy HS, Economides A. Thermal processing and quality:
principles and overview. Chem Eng Process 2007;46:584—602.

Ryley ], Kajda P. Vitamins in thermal processing. Food Chem 1994;49:119—29.
Hwang IG, Woo KS, Kim TM, Kim DJ, Yang MH, Jeong HS. Change of physi-
cochemical characteristics of Korean pear (Pyrus pyrifolia Nakai) juice with
heat treatment conditions. Korean ] Food Sci Technol 2006;38:342—7.

Yang SJ, Woo KS, Yoo JS, Kang TS, Noh YH, Lee ]S, Jeong HS. Change of Korean
ginseng components with high temperature and pressure treatment. Korean |
Food Sci Technol 2006;38:521-5.

Lee YR, Hwang IG, Woo KS, Kim DJ, Hong JT, Jeong HS. Antioxidative activities
of the ethyl acetate fraction from heated onion (Allium cepa). Food Sci Bio-
technol 2007;16:1041-5.

Kwon OC, Woo KS, Kim TM, Kim DJ, Hong ]JT, Jeong HS. Physicochemical
characteristics of garlic (Allium sativum L.) on the high temperature and
pressure treatment. Korean ] Food Sci Technol 2006;38:331—6.

Kim HY, Woo KS, Hwang IG, Lee YR, Jeong HS. Effects of heat treatments on
the antioxidant activities of fruits and vegetables. Korean ] Food Sci Technol
2008;40:166—70.

Kim KY, Shin JK, Lee SW, Yoon SR, Chung HS, Jeong Y], Chio MS, Lee CM,
Moon KD, Kwon JH. Quality and functional properties of red ginseng prepared
with different steaming time and drying method. Korean ] Food Sci Technol
2007;39:494-9.

Tepe B, Sokmen M, Akpulat HA, Sokmen A. Screening of the antioxidant po-
tentials of six Salvia species from Turkey. Food Chem 2006;95:200—4.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. Antioxi-
dant activity applying an improved ABTS radical cation decolorization assay.
Free Radic Bio Med 1999;26:1231—7.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Kong SH, Chio YM, Kim YH, Kim D], Lee JS. Antioxidant activity and antioxi-
dant components in methanolic extract from Geumjong rice. ] Korean Soc
Food Sci Nutr 2009;38:807—11.

Kim WY, Kim JM, Han SB, Lee SK, Kim ND, Park MK. Steaming of ginseng
at high temperature enhances biological activity. J] Nat Prod 2000;63:
1702—4.

Wang CZ, Aung HH, Ni M, Wu JA, Tong R, Wicks S, He TC, Yuan CS. Red
American ginseng: constituents and antiproliferative activities of heat-pro-
cessed Panax quinquefolius roots. Planta Med 2004;73:669—74.

Park IH, Kim NY, Han SB, Kim JM, Kwon SW, Kim H]J, Park MK, Park JH. Three
new dammarane glycosides from heat processed ginseng. Arch Pharm Res
2002;25:428—-32.

Lee SM, Shon HJ, Chio CS, Hung TM, Min BS, Bae K. Ginsenosides from heat
processed ginseng. Chem Pharm Bull 2009;57:92—4.

Hwang IG, Kim HY, Jeong EM, Woo KS, Jeong JH, Yu KW, Lee ]S, Jeong HS.
Change in ginsenosides and antioxidant activity of Korean ginseng (Panax
ginseng C.A. Meyer) with heating temperature and pressure. Food Sci Bio-
technol 2010;19:941-9.

Woo KS, Hwang IG, Kim HY, Hang KI, Lee ]S, Kang TS, Jeong HS. Thermal
degradation characteristics and antioxidant activity of fructose solution with
heating temperature and time. ] Med Food 2011;14:167—-72.

Jeong SM, Kim SY, Kim DR, Jo SC, Nam KC, Ahn DU, Lee SC. Effect of heat
treatment on the antioxidant activity of extracts from citrus peels. ] Agric Food
Chem 2004;52:3389-93.

Kim YC, Cho CW, Rhee YK, Yoo KM, Rho JH. Antioxidant activity of ginseng
extracts prepared by enzyme and heat treatment. ] Korean Soc Food Sci Nutr
2007;36:1482-5.

Woo KS, Hwang IK, Song DS, Lee YR, Lee JS, Jeong HS. Changes in antioxidant
activity of Rehmannia radix Libosch with heat treatment. Food Sci Biotechnol
2008;17:1387-90.

Woo KS, Yoon HS, Lee YR, Lee ]S, Kim DJ, Hong JT, Jeong HS. Characteristics
and antioxidative activity of volatile compounds in heated garlic (Allium
sativum). Food Sci Biotechnol 2007;16:822—7.


http://refhub.elsevier.com/S1226-8453(14)00034-7/sref2
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref2
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref2
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref2
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref3
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref3
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref3
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref3
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref4
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref4
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref4
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref5
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref5
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref5
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref6
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref6
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref7
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref7
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref7
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref7
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref8
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref8
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref8
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref8
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref9
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref9
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref9
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref9
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref10
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref10
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref10
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref10
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref11
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref11
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref11
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref11
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref12
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref12
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref12
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref12
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref12
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref13
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref13
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref13
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref14
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref14
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref14
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref14
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref15
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref15
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref15
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref15
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref16
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref16
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref16
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref16
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref17
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref17
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref17
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref17
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref18
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref18
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref18
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref18
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref19
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref19
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref19
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref20
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref20
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref20
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref20
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref20
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref21
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref21
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref21
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref21
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref22
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref22
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref22
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref22
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref23
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref23
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref23
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref23
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref24
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref24
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref24
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref24
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref25
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref25
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref25
http://refhub.elsevier.com/S1226-8453(14)00034-7/sref25

	Changes in ginsenoside compositions and antioxidant activities of hydroponic-cultured ginseng roots and leaves with heating ...
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Sample preparation and extraction
	2.3 HPLC analysis of ginsenosides
	2.4 Total polyphenol contents
	2.5 DPPH radical scavenging activity
	2.6 ABTS radical scavenging activity
	2.7 Reducing power
	2.8 Statistical analysis

	3 Results and discussion
	3.1 Changes in ginsenoside content
	3.2 Changes in polyphenol content
	3.3 Changes of antioxidant activity

	Conflicts of interest
	References


