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INTRODUCTION

Reactive oxygen species (ROS) are broadly defined 
as oxygen-containing, highly reactive species. They 
are essential for biological functions and are constantly 
generated during cellular metabolism. A moderate in-
crease in ROS can act as an intracellular messenger in 
cellular events, whereas excessive production of ROS 
can cause oxidative stress and damage to biological 
molecules [1]. The term “oxidative stress” refers to an 
imbalance between ROS generation and antioxidant 
defense activity. Severe oxidative stress plays a role in 
chronic diseases, including cancer and coronary heart 
disease [2]. Thus, maintaining antioxidant homeostasis 
is crucial for normal cell growth and survival. 

Korean ginseng (Panax ginseng C.A. Meyer) is cul-
tivated in Asian countries and is one of the most widely 
used medicinal herbs in the world. Multiple biological 
activities of Korean ginseng have been reported, such as 
anti-oxidant, anti-diabetic, and anti-carcinogenic activi-
ties, in many experimental systems [3,4]. Korean gin-
seng is processed into a wide range of products, including 
teas, beverages, snacks, jellies, and candy. Korean ginseng 
preserved in syrup, known as ginseng Jung Kwa (GJK), 
is a popular traditional snack in Korea. It has been report-
ed that repeated rounds of heat processing [5], different 
soaking time in syrup [6], and the amount of honey [7] 
may contribute to the quality characteristics of GJK. 
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Korean red ginseng (KRG), another heat-processed gin-another heat-processed gin-
seng product, has various biological effects, including 
anti-oxidant activity, and anti-diabetic, anti-tumor, and 
anti-stress effects [8-10]. During steaming and drying, 
various chemical components of Korean red ginseng 
undergo a non-enzymatic browning reaction, known as 
the Maillard reaction [8,11]. Polyphenols are oxidized 
during this browning reaction and the oxidation creates 
more active forms of polyphenols [12].

Polyphenols, which are abundant in fruits, veg-
etables, and grains, have been proposed to be a major 
source of dietary anti-oxidants. Many studies have sug-
gested that the anti-oxidant activity is proportional to 
total phenolic content. Recently, it was shown that heat 
processing of ginseng contributed to an increase in total 
phenolic content [13]. Thus, these observations suggest 
that heat processing may contribute to the anti-oxidant 
activity of GJK.

This study examined the effects of heat processing 
time on total phenolic content and anti-oxidant capacity 
of GJK in an in vitro and cellular anti-oxidant model. 
Further, to what extent heat processing contributes to 
anti-oxidant activity of GJK is discussed.

MATERIALS AND METHODS

Materials
Four-year Korean ginseng was purchased from a lo-

cal market in Geumsan, Korea. Grain syrup (Jo Chung) 
was obtained from Shindoan Food Co. (Gyeryong, Ko-
rea). 2,2’-azobis (2-amidinopropane) dihydrochloride 
(AAPH) was obtained from Wako Pure Co. (Osaka, 
Japan). Dulbecco’s modified Eagle’s medium, fetal bo-
vine serum, and Hank’s balanced salt solution (HBSS) 
were purchased from Gibco BRL (Carlsbad, CA, USA). 
The HepG2 cell line was obtained from American Type 
Culture Collection (Rockville, MD, USA). Unless not-
ed, all other chemicals were purchased from Sigma Co. 
(St. Louis, MO, USA).

Preparation of ginseng Jung Kwa extracts
Washed 4-year Korean ginseng was peeled and a hole 

was bored using a needle. Ginseng was boiled for 3, 6, 
and 12 hours with grain syrup containing glucose (grain 
syrup, 83%; glucose, 17%) using a Darim CR-3001C (C 
& Electronics, Yeoju, Korea) at 100°C. GJK was dried for 
2 days at room temperature and then ground. Ground 
GJK (50 g) was extracted by sonication (Branson, Dan-
bury, CT, USA) at 25°C for 2 hours with 500 mL of 
distilled water. GJK water extract was freeze-dried and 

kept at -20°C until analysis.

Determination of total phenolic content
Total phenolic content of the GJK extract was deter-

mined using a modified Folin-Ciocalteu method [14]. 
GJK extract (1 mL) was dissolved in distilled water and 
mixed with 1 mL of ethanol (95%, v/v) in a test tube. 
Distilled water (5 mL) and Folin-Ciocalteu reagent 
(0.5 mL) was also added to each test tube. The reaction 
mixture stood for 5 minutes. Then, Na2CO3 solution 
(1 mL) was added into the test tubes and the reaction 
mixture stood in the dark for 1 hour. The absorbance 
was measured at 725 nm with ethanol (95%, v/v) as a 
blank.

Oxygen radical absorbance capacity assay
The peroxyl and hydroxyl radical-scavenging capaci-

ties of GJK extract were estimated using the oxygen 
radical absorbance capacity (ORAC) assay. Fluorescein 
(40 nM; 100 µL) in 75 mM potassium phosphate buf-
fer (pH 7.4) was added in triplicate to wells of a black, 
96-well microplate. The fluorescein solution contained 
0.0125% (v/v) acetone. A volume of 50 μL of blank, 
Trolox standard, or sample (400 and 800 μg/mL) in 
75 mM potassium phosphate buffer (pH 7.4) was added 
to each well. AAPH (80 mM; 50 μL) in potassium 
phosphate buffer (pH 7.4) was added to each well as a 
peroxyl radical generator. Fluorescein was used as a tar-Fluorescein was used as a tar-
get of free radical attack, with AAPH (20 mM) as a per-
oxyl radical generator in the peroxyl radical-scavenging 
capacity (ORACROO·) assay [15] or H2O2 - CuSO4 (H2O2, 
0.75%; CuSO4, 5 μM) as a hydroxyl radical generator 
in the hydroxyl radical scavenging capacity (ORACOH·) 
assay [16]. AAPH, CuSO4, H2O2, and Trolox were pre-
pared fresh daily. Fluorescein fluorescent intensity was 
measured every 2 minutes and was expressed relative 
to the initial reading. Final results were calculated based 
on the difference in the area under the fluorescence de-
cay curve between the blank and each sample. ORACROO· 
and ORACHO· results are expressed as mM of Trolox 
equivalent (TE). One ORAC unit is equivalent to the 
net protection area provided by 1 mM Trolox.

Metal chelating activity
The metal chelating activity of GJK extract was 

assessed by the method of Argirova and Ortwerth [17] 
with slight modification. GJK extract (400 µg/mL; 
200 µL) was mixed with 200 µL of 0.1 μM CuSO4. 
Then, 100 μL of the GJK extract-CuSO4 mixture was 
mixed with 100 μL of calcein solution. The fluorescence 
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intensity of the final mixture was measured using a Tecan 
GENios multi-functional plate reader (Tecan, Salzburg, 
Austria) with fluorescent filters (excitation wavelength, 
485 nm; emission filter, 535 nm) and compared with the 
fluorescence intensity of the control, which contained 
only calcein.

Reducing capacity
The reducing capacity of the GJK extract was as-

sessed by the method of Aruoma et al. [18] with slight 
modification. GJK extract (500 µg/mL; 40 mL) in 
distilled water was mixed with 160 µL of a mixture 
containing 0.5 mM CuCl2 and 0.75 mM neocuproine 
in 10 mM phosphate buffer (pH 7.4). Absorbance was 
measured at 454 nm with an ELISA reader over 1 hour. 
Increased absorbance of the reaction mixture indicated 
increased reducing capacity.

Evaluation of cytotoxicity
The potential cytotoxicity of GJK extract on HepG2 

cells was determined by the 3-(4,5-dimethylthiazol-2,5-
diphenyltetrazolium) bromide (MTT) assay. HepG2 
cells were seeded at a density of 5 × 105 cells/mL in a 
12-well plate, incubated for 24 hours, and pretreated 
with different concentrations of GJK extract. After a 
4-hour incubation, MTT reagent was added to each 
well and incubated at 37°C for an additional hour. The 
medium was removed and the cells were washed with 
phosphate-buffered saline (PBS,  pH 7.4). The intracel-
lular insoluble formazan was dissolved in DMSO. The 
absorbance of each well was then measured at 570 nm 
using an ELISA reader. Cell viability was expressed as 
the percentage difference between untreated cells and 
cells treated with GJK extract at the indicated concen-
trations.

Cellular antioxidant capacity against AAPH-
induced oxidative stress in HepG2 cells

Cellular antioxidant capacity of GJK extract was 
evaluated in AAPH-induced HepG2 cells using DCFH-
DA [19], a well-established fluorescent probe used to 
detect and quantify intracellular ROS. DCFH-DA is 
transported across the cell membrane and enzymati-
cally deacetylated by intracellular esterases to a non-
fluorescent form, DCFH, which is further oxidized by 
ROS to form the highly fluorescent DCF. HepG2 cells 
were seeded at a density of 5 × 105 cells/mL in a 96-
well plate. At 24 hours after seeding, the cells were 
incubated with 1 mg/mL GJK extract for 30 minutes. 
The media was removed and cells were gently washed 

twice with PBS. Instead of media, HBSS, which is stable 
to fluorescence, was added to each well. AAPH was 
used as an inducer of peroxyl radical oxidative stress, 
and Cu2+ and H2O2 were used as additional inducers of 
oxidative stress. After wells were treated with 60 μM 
AAPH, 20 μM Cu2+, or 100 μM H2O2 for 30 minutes, 
DCFH-DA was added to the culture plates at a final 
concentration of 40 mM and incubated for 30 minutes 
at 37°C in the dark. DCF fluorescent intensity was 
measured at an excitation wavelength of 485 nm and an 
emission wavelength of 535 nm using a Tecan GENios 
fluorometric plate reader.

Statistical analysis
All data are presented as the mean±SD of three ex-

periments. Statistical analysis was carried out using the 
SPSS (SPSS Inc., Chicago, IL, USA). Analysis of vari-
ance (ANOVA) was performed and Duncan’s test was 
used to examine statistically significant differences. A 
p-values < 0.05 were deemed to indicate statistical sig-
nificance. 

RESULTS AND DISCUSSION

Extraction yield and total phenolic content
The extraction yield and total phenolic content of 

GJK extract are shown in Table 1. The extraction yield 
of the GJK-12 extract was 39.59%, followed by the 
GJK-6 (37.72%) and GJK-3 (32.02%) extracts. This 
suggests that the extraction yield of GJK extract in-
creased with increasing heat processing time, due to 
the release of water-extractable compounds, which 
may have been produced through the Maillard reaction 
during heat processing. The total phenolic content of 
GJK extract increased significantly with increasing heat 
processing time. The GJK-12 extract had the highest 
total phenolic content (2.28%), followed by the GJK-
6 (1.57%) and GJK-3 extracts (1.29%). The increase in 

Table 1. Changes of extraction yield and total phenolic content of 
ginseng Jung Kwa extract with increase of heat-processing time

Ginseng Jung Kwa1) Extraction yields
(%, w/w-dry base)

Total phenolic content
(%, w/w-extract)

GJK-3 32.02±1.15 1.29±0.03a

GJK-6 37.72±1.22 1.57±0.08b

GJK-12 39.59±1.57 2.28±0.05c

The results represent the means±SD of values obtained from three 
experiments.
Different corresponding letters indicate significant differences at 
p<0.05 by Duncan’s test.
1)GJK was made by different heat-processing times, GJK-3, GJK-6, 
and GJK-12.
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total phenolic content in the GJK extract with heat pro-
cessing was consistent with previous reports using Ko-
rean or American ginseng [13,20]. The phenolic content 
of American ginseng increased with heat processing, 
which may result from the release of bound phenolic 
acids linked with glucosides or amine functionalities 
and an increase in Maillard reaction products (MRPs) 
by heat processing [13]. An increase in phenolic con-
tent, such as maltol and phenolic acids, with heat pro-
cessing was found in KRG, when compared with white 
ginseng [20]. Thus, the enhancement in total phenolic 
content of GJK extract by heat processing may be due 
to an increase in free and conjugated phenolic acid and 
maltol content, due to the release of bound phenolic acid 
and maltol by heat processing and/or increased MRPs.

In vitro antioxidant capacity of ginseng Jung Kwa 
extract

The in vitro anti-oxidant capacity of GJK extract was 
evaluated using the ORAC assay, a widely accepted 
method to assess the anti-oxidant activity in nutraceuti-
cal and pharmaceutical foods [21,22]. Fig. 1 demon-
strates that the scavenging activity of GJK extract on 
peroxyl radicals generated by AAPH was concentra-
tion-dependent between 100 and 200 µg/mL. GJK-12 
extract exhibited the highest ORACROO· value (14.7 TE) 
at 100 µg/mL, followed by GJK-6 (8.1 TE) and GJK-
3 (4.9 TE). The peroxyl radical-scavenging activity of 
the GJK extract was proportional to the increase in total 
phenolic content due to heat processing. Many studies 
have revealed that the phenolic content of plants can 

be correlated with their anti-oxidant activities [13,23]. 
These results indicate that the enhanced peroxyl radical-
scavenging activity of GJK extract with the increase in 
heat processing time may be attributed to the increase 
in total phenolic content by heat processing.

The ORAC assay system has been successfully used 
to determine reaction capacity with hydroxyl radicals, 
highly reactive oxygen species with a short half-life 
[24]. Hydroxyl radicals are generated through the H2O2-
Cu2+ reaction in the ORACOH· system. We previously 
reported two crucial factors in the ORACHO· system: 
chelating activity for transition metal ions and scaveng-
ing activity for the hydroxyl radical itself [25,26]. 

Hydroxyl radical-scavenging activity of GJK extract 
increased concentration-dependently between 100 and 
200 µg/mL (Fig. 2). ORACHO· of GJK extract increased 
with the increase in heat processing time, from 0.3 TE 
(GJK-3) to 6.1 TE (GJK-12) at 100 µg/mL. The metal 
chelating activity of GJK extract was determined by 
measuring the percentage of calcein-Cu2+ complex 
formation inhibited in the presence of GJK extract. 
As shown in Table 2, the metal chelating activity of 
GJK extract at 100 µg/mL was in the order: GJK-12 
(56.7%) ≥ GJK-6 (54.0%) ≥ GJK-3 (47.0%). The reduc-
tion of copper (II) to copper (I) was used to evaluate 
the reducing capacity of the GJK extract. The reducing 
capacity of the GJK extract increased, from 2.10 (GJK-
3) to 8.81 (GJK-12) with the increase in heat process-
ing time at 100 µg/mL. These results indicate that the 
enhanced hydroxyl radical-scavenging activity of GJK 
extracts with increasing heat processing time may be 
closely related with increased metal chelating capacity 

Fig. 1. Effect of heat processing time on peroxyl radical-scavenging ac-
tivity of GJK extract. GJK was made using different heat processing times: 
GJK-3, GJK-6, and GJK-12. Each bar represents the mean±SD of values 
obtained from three experiments. Different corresponding letters indi-
cate significant differences at p<0.05 by Duncan’s test. ORACROO·, peroxyl 
radical-scavenging capacity. 

Fig. 2. Effect of heat processing time on hydroxyl radical-scavenging 
activity of GJK extract. GJK was made using different heat processing 
times: GJK-3, GJK-6, and GJK-12. Each bar represents the mean±SD of 
values obtained from three experiments. Different corresponding letters 
indicate significant differences at p < 0.05 by Duncan’s test. ORACROH·, hy-
droxyl radical scavenging capacity.
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and reducing capacity. However, these results differed 
from a previous study [27], which reported that the 
inhibition against hydroxyl radicals decreased with the 
increase in heat processing in a glucose-glycine model 
system. Further study to consider the effects of other 
components produced during heat processing of GJK 
may be needed.

Cellular anti-oxidant capacity of GJK extract against 
AAPH-, Cu2+-, or H2O2- induced oxidative stress in 
HepG2 cells

A cellular anti-oxidant assay is a useful model for 
evaluating the anti-oxidant activity of dietary supple-
ments and foods in cell culture, because it can reflect 
the cellular environment that occurs in vivo [28]. Other 
researchers have documented that HepG2 cells are a 
well-differentiated, transformed cell line for antioxidant 
studies [29] and yield consistent results with lower vari-
ation than other cell lines, including Caco-2 and RAW 
264.7 cells [28].

The potential cytotoxicity of GJK extract was ana-
lyzed using the MTT assay. Over the concentration 
range tested, the GJK extract did not have a significant 
effect on cell viability (Fig. 3). The GJK extract con-
centration that corresponded to 90% cell viability was 
selected for subsequent assays.

GJK extract at a concentration of 1 mg/mL effectively 
reduced AAPH-induced oxidative stress in HepG2 cells 
in the order: GJK-12 (77.7%) = GJK-6 (76.6%) > GJK-3 
extract (51.9%) (Fig. 4). Fig. 5 shows that the oxidative 
stress induced by Cu2+ in HepG2 cells was scavenged by 
GJK extract in the order: GJK-12 (40.5%) = GJK-6 (41.9 
%) > GJK-3 extract (29.7%). GJK-12 and GJK-6 extracts 
showed stronger cellular anti-oxidant capacity to scav-
enge the oxidative stress induced by AAPH or Cu2+ than 
the GJK-3 extract, but there were no significant differ-
ences between the GJK-12 and GJK-6 extracts. The an-
ti-oxidant capacity of GJK extract to reduce the oxida-

tive stress induced by H2O2, which is an important ROS 
to release hydroxyl radicals through the Fenton reaction, is 
shown in Fig. 6. The scavenging capacity of GJK extract 
against the oxidative stress caused by H2O2 increased in 
the order : GJK-12 (89.4%) > GJK-6 (66.3%) > GJK-3 
(41.0 %), with the increase in heat processing time.

These results demonstrated that the cellular antioxi-
dant capacity of GJK extract to reduce the oxidative 
stress induced by AAPH, Cu2+, or H2O2 was positively 
correlated with the amount of total phenolic content. 
In turn, total phenolic content was proportional to 

Fig. 3. Percentage viability of HepG2 cells exposed to different con-
centrations of GJK extract. GJK was made using different heat process-
ing times: GJK-3, GJK-6, and GJK-12. Cell viability was examined by the 
MTT assay. Results are relative to control values and expressed as the 
mean±SD for three individual experiments.

Fig. 4. Intracellular antioxidant capacity of ginseng Jung Kwa (GJK) ex-ex-
tract against the oxidative stress generated by 2,2’-a�obis (2-amidinopro-2,2’-a�obis (2-amidinopro-
pane) dihydrochloride (AAPH)  in HepG2 cells. GJK was made using differ-
ent heat processing times: GJK-3, GJK-6, and GJK-12. The concentration 
of GJK extract applied to HepG2 cells was 1 mg/mL. The results represent 
the mean±SD of values obtained from three experiments. Different corre-
sponding letters among samples indicate significant differences at p<0.05 
by Duncan’s test. 

Table 2. Reducing capacity and metal chelating capacity of ginseng 
Jung Kwa extract

Ginseng Jung Kwa1) Reducing capacity
(Copper(I) ions, µM)

Metal chelating capacity
(% of control)

GJK-3 2.10±0.17a 46.99±1.11a

GJK-6 3.82±0.19b 54.03±1.45ab

GJK-12 8.81±0.43c 56.74±1.07b

The results represent the means±SD of values obtained from three 
experiments. 
Different corresponding letters indicate significant differences at 
p<0.05 by Duncan’s test.
1)GJK was made by different heat-processing time, GJK-3, GJK-6, 
and GJK-12.
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the extent of heat processing. In a cellular model, the 
cellular antioxidant efficacy of phenolic compounds 
depends on two factors: the ability to penetrate the cel-
lular membrane and the antioxidant activity inside the 
cells [30]. The total phenolic content of GJK extract 
was enhanced by increasing heat processing time. This 
result is consistent in previous studies [13,31] even 
though different heat processing methods were used. 
After these phenolic compounds in the GJK extract are 
formed as consequence of the heat processing used, 
they may be oxidized to more active forms [12]. Thus, 
the enhanced phenolic compounds of GJK extract pass 

readily through the cell membrane, so that higher cellu-
lar concentrations may result, contributing to protection 
against cellular oxidative stress induced by different 
ROS [30].

In conclusion, among the GJK extracts, GJK-12 ex-
tract had the highest total phenolic content and in vitro 
anti-oxidant capacity. The hydroxyl radical-scavenging 
activity of GJK-12 extract was stronger than those of 
GJK-3 and GJK-6 extracts, which was consistent with 
metal chelating activity and reducing capacity. In a cellular 
model, the GJK extract effectively reduced AAPH-, Cu2+-
, or H2O2- induced oxidative stress. GJK-12 and GJK-6 
extracts had stronger cellular antioxidant capacity than 
GJK-3 extract. These results suggest that heat process-
ing can contribute to the antioxidant capacity of GJK 
extract and the GJK extract may have the potential to 
be used as an effective dietary antioxidant to prevent 
oxidative stress-related conditions.
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