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ABSTRACT

Background: Ginsenosides, which are bioactive components in ginseng, can be converted to smaller
compounds for improvement of their pharmacological activities. The conversion methods include
heating; acid, alkali, and enzymatic treatment; and microbial conversion. The aim of this study was to
determine the bioconversion of ginsenosides in fermented red ginseng extract (FRGE).

Methods: Red ginseng extract (RGE) was fermented using Lactobacillus plantarum KCCM 11613P. This
study investigated the ginsenosides and their antioxidant capacity in FRGE using diverse methods.
Results: Properties of RGE were changed upon fermentation. Fermentation reduced the pH value, but
increased the titratable acidity and viable cell counts of lactic acid bacteria. L. plantarum KCCM 11613P
converted ginsenosides Rb, and Rbs to ginsenoside Rd in RGE. Fermentation also enhanced the anti-
oxidant effects of RGE. FRGE reduced 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity and
reducing power; however, it improved the inhibition of B-carotene and linoleic acid oxidation and the
lipid peroxidation. This suggested that the fermentation of RGE is effective for producing ginsenoside Rd
as precursor of ginsenoside compound K and inhibition of lipid oxidation.

Conclusion: This study showed that RGE fermented by L. plantarum KCCM 11613P may contribute to the

development of functional food materials.
© 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Korean ginseng (Panax ginseng Meyer) is one of the most pop-
ular medicinal plants and has been used as a traditional medicinal
plant in East Asian countries, including Korea, Japan, and China, for
more than 2,000 yr [1,2]. Ginseng is cultivated for 4—6 yr and is
classified according to the processing method: fresh ginseng is
unprocessed, white ginseng is dried after peeling, and red ginseng
is steamed and dried [3]. Red ginseng has various biological and
pharmacological activities, including antiapoptotic, antitumor,
immunomodulatory, antiallergic, anti-inflammatory, and antioxi-
dant effects, which are enhanced by heating and steaming pro-
cesses [4—6]. Red ginseng contains polysaccharides,
polyacetylenes, polyphenolic compounds, and ginsenosides [7,8].

Ginsenosides, which are one of the pharmaceutical components
of red ginseng, are divided into protopanaxadiol type (e.g., ginse-
nosides Rby, Rby, Rbs, Rc, Rd, Rgs, Rhy, and compound K) and pro-
topanaxatriol type (e.g., ginsenosides Re, Rf, Rgy, Rg», and Rhy, and
oleanolic acid including ginsenoside Ro) [7—9]. So far, more than
150 ginsenosides have been identified in ginseng. Major ginseno-
sides, which include ginsenosides Rbj, Rby, Rd, Re, and Rgj,
comprise more than 80% of the ginsenosides and have low phar-
macological activities and low absorption in the human body. Some
minor ginsenosides, including ginsenosides Rgs, Rhy, F», and com-
pound K, are more pharmacologically active than major ginseno-
sides [5,10]. Major ginsenosides can be converted to more
pharmacologically active ginsenosides using diverse methods
including heating, mild acid hydrolysis, alkali hydrolysis, microbial
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conversion, and enzymatic treatment [11]. Previous studies have
investigated the conversion of ginsenosides using various micro-
organisms, including Saccharomyces cerevisiae, Bacillus subtilis,
Aspergillus sp., Lactobacillus sp., and Bifidobacterium longum [9,12—
15]. Many studies have demonstrated the biotransformation of
major ginsenosides into smaller deglycosylated forms, e.g., Rby, Rby,
and Rc to Rd; Re to Rg; and Rgy, Rby to Rgs and Rhy; Rby to Rd, F»,
and Rgs; and Rb; to Rd and compound K [9,12,13,15].

It has been described that fermentation is an ideal process of
biochemical alteration using microbial enzymes and microorgan-
isms. Fermentation is conducted to improve the storage period,
nutrition, and sensory characteristics related to foods [16]. Lacto-
bacillus plantarum is used in starter cultures as a probiotic [17].
L. plantarum is tolerant to acid and bile salt, produces lactic acid,
and has antioxidant activity [18]. Some strains of L. plantarum have
been isolated from fermented foods [18]. The L. plantarum SY12
(also called L. plantarum KCCM 11613P) used in this study was
isolated from kimchi, which is a fermented food, and identified as a
probiotic strain. L. plantarum SY 12 has been reported to produce
various enzymes, including B-glucosidase, p-galactosidase, and B-
glucosaminidase, and has antiallergic effect [19].

The purpose of this study was to examine the bioconversion of
ginsenosides into smaller deglycosylated forms by L. plantarum
KCCM 11613P and prepare fermented red ginseng extract (FRGE)
with improved antioxidant effects.

2. Materials and methods
2.1. Microorganism and materials

The lactic acid bacterium L. plantarum KCCM 11613P, which was
isolated from kimchi in the our laboratory, was used as a starter
culture for the production of FRGE [19]. Red ginseng extract (RGE)
was purchased from Fine Korea Co. (Seoul, Korea), and 2,2-
diphenyl-1-picrylhydrazyl (DPPH), B-carotene, linoleic acid, ascor-
bic acid, and 2,6-di-tert-butyl-4-methylphenol (BHT) were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA). Gallic acid was
purchased from Tokyo Chemical Industry Co., Ltd. (Kita-ku, Tokyo,

Japan).
2.2. Fermentation of RGE

L. plantarum KCCM 11613P was cultivated in lactobacilli MRS (de
Man, Rogosa, Sharpe) broth (Becton, Dickinson and Company,
Sparks, MD, USA) at 37°C for 12 h, and the activated culture was
inoculated into MRS broth at 37°C for 12 h, twice. One gram of RGE
was added to 99 mL distilled water and then sterilized at 121°C for
15 min. The RGE solution (pH 6.5) was inoculated with L. plantarum
KCCM 11613P culture [1 x 108 colony-forming units (CFU)/mL] to a
final concentration of 1% (v/v) and fermented at 37°C for 24 h.
Samples were collected for analysis at 0 h,4 h,8 h,12 h, 16 h, 20 h,
and 24 h. The viable cells of L. plantarum KCCM 11613P were
counted on MRS agar using the plate counting method [20], and the
pH and titratable acidity during fermentation were determined
using a pH meter (inoLab pH 720, Weilheim, Germany) and
following the method described by Collins et al [21].

2.3. Preparation of samples for high performance liquid
chromatography analysis

Samples were extracted twice with water-saturated n-butanol
and freeze-dried to eliminate the solvent [22]. Crude ginsenosides
were dissolved in solution of mobile phase, and the samples were
filtered (0.45 um; Econofltr RegCel, Agilent Technologies, CA, USA)
prior to high performance liquid chromatography (HPLC) injection.

2.4. HPLC analysis of ginsenosides

HPLC analysis was performed according to the method
described by Chang et al [22] with modifications. The analysis was
performed using an Agilent HPLC system (1100 Series). Ten mi-
croliters of each sample was injected into Poroshell 120 EC-C18
column (4.6 x 250 mm, 4 pm; Agilent Technologies). The elution
profile was obtained using an ultraviolet /visible detector set at
203 nm. The operating temperature was set at 30°C, and the flow
rate was 1.2 mL/min. Mobile phase A and B consisted of water (].T.
Baker, Avantor Performance Materials, Inc., PA, USA) and 100%
acetonitrile (J.T. Baker), respectively. Samples were eluted with the
following gradient: 0 min, 28% B; 3 min, 28.3% B; 5 min, 28.3% B;
8 min, 41.5% B; 11 min, 41.6% B; 14 min, 41.6% B; 15 min, 43% B;
20 min, 71% B.

2.5. Measurement of total phenolic content in FRGE

The total phenolic content was measured using the method
described by Lee et al [23] One hundred microliters of sample was
mixed with 2 mL of a 2% sodium carbonate solution. After 3 min,
100 pL of 50% Folin & Ciocalteu’s phenol reagent (Sigma-Aldrich
Co.) was added to the mixture. After 30 min, the absorbance of
samples was measured at 750 nm using a spectrophotometer
(Optizen 21200V Plus; Mecasys Co., Ltd, Daejeon, Korea). The total
phenolic content was determined using a standard curve of gallic
acid.

2.6. Measurement of antioxidant activity

2.6.1. DPPH radical scavenging activity assay

DPPH radical scavenging activity was determined using the
method described by Lee et al [23]. Two hundred microliters of
sample was mixed with 1 mL of 100uM DPPH solution. After
15 min, the absorbance of the mixture was measured at 517 nm.
DPPH radical scavenging activity was calculated as follows.

DPPH radical scavenging activity (%)

Absorbance of sample 100
"~ Absorbance of control

2.6.2. Reducing power assay

Reducing power was investigated according to the method
described by Xiao et al [24] with modifications. One hundred
microliters of sample was mixed with 500 pL of 0.2M sodium
phosphate buffer (pH 6.6) and 500 uL of 1% potassium ferricyanide.
The mixture was incubated in a water bath at 50°C for 20 min and
then cooled for 5 min. Next, 500 pL of 10% trichloroacetic acid was
added, the mixture was centrifuged at 3,560¢g for 5 min, and 500 pL
of the supernatant was mixed with 100 uL of 0.1% ferric chloride
and 500 pL of distilled water. The absorbance was read at 700 nm.

2.6.3. (-Carotene bleaching assay

The B-carotene bleaching assay was performed according to a
modification of the method reported by Park et al [25]. Two mil-
ligrams of B-carotene was dissolved in 10 mL chloroform and
mixed with 44 pL linoleic acid and 200 pL Tween 80. Five milli-
liters of the solution was taken and concentrated to remove the
chloroform. The concentrate was dissolved in 100 mL distilled
water, and this solution was used as the -carotene assay reagent.
Five hundred microliters of sample was mixed with 4.5 mL re-
agent and incubated in water bath at 50°C for 6 h. The absorbance
was read at 470 nm, and antioxidant activity was calculated as
follows.
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Fig. 1. Fermentation pattern of red ginseng extract by Lactobacillus plantarum KCCM
11613P. @, pH; W, Viable cell count (log CFU/mL); A, Titratable acidity (%). All values
are presented as mean + standard deviation. CFU, colony forming units.
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2.64. Ferric thiocyanate assay

The ability to inhibit lipid peroxidation was evaluated using the
method described by Jung et al [26]. One hundred microliters of
sample was mixed with 200 pL linoleic acid (25 mg/mL in ethanol),
400 pL of 40mM potassium phosphate buffer (pH 7), and 200 pL
distilled water. The mixture was incubated at 37°C for 72 h, and the
absorbance was read at 500 nm. One hundred microliters of the
reaction mixture was mixed with 4 mL of 70% ethanol, 100 uL of 30%
ammonium thiocyanate, and 100 pL of 20mM ferrous chloride (in
3.5% HCl). Inhibition of lipid peroxidation was calculated as follows.

Inhibition of lipid oxidation (%)
_ Absorbance of sample 100
Absorbance of control

2.7. Statistical analysis

All experiments were performed three times independently,
and three technical replicates of each of the samples were analyzed.
The results are expressed as the mean + standard deviation. The
obtained data were analyzed using the SPSS statistical software
program version 18 (SPSS Inc., Chicago, IL, USA). Analysis of vari-
ance and Duncan’s multiple range tests were performed to deter-
mine the significance of differences.

3. Results and discussion
3.1. Fermentation of RGE by L. plantarum KCCM 11613P

The pH values, titratable acidity, and viable cell number were
measured during the fermentation of RGE by L. plantarum KCCM
11613P for 24 h. The characteristics of the fermentation are shown
in Fig. 1. During fermentation, the pH value decreased from 6.45 to
3.64, and the titratable acidity increased from 0.23% to 1.96%. Pre-
vious studies have determined the physicochemical properties of
the fermentation products of lactic acid bacteria. Lactic acid bac-
teria have been used for the starter culture of fermentation, and the
pH of the products was reported to decrease owing to the pro-
duction of lactic acid [24]. In another previous study, when a
mixture of Lactobacillus acidophilus KFRI 128 and red ginseng was
fermented by Rhodiola sachalinensis, the pH value decreased,
whereas the titratable acidity increased [27].

The viable cell counts increased from 6.24 log CFU/mL to 8.31 log
CFU/mL, and then decreased from 8.31 log CFU/mL to 8.12 log CFU/

mL after 16 h. Thus, the fermentation reached stationary phase
after 16 h of culturing at 37°C. In a previous study, soy whey was
fermented by L. plantarum B1-6, and a similar pattern in viable cell
counts was observed [24]. When soy whey was fermented by
L. plantarum B1-6, the viable cell number was the highest at 10 h,
and then it decreased. In a previous study, when RGE was fer-
mented using L. acidophilus, a similar pattern was observed, and the
viable cell counts were highest at 16 h [28]. In our fermentation
experiment, the viable cell counts of L. plantarum KCCM 11613P
were highest at 16 h. Fermentation is thought to improve the bio-
logical effects of L. plantarum KCCM 11613P, and change ginseno-
sides Rb, and Rbs to ginsenoside Rd. FRGE was prepared for 16 h,
and then we estimated the ginsenosides in the product and their
antioxidant capacity compared to that of the control (unfermented
RGE).

3.2. Changes in ginsenosides in RGE during fermentation

The ginsenosides in RGE were analyzed by HPLC. Fig. 2 shows
the changes in ginsenoside compositions in the fermentation
product. The unfermented RGE primarily contained ginsenoside
Rb; and Rbs at a content of 52.67 ppm and 19.11 ppm, respectively.
The amount of ginsenoside Rb, was greater than that of ginse-
noside Rbs. Ginsenoside Rb, was not detected in FRGE; however,
ginsenoside Rd was newly detected and the amount of ginseno-
side Rb3 was increased. In FRGE, the content of ginsenoside Rbs
and Rd was 149.86 ppm and 55.74 ppm, respectively. In a previous
study, a mixture of ginsenosides (Rby, Rby, Rc, Rd, Re, Rf, Rgy, and
Rg») was fermented by lactic acid bacteria, including Lactobacillus
delbrueckii subsp. bulgaricus, L. fermentum, B. longum, L. delbrueckii
subsp. lactis, and Leuconostoc mesenteroides subsp. mesenteroides
for 5 d. After fermentation, the amount of ginsenosides changed,
and that of ginsenosides Rb;, Rby, and Rc decreased during
fermentation [9]. In another study, red ginseng powder was fer-
mented by L. plantarum M1 for 1 d, and the amount of ginsenoside
compound K, Rhy, Rhy, Rg5 + Rkj, and Rgs increased, whereas that
of ginsenoside Rg», Rgy, Rf, Re, Rd, Rb, + Rc, and Rby decreased [8].
The present study concluded that ginsenoside Rb, and Rbs were
converted to ginsenoside Rd in the FRGE. Ginsenosides Rb, and
Rb; were metabolized because the oral bioavailability of major
ginsenosides such as ginsenosides Rb;, Rb,, and Rg; from the in-
testines is extremely low [29]. Ginsenoside Rd has pharmaceutical
effects and is a precursor of other compounds such as Rgz and F,
[30].

3.3. Measurement of total phenolic content and antioxidant
activities of FRGE

The total phenolic content of RGE and FRGE samples is shown
in Table 1. The total phenolic content in RGE and FRGE was
35.16 4+ 0.12 mg GAE/g and 37.67 + 0.37 mg GAE/g, respectively.
Thus, the total phenolic content increased during fermentation
and was higher in FRGE than in RGE. Xiao et al [24] reported that
the total phenolic content increased during fermentation, when
soy whey was fermented by L. plantarum B1-6. Jhan et al [31]
reported that the total phenolic content increased after
fermentation, when red beans were fermented by B. subtilis and
L. delbrueckii subsp. bulgaricus. In addition, a previous study [32]
showed that the total phenolic content in black ginseng fer-
mented by S. cerevisiae was higher than that of raw ginseng and
black ginseng. Therefore, our results were similar to those of the
previous studies. It was previously demonstrated that the change
in pH influenced the release of the bound phenolics and caused
an increase in total phenolic content [33].
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Table 1
Total solids and total phenolic content of red ginseng extract fermented by Lacto-
bacillus plantarum KCCM 11613P

Sample Total Total phenolic content
solids (mg of gallic acid/g of sample)
(mg/g)
Red ginseng 7.99 + 0.03 35.16 £ 0.12
extract (RGE)
Fermented red 7.84 + 0.08 37.67 + 037"

ginseng extract
(FRGE)

Values are presented as mean =+ standard deviation
*p < 0.05

Antioxidant activities were determined by diverse methods,
including the DPPH radical scavenging activity, reducing power, -
carotene bleaching, and ferric thiocyanate (FTC) assays.

The DPPH radical scavenging activity assay is the simplest
experiment to determine antioxidant activity. In this assay, the
purple chromogen radical DPPH is reduced by antioxidant com-
pounds to pale yellow hydrazine [34]. The result of DPPH radical
scavenging activity assay of RGE and FRGE is shown in Table 2. Both
RGE and FRGE showed low DPPH radical scavenging activity. The
DPPH radical scavenging activity of RGE at 0.25—4 mg/mL ranged
from 4.33% to 35.54%, whereas that of FRGE ranged from 3.94% to

Table 2

22.94%. For comparison, the antioxidant activity of positive control
ascorbic acid (at 0.1 mg/mL) was 96.30 + 0.18%. FRGE showed lower
antioxidant activity than RGE. A previous study reported that red
beans fermented by B. subtilis and L. delbrueckii subsp. bulgaricus
had higher antioxidant activity than unfermented red beans [31].
Black ginseng fermented by S. cerevisiae for 25 h had stronger DPPH
scavenging activity than unfermented black ginseng [32]. Another
study noted that DPPH radical scavenging activity of bovine skim
milk fermented by Lactobacillus helveticus was reduced by
fermentation after 12 h [35]. These results indicated that the anti-
oxidant activity of crude peptide extracts released during fermen-
tation may have the ability to neutralize free DPPH radicals either
by hydrogen atom or by direct reduction through electron transfer
[36].

The reducing power assay is based on the conversion of ferric
ions (Fe3*) to ferrous ions (Fe?*) [37]. Fig. 3 shows the reducing
power of RGE and FRGE samples. The absorbance of RGE and FRGE
samples at 0.25—4 mg/mL ranged from 0.020 to 0.459 and from
0.012 to 0.399, respectively. The absorbance of the positive control
ascorbic acid (at 0.1 mg/mL) was 0.610 4 0.008. The absorbance of
FRGE was lower than that of RGE, indicating that the reducing
power of FRGE had decreased. In previous studies, the fermentation
process formed reductants that reacted with free radicals for sta-
bilization; therefore, fermented soy whey, red beans, and soy beans
had higher reducing power [24,31,38]. However, our study showed

Antioxidant effects of red ginseng extract and fermented red ginseng extract by Lactobacillus plantarum KCCM 11613P

Sample Concentration DPPH radical Inhibition of B-carotene and Inhibition of lipid peroxidation (%)
(mg/mL) scavenging activity (%) linoleic acid oxidation (%)

Red ginseng extract 0.25 433 +0.122 30.38 & 0.47%° 46.30 + 1.16%
05 8.01 + 0.69° 33.42 + 0.93% 59.54 + 0.70°
1 14.31 + 0.44° 35.43 + 0.35¢ 71.19 + 2.49°¢
2 23.40 + 0.48¢ 43.19 + 0.62¢ 82.69 + 2.06¢
4 35.54 + 1.20°¢ 47.27 + 0.06° 87.61 + 0.65¢

Fermented red 0.25 3.94 + 0.34° 4405 + 0.81%° 53.08 + 1.54°

ginseng extract 0.5 7.17 + 0.67° 47.92 + 1.19%° 71.83 + 0.62°

1 12.81 + 0.61¢ 55.98 + 0.36° 79.17 £ 0.42°¢
2 17.78 + 0.164 57.71 + 0.10¢ 87.77 + 1.53¢
4 22.94 + 0.71¢ 61.95 + 0.34¢ 93.99 + 0.27¢

Ascorbic acid 0.1 96.30 + 0.18

BHT 0.1 80.91 + 2.43 76.90 + 0.70

Values are presented as mean =+ standard deviation

47¢ Means in the same column followed by different letters represent significant differences by concentration (p < 0.05)
BHT, 2,6-di-tert-butyl-4-methylphenol; DPPH, 2,2-diphenyl-1-picrylhydrazyl; SD, standard deviation

0.5 17

0.4 A

0.3 1

Absorbance at 700 nm

Concentration (mg/mL)

Fig. 3. Antioxidant activity of red ginseng extract fermented by Lactobacillus plantarum KCCM 11613P as determined by reducing power assay. All values are presented as
mean =+ standard deviation. @, red ginseng extract; O, fermented red ginseng extract. * Represent significant differences in concentration (p < 0.05).
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opposite results—DPPH radical scavenging activity and reducing
power were decreased after fermentation.

The p-carotene bleaching assay is conducted to assess the
antioxidant capacity of extracts, and it determines the inhibition of
the coupled auto-oxidation of linoleic acid and B-carotene [39]. The
result of the f-carotene bleaching assay is presented in Table 2. The
antioxidant activity of RGE and FRGE at 0.25—4 mg/mL ranged from
30.38% to 47.27% and from 44.05% to 61.95%, respectively. Antioxi-
dant activity of BHT as positive control (at 0.1 mg/mL) was
80.91 & 2.43%. Previous studies reported that lactic acid fermen-
tation increased the antioxidant activity of Magnolia flower petal
extract and Malaysian herbal teas [25,40].

The FTC assay determines the content of peroxide production,
and it assures the oxidation from ferrous ions (Fe?") to ferric ions
(Fe3*) [23]. Table 2 shows the antioxidant activity of RGE and
FRGE samples, as determined by the FTC assay. The antioxidant
activity of RGE and FRGE at 0.25—4 mg/mL ranged from 46.30% to
87.61% and from 53.08% to 93.99%, respectively. The BHT as
positive control (at 0.1 mg/mL) was 76.90 £ 0.70%. These results
showed that the antioxidant activity of FRGE was higher than
that of RGE, and FRGE had strong antioxidant activity against
lipid oxidation because of the increase in total phenolic content
and ginsenoside Rd level. Earlier studies also reported that gin-
senoside Rd is related to lipid peroxidation inhibitory activity,
increase of antioxidant enzyme [41], and protection of neuronal
cells from hydrogen peroxide and oxygen-glucose deprivation
owing to oxidation suppression [42]. Phenolic compounds were
shown to be a defensive barrier against lipid oxidation [43]. The
phenolic compounds chelated metals in the lipid pathway and
reacted with the carbonyl compounds generated by the lipid
oxidation.

4. Conclusion

Ginsenosides have many pharmacological effects, such as
cholesterol lowering, immune-stimulating, anticancer, and anti-
oxidant activities. Fermentation of RGE with L. plantarum KCCM
11613P affected the pH, titratable acidity, viable cell number, total
phenolic content, ginsenoside composition, and antioxidant effects.
After fermentation, the pH value of RGE decreased, whereas its
titratable acidity, lactic acid cell number, and total phenolic content
increased. Ginsenoside composition was also changed by fermen-
tation with L. plantarum KCCM 11613P. The levels of ginsenoside Rb;
decreased, that of ginsenoside Rbs increased, and ginsenoside Rd
was newly formed during fermentation. Antioxidant activity was
assessed by different methods. FRGE showed strong inhibitory ac-
tivity against the auto-oxidation of linoleic acid. This research
demonstrated that FRGE by L. plantarum KCCM 11613P generated
ginsenoside Rd and strongly inhibited lipid oxidation. Therefore,
ginsenoside Rd in this fermented product might be used to convert
to ginsenoside Rgs, ginsenoside Rhy, ginsenoside F», and compound
K and to make inhibitor material in oxidation.

Conflicts of interest

The authors have no conflicts of interest with any parties or
individuals.

Acknowledgments

This research was supported by the Priority Research Centers
Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education, Science and Technology
(2009-0093824).

References

[1] Im K, Kim ], Min H. Ginseng, the natural effectual antiviral: protective ef-
fects of Korean red ginseng against viral infection. ] Ginseng Res 2016;40:
309-14.

Kopalli SR, Won Y], Hwang SY, Cha KM, Kim SY, Han CK, Lee SH, Hong JY,

Kim SK. Korean red ginseng protects against doxorubicin-induced testicular

damage: an experimental study in rats. ] Funct Foods 2016;20:96—107.

Yun TK. Brief introduction of Panax ginseng C.A. Meyer. ] Korean Med Sci

2001;16:S3-5.

Lee D, Kang KS, Yu JS, Woo JY, Hwang GS, Eom DW, Baek SH, Lee HL, Kim KH,

Yamabe N. Protective effect of Korean red ginseng against FK-506-induced

damage in LLC-PK1 cells. ] Ginseng Res 2017;41:284—9.

Kim JK, Cui CH, Yoon MH, Kim SC, Im WT. Bioconversion of major ginsenosides

Rg; to minor ginsenoside F; using novel recombinant ginsenoside hydrolyzing

glycosidase cloned from Sanguibacter keddieii and enzyme characterization.

] Biotechnol 2012;161:294—301.

Song H, Lee Y]J. Inhibition of hypoxia-induced cyclooxygenase-2 by Korean red

ginseng is dependent on peroxisome proliferator-activated receptor gamma.

J Ginseng Res 2017;41:240—6.

[7] Lee YM, Yoon H, Park HM, Song BC, Yeum KJ. Implications of red Panax ginseng

in oxidative stress associated chronic diseases. ] Ginseng Res 2017;41:113—-9.

Kim BG, Choi SY, Kim MR, Suh H]J, Park HJ. Changes of ginsenosides in Korean

red ginseng (Panax ginseng) fermented by Lactobacillus plantarum M1. Process

Biochem 2010;45:1319—-24.

[9] Park SE, Na CS, Yoo SA, Seo SH, Son HS. Biotransformation of major ginse-
nosides in ginsenoside model culture by lactic acid bacteria. ] Ginseng Res
2017;41:36—42.

[10] Liu C, Zuo K, Yu H, Sun C, Zhang T, Xu L, Jin Y, Im WT, Jin F. Preparation of
minor ginsenosides C-Mx and C-K from notoginseng leaf ginsenosides by a
special ginsenoside type-I. Process Biochem 2015;50:2158—67.

[11] Yang XD, Yang YY, Ouyang DS, Yang GP. A review of biotransformation and
pharmacology of ginsenoside compound K. Fitoterapia 2015;100:208—20.

[12] Lee SJ, Kim Y, Kim MG. Changes in the ginsenoside content during the
fermentation process using microbial strains. ] Ginseng Res 2015;39:392—7.

[13] Chang KH, Jo MN, Kim KT, Paik HD. Purification and characterization of a
ginsenoside Rbj-hydrolyzing B-glucosidase from Aspergillus niger KCCM
11239. Int ] Mol Sci 2012;13:12140-52.

[14] Bai Y, Gdnzle MG. Conversion of ginsenosides by Lactobacillus plantarum
studied by liquid chromatography coupled to quadrupole trap mass spec-
trometry. Food Res Int 2015;76:709—18.

[15] Jo MN, Jung JE, Yoon HJ, Chang KH, Jee HS, Kim KT, Paik HD. Bioconversion of
ginsenoside Rb; to the pharmaceutical ginsenoside compound K using
Aspergillus usamii KCTC 6954. Korean ] Microbiol Biotechnol 2014;42:347—53.

[16] Nout MJR, Motarjemi Y. Assessment of fermentation as a household tech-
nology for improving food safety: a joint FAO/WHO workshop. Food Control
1997;8:221—6.

[17] Li P, Gu Q. Complete genome sequence of Lactobacillus plantarum LZ95, a
potential probiotic strain producing bacteriocins and B-group vitamin ribo-
flavin. J Biotechnol 2016;229:1—2.

[18] Zhang Z, Tao X, Shah NP, Wei H. Antagonistics against pathogenic Bacillus cereus
in milk fermentation by Lactobacillus plantarum ZDY2013 and its anti-adhesion
effect on Caco-2 cells against pathogens. ] Dairy Sci 2016;99:2666—74.

[19] Lee NK, Kim SY, Han K], Eom SJ, Paik HD. Probiotic potential of Lactobacillus
strains with anti-allergic effects from kimchi for yogurt starters. LWT-Food Sci
Technol 2014;58:130—4.

[20] Hugo AA, Bruno F, Golowczyc MA. Whey permeate containing galacto-
oligosaccharides as a medium for biomass production and spray drying of
Lactobacillus plantarum CIDCA 83114. LWT-Food Sci Technol 2016;69:185—90.

[21] Collins JL, Ebah CB, Mount JR, Demott BJ], Draughon FA. Production and
evaluation of milk-sweet potato mixtures fermented with yogurt bacteria.
] Food Sci 1991;56:685—8.

[22] Chang KH, Jee HS, Lee NK, Park SH, Lee NW, Paik HD. Optimization of the
enzymatic production of 20(S)-ginsenoside Rgz from white ginseng extract
using response surface methodology. New Biotechnol 2009;26:181—6.

[23] Lee KA, Kim KT, Kim HJ, Chung MS, Chang PS, Park H, Paik HD. Antioxidant
activities of onion (Allium cepa L.) peel extracts produced by ethanol, hot
water, and subcritical water extraction. Food Sci Biotechnol 2014;23:615—21.

[24] Xiao Y, Wang L, Rui X, Li W, Chen X, Jiang M, Dong M. Enhancement of the
antioxidant capacity of soy whey by fermentation with Lactobacillus planta-
rum B1-6. ] Funct Foods 2015;12:33—44.

[25] Park EH, Kim HS, Eom SJ, Kim KT, Paik HD. Antioxidative and anticanceric
activities of Magnolia (Magnolia denudate) flower petal extract fermented by
Pediococcus acidilactici KCCM 11614. Molecules 2015;20:12154—65.

[26] Jung JE, Yoon HJ, Yu HS, Lee NK, Jee HS, Paik HD. Physicochemical and anti-
oxidant properties of milk supplemented with red ginseng extract. ] Dairy Sci
2015;98:95-9.

[27] Sung SK, Rhee YK, Cho CW, Kim YC, Lee OH, Hong HD. Physicochemical
properties and antioxidative activity of fermented Rhodiola sachalinensis and
Korean red ginseng mixture by Lactobacillus acidophilus. Korean ] Food Nutr
2013;26:358—65.

[28] Park JH, Moon H]J, Oh JH, Lee JH, Jung HK, Choi KM, Cha JD, Lim JY, Han SB.
B Tae. Changes in the functional components of Lactobacillus acidophilus-

[2

[3

[4

[5

[6

8


http://refhub.elsevier.com/S1226-8453(17)30050-7/sref1
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref1
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref1
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref1
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref2
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref2
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref2
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref2
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref3
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref3
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref3
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref4
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref4
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref4
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref4
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref5
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref6
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref6
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref6
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref6
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref7
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref7
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref7
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref8
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref8
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref8
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref8
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref9
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref9
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref9
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref9
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref10
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref10
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref10
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref10
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref11
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref11
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref11
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref12
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref12
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref12
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref13
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref13
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref13
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref13
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref13
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref14
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref14
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref14
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref14
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref15
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref15
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref15
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref15
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref15
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref16
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref16
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref16
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref16
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref17
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref17
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref17
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref17
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref18
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref18
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref18
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref18
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref19
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref19
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref19
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref19
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref20
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref20
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref20
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref20
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref21
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref21
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref21
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref21
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref22
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref22
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref22
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref22
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref22
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref23
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref23
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref23
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref23
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref24
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref24
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref24
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref24
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref25
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref25
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref25
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref25
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref26
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref26
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref26
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref26
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref27
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref27
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref27
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref27
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref27
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref28
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref28

26

[29]

[30]

J Ginseng Res 2019;43:20—26

fermented red ginseng extract and its application to fresh cheese production.
Korean ] Dairy Sci Technol 2014;32:47—53.

Hasegawa H. Proof of the mysterious efficacy of ginseng: basic and clinical
trials: metabolic activation of ginsenoside: deglycosylation by intestinal
bacteria and esterification with fatty acid. ] Pharmacol Sci 2004;95:153—7.
Feng L, Xu C, Li Z, Li ], Dai Y, Han H, Yu S, Liu S. Microbial conversion of
ginsenoside Rd from Rb; by the fungus mutant Aspergillus niger strain TH-10a.
Prep Biochem Biotechnol 2016;46:336—41.

[31] Jhan JK, Chang WF, Wang PM, Chou ST, Chung YC. Production of fermented

red beans with multiple bioactivities using co-cultures of Bacillus subtilis and
Lactobacillus delbrueckii subsp. bulgaricus. LWT-Food Sci Technol 2015;63:
1281-7.

[32] JungK, An JM, Eom DW, Kang KS, Kim SN. Preventive effect of fermented black

[33]

[34]

[35]

ginseng against cisplatin-induced nephrotoxicity in rats. ] Ginseng Res
2017;41:188—-94.

Liyana-Pathirana CM, Shahidi F. Antioxidant activity of commercial soft and
hard wheat (Triticum aestivum L.) as affected by gastric pH conditions. ] Agric
Food Chem 2005;53:2433—40.

Boligon AA, Machado MM, Athayde ML. Technical evaluation of antioxidant
activity. Med Chem 2014;4:517—22.

Elfahri KR, Vasiljevic T, Yeager T, Donkor ON. Anti-colon cancer and antioxi-
dant activities of bovine skim milk fermented by selected Lactobacillus hel-
veticus strains. ] Dairy Sci 2016;99:31—40.

[36]

Sah BNP, Vasiljevic T, Mckechnie S, Conkor ON. Effect of probiotics on anti-
oxidant and antimutagenic activities of crude peptide extract from yogurt.
Food Chem 2014;156:264—70.

[37] Jayanthi P, Lalitha P. Reducing power of the solvent extracts of Eichhornia

[38]

[39]

[40]

[41]

[42]

[43]

crassipes (Mart.) solms. Int ] Pharm Pharm Sci 2011;3:126—8.

Lee YL, Yang JH, Mau JL. Antioxidant properties of water extracts from Mon-
ascus fermented soybeans. Food Chem 2008;106:1128—37.

Kato S, Aoshima H, Saitoh Y, Miwa N. Highly hydroxylated or y-cyclodextrin-
bicapped water-soluble derivative of fullerene: the antioxidant ability
assessed by electron spin resonance method and B-carotene bleaching assay.
Bioorg Med Chem Lett 2009;19:5293—6.

Ibrahim NA, Mustafa S, Ismail A. Effect of lactic fermentation on the antioxi-
dant capacity of Malaysian herbal teas. Int Food Res ] 2014;21:1483—8.
Zhang YX, Wang L, Xiao EL, Li SJ, Chen J], Gao B, Min GN, Wang ZP, Wu Y]J.
Ginsenoside-Rd exhibits anti-inflammatory activities through elevation of
antioxidant enzyme activities and inhibition of JNK and ERK activation in vivo.
Int Immunopharmacol 2013;17:1094—100.

Ye R, Kong X, Yang Q, Zhang Y, Han J, Zhao G. Ginsenoside Rd attenuates redox
imbalance and improves stroke outcome after focal cerebral ischemia in aged
mice. Neuropharmacology 2011;61:815—24.

Zamora R, Hidalgo FJ. The triple defensive barrier of phenolic compounds
against the lipid oxidation-induced damage in food products. Trends Food Sci
Technol 2016;54:165—74.


http://refhub.elsevier.com/S1226-8453(17)30050-7/sref28
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref28
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref28
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref29
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref29
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref29
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref29
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref30
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref30
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref30
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref30
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref30
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref31
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref31
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref31
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref31
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref31
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref32
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref32
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref32
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref32
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref33
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref33
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref33
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref33
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref34
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref34
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref34
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref35
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref35
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref35
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref35
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref36
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref36
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref36
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref36
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref37
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref37
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref37
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref38
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref38
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref38
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref39
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref39
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref39
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref39
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref39
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref40
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref40
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref40
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref41
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref41
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref41
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref41
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref41
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref42
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref42
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref42
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref42
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref43
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref43
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref43
http://refhub.elsevier.com/S1226-8453(17)30050-7/sref43

	Fermentation of red ginseng extract by the probiotic Lactobacillus plantarum KCCM 11613P: ginsenoside conversion and antiox ...
	1. Introduction
	2. Materials and methods
	2.1. Microorganism and materials
	2.2. Fermentation of RGE
	2.3. Preparation of samples for high performance liquid chromatography analysis
	2.4. HPLC analysis of ginsenosides
	2.5. Measurement of total phenolic content in FRGE
	2.6. Measurement of antioxidant activity
	2.6.1. DPPH radical scavenging activity assay
	2.6.2. Reducing power assay
	2.6.3. β-Carotene bleaching assay
	2.6.4. Ferric thiocyanate assay

	2.7. Statistical analysis

	3. Results and discussion
	3.1. Fermentation of RGE by L. plantarum KCCM 11613P
	3.2. Changes in ginsenosides in RGE during fermentation
	3.3. Measurement of total phenolic content and antioxidant activities of FRGE

	4. Conclusion
	Conflicts of interest
	Acknowledgments
	References


