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Abstract Ginsenosides are the major pharmacolog-

ical components in ginseng. We isolated lactic acid

bacteria from Kimchi to identify microbial modifica-

tions of ginsenosides. Phylogenetic analysis of 16S

rRNA gene sequences indicated that the strain

DCY65-1 belongs to the genus Lactobacillus and is

most closely related to Lactobacillus brevis. On the

basis of TLC and HPLC analysis, we found two

metabolic pathways: F1 ? 6a,12b-dihydroxydam-

mar-3-one-20(S)-O-b-D-glucopyranoside and C–K ?
12b-hydroxydammar-3-one-20(S)-O-b-D-glucopyran-

oside. These results suggest that strain DCY65-1 is

capable of potent ketonic decarboxylation, ketonizing

the hydroxyl group at C-3. The F1 metabolite had a

more potent inhibitory effect on mushroom tyrosinase

than did the substrate. Therefore, the F1 and C–K

derivatives may be more pharmacologically active

compounds, which should be further characterized.

Keywords Biotransformation � Ketonization �
Ginsenoside � Lactobacillus brevis

Introduction

Ginsenosides are the major pharmacological compo-

nents in ginseng. Ginsenosides can be divided into

several groups, including protopanaxadiol (PPD),

protopanaxatriol (PPT) and oleanane. More than 40

ginsenosides have been isolated from ginseng roots

and characterized, including the major ginsenosides

Rb1, Rb2, Rc, Rg1 and Re (Park 2004). The major

ginsenosides found in the leaves are Rg1, Re, Rd, Rb2

and F2. Some saponins such as ginsenosides F1, F2,

F3 and F5 and notoginsenoside Fe are found only in

the leaves (Wang 2001).

In recent decades, many studies have reported the

successful transformation of major ginsenosides into

more active minor ginsenosides. Minor ginsenosides

have high pharmacological activity, however much

lower natural availability in ginseng.

Microbial transformation is regarded as an effective

and useful technology for structural modification and

metabolism, due to its significant regio- and stereose-

lectivities (Azerad 1999; Clark and Hufford 1991).
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Several microbial transformations have been used to

deglycosylate ginsenosides (Kim et al. 2012a, b; Wu

et al. 2012). In recent years, microbial modifications

(side-chain oxidation–reduction, hydroxylation and

ketonization) have been reported to form new com-

pounds (Liu et al. 2011; Chen et al. 2013).

These reports, however, did not determine which

specific enzymes were responsible for the bioconver-

sion. Also most microorganisms used to the transform

ginsenosides do not meet the generally regarded as

safe (GRAS) standard. Lactic acid bacteria (LAB) are

known for their probiotic properties, are GRAS and

are used extensively in human nutrition and food

industries.

Lactobacillus brevis has been isolated from milk,

cheese, sauerkraut, the intestinal tract of humans and

rats, cow manure and wine. As a member of the genus

Lactobacillus and due to its long history of use in

various fermented foods, L. brevis meets the GRAS

standard and is regarded as a probiotic organism

(O’Sullivan et al. 1992; Collins et al. 1998).

Tyrosinase inhibitors have applications in food

products, medicinal uses, and as cosmetics for the

browning of foods and the amelioration of skin

hyperpigmentation (Parvez et al. 2007). Tyrosinase

is a copper-containing enzyme which is the key step in

melanin biosynthesis. It catalyzes hydroxylation of L-

tyrosine to L-DOPA and further the conversion of

L-DOPA to the corresponding O-quinones (Seo et al.

2003). These quinones tend to polymerize spontane-

ously to form brown pigments, namely melanin.

Consequently, inhibiting tyrosinase activity reduces

the synthesis of melanin.

This paper reports the isolation and identification of

L. brevis DCY65-1 from Kimchi, a traditional Korean

fermented food. In this study, we produced ketonized

compounds with different structures by bioconversion

with this food-grade Lactobacillus. The F1 metabolite

obtained had more potent inhibitory effects against

mushroom tyrosinase than did the F1 substrate.

Material and methods

Materials

Substrate ginsenosides F1 and C–K were obtained

from the Ginseng Genetic Resource Bank (Suwon,

Republic of Korea) and their purity was determined to

be above 98 % by HPLC analysis. MRS broth was

purchased from Difco (USA). Silica gel 60 F254 plates

and silica gel 60 (Merck, Germany) were used for TLC

and column chromatography. All chemicals and

solvents were analytical or HPLC grade. HPLC-grade

acetonitrile and water were purchased from SK

Chemicals (Ulsan, Korea).

Isolation of lactic acid bacteria from Kimchi

LAB were isolated from Kimchi by a standard dilution

plating onto MRS agar. On the basis of colony shape,

colour and size, single colonies were purified by

transferring onto new plates.

Phylogenetic analysis

The 16S rRNA gene was sequenced using the

universal bacterial primer sets 27F, 518F, 800R and

1492R (Lane 1991; Anzai et al. 2000) by Genotech

(Daejeon, Republic of Korea) (Kim et al. 2005). The

resulting 16S rRNA gene sequence was compared

with available 16S rRNA gene sequences of related

taxa by using the EzTaxon-e server (http://eztaxon-e.

ezbiocloud.net/) (Kim et al. 2012a, b). A phylogenetic

tree was constructed using the neighbour-joining

method (Saitou and Nei 1987) with the MEGA soft-

ware (Tamura et al. 2007) with bootstrap values based

on 1,000 replications (Felsenstein 1985).

Biotransformation of ginsenosides

Strain DCY65-1 was grown in MRS broth at 37 �C.

After sonication, crude enzyme was collected by

centrifugation at 10,0009g for 15 min at 4 �C. The

pellet was dissolved in 20 mM sodium phosphate

buffer (pH 7.0) and mixed with 1 mM ginsenoside F1

or C–K. Subsequently, the mixture was incubated at

30 �C. The reaction mixture was extracted with water-

saturated butanol and then analyzed by TLC and

HPLC.

Isolation of metabolites

The extracts of transformed ginsenosides F1 and C–K

were subjected to column chromatography on a silica

gel column with CHCl3–CH3OH (15:1) as the solvent.

The collected fraction was further purified by semi-

preparative HPLC. Metabolite 1 and Metabolite 2
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obtained from the ginsenosides F1 and C–K after

bacterial biotransformation were dissolved in pyri-

dine-d5 and identified by 1H, 13C, and 2D NMR using

an FT-NMR spectrometer (400 MHz; Varian Inova

AS 400, Varian, Palo Alto, CA, USA).

Metabolite 1: 12b-hydroxydammar-3-one-20(S)-

O-b-D-glucopyranoside

White amorphous powder; 1H-NMR (400 MHz, pyr-

idine-d5, dH) 5.25 (1H, dd, J = 6.8, 6.4 Hz, H-24),

5.16 (1H, d, J = 7.6 Hz, H-10), 4.46–3.89 (sugar

moieties), 1.60 (9H, s, H-28, 21, 29), 1.11 (3H, H-26),

1.03 (3H, s, H-27), 0.96 (3H, s, H-18), 0.91 (3H, s,

H-19), 0.87 (3H, s, H-30); 13C-NMR (400 MHz,

pyridine-d5) spectroscopic data (Table 1).

Metabolite 2: 6a,12b-dihydroxydammar-3-one-

20(S)-O-b-D-glucopyranoside

White amorphous powder; 1H-NMR (400 MHz, pyr-

idine-d5, dH) 5.26 (1H, dd, J = 6.0, 6.4 Hz, H-24),

5.16 (1H, d, J = 7.6 Hz, H-10), 4.45–3.84 (sugar

moieties), 1.66 (3H, s, H-28), 1.63 (3H, s, H-21), 1.61

(3H, s, H-29), 1.59 (6H, s, H-26, 27), 1.01 (3H, s,

H-18), 0.97 (3H, s, H-19), 0.82 (3H, s, H-30); 13C-

NMR (400 MHz, pyridine-d5) spectroscopic data

(Table 1).

Analytical methods

TLC analysis was performed using silica gel 60 plates

with CHCl3–CH3OH–H2O (65:35:10, v/v/v, lower

phase) as the developing solvent. Spots on the TLC

plates were detected by spraying 10 % (v/v) H2SO4

and heating at 110 �C for 10 min (Shibata et al. 1965).

Reactants in the water-saturated n-butanol fraction

were evaporated in a vacuum, and the residue was

dissolved in CH3OH and subjected to HPLC analysis.

Ginsenosides were resolved on a C18 column

(250 9 4.6 mm, ID 5 lm) with acetonitrile (solvent

A) and H2O (solvent B) at A/B ratios of 20:80, 20:80,

29:71, 30:70, 48:52, 70:30, 90:10, 90:10, 20:80 and

20:80, with run times of 0, 10, 42, 52, 65, 82, 83, 93, 94

and 100 min, respectively. The flow rate was

1.6 mL min-1 and detection wavelength was 203 nm.
1H, 13C, and 2D NMR spectra were recorded on a

Varian Unity INOVA AS 400 FT-NMR instrument

and chemical shifts are given in d (ppm) based on

tetramethylsilane (TMS) as an internal standard.

Inhibitory effect of ginsenosides and their

metabolites on mushroom tyrosinase

The tyrosinase inhibition activity of the ginsenosides

and their metabolites were measured by a modified

method of Yagi et al. (1987). The reaction mixture,

Table 1 13C-NMR spectrum of metabolite 1 and metabolite 2

Metabolite 1 Metabolite 2

Aglycone

moiety

Sugar

moiety

Aglycone

moiety

Sugar

moiety

No. ppm No. ppm No. ppm No. ppm

C-1 39.3 C-10 98.2 C-1 39.7 C-10 98.2

C-2 33.3 C-20 75.1 C-2 34.2 C-20 75.1

C-3 218.5 C-30 79.3 C-3 216.3 C-30 79.2

C-4 47.7 C-40 71.8 C-4 47.3 C-40 71.7

C-5 59.1 C-50 78.2 C-5 55.3 C-50 78.2

C-6 66.8 C-60 63.0 C-6 19.9 C-60 62.9

C-7 47.4 C-7 36.1

C-8 41.4 C-8 39.9

C-9 49.8 C-9 49.9

C-10 39.3 C-10 36.9

C-11 30.8 C-11 30.7

C-12 70.9 C-12 70.0

C-13 49.1 C-13 49.6

C-14 51.4 C-14 51.4

C-15 30.7 C-15 30.7

C-16 26.5 C-16 26.6

C-17 51.6 C-17 51.6

C-18 17.3 C-18 17.2

C-19 17.7 C-19 17.7

C-20 83.3 C-20 83.3

C-21 22.3 C-21 22.3

C-22 36 C-22 36.1

C-23 23.15 C-23 23.15

C-24 125.9 C-24 126.0

C-25 131 C-25 130.9

C-26 25.6 C-26 25.7

C-27 17.8 C-27 17.7

C-28 31.9 C-28 26.7

C-29 16.3 C-29 15.6

C-30 17.8 C-30 15.8
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20 lL of MeOH with or without ginsenosides and

metabolites, was mixed with 160 lL of 0.06 mM

L-DOPA solution and 20 lL of 1,500 U/mL mM

mushroom tyrosinase and dissolved in 5 mM phosphate

buffer (pH 6.8). The mixture was incubated at 25 �C for

30 min before measuring absorbance at 475 nm. The

tyrosinase inhibition rate (%) was calculated as follows:

% Inhibition = [1-(A - B)/A] 9 100

Results and discussion

Phylogenetic analysis of isolated strain

L. brevis DCY65-1 was isolated from Kimchi, a

traditional Korean fermented food. The phylogenetic

tree demonstrated that strain DCY65-1 should be

affiliated with the genus Lactobacillus (Fig. 1). On the

basis of the 16S rRNA gene sequence (GenBank

accession number KM507722), the closest recognized

relatives of strain DCY65-1 were identified as L.

brevis ATCC 14687T (99.93 %) and L. brevis ATCC

367 (99.79 %). Strain DCY65-1 had less than 1 %

difference in 16S rRNA gene sequence from the

corresponding type strain and thus should be consid-

ered to belong to the same species. L. brevis has GRAS

status and is regarded as a probiotic organism

(O’Sullivan et al. 1992; Collins et al. 1998).

Structure of metabolites

Ginsenoside F1 was transformed by train DCY65-1

into metabolite 1. Metabolite 1 was obtained as a white

powder. The 1H and 13C NMR and DEPT spectra of

metabolite 1 were similar to those of ginsenoside F1

Fig. 1 Phylogenetic tree

based on the 16S rRNA gene

sequence showing the

relationships between the

Lactobacillus brevis

DCY65-1 strain and related

species

Fig. 2 TLC analysis of metabolites of ginsenosides F1 and C–

K converted by strain DCY65-1. 1 ginsenoside F1 control, 2

ginsenoside F1 metabolite (6a,12b-dihydroxydammar-3-one-

20(S)-O-b-D-glucopyranoside), 3 ginsenoside C–K control, 4

ginsenoside C–K metabolite (12b-hydroxydammar-3-one-

20(S)-O-b-D-glucopyranoside)
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except for the appearance of a ketone (dC 218.5, C-3)

and disappearance of one oxygenated methine signal

from ginsenoside F1 (Liu et al. 2011). The molecular

weight of metabolite 1 was 2 Da less than that of

ginsenoside F1, indicating that the molecule was

ketonized. The proton and carbon signals from the

sugar moiety suggested the presence of a b-glucopyr-

anosyl group (see NMR data). The correlation between

dH 5.16 (H-10) and dC 83.3 (C-20) in the HMBC

spectrum and the chemical shift of the anomeric

carbon signal (dC 98.2) supported the presence of a

glucopyranosyl group at C-20. Therefore, the structure

of metabolite 1 was determined to be 6a,12b-dihydr-

oxydammar-3-one-20(S)-O-b-D-glucopyranoside.

Ginsenoside C–K was transformed by train

DCY65-1 into metabolite 2. Metabolite 2 was

obtained as a white powder. The 13C-NMR spectrum

of metabolite 2 had 36 carbon signals. By using the

DEPT and HSQC spectrum and a comparison with

the 13C-NMR data of the related metabolite com-

pound K, all the signals could be assigned (Table 1).

These data were similar to that for metabolite 1 with

the exception of proton and carbon resonances for the

lack of an oxygenated methine moiety at the C-6

position. The methylene signals from C-6 in metab-

olite 2 were replaced by oxygenated methine signals

(dC 66.8) in metabolite 1. The molecular weight of

metabolite 2 was 16 Da less than that of metabolite 1,

indicating the presence of one less hydroxyl group.

The proton and carbon signals from the sugar moiety

suggested the presence of a b-glucopyranosyl group

(Table 1). The correlation between dH 5.16 (H-10) and

dC 83.3 (C-20) in the HMBC spectrum and the

chemical shift of the anomeric carbon signal (dC 98.2)

supported the presence of a glucopyranosyl group at

C-20. Therefore, the structure of metabolite 2 was

determined to be 12b-hydroxydammar-3-one-20(S)-

O-b-D-glucopyranoside.

Fig. 3 HPLC profiles of metabolites of ginsenosides F1 and C–

K converted by strain DCY65-1. a Ginsenoside F1 control;

b ginsenoside F1 metabolite; c ginsenoside C–K control;

d ginsenoside C–K metabolite. 1 F1, 2 6a,12b-dihydroxydam-

mar-3-one-20(S)-O-b-D-glucopyranoside, 3 C–K, 4 12b-hy-

droxydammar-3-one-20(S)-O-b-D-glucopyranoside
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Biotransformation pathway

The TLC and HPLC results of ginsenosides F1 and C–

K transformed by crude enzymes from strain DCY65-

1 are shown in Figs. 2 and 3. The HPLC peaks with

retention times of 59.04, 60.10, 74.27 and 77.03 min

correspond to ginsenoside F1, 6a,12b-dihydroxydam-

mar-3-one-20(S)-O-b-D-glucopyranoside, ginsenoside

C–K and 12b-hydroxydammar-3-one-20(S)-O-b-D-

glucopyranoside, respectively. After 48 h, ginseno-

side F1 was transformed into 6a,12b-dihydroxydam-

mar-3-one-20(S)-O-b-D-glucopyranoside (metabolite

1), and ginsenoside C–K was transformed into 12b-

hydroxydammar-3-one-20(S)-O-b-D-glucopyranoside

(metabolite 2). Based on TLC and HPLC analysis, we

found two metabolic pathways: F1 ? 6a,12b-dihydr-

oxydammar-3-one-20(S)-O-b-D-glucopyranoside and

C–K ? 12b-hydroxydammar-3-one-20(S)-O-b-D-

glucopyranoside (Fig. 4). These results suggested that

strain DCY65-1 has potent ketonic decarboxylase activ-

ity and that ginsenosides F1 and C–K were converted into

6a,12b-dihydroxydammar-3-one-20(S)-O-b-D-glucopy-

ranoside and 12b-hydroxydammar-3-one-20(S)-O-b-D-

glucopyranoside, respectively, by ketonization at the

C-3 position of the ginsenoside aglycone, confirming

that ketonization of OH group at C-3 is the characteristic

reaction of this strain. Thus a 3b-hydroxysteroid

dehydrogenase from L. brevis DCY65-1 can be proposed

to be an enzyme that metabolises the ginsenosides F1 and

C–K by a similar pathway to progesterone biosynthesis in

the adrenal gland (Cravioto et al. 1986).

Using L. brevis DCY65-1, the ginsenosides F1 and

C–K were converted to new ketonized compounds.

This is the first report describing ginsenosides being

ketonized by L. brevis. The structures of the biocon-

verted compounds were analyzed, but the pharmaco-

logical effects still need to be investigated.

Inhibitory effect of ginsenosides and their

metabolites on mushroom tyrosinase

Several tyrosinase inhibitors have been used in the

cosmetic industry as skin whitening agents. These skin

whitening agents have been screened and evaluated

using DOPA oxidation by the mushroom tyrosinase

because of its commercial availability. We investi-

gated the effects of the ginsenosides and their metab-

olites on mushroom tyrosinase oxidation of DOPA.

Neither ginsenoside C–K nor its metabolite inhibited

mushroom tyrosinase activity (data not shown). Han

et al. (2014) have been reported that ginsenoside F1 has

a skin-whitening effect via the suppression of tyrosi-

nase and dopachrome tautomerase. The ginsenoside F1

and metabolite concentrations that caused a 50 % loss

Fig. 4 Microbial

ketonization pathway of

ginsenosides F1 and C–K by

the strain DCY65-1. 1 F1, 2

6a,12b-dihydroxydammar-

3-one-20(S)-O-b-D-

glucopyranoside, 3 C–K, 4

12b-hydroxydammar-3-

one-20(S)-O-b-D-

glucopyranoside
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in enzyme activity (IC50) were 130.46 and 114.12 lM,

respectively. The F1 metabolite had more potent

inhibitory effects against mushroom tyrosinase than

did the F1 substrate. Therefore, the F1 metabolite, and

possibly the C–K derivative, may be more pharmaco-

logically active, which will be further characterized in

subsequent studies.
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