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Abstract Ginsenosides have been regarded as the principal
components responsible for the pharmacological and biological
activities of ginseng. The transformation of ginsenosides with
live lactic acid bacteria transformed ginsenosides Rb2 and
Rc into Rd, but the reactions were slow. When the crude
enzymes obtained from several lactic acid bacteria were used
for transformation, those from Bifidobacterium sp. Int37
exhibited the most potent transforming activity of ginsenosides
to compound K. In comparison, a relatively higher level
of Rh2 was produced by the enzymes from Lactobacillus
delbrueckii and Leuconostoc mesenteroides. These results
suggest that it is feasible to develop a specific bioconversion
process to obtain specific ginsenosides using the appropriate
combination of ginsenoside substrates and specific microbial
enzymes.
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Ginseng (the root of Panax ginseng C.A. Meyer; family
Araliaceae) is frequently used as a drug, taken orally, in the
traditional medicines of China, Korea, Japan, and other
Asian countries for the treatment of various diseases.
Ginseng saponins (ginsenosides) have been regarded as the
principal components responsible for the pharmacological
and biological activities of ginseng, such as antioxidation
in the central nervous system, cardiovascular system,
antiaging, anti-inflammation [10, 19, 24], antidiabetic [5],
and antitumor [20, 22] activities.

Over 30 kinds of ginsenosides have so far been isolated
and identified from raw ginsengs or from various processed
ginseng products. The abbreviations of the ginsenosides
referred in this study are shown in Table 1. The main
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ginsenosides are glycosides that contain an aglycone with
a dammarane skeleton, and include protopanaxadiol-type
saponins such as ginsenosides Rb1, Rb2, Re, and Rd, and
protopanaxatriol-type saponins such as ginsenosides Re
and Rgl.

Recently, it has been suggested that orally ingested
ginsenosides are metabolized by human intestinal bacteria,
and deglycosylated ginsenoside metabolites are known to
be more readily absorbed into the bloodstream and act as
active compounds [1,2, 11-13,23]. For example, the
protopanaxadiol-type saponins including Rbl, Rb2, and
Re are metabolized to compound K by human intestinal
bacteria [9, 23]. Re and Rg!, belonging to protopanaxatriol-
type ginsenosides, are metabolized to Rhl or F1 by
intestinal bacteria [8, 23].

Lee et al. [18] also suggested that the efficiency of the
conversion and transformation pathways differ greatly owing
to the diversity of the resident microflora between individuals.
Therefore, a more uniform and targeted biological function
may be achieved by producing specifically transformed
ginsenosides using microorganisms.

Previous studies have shown that transformation of
ginsenosides into deglycosylated ginsenosides is required
for more effective in vivo physiological action of ginsenosides
[23]. Various transformation methods, including mild acid
hydrolysis [7], enzymatic conversion [15], or microbial
conversion [4,17], have been used but the chemical
methods produced side reactions, such as epimerization,
hydration, and hydroxylation. In addition, most of the
microorganisms used for the transformation of ginsenosides
are not suitable in food.

In this study, we focused on the production of specific
deglycosylated ginsenosides by using ginseng extract as
substrate, and enzyme preparations obtained from selected
lactic acid bacteria, and characterized the microbial
transformation of the ginsenosides involved.
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Table 1. Abbreviations for ginsenosides.

Abbreviation  Full name

Rbl 3-O-[B-p-glucopyranosyl-(1-2)-f-p-glucopyranosyl]-20-O-[ B-p-glucopyranosyl-( 1-6)-B-p-glucopyranosyl]-
20(S)-protopanaxadiol

Rb2 3-0O-[B-p-glucopyranosyl-(1-2)-B-p-glucopyranosyl]-20-O-[ a-L-arabinopyranosyl-( 1-6)-B-p-glucopyranosyl]-
20(S)-protopanaxadiol

Re 3-O-[B-p-glucopyranosyl-(1-2)-B-p-glucopyranosyl]-20-O- a-L-arabinofuranosyl-(1-6)-B-b-glucopyranosyl-]-
20(S)-protopanaxadiol

Rd 3-0O-[B-p-glucopyranosyl-(1-2)-B-p-glucopyranosyl]-20-O-B-p-glucopyranosyl-20(S)-protopanaxadiol

Rg3 3-0O-[B-p-glucopyranosyl-(1-2)-B-p-glucopyranosyl]-20(S)-protopanaxadiol

F2 3-O-B-p-glucopyranosyl-20-O-8-p-glucopyranosyl-20(S)-protopanaxadiol

Compound K 20-O-B-p-glucopyranosyl-20(S)-protopanaxadiol

Rh2 3-0-B-p-glucopyranosyl-20(S)-protopanaxadiol

Re 6-O-[ a-L-thamnopyranosyl-(1-2)-B-p-glucopyranosyl]-20-O-B-p-glucopyranosyl-20(S)-protopanaxatriol

Rf 6-0-[ a-L-thamnopyranosyl-(1-2)-3-p-glucopyranosyl]-20(S)-protopanaxatriol

Rgl 6-0-B-p-glucopyranosyl-20-0-3-p-glucopyranosyl-20(S)-protopanaxatriol

Rg2 6-0O-[ a-L-rhamnopyranosyl-(1-2)-B-p-glucopyranosyl}-20(S)-protopanaxatriol

Rhl 6-0-B-p-glucopyranosyl-20(S)-protopanaxatriol

Fl1 20-0-B-p-glucopyranosyl-20(S)-protopanaxatriol

MATERIALS AND METHODS

Materials

Standard Rbl, Rc, and Re were purchased from Sigma
Chemical Co. (St. Louis, MO, U.S.A.); Rb2, F2, Rg2, Rhl,
and Rh2 were purchased from LKT Laboratories (St.
Paul, MN, U.S.A.); Rgl was purchased from Wako Pure
Chemical Industries (Osaka, Japan); Rd and Rg3 were
purchased from BTGin (Chungnam, Korea); Rf was purchased
from Molecular Neurophysiology Biomedical Research Center,
Korea Institute of Science and Technology (Seoul, Korea);
and compound K was a kind gift from the Department of
Pharmaceutical Science, Kyung Hee University (Seoul,
Korea). Six-year-old root hair of Panax ginseng was
purchased from Kyoung-Dong Market in Seoul, Korea.

Microbial Strains and Growth Conditions

Four Bifidobacterium strains previously reported [18, 14]
[Bifidobacterium sp. Int57 (Int57), Bifidobacterium bifidum
BGN4 (BGN4), Bifidobacterium sp. SJ32 (SJ32), and
Bifidobacterium sp. SH5 (SHS5)] and Leuconostoc
paramesenteroides PR [6] were used. Lactobacillus
delbrueckii ssp. delbrueckii KCTC 1047 (L. delbrueckii)
was purchased from the Korean Collection for Type
Cultures (Daejeon, Korea). The bacterial strains were
incubated in MRS medium (Hardy, Santa Maria, CA,
U.S.A)) containing 0.05% (w/v) L-cysteine'HCl under
anaerobic culture conditions, overnight at 37°C, and were
subcultured in MRS medium and used for incubation of
ginseng extract or preparation of bacterial cell extract [16].

Preparation of Crude Microbial Enzymes
Bacterial cells (10° CFU/ml in 11 culture broth) were
harvested by centrifugation (3,000 xg for 30 min at 4°C),

and washed twice with 50 mM phosphate buffer (pH 6.0).
The bacteria were resuspended in 50 ml of the same buffer
and disrupted in a cell disrupter (Stansted Fluid Power,
Essex, U.K.). The supernatant was then used as crude
enzyme solutions after centrifugation (5,000 xg for 30 min
at 4°C). The enzyme activities were calculated as described
in Choi and Ji [6].

Preparation of Ginseng Saponin Extracts

Five g of Panax ginseng was extracted with 30 volumes of
80% methanol at 80°C for 1 h (shaking water bath; Lab.
Companion BS-31, Jeiotech, Kimpo, Korea) and filtered
through 3 MM filter paper (Whatman Ltd., Maidsone,
England). The remainder was then extracted with 20
volumes of 80% methanol and filtered. After an additional
extraction, ginseng extract was evaporated under reduced
pressure to remove the methanol (Lab. Companion, Jeiotech)
and then dissolved in 10 volumes of water.

Transformation of Ginseng Saponins by Live Bacterial
Cells

Five-hundred pl of bacterial suspension (a concentration
of 10° CFU/ml) was added to 7ml of MRS medium
containing 1 ml of ginseng extract, which was anaerobically
incubated at 37°C for 72 h. A 1-ml aliquot of the microbial
culture broth was extracted with 200 ul #-butanol. The n-
butanol fraction was analyzed by thin-layer chromatography
(TLC) and high-performance liquid chromatography
(HPLC).

Transformation of Ginseng Saponins by Crude Enzymes
The reaction mixtures (550 pl) containing 50 pl of ginseng
extract and 500 pl crude microbial enzymes amounting
to 2—-20 mU pNP(p-nitrophenyl)-B-glucosidase activities



with 0.1-0.5 mU/mg proteins were incubated at 37°C for
48-72 h. The reaction mixture was extracted with 200 ul
of n-butanol, and the n-butanol fraction was analyzed by
TLC and HPLC.

Analysis of Ginsenosides by Thin-Layer Chromatography
TLC chromatography was performed on a silica gel plate
(60F,s,, Merck, Darmstadt, Germany). The following mixture
was used as the developing solvent for TLC: CHCl;-
CH,0OH-H,0 (63:35:10, v/v, lower phase). Spots on TLC
plates were detected by spraying with 10% H,SO,
followed by heating at 110°C for 10 min. Ginsenosides and
transformed ginsenosides were identified and assayed by
comparison with known ginsenoside standards.

Analysis of Ginsenosides by High-Performance Liquid
Chromatography

HPLC-grade acetonitrile, isopropanol, and water were
obtained from J.T. Baker (Phillipsburg, NJ, U.S.A.). HPLC
analyses were conducted using an HPLC pump (model
526, Alltech Associates, Deerfield, 1L, U.S.A.), a normal-
phase column (5 pm, 250 mmx4.6 mm,; Prevail Carbohydrate
ES, Alltech Associates), an evaporative light scattering
detector (ELSD; model 800, Alltech Associates), and
Allchrom Plus software. Elution was performed at a flow
rate of 0.8 ml/min using a solvent gradient consisting of
(A) acetonitrile-isopropyl alcohol-water (80:15:5) and
(B) acetonitrile-isopropyl alcohol-water (67:12:21) with
the following temporal profiles: 0—28 min, linear gradient
from 75% A and 25% B to 15% A and 85% B; 28-35 min,
from 15% A and 85% B to 20% A and 80% B; 35—45 min,
from 20% A and 80% B to 25% A and 75% B; 45-50 min,
from 25% A and 75% B to 10% A and 90% B; 50-51 min,
from 10% A and 90% B to 0% A and 100% B; and
51-57 min, from 0% A and 100% B to 75% A and 25%
B. The n-butanol fraction of the reaction mixture was
evaporated in vacuo (Speed Vacuum Concentrator 4080 C;
Biotron, Bucheon, Korea), and the residue was dissolved
in CH,OH that was applied to the HPLC analysis after
filtration (Millex SLLHRO4NL, 0.45 pum PTFE, 4-mm
LH; Millipore, Bedford, MA, U.S.A.). The reaction mixture
was monitored using an ELSD. Quantitative data for
ginsenosides were obtained by comparison with known
standards. Triplicate samples were used throughout the
experiment.

RESULTS

Transformation of Ginsenosides by Live Bacterial Cells
The transformations of the ginsenosides by live bacterial
cells were analyzed by TLCs, as shown in Fig. 1. HPLC
analysis confirmed the TLC results (data not shown). Rb2
and Rc were converted to Rd when ginseng extract was
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Fig. 1. The TLC (thin-layer chromatography) profiles of
ginsenosides transformed by live lactic acid bacterial cells.
Control indicates the non-transformed ginsenosides.

incubated with Int57 at 37°C for 72 h (Fig. 1). The resultant
Rd was not hydrolyzed further. Interestingly, a new spot
below Rb1 was observed on TLC. SJ32 showed almost the
same TLC profile as Int57 even though Rb2 was weakly
converted to Rd. R¢ was hydrolyzed at a greater level than
Rb2 in SJ32. There was no significant transformation of
ginsenosides when ginseng extract was incubated with
SHS5, Leu. paramesenteroides, or L. delbrueckii at 37°C for
72 h.

Transformation of Ginsenosides by Crude Microbial
Enzymes

The transformations of the ginsenosides by crude microbial
enzymes were analyzed by TLCs, as shown in Fig. 2. HPLC
analysis confirmed the TLC results. One example of the
HPLC results is shown in Fig. 3, where the HPLC profiles
of the ginsenosides transformed by the crude enzymes
from Int57 are shown. Ginseng extracts were incubated
with crude enzymes from various lactic acid bacteria at
37°C for 48 or 72 h (Fig. 2A). The enzyme from Int57
transformed Rb1, Rb2, Re¢, Rd, and Rf to F2 or compound
K. S$J32 showed similar results to Int57, except that Rd was
only weakly hydrolyzed. SHS, Leu. paramesenteroides, and
L. delbrueckii exhibited weaker ginsenoside-transforming
activities than did Int57 and SJ32. Most of the Rb1 and Re
and some of the Rb2 disappeared, and Rd was newly
formed, but further hydrolysis was not observed in SHS.
When the amount of SH5 enzyme was increased four-fold,
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Fig. 2. The TLC profiles of ginsenosides transformed by crude
enzymes from lactic acid bacteria. Control indicates the non-
transformed ginsenosides.

Rbl, Rb2, and Rc were completely converted to Rd, but
Rd was not transformed further (data not shown). When
the amounts of enzymes from Leu. paramesenteroides and
L. delbrueckii were increased four-fold, the Rb1l bands
almost completely disappeared and the amount of transformed
F2 and Rh2 were increased (Fig. 2B).

DISCUSSION

Ginseng is widely used as a dietary herbal supplement
worldwide. Its major components include protopanaxadiol
ginsenosides such as Rbl, Rb2, and Re, and protopanaxatriol
ginsenosides such as Re and Rgl. Rbl, Rb2, and Rc have
previously been shown to be metabolized by human intestinal
bacteria to their final derivative, compound K, with the degree
of the transformation of the ginsenosides and production of
compound K differing between Eubacterium sp., Streptococcus
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Fig. 3. The HPLC profiles of ginsenosides transformed by
crude enzymes from Bifidobacterium sp. Int57.

sp., and Fusobacterium K-60 [3, 23]. Rbl was metabolized
in the rat digestive tract to Rd, F2, compound K, product
VIII, and gypenoside XVII [1, 12]. In addition, Tawab et al.
[23] reported that the protopanaxatriol ginsenosides Re and
Rgl were metabolized to F1 or Rhl, which reached the
systemic circulation after oral administration in humans.

Here, we have focused on the use of lactic acid bacteria
to produce and develop specific final products that would
be acceptable food components after minor processing.

Transformation of ginsenosides with various live
bacteria showed that Bifidobacterium sp. Int57 possessed
relatively greater ginsenoside-transforming activity than
other experimental lactic acid bacteria. In comparison with
the microbial transformations with live microorganisms, a
relatively large amount of compound K was produced by
the crude enzymes from Bifidobacterium sp. Int57 and
Bifidobacterium sp. SJ32. In comparison, crude enzymes
from SH5 showed weak Rd-hydrolyzing activity, even
though SH5 showed a relatively high pNPG P-glucosidase
activity. In addition, commercial B-glucosidase from almond
did not produce noticeable transformation of ginsenosides
(data not shown). Unlike Bifidobacterium sp. Int57, crude
enzymes from Leu. paramesenteroides and L. delbrueckii
produced Rh2 as one of the major final products. These results
suggest that glucosidases of various food microorganisms
show different specificity on the transforming pathways of
the ginsenosides. Our experimental demonstration that
various lactic acid bacteria produce specific forms of
ginsenosides may indicate that it is feasible to develop a
specific bioconversion process to obtain specifically designed
functional products by the appropriate combination of
ginsenoside substrates and specific microbial enzymes.
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