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Abstract Major ginsenosides in ginseng (Panax ginseng)
and its products are highly glycosylated, hence poorly
absorbed in the gastrointestinal tract. B-Glycosidase-assisted
deglycosylation of pure ginsenosides was peformed to
study bioconversion mechanisms. Ginsenoside standard
compounds, crude saponin, and red ginseng extracts were
incubated with B-glycosidase (0.05% w/v, 55°C). B-
Glycosidase has a broad specificity for B-glycosidic bonds,
hydrolyzing the B-(1—6), a-(1—6), and o~(1—>2) glycosidic
linkages. The final metabolite of protopanaxadiol ginsenosides
was Rg3 while the metabolite of protopanaxatriol ginsenosides
was Rhl. B-Glycosidase treatment of red ginseng extracts
resulted in a decrease in the amounts of Rbl, Rc, Re, and
Rg2 after 24 h, whereas levels of the less glycosylated Rd,
Rb1, Rg, Rg3, Rgl, and Rhl forms increased. When crude
saponin was incubated with B-glycosidase for 24 h, levels
of Rbl, Rc, Re, and Rgl decreased while levels of Rd,
Rg3, and Rh1 increased as deglycosylated ginsenosides.
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Introduction

Roots of ginseng (Panax ginseng C.A. Meyer) have been
used as a traditional medicine for preventive and therapeutic
purposes in Asian countries for thousands of years (1).
Ginsenosides are triterpenoid saponins that are found
almost exclusively in ginseng and are believed to be the
main active compounds behind the reported health benefits
of ginseng. Ginsenosides, with few exceptions, share a
similar basic structure containing a dammarane triterpenoidal
skeleton with a modification at C-20 (2,3). Ginsenosides
differ from each other in the types of sugar moieties, their
number, and site of attachment (1). Nearly 50 ginsenosides
have been identified in ginseng (4). The major ginsenosides
in the roots of ginseng are the 20(S)-protopanaxadiol
(PPD) ginsenosides Rb1, Rb2, Rc, and Rd, and the 20(S)-
protopanaxatriol (PPT) ginsenosides Re, Rg1, Rf, and Rg2.
The Re and Rgl ginsenosides usually account for more
than 90% of the total ginsenoside content of ginseng roots
(5). Ginseng roots are usually processed to red ginseng
using steaming and drying, whereas dried roots (without
the steaming process) are categorized as white ginseng
(1,5). The partly deglycosylated ginsenosides Rh1, Rh2,
and Rg3 are present in red ginseng as artifacts produced
during steaming, along with all the ginsenosides detected
in white ginseng (6). Transformation of ginsenosides into
deglycosylated ginsenosides is required for more effective
in vivo physiological actions (7). For instance, the anticancer
activities of ginsenosides after oral administration are based
on metabolites formed due to deglycosylation by intestinal
bacteria (8). The pharmaceutical activities of the less
glycosylated minor ginsenosides Rd, Rg3, Rh2, and
compound-K are superior to the activities of the major
ginsenosides. These minor ginsenosides are present in
ginseng in small percentages and are produced by
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hydrolysis of the sugar moieties of the major ginsenosides
(9,10). Once administered orally, ginsenosides are exposed
to gastric juice, digestive, and bacterial enzymes in the
stomach and intestines. However, ginsenosides are not
affected by gastric juice, with the exception of a slight
oxygenation. In addition, the oral bioavailability of intact
ginsenosides from the intestines is extremely low (0.1-
4.4% of Rbl, 3.7% of Rb2, and 1.9-18.4% of Rgl) (8,11)
probably due to a high Mw and hydrophilicity (12).

Different studies have focused on conversion of major
ginsenosides to the more active minor ginsenosides using
heat, mild acid hydrolysis (13), alkaline cleavage (14), and
microbial (15) and enzymatic conversions (10). Chemical
methods result in undesirable side reactions, such as
epimerization, hydration, and hydroxylation (16). In
addition, heat and acid treatments can randomly hydrolyze
glycosidic linkages in other, minor active ginsenosides and
acidic polysaccharides, which can decrease the pharmaceutical
efficacy of ginseng (9). The effects of various microorganisms
on conversion of ginsenosides to their aglycones have been
extensively studied during (4,9,16). However, investigations
of the microbial conversion of ginsenosides have been
limited to only a few ginsenoside types (17-21) and most of
the microorganisms used for transformation of ginsenosides
are not suitable for production of edible products due to
health and safety considerations (16). Moreover, different
studies have used organic chemicals, which are not suitable
for commercial ginseng products, to obtain ginseng
extracts (19), Therefore, enzyme-assisted bioconversion to
hydrolyze sugar moieties at specific positions can be used
as an alternative production process for active minor
ginsenosides. B-Glycosidase is an enzyme capable of
catalyzing the bioconversion of plant glycosides to aglycones
(22) via action upon monoglycosides, diglycosides, and
modified glycosides (23). Despite these useful actions, the
effects of B-glycosidase on hydrolysis of ginsenosides have
not been extensively studied.

The objectives of this study were to investigate the
effects of B-glycosidase on deglycosylation of 10 major
ginsenosides in red ginseng, and to determine the
conversional pathways of ginsenosides after -glycosidase
treatment. The effects of B-glycosidase on both PPD and
PPT ginsenosides were determined either in pure forms or
in complexes, such as crude saponin and red ginseng
extracts. Red ginseng was extracted using water to test the
applicability of a B-glycosidase treatment to the production
process of commercial red ginseng products.

Materials and Methods

Materials Freshly harvested 4 year old Korean ginseng
roots from Keumsan (Korea) were provided by Nutrex
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Technology Co., Ltd. (Naju, Korea). f-Glycosidase derived
from Aspergillus fumigatus was purchased from Amano
Enzyme Inc. (Nagoya, Japan). Membrane syringe filters
(13 mm diameter, 0.45 um pore size) were purchased from
Millipore (Bedford, MA, USA). Ethanol and ether were
purchased from Samchun Pure Chemical Co., Ltd.
(Pyeongtaek, Korea). Butanol was purchased from J. T.
Baker (Phillisburg, NJ, USA). HPLC-grade methanol,
water, and acetonitrile were purchased from Burdick &
Jackson (Muskegon, MI, USA). Ginsenoside standards
(Rb1, Rb2, Rc, Rd, Rg3, Re, Rgl, Rg2, Rf, and Rh1) were
obtained from ChromaDex Inc. (Irvine, Canada).

B-Glycosidase treatment of ginsenosides Each
ginsenoside standard was treated with PB-glycosidase and
analyzed using high performance liquid chromatography
(Dionex; Sunnyvale, CA, USA) after enzyme treatment.
Individual ginsenoside standards were dissolved in analytical
grade methanol and diluted with water (analytical grade) to
produce a 250 ppm solution. The solution was mixed with
B-glycosidase (0.05% w/v) and incubated at 55°C in a
water bath (SB-651; Eyela, Tokyo, Japan) for 6 h. These
reaction conditions were selected based on a previous
study relating to the use of B-glycosidase for bioconversion
of bioactive compounds (24). A 1 mL aliquot from the
solution was taken every 1 h and analyzed using HPLC. A
control sample was also taken at 0 h just after addition of
B-glycosidase.

Preparation of red ginseng extracts Fresh ginseng
roots were washed with tap water and steamed at 98°C for
3 h using an autoclave (SS-325; Tomy Kogyo Co., Tokyo,
Japan). Steamed roots were dried at 60°C for 3 days using
a forced convection type dryer (OF-22GW; Jeio Tech Co.,
Daejeon, Korea) to form red ginseng after Maillard
reactions (25). Dried red ginseng was extracted with water
for 3 h at 80°C 3 times. Extracts were concentrated using a
rotary evaporator (N-1000; Eyela) under vacuum at 70°C
until the sugar content of the extract was 70°Bx.

B-Glycosidase treatment of crude saponin For comparison
of a ginsenoside bioconversion to a ginsenoside complex,
crude saponin was purified (26) from a red ginseng extract
and treated with B-glycosidase. An amount of 7 g of red
ginseng extract was transferred into a 250 mL round
bottom flask and evaporated using a rotary evaporator (N-
1000; Eyela) under vacuum at 70°C. The dried residue was
extracted three times with 50 mL of water saturated
butanol at 80°C for 1 h. The butanol solution was filtered,
transferred to a separatory funnel, and washed with 20 mL
of distilled water to remove impurities. Afterwards, the
butanol solution was transferred to a round bottom flask for
evaporation. The dried residue was extracted with ether at
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36°C for 30 min and cooled for 30 min. After cooling,
ether was discarded and the flask was dried at 105°C for
20 min, cooled in a desiccator for 30 min, and weighed
until a constant weight was obtained. The weight was then
compared to the weight of the empty flask. The difference
in weights corresponded to the crude saponin extracted
from the red ginseng extract. Purified crude saponin was
dissolved in distilled water at the ratio of 1/200 (w/v), then
mixed with B-glycosidase (0.05% w/v). A B-glycosidase
treated crude saponin solution was incubated at 55°C in a
water bath (SB-651; Eyela) for 24 h. A 20 mL aliquot of
the solution was taken every 4 h, transferred to a round
bottom flask maintained until a constant weight was
achieved, and evaporated. The dried crude saponin was
dissolved in methanol for HPLC analysis. A control
sample was taken at 0 h after enzyme addition.

B-Glycosidase treatment of red ginseng extracts An
amount of 20 g of a red ginseng extract was dissolved in
180 mL of distilled water and mixed with B-glycosidase
(0.05% w/v) to achieve a homogenous solution. This
solution was placed at 55°C in a water bath (SB-651;
Eyela) for 24 h. A 20 mL sample was taken at Oh as a
control, and thereafter every 4h for further analysis.
Samples were transferred to a 250 mL round-bottom flask
and evaporated using a rotary evaporator (N-1000; Eyela)
under vacuum at 70°C. The dried residue was extracted
three times with 50 mL of water saturated butanol at 80°C
for 1h. The proceeding steps for purification of crude
saponin were the same as described above. Purified crude
saponin was dissolved in methanol before HPLC analysis.

HPLC analysis of ginsenosides The 10 ginsenosides
Rb1, Rb2, Re, Rd, Rg3, Rgl, Rg2, Re, Rf, and Rh1 were
analyzed using a chromatographic method (27). The HPLC
system consisted of a P680 pump, an ASI-100 auto-
sampler, a UVD340U UV detector, a TCC100 column
oven (Dionex) and a Capcell Pak C18 MG column
(4.6 mmx250 mm; Shiseido, Tokyo, Japan). The detection
wavelength was set at 203 nm and the solvent flow rate
was kept constant at 1.6 mL/min. The mobile phase used
for separation consisted of solvent A (water) and solvent B
(acetonitrile). The gradient elution procedure was 0-10 min
with 80% A, 10-40 min with 68% A, 40-48 min with 58%
A, 48-50 min with 0% A, 50-60 min with 0% A, 60-
62 min with 80% A, and 62-70 min with 80% A. The
injection volume was 20 pL for analysis and all samples
were filtered using 0.45 um membrane syringe filters
(Millipore) before analysis. Peak identifications were based
on the retention times and comparisons with calibration
curves obtained using injected standard samples prepared
by dissolving pure ginsenosides in analytical grade methanol.
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Statistical analysis Experiments and analytical measurements
were carried out in triplicate. Data are represented as
mean=+standard deviation (SD). Statistical analysis was
performed using the GraphPad Prism 5.0 software
(GraphPad Software Inc., La Jolla, CA, USA). Data were
analyzed using a one-way analysis of variance (ANOVA).
Significance was defined at p<0.05 and significant results
were further analyzed using Tukey’s post-hoc test.

Results and Discussion

Effects of [(-glycosidase on ginsenoside compounds
The protopanaxadiol (PPD) ginsenosides Rb1, Rb2, and
Rc were converted to Rd, which was subsequently
converted to Rg3. Rb1 was almost completely converted to
Rd using a B-glycosidase treatment in 1 h (Fig. 1A). Rd
was further hydrolyzed to Rg3; however, the conversion
rate of Rb1 to Rd was much faster than the conversion rate
of Rd to Rg3 as Rd was detected even after 6 h. Rb2 (Fig.
1B) and Rc (Fig. 1C) were also converted to Rd and Rg3.
However, their conversion patterns were different from the
pattern of Rbl. Both were detected even after 6 h of
enzyme treatment, and the concentration of Rg3 kept
increasing, suggesting that B-glycosidase can hydrolyze not
only the B-(1—6) glycosidic linkage at C-20 of Rbl1, but
also the a~(1—6) glycosidic linkage at C-20 of Rb2 and
Re, producing Rd. B-Glycosidase may release saccharides
in a disaccharide unit, thus producing Rg3 directly from
Rb1, Rb2, and Rc since B-glycosidase is known to act
mainly on disaccharide glycosides (23). The conversion
rate of each ginsenoside was probably dependent on the
affinity of B-glycosidase to the specific ginsenoside. This
enzyme is more efficient in hydrolyzing the B-(1—6)
glycosidic linkage of Rbl than the a-(1—6) glycosidic
linkages of Rb2 and Re. Furthermore, hydrolysis of Rc was
faster than hydrolysis of Rb2. Other enzymes may also
produce different rates of ginsenoside bioconversion (10).

The protopanaxatriol (PPT) ginsenosides Re, Rgl, Rf,
and Rg2 were hydrolyzed to Rhl using a B-glycosidase
treatment. Rgl was rapidly produced from Re (Fig. 2A)
after 1 h of incubation. After 6 h of incubation, Re was
almost entirely converted to Rgl, which was later partly
converted to Rh1. Similar results were observed for hydrolysis
of Rgl alone, although most of the Rgl remained intact
after 6 h of incubation (Fig. 2B). Rf was also partly
hydrolyzed to Rhl after 6h of treatment with [-
glycosidase (Fig. 2C). Conversion of Rg2 to Rhl was
relatively faster than conversion of Rgl and Rf since Rg2
was completely converted to Rh1 within 6 h (Fig. 2D).
These results indicate that 3-glycosidase probably hydrolyzes
the a-(1—2) glycosidic linkage at C-6 of Re and Rg2, and
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Fig. 1. Chromatograms showing conversion of the
protopanaxadiol ginsenosides Rb1 (A), Rb2 (B), and Rc (C)
using B-glycosidase treatment. Ginsenoside solutions (250 ppm)
were incubated with B-glycosidase (0.05% w/v) at 55°C in a water
bath for 6 h.

probably favors the a-rhamnopyranosyl B-(1—-2) gluco-
pyranosyl bond of Re and Rg2, compared to o-
glucopyranosyl pB-(1—2) glucopyranosyl linkage of Rf.
Zhao et al. (28) observed that the fungal enzymes of
Cylindrocarpon destructans were able to transform the
PPD ginsenosides Rb1, Rb2, Rc, and Rd, whereas the PPT
ginsenosides Re and Rg1 remained unaffected after 48 h of
reaction with these fungal enzymes. The bioconversion
products from PPD ginsenosides in this study included Rd,
ginsenoside XVII, compound O, compound Mb, and
ginsenoside F2, suggesting that enzymes from C.
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destructans had a higher specicity for the glycosidic
linkage at C3 than the glycosidic linkage at C20 (28). On
the other hand, Wang et al. (24) reported that a ginsenosidase
type IV from an Aspergillus strain hydrolyzed the PPT
ginsenosides Rg2 and Rf to Rh1, and further hydrolyzed
Rh1 to aglycone, while the enzyme was not able to
hydrolyze PPD ginsenosides. In the present study, B-
glycosidase showed broader specificities than the fungal
enzymes as it transformed both PPD and PPT ginsenosides.
Based on these findings, conversional pathways for PPD
and PPT ginsenosides using a [-glycosidase treatment can
be proposed. The final product of B-glycosidase-assisted
bioconversion of PPD ginsenosides was Rg3, whereas the
final product of PPT ginsenosides was Rh1 (Fig. 3). Rbl,
Rb2, and Rc may either be converted to Rg3 directly, or
first to Rd, which is subsequently converted to Rg3 in the
presence of PB-glycosidase at a low concentration with
moderate heating. The 2 B-D-glucopyranosyl moieties are
hydrolyzed from Rbl to form Rg3, and o-L-arabino-
pyranosyl and B-D-glucopyranosyl are cleaved from Rb2 to
form Rg3. Rc is converted to Rd due to removal of 1 a-D-
arabinofuranosyl, and subsequent removal of 1 p-D-
glucopyranosyl from Rd via B-glycosidase hydrolysis
results in Rg3 (Fig. 3A).

Among PPT ginsenosides, Re is first converted to Rgl
via hydrolysis of the o-L-rhamnopyranosyl moiety, then a
B-D-glucopyranosyl moiety is further removed to form
Rh1. Conversion of Rf and Rg2 to Rh1 requires hydrolysis
of B-D-glucopyranose and o-L-rhamnopyranose, respectively.
Hence no intermediate is produced in these bioconversions
(Fig. 3B).

Rg3 and Rhl probably have more bioavailability,
compared to the parent ginsenosides, due to lower Mw
(24). In vivo studies have shown that Rg3 can be
metabolized to Rh2 and/or 20(S)-PPD by human intestinal
bacteria (29). This is consistent with a pharmacokinetic
study in rats showing that intra-gastric administration of
10 mg/kg of Rg3 resulted in plasma concentrations of
approximately 40 and 100 ng/mL of Rh2 and 20(S)-PPD,
respectively, 4 h after administration (30). Rh2 and 20(S)-
PPD are probably more physiologically active than the
intact ginsenosides Rb1, Rd, Rb2, and Rc. Rh2 and 20(S)-
PPD have been shown to be more cytotoxic against tumor
cells, compared with the intact ginsenosides (29). However,
intestinal bacterial strains may vary from individual to
individual, and the capacity to metabolize ginsenosides to
more bioactive forms may also vary (9). Therefore,
transformation of ginsenosides prior to ingestion could be
beneficial to maximize absorption and pharmacological
activities. For example, transformation of PPT ginsenosides
into Rh1 using B-glycosidase is expected to increase the
bioactivity of the intact ginsenosides and to aid in further
transformation to ginsenoside F1, and then finally to 20(S)-
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Fig. 2. Chromatograms showing the conversion of the protopanaxatriol ginsenosides Re (A), Rgl (B), Rf (C), and Rg2 (D) using
B-glycosidase treatment. Ginsenoside solutions (250 ppm) were incubated with B-glycosidase (0.05% w/v) at 55°C in a water bath for 6
h.

PPT by intestinal bacteria (7). It is also recommended to
treat ginsenosides with -glycosidase prior to in vivo trials
to assess the health effects. Hence, it should be feasible to
develop a specific bioconversion processes to obtain
specifically designed functional products using appropriate
combinations of ginsenoside substrates and suitable

enzymes (21).

Effects of B-glycosidase on red ginseng extracts Red
ginseng, which is commonly sold in the form of a concentrated
extract, is preferred over white ginseng because of more
health benefits due to increased bioavailability of phenolic
compounds and ginsenosides (31). Although different
studies have reported microbial enzyme treatments of ginseng
extracts for producing compound K and ginsenoside
aglycon (19), all such studies used organic solvents in
preparation of ginseng extracts. Therefore, to evaluate the
industrial applications of B-glycosidase treatments, red
ginseng extracts prepared using water were treated with [3-
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glycosidase for 24 h and changes in 10 ginsenosides were
analyzed every 4h. Levels of each ginsenoside were
normalized to relative compositions by comparison to the
total ginsenoside content (sum of 10 ginsenosides) at each
time interval to compensate for sampling error (Table 1).
The levels of the PPD ginsenosides Rbl, Rb2, and Rc
decreased over time due to B-glycosidase treatment, but
this decrease was not significant. The relative proportion of
Rc was significantly (p<0.05) decreased by p-glycosidase
treatment from a beginning concentration of 17.37% to
12.94% after 12 h, 11.43% after 16 h, 10.72% after 20 h,
and 8.64% after 24 h. The content and relative proportion
of Rd was significantly (»<0.05) increased by treatment
with B-glycosidase for 24 h from 0.77 mg/g (8.92%) to
2.37 mg/g (25.99%). A significant increase in the relative
proportion of Rd was evident even after 12 h of treatment.
The level of Rg3 was increased from 0.81 to 1.65% after
24h due to hydrolysis; however the increase was not
consistent.
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Table 1. Changes in ginsenoside content (mg/g red ginseng extract) and percentage (%) changes in the relative proportions of
individual ginsenosides in a red ginseng extract using -glycosidase treatment

B-Glycosidase reaction time

Ginsenoside Oh 4h 8h 12h 16 h 20h 24 h

mg/g % mglg % mgg % mgg % mgg % mgg % mgg %

Rbl 2.8 3237 232 32,69 244 3366 236 3271 245 3126 263 27.67 237 2646
+0.27 +442 +0.7 +29 +044 +3.88 +035 +£3.8 +04 +3.38 +028 =+0.16 =+0.59 =+0.11

Rb2 0.73 8.57 0.95 9.98 0.89 9.19 0.64 8.76 0.68 8.57 0.77 8.1 0.66 7.4
+0.3 +4.31 +039 £531 +024 452 +027 +£344 +021 +22 +0.11 +0.39 +0.13 +0.34

Re 1.52 1737 154 1516 158 1508 093 1294 0.9 1143 1.03 10.72 0.76 8.64
+028 +1.09 +0.63 £1.7 +044 £1.09 =+0.08 +£0.38*D +022 £13* +021 *1.27*% +0.12 =+0.69*%

Rd 0.77 8.92 1.44  15.05 1.68 16.51 142 19.82 1.73 2225 217 2294 237 2599
+0.04 £0.71 025 +£3.74 +0.23 £239 £0.11 £2.74* +0.09 £2.75* +£0.22* £2.44* +09]1* +£3.27*

Ro3 0.07 0.81 0.07 0.65 0.13 1.09 0.09 1.19 0.07 0.91 0.12 1.21 0.14 1.65
g +0.06 +0.57 +0.04 +043 +0.1 +0.79 £0.08 =+£1.04 +0.07 +0.68 =+0.04 +0.24 +0.05 =+0.84
Re 159 18.17 0.84 7.89 0.67 6.15 0.25 3.37 0.17 2.15 0.16 1.64 0.15 1.64
+0.38 345 £0.57 £3.07* £0.36 +2.36* +0.15* +£1.87* +0.08* +0.68* +£0.07* +0.77* +0.05* +0.11*

Rol 0.69 7.72 126 1226 132 12.1 1.07 1496 131 1647 194 2042 185 20.92
g +0.38 +3.61 0.7 +£528 +0.71 +4.58 =+0.39 =£5.35 =+0.55 +5.18 +0.23 +1.09* +0.31 =£1.46*
Rf 0.22 2.51 0.28 2.87 0.29 2.74 0.18 2.49 0.21 2.76 0.25 2.66 0.25 2.65
+0.01 +0.18 =+0.05 =+0.53 0.1 +0.63 £0.01 =+0.18 +0.01 +042 =£0.05 =+0.59 +0.12 =+0.66

Re2 0.19 2.13 0.09 0.82 0.05 043 0.02 0.28 0.01 0.09 0.02 0.18 0.01 0.05
g +0.09 +0.84 =+£0.06 =+£0.28* +0.03 +0.2* £0.02* +0.27* +0.01* +£0.08* +£0.01* 0.1* +0.00* +0.05*
Rh1 0.13 1.45 0.27 2.58 0.33 3.05 0.25 3.49 0.33 4.13 0.42 4.45 0.4 4.6
+0.06 +0.52 +0.17 +£1.05 0.17 <£1.14 +0.06 =+0.62 +0.1 +0.84* +0.04 =+0.04* +0.02 =+0.79*

Rel+Rbl 349 40.09 446 4496 476 4576 343 47.67 376 4773 457 48.09 422 4738
g +0.65 131 £1.4 =£3.05*% =+£1.15 +0.71* =+0.74 =+1.65* +0.95 =£1.81* +0.51 *1.25* +091 =£1.36*

DxSignificantly different from the control at 0 h (p<0.05) within a row. Values are expressed as the mean+SD (7=3).

Among PPT ginsenosides, the levels of Re and Rg2
showed significant decrease from 1.59 to 0.15 mg/g, and
from 0.19 to 0.01 mg/g, respectively, after 24 h of incubation
with B-glycosidase. The relative proportion of Rg1 increased
from 7.72 to 20.42% and to 20.92% after 20 and 24 h,
respectively, due to conversion of Re to Rgl. The relative
proportion of Rh1 increased from 1.45 to 4.13% after 16 h
of incubation with B-glycosidase. The level and relative
proportion of Rf did not show significant change.

The sum of Rbl and Rgl (Rbl+Rgl) is a critical
parameter for commercial red ginseng products in Korea.
According to the Korean Food Code (32), red ginseng
powder or extract must contain 0.8-34 mg/g of Rb1+Rgl.
For immune-stimulating and invigorating purposes, 3-
80 mg of Rb1+Rg1 should be ingested, while 2.4-23 mg of
Rb1+Rgl should be ingested to inhibit platelet aggregation
(31). The results of this study have shown that the
Rbl1+Rgl amount increased by 130% after 4 h and by
137% after 8 h of incubation with B-glycosidase (Table 1).
The relative proportion of Rb1+Rgl showed significant
increase in comparison to other ginsenosides after [-
glycosidase treatments for 4, 8, 12, 16, 20, and 24 h. Fast
conversion of Re to Rgl contributed to the increased level
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of Rbl1+Rgl, although the level of Rbl was decreased
slightly over time due to hydrolysis by B-glycosidase. For
incubation times longer than 24 h, the Rbl+Rgl total
might be decreased due to hydrolysis of Rbl.

Effects of [-glycosidase on crude saponin Crude
saponin purified from red ginseng extracts was incubated
with B-glycosidase (0.05% w/v) at 55°C for 24 h. Samples
were taken every 4 h over a 24 h period. The levels and
relative proportions of Rbl1, Rc, Re, and Rgl decreased
significantly (p<0.05) after 24h of treatment with [-
glycosidase (Table 2). Significant decrease in the amount
of Rbl, Rc, and Re were prominent even after 4h of
enzyme reaction. The level and relative proportion of Rd
started to increase significantly after 4 h of reaction time,
and kept increasing afterwards. The relative proportions of
Rg3, Rg2, and Rh1 also started to show significant increase
after 4 h. Neither the amounts nor the relative proportions
of Rb2 and Rf showed significant changes during 24 h of
enzyme reaction. These results are consistent with results
from the B-glycosidase treatment of individual ginsenosides
since increases in the amounts Rg3 and Rh1 were observed.
Rg3 and Rh1 are the end products in B-glycosidase-assisted
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Table 2. Changes in ginsenoside contents (mg/g crude saponin) and percentage (%) changes in relative proportions of individual
ginsenosides in a crude saponin solution using -glycosidase treatment

B-Glycosidase reaction time

Ginsenoside Oh 4h 8h 12h 16 h 20h 24 h

mg/g % mglg % mgg % mgg % mgg % mgg % mgg %

Rbl 5454 3194 6.68 5.05 3.64 3.32 3.92 2.93 421 3.16 3.04 3.08 2.26 227
+4.69 +£2.09 £1.47*D £0.35% +0.92*% +£0.41* +0.56% +0.35% +£1.33% +027*% £127* +0.93% +0.86* +0.48%

Rb2 248 1426 2041 1558 1646 1498 2026 1496 20.68 1537 1479 1427 15.61 1546
+724 4+23 £2.74 +0.59 +342 +042 +£3.73 +0.71 +6.54 +0.5 +6.09 +0.55 +4.64 =£1.08

Re 2421 13.88 12.83 9.73 741 6.68 6.52 48 5.03 3.89 3.1 3.12 3.03 3.05
+7.44 £2.11 £2.4% £0.52* £1.92* +042* £1.43* £0.5* £1.47* £0.72* £1.11* +£0.57* +1.03* +0.59*

Rd 13.69 794 5322 40.58 49.83 4547 6484 4823 6599 49.02 5284 50.76 51.53 51.01
+2.55 +0.51 £7.34* £1.00* +9.53* +0.88* +8.99* +].88* +£20.83* +0.77* £21.42* £].79* +£15.38* +0.95*

Ro3 1.97 1.13 2.28 1.73 2.43 2.19 3.1 2.3 3.39 2.57 3.14 3.07 3.11 3.1
g +0.76 +0.37 +037 +0.11* +0.63 +0.22* +£0.54 =+0.11* +0.98 +0.29* +£1.23 +0.23* +1.01 =+0.33*
Re 33.04 1946 1744 13.19 1279 11.54 14.1 1038 11.74 8.88 8.33 8.13 7.21 7.34
+5.15 +4.01 +£3.81* +£0.96* +£3.33* +0.65* £3.04* +0.83* +3.45* +0.61* +£3.13* +0.6* +1.63* +0.71*

Rol 10.02 5.84 8.68 6.6 7.26 6.59 8.67 6.4 8.27 6.24 5.8 5.67 546 5.46*
g +1.43 +0.15 =*147 =03 +1.68 034 =*1.73 =£0.39 +238 0.3 +221* =+0.37 =£1.65* +047
Rf 3.01 1.75 222 1.69 1.94 1.75 2.38 1.75 2.27 1.7 1.8 1.75 1.78 1.77
+0.53 +0.08 +045 +0.14 +£0.52 +0.11 +0.54 =+0.12 +0.68 =+0.05 +0.73 =+0.07 =+0.55 +0.14

Re2 3.66 2.15 3.86 2.95 3.67 3.35 4.79 3.56 5.29 3.94 4.24 4.09 4.28 4.24
g +0.28 +0.18 £0.58 +0.16* +0.68 +0.17* £0.7 £0.26* =£1.68 =+0.16* *1.72 +0.28* £1.32 +0.2%
Rh1 29 1.67 3.76 2.9 452 4.12 6.35 4.69 7.28 5.24 6.38 6.06 6.38 6.3
+0.86 +024 +035 £0.29*% +£1.03 +0.34* +£1.33 +0.33* +2.71* £0.75* +£291 £0.57* £2.08 +0.38*

Rel+Rbl 64.56 37.78 1536 11.65 109 9.9 12.59 933 1248 939 8.84 8.75 7.72 7.73
g +6.12 +2.25 +2.94* +0.65* £2.6* +£0.75*% £229* +0.73* £3.71* +£0.56* +£3.48* +13* x251* +0.95*

D Significantly different from a control at 0 h (p<0.05) within a row. Values are expressed as the mean+SD (1n=3).

deglycosylation of pure PPD and PPT ginsenosides,
respectively. Furthermore, crude saponin may be a more
favorable substrate for enzyme reaction, compared with
original red ginseng extracts, due to fewer impurities after
the purification processes because ginseng contains
saponins, polysaccharides, and flavonoids (33).

The initial conversion rate of Rbl was fast so that the
level of Rb1 decreased from 54.54 to 6.68 mg/g after 4 h,
and then decreased to 2.26 mg/g after 24 h. A marked
decrease (3421 to 5.03mg/g) in the Rc amount was
observed after 16 h. The level of Re was decreased by 65%
during the first 8 h of incubation, and then decreased
gradually thereafter. The decrease in reaction rates might
be due to saturation of B-glycosidase with an excess of
substrate, or there might not be sufficient available
substrate for enzymatic hydrolysis due to the fast initial
reaction. The level of Rd was increased rapidly after 4 h of
incubation; however, it did not show significant change
afterwards, probably due to B-glycosidase saturation with
substrate, or some of the newly synthesized Rd was further
hydrolyzed to Rg3.

The level of Rgl started to show significant decrease
(from 10.02 to 5.80 mg/g) after 20 h of reaction. The
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relative contents of Rg3 and Rhl to the total ginsenoside
content showed significant increases after 4 h of incubation
with B-glycosidase. Ko et al. (10) reported synthesis of Rd
from PPD ginsenosides in a crude saponin mixture when
treated with the glycoside hydrolases lactase and f-
galactosidase from Aspergillus oryzae, and cellulase from
Trichoderma viride. Synthesis of Rd and Rg3 from PPT
ginsenosides was also reported in a saponin mixture treated
with lactase from Penicillium sp. P-glycosidase assisted
bioconversion was comparable with other methods of
ginsenoside conversion, such as puffing (use of heating and
pressure). An et al. (26) observed that the Rg3 content of
crude saponin prepared from puffed red ginseng increased
up to 3.35 mg/g after an increase in the puffing pressure.
The B-glycosidase-assisted reaction produced 3.13 mg/g of
Rg3 after 24 h of incubation. Enzymes play important roles
in liberation of ginsenosides from ginseng leaves when
used at an appropriate stage in the extraction process (34).
B-glycosidase favors hydrolysis of the PPD ginsenosides
Rb1, Re, and Re over the PPT ginsenosides Rgl, Rg2, Rf,
and Rb2. The PPD ginsenosides changed more dramatically
after B-glycosidase treatment in red ginseng extract (Table
1) and crude saponin (Table 2) as discussed earlier. The
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PPD ginsenosides Rbl, Rb2, and Rc comprise major
portions of the total ginsenoside content in crude saponin.
Lower amounts of PPT ginsenosides may limit the probability
of interaction with B-glycosidase and, thus, hydrolyzation
by the enzyme. Shehzad et al. (35) reported that the 6
major ginsenosides Rbl, Rb2, Rc, Rd, Re, and Rgl
comprise approximately 90% w/w of the total weight of
saponin, which is consistent with the findings of this report.
At the start of enzyme treatment, these ginsenosides were
present in higher proportions, compared to other ginsenosides
in red ginseng extracts and a purified crude saponin
solution. Conversional pathways for ginsenosides using
various microbial enzymes have been reported (17,19,21).
However, complete transformational pathways were not
developed in these studies, suggesting the presence of
partial pathways for PPD and PPT ginsenosides, and other
ginsenosides. This study is useful for providing conversional
pathways for both PPD and PPT ginsenosides using [3-
glycosidase. Further research will, however, be necessary
to arrive at more in-depth conclusions regarding ginsenoside
bioconversion using B-glycosidase.

The effects of B-glycosidase on both PPD and PPT
ginsenosides are shown and activities of the B-glycosidase
enzyme in different settings using pure ginsenosides, crude
saponin, and red ginseng extracts are compared. Determination
of conversional pathways of ginsenosides was accomplished
by incubating ginsenoside standards with B-glycosidase,
followed by HPLC analysis. B-Glycosidase has a broad
specificity for various B-glycosidic bonds, including (-
(1-6), a-(1—6), and a-(1—>2)-glycosidic linkages. The
final metabolite of the PPD ginsenosides Rbl1, Rbl, Rc,
and Rd was Rg3, while the metabolite of the PPT
ginsenosides Rgl, Rg2, Re, and Rf was Rhl using f-
glycosidase treatment. -Glycosidase treatment can raise
the bioactive potential of pure ginsenosides by conversion
to deglycosylated and more active forms. When crude
saponin was incubated with B-glycosidase for 24 h, the
levels of Rb1, Re, Re, and Rg1 decreased due to hydrolysis
of ginsenoside sugar moieties, while the levels of the
deglycosylated ginsenosides Rd, Rg3, and Rh1 increased.
When B-glycosidase was applied to red ginseng extract, the
levels of Rbl, Rc, Re, and Rg2 decreased after 24 h of
incubation, while the levels of the less glycosylated Rd,
Rg3, Rgl, and Rhl forms increased. The total amount of
Rbl1 and Rgl (Rb1+Rgl), which is an important criterion
for commercially available red ginseng extracts in Korea,
was increased by 130-140% after B-glycosidase treatment.
Therefore, the B-glycosidase treatment of red ginseng
extract can be an inexpensive and effective way to improve
the quality of red ginseng products with a higher Rb1+Rgl
content. Furthermore, higher amounts of ginsenoside
aglycones in enzyme-treated red ginseng extracts with
increased bioavailability and pharmacological activities of
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ginsenosides can benefit consumers.
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