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Abstract

Lactic acid bacteria producing high levels of B-glucosidase were screened to convert the major ginsenosides into the
minor ginsenosides in puffed red ginseng. A strain named YLB 8 isolated from doenjang showed the highest -
glucosidase activity and was identified as Leuconostoc mesenteroides. The optimum conditions for the maximum
production of B-glucosidase, when L. mesenteroides YLB 8 was cultured in MRS medium, were as follows; glucose
concentration of 1% (w/v), initial pH 8.0, culture temperature of 30°C, culture time of 16 h. When Puffed red gin-
seng extract was bioconverted using L. mesenteroides YLB 8, the optimum temperature and the concentration of
Puffed red ginseng extract was 30°C and 12°Bx, respectively. As a result of bioconversion, the major ginsenosides
Rbl and Rb2 were converted into minor ginsenoside Rg3, and Re was converted into Rg3 and successively into

Rh1 and Rh2 in part.
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AEde] setrze 2 @
(aglycone)2 2 /4% HigA] ]U%, AFE 0]
g "= AFe Aol e 5F
o] AW=ZE F5Fvh(Kanaoka et al., 1994; Wakabayashi et
al., 1997a; Wakabayashi et al. 1997b; Bae et al., 2000,
Bae et al., 2002). 281} Q14 AFE S E3jjst= A vl
QB AR AR B} 28w A5d wet o 24
FRS BASL Qe sk ohEe, 22 s Q4
B8 ¥ Ankth e Aot ehd 5 el ofd A}
He A F diol UL, o A triol FEWS,
ofm Alge H¥ F4E 8K Eole Ao JUA A
(Wakabayashi et al., 1997a; Wakabayashi et al., 1997b;
Hasegawa et al., 2000a; Hasegawa et al., 2000b).
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Alek
p-Nitrophenyl-B-D-glucopyranoside(pNPG) <}  esculin<
Sigma-Aldrich(St. Louise, MO, USA) #| &S A3},
334 T2 (70°Bx)S (F7)2Hnke] 2 (Icheon, Korea)Z F-E]
FFHT). Ginsenoside®] ¥FF21 Rbl, Rb2, Rd, Re, Fl,
Rgl, Rg2, Rg3, Rhl, Rh2, compound K, PPD, PPT= ()
B A+ 4 (Daejeon, Korea)ZFE T3t 1 umol(in
methanol)®] F=2 A X3t ALE3F9 . L-Cystein,
RNase A, lysozyme2 Sigma-Aldrich(USA) A &S AME-313
2, agarose= Bio-RadAH(Hercules, CA, USA), agarose gel=
BB DNA ©Ho] £Z9]&= BioneerAKSeoul, Korea)2]
AccuPrep® Gel Purification Kit, PCR 4HE2] Aol &=
BioneerAF2] AccuPrep® PCR Purification KitS AH&-3+93 T}

HHK|

F2k2] vl o= MRS HIA|(Difco Co., Detroit, MI,
USA)E AM&-3tR 2™, Bifidobacterium sp.2] o=
RCM(Reinforced clostridial medium, Oxoid, Basingstoke,
England) %= Eugon ®l*](Oxoid, England)& AM8-3}%tt.
AR E A2 Gl AAuA o agarS 1.5%(W/v)
£ 3718k

A3} ZTatoll EA= ginsenosidesE FEHIAZL 5
U B4 AL F7E EYsh] 918 FEdeEe Al

JJrZH'rrg]r frobtd 55 AREsislnh & Aol ARSE Al
A FFe AT FHvElOA Yo, FAgE 7
zke] AA JJrZ FE 7t Wol 2emdl BSHAL HES
Z2 dddt & 10gS FHst] 90mLe] 2 Ringer &

Sl

ol (Oxoid, Basingstoke, England)®ll 37}t ¥ homogenizer
(HP-93F, Taitec Co., Tokyo, Japan)E ©]-&3}4] 1,000 rpm
o= 2E7 fﬂrﬂ]@}"j‘:} & 1070 3] Aol o= 10
742 343 & MRS 3 ZAHlR o] =4ty oen 37°C
A 3d7F wgFste] #AE ASAZTE froli¥HS 1g
< F38ted 10mLe] E+¥ Ringer 89 (Oxoid)ell H7}et
5 vortexato] B g th2 AEAS 107 AR 3|
10714 8]41gk §- MRS $Hd A A o] =319

T 1 X} screening

B-Glucosidase &= 7= #F& A&str] 9lsted
esculin agarf] S 383} esculin?} ferric ammonium citrate
7} Zk2} 0.5, 1.0%(w/v) J7FE esculin MRS agarS A %38k
< FEdoe2RE 2 459 single colonys &3t
o] black zoneS FAs= 55 1 2 AE3F T} Esculin
& #F9] B-glucosidase®] Aol 95 &3 7} o] FoAH
olu] MAE esculetin® HIR|AJE2] ferric ammonium citrate
o} Agtste] wix] F ol black complexs FA3HA Htt.
w2tA] colony FH ol black zoneS FA = +FE B-
glucosidase 3S 7= #F2 AHat T
T3 2 X} screening
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7F AAEE g v HH & AT ANE FHold Mxe] a4
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2k &9 (pH 70)0§ 23 A3 & 0.5mLe 50 mM
sodium phosphate $+5-&%(pH 7.0)22 &3 T3 2
v} @A 7|(VC 5510 R-DTM, Branson, Danbury, CT, USA)
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(1) Feets Aeehs 54

EolE #5292 42 Bergey's Manual of Determinative
Bacteriology®l] 71Z3te] Fejets], AJelehd 548 ZAL
sttt AR #579 FEEE 545 w46 flste
Gram 4, catalase test, 3% KOH test, motility testE 2
Attt #52] @49 o8 EE XAF8H] flEA = API
50CH kit(Biomriux, Marcy I'Etoile, France)E& AF&-3F3t}.
Fstd v 2L MacrotecAHSeoul, Korea)e] Biological
Microscope E100 @"|7 % TIXE 74| 2(DCMI30E digital
camera for microscope 1.3 M pixels)E ©]-83F% 3L, FARA
A n| 7S Mgt FAH #3HE 7] 71 (NICEM) A
A u]) 72 oA JSM 5410LV(JEOL, Tokyo, Japan)S ©]-&
sto] FFsiaint. A #579 e 54 AN

[¢]

et XEFE o] &3t gas Ao TAFA /T, oF
3k 37 2791 6.5% NaCl, 10°C, 45°C, pH 9.6, pH 4.4

10 o2

H Aol A 37°CE 2441 7F vl FRE 5 52 AESII T

(2) EAHTAEE 54

A FF2] 16S rRNAY FHAZ polymerase chain
reaction(PCR)%ll 213 cloning3}7] $13}¢] 518F(5-CCAG
CAGCCGCGGTAATACG-3")2} 800R(5-TA CCAGGGTA
TCTAATCC-3"yS primerZ AR5 T PCRS AccuPower®
PreMix (Bioneer, Daejeon, Korea)& AFH&-3le] PCR sprint
(Hybaid Ltd., London, UK)Z YFE-A|ZH T} 2] genomic

DNAZE #3354 template DNAZ A3} 0.1 ug ©| 3}
7F IEE H71ekRed, primere] HE+ ZHZF 300 nMo]

HE=S H7bskAth PCR 2712 94°CeollA] 247 DNA ®
S AL BHA] 94°C 30 &, 60°C 1, 72°C 1 &4 35
cycleS T3t T 72°Col|A] 787+ HESAIHTE dof3l
PCR 2FHE-2& AccuPrep® PCR Purification Kit(Bioneer Co.)
£ o|&ste] HAlskAT

(3) 16S rRNA 342+ 47142 243 &4

PCR AH=9] 971M <Y A%-2 Macrogen*H(Seoul, Korea)
o 2]3]3}o] Applied BiosystemsAH(Foster City, CA, USA)
9] ABI PRISM BigDye™ Terminator Cycle Sequencing
KitE AF8-3Fe MJ Reserch*H(Reno, NV, USA)S] PTC-225
Peltier Thermal Cycler®} ABI PRISM 3730 XL AnalyzerE
]33t

DNA 97|14 E9] 42 InfoMax Inc.(Bethesda, MD,
USA)2] Vector NTI Suite 7.1 program= A}-&-3}o] 43§35}
Rom DNA H7IA L2 homology 42 BLASTN
online program(http://www.ncbi.nlm.nih.gov/blast/)S ©]-8-3}
A th. Phylogenetic treei= MEGA4 program(Center for
Evolutionary Functional Genomics, The Biodesign Institute,
Tempe, AZ, USA)S ©]-8-3}] 2315t

4) FF2ZFF genomic DNAS] £

8 779 16S IRNA H7IMEE o] &3 58S T3
317] 93l 42 5F genomic DNAS olgf9} o] &
2]3le] template DNAZ AFE-3ISTE MRS HiA]ol] A=
HES T3 37°ColA 8718 2702 a0 A u Al
Atk A&l o3 #AE F23 F 1mLe] TEN €
FEA(10mM Tris-HCl, pH 7.6, 1 mM EDTA, 10 mM
NaChe2 A &3 thg 500 uLe] SET <3E-89(20%
sucrose, 50 mM Tris-HCI, pH 7.6, 50 mM EDTA)®| & &
Al Zh o719 50 puLe] lysozyme(60 mg/mL)3} 3 uL2]
RNase A &4 H71ste] 37°CollA] 1417 §EgAIZ] &
200 uLe] TEN €8 25uLe] 25% SDSE YWil %4
=g EFst] AlZE G A AT o] REg-Hof 25 uLe]
pronase &4 H7FsaL 1AZF &<F 37°CollA] RESAIZ] &
100 pLe] 5M NaCl2 H7Fst . &3 2] phenol:chloroform:
isoamyl alcohol(25:24:1)S A|2|ste] G AS AAS & F
2] isopropanolS F7}3Fe] 0°ColA] 1587F A X]gh th
13,500xgoll Al A& 1587 AAIETE ¥ DNA
= 70% ethanol2 Al H 3 F AxAZ ¥ HgaFe) 33

£ 3
Zq4ol ol AT

(5) Agarose gel 17195 2 ARX1EY

A7N9E AFENoZE 05¥9 TAE S8
(40 mM Tris-acetate, pH 8.0, 1 mM EDTA)S AF&-3}3 2
™ 0.5 ug/mLe] ethidium bromideE 37+t 0.8%(w/v)<]
agarose % gelS AME3SIe] A|FEQ] 1710 vH3FL] 10xgel
loading £+%--8-94(0.25% bromophenol blue, 40%(w/v) sucrose)
< 7}gk DNA 892 100 VoA 30-40%7F 7195 ¢
5 254nm gl 2L et FESIATH A=
gL UVilter?} orange filter7} “42tdE tix|€7}d gk
(Olympus C4040Z, Tokyo, Japan)Z ©]-&-3}%t}.

(6) Agarose gel2F-E] DNA THH o] 3]

Agarose gel H17195 S AAS F gel2FE DNA T
< 3435171 $138le BioneerAl2] Agarose Gel Purification
KitE AH8-3to] A 22AF2] manualell vt 3 &F3ATt.

MEMEE A=2] TLC 24

0.22 um PVDF membrane filter2 ¢ 3}5}e]
FEE(1%, wiv)= H7HE MRS wiA]el] 2 2}
Zo| A B-glucosidase &4 o] 3+ FF2] =H
5%(viv) BEsIe] 37°Col| A 3U7F wjekatlT). v
8,000xgoll A 537+ AAlFEel sk = vk A5 3
&to] $=E3} p-butanolZ 287 FE3I Tt FE2e
FE715 AFESFY] A1 3 methanololl £33k TLC
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3k B-glucosidase B4+ o5 ZAFSISITE Esculin agar
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Z919l black zoneo] FAHH B-

glucosidase A2k 7haet $x #5212 A3

ol #FES WHLE

PNPGE 7122 o] g3lo] B-

glucosidase &4~ EAE SHTo =N 23 AHS S35}

Atk 2 A3 FEE2] colonyE©] esculin agar HJ ] oA
black zone2 B/J3IH L1} black zones FAJ 3t colonyE
ol A7t B-glucosidase &3-S VFERNA] eFqkh(A
JJr HAA]). S FAE vl & AEE TR AR W
2 g FedA AE 9 S48 9] B-glucosidase
4% A9 ME 9 §AFEE A= B-glucosidase
| A=A &t} Esculin agar B]A] A black
zoneS A UJERE 4845 AA st FF2 AE LH
a AR5 9 B-glucosidase B S ZAFSH A3} FolEd
#e] IF 5299k IF 5-35°14 97.9 AUmL®] ¥ ﬂ*é &
et om fobit ¥ el IF 52034 B Fef ¢
YLB 8 #F% 957 AUMLE] =& 34< Jep)gon
FroHE fElel IF 5-173% IF 5-38, 43 f2<] ON 179
4535 924 AUMmLS] B3 £& FA4E HoAFArkE
Z v]AA]). B-Glucosidase &4d0] -3 &5 FlA IF
5-17, IF 5-20, IF 5-29, IF 5-35, IF 5-38, YLB &, ON
179 ¥ 5 7475 4335t jﬁ@r—?“ E59S 14°Bx
7]. Qci _,]}\4—5} JAquoﬂ X—]Z__zﬂ- 30"C°ﬂ}\1 20/\]7].
ikl o2 AE W 8483 9] B-glucosidase A3} Al
o] A= g vEAdS SEIT 2 A% Table 19 U
ERdl u}9} 7o) Beglucosidase B3-S YLB 8°] 140.8 AU/
mLe g 74 E=9kon] I oo ® ON 1798} IF 5-389
To2 =gt AFT Z$ YLB 8°] 8.89 Log CFU/
mLZ 7 =3 I g0 Z [F-5-35, IF 5-17¢8] =202
EUTH a0 S AR A3 IF 52971 16.3 AU/
Log CFUZ 7b¢ ®=9t% = T8 = ONI799} YLB 8,
IF 5-389] z}z} 15.9, 15.8, 15.7 AU/Log CFUSE =3t}
g0 v IF 52971 7 SR a4 A
%7 ON1794 YLB 83 HlaLste] ukglr] wZof =33}
e AEAS = AR g Ao ATGHII
Wehgat FE ] S viA R st SN S
L5 AT & ARENE A3kt EAlche YT
S o] &3ty & a4gdH ASEE YEWE YLB
go] WslEAFZd o] AEHS 7P A Aow ¥
TElo] 2 Ao HF #572E AA s

IOF
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Table 1. B-Glucosidase activity and viable cell number of selected strains on the puffed red ginseng extract diluted with d-H,O to

make 14°Bx
Strain  B-Glucosidase activity (AU/mL)  Viable cell number (Log CFU/mL) Specific B-glucosidase activity (AU/Log CFU)
IF 5-17 101.2+1.54°Y 8.28+0.22° 12.2
IF 5-20 96.8+0.66" 6.3420.14" 15.3
IF 5-29 112.2+1.54¢ 6.89+0.27° 16.3
IF 5-35 103.4+0.99° 8.87+0.18* 11.7
IF 5-38 119.9+1.76° 7.62+0.10¢ 15.7
ON 179 127.6+1.43" 8.02+£0.27° 15.9
YLB 8 140.8+2.314 8.89+0.18* 15.8

YMeans with different superscript are significantly different at p < 0.05.
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Table 2. Morphological and physiological characteristics of
strain YLB 8

Form Spherical, pair
Gram stain +
3% KOH test -
Motility -

Spore stain -
Catalase test -
Gelatinase test -
Gas production from glucose +
Growth
Facultative anaerobic +
pH 4.4 +
pH 9.6 +
10°C +
45°C +
6.5% NaCl +
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sl*7
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oX,
&
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[e)

2 Uit FEAFORE gRIE o] AP A ikt FH
2, AEet A4S AV AU =3 YLB 8 #F=
EETS o] 83t gasE A3t o] A G (hetero
lactic acid fermentation)S 3}= A2 BRIFIIL, Y
717d°1W pH 4.4} 9.6914 A&o] 7Fssilem 10°CSt
45°C, 6.5%°] NaCl &4 stollA A&o] 7Hsstirt. ¢4
2 45E FAREAER A (Fig. DS ol&ske] dast 43
27 1 um o8] Ao 2 A=Yt

S #0 Aedt 545 ®7] 918kl Biomriux®]
API 50CHL KitE o]&3to] ghael o84S A o™
I A3E Table 39 YERNSITE YLB 82 L-arabinose, D-
ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-
mannose, D-cellobiose, D-maltose, D-melibiose, D-saccharose,
D-trehalose, D-raffinose 5& BAY o2 o]&3le] A8 A
A 4 Ao, glycerol, erythritol, D-arabinose, L-
rhamnose, D-mannitol, D-sorbitol, xylitol, D-fucose 5 &
o] 83k 53t Table 3] A= API databaseS ©]-8-3}
o TS A A3t YLB 82 Leuconostoc mesenteroides
ssp. mesenteroides/dextranicum 2. 2. 57 =] 2 21 identity =
99.9%= AlAt= ATt
AR E YLB 8 w50 g wA-AEHE S0
= 918l 16S rRNA F32ke] A7 |MES 24T &
3T YLB 8 2] 16S rRNA A1) &

¢
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Fig. 1. Scanning electron microscopy of strain YLB 8 (x10,000).

Table 3. Carbon source utilization of strain YLB 8 by API
50CHL kit

Carbohydrate Reaction Carbohydrate  Reaction
Glycerol -D Salicin +
Erythritol - D-Cellobiose -
D-Arabinose - D-Maltose +

. D-Lactose
L-Arabinose * (bovine origin) )
D-Ribose +  D-Melibiose +
D-Xylose n D-Saccharose n

(sucrose)

L-Xylose - D-Trehalose +
D-Adonitol - Inulin -
Methyl-B-D-xylopyranoside - D-Melezitose -
D-Galactose +  D-Raffinose +
D-Glucose +  Amidon (starch) -
D-Fructose +  Glycogen -
D-Mannose +  Xylitol -
L-Sorbose - Gentiobiose -
L-Rhamnose - D-Turanose +
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -
D-Mannitol - D-Fucose -
D-Sorbitol - L-Fucose -
1r\n/I;[llrli};)l}o;Xrelt?losidf: - D-Arabitol )
Methyl-o-D-

glucopyranoside * L-Arabitol )

; Potassium
- . )
N-Acetyl glucosamine luconato
i Potassium 2-
Amygdalin " ketogluconate -
Arbutin _ Potassium 5- i
ketogluconate
Esculin ferric citrate +

U+ positive, -: negative

Hl B4 S BLASTE] 16S rRNA G312 G7]uj <A 9]
databaseS ©|-8-3}ed FAVSE A3} Leuconostoc mesenteroides

IMAU:10232(accession  no.  GU138560.1),  Leuconostoc
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Leuconostoc citreum NCFB2787
Leuconostoc citreum ATCC439370
Leuconostoc holzapfeli LMG239
Leuconostoc lactis DSME581

%3 L Leuconostoc lactis JCMG123
Leuconostoc palmae TMW2654

Leuconostoc kimchii [H25
Leuconostoc camosum NRIC1722

Leuconostoc gasicomitatum LMG1

100 |: Fructobacillus dunionis LMG225
2 Fructobacillus fructosus DSM20
k-] _,— Fructobacillus ficulneus FS1
@ Eructohacill Hdofieul
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Fig. 2. Dendrogram of 16S rRNA gene from strain YLB 8.
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Fig. 3. Time course of the cell growth and the (-glucosidase
activity of L. mesenteroides YLB 8 in MRS broth.
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Table 4. Effect of bioconversion temperature on the pH, reducing
sugar content and viable cell number

Strain Bioconversion Reducing Viable cell number
a temperature (°C) sugar (mM) (CFU/mL)
30 3.90 279.81 4.7x10°
YLB 8 35 3.87 261.27 8.0x107
40 427 282.34 ND
UND: not determined
&= C-K
&= Rh2
4= Rh1

. 4 | &= Rg3
W e == Rg1

- &= Re
— == Rb2
- == Rb1
0d 3d

Fig. 7. Thin layer chromatogram of ginsenosides in L.
mesenteroides YLB 8 culture at optimum bioconversion
condition.

o] RdZ H&E 3, Rd= F7H4 <2 glucose 7H712] #|A
of 93] Rg3Z HAFHATT BIsI Yl E3F Ree
rhamnose 4717} A 7€ ¢ Rgl 22 S| 3 2711
glucose Zt719] A A 23] Rh1SZE A A=H, R2=
thamnose Z+7]7} Al Aol 2l5] Rh1e.Z A3kAT 7 51 th
(Tawab et al., 2003; Ko et al., 2007; Ng et al., 2010;
Zhao et al., 2012; Park et al., 2013).

B A+Ad} B354k ginsenosideE L. mesenteroides
YLB 82 AEZXSES 79 Rbl9] 38 91X 20 ¥
Yol EA)5= glucose”t A A E L, T3F Rb29] 3 ¢
9} 20 H 9]0 =A== glucose} arabinose”} | 7 &
©] RAE 7393} Rg3Z A= o1, Reo] 6 H FIx]]
EA 3= rthanose’} A A= o] RgleZ 3% Re9
209 fH o EA3F= glucose”} A AT O] Rg2Z M 3T
o, o]F AXE7} glucose ZH712] F71H Q1 A A 5|
Rhl =& Rh2& H$hE vt A



340 A7
o oF
I =

B3} 5 4ol =A5HE major  ginsenosideS  minor

ginsenosideZ A EXA&3}7] $13+] B-glucosidase T4 ©]
=2 FAAFE BN ¥ 2 RE EES YLB 8
57} B-glucosidase A o] 7Hd &=} O™ Leuconostoc
mesenteroides = 573 = ATk, L. mesenteroides YLB 8=
MRS HjA]o| A v slHS 7A-$- el B-glucosidase &
A 248 Yepl7] 91 HA aF 272 glucose H7H
ZF 1%(wiv), 7] pH 8.0, 2= 30°C, ¥I¥AIZF 164]
7ol A}, L. mesenteroides YLB 82 ©]-83lo] #3534k
Zds AEASANS FF HFH 25w 300CUeH,
Bl ea 599 FEE 12°BxO|Uh BT FE9
ol &A)38= major ginsenoside?] Rbl3Z} Rb2E= minor
ginsenoside?] Rg3Z H &= O, Ree Rgll = Z$y]
Aom, o] Rh13} Rh22 3= ST,

Zol o

X

= H -
T a5 =

#Alel 2

ATLE 20109 % FA271G A Al st

B T27197]
S e Aoz LUt

References

Akao T, Kida H, Kanaoka M, Hattori M, Kobashi K. 1998. Intes-
tinal bacterial hydrolysis is required for the appearance of com-
pound K in rat plasma after oral administration of ginsenoside
Rbl from Panax ginseng. J. Pharm. Pharmacol. 50:1155-1160.

Bae EA, Park SY, Kim DH. 2000. Constitutive B-glucosidases
hydrolyzing ginsenoside Rbl and Rb2 from human intestinal
bacteria. Biol. Pharm. Bull. 23: 1481-1485.

Bae EA, Han MJ, Choo MK, Park SY, Kim DH. 2002. Metabo-
lism of 20(S)- and 20(R)-ginsenoside Rg3 by human intestinal
bacteria and its relation to in vitro biological activities. Biol.
Pharm. Bull. 25: 58-63.

Coulon S, Chemardin P, Gueguen Y, Arnaud A, Galzy P. 1998.
Purification and characterization of an intracellular B-glucosidase
from Lactobacillus casei ATCC 393. Appl. Biochem. Biotech-
nol. A. 1998; 105-114.

Endo A, Okada S. 2006. Oenococcus kitaharae sp. nov., a non-
acidophilic and non-malolactic-fermenting oenococcus isolated
from a composting distilled shochu residue. Int. J. Syst. Evol.
Microbiol. 56: 2345-2348.

Gueguen Y, Chemardin P, Labrot P, Arnaud A, Galzy P. 1997.
Purification and characterization of an intracellular B-glucosidase
from a new strain of Leuconostoc mesenteroides isolated from
cassava. J. Appl. Microbiol. 82: 469-476.

Hasegawa H, Lee KS, Nagaoka T, Tezuka Y, Uchiyama M,
Kadota S, Saiki I. 2000a. Pharmacokinetics of ginsenoside deg-
lycosylated by intestinal bacteria and its transformation to bio-

- bkedx]

logically active fatty acid esters. Biol. Pharm. Bull. 23: 298-304.
Hasegawa H, Suzuki R, Nagaoka T, Tezuka Y, Kadota, S, Saiki I.
2000b. Prevention of growth and metastasis of murine mela-
noma through enhanced natural-killer cytotoxicity by fatty acid
conjugate of protopanaxatriol. Biol. Pharm. Bull. 25: 861-866.

Kanaoka M, Akao T, Kobashi K. 1994. Metabolism of ginseng
saponins, ginsenosides, by human intestinal bacteria. J. Tradit.
Med. 11: 241-245.

Kim MW, Ko SR, Choi KJ, Kim SC. 1987. Distribution of sapo-
nin in various sections of Panax ginseng root and changes of its
contents according to root age. Korean J. Ginseng Sci. 11: 10-
16.

Ko SR, Suzuki Y, Suzuki K, Choi KJ, Cho BG. 2007. Marked
production of ginsenosides Rd, F2, Rg3, and compound K by
enzymatic method. Chem. Pharm. Bull. 55: 1522-1527.

Michlmayr H, Schuemann C, Barreira Braz da Silva N, Kulbe
KD, del Hierro AM. 2010. Isolation and basic characterization
of a B-glucosidase from a strain of Lactobacillus brevis isolated
from a malolactic starter culture. J. Appl. Microbiol. 108: 550-
559.

Nam KY. 2005. The comparative understanding between red gin-
seng and white ginsengs processed ginsengs (Panax ginseng
C.A. Meyer). J. Ginseng Res. 29: 1-18.

Ng IS, Li CW, Chan SP, Chir JL, Chen PT, Tong CG Yu SM, Ho
TH. 2010. High-level production of a thermoacidophilic -glu-
cosidase from Penicillium citrinum YS40-5 by solid-state fer-
mentation with rice bran. Bioresour. Technol. 101: 1310-1317.

Park HR, Ghafoor K, Lee D, Kim S, Kim SH, Park J. 2013. B-
Glycosidase-assisted bioconversion of ginsenosides in purified
crude saponin and extracts from red ginseng (Panax ginseng C.
A. Meyer). Food Sci. Biotechnol. 22: 1629-1638.

Romero-Segura C, Sanz C, Perez AG. 2009. Purification and char-
acterization of an olive fruit B-glucosidase involved in the bio-
synthesis of virgin olive oil phenolics. J. Agr. Food Chem. 57:
7983-7988.

Sestelo ABF, Poza M, Villa TG 2004. B-Glucosidase activity in a
Lactobacillus plantarum wine strain. World J. Microbiol. Bio-
technol. 20: 633-637.

Tawab MA, Bahr U, Karas M, Wurglics M, Schubert-Zsilavecz
M. 2003. Degradation of ginsenosides in humans after oral
administration. Drug Metab. Dispos. 31: 1065-1071.

Wakabayashi C, Hasegawa H, Murata J, Saiki 1. 1997a. In vivo
antimetastatic action of ginseng protopanaxadiol saponins is
based on their intestinal bacterial metabolites after oral adminis-
tration. Oncol. Res. 9: 411-417.

Wakabayashi C, Hasegawa H, Murata J, Saiki I. 1997b. The
expression of in vivo anti-metastatic effect of ginseng proto-
panaxatriol saponins is mediated by their intestinal bacterial
metabolites after oral administration. J. Trad. Med. 14: 180-185.

Zhao X, Gao J, Song C, Fang Q, Wang N, Zhao T, Liu D, Zhou
Y. 2012. Fungal sensitivity to and enzymatic deglycosylation of
ginsenosides. Phytochemistry 78: 65-71.

Zotta T, Ricciardi A, Parente E. 2007. Enzymatic activities of
lactic acid bacteria isolated from Cornetto di Matera sourdoughs,
Int. J. Food Microbiol. 115: 165-172.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


