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The Role of Gut Microbiota in Ginsenoside Metabolism and
Biotransformation of Ginsenoside by Lactic Acid Bacteria

Hoon Park’

Department of Food Science, Sun Moon University, Korea

Abstract

Ginseng, the root of the Panax ginseng, has been widely used as a traditional herbal
medicine in Korea, China, and Japan for thousands of years. Now ginseng has
become popular as functional health food and natural medicine and it is one of the
bestselling natural products in the world. Gut microbiota has been found to play an
important role in the metabolism and pharmacological action of orally administered
ginseng. Recent animal and clinical studies have shown that compound K (20-O
-beta-D-glucopyranosyl-20(S)-protopanaxadiol, CK) is the major ginsenoside meta-
bolite deriving from gut microbiota-induced biotransformation and is more efficiently
absorbed into the systemic circulation than its parent ginsenosides. Since ginsenoside
metabolism varies between individuals depending on the population of gut micro-
biota, much attention paid to the transformation of major ginsenosides into more
pharmacologically active ginsenosides using diverse methods including heating, acid
hydrolysis, microbial conversion, and enzymatic treatment. Recently, in food and drug
industry and academia, the development of fermented ginseng products using
probiotic bacteria is being intensively studied due to the potential health benefits of
ginsenoside metabolites and probiotics. This review summarizes recent studies on the
metabolism of ginsenoside by gut microbiota and biotransformation of ginsenoside

using lactic acid bacteria and their enzymes.
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TR Q71K Araliaceae), M Panax)ol| ok AEZ
St S HIRS FYOIA 2Bt HajE k80 = o]}
I 9k QR 18434 C. A. Mayero] 9J3f T2 2| g2gtth=
OJu|& Panax ginseng C. A. Meyergtdl YoM, F9 4
Hog QUIARY HE, ¢Z=Ro|s, He, 489, ofuAl &
71AL ©ekE, HE] 5 ookt Y¢Edat Y =0l
SRE0] Utk 4o Ve o 2= WIS, T 2R, RIS
28, 1235, g JiA, AAFAY 2, 7199 7jA 5ol 92
o, 71 9] o I Sk kg 3 &g, 28 2, sHAS
o, dget 2hE, PR 9 FAEHA 2R 5O AL
HEo] QIitiPark er al, 2018; Park et al, 2012; Yang et
al, 2015). 1ol 83 YYGEAE hrted, s =
4, ETopEdl, Id=ols, AMJThEA ol A lom
(Kim et al, 1987; Park, 1996; Santa et al,, 1974), 1 %ofA]
T QIR 0 2 EEl: ginsenoside(GS)= T2 AAHA
T= 551 e 7MY 583 e RCE QIFFH 9]
t}. Shibata 5(1963)°] W4le=25El TLCE ©l8slo 1359
GSE w23t o]%, B2 A0 e Qe ERE 5009F o]
39 G7F E8j=o] 1 sart He st

URHH O = GS= M4 /gl wet e, BAolE-& ¢ 2
T EA Yede, QI AF Al AR GS= A Hioll 24
Sk B4 AUrEe] 84280 o AEA} sigA| Ei= T
A= EsfElolopdt Az F2 < AKKim, 2018; Lee et
al, 2009). Wt AFEHC] 90% oldE ARk 1AL GS= AW
T580] v wWon, oA njagEol osf thatEElEte il
o] Ada} g 9 An e B0l et GS9| 483 of
g a3t g2A JepER, 18A GSE E47T SOl A&}
GSE AT 4= ol= 3o, E214, BESH whgo] 7=l
o}, SFAIRE AR H2of oJgf C-20 HAlol A3E & F-97t HlAEs
o7 B, epimerization, hydration, hydroxylation 52
F7HAQ1 vkt tlEo] o Edo] AE = 9, A
P 1122 RAI5E7] 913t o &|e} Hl-go] Ho| ARE= T
o] QItkHan er al, 1982; Quan er al, 2015). 24, 3}sk4
P Blwste] viE UE B vE A 84S o83t S
A%k vigAY] & 2918 AgAoR B & 9l vke 24
o] 23lsiH, g ZIstAQl 5ol Q7] whizel, GSSl ¥re2 =
o|1 oA F5= SHSIAIZ7] A3 HRICE A E= vYE
283 AEXe A7t 9= Sloh

2 HAeHoE o 717t B A, ¥Af, 2, AR,
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2 5 USR ERAEY Axo] olgxo] 7] wEd
Uk o Qdsttal Q14)E= HRYE(GRAS, generally reco-
gnized as safe)Z 7HEal Stk 22 sHA9} ARdA A=
B-glucosidase ZAJo| =11 GS9 AHEks0] Q=3 tafsl £59
AFEE ol8sta] 2R GSE A=gdo] Holuk A
F480] &2 compound K(CK)E A7 47t Lo
1= 1 Qlet. @A = AFGACNA FARE dEe] 98 CK
ool BEAE a4t AlEe] JiEEL wiEwEA 1754
La SR tieh AHRY] F4lo] 1xE itk wbA] &
=2 Bl AUrdE] 9t GS tiAe} fatE 283t
HEAR] Al AEgol| tiste] dotk 1A} Fi.

Ginsenoside?| {1XX EM

R AlEA9] Al d et HES5E7] fIsfiAl Qe Alrde dwkA
O ginsenoside(GS)EL E8]&=H], o] 9l4Hginseng)°IA]
25 g (glycoside)®t om|E £olXl o]Folth. GS=
(glycone)#} H]Haglycone) 02 /% HigA(glycoside) =,
oL T HE triterpenoid dammarane BZ% ZZ0] 3t 7|
= 1 o9 3 w4 AdEo] Atk GSe SRl =t
ginsenoside Rx2k1 B35, “R"2 Radix = E2(Root) S
omjatal, X+= TLC /gl Yeh= spotd oI5 AZIRIX]) w2t
ofZfiE AKOE a, b, co Yl AR o]Fo] FEEIH
(Shibata et al, 1966). GSi= H|GHol| 21 $47](-OH)2 &
o] W&} 34| protopanaxadiol(PPD)Al GSet protopanaxatriol
(PPDA GSZ EFEH, PPDAE 2709] $471(C-393% C-20
#), PPTAR= 37119 $4P1(C-39, C-6§, C-208)E 23 Q=
ol 2te17} eHPark er al, 1996). EZF PPDAl AU
C-3¥3} C-20819] 4710, PPTA AU C-6HT} C-209
9] 241719 glucose, arabinose, xylose, rhamnose 53} 2+
57t olAHE(ester) ZAFolo] HiGA FRE olF1L Qlrh
PPDA| %8 GS:= Rbl, Rb2, Re, Rd, Re3, F2, Rh2, CK So]
911, PPTA %8 GS= Re, Rf, Rgl, Rg2, Rh1, F1 o] gict
(Fig. 1).

GSe= el Ef=o] = ol Wt major GS2F minor GS2
TREZ|E skt EEt 7IEAYE AAA g2 QM=
Rb1, Rb2, Re, Re, Rf, Regl 59| major GS7} 90% ©1A} $ha-5]
o] UK Christensen, 2009). ¥FHof|, major GS] BiFAof|A F
o] f2H +2F ZK= minor GS(Rg2, Rg3, Rh1, Rh2, F1, F2,
CK= ol g0 & JkiE/o] Sl= GSE H[sHAeL, F29t
CK= QoA HEEA Ear AF o FlthAL 2 ollAl 4373

™
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PPD type ginsenoside PPT type ginsenoside
Ginsenoside Ri (C-3) R, (C-20) Ginsenoside Ry (C-6) R, (C-20)
Rb1 GIc(2—>1)GIc Glc(6—1)Glc Re Glc(2—1)Rha Glc
Rb2 Glc(2—1)Gle Glc(6—1)Arap Rf Glc(2—1)Glc H
Re Glc(2—1)Glc Glc(6—1)Araf Rg1 Gle Gle
Rd Glc(2—1)Glc Glc Rg2 Glc(2—1)Rha H
Rg3 Glc(2—1)Glc H Rh1 Gle H
F2 Glc Glc F1 H Gle
Rh2 Gle H Aglycon-PPT H H
Compound K H Gle
Aglycon-PPD H H

Fig. 1.

Chemical structures of protopanaxadiol(PPD)-type ginsenosides and protopanaxatriol(PPT)-type ginsenosides. Glc B3-D-glucopy-

ranosyl, Arap a@-L-arabinopyranosyl, Araf g-L-arabinofuranosyl, Xyl S-D-xylopyranosyl, and Rha @-L-rhamnopyranosyl.

HHKim, 2018; Santangelo et a/, 2019). Lee ${(2015)2 &
4H(fresh ginseng)oll= PPD AlE2] GS &gl Rb1(2.02 mg/g),
Re(0.66 mg/g), Rb2(0.63 mg/g), Rd(0.15 mg/g) <=O&, PPT
AEL Rgl(2.01 mg/g), Re(1.75 mg/g), Rf(0.54 mg/g),
Rg2(S) (0. 13 mg/g) 2= FHFE ] 3lo], Rbl, Rb2, Re, Re,
Rf, Rgl 5] major GS7} M4 A GS AdE2] tfF-E-S ZxJst
= 2g IS

oldol T F9E0] 9 major GSE= @o| TiAdk
/39 HigA 25 2L Qlens T AR AT Tk
YA o]-§-Eo] =5] W K, o] st Ak CKe -
T/ GS= AUl &0l &3l oFa HolM= major GS2 H]JJ-O}
o] 931K Santangelo et al, 2019; Yang et al, 2015). <
9] Aol ofstH Qk= AdFEE o] CK7F 74 AR E Fdof
A AZEH(Kim er al, 2013; Lee et al,, 2009; Tawab er al,
2003; Wan et al, 2017), Rb13} vlwste] 3ot 9 319 &4do]
e =2 Aoz BUHAHYao er al, 2018; Wang et al,
2012). CK9] #8 9&Zr8-0 2= gJolzke. §}izke. olx| 7|4
\;l A4 E_S)_X]—_Q_ AARGZA zjul o]—i_g}-?q—_g_ 7r 7] 71-9} A}
4 50l YZEUHBai et al, 2018; Kim and Kim, 2018; Oh

)

P

0 (e
BrowE

and Kim, 2016; Yang et al, 2015; Yao et al, 2018).

OlAF 713X{2|0fl 2|t ginsenoside gt

QUFE FA 441, Wl 8 BA0] A BRE BRE 2L 9

e ARANA ST F 71T A %2 AMfresh
gmseng)olfﬁl At o 7 7lgwof wet Wi (white ginseng)d:

3 4Hred ginseng) Q& TESHL QIr} WALS Fu2 AR WA
‘44 Z2AkS. Qlak AzslAY X Azslo] 7kEst olito]y, S}

2 ENS YR G S41E 90~98TN 1-3412 F4T ¥
Azst0] 7133 QRS Tk FARS AH TN 4ot

Witol] 2A51A] o= SAFER-d+2] Rg3, Rhl, Rh2, Rs4 5°]
AT, ngFo g ZA5k= minor GSY §&ro] £71E7] W&
o] FLF2&(Keum et al, 2000; Kim et al, 1999), BLs}
Z&(Yue et al, 2006), HAZAE HSZ-&(Bao er al, 2005),
FEAZ(ung er al, 1998), FASEKeum er al., 2000)
5 44 f5o] 4kt wiol| Hls Sttt Aol YFEU
ot Kim 5(2013)2 =W A=k 18% S48 & GS &
2 11.9~57.9 mg/gC & BHHOZ 28.6 mg/gs THAIL

Curr. Top. Lact. Acid Bact. Probiotics 2019;5(1):1-12 | 3



e
o)
%

(] )

§
K j
KsLae?

om 1 204 Rbl, Regl, Rg3& 22+ 4.7, 0.8, 2.0 mg/g°]
=] Aohal HAIsigit). Rg3w 4ol Wittoll= EA5kA]
B F4boeE BolsHA| EAsk= GS= g2 I F Rbl,
Rb2, Re, Rd9] B FJ7} &afiE]o] Rg3= Heh=H, Z4A1ES]
ApgEoZ ST tilee er al, 2015). AF2JREIHA
o] A71521E 712 € 40l WEH 4 A7 sARERY 7
AR ARG YY4HFFS Rbl, Rgl ¥ Rg39 o
24 2.4~80 mgl 2 HAAskal et $HH, RfE v|=Al, =4t
2 dE2dolMe AEEA Lerhl B glof QoA R
EA ofF= Uil Qe e RS SIS 4= e AHAE
o olHKKim et al, 2013).

A AR Al @Al QJsl GS Aol sfelE o s wMale|o] WAk
off EASHA b= Al=-E- GS Aol /=L, wiof m|go=nt
EA5k= YR minor GS9 Fgol F7RRIE. B4k S5l
A C-20 1219 glycosyl 2717} &= il 4x4t8}7]7} o) /gt
o] 34 £89 Rg3, Rhl, Rh2, Rs4 S°] A=, malonyl-
Rb1, -Rb2, -Re, -RAZHE] malonyl %717} E3=|o] PPDA]
GSQl Rb1, Rb2, Re, RAY &=Fo] 37FItHKim er al, 2013;
Kitagawa et al, 1989; Kong et al, 2009). T4k 442 S
)| H|gto], SARS A4S KT ARSk= Y-S 33 oA HEE
3 A0E HSZA = SrME Wi glom, BHEAQ] F4
T A% Aol 23f GSo w2 HIEst] ETjsle E40] &
Atoll vja] oS WskEAtHan er al, 2005; Nam et al., 2012).
Jo 5(2011)2 GS wiZAI7F Foll <Jal| Eafj=lo] AYdH prosa-
pogenin(Rg2, Rg3, Rg5, Rgb, Rhl, Rh4, Rkl, Rk3, F1, F4)
AR vlugt A, FEFEHEE AXRE 93] wHE)of| o) A
Z5 Z4to] ZA4fol| Hlsh oF 2.6819] & prosapogenin e
Stal Ikl Earsigict

4ol Axd 5 @Al sl FEj=o] A== malonic
acid®} acetic acid 59 714kl 28l GS2J Esl7t 2=,
citric acid & 714+ 71l 9JsiiA GS Hgheo] == A
2 YRttt Kong 5(2009)2 4+ 1 MY citric acid E+=
ascorbic acidoll FAeF & ZHeFsto] A3t F4lolA Rbl, Re,
Re, Rf, Rgl & major GS9] ggo] HAE T, Rg3, Rh2, RdZ2
9] Aglo] 27190, citric acid’} ascorbic acid B}t ¢ =
< GS Ages vedrt Bkt Liu 5(2016)2 M=
120Co4 %5k B9t demalonylation, decarboxylation,
deacetylation §F-50] dojut AFJ2] malonyl-GSZ5E malonic
acid®} acetic acid7} =2, ol 714l 93] Rbl &
major GS9] Ea7F SRk B15}31et. Jang 5{(2018)2 5
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%34 & citric acid, malic acid, succinic acid § 714+ &
71l gJsf Rb19] Rg3, Rkl1, Rg5=9] Aol F7=|9loH, Bl
Z Aol =2 citric acid(pX;=3.14)7} malic acid(pX;=3.40)
9} succinic acid(pX;=4.20)°] H]3} &2 A3 YefYo] &
714kl Ofgt At 7iEs aatE ERlsHict

Ginsenoside2| CHARO|A] ZEL{O[MZ 2]

ARl Asp7|EHERt o}, Wi, 4, 387, A7 5
FEE A 2 ~ AR TSRt FA8RE=EC] A4lstal
At AA B 90% olde] WS ETE Ash|H
35t P Wolli= 50714 o139l Ephylum), 2F 1,000
Z o]A}o] t}ofst Aol ZA51aL UtKEckburg et al, 2005).
1 Fo\N% Firmicutes, Bacteroidetes, Actinobacteria, Proteo-
bacteria, Verrucomicrobia® 57 &0] $%& o]F1 3loH,
E3] Bacteroidetes®} Firmicutes®] 27) o] A uyE9]
80% °oVE Aol AR LK HEBckburg er al, 2005;
Lozupone et al, 2012). 7i1e] FUu|BE ExE= AR,
A A A, AH, dEEE 5 34
K250 ofsf P w7] wiizol ZHQIztel AundEe] 24
ztol7F Ikl EE A tHArumugam et al, 2011; Lozupone er
al, 2012). £5] 2533 YA B8 FUinE B2 ¥l
7lofsl= ARl @gacloz defA glod, HUYnE
0] Hh= el g, AETA Ho g A, AA
2%k oF 5 oheket AW 59 ¥ela TR0 Sl= AL A1
QtHCho and Blaser, 2012; Lynch and Pedersen, 2016).

AepEo] iksls aas0] oFF, Ak A= tgel
Tofstug, AupiE Bx9| Aol s oF2ld aFolA
Q7 YeRd 4= QIckPan er al, 2019; Xu et al, 2017).
oREI HRPIAIR A GSe AUin|AgEe] Qs CKet 22
243 GSE Hg=|ojof oAl N0 R GoloA| F4=E|o]
oFjzRE-Z RS S Stk SHARE QMRS HFHske AREY
Alda Algaol w2t gol v A%E 244 GSE 444 GS=
Akt & e AHrEY 24 f57e £i7t v=27] dizel
oFjRRE-Z ZH= REARS AAllEE 9 AToA AIAE
UelA HokKim et al, 2013; Lee et al, 2009; Wang et
al, 2011). Wtol o 35 major GS HIFA|Q] Rb1, Rb2,
Re, Re, Rgl 52 Wt A3 & el EAsk= 78 Al
AAZE(FE  deglycosylation, oxygenation, hydrolysis)©]



Ginsenoside CHAIOIN HLHDIY=Q gt Ritds 283 d=e

osf| wigAlel ZAgE Jol K=ol CK, protopanaxatriol
S e A AEAF GSZ2 AHglE|ojof AR -BolsHA
559 4 QtiHasegawa et al, 1996; Lee et al, 2009;
Wang et al, 2011; Kim, 2018). At S04 Bacte-
roides®} Lactobacillus $-& deglycosylation Z-&0f] #os}al,
Bacteroides, Bifidobacterium, Clostridium, Fubacterium,
Fusobacterium, Lactobacillus, Peptostreptococcus, Prevotella
22 oxygenationd} hydrolysis 2F&0f Zofsttial A HEI
Kaoutari et a, 2013; Santangelo et a/, 2019). PPDA| Rb1,
Rb2, Rex= Bacteroides, Bifidobacterium, Eubacterium,
Fusobacterium, Provotella oris 52 Aol FAksl=
B-glucosidase, f-xylosidase, @-arabinofuranosidase, a-arabi-
nopyranosidase®] k8o oJg o] EofElo] CKZE g
E3(Bae et al, 2000; Bae et al, 2002a; Bae et al., 2002b;
Hasegawa et al, 2000; Kim, 2009), PPTAl= Bacteroides,
Bubacterium, Fusobacterium 5°] AAFl=  @-rhamno-
sidase®} B-glucosidase®] 25l Rh1 £+ protopanaxatriol =
A=Y U EJHBae er al, 2000; Bae et al, 2005).

PPDAl GS= FlolA &ali=fA] gt iAol oJsf CK=
tiaks]o] U2 g5=Hct. PPDA 8 GSYI Rb1 AhAlol
93] #& Rbl — Rd — F2 — CK <22 A=A, gype-
noside AZ([Rb1 — G-XVII - G-LXXV — CK)°f| o3} thAt=]
7|% SlcKShen er al, 2013). Rgl, Rg2, Re 5 tjH29] PPTH|
major GS= Aol <8 Rh13} protopanaxatriol=
ALEIA]E, Rgld} Re= fHitel o5l Eafilo] Rh1x}t Rg2&
WEET, 1 % Rh1S 99 29l SEol Wl
A&EgY BUEAHKim er al, 2018). 29 5E2AY ¢
WAl oot Qi AR olF CKVF FH ARC=
oA AEE= A2 YeFh Akao 5(1998)2 Rbl&
AFEog Ho] oA 1EEo] CK7F AEE YA Rb12
Ao gul AEE90om Hasegawa S(2000)2 Rb19] AU
B4 4.35%0] £33, Rbl, Rb2, Re, Rd, Re, Rgl &
Pgoll A9 F5EAl Ptk BAsigith Tawab &
(20032 SHhFE=S AT AR @4 aWoA F4
FELE CK7F HEH= AS gRIsten, Lee 5{(2009)2
Wt AF o)F 4A)7E Hofl CK7F oz FREY| AlFslo]
9-14A17t0l| HIARE F5EE 2 gRIsHth Kim(2013)2
BHFEE 9 g/dayS HFRE o]F A A9 @ FsEe

W 27k 8.35+3.19 ng/mL, 3.94+1.97 ng/mLE, CK
5% Rb1o] =8 oF 218 &9tk Bastgict

Kim 52013} QWi$9] 8 821 Rb1& CK& ARt 4= =

o,
,f \
[
\

%)
\oi KSLAB?

A
V)

5o Sl AFEe] EHollA AT iAlRS AR 23
dAksEo] gle AR H|wste] &2 p-glucosidase B4
UENH O™,  Bacteroides?t Bifidobacterium 3 H]E&©0
EUTHL B35t} Kim 5201552 ZejHlo|9E Ao]d3-E
A A AR FolM BHAIREY glycosidase /0]
S7FE, CKOl E4&0] Aoldf AdF=ol wet |2% oA
7tk A& ERIst. $HH, Wan 5(2017)2 A g4 oAl
Be A3 AAF I8 ool AAF IFCoE ERSI,
U]V Panax quinquefolius L) T-EE 79 B9t 2g/dayS
77 Fofstal, oA GS tAHAIE BASHITE oAl B BE
oA 5o CKeF 49 Rblo]l HEHIAE, A3
AAF 2559] CKoF Rb1 &%= 47t 65.7 ng/mL, 5.1 ng/mLE
ofxJo}q AA} 12| CK(47.4 ng/mL)2}F Rb1(11.3 ng/mL)z}
Hst] CKe 37.7% =942 Rbl2 2.28f @2 Zo=
Vet ol Wt AR diAlA 8 FEZ Sie
Bacteroides’} 5=/ A 3ol B2 A9 AAF 159
t] o] Eisly] il Ao F7gstal qrt.

Fdoll= CK7F k= o a4 Aol 9 CKY
g A WECGITeE A2 Btk Cho &
(20162 AlEAe dioz CK/l v58 LasiREE
(Rgl 4.12 mg/g, CK 3.65 mg/g) Fx= T4FEE(Rb1 6.88
mg/g, Rgl 1.33 mg/g)e oFF 3g¥ Z-Fofotal Aol
CKY| ®=E& |t 2%, Yagis 45kt 159 Addd
= PBFA7} 254.45 ng/mLE BAAF 18(3.18 ng/mL)
Hlwsto] oF gov =3toH, A2 F5Es AltE 3.6
Wsioky ®arsiolch

tlo

—_

Sitd g ¥ §4E &ESt ginseno-
=

side?| MEX™zt

GS9] &4 &0l o4 a5 ItistA7]7] SRt Hijte s
BAAY B vAE UEE o83 AEHT Vel EEEHIL
At QAR 22 HAES] viF A= BgE-2ol glucose,
arabinose, galactose, rhamnose, xylose 59 3°| g-glu-
coside Aoz EAotnz o A3g Bafg &= Q= p-glu-
cosidase, f-glycosidase, f-galactosidase, arabanase, lactase,
pectinase, hemicellulase, cellulase 9] 44 1 84E
Aitshs mES ol&sto] HigA Sikes 24 FES HiEAl

= FHGAIR HAIA A fRgES S7HIE 5 Se
A7 B QIT SRR BEAS SS 2t B B
ESwt, #780], AUAlE 52 A&l 48 7Fse GRAS #57F
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ofyH, glycosidase B3 2= Aspergillus £ 59019k
Bifidobacterium 5 87143 ZWAld-S w2 &2 9 8igxo]
7HE7] dizol AFdAQl Aol 44| gk ©ilo] Sitt. wEbA
AL} A= AlEol A8 7153 GRAS PSS Faktat

1 78 BAE ol8ste] 1EA GSE ARA GSE AZA7]7]
9fet A7h o] AP=T et fhkfo] Bibeks B4 F
B-glucosidase= GS BiEAQ] & ‘l—l"]% KA 02 7lBRafol=
aaE, AN R B-glucosidase® BAAE SFAY, B-glucosi-
dase B0l &2 fihte o183l &AL GSE AEA GS=
HA)7 )= o] AFE|}{tHTable 1, Fig. 2).

A
—

J0
i
o 0

2f 20| 25t ginsenoside?| METgt
A 78 34AE ol8%E GSY AT tiFEE B-glu-
cosidase 40| &2 Lactobacillus %3} Leuconostoc <
#4379 HigACERE FAE AAcL Aol FAEZ FA

-

Table 1. Biotransformation of ginsenoside by lactic acid bacteria

e

J
Fob

(cell-free enzyme)Z o]-&3F3th Quan 5(2008)2 72| A
B-glucosidase &40| &2 Lac. brevis LH8S Ealolal, o5
vk o 2R E] Holx] 2AA(crude enzyme) Aol 2J5 Rd2
Zglo] Rd - F2 — CK &0 APERon, ak A 72 ARE
o|Fo&= Rd7F tFE CKZE A=ty EsiYitt. Quan
52011, 2013)7} Kim 52012} B-glucosidase Ao &
Leu. citreum, Lac. paralimentarius, Lac. pentosus 329
FAE 40 95 Rbl — gypenoside XVII, Rd — F2 — CK
+0=2 GVt AgEE AL dRIskylth g, Kim 5(2014)2
Lac. plantarum G19] wW¥HozHE B HAH p-glu-
cosidase”t Rb19] C-201o] A3t glucose 1EANMES
AEH 0 Z 7I4Eaflolo] Rb1& RAZE 100% ALAFHOY, F2,
Rg3, Rh2, CK9 A4S =R ol Hisigich
Lactobacillus 3} Leuconostoc <5 SAkt 98 A4 F 0|83t
AEAS de diFE AR g2 REAAS ARES

Optimum  conditions References

Strains Transformation pathways
Lactobacillus brevis LH8 Rd - F2 — CK

) Rb1 — Rd, gypenoside XVII
L { t LH1
euconostoc citreum ~ E2 — CK
Lactobacillus plantarum G1 Rb1 — Rd

Rb1 — Rd, gypenoside XVII
— F2 — CK

Rb1 — Rd, gypenoside XVII
— F2 — CK

Rb1 — Rd — F2 — CK

Lactobacillus paralimentarius LH4

Lactobacillus pentosus 6105

Lactobacillus brevis TDK-D57

Lactobacillus helveticus &

Pediococcus pentosaceus Re — Rg! — Rh1
Leuconostoc mesenteroides YLB8

Lactobacillus plantarum KCCM
11613P

Rb2, Rb3 — Rd

Leuconostoc mesenteroides WiKim19,

) . Rb1 — Rg3, Rg5
Pediococcus pentosaceus WiKim20

Rb1 — Rd, ide XVII
Lactobacillus brevis FR-B gypenoside

— F2 — CK
Lactobacillus rhamnosus GG Rb1 — Rd
Leuconostoc paramesenteroides

Rb1 — CK

KFRI 690

Rb1 — Rd — Rg3 — Rh2;

Rb1, Rb2 — Rg3; Re — Rg1

Cell-free enzyme: pH 6.0, 30C, 72h  Quan et al. (2008)

Cell-free enzyme: pH 6.0, 30C, 72h  Quan et al. (2011)

Cell-free enzyme: pH 6.0, 40C, 120m Kim et al. (2014)

Cell-free enzyme: pH 6.0, 30C, 72h  Quan et al. (2013)

Cell-free enzyme: pH 6.0, 37T, 72h  Kim et al. (2012)

Fermentation: 30T, 9~20d Yi et al. (2012)

Palaniyandi et al.
(2018)

Shim et al. (2014)

Fermentation: 37C, 7d
Fermentation: 30C, 3d

Fermentation: 37T, 24h Jung et al. (2019)

Fermentation: 30T, 7d Park et al. (2017)

Fermentation: 30T, 5d Yoo et al. (2018)

Whole-cell biocatalysis: 2% cellobiose,
. Ku et al. (2016)
pH 6.0, 40T, 4d

Whole-cell biocatalysis Park et al. (2012)
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delbrueckii #52] whole cell &3t AE#3lo] 2J3] Rb1o]
CK=Z Zgt=l= A gRlstylon, ®AYo R 2% sucrose’t &
= BiR|of|l A wiFSIRS W Leu mesenteroides w2] GS A
o] 98% P HASIFH. Yi 520128 Lac. brevis
THK-D57 #& Rbl, Rc, Rd7} S84 MRS HiA]of| wiFsl=
¢ Rblo] Rd — F2 — CK o0& Z3=E= AL ERlstie
9, Yoo $(2018) Lac. brevis FB-R @55 0]-&3t 914}

=~ o
rui‘{i

GleGle0” \j

w:; H
%@u@zj ’

R
e l\‘ Glc
’,/' & Glc
Gle-0, ¢

P T
‘3]”\T2;\/§T

fne

Compound K

of oJsf areke] CK7F A=k Barstyitt Jung 5(2019)
2 Lac. plantarum KCCM 11613P &2 ZAFEES 2447
9Hg 5192 W ginsenoside Rd7}F Rb29} Rb3Z Z3tE|glom dr
o] ofsl Z4te] Akt EAdo] 7= AE Ellskyith

Park 5(2017) XA &2E fAFE Fe=E B-gluco-
sidase B4} GS9] A3H&(Rb1 — Rg3, Rg5)& &7t 2}, B
-glucosidase €430l 7V =2 Leu. mesenteroides 457} 7}
& et GS AgEE YEAIEE A Aol P w2
Pediococcus pentosaceus 5+ f-glucosidase B/d0] 29
E ol Blw A 945 GS M-S HERHO] f-glucosidase
g8 ofe}, f714te] ozt At Z1Eafio] Qe GS9] A
o] 2AHE T Bstny X 39] catabolite repression®|
oJsf B-glucosidase] o] AA|=|EE, ZLFo] Ak HiA|
of dd #EAYer ZYjug Ee oGRE Ukl B
-glucosidase?] &4 =Y 4 Uke= AT 23t BuE
Ku 5(2016)2 &tAY 0 & glucose Al 2% cellobiose”t $H-
H modified MRS BiR|9A Lac. rhamnosus GG @52 8
-glucosidase &4o] 2581 7=, A ZAA =
whole cell& 0-&5}o] Rblo] thFE Rd&E #A%ke)= 22 &RIst
Aot E3F Ku 5(2015)2 2% ascorbic acid’t B3 MRS Hj
Ao\A Bifidobacterium longum RD479] a-l-arabinofura-

nosidase®} e-l-arabinopyranosidase 40| 711, Y
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