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Abstract

In this study, lactic acid bacteria showing high specific B-glucosidase activity were
isolated from kimchi to convert the high molecular weight ginsenosides into low
molecular weight ginsenosides in ginseng berry. Among the 120 strains of lactic acid
bacteria isolated from kimchi, 42 strains of lactic acid bacteria showing B-glucosidase
activity were isolated using the esculin agar method. And as a result of measuring the
B-glucosidase activity of the intracellular enzyme fraction, the lactic acid bacterium
OG-05 showing high B-glucosidase activity(198.60+£20.87 AU/mL) and specific B
-glucosidase activity(21.52+2.37 AU/Log CFU) was selected. The selected lactic acid
bacterium OG-05 was identified as Lactiplantibacillus — plantarum by bacterial
identification based on 16S rRNA sequencing analysis and was named
Lactiplantibacillus  plantarum OG-05. When ginseng berry extract was fermented
using Lactiplantibacillus plantarum OG-05, the ginsenosides Re, Rg; and Rb; which
are abundant in ginseng berry extract were not detected. The contents of Rc, Rf and
Fi decreased, while the contents of Rg; and Rd increased. In addition, F,, Rgs, CK,
and Rh,, which did not exist before fermentation, were produced at significant levels.
These results indicate that the fermentation of ginseng berry extract using
Lactiplantibacillus  plantarum OG-05 could influence the ginsenoside composition.
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M E

TN Panax ginseng C. A. Meyer)S FE5URlo] &31=
HARZEA, T BIERE SoMroloflA d=25E de| AREE
= %% 5 oielr HA7l5 S4, F=E 7R, 89 A4, 7199
1 QA58 7hA, ) 9 2 71 A &t SOl e A
o2 4#HA QItHChoi, 2008; Deng and Zhang, 1991; Ma et
al., 2014; Quan et al., 2012; Yun, 2001; Zhao et al., 2009).
ZIA| e Abo| E(ginsenoside)= 1EQ14te] QFejeha] fito] 7]of
ok tHEAQI SRIER T AlE] EAfcke AU TE e =
E3t 72 9 7|54 Hol= 210 UTA 911 AHE0|E A
Hof| &ol= AHEO|E HIFA] (steroid glycosides) 2 ESjHZ
# AbEY(triterpene saponin)}e Wok= AR QoA &Rl
oF 5071 o] RAeAle|E FollA 67HA] F8 ZA|ieAle|=
(Rby, Rbz, Re, Rd, Re, Rg)7h Qo] & ZAAtolE GHge]
OF 90%= AHAISIAL Ql= Aog AEA Ut} AA|A|EE QI
4ol BEji oplet £7], o, Fifoll® hRElo] 9l &3] it
o= TRt Abd, EdjHlE E St 0|t MA 59 o
71573 /3ol Bol ehrElof L HarE Y QitiAttele et al.,
1999; Choi, 2008; Kim et al. 2009: Kim et al. 2012: Li et
al.,, 2000; Lu et al., 2009).

M= 7Y 57 EARE A6l flote] ok 1t
FoM I A E 5 Qs AR, HE QA9 Ao
P A7) Qo] L H7|E o] ARGEA] Ak QlitEro
A Aol E TS QLRE|e 2 Yehe, §5] ZAwAL
O|E Re, Rd ¥go] BejHt} o S5 ehfElo] Q= Aol &
=Y o= MrEm ulet, e, njdl BEEo] B
=lon P o] lojA= Y B 943k a3tE
Yebfolotal 23153 9riKim et al., 2008, Ko et al., 2009).
Qe 9 Qlitdmlof fkEo] Sl FAA|EEE HH &
Aol E5==1= ZPgollA ARe] Zoll A4S skl Q= Al
ol &fste] & FEo| At E5E7| 4l FRE EolEe
AOE dHA Slou ZALAP|ES Eofiols AW rlETE
< A 2w Eai7t HA| 3= BE AW F5&o] st
A S0t Z 0= A Ut} wEhA T FEATeY 25
A 52 Bot] AUETES =011 71548 A8 ¢ A
9] 7FE St AEo] sy Rlom Ed] fARES ol8gt
RAEATES [Akto] AAkek= B-glucosidaseE HIERE THfst
8AE9 Ago= AxzAe] AgE o 9 7|4 =0l 7t
FEfE] fE=7] dzel Auleare E AAol8Eo] Eord
4= L RHl) e 7158 % STleke o= dA ot

wa ]

o

t 5

(Ako, et al., 1998, Ha et al., 2016, Kim, 2012, Kim, 2018,
Kim et al., 2013).

olZjet i slofA A B2 TS FXAZ| A HEd
FAEQ A =EE Qitgue] FAMAR|EE Hoid 4= A=
B-glucosidase /o] 9431 A4 ANFS B, Eefolal o]
£ o]&sto] QEME HRAIFCEXN Qlitdro] thEF &5t
= AAiAlo| EE BEATI GRS AASH &5 4 85
o] L3t AEAL AN At EE Hekstara} shyith

= 3 OH

AMSH Ao B2l U HiY

12059 2184 fihtol AERAEQl HAZHE E=
2" AEA AASARES Lactobacilli MRS (Difco Co.,
Detroit, MI, USA)HAHIZE AREsto] 30ToflA] 24417t 539 4
2ufFstgiet. SARE WiFAL glycerol 0185197 cell stockS
=0l -80C F< $asalolA] Hislgiom 24 tisto] 8/g3tst
Fof 2 Aol AMESHSIH

Esculin agarlS 0I8%t Y=Xgt ASHRLH| 22
B-Glucosidase 842 Uetli= 4184 A4S 25h7] st
o esculin agarf& °o]-85t4tHCoulon et al, 1998; Shim et
al., 2014; Gueguen et al., 1997). MRS HjX|2 ¥ 2249
AEA] FAFES MRS HiA)7F 37FE esculin iron agar B
(Sigma-Aldrich Co., St. Louis, MO, USA)l| HjJ5le] 75 A
0] w2 HijR|9] A WSS ZARIGITE B-CGlucosidase2] /9
95} esculin®Z5E B-glucose”} £o=o] AAH esculetine
WA O 2 EA51L Q1= ferric ammonium citrate@} B35}
of oS wA| Hr}, webA colony $99 HiRAo] A2 A
G #FEL2 B-glucosidase TS Yehl= Z o7 dtls)
Ao B-glucosidase B4 UEIH= 4552 esculin agar
plated] T Higsl] fANRE egEEskal ERE OB
-glucosidase AJAt JEE A&RI5H LY,

I

HIMES 0|2t MEMet ASdRLo| E2
Esculin agarfi= ol-&sto] AL w30 thsto] FZ2 2l 1
9= B-glucosidase 3 Z7517] 5t p-nitrophenyl-4
-D-glucopyranoside(pNPG, Sigma-Aldrich Co., St. Louis,
MO, USAE 71H=R AMgsh= vl os S4S S0yt
(Coulon et al, 1998; Shim et al., 2014; Zhang et al., 2001).
Esculin agarfi< ol-§slo] AHH #4352 10% Mg =

T
[o
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E(w/v)& TRotaL A= MRS HiA|o] HE5E 5 30T 2] vl
Al 24 A7F uioFstoiTt. viFHS 12,000 x goA 1087 AR
25t thS HAE HEE 50 mM sodium phosphate &8N
(pH 7.0)22 A&t 2 0.5 mL2] 50 mM sodium phosphate
AFEMpH 7.00=2 FEett. 18x 587t 259 A
(sonication)ato] AEE mAl7|T, AL mhfHS AR
(12,000 x g, 10 min, 4C)5lo] G4HS Haoltt. 8484
242 g4 100 uL 1 mM pNPG £%(in 50 mM sodium
phosphate, pH 7.0) 100 uLE 23tsto] 37ColA 2087t §H
A713L 2 mL9] 0.4 M NaxCOs &5 H71sto] Hkg-& A
T, LA 405 mE ol8st] AR FFEE S
B-Glucosidase 1 unit §FSAIZE 29 1 mM2] p-nitophenol
< A/dolke 349 Yo = o5t

MUQLERO| 16S rRNA 24

16S rRNA F7IA R4S S0t 25 Add 459 58= 4
Alot9iet. 16S rRNA F7IALEAS @uta Ao o=sto]
Applied BiosystemsAt®] ABI PRISM Big Dye Terminator
Cycle Sequencing KitsE ©]-85t A&t o™ 16S rRNA ¢
71AE9] SAMY B42 @AY BzBioCloud (https://www.ez
biocloud.net)& °o-&stdal AEeHH B4 Clustal W ¥
MEGA 11.0 Z2IHZ o]&slo] 4859 Tamura et al.,
2021).

QAN FEZ9| M=

QA 100g¥} offehe: 2,000mL (1:20 w/w)E T8Il A2
oA 3AIZE B9 WHleHHA &SIt AtEW FEE
Kimble-filtering flaskE ©]-8-5t%] Whatman grade 2 o34
£ ojislglal o] F 3H AFE57|E AMESt] AdsSsto] <

A #2552 AT

AEY |MAS 085t QIMEN UEFESO| HIX

AZESAT 10% AEH FEE(w/v)y 9t A= MRS
HiZE AXgE & autoclaveol A QY EHSIAT. FH fANFS
Lactobacilli MRS HAIXE ARESt] 30T incubatorollA] 24
AIE AAEFst 10% MW FE2E(w/vE TRoll A=
MRS HiZ]O]] 2% E|A] FE3E 3 30T shaking incubatorollA] 48
AL RRefekstoint. AEA fAE Qi HaEE 95T oA
3087 @A) & PAEE(12,000 X g, 4C, 10min)sto] A4S

A Fohn o] AeksFelo] QA YEFEEE ARSI
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ZAEH 22

F FEFEE AR 0565 5575 20 mLof =9 & 2
A T =

Zj7]0] 811 diethyl ether 20 mLE 713t th2- Al2E
o] Z1F Ao|LF ol & 53 ether o2 Hojd wj7hx] vt
AXNF 22E ether 2 AAsL & Jo| oA 23t
butanol 20 mLE 7t THA] & Aol & & Eej7t dold
wi7kA] ARAZL) BelE 28} butanol & W g HISHT
& 39 & ZES X5} butanol& ©]8sto] FEIE= IS
3 vkESlLy E8]H 423} butanold] S5 40 mLE 715}
of & Aloj ¥ 3 £e7t dofd w7k A = & T2 Al
A} butanol & 3|55ttt 345t butanol &2 34 7Y

=715 ol8sto] AYsF3to] 2ARUS BEsigl

M

TIMicAbOIE B £

QU &5 A4 IR TE AA|E T BISHE
YolH7] Qste], EjH RAEHS methanolo] -&sfsto]
Millipore filter(0.45 nm)& J3}3t & HPLCE o]-831o] AN
AolE BERE EASIGTE FAMA|E B 240 AREE
HPLC 8] ¥ 24 272 Table 13 Zth.

A =M

Ao Aojxl Axte] dlojg A A ZETIHI SPSS
(Statistics Package for the Social Science, Ver. 27.0)
packageE ©l-8ste] Hdt BFHAE Folal, YR EARE
A)(One-way/ANOVA)T} p<0.05 $%°)4 Duncan®] ths HY
A (Duncan's multiple range test)}2 AAJ5lo] A7 719] B4
A Qo148 AZ3%}

o= "o

Zat @ o

=
Esculin agartlS OIZ%t Y=t Mg 2o
ol EAfshe AAARI=E A o= Sls AE

A-E E2J517] Yote] tiEA Q1 AAEATEa AR f-glucosidases
Akels dFE A4 223t 120%9] fAFo 2R EAo}
At AEH Esculin agar HijAlo] AX 258 29 fiE 45
9] single colonyE streakingd}®] colony F<] wix]o] H2AS
Gl A5 1AF AYSISI Bsculin #529] B-glucosidase
9] &/go]l sl Esfi7} o]FojA | ofuff B/JH esculetin HIXA
9l ferric ammonium citrate®} ¥E3510] HiR] 9o black
complex2 FAJ51A HckFig. 1). W= colony F9f| black

zoned FAoK= #5FE B-glucosidase FS 7= 452 &
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Table 1. HPLC conditions for the analysis of ginsenosides

SCL-40 controller unit that includes SPD-M40 UV, LC-40D xs, SIL-40C xs, and CTO-40C (Shimadzu

Instrument Scientific Company, Tokyo, Japan)
Column Agilent Eclipse Plus C18 (100 x 2.1 mm, 1.8 um)
Detector UV detector (204nm)
Flow rate 0.5 mi/min
Injection volume 10 L

Gradient elution

Water (A), acetonitrile (B)
0-7 min, 81% A, 19% B
7-11 min, 80% A, 20% B
11-14 min, 74% A, 26% B
14-25 min, 67% A, 33% B
25-35 min, 50% A, 50% B
35-40 min, 40% A, 60% B
40-42 min, 81% A, 19% B
42-45 min, 81% A, 19% B

Fig. 1. B-Glucosidase activity test of lactic acid bacteria in esculin
agar (A) the strain not showing S-glucosidase activity (B) the
strain (OG-05) showing A-glucosidase activity.

dsl9.0H 12059] A 5 4239] GAkFoA B-glucosidase
S el A :1_'3} ATHZAZ} H|AA]).

HIAHH‘IQ 0|23I‘ M‘I%I‘]El- Algk-i_?rkln;lg_l _E_EI
Bsculin agar BiZ]9IA] black zoned B4t 42455 £}
AEA SAREY B-glucosidase BAS AR A B
-glucosidase @/°] &7 UEd A& Akt 91_% 12} A
&3] “W@ﬂ AIAA]). B-Glucosidase E/d0] ¢t 75 5 9
T2 10% Qe FEE(w/v)E Aot 21— MRS =]
@%‘1’} T 30COlA 24A17F vkt & 7} Wadtso] A4S, B
-glucosidase &4 9 HIZALS 45192 1 B-glucosidase &
32 0G-057} 198.60+20.87 AU/mL=Z 7P ko 1 o
°F 0G-07¥ 0G-19] =202 =9t} 49| 4$ 0G-07°]
9.46+0.05 Log CFU/mLZE 7F &9 11 th2-0& OG-06,

0G-059] <=0 #9it}. aho] vgg2 dEst A3t 0G-057F
21.5242.37 AU/Log CFUZ 7F§ %1 1 222 0G-01%
0G-7, OG-06°] 27} 20.37+1.28, 19.92+1.81, 19.86+1.17
AU/Log CFUSZ i—ﬁﬁh‘/} B-Glucosidase &4 9 8
HE mRolA 0G-057F 718 A Vb

-glucosidase &4~

THTable 2).

-l-

QI MEHE Y AT 53
16S rRNA B7|A L2 71xkste] g
S5} A2 9AF 0G-059] BA19 6} S0l ot e 5
AL A5t AAARE 0G-05 #5379 genomic DNAES
%3131, PCRE 16S rRNAS ox}oi A7IMLE BHsI%e
o, o] A¥E HOZ EzBioCloud programe ©J-&5}o]
Lactiplantibacillus #5F5E39] FAMIS AESH 27} 100%2]
NEE2 actiplantibacillus plantarum®: fAH30] 7P w2
ZAOo= SolE|Qltk(Fig. 2). WA & AtollA] Mgt OG-05
S5 lactiplantibacillus  plantarum OG-05Z gttt

lucos1dase a4 ZAo]

AEY RS 0|23t QBN LFS2| CHAME =0l

Lactiplantibacillus plantarum OG-05& ©|-&3to] doj%l

At aEo EAcks ZMAle| =] AEHeH AMeS HPLC
£ ARgsto] RISt 10% QI FEE(w/v)S okl
U= MRS HiRIA 24A17F Bl & RARIUS EeEoto
HPLC E4& A A3kFig. 3), BEXS] ogf Qitdn =
E5°| 7Fg Wo] £45k= ReE HIER Rgy, Rbi= HEHA &
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Table 2. p-Glucosidase activity and viable cell number of lactic acid bacteria cultured with ginseng berry extracts.

Viable cell number Specific B-glucosidase activity

Strain B-Glucosidase activity (AU/mL) (Log CFUImL) (AUlLog CFU)
0G-01 186.65+10.44% 9.1620.08° 20.37+1.28®
0G-02 163.68+9.88™ 9.00+0.09° 18.1822.33™
0G-03 148.06+14.15% 8.89+0.05° 16.601.50”
0G-04 145.30+13.88% 9.08+0.08° 15.88+1.60%
0G-05 198.60+20.87 9.1840.05° 21.5242.37°
0G-06 185.73£12/02® 9.28+0.08" 19.861.17®
0G-07 188.4918.08% 9.46+0.05% 19.92+1.81%
0G-08 147.1429.94% 8.82+0.04° 16.71%1.09%
0G-09 124.16215.68" 8.86+0.03° 14.03%1.75
"The data was analyzed using ANOVA; mean+SD (p<0.05).
Lactiptantibacills herbarum TCF032-E4" (KRT06503)
Lactplanti 15 DSM 211157 (AB626075)

Lactiplantibacillus paraplantarum DSM 106677 (AJ306207)
Lactiplantibacilius pentosus JCM 15587 (D79211)
7 Lactiplantibacilius plantarum JCM 11497 (HM162417)
Lactiplantibaciilus plantarum 0G-05
2 Lactipiantibacillus argentoratensis DKO 227 (AJ640078)
Lactiplantibacillus pingfangensis 382-17 (LC438521)
:[[ Lactiplantibacilius daoliensis 116-1A" (LC438516)

% | Lactiplantibacillus nangangensis 381-77 (LC438520)
Lactiplantibacillus daowaiensis 203-3" (LC438517)

84 Lactiplantibacillus mudanjiangensis 110507 (HF6T9037)

58 Lactiplantibacilius dongliensis 218-3" (LC438518)
200 Lactiplantibacillus songbeiensis 398-2" (LC438523)

Lactiplantibacillus xiangfangensis 3.1.17 (HM443954)

Lactiplantibacilius garii FI11369" (MK011005)

Lactiplantibacillus modestisalitolerans NB446™ (AB907192)

Lactiplantibacillus plajomi NB53T (AB907180)

Amyilolactobacillus amylophilus NBRC 15881" (AB680988)

—_
0.01

Fig. 2. Phylogenetic tree of the lactic acid bacteria OG-05 and closely related type strains. The phylogenetic tree was constructed based
on 16S rRNA gene sequence alignments. The numbers near the nodes indicate the bootstrap values (>50%) based on 1,000 replicates
calculated using the Neighbor-Joining (NJ) algorithm probabiliies in MEGA 11.0. The scale bar indicates a branch length equivalent
to 0.01 changes per nucleotide. Amylolactobacillus amylophilus NBRC 158817 served as the outgroup.
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Fig. 3. Ginsenosides chromatogram of the ginseng berry extracted
or fermented by Lactiplantibacillus plantarum OG-05 (A) the
ginseng berry extracted (B) the ginseng berry fermented by
Lactiplantibacillus plantarum OG-05.

ok7} 7

3,

9k Re®} Fie 9 A5FH 0™ RfZF AGSE 507 7HASH

HHE, Rgz, R o] 3712 € & Al E3E Berdest
7] Aol EAsHA] 34H Fa, Rgs, CK, Rhp®] 3¢ A9 %
JI

AYE A2 I 4 AAHTable 3). & A7-23 ] oJsh,

= =e]

QAW FEEE lactiplantibacillus  plantarum OG-05%2

%Ea\
:
&SLA&\’

9Fg519E 7 PPD (protopanaxadiol) EFY9] AAAlC|=
Rb12 B-glucosidase 9] a42ra0] Q)5 Fo| A|AE o] Rd=
A= RAE 75101 Rgs@F Rh, T+ FooF CKE A 20
2 ZAEAHKim et al., 2008, Shim et al., 2014). TS ZA|
LAPIE  Re:x PPT(protopanaxatrio)EfYC =  C-6A]
glucose 2t 242} rhamnose ¢ 471 AgE|o] 9lom C-20
A glucose gt #A} ARtE|o] = FRE 7ML Qlo] 71
Eof=lo] Rg,2 g Ao T THShim et al., 2014).
Rgz, Rgs, Rhy, CK}F B2 AEA} AN Ao E= UREHO = 9
AolAE AY HEEA gar F4lol IF FFEle] 7] Wizl
of2{gt AuA} ZA AL E7F SkFE]0] Q= AlE= "”*}0}7] 9
ShAe TEAF JAAl|E2RE GO ZIEE FEstAY
AEATE Boto] IEAL WA ieAtolE Wi Sl Sfo]AAt
o|= A Hafslojof StthBae et al 2002; Chi et al., 2005)
iAol Rby, Rb, 9 ReZHH AAEHTsto] dojzl CKE
FUT 2 U 2t Y AR HuEQY @EkE F
A4 Rgs, Rhy, CK= YA Aol JAIZRE, 4w -S4
A Ze-2 Hetl= 7164 AEAAE ARESHAY 71654 B
E9] 952 % AREOJR] L ItKChoi et al., 2012; Guo et al.,

2007; Hu et al., 2012; Joh et al., 2011; Ko et al., 2009).
ofZigt Q4 AR 9] oF] A4 o]2jof] Mt FAAle]E E47]
ST T A Al ARl AWolA ofEA F57t El=A0
ot A7} o] F0jZ] 1 ItkBae et al 2003; Hu et al., 2012;
Kim, 2018; Kim et al 2013). mebA] £ A7 A3} Qatdujo]
JEA AMWAR|EZ} Lactiplantibacillus  plantarum OG-05
of| ofgt Wrgof| oJsf ARAF XA A ER HeH A oE ]
o QA HaEo] gt 7|5 E Aol gt o B2
01?—7]— "10454010]: fei3 7—]_§ /\H7T-QI:]-

o1
£ AFollae QU e ES et A8 RS

Table 3. Ginsenosides composition of the ginseng berries extracted or fermented by Lactiplantibacillus plantarum OG-05

Ginsenosides (mg/g ginseng berry extracted or fermented)

Rg1 Re Rf Rgz Rb1 Re F1 Rd F2 R93 CK ha
Extraction 9.05+ 14440+ 1411+ 1137+  2.26% 1.94+ 349+ 3.72¢ i ) i
0.24 4.56 0.27 0.43 0.18 0.21 0.23 0.04
Fermentation i ) 0.66+  36.07+ i 0.75% 112+ 8.08+ 3.62+ 3190+ 6458+ 285+
0.05 0.66 0.04 0.09 0.10 0.26 0.87 0.57 0.06
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2RE] Bast Ao 2 HE] B-glucosidase
’HO] S=otal Qtdmol| T EAfcks XAkl |EE AEA
gslo] F H% ]71 Skl AREAF JAAf|ER ARk 4= Sl=
w5 2okt sigitk
A4 E23t 12091 F2] FAlt 5 esculin agar¥Z ©1&5t0]
B-glucosidaseZ/dS UERNE 4252 FAN-S Eoi3al Al
W 84839 B-glucosidase S AR A3, glucosidase
A8 9 B-glucosidase G4 H[EAJo] 7P <381 OG-055
Adsioict.
B-Glucosidase Ed< 98 A4 OG-05°1 EHﬁH 16S
RNA F7IAGEA] 7|5kele] nEsdS s o
100%2] A== Lactip]amibacj]]us plantarum 2 3=
01 *d%fﬂ OG-5+
gtk
"*ﬂﬂ FARFS ol&sto] kg HaEe] EAfck= X]’\ﬂlr—/\}
o|E9] BEHR AES HPLCE ARS8t ERIstES o =4
o]l ofsf Q] FEE 7Y Bol EAsk: ReE H]%?}
Rgi, Rbi, Rby= HEFA] 9L Re8} Fie 2 HAsigl o
RE7F Aol 2202 71A%H dhH, Rey, Rd9] o] Zr1ske
& 4 Ak 50} JEX1T7| Holli= EAoHA] Ld Fa, Res,
CK, Rhy9] A% AT o B4E AZ I 5= 31tk webA
B oilq. Az o]/u-oﬂuHE AAst 2A07 H]—_é_[)]. S o g8 2]
AleAto] 9] HYS B3l IEAL JA LA =7} ARAL ZA
Alo|ER ATk AS gRIg 4= Itk

Tf’

5 Lactiplantibacillus plantarum OG-05

HAte| 2

£ IR 7350} AFATAUL] A0 AL dol S
3THA AFErAEY A= AR s SAARALINC 3.0)9] A+-23
ofm olo] A=t

List of abbreviations

MRS DeMan Rogosa Sharpe
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