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The fermentation of Panax ginseng can yield many compounds from ginsenosides that have a wide
variety of biological functions. Lactic acid bacteria (LAB) strains are capable of converting ginsenosides.
The purposes of this study were to: (1) characterize Enferococcus faecium SA5, an isolated LAB from
Mongolian mare milk, (2) identify the existence of extracellular B-glucosidase activity in the milk, and
(3) ascertain if the [-glucosidase has the capacity of converting ginsenoside in Korean ginseng. The
results revealed that E. faecium SA5 was acid-resistant, bile salt-resistant, and has antibiotic activities
against 4 pathogenic microorganisms (Salmonella typhimurium KCTC 3216, Listeria monocytogenes KCTC
3710, Bacillus cereus KCTC 1012, Staphylococcus aureus KCTC 1621). In addition, E. faecium SA5 had tol-
erance against some antibiotics such as colistin, gentamycin and neomycin. It was also found that E.
faecium SA5 possessed bile salt hydrolase activity, which could lower blood cholesterol level. When
incubated in 10% (w/v) skim milk as a yogurt starter, E. faecium SA5 caused to decrease pH of the
medium as well as increase in viable cell counts. Using TLC and HPLC analysis on the samples in-
cubated in MRS broth, our study confirmed that E. faecium SA5 can produce B-glucosidase, which was
capable of converting ginsenoside Rb; into new ginsenosides Rgs-s and Rgs-r. It was concluded that
E. faecium SA5 possessed a potential of probiotic activity, which could be applied to yogurt manu-
facture as well as ginsenoside conversion in ginseng.
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RS agarel HE3 F, 37Tl A
g & ALTE S48 UEFEL S 2AEAT.

Salmonella typhimurium KCTC 3216, Listeria monocytogenes
KCTC 3710, Bacillus cereus KCTC 1012, Staphylococcus aureus
KCTC 1621¢] W43 " =& KTCT, Escherichia coli KCCM
11234 (Daejeon, Korea)Z5-E] & W3kl paper disc agar
diffusion method [7]E ©] &3l d+&4& FYst4t &t
7te] HYA A EL tryptic soy broth (Oxoid, UK)ol &
ko] 37°CAIA 244 7F vl oFeto] ALSEAIL E. faecium SASE
MRS brotholl HF8te] 37Col A 4841k v et wj el & <
A &2 (6,000% g, 10 min)3tiL 45 A< 0.2 um syringe filter
(Satorius Stedin Biotech, Germany)& o 73+ of 2 3} 4]
8 & 0IN NaOHZ pH 7.08.2 A3 454< 02 um
syringe filter2 o3} & AR E ALg3t T ZH7te WA
A EE tryptic soy agar Bl A o] HE3F 2 tryptic soy agar
Hj Ao o] Z3e & W paper disc (8 mm)S #j A $ ol
p_gq&.r_l ANBE 50 ul¥ FYstn 479 HYA nAEY
A A 48X 7 T M FS the clear zoned A
gelskatt
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MRS brotholl E. faecium SA5E &3t 37Tl A 24417
kg wj ekl 1%E MRS agar iAol HE3 $ MRS agar°l|
A 2% 5 FAAE 28FH 9= paper disc (Sensi-Disc,
BBLTV, BD, USA)E WA 9Joll &2 37°Col Al 24A13F Hj
ool disc FHo & F4 AFE Attt FYA Y F
F 2 &2 ampicillin 10 ug, colistin 10 ug, erythromycin

15 ug, gentamycin 10 ug, neomycin 30 ug, tetracycline 30
ugol .

Bile Salt Hydrolase &4 XA}

0.5% bile salt (Oxoid, UK)9} 0.035% CaChLE %7} MRS
agarl E. faecium SA5S &4 2T E. coli KCCM 11234 &
Zy7} streaking®} 2L anaerobic system (Anaerocult®, MERCK,
Germany)< ©| 83} 37Cel| A 72412 vl ¥& Th& colony
THd EERE E4o] AAE 7% bile salt hydrolase &4
g4o] Je Ao #HsAT

Enterococcus faecium SA5 H{

E. faecium SA5E MRS brothel] A F3te] 37T A 18712
¥ F 10% (w/v) skim milk B} ol wjekste] 0, 4, 12,
24, 48, 72X 1A o] At 9 pH, S SAsAH. A4
S+ phenolphtaleing A A% S 2 0.IN NaOHZ pH 83714
371 © &H1E 01N NaOHS ¥(ml)E lactic acidZ
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France) B =& T3 APl ZYM 2EH 74749 F&9|
Suspension medium< 65 ul¥ #7331 37C A A 4X7F F<F
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Thin Layer Chromatography &4

Ginsenoside Rbi< 0.2 mg/ml #7}3}1 MRS brothl E.
faecium SASE HZ3t 30CH 714 7Y B WHEAA
TLC (thin layer chromatography)E 433t A}, wl F &
3 YAEE (6,000% g 3 min)dt FFH 500 ul9} 1-butanol
500 ulE &6 S $ oA A& (6000<g 10 min)dH
FeHe ANEE AHESte] TLC plate (TLC silicagel 60 F254,
Merck, Germany)©ll 3 ul ¥4 3}1 TLC plateE mobile phase
(n-butanol : ethylacetate : H)O = 5 : 1 : 4, upper layer)=
AMAZI L A2 tg 10% HSO0, &4 o2 AT

High Press Liquid Chromatography &4

Ginsenoside Rby &<40] H7}8 MRS brothol E. faecium
SA5E AFetaL 30T A7 W g7lA 79 Bk W AR )
¥4 AEE HPLC (high press liquid chromatography)
(LC-6AD, Shimadzu, Japan)& 433} th. Prontosil 120-5-
C18 ACE-EPS columne AHE-3H O, o] 542 A3 &
ul AT CH;CN:H;0=20:80, €1 B= CH;CN:H,0=80:200] %}
T} 8l gradient elution system 2.2 0%(0% B), 0-10%(5%
B), 10-30%(15% B), 30-60%(35% B), 60-70%(50% B), 70-95%5
(100% B), 95-1405(100% B), 140-142%(0% B), 142-150%(0%
BoZ 243t ANLEE 0CE FAFYL f5E 15
ml/min®] 2™, AEE 05 um® acrodisc syringe filter
(Gelman Laboratory, Ann Arbor, MI, USA)E %3t %3}
AL, column® FFE+E UV detector (Shimadzu, Japan)E
AbE8ke] 205 nmol A B=3 ST
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041 toll 1.4x10° CFU/mlell B8] F43) Wojga o % wj ok
ANZrellE fratds S99 + AT pH 3.001 4= w04
Zrol 15107 CFU/mIoI AL 8% 1, 2, 3, 4AIH7HA] A 59
F2el Watglo] T FE R FAS AT pH 40914 =
W 2A A & A7 E2T 3 pH 3.0% FAREA L
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Fagococeus lutrae LBD1
Enterococcus faecalis V583
Bnterococrss hasmaperoiis ATCC BAA-382
Enterococcus sulfureus ATOC 49903
Enterococcus pallens ATCC BAA-351
Enterococcus mundtii QU 25
Enterococcus durans KLDS6
84S
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Enterococeus phoeniculicola ATCC BAA-412

oo Enterococcus casseliflavus EG20

Fig. 1. Phylogenetic tree based on 165 rDNA sequences showing
the position of strain SA5.
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Fig. 2. Viable cell count of Enterococcus faecium SA5 in MRS broth. A; acidic pH, B; oxgall bile salt

Aojok gt E. faecium SA5S TF WS FUd Ade
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faecium SASE AA 2% §HT W), FFA A FFS
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E. faecium SA5E H] st A2 Fsdd 3 &5
Zt7t 23}k paper discol A B. cereusl] T3l 73 A4S
Yerll o, L. monocytogenes KCTC 37109 thal A& oFgt &
d24e de k. 13y Salmonella typhimurium KCTC
3216 9} Staphylococcus aureus KCTC 16219 A& 3+
Aol gle 222 YeRthFg. 3). Kaur §[9]2 fraketo] f
714h HyO, 59 4t 54, de g oA 59 24 tARtHE
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A 2N
A A ampicillin, colistin, erythromycin, gentamycin, ne-
omycin, tetracyclined] W& E. faecium SA5S 743 &<l

st A3 E, faecium SA5+ colistin, gentamycin, neomycine°ﬂ

g & Ueh AthFig. 4A). A EA colistine ZE F ©]
4, 8209%F, ERVIRET AR T AHEH L gentamy-
cng 71 #A A, F4E, Aol o A% 4d Tl A8
T Neomycine w4 &ol o3t 9] 51 ool o552
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Bile salt hydrolase (BSH) &4 &40 gle 2102 4
E. coli KCCM 112349} E. faecium SASE ¥l nste] 43S 38
& A3, E. faecium SA59] colony FH ol BFHG Edo] A
AEE FAstAel, ol A3+ bile salt hydrolase &4
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Fig. 3. Antimicrobial activity of Enterococcus faecium SA5 against
Salmonella typhimurium KCTC 3216 (1), Listeria mono-
cytogenes KCTC 3710 (2), Bacillus cereus KCTC 1012 (3),
Staphylococcus aureus KCTC 1621 (4). C: control, S: super-
natant of Enterococcus faecium SA5, NS: neutralized su-
pernatant of Enterococcus faecium SAS.
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Fig. 4. Antibiotic susceptibility test and bile
salt hydrolase activity of Enterococcus
faecium SA5. A ; C: control, a: colistin
10 ng, GM: gentamycin 10 ug, N: neo-
mycin 30 pg, AM: ampicillin 10 pg, T
tetracycline 30 pg, E: erythromycin 15
ug, B; C: control (Escherichia coli KCCM
11234), SA5: Enterococcus feacium SAS

FAZe ME

10% skim milke]l E. faecium SA5 2%% F &3t 7247
g 3 4% 9 pH, AdTE SAS 23, AEE vk AF
u &= 0.18%, 4X A= 0.23%, 1242 & 0.33%, 24X A &
043%, 48N A E 050%, FIAHYA RANAE A2
057%74A F7vet o, pHE WY A2 wl & 6.6, 44 7HA)
T 64, RATAE 59, 4N A E 55, BAHAE 51, TEA
A AA = 4977 ot & &3 Tth(Fig. 5A). At
FE g AZuE 425%10° CFU/ul, 4N A& 1.46x10°
CFU/ul, 12/ 7 & 3.06x10° CFU/ul, 244+ & 3.20x10°
CFU/ul, 48~ 7HA & 3.44x10° CFU/ulE Z7}etgon ol %
A8 ZHadke] vk 24 AR E 2.07%10° CFU/ul S
gels 4= U Th(Fig. 5B). WekA E. faecium SASE 2EFHE
o] go] 7hssttty HHE ATk
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Fig. 5. Fermentation properties by Enterococcus faecium SA5 in 10% fermented skim milk. A; titratable acidity and pH, B; viable

cell count



Table 1. Enzyme activities of Enferococcus faecium SA5
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No. Enzyme Assayed For Substrate Result
1 Control 0
2 Alkaline phosphatase 2-naphthyl phosphate 0
3 Esterase(C4) 2-naphthyl butyrate 3
4 Esterase Lipase(C8) 2-naphthyl caprylate 2
5 Lipase(C8) 2-naphthyl myristate 0
6 Leucine arylamidase L-leucyl-2-naphthylamide 3
7 Valine arylamidase L-valyl-2-naphthylamide 1
8 Crystine arylamidase L-cystyl-2-naphthylamide 2
9 Trypsin N-benzoyl-DL-arginine-2-naphthylamide 0
10 a-chymotrypsin N-glutaryl-phenylalanine-2-naphthylamide 1
1 Acid phospatase 2-naphthyl phosphate 2
12 Naphtol-AS-Bl-phosphohydrolase Naphthol-AS-Bl-phosphate 1
13 a-galactosidase 6-Br-2-naphthyl-aD-galactopyranoside 0
14 B-galactosidase 2-naphthyl-BD-galactopyranoside 5
15 B-glucuronidase Naphthol-AS-BI-BD-glucuronide 1
16 a-glucosidase 2-naphthyl-aD-glucopyranoside 0
17 B-glucosidase 6-Br-2-naphthyl-BD-glucopyranoside 2
18 N-acetyl-B-glucosaminidase 1-naphthyl-N-acetyl-BD-glucosaminide 0
19 a-mannosidase 6-Br-2-naphthyl-aD-mannopyranoside 0
20 a-fucosidase 2-naphthyl-aL-fucopyranoside 0

*Quantity of hydrolysed substrate, 0, 0 nmol; 1, 5 nmol; 2, 10 nmol, 3, 20 nmol; 4, 30 nmol; 5, 40 nmol.

ot Esterase, Esterase lipase$t HEFo|E 7hrE3) a49
Leucine arylamidase, Valine arylamidase, Cystine arylam-
idase, a-chymotrypsin & °l4 5~20 nmol®] &4 & U
o §% Edfol #q3tE B-galactosidaser 7 E 40
nmol9 4 & YE Ao, ginsenoside A8l B B
-glucosidase?] €42 10 nmol& &RI= At} o] E. faecium
SA59] ginsenoside A 355 #218}7] 918} esculin iron agar
2 493 23 colony FHol o] A4 (Fig. 6)F ol ket
B-glucosidase &Ao] Yebd A#E Fzsta o

Ginsenoside Rb12| H&

E. faecium SA5°l| ] & ginsenoside Rby 8] #3H-& £2l3s}7]
9J8k] MRS brothell ginsenoside Ry @ E. faecium SASE %
FotaL 7d T AR W GY S ANRE TLCE 73T 2
3+ Fig. 6A, HPLCE 33 23+ Fig. 6Bl vebd nhet
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A B

2. Fig. 7A] TLCO Webd whek 20| E. faecium SA57}
Adshe 254E AT Rb19] GY E42 Rgd o/r2 A8
HASE ¢ & YAt Fig 7B HPLCE 433 23+ Rbl
@4d 24 Ba)l *1 £ A7k 28%0] Rbl TY peak?} UEFSE
i B(b)oll A= Rbl peak®} 5243} 543 Abo]o] Rg3-s/r9
peak7t WEHE & & 5 AT ©l= ginsenoside Rgs’H &%
AA EH28], I EA32], FT= 2 ded TH F[8],
gakst &A[22] SO gYd FPaHt e dELE E
faecium SA5E ©]-83to] Aito] JHgditia jjf%%q ?.?_
gmsenoade«] Bl g5l F 37% e AW T 5
T B4t obd QIAY, EAAE F LHTF A H O ginse-
nosideE AHE &3 4 911, Y A 63%< ginsenoside
Tl F AT o YA, T29 o] A7t e
Ao 2 B33 TH20]. Quan 0[22]01 o] 34
T ginsenoside Rb9 C-20 $| Ao F2d Q&

mlm

A B-glucosidase
ERNE

Fig. 6. B-glucosidase activity test in Esculin
agar of Emntferococcus faecium SA5. A;
Enterococcus faecium SA5 in BCP agar,
B; Enterococcus faecium SA5 in Esculin
agar.
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[T ——
: ~ «—Rg3-s |
Rg3 - T L Rg3-r Rb1

R& -

“  Fig. 7. TLC and HPLC analysis of the con-
s version of ginsenoside Rb; by crude
enzyme from Enterococcus faecium SAD.
A ; Rby : ginsenoside Rb; standard,
SA5 : Enterococcus faecium SAS5. B ; (a)
o : ginsenoside Rb; standard, (b) : con-

_,_Ulﬂg - version of Rbl.
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