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Application of Functional Microbial Strains Isolated from Traditional Rice Wine in Korea
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Korea has a long history of brewing traditional rice wine using a authentic starter culture called nuruk,
which contains natural microbial flora. Because rice wine is consumed fresh without filtration, its viable
cells contribute to the biological activities of the wine. In numerous studies, microbial strains isolated
from rice wine have been screened for their functionalities, which were mainly probiotic properties and
antimicrobial activities. Indeed, some lactic acid bacteria (LAB) were confirmed to have strong probiotic
activities as well as other health-promoting effects. Moreover, some of the isolated probiotic strains pro-
duced functional compounds, such as exopolysaccharides and y-aminobutyric acid. For antimicrobial
activities, some LAB and yeast strains were identified to produce bacteriocins and killer toxins, respec-
tively, with significantly broad spectrum of antimicrobial activity. These functional strains originating
from traditional rice wine and their metabolites can be used directly for the production of value-added

food products.
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AP (Ee HF)e AF R 254 A Lt o
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A8 5 nYBY F57 v thepsia, 1 vl ge) e
th 1 olgi wEo] AdAelH ST DAER WEoi
W oluet A o] et 2o YrE W we, 5, A9
5 chFst AR S A3 tRo|THIT, 46, 55]. 919 2
42 AEFRS AST FAY ol Sglo] BE Thord
233 249 St B4 MBS0l FHaHe} gk A
A7 e A7E BaA w2 9 e gAY v
So] Bl #1, H ST 184 9752 FHo|ek,
154 47%9) B2, 6% 1959 AZ& BT vt Yok o)
o £ U ARES BE D oy BAlo] Fobx A,
e g VAR U YRS A ALES
o] 7HA % chapst A A L 154l HEA F2 wa

siet.

o A7 ANE 27 ZEHoloE s YT Y7 YYo=
o] gelstact. 0|8 o shae fe 7154 nly
BE9 AAH0 BE WA FF A7 L AL YT o
s s wag G,
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2 B paracasel 5 F8 SHFTOZ X1 JATH14]. o]HTH
sde fArEE e AAY GtEel SHo Aeld
mut opyeh{3a], A Z2uo] o EA gRe) HEL 93
F23 o7 2 4 UoH14, 37, 49, 50]. 1 ofF 7}k
Lo A7 ghde farEel BES F5 230l
A QlAL[8, 9, 15, 28, 35, 43, 45, 49], E&]H |y E9]
7154 B9 A= o4 v &3t AAo|t}. Table 19 89F
ANY, A 229 B $429 7154 B
5 Z28lo] Q8 A §3 EPS (exopolysaccharide) A4t

W) §2) Zalol o0 A7 AL F3
B0 o FRY a2 U AldEo] EA s,
5 ZHEOIA AV B BAL Bol Wi Ak v4E
& vk abgoltHsol. YA o2 AFe] $EHE U
2ol <F 10° CFU/mI o442 f-Akto] = o qlth20].
AAE 205 g 2EE fibtS BEsAHA Bl
A1, 25X OS2 Lactobacillus plantarum, L. casei, L.

Ll
hil

Table 1. Functional microbial strains isolated from traditional rice wine in Korea.

Ref.
[6]
[12]

Isolates Tested functions
JBE 30

BSM-3

Strains Antimicrobi-al activity

Lactobacillus brevis Acid tolerance Organic acid

Acid tolerance, Bile tolerance
Antioxidant, Cholesterol-lowering effects

Organic acid

BSM-2 Acid tolerance, Bile tolerance [12]

Antioxidant, Cholesterol-lowering effects

Lactobacillus plantarum Organic acid

EHJ-1 Acid tolerance, Bile tolerance, [12]

Antioxidant, Cholesterol-lowering effects

Organic acid

N.D2
Organic acid

JS1
GSM-3

[22]
2]

Acid tolerance, Bile tolerance

Acid tolerance, Bile tolerance
Antioxidant, Cholesterol-lowering effects

Lactobacillus casei

EHJ-2 Acid tolerance, Bile tolerance
Antioxidant, Cholesterol-lowering effects
N.D.

Acid tolerance, Bile tolerance

Organic acid

HK-9
JS513
R-12.1
R-12.2
R-14.1
LCU1
LCR1
FG6
FG1
MB1283
TIH-1

Organic acid
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

Unknown mechanism

Lactobacillus fermentum Antihypertensive activity

Lactobacillus harbinensis Antihypertensive activity
Lactobacillus ingluviei Antihypertensive activity
Lactobacillus curvatus Acid tolerance, Bile tolerance, Cell adhesion
Lactobacillus curstorum Acid tolerance, Bile tolerance, Cell adhesion
Lactobacillus rhamnosus [30]
(30]

(48]

2]

Functional EPS? production
Bacillus amyloliquefaciens Functional EPS production
N.D.

Acid tolerance, Bile tolerance
Antioxidant, Cholesterol-lowering effects

Pediococcus pentosaceus Organic acid

TNO-4 Acid tolerance, Bile tolerance N.D. [54]
Immunomodulatory effect

Reduced lipid accumulation (in vitro)
PP5
M76

N.D.
N.D.

[37]
[34, 50]

Acid tolerance, Bile tolerance, Cell adhesion

Pediococcus acidilactici Reduced body weight in obese mice

Functional EPS production
PA5
ST-1

N.D.

Bacteriocin-like
substance

[37]
[25]

Acid tolerance, Bile tolerance, Cell adhesion

Paenibacillus polymyxa N.D.

Pichia anomala K15 N.D. Killer toxin

®N.D.: not determined.
PEPS: exopolysaccharides.

(1]
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53, GABA (y-aminobutyric acid) At 5802 0]
gmn oo @7 Wl o) AEHN KES AT,

2] F v EY Z2ulo|l oA au A, v &
Abto] ZEHPo] REAZ 7)55 517 YA 7MY WA 9
At G50 2 B ool oA wEg of gttt whetA]
Zzupo|eElX aE FF57| f8 7MY A1z Bt
e 5ol WA, eE4 2 & F2solth22]. 2 g
ALoMe wAdg 282y Ba3t L. plantarum JS18+ L.
casei JS13 T F9] FANET} o]of FUT T REATES
Ao YA R4S Shlois 4B st
[22]. L A3}, L. plantarum JS1 437} T2 4550l 4|3
o9 7t WA E 7R ok As Fstainh22].

OE Aol A o)A £23 1759 fAtto] o
3 WA, WEEd 2 4 £35S B7HEE SA9 in
vitro oA HAEAS SASITH37]. BB Al
of A2 W nitric oxide NO)¢| BAF& T3 AR
=, TEA B71E S ZEHPO| LB A BYo] £ 4F
9] 8AYF(L. curvatus L. curstorum Pediococcus pentosaceus)
<= A3

E o E Ao A= a2 EE L. plantarum, L. casei,
L. brevis. P. pentosaceus 5 6Z9| §At+4S 28543l
WAHS, WEE4, & #3ss SA6ktH12]. 1 2, L
plantarum BSM-29] A% 714 =& YA LS ER A, L.
brevis BSM-3& 71 =2 YEEA4S E4912]). £3] L
plantarum BSM-29] 7% DPPH &tz &4 52 53
AbSh antet Y 2EE o w4 Y EEAHE &
a7t BE w4 S4EH, SPHLE T2Ho|LE
gol 7H & 32 A ETH12]. sHATE flollA EA
A AFERH UIFE dy R 22 71548Y =8
Hpo] e Bl A #3250 thEt in vivo +EY 7} A5 H =

obg wag gk ek,

SHH, 2o e T =2l A 25 E 2Tt P
pentosaceus TNO-4 §AFE S A WA E B3} A5 S in
vitro & A &gt A= 5T vk strh[54]. 3] &
g ERAAL 1759 H4Y g FARE Y=
ariginine® 2 £ ¥ ornithineZ AAst= 58 0] £43% &
e 232y FOo2H TNO-4 55 AE33hb4]

ol¢lo = Ao A B2|g P. acidilactici M76 #F2] 7]
8% in vivo £EA FRIsHH =, LA 402 f=
g Hgk Holl 1237 A& AT Fol 23, iz
3 A AAY 2 AT SelstErh34]. o] 23
< A7 2452 42y f HASole gubEel & 7
s M &3} o] 4 bt 71580 FAEHAE M AEE

HojE.
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A f v Y ES EPS 4 5. IR
g Z2uo| e EA nPESE 7 AHEEH Y o
9l exopolysaccharide (EPS)E ©AE 4
EPS+= Yutd o g u|QyE A &
capsular polysaccharide®H= Ea] A9 AZ F<tof A|E
FHOZ FH|E o] n]Eu]Ee JAEES FAste ol
Hoh21]. f4tt 99 o & Al mA 277 £
FA &= o]2igt EPSE ERETH21]. Z2H[O|QE A njYE
of o3 A== EPSY oS S 2= o=, HollA
A&gh ZRuto] Q ElA 9] thofst 75450l EPSe: A 7H
Ao g HHE ol ¢17] gEolh51]. 3] EPSS UHA
716 TR2EO|QEAS QR AP ORREH BT, f
At T HAAEFY 4% 45k Aolth21]. 2o
£ Z2Ho|QEA njEo] PARE EPS ZHA| o o gt ok
g Aol gigk TAlo] F7HEAL Qe w18, 52], waEkA
o|Z3t EPSE 7|54 AEaA = iy 4tsl7| o A3t +
o g 9 dha 7)en WAc A7 =L I (38].

2o xE F A 538 At AEF &
o] m|AEE0] 7|54 EPS A4t Afsirt= AS HolE
t}H[30, 50]. gt Ao A=, B e FAHE 5450 da S22
Y 2] morphology®t A5 &S 23, 1
A3 7154 EPSE EH|3}= P acidilactici M762 A3}
AoHB0]. FAZA S 2=, P acidilactici M76 B o2 B2
g 223 EPS7F =2 4eta st 9 gk & 7h(in vitro)
E BPon, oA AZF3 AAH P. acidilactici M76 Y
o E3H A THin vivo)} Yl A2 FRIEITH34].
E dFoA=, Tagol A aalst Bacillus amyloliquefaciens
FG13} L. rhamnosus FG67} E1|3t 2}79] EPSS ==&
A2} F7HA1719 A2 gl whet NO B4 AAlax 9A| &
7FehE ERITH e 2 73t FAF AT (n vitroyE UEHA
o= AL s TH30].

o4 2] 32 u]A-E2] GABA (y-aminobutyric acid) J Al 5
8. GABA= GAD (glutamate decarboxylase)o| <J3] L-
glutamate”} & AN 0 2 WY E = vl 14 ofn]
AR YFolth47]. AWM ARG ELE 2851
UMD 9 717843 ol a7t Qe AL AP A, 7
54 AE Y8R g8+ AU A= T, 10,
23, 29, 47). £3] A 9 AF Y AF FRAFANA
GABAQ| 3teFo] =7 AEEH L, olggt HaA oA &
23t A W ikt 5o GABA A9 ez Bt
[4, 13, 19, 36, 53].

A2 % Aol E Ao §BHT g 1859 U
238 10000159 AT 22]5H0] GABA A5 o]
o 2329 Sastarze. 1 A3 18079 fartl
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A GABA7Z} AAE L olstgx, 1 F 907 +F7F L.
plantarum, 297 #F7} L. casei, 117] #F7} L. brevis2
A F tH24]. £3] I GABA At =5 E HIT
GAD 84 & AZAH o2 fAH L3HA 7] AHHE BHiE
ch36]. ol A E 2 FH 9 vAES A E&SHAY
23], 7 $RARE ol A2 FES AN
43 < GABA 434S LT = IS ALE 7|t

wdel 4o MRS FFEN AT 5%

e dxgoz mud o A4E ¥ FEY of
REsh kel o) 44T o S50l ke ¥
A9 a2 Qs ko 6

olohe WAR, FFEHL AL UL nBES AFRE
B 29 RS, 1 37 714 Wik A7t R
A5 o] ShrhTable 2). FEEHL AL HEE F)
R Bl u R ARAE AF W Az AT &
G QHAT FRAIZ B4E & UL Bk opeh, A7 &
AAZA s B4R kD & 4 et

l

l

e fANe FFUY TRulo 08, FARE T

P FFY 471412 HH3 9] pHE R3 1 1]:‘“5 4
2 gogozM e uyEY 4&L AT TRuto)

2A9 FAFE ol T FFBAL o145 PN
o A%g At} U mg EoHall B

l‘=l~!l>

[e)
T 1_9T|"

Table 2. Antimicrobial activities® of strains isolated from traditional rice wine in Korea.

Strains isolated from Makgeolli

Lb Lp

Lc Ba Ppe Ppo Pa

Target strains JBE30 BSM-3 BSM-2 EHJ-1

GSM-3 EHJ-2 HK-9

MB1283  TJH-1 ST-1 K15

Gram positive

Enterococcus faecalis - + - +
Staphylococcus aureus + + +

Bacillus cereus +

Bacillus subtilis

Listeria monocytogenes + - + +
Micrococcus luteus +

Gram negative

Salmonella enterica
Salmonella Typhimurium
Salmonella Enteritidis

Yersinia enterocolitica

+ + 4+ +
+ + + o+

Escherichia coli +
Vibrio parahaemolyticus
Pseudomonas aeruginosa +
Klebsiella pneumoniae

Shigella flexneri

o+ o+ o+
+ + o+
+ +
+
+ + +
+
|

Yeast

Candida albicans
Saccharomyces cerevisiae
Cryptococcus neoformans

Mold
Aspergillus terreus
Aspergillus flavus

+
+

References [6] [12] [12] [12]

(2] 2] [2] (48] [12] [25] (1]

2+ inhibitory activity, —: no activity, -: not determined.

Lb, Lactobacillus brevis; Lp, Lactobacillus plantarum; Lc, Lactobacillus casei; Ba, Bacaillus amyloliquefaciens; Ppe, Pediococcus pentosa-

ceus; Ppo, Paenibacillus polymyxa; Pa, Pichia anomala.

http://dx.doi.org/10.4014/mbl.1605.05002
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Kluyveromyces spp. @ Pichia spp. 52 non-conventional
yeast AT TR A7 olekad], S kel A o
k3l of A} A YO ZHE AHFA O killer yeastE £33t
At Eo] B a5, 26], AF TARAF FH Y killer
yeast= A2 HF=2 He BT Hansenular capsulata
S-139] 9|7} AT}H16]. E3] killer yeast H. capsulata S-13
9] A9 random mutagenesisE Z3| killer toxin®] A&
24 o4} F7HAIA 4= A giTh16].

A5 B killer yeastol] 3t A F71A] 9] A1 2=
F2o\A EZE Pichia anomala K157} |-L3ltH11]. sig
ALNAE 2 G99 aRZEEL A S Z non-killer
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yeast S. cerevisiae®] T3t clear zone A4 o& 9 1 37
2 2aey gean, 1Y £ FANT ATE AL P
9 A% 4= AATH11]. P. anomala
Kis= a& ®ut olyet Vibrio parahaemolyticus®t S.
Typhlmunum 59 HHA Aol deiNE FHart 9l

= Aol EIFRTH11]. P. anomala K15 vjFel o] A5l
= protease AP O I FH At 224} He A
o, A FA Y killer toxino] =& o] F2 wAHY
Zoleke 2& SHISIRLHIL.

SIAE AEF 409 killor yeastis Ao 5%
5 P a7t E 5 Qo g o2 HRAEY B
B QA1) e U ol Killer yeastSo] T
o, 453 98 FAF )N x killer toxind] 4
= o 2AEY AA7L 7He(8]5H7] wZell, ol &
83 A UE 475 £ g day &
A AF= 3 Ah40]. B9 olYz}, killer toxin®] 43+&
a0 o3 HA —E—‘Eﬂl% T e S A oA,
A E40] gl FEAAE thopat Bopol A B8 4 ¢
S AeR 7]EH%E}-

anomala K155 &

2871

ﬂlI

G WGBS 7154 A2 B8] 913 A
SYE AT 22 uYRY TRt o g s BY
249 23z 240l 2HA AT T o
zeuol 982 YL AP 275 dsjH 27t
g7 9 okAA A= £33t o 2R #3329 AHg3} Ht
2 A77 g ofof T Flolth. B3t AF FEAA
W2 YA, f714 EBE WAT FF B F59 high
throughput 2327} uﬂﬂw%oﬂ B AEYE
27} Wasit Qo ohrst 44U 8BS $HAY &
B gHA BHL uw; Aol W D AYH B
&5 98l 2 7122 E AT £ 4 A Aol

T e 3l o A7 & & & waxEZzo=r )
ot EZF g el SAH 9 Halo|th o|gjeh urd | 2 HE
F23 7154 RS 7|E] Bol o] 8HI Yt £ F
ZRTH AU H Ao F U, Bt e ALY T}
o] EA AME 7T = QI Aoy, B A=T 7 F
4 SOl A FaakE 4ENYE ZTH AT
Bopo 4 A FFAZ AHED 4 9 Aol | Yobrt

[e)

O

mn‘.

upe] Bt ohet AE WHAE AA, 94 5 vropat
FEAZNAE 7154 TIARS BEe] 1} 7|5 Aol
7433 FAlo] Hold LEIPEA BEAFE Ashsv]

288 5 518 Aol FFH22E ol B2 oA
2 Bol +9 Faol F GEZES BEa St 4
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