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Properties of lactic acid bacteria (acid producing bacteria and hiochi bacteria)

isolated from sake and the sake brewing process.

Masaaki INauASHT, Kenjiro ToTsuka% Sanae Sacara”, Yuzo TANAKA®,

Naoto Oxazaxr, Takeaki Isaikawa® and Kazuo SaTo’

('Brewing Society of Japan, 2-6-30, Takinogawa, Kita-ku, Tokyo 114-0023, Japan and *Faculty of Applied Bio-Science, Tokyo
University of Agriculture, 1-1 Sakuragaoka 1-chome, Setagaya-ku, Tokyo 156-8502, Japan)

Recently (after 1990), we attempted to isolate lactic acid bacteria from koji, seed mash (moto or
shubo), main mash (moromi), and sake. Most lactic acid bacteria are unsuited for sake brewing in devel-
oping moromi with excessive acid accompanied by an off flavor due to acetic acid and diacetyl.

We isolated lactic acid bacteria from 24 samples: 2 strains from kosz, 1 from brewing water, 2 from
shubo, 7 from moromi, 1 from stored sake in a brewery, and 11 from sake in the market. These bacteria
were all bacilli except for 1 bacterium (coccus) isolated from a koji.

On the natures of these strains: Thirteen srains were lactic acid bacteria having homo fermentation,
and 11 strains had hetero fermentation. Twenty two strains were able to grow in 10% alcohol containing a
medium (BCG or SI medium). The strains which produced diacetyl at more than its detectable threshold
comprised only about 1/3 of the total. It was confirmed that strain No.8 was able to convert more than
99% of its malic acid to lactic acid. We concluded that the strain was of malo-lactic fermentation bacteria
which were isolated from the main mash prepared with yamahaimoto seed mash.

Strain No.8 was identified as Lactobacillus paracaser by the similarity of its 16S rRNA sequence to
that of related Lactobactiis.
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1. #EEH%E ZOBER
HABEROGTEER & T BESE % Table 1 1IORT I
LEOSHERE UL TOREHL, BEEEWv 2 20nsERss
ELl leoliz®, BREHOLOICHEES» R4
FiF7z, B, ERRUBETIHE,OSHL, HER
KCHLAb 0 THhH D, FHESERL TRV &R
5Lb95 LI, F—OHRARMI BV HRER,
BIZAEHST 2 DIE %V, Tz, BEBEICDOWTI,
FUN [hbEn] BV [RPbbn] Lw)HEK
TERZHICEEZZTZ2RELET R, 4B,
Table 2[R 4 HRRIENBOB R E L CLEID
CCHEERV,

2. HOFELEBEATO, KEORE
FFEEMEIZLYD, FEI1000F T CHELHEL
72o AFSETIHER E, BEOLOEIKE, 1B (Wi
DERE) LRE (HROERE) »MIiEELY (1~2
um) bOFEEE, EEH10~15 um DD DO EEH,
FRU Db 0 REH (KEH) & L7 METT
Eﬁ%b%zf%@&@%@# N E R 5TV D
BEFHY, FOHIEE L THEZRE L. ~
FOLREDQRER, EMOOFE Lo T4
bbh, 02% Y AF A4 YEMSIEEH# (Table 3) %2 #

Table2 Lactic acid bacteria used as a standard
strain for reference.

No. Strain
1 |Lactobacillus fructivorans ATCC15434 (hetero)
2 |Lactobacillus homohiochsi S-26 RIB8263 (homo)
3 {Lactobacillus casei S-4 RIB8450 (homo)*
4 |Lactobacillus hilgardii S-7 RIB8400 (hetero)*

*These strains were isolated from the drainage ditch of
the sake brewery of The National Research Institute of
Brewing (RIB) in 1968.

Table 1 Resource and sampling year of isolated lactic acid bacteria.

No. Resource Sampling year Notes for resource
1 Koji 1990 Karashi (kept for 1 day at room temperature) koji
2 Koji 1992 The same as stated above.
3 | Water for brewing 1995 Well water
4 Sokujo-moto 1994 Rapidly processed seed mash
5 Yamahai-moto 2001 Seed mash by conventional method
6 Moromsi 2000 Moromi prepared with Sokujo-moto.
7. Moromi 2008 Moromi just before filtration
8 Moromsi 2008 Moromi prepared with Yamahai-moto
9 Moromi 2008 Moromi prepared with Sokujo-moto
10 Moromi 2008 The same as stated above.
11 Moromi 2008 The same as stated above.
12 Moromi 1995 The 7-8th day of moromi having excessive acidity
13 Sake 1990 Unpasteurized sake stored in a brewery
14 Sake 1999 Low alcohol (5.5%) sake in the market
15 Sake 1992 Hiochi-shu
16 Sake 2000 Unpasteurized sake (Namazake), in the market
17 Sake 2000
18 Sake 2001
19 Sake 2005
20 Sake 2007 ..
21 Sake 2008 Hiochi-shu
22 Sake 2009
23 Sake 2009
24 Sake 2009

Hiochi-shu is a sake infected with a lactic acid bacteria involved in the increase of turbidity and

acidity in sake.
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Table 3 Composition of media for lactic acid bacte-
ria.

BCG medium SI medium
Glucose 248 256
Yeast extract 10 9.7
Polypeptone 5 49
MgSO, 0.1 0.1
MnSO, 0.0025 0.002
Fe,S0, 0.0025 0.002
Sodium acetate - 79
Citric acid - 1
Mevalonic acid - 0.004
Tween 80 - 0.05
Sodium azide 0.05 0.05
Actidione 0.005 -
BCG* 001 -
Agar - 0.7
Water 10L 10L

The unit for numerical values is the gram except for wa-
ter.
*BCG : Bromine cresol green

Each chemical was dissolved in 1 L distilled water and
pasteurized for 10min at 115C before the addition of eth-
anol.

The pH value of BCG medium was adjusted to 5.2 prior
to pasteurization.

BEIZ LY, 20X10° cell/mL 127 B & O MEE L7215,

Vaspar T/E & 10 mm 2# % LT, 28C, 6 HEE®E
#ffolze EEFHEELEEZ T, SFRET 4L
BLazWwbneAroE L7z,
3. EHOEHA

WAL 2HBICoWT, ERTHESHE?
22111 1C# L, b—IKEIEREHIIER 2 vy, B
FET T L7z, 2K (B) OWlEX, AFLYT
V- ek Y B — B LTI, R s hofi
(Ps) &IEgefmiiie (Pt) @M, Pt—Ps/Ptx100 % %
STHEREE (%) & L7, 72, 660 nm DWHES
HE L CERT A2 HELETRV .
4. EHRUEE

1) BEHEUT Lo — VIR

FEICL Y Brix 24 OB HAE L. 20
Brix 24 OFITEBICTEORK T VI - ViEE v/
V) IZRBEIREERIY ) —VERIL, 351
7K LT Brix 10 D7 b 2 — JUIRINER 51 % 8L L
72

(2) B3

AABEHSEOKERR B (DUF ST

109K ZE 8

#)

=

RUEBEREES (UT BCG ) DM Ta-
ble 3KRTEBYTHY, THUFIEREDOLY /
—WEERIELRE, FREFAOMHEEMNIZELT
B SR UVAN

B e LTRVER IR, TROMKE (B0

KFE65%, TNI-VEHIE) 2F0TIHN
7o, HAICEN > CTKERIFI TR THL I L2
L7
(3) #&

HiREEE L LT, 28CC5 HHEBEBERE L CB2EE
%, PIREEFRE 10X10" cel/mL 1225 &5, FiE
DREHIHEEL, 28CC7HME/2I3 14 BB B
A
5. FRBRUITEFIOER
BEMEERAKI/ O NI T RERVWTITo 1
AERELTOEY) TH S,
1) HHmR
R 7 LCBA, % % A : Sim-pack SCR-102H (7.9
mme X 30 cm), FBEIAE : 0.85 %H;PO, /K (7:93 v/
v), 79 ARE 50C, #&E: 10 ml/min, FAE:
RTPHA X045 yDIZ AT A NI —FHNTHBEL
7o FEEEWE 20 ul, WAHIER UV 210 nm,
height 12 & = 72,
2) VT EeFN
A ¥ 7 LCI0AT, # T 4 :ZORBAX ODS (45
mmo X 25 cm), BEMH: 7 P=FU NV K
(40:60v/v), 719 ARSE 1 50T,
EAE  RT7Y A X045 u® 3
LB L2 4, ¥MEE UV 365 nm,
% : peak height #12 X - 72
6. EEBEEOE/M
Table 31283 BCCEHID 7V 2 — R % £ FEHEE
IZE T, 28CC7 HEBEEROMESET 5 BETH
L7z
7. E4IVRUT I/ BERMY
H# - AHSRE ST V28 Yichen,
FIVRUT I BERELRET L.
8. E£MTIAUBMONEEME (D- RV L) DRE
JKAVI—FvaF VB F- v F2AVEE
FEIZLDHREL,
9. EHORZE
16SrRMA OHBEMEBITIC L Y RE Lz Thb b,
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WipesEg 7o aa = — X ) Life Technologies #1 #
PrepMan® Ultra Reagent % A>T DNA % L,
BS5N/72DNA % PCR UBICHWS T 7 L— b &
LT, TREIZRTPCRAEATI A ~—%HwT165r-
RNA #i8% PCRIUSIC X D EiES €72, BHNT:
PCR ISEW % M8 L /2%, Big-Dye Terminator &
R Y7L —hrELTHY, TROY—J7 VAR
BH7S5 A<= 2AnWTI =7 2y ARG R1To 70
BoONLFISHE GEANNVAFT N4 FHF LTV 2R
8 AutoSeq™G-50 % AV THEBL L, Life Technolo-
gies #1152 ABI PRISM®3100 Genetic Analyzer 12 & o
THRERFZHEHR L7 2B, BoNIIEREETI
WRIEZEECH] 7 — 4 X — R (GenBank/EMBL/DDBJ),
MicroSeq® ID v2.0 {7 — & N~ A R = H# B #k
(#) F—% =2 (MMIDDB) % AW CAHEMES
BL, FAEL7
PCREV 74 ~—

Forward primer : 5~AGAGTTTGATCMTGGCT-
CAG-3

Reverse Primer : 5-AAGGAGGTGATCCARCCG-
CA-3
VUL VARIBR TG A< —

Forward primerl : 5-AGAGTTTGATCMTGGCT-
CAG-3

Forward primer2 : 5“TGCCAGCAGCCGCGGTA-3'

Forward primer3 : 5-GGTTAAGTCCCGCAAC-
GA-3'

Reverse primerl : 5-“TACCGCGGCTGCTGGCA-3'

Reverse primer?2 : 5-TCGTTGCGGGACTTA-
ACC-3'

Reverse primer3 : 5-AAGGAGGTGATCCARCCG-
CA -3

KRERRUEE

. BEITRERUCHEMAE (B8 »ooBEShIER
E@%Etﬁﬁhi

Table 1 272 BEE D 5 DILBEE O & BB
R % Table 4 1R 5 &8, RHFEICBLTI
BCG #dH 5 W id SIEBTETT LI L L, HFHE
WECL2EFRORBHEEBICLVIBATHL LHE
L, BECERUTEETZERIABTHL 2 L 2R
L7zo %8, ThETICHBEIrSRIBEINIZZEND
N, TNa—)ViittkED d % Bacillus cereus (THEED
HHFROBE LB NEFTIRE 40 ~ 50T) Il S
ol
ARFICBNT, BEETE, Sl osgEshs:
AEBEEOH) b, REITZ 1 EROAT, 20 HHRPHEHE,
IHPERETH Y, BERRXIEAE 13HK,
LI HETHo7,
2. L AABEOEI 2/ —VIEHIC ST BIE5E
HREICB A HEDEEOMRIC M+ 5729, BCG
RO SIE M TOHERE, 15% ETHLSY J—
NEETIEBTAHEELR LTI 7R FIVERDOE
A EEMCRERL, Thle 512R L7z,
BPEBENLZ L, FHIRLABEOS D
0% BEOLY / — VELET CHETNRELEL W) Z
L THbo BCG, SIE#HWINIIzBWTLY /) —
WV 5% THFET & Z2\WHIE No. 1 & No. 10 DATH o
720

No. 14, 18, 20, 23 B0 2413

AT

SRR VTN IE

Table4 Morphotype and fermentation type of isolated lactic acid bacteria.
No. Morphotype | Fermentation | No. Morphotype | Fermentation
1 Rod Hetero 13 Rod Hetero
2 Coccus Hetero 14 Rod Hetero
3 Rod Homo 15 Rod Hetero
4 Rod Hetero 16 Rod Homo
5 Rod Homo 17 Rod Homo
6 Long-rod Homo 18 Rod Hetero
7 Long-rod Homo 19 Rod Homo
8 Rod Homo 20 Rod Hetero
9 Rod Homo 21 Rod Hetero
10 Rod Homo 22 Rod Homo
11 Rod Homo 23 Rod Hetero
12 Rod Homo 24 Rod Hetero
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Table 5 The properties of lactic acid bacteria isolated from sake and a sake brewing process : their
growth and diacetyl formation in an ethanol containing medium.

In BCG medium
Alc%
Strain No.

—_
<

In SI medium
Alc%

—
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About 2X 10°/mL lactic acid bacteria were cultivated at 28C for 10 days. The degree of growth for each
bacterium was evaluated in five phases, i.e, 5 was the value of optical density at 660nm in a 10mm ¢ cell
cuvet {ODggn) Of more than 1.7 and bacterial cell number was 1.5~1.9x10%/mL; 4, ODggoam, 1.2~1.5 (1.0~

1.3x10%/mL)
ODssonm 0.3~0.5 (2.0~4.0x107/mL)

: 3, OD660nm, 0.9~0.98 (8.0~9.0x10"/mL)

: 2, ODjggonm 0.5~0.7 (4.0~6.0%10"/mL) ; 1

: =, no or very poor growth, ODggmm was less than 01 (~50x10°%/mL).

The formation of diacetyl was qualitatively evaluated by scent. The threshold value of diacetyl is 83 ,ug/Ll) .

BETHLY, ¥/ —VEFETTIIBBETE 2V
H B\ VIZHETESEEE 2 Wk (No. 18 KU 20 i ST 3,
THEHEIIED 5N D ODOMOBKICHEL TT VA
—WEFETTOEHIIEY,) Thb, 72, No
23%ME, =5/ - NVEFBCGEMTIIHEMTER
(T, SIEBTEABETELI LS, ThED
BRRIIEE o ER 0%, B2 ISEBEESC A v
B EOERENEHLODLEEEND, FEORE
BRI, WIS BIAWEEOEL S AT, No
12, 13, 15, 16, 17, 19 RV 21 THED LN DB, E
HREFEOFT IV a— Vi (EFREHNE) 20T

109 & £ 8

=

=

3, BICHL ISR T WS Oy
U'S7 THRBROHEENFRD iz,

Ly =N 15% THEIET HEMKIE, No 127% &
QMR (DEERRDM 38%) ITRAEDS, INbITIZEA
EVKFEBP SHESNZEBHRTHY, BROZL L
Wz b,

VT FNOEFEIRD L0 8% (FEEkD
#¥133%) THotze BEOMEME LTKEETIEY
TEFVROBEEFTEDLNBZVEDEENESND
A, IO DEETIEARL CHRINHETH S 83
pg/LP L ok mdia b n, BT No. 3, 15 k1716

RERD S4A R
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No. 213, BETH B LIMBOBEREKRELES
2 TWh, EFABEROF AT 2 BIRLER
BE LT KB @C) THEFETEE % Leuconostoc
mesenteroides ¥ & { FEEES N EHSR TV B,
2 5 "V IHRIRREBEE O BRILEEH Leuconostoc cit-
reum % KE D S D HEL TV %25, L.mesenteroides
b L. citrewm bWITNS AT OREETH > THER
THABIDBEREINRTEY, blubh )@y
5 B L7z No. 2 i3~ 7 O 5EEEE! (Table 4) TH 575,
ko> L EIFLEE % & B 5 H.C L.mesenteroides & 2
oTBYYW, $7210% T8 ) —VERETTH B
RHEREICHTET 52 &, BRFAEICIISHRE L VIRE
PLETH 5,

3. BHOHA-EBMPOREBEE LRLE L OME
icon T

Table 5 12T EWIRICOWT, WHEEE (bacterk-

al cells number /mL) &WEJEE (OD660nm) & DB

20

A

= 18
E 5|
o
ERRLN;
5 12
e
E 10 |
3
= 87}
Q
S 6t
o
g ¢ vy =9.2397x - 04313
a 2 R*=0.9584

0 . . . . :

0 0.5 1 15 2 25

Optical density at 660 nm

12 1

[ ]
y =96.68x + 2.5067
Rz =0.242

Bacterial cell number { x105/mL)
[=>]

0 0.01 0.02 0.03 0.04 0.05 0.06
Optical density at 660 nm

Fig.1 Relationship between bacterial cell number
(cells/mL)and optical density.
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% Fig. 1 12R L72. 0D660nm % 0.1 Bl E%/R§#
H, b EAEEICL THEX10%mL L EOBEE,
HERHBE LCEREEZFHITE 22 L2 Mo 7
(Fig. 1A) OT, RS2 &S, BEERE L
THAEUNEC L 2BEGABEETEEA VW, 272,
0D660nm %% 0.1 BT (Fig. 1A 9 O Tid, &
EPKREV (Fig IBER),
IBHOERRER~OFHF L MLF & & LTOIG
A% &2, Table 4 IR HOMATIE & ALBRER
O, BRU Table 5 1R T T8 ) — VEFEK#MTO
HERE VT FVOEBRESEIILT KB THD
No. 2, & 512 BCG H#h & ST BT 2 BRI
EBDHY, POV TEFNEEETAIBORELLT
No. 6, W DM TOMFEIEICKE REPEL, ¥
TEFNEER LRV No. 7 RUSIZDOWT, (HikEk
S4RUST ERRERE LEDS, BEhbBEEMz
2o 2B, No. 13~ 24 DFE,PSTHEL, bW
LKRERE O LRANOFIFARTHHIZOWTS, BEERSD
NBEIBTRDHLN, BREOKEL~DLIDE
WEBREICERLT, ABEOEHOVLEDTHS
MLE & LTOFHADBEE,» SN L. ZHH0H
OBV TIE, SHOBIEREIC L7z,
4, IBEET L& pH ICH T 2 EM

Table 3 |277¢ BCG $E#iA S5 E% (BCG : Bromine
cresol green) %R\ /i (YAS 55#h & BEFR T %,)

Bacterial cell conc. (OD 660 nm)

Growth of lactic acid bacteria under various
pH conditions.

The symbols are O, No.2; B, No. 6; (], No.7, @,
No8; A , RIB 8450(S-4)and &, RIB 8400(S-7).

Fig. 2
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Fig. 3 Tolerance test of lactic acid bacteria in lactic
acid solution.

1x10%/ml lactic acid bacteria were stand for 21-67
hours in 840 mM lactic acid contained a YAS medi-
um at 15C. The lactic acid concentration is the same
as sake seed mash. The symbols are the same as
those for Fig. 2.

D pH % 33~86 W FNZFNFEL, 28T, 7 HRE%:
B L BOMEEE® Fig 2128 L7, pHAS LT O
T No. 6 MEDOH IR THIERFEL, T2, 20

HOBDHIZ S FNENDTH LB HENSH LN,

pH45 ~ 80 ICBWTIZENABLN R 272,

EEERICB T2 ABBEELEEL, K100 LI
0% FLEEFT700 mLAZ THBEL LILBAKBE
(pH2.3) MR BE 2 WABE 10°/mL 225 X
WL, 15C T 21~67 BEMEBBEZOERE T 3L
TeAER*® Fig 31K L7z 67 BB OERHEIT WY
NORTDH 10% LT &2 o724, 45BMBET CIX
FHERBICETEEOENA LN, FLEEMEOEVHFE
BHHNTz, EL, No. 2 DB L5, No. 8
BEIITHE . ST & No. 713 #E, S4 & No. 6
DB IR EROR TR LFEP o /2,
5, IR/ —IFEETICHTERN

I¥ ) —V18% (v/v) ®&tr-ILBEKAN (pH42)
EREL, THICHBEEN10Y/mL 2% 5 L)
REEMZ, 5CTR2HEBEEROEFRYEHL
72k R % Table 6 127K L 720 No. 7 R U No. 8, 4FiZ
No. 8 NBWAEFERE R LTz,

F109H F 8 5

Table 6 Survival ratio(%)of lactic acid bacteria in
an 18% ethanol solution.

Strain No. Survival ratio %
2 0.1 or less
6 1'111114.2
7 49.1
8 56.6
S-4 0.1 or less
S7 13.7

The lactic acid bacteria was suspended in a 0.08 M lac-
tic acid buffer solution containing 18% (v/v) ethanol and
incubated at 15C for 72 hours. Thereafter, the living and
dead cells were counted separately with a methylene blue
staining method described in Materials and Methods 3.

Table 7 Assimilation of carbohydrates.

Strain
No.2 No.6 No.7 No.8 S-4
Glucose 5 5 5 5 5
Arabinose - - - - -
Xylose 5 5 5 5 -
Lactose - - 5 5 5
Maltose 5 5 5 5 3
Sucrose 5 5 5 5 5
Mannose 5 5 5 5 5
Fructose 5 5 5 5 5
Inuline 2 4 5 1 5
Galactose 5 5 5 5 5
Starch 2 2 - - -
Raffinose - 1 3 1 -
Sorbitose - - 2 1 -
6. EOELH

Table 7 I2RT L H 2, WTFROBELTIE/ — R
EILTET, Fr7y, 574 7R, VIVE L~
AREIC LD BREBR SN, FOMOFEI AT
EALHEAE, FHED No. 2, 6 IXELTE b o 72D,
VA=A, TIVE—AR, AZU—RA, TV ) —2A,
T F—RARHT I b—RIZDOWTEVWTNOHE
LIKEILTEBZ DG h ol

73/ BEKH

FEFIE Table 8 IR L7zo & COMERE R R
S4 i Arg, Glu, Tle, Leu XU Val 2 @EIZERT %,
T, SAFHBICHELLI-NIBOTI VBROO B,
Thr %< 1007 I /B2 EKRT 24, Thr 28
KEBDENo. 2DFHBEDATH Y, Lys KU Cys iX
EERRD S4 PAMT W F R O MR E b ER L 2w,
No. 7 X U No. 81, Arg & Uf Leu PA#}i% S-7 1ZHE
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Table 8 Requirements for amino acids of isolated lactic acid bacteria.

. Amino acid
Strain No. Arg Glu Ile Leu Lys Phe Ser Thr Tyr Cys Val
2 + + + + - - + + - - +
6 + + + + - + + - + - +
7 + + + + - - - - - - +
8 + + + + - - - - - - +
S4 + + + + + + + - + + +
S.7 - + + - - - - - - - +

The lactic acid bacteria were cultivated at 28°C for 7 days in the Tamura and Kakuta's amino acid require-

ment test modified with a synthetic medium.

The symbols + and — indicate either a requirement or non-requirement for amino acid for growth, re-

spectively.

L7-BEskiE 2R L7,
8. E4 I EXRM

BRI 6L EDLNENY MNF U, VRT7IE
¥l ATV URUETF IOV THET LR
% Table 91278 L7z, No. 6ld¥FF Aoy 2

YEERL, BOPSHRELTVS LD ILERRL
BHE OB H Lo —F, No. 2ITEEBOMEIZA

BT HIEHE (L. mesenteroides) 1ZH_RTHLDES
IVEERTLIEDDL, THhERELLIABETH
BEHEEE NS, No. 7R No. 8 B IIABHEMRZ &0
TYY I VERBIIHEBND LW L0 hoiz,.

9. AT 2IBOXEEMGE (D- RUL) ORE
WEE % Table 10 1Z7R L7zo No. 2 ¥kiZ L- SLBE O &
BAT95% UL BT, HEBEREOS AL AL ERT
ZEVIBRYOBREE-B L. $7, ERRHE
B 5 58S N7z No. 6 b AT 5 FLER I 909% 2%
L-3LBTHy, EEKRDSL D 1% HFL-ILEBETH-
J2o —7F, No. 7 RU 8 BIZAERT 5 D-, L-FLEEVNT
IFEETTIEIRIIEVDIDOTHoT, F/2, ST
HEFT BELEED 90% S D- BT, i id K& {ER
BT ENGIPoT2

Dros#tgiEdsms YoRELz—H%Liavd

Table 9 Requirement for vitamins of isolated lactic acid bacteria.

Strain No. . . Vit.a mir{s . .
Ca-Pantothenate Riboflavin Folic acid Niacin Biotin

2 + + + - -

6 + + + + -

7 + - - - -

8 + - - - +

S4 + - - - -

S7 + + - - -

The meanings of the symbols are the same as those for Table 8.
Table 10 Optical isomer of lactic acid produced by lactic acid bacteria.
Strain No. Acidity (mL) L-Lactate (mg/mL)  D-Lactate (mg/mL) Ratioof L : D

2 114 7,010 2320 96 : 4
6 6 3,038 2384 89:11
7 125 5,656 3,748 60 : 40
8 6.4 1,487 1,666 47 : 53
S-4 8.9 4,299 1,249 77 : 23
S7 7 2259 2,658 9:91

Lactic acid bacteria were cultivated at 28T for 4 days in a YAS medium.
D- and L- lactic acids were analyzed by enzymatic method using an F-kit (J. K. International Corp. Tokyo).
Acidity (total acidity) : Titration of 0.1N NaOH to neutralize 10mL broth.
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10. #REOU > I8 I EEsiasE

EFRERLR LGS NIBE (GEEBE) o
ML&E & LCOMBEZFRE L2EE, U TBOI
BAOEBEEIZ L BHATH LY T FIVDEED
ML L 2, 208 BBEIL, HRABOY7EF
W ERBOERICES 2 S CTHEABOWE %R
L, ®F% Table 11 IR L7z, 7 FNV% 01 ug/
L2 EARKT A No. 2 & No. 612, ERfEn£EH% No, 7
ENo. 8L WA nwdbon, MLEE LTAREETDH
A &M L7z,

22T, MLE: LTOMEEMDDH 2 No. 7R
No. 8 HiZDWT, 7N I—) 15% O iEH T MLF
MEFRT B EME L7z #FRIE Table 121057 T &
912, No. 7, No. 8 & H T ¥ TEEH LILBE~DE
BN, MLEE LTHERTE 2 WaHEIRES
Nieo 7272 LBIREOBRERME b - 03 W HEEOS
W No. 712N, D, L-FLEEE B ITERDL v No.
SEOAMLEELTELTWALEDNS,

Table 11 Production of lactate, acetate, and diacetyl
by isolated lactic acid bacteria.

Strain No. Lactate Acetate Diacetyl
2 3,906 358 0.3
6 16,135 376 0.7
7 14,701 705 01
e 81859 671 . less than 0.1
S-4 17,359 376 2.5
S7 10,015 985 less than 0.1

The numerical values are ug/mL.
The strains were cultivated at 28C for 4 days in a
YAS medium.

11. 16SrRNA OEEMEFEMNTIC L 3 E%OFEE

ML B & L CEROTEEMELE: No. § B iZDWT
BHROFEEIT 272 UFHKEMKD 16S5rRNA 5 2D
# 1,500bp DIEHEFFIZMIHL, T—F =2 (Gen-
Bank/EMBL/DDB], MicroSeq Idv2.0 & Uf MMID-
DB) 2k, AEdEEL oML IERL, BR2
Table 13 1278 L 720 99.9~100.0% O &\ A8 Rl 1 5348
bih/zZ &6, No. 8E & Lactobacillus paracase:
THoHEFREEN, T2, BBIERIZBWTIZ, ML
RELCHERZEORIRICER T BW7/2®, No. 8
BUSNOERORE, BOWREIZDVTE, ErofkE
ERMEPHEEECRBNL CARBE L2470, %
DEFFEL L7z,

L

T ZEE (1990 F£LAE), ENEL &L iEELED
RRFETERUOTREE» > KEEH R OB EEILBR
G ERBABEOSTEERA, Wom, EEEAKL A,
EEE2H, dAA7H, BABELL WEREL SO
ABELOBEL Shbid, BrooBLEL
BUNITRTBETH o 72 BERIL, ST 134,
AF T ET, SEINE OB 60% I1E 10% T 5
S VEERBTEFT L. /2, REBEUEDY
TRFNEERT DS ORM 1/312BE Lo 72,

U TBREEEBERICLAEBEO MLF 2 X 5 28
BRYEDSLEIHEZ AWRERODH L & LT, LEER
AL DB LFEEL /- No. 8 2 BIEL 720 AHIX
16SrRNA DIEEEFIOAEEED S, Lactobacillus pa-
racasei THBHERES NI,

Table 12 Conversion rate (%) of malic acid by MLF.

. Incbt.time Conversion
Strain (hr) Malate % of malate D-lactate L-lactate
19 3.0 99.7 448 2,004
No. 7
43 2.0 99.8 436 3,504
No.8 19 3.0 99.7 333 2,185
o 43 10 99.9 660 2689
Control - 1,050 - 238 127

The numerical values of the organic acids are ug/mlL.
The strains were incubated at 15C for 43 hrs in sake (ethanol content 15%) which contained
ug/mL of malic acid and D-, L- lactic acid respectively as shown in the table.
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Table 13 The similarity of the 165 rRNA sequence between No.8 strain and related Lactobacill.

Sequence Entry Accession No.  |Match/total (bp) | Similarity (%)
Lactobacillus paracasei subsp. paracasei NCDO 151T AB008205 1498/1498 100.0
Lactobactllus paracasei subsp. paracaser JCM8130 D79212 1498/1498 100.0
Lactobacillus paracaset subsp. tolerans ATCC25599 (MicroSeq) 1498/1498 100.0
Lactobacillus paracasei subsp. paracasei ATCC25302 (MicroSeq) 1497/1497 100.0
Lactobactlius paracasei subsp. tolerans JCM1171 D16550 1492/1492 100.0
Lactobacillus paracasei subsp. paracasei NRIC0625 AB362692 1497/1498 99.9
Lactobacillus paracasei subsp. tolerans NBRC15906 AB181950 1493/1494 99.9
Lactobactllus zeae ATCC15820 D86516 1487/1497 99.3
Lactobacillus caser ATCC393 AF469172 1487/1498 99.3
Lactobacillus rhamnosus JCM1136 D16552 1475/1491 989
Lactobacillus diolivorans JKD6 AF264701 1382/1479 934
Lactobacillus satsumensis NRIC0604 AB154519 1385/1486 93.2
Lactobacillus farraginis NRIC0676 AB262731 1392/1494 93.2
Lactobactllus parafarraginis NRIC0677 AB262734 1392/1495 93.1
Lactobacillus zymae LMG22198 AJ632157 1388/1492 93.0
Lactobacillus otakiensis YIT11163 AB366386 1390/1495 93.0
Lactobacillus namurensis LMG23584 AM259119 1387/1493 92.9
Lactobacillus acidifarinae LMG22200 AJ632158 1384/1490 929
Lactobacillus aquaticus IMCC1736 DQ664203 1376/1487 92.5
Lactobactllus spicheri LTHS5753 AJ534844 1380/1492 925
Lactobacillus uvarum 8 AY681126 1375/1487 925
Lactobacilius capillatus YIT11306 AB365976 1373/1485 925
Lactobacillus oeni 59b AY681127 1376/1489 924
Lactobacillus cacaonum LMG24285 AMS05339 1372/1486 92.3
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