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Three strains of lactic acid bacteria able to cause fermentation at a low temperature were isolated from
rice koji for sake brewing. The one producing the most lactic acid at 4°C, NL7-3, was identified as
Leuconostoc citreum by means of ribopatterns and the homology of 16S rDNA. This strain produced D(+)-
lactic acid from citric acid as well as glucose, and showed alcohol sensitivity as well as antibacterial activity,
inhibiting the growth of similar lactic acid bacteria. In sake mash brewed with viable cells of the
strain instead of lactic acid, it produced lactic acid in the early period, and all bacteria cells died in the
middle period. The sake thus brewed contained lactic acid, a reduced amount of citric acid, and slight
amounts of malic acid in proportion to the amount of cells added. From these results, it was clear that
there are L. citreum strains which, like Lactobacillus sakei and Leuconostoc mesenteroides, are capable of
growing at 4°C, and which can produce bacteriocins and convert the citric acid produced by koji to
D(+)-lactic acid in the seed mash of sake.
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Table 1.

List of rice koji as resources for isolating lactic acid bacteria.

After 7-d incubation at 15°C?

Sample no.  Factory Polished rate pH Total acid Amino acid

(%) (ml) (ml)
1 N 45 3.60 34 1.8
2 N 60 3.56 4.4 1.7
3 N 60 3.49 4.9 1.7
4 F 60 3.68 4.3 2.7
5 F 60 3.68 4.2 2.3
6 F 60 3.64 4.1 2.1
7 N 65 3.66 3.9 2.3
8 F 70 5.12 0.6 2.9

# Five grams of rice koji was incubated after addition of 15 ml of water.

OF L) MoK KBAEORR D A8 iadl
BEE O BER & L7z (Table 1). K#85.0 g (215 ml DZ&
BAKEZHRML T, 15°CTT7 HREREE LI-1%, BEN LS
L7-8%ik % GYP Q%7 Vv a—R, %=X X, 1%
YT R y) —REED VYT N (1%) FEREEHIZHERE
L, 30°CCT3HEIEE L., Wl Lizan=—%%ET
B ERTOME L, B LW RESHUCHFE L T4°C T 14
AMEEL, £FL T OR&ERI VT V=2 L
7man=— KR REEMILEEE & L ORI L.
AEMRER B L 7-HEEREIC OV T, GYP RS
He (10 mD) % FAWTC pH fittE, 72—t KR
HEBFMERE. £, GYP-IREEV LV D ABKEEH
BEAR—AL, SNa—REMOFE (1%) 1ZE X - BRE
A ERL L, FLEEHE ORISR KA W A A E K Tl
L7k, e OfEP EURREMICERE L C, 30°CT
S HRE®R L, 7 U7V — O LS IR O 5
P

BHRORE HAEBEOREIIEET 74—
v NMEHT (VARTY v hoRF—fRHT) & 16S TDNA O
MRMREITIC XL » TiTo T2, URT U v bR — AT
%, VA7 U & —TM 257 A (Qualicon#t84, KE)
PRV, Taky «TAT VT4 7 47—vay -T—
HZ~X— 2 (DuPont ID) 2% L TU R/NF— L DFEF
MEREWVEREZ BRI L7Z. 16S rDNA fZ#TiX, PCR ¥EiZ
£ 0 #iE L 7= 16S LD 500 bp @ & 43 H KBS &
MicroSeq™ Microbial Identification System (Applied
Biosystems fE#, #[E) % HWTHEAMT L, MicroSeq™
Bacterial 500 Library (2t U THiZEEL S O AR R D m
HERERE L.

9 I UBOFKEHER CYP BIKERD 7L 2 — R

(1%) %27 = F (500 ppm) (22 7= CYP 55tz v
T15°C lZRBITAIBE D 7 — &AL & HLER AR % 7
N MR O s 2 UEEEABIIF-F o (Y2 - X
AT T I AT 47 A8 #AWTER L.

REFEE  EEREOMOME I A HE R,
Kawai 510 O FIEICHEL TiT o 72, Thebb, ILBEO
GYP iR i CORE3E LiE% IN NaOH THfI L 7%
W2, BEEA LT T 7 4 05— (0.45 um) %8 LT
BEL, 4R~/ 707 L—FrDUziZlml &Y, 2
UL ORIE O GYP IR E I 10 1] (1%E &) N
LT, 30°CT3SHMISE L. BRLZMENET LA
WIEEIZ, MBEERS D EHE LT,

FEE/MEASER  IEIL Table 2 IR AR S T
ZBAIARAT o 7o Bk & BKIT65%8F K A fEH L7z
BERHIT X 1 O VBRI T01 B (B ARBREWNS) OEEEE
BEMER L. SIROKERICEERILEZ Anl-b0
ExBE L, HEEE AN CHBEOREREE L E L
OEFHTHEMTHRBX AR 7-. RRIEERER T18°CIZ
BRE L. BEIEROOBEHETITY, AEBEORS o
FEBTRTESATIE D IS0t - TITo 2. FHBEO T BT
mEEE s o< N T T 0 — (BEEERR) ZHWT
TV, - L O p-ABO ST F-F v FEHW .

i e

ERFRBEMIBEOSE SEOKIBD15°CIIET
HIEEIED pH B LOBEZRIE LIfE, 70X
DOYEFBERCTHREN LA L TRV, HLEBEESHEMEL TV
ZEMTFREN (Table 1). Zh 6 7RO KBIEHRK %
GYP —[REEH /L3 7 DR EEHICBERE L T 30°C THEE
L, U7V —r®BALEao=—% 5T OBk L
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Table 2. Amounts of materials used for sake brewing.

Addition
Initial Intermediate Final Total
Total rice (g) 184 314 502 1000
Additional rice (g) 124 248 428 800
Koji rice (g) 60 66 74 200
Water (ml) 268 358 648 1274
Lactic acid (g) 1.14 1.14

The additional and koji rice were polished to 65% of original weight.
The yeast cells were cultured in 50 ml of YPD medium at 30°C for 24 h with shaking, collected
by centrifugation, and used in the sake brewing test.

<. 0Bl L 72 S5AROFLBREE 2 B L W RIEHUC R L, 4°C
TI4HEER Lz, BFICan=—2FKL, 12Kl
DBEFNOBESNIZZ LRI TV D 2 ORER
B DOIEYERR  (Leuconostoc mesenteroides subsp. mesenteroides
JCM 1564 3 X O} Lactobacillus saket JCM1157T) £V %K
s V7Y — &R L1238k, NLI-3 CKk# No.1 Hi
%), NL2-2 CK%8 No.2 H13k), B8 L T'NL7-3 (K3 No.3
Hk) Z@ER L.

ZDO3RDOH T 4°CITEB T HCYP-REE I V2 T LR
B Tos )T = OEEN RS K E D 7o NLT-38k
(ZOWT, GYPRIAEHTHERL T/ a—ADHER
AT ZOFER, NL7-3 BRI 4°C 225 15°C DK
BUZIB\NT Y, L. saker DIEER LY & 7V a— X DHE
PWENZ Lot (Fig. D).

DEBHOEME  4°C TEF WTREZ NL7-3 BRIZO
WT, &S ERILBRE ORER L SEME 2 B Lo R
% Table 3 (ZF & b7z, NL7-3 BRIZEREIZE VR R
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Fig. 1. Glucose consumption in GYP medium. Lactobacillus sake
IFO12456 (@), JCM1157T (O), and strain NL7-3 () were
incubated in GYP medium at 4, 15, and 30°C for 25, 7, and
5 d, respectively.

OFEZLTEBY, ¥vu—X, v = b—ABILUOA
U B — R DFEFEMEN 2 AR pH 4.0 TEF T 2 R0
L. sakei \ZELLTCW=, L LR, Zva— A5

Table 3. Characteristics of strain NL7-3 isolated.

Characteristics NL7-3  JCM1157¢ JCM1564b

Cell shape Oval cocci Rods Cocci
Gram stain +¢ + +
Catalase production - - -
CO:s from glucose
Growth at 4°C

Growth at pH 4.0
Growth in 7.5% ethanol

Fermentation of sugars

- w

+ + =
+ o+

|
|
1

Glucose +

L-Arabinose

+
+ o+ +
+

D-Ribose

D-Xylose - -
Fructose

Mannose

+ + +
+ o+ o+
+ + + +

Maltose
Lactose - - -

Sucrose

+ +
|
+ o+

Treharose
Raffinose - -
Melibiose - -

Mannitol - -

+ +

Sorbitol - - _
Utilization of citrate + - _

Optical form of lactic acid D(-) DL D(-)

2 Lactobacillus sakei.
b Leuconostoc mesenteroides subsp. mesenteroides.
¢ +, Positive; w, weakly positive; —, negative.
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TR A ZRESEDH, p- VR — A &L, b
Lo — A% REBET DR, BRUD-HEEERT 5 A7
E T, L. mesenteroides \ZFRLL L T\, F72, =& /) —
AT HIMEITAE D & RABEOEEK 2B LR L
TR o7z, —JF, NL7-3 37 = 2 &b+ 5.8
T, WTNOFREKRL R R 7. 20X )T, FEREF
R Z DM O ABPRBR ORI B %, NL7-3 #RiT L.
mesenteroides, L. sakei DTN E HREITE TX o7z,
DEBRDO D FRHEH TORE YL RABEO
BEKOVWTNEBER LRV NL7T-3 KIZOWNT, &
BF ULV TORTIZE > TREZRE L. U RS
Z—OHEEENRTA 7 Z7 ) —OHRTRLEV 097 %
7~ L7 B #EIX, Leuconostoc citreum DUP-9513 T& - 7=
(Fig. 2). %72, NL7-3%® 16S rDNA @ 535 bp Dtk %
B & OFE R D B b VR RME 2 7R L 72D % Leuconostoc
B Th o7z (FRIFME, L. citreum [99.81%] ; L. mesenteroides
subsp. mesenteroides [97.38%] ; L. mesenteroides subsp.
dextranicum [97.38%) ; L. mesenteroides subsp. cremoris
[97.20%] ; L. pseudomesenteroides [97.20%]). T b DiE
e, NL7-3 BE1X L. citreum TH B ERIE L.

T UBHEEEN  NL7-3tKE L. osakei OFEYERE2H
A
1
;.\ 0.8 -
<06
(%]
304
=
< 0.2
0
0 3 5 7
Incubation time (d)
C
800
‘E 600
Q ﬁﬁzﬁ
Q
< 400 ~
© \
= 200 :
° AN
0 @ @
0 3 5 7
Incubation time (d)
Fig. 3.

BRIZOWT 7 = B A IRBIRE T 5 CYP RIS il #
FELTISPCTHEE L, 7 = U BRIERE L JLERIE B ORI
bz ~7 (Fig. 3). £ DR, L. sakei DYEHRUR TIXY
TUBMITLEAERD LoDl L, NL7-3ED
BERE CIE ARSI = VBRI L CILE s s L7z,
ZOEINT, NL7-3HRIZ 7 = VB A HBRIC AW TX 5
TUBBEEMEABF L TWAZ ERbhoT

REEME  NL7-3 RO GYP E#EiEATfL, A
TT U7 4 NVE—THRE L TER U5, JLERRE
9Bk, FLEREKE 6 BkOIEMERKD GYP &K% 1% BHAE
LT 30°C Ci;%E L7=. Table 4 (2 L7-4EHeEkk & 7D
EERRETRLED, BEIKRT TSHBNLET Liho

RiboPrint (R) Pattern

11kbp 12 J10 115 150
i ) L] 1 1 T I T T ] LI | 1

A

B

Fig. 2. Grayscale RiboPrint patterns of Leuconostoc citreum.

RiboPrint patterns of L. citreum DUP-9513 (A) and strain
NL7-3 (B) were analysed with the RiboPrinter system.

B

0 3 5 7
Incubation time (d)

800

600 P

200 /
0

0 3 5 7

Incubation time (d)

400

Lactate (ppm)

Lactate production from glucose and citric acid. Lactobacillus sakei IFO12456 (A ), JCM1157T (m),

and strain NL7-3 (@) were incubated in GYP (A and B) and CYP (C and D) medium at 15°C for 7 d.
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Table 4. Antibacterial activity of antibacterial substance produced by strain NL7-3.

Growth? in supernatant

Strain Growth? in GYP medium of neutralized NL7-3 culture
None b -
Lactobacillus saket IFO 12456 + -
Lactobacillus sakei subsp. sakei JCM 11577 + -
Lactobacillus sake subsp. sake IAM 1900 + +
Lactobacillus sake subsp. sake IAM 10077 + -
Lactobacillus casei subsp. casei IAM 10062 + -
Lactobacillus casei subsp. casei IAM 12473 + -
Lactobacillus acidophilus IAM 10074 + -
Lactobacillus plantarum IAM 1041 + -
Lactobacillus plantarum 1AM 12477 + -
Leuconostoc mesenteroides subsp. mesenteroides IFO 3832 + w
Leuconostoc mesenteroides subsp. mesenteroides IFO 12060 + W
Leuconostoc mesenteroides subsp. mesenteroides JCM 1564 + —
Leuconostoc mesenteroides var. sake IAM 10060 + -
Leuconostoc mesenteroides var. sake IAM 10069 + -
Lactococcus lactis subsp. lactis IFO 12007 + +

4 Strains were incubated with 1% inoculum at 30°C for 3 d.
b 1+ Positive; w, weakly positive; —, negative.

Table 5. Antibacterial activity against strain NL7-3 of antibacterial substances produced by various lactic acid bacteria.

Strain

Growth? of strain NL7-3 in
supernatant of respective strain

pH of neutralized
culture supernatant

None (GYP medium)
NL7-3

Lactobacillus sakei I[FO 12456
Lactobacillus sakei subsp. sakei JCM 11577
Lactobacillus casei subsp. casei IAM 10062
Lactobacillus caset subsp. casei 1AM 12473
Leuconostoc mesenteroides subsp. mesenteroides JCM 1564

Leuconostoc mesenteroides var. sake TIAM 10060
Lactococcus lactis subsp. lactis IFO 12007

5.86 +b
6.95 +
6.74 -
6.81 -
6.98 -
6.88 =
6.83 -
6.78 -
6.77 +

2 Strains were incubated with 1% inoculum at 30°C for 3 d.
b+, Positive; -, negative.

To. Flo, BKE 6P CIHRNAER Lo, L. sakei
DEROFTIE, 1KOAREF LR, 4KTEBFTIMZ
DALz, L. mesenteroides SRR T TIX, SEOATRIMZ
B, FEYDRICHONTHAETNEN ST,

—%, FxOILBE O GYP ERKRALFML, AT
TUT7 4 VF—TRE L CER L REH#ic NL7-3 £k
GYP 58K % 1% &4/ L T30°C THE L=, T DR &,

FRBR L7 L. sakei, L. casei 33 X O L. mesenteroides (% 248)
DEERR O P FIZBRER T NL7-3 BRIZAB Lo
7= (Table 5).

NL7-3#%DF BB D TOHES) NL7-3ERIZITEIRE T
DHABREBEMECMOIBE I T A HEFEENH D =
L, BRUOT v a— A mENMEWZ b 2D T,
HBREBEOMBR LR CERERILBREZEMT bV IC
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1.0E+01
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NL7-3 BROEEEEHE ZEAK Il ml H72 912 1x 103, 1x
104, 1 x10°FB LT x 108@IZ /b X HWZHmL, El
P THBRENEDO L S RBEE & 50, E-WEED
AN EDL S BT HONERE L. O CTHLER
EZFK]1I ml H7-0 104ELL B L7 B CiE, ¥
RRFICEBR S D EE LB 2 RN L 723t B & X R %
ol Fle, WTNOIBERMKIZBHNTY, Bk
4 HAHE CHBEE  BmIC2 0, %10 BIIi3REE
WL CTWe (Fig. 4).

B%I9ATO MEEE ST 5 &, HBEdH D VI

Lactic acid bacteria (cells/ml)

ORI, BAKE, TAa—A, TI/B s N1 0 1 s 1
EIXZIEREO[E AR Lz, pH & BEEIXILEEHE O RN Fermentation period (d)
BIUSCUTEEL, ABEOIRMER?ZVMEE pH i Fig. 4. Viable cells of Jactic acid bacteria in sake mash with strain
KTL, BT LR L. SRR EELITWVEERELZ R L NL7-3 added. In the initial addition, lactic acid (O) as
<l Fh 5 = - o control, 1 x 10% (@), 1 x 10* (A), 1 x 105 (#), and 1 x 106
DL, AMEZ 104HETRN LIZRABRIK TH o7, £z, (m) cells of strain NL7-3 per ml of water were added. Lactic
e % 105 fELL L L7-RB X i, BEREAAERT S acid bacteria were measured by colony formation on GYP

medium with calcium carbonate. The day of final addition

i A N S - B i () T3
B R ELIR O T, FICERT TV, B YT is shown as day 1, the initial addition as S, and the inter-
v, W7 BFAR O AT IVOEKEBEMET mediate addition as N.

L7z (Table 6). EREFOFMBESHERN 2 HE L7/ER, 1

BENNMX T 2 VEBBHEEL, U TBRpE50E REHIE S Ao 7.

L. $£7, ABEORMEIS L TE LY VB, AR

BLOEEERASEM L7 (Fig. 5). JLEEDREYEEIL, #HEE

BEOHRNMIZHE> T DB EM L7z (Fig. 6). FLEEZ A FLBEEREE L. citrewm 13 10°CLL T OARIR TOAEFITHES
U7 IR EBREE A3V 10* fEIRANGABRIX o0 LRI, b DAL, EOEHER JCMI698T 13 4°C TOEF
BUZEE AR TE®A Y 7 P THRO S bHRH Y, BHEHY MEDLOTHEE TH-72. 4R, ZOMEICET 2HABRE

& =

Table 6. Analysis of sake brewed with lactic acid bacteria.

Strain NL7-3 added (cells/ml of water)

Control 1.0E+03 1.0E+04 1.0E+05 1.0E+06

Sake meter +8.0 +9.5 +7.0 +7.0 +6.5
Alcohol (%) 19.4 19.6 19.0 19.1 19.2
pH 4.34 4.40 4.24 4.09 4.02
Total acidity (ml) 2.5 2.1 2.7 3.6 4.2
Amino acidity (ml) 2.1 2.0 2.2 2.1 2.1
Aromatic component

Ethyl acetate (ppm) 82.6 95.4 73.5 44.3 43.0

n-Propyl alcohol (ppm) 51.1 49.2 42.3 39.5 39.8

Isoamyl acetate (ppm) 5.9 6.9 4.8 2.6 2.2

Isobutyl alcohol (ppm) 77.2 91.2 79.9 66.1 60.9

Ethyl caproate (ppm) 0.7 0.8 0.6 0.4 0.4

Isoamyl alcohol (ppm) 185.8 196.1 182.4 158.9 150.2

In the initial addition for the small-scale sake brewing test, cells of strain NL7-3 were added withoiut
addition of lactic acid as control.
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Citrate Pyruvate Malate
Concentration (ppm) Concentration {ppm) Concentration (ppm)
0 50 100 150 200 0 50 100 150 200 0 100 200 300 400
Control
1.0E+03
1.0E+04
1.0E+05
1.0E+06
Succinate Lactate Acetate
Concentration (ppm) Concentration (ppm) Concentration (ppm)
0 200 400 600 800 0 800 1600 2400 3200 0 200 400 600 800

Control
1.0E+03
1.0E+04
1.0E+05
1.0E+06

Fig. 5. Concentration of organic acid components in sake brewed. In the initial addition for the sake brewing
test, 1 x 10%, 1 x 104, 1 x 105, and 1 x 106 cells of strain NL7-3 per ml of water were added without addi-
tion of lactic acid as control. The concentration of organic acids in sake was determined by HPLC.

ThHoTKIRE 4°C) TRIHFIZAEFL, &b L RIABED
R L D b2 S /ER T D0 BERR (NL7-3) 2 HUS
Concentration (ppm) L7z. Bergey's Manual %92 TiX, L. citreum DEHRE

0 500 1000 1500 2000 2500 122V T Tsometimes short rods with rounded ends] &

FLE S, BKETHY 2 CEEEEROBMANRE LT

HEWD KB B, £z, Takahashi 519 VX, L. citreum

VX Leuconostoc amelibiosum & & ¥ CGEET, WTILo

L pH48 TAEEL, £1°CTAETH I L2t

1.0E+03 LT 5. NL7-3 BEAS L. saker & TR BE OO % IR S5 BE1E,

T =Lt KO pHEEZ A L T2 Lid, &£

1.0E+04 b ERRWBES &R TAEEF T HILERE X L. mesenteroides &

L. sakei D2FEIZIR HALT, L. citreum & ¥EFES 25 BIAEME DS

HHZEEFBEL TS, ZHLOEKRIIBEWVICHE

1.0E+05 EEABALTERY, EROMAETICL > CXBERF TR

AR LEEERDEBAICE D, BERFPOEBICEEL L

1 0E+06 ADHbDEBZOLND. TOMKR, FLEBIRENHEME L 72

WAL ERBERPEESNDFREELEZOND.

Fig. 6. Optical form of lactic acid in sake brewed. In the initial IR FERAED L. citreum NL7-3 %, B BERALIA DI
addition fo; the sak@ brev.ving test, 1 x 103, 1 x 10%, 1 x 103, KETEHI U775, BBIRERICIIILER 2 0 U~ < BR
td LXA0 clh o s NS per o vt WS R SORIL o e, SRS, 1~ $C OB
form (L(+), O; D(-), W) of lactic acid was analyzed using an HIHES Bl BEROMIZ NL7-3 KA RIFIZAR L, &
Foki. % ARk L7 2 & &R LTV, NLT-3 BRICHE IR A

Control
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EFED AWM TE 5H82%E

&5 KRBT TR EF LB EIZ 2> TS 2
ED D, BOMEBROFMEHIENEEZ N, B
FOABBEOEEITE® 10 A TIRIEHBE L TV iz, =
UL NL7-3 BRD 7 v 2 — Vit s & HIlr U C, BERRIC &
LEET NV A— LD LD THDEEZ NS, Bk
BEOFEEBE ST ORER, FLEEEAIEE CTIXr — @i
BEICERTL, Vorambovmd Lz, 2oy
AVERBTE~aT 7T 4y 7 BEIETWS, £,
B D FLERIE D B D A R EL SR DS ARSI N L 72 28,
HEBICE L CIENREDOENC L D2 ERENZ2EITER

DALTWARV . NL7-3 BRESHIVEIE L, AREESHERDE L
WERIZ L B 720, WBRIC A TEREAIIZ X EE A
VT RT, BRIZSLBHAPE BN, 2 DR
b, EIBFEBEVE L. citreum DA DS & RBERFIZB VD THEHH
L% E1E, D-ABORERFEI LD LITmMAT, 7
TUBODEREMES 2D L RHERTE S, 207
B, b L REFP CEEMICHEET 2 ILEEERE N L.
mesenteroides, L. citreum DT X - T, £ & RERFOEE
B DA EARE T B RIEEMERZ 2 Hhz.

BELS CRLUE L7 KB D, £b & RIBEOEYE
BRERIFELL EOIRIRRBENEEZ BT 2 IBE % 3 oo L
7. ZO5HD 18K (NL7-3) 1%, VATV > h % —
VHRHTE K UV 16S rDNA fi##T D A5 R 2> 5, Leuconostoc
citreum TH 25 LFE LTz, S8k NL7-3 13EE T b-
HLEEDERBENEL, 7 BEEL L THBE AL
L7, BLPOABEICS T 2HEEELHE LTz,
BB RAA O IR THEE DO D 1T NL7-3 # & B0

L7oEBE, B CTBRENHLBIRIMOX R L R%ic2 Y,
IER R REE AR LT, BREOAEBEOROME, 7=
VEEPBEIETL, U raBbooRd LML
AR E 2L, BRI RO LB INEE I L
NRTEWRN Y 7 P THRIZSL HLBR TR, Zhbd
DFERD, £H ERILBE & RFIC4°C LW HERT
ABETED Locitreum BDEEL, THMNEBEMICED L
RIERECTHTE L 7258100, pD-LBOLEREL 25 2
LITMAT, 7 oBPRED LIEBEICRbLEZ DN
7.
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