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9OV IET OAME O 2T, 15 5 Lo BRI Alik & B8 MR T I
DEPELTIE ZAH, BONIMAERREITREBEORIEICLY 3 SO NV—T1255%

SNDZEBHENI o, ENEND T N—TITH

FHAFLE 1 EED 16S rDNA

fftr L, SebttE 2 b TEMBORIEEZITTo72L 2 A, 3 BOKIZERZE N
Pediococcus pentosaceus. Lactobacillus brevis, Lactobacillus plantarum T& 5 Z & M7
Sz, 3 HEOHBHKE TN ZNOFEERZ W T, 8%k NI v azagdierX
D BRI BV CTHIERBR 21T o 72 & 2 A, S HEERIZZ N T OEHERE L #
MR Z R LT, Fo, SHBREZ R Y —2—L LT& 9w 5 ) OiEY & (ER
L. ZOFEXE G 2o Lic e ZAEHT51AMEIC L > T IR b R R FXN
=2 T ZEBRH LN T, T ORERITME T 2 ABEIC L - THEY
DEWE S DT oL AREMEZ R LTV D,

F—I—F 3BE., T 5 YHEIT. Pediococcus pentosaceus., Lactobacillus brevis.

Lactobacillus plantarum

Isolation, identification, and characterization of lactic acid bacteria from
furuzuke: a traditional well-pickled Japanese cucumbers

Hideyuki Tamakawa and Yoshihito Ito

In this study, we isolate, characterize, and identify lactic acid bacteria (LAB) in furuzuke,

which is a traditional well-pickled Japanese cucumbers (Cucumis sativus). The isolates from

furuzuke are divided into three different bacterial groups according to phenotypic and

biochemical characteristics, and sequencing 16S ribosomal DNA of representative strains in

each group shows that these LAB represent three genera: Pediococcus pentosaceus,

Lactobacillus brevis, and Lactobacillus plantarum. In cucumber juice containing 8% NacCl,

all isolates grow faster than their type strains. The pickled cucumbers inoculated by isolated

LAB have different flavor patterns, respectively. These results suggest that specific pickles

can be produced using LAB as starter.
key words :

Lactic acid bacteria, well-pickled cucumbers, Pediococcus pentosaceus,

Lactobacillus brevis, Lactobacillus plantarum
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FLERBE I 3BERE &0 A TH < BRSBTS S
TEY ., MNEITSREER I E LAk~ 7o LR & B8
REVSBEL CTE T, IRETREE T 23BN O b
KR R FEERES R S TER Y FIAIR, HEEOF A
FMBIX Lactococceus lactis, Lactobacillus plantarum
N, BEOBIENSIX Pediococcus pentosaceus.,
Tetragenococcus halophilus 73 ¥ DY FEEFED HEEE)
HENTRY | 2SRRI A TR R ORI
IZFHE LTS EEZEZHNTND,

3 — 7 )V M2 X Lactobacillus delbrueckii &
Streptococcus thermophilus® . F—R\Z1X Lactococcus

il

lactis” £\ X O IRHCILILZ RO CUITILBEE A &
— X —DIERIE A TIEH D08, < DIEMIZBNT
AL —5— b UCHMEE 280 LT 2 35 I T
72 RIERROAFBE, T70b5, BUEREEHRH
KOFHFEEPFIED T L 72> TN D,

T S IFRMIMEAARE T T B ORI TH 1 |
—ANTIT 20%Lh EOMESHFAE T CTHon A UL HfAR A
1oz ciliEsng ¥, AAENTIIFHIZY H VR
ESEOHIBETNAEL THY | 2ESHCHIROREH 5
RTAEEE STV D, EET IR E S A
TRUZBW T pH ME T2 Z EDMERE S TWND A,
X ) DOEET EMSNTODRERL. HDNNIED

kSR 2T EJE BN — XTEHMIERE (BRAT —Y)
sk F AR PN
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FNE TR LY ThvE CIHRER LS BB SV 13720,
FZTAMIBE T, AFRANTRER DX ¥ 9 HiET
KV ABEAZHEE - FEL, TOBEEEHOLMNCTD
L EBIZE W D D OEMRLEICA X — & —FIIH LT2BED
FEEERE S OW T 21T o 72,

2 SEEAE
2-1 {EFRE%
LR U7 SR ERRIE Table 1 IR L72,

Table 1 Strains of LAB in this work.

Strain Relevant genotype Reference

Pediococcus pentosaceus

AO-105 Wild type This work

NBRC107768  Wild type (Type strain) NBRC
Lactobacillus brevis

AO-115 Wild type This work

NBRC107147  Wild type (Type strain) NBRC
Lactobacillus plantarum

AO-118 Wild type This work

NBRC15891 Wild type (Type strain) NBRC

2-2 Ewp S YLETHSDEEEE

BN A =D —DE % 5 DIFIALIEN D | {HiA 58
HEHDWERE 7 v 7 Uz, BRI SEEAR L, BCP
M7 v—rAh o b7 H—/L(Nissui Pharmaceutical,
Tokyo, Japan) (Z¥3Afi L7z, 35°C C 3 HIWEF®E%, Bt
FRIZ & > CHEEICE (L LIz an =—2895 L, MRS Wik
B2l (Merck, Darmstadt, Germany) % FVNT 30°C T 3
HHIgERE LT, BRAFREHATR L, oo hicis
BRICEENLHMELZREL, HE L2 Va—X(C
LT 50%LL EOEIEG THME A LR L T DR &gk L
oo TR UToRRITFEERAIE & TERBBIAR IS & /v —E
YT EAToT,
2-3 16S rDNA SBIED > —9 TR &ET—AR—RIRE

LEBEEAERNS O 7 5 DNA O HIZIE R
Fungal/Bacterial DNA Kit (Zymo Research, Irvine,
CA) AV, FHED 7\ b a—/UZfEv T -7, PR 1Z
Takara OCR Thermal Cycler Dice (Shiga, Japan) & EX Taq
(TaKaRaBio) Z FIV\TIT 572, AFLEAE D 16S rDNA B4l
X, TNENOAMED S 7 5 DNA 2L LT
10F (5" ~GTTTGATCCTGGCTCA-3") & 800R (5 ~TACCAGGG
TATCTAATCC-3" ) DTFF A ~—F v b Z AV CHINE L7,
BOSIE 94°C 3 5y DI ZAT o7tk 94°C 30 Fb, 50°C
30Fh, 72°C 0D 3 AT T30 YA L L, PA
VR T RIE 47 C ISfkFF L7, PCR EMIZL
ExoSAP-IT (GE Heal thcare, Chalfont St Giles, England)
ERWCOER LUz, v—7 = ARIRITSED PCR T
L7277 A4 ~—% > k& BigDye Terminator vl.1 Cycle
Terminator Removal Kit (Thermo Fisher Scientific, San
Jose, CA, USA) &z, 155 VHEERISI DT — 52~
— ARRRIZIL, ENAEM T A e v % — CK: National
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Center for Biotechnology Information, NCBI) 73gfik
9% BLAST (Basic Local Alignment Search Tool) % fH\u>
7=
2-4  FEFEREEMASER. BEAEMHER

WA, IR A BRI A R~ = =
TN NGESTo, bbb, YP EHL (10 g/L EERET
A, 5g/LT Mo 2 g/LEAET RY DAL 20 mg/L fit
fe~ 72U A Img/L Bt~ > 7 1 mg/L Bilgk,
1 mg/L #HiAbT- b U 7 A 50 g/L Tween 80) [ZERFE &
LU CEZ2 A 10 g/L & 705 X 92N L7R5Ha
WC, 307 C CRMERFEZTTV., D, & pH ZHIE L7,
7k, WEABMEIRORATUII I Vv a—2A%EH L
77
2-5 EBRRETFIEMREERY

HERFE OB EITIL 27 )V EZ LT ILT b KNSR LT-
0. 1MV U EEkEMERR (oHT) Z e, BRALSREEA H
W CRRUBIERE U7tk BRI TBRMMEE JSM-6320F (JEOL,
Tokyo, Japan) T a 177,
2-6 Fw S YBRRORAELIESETHAR

RO E W 9 &Y 2 —P—THREL7-1%, 121°C, 15
SHA— N L—T W AT o7, -30°C THfE, 20°C
TRME L1, w0 k> TEBWABRE L, &
HICH T AMEHEARE, 0.8 um 7 A LA — 0.22 pm 7 o
B —% NS | Al e BEIICAT 5 Z Ik, &
P 9 D RREE OB 21T o T, S BB MRRERIIE,
AL R OLERINLTEE 9 5 0 kR Z vz, 3
{bF b U D LEGEHIIL 0. 22 pum 7 4 /L Z —Z VT
HAMBAITVY, 30°C, FFESIFTHRERZBIG L. RN
(Z 0Dy ZTHITE L 72,
2-1 EIAKER

HIEAH ORI Z ¥ 5 DR E Ve, £ 9D
¥ 1% 100 ppm DOIRHEHEFE/KIZ 15 43R LT-14%. 7=
—/WiHE L E R BT 2V T L emBI2 > b LT,

BEZEaPEROMIZZ 9 5V 100 g, 8% RU DA
100 mL, FLERBEESHUE 2 415 0Dge=0. 001 & 725 X 9 12k
L. BESMET T — b —1 &7V, 15°C TIEAR
AT o T, BEREOHFERE Z AR T 235513, £
LN DOFLFEE DHIFE 0D, 25 0. 001 & 725 X 9 (THefdi &
1T-o7,
2-8 SAE

W, e, =& ) —/LOERILShi b OmEdikik s
n~ T 70—k DR LT o7 Y,
60°C CTHRfF L7= 1CSep—ION-300 7 A (Tokyo Chemical
Industry, Tokyo) % V>, ¥EEE LC0.01 N fiftfi (ritis
0.4 mL/min) Z4EH U7z, BRHNICIIORZI I 36 W AR
(RID-10A, Shimadzu, Kyoto, Japan) %z v 7=,

BRI HHTTIL 7 T v 2 GC / — A HERACLES
II(Alpha MOS, Toulouse, France)Z fiv /=, 1&ik 1 mL
ZEAN LTS T V% 60°C | 1200 FPIME L, ~v KA
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R 2@ 50l & GCIlTEA LT, T LA —T L 1F 10
/sec DIEFET 250°C F£ THR S, MHIZILFID ZH»
77o FERSSOMILT T v 2 GC 2 — A HERACLES 11 fi#
Wy 7 MYEOMEEZ T T o7,

IER P ILEEE O A FEEITa v =—BAEAL (colony
formation unit; cfu) THEH L7, EKZEEFR%
BCP F5HuIZIRIR L C 30°C T48 Wiz L., Bk L= =
0 = FH L7,

3 HREEER
-1 FpSYLBITHISOIEBEIEERTE

9 9V IR ORI A EAR L, BCP ZEREEHIT
Hark T 200 au=—%k v s 7T v L, Bb
200 K% MRS RIREGHECOMERERIZHE L, BAF/RHE5H

(ODge>1) 2779 18 BRA R L7-, kS N7z 18 kRO
MRS B5H COXATHEIRFFENE L TRREZ T L= & 2 A, 3
DDTN—FFASNT, T30, (1) AERFEREAR
AR PNHER ., (2) ~T o RUSsEARR A A R HR . (3)
RERIBEEAER A R IARE N NS 8 BR, TR, 3 KBS
bV, 18 HkZ W THEMERZIT, £ 2 THI L
— 7 Db EBER  HBBARRED BV BEE 1 BT o8k
WL, TN % A0-105 8k, AO-115 8k, AO-118 Kk& L
7oo 7235, AO-115 FRICIZEEIRDEENED GRS DL, EA
AU TR S E IR 2 855 L QO 2 SRR A
MR & 7= (Figure 1),

RIZ 16S rDNA BeH| DS — 7 =0 A {4475 Z & T
WHORIEZRAT-, T— X X—ARBOFER, A0-105
BR. AO-115 KR 16S rDNA ECFNIX P pentosaceus 3 LN
Lactobacillus brevis DEF|E ZIVER 100%—F L7,

AO-118 BRIZDOUNTIL Lb. plantarum. Lactobacillus
pentosus & EIEIL 100%—E L, 16S rDNA B Cld—
FRICIRET D Z ENTE oz, AREER~ =27
NV N SN CODIIERE S A 7 77 MU, &

v — AN AU 5 2 & T Lb. plantarum & Lb.

pentosus DFEANIT 5 T LN TE B AREMENTEHE SN T
W5, bbb, Lb pentosus|IF T —AEFTE
BH—HC, Lb. plantarum 1351 —A%ZF|HTZ DR
ETCERVEEBFET D Z g S Tng, o

strains P. pentosaceus AO-105 (A), Lb. brevis AO-115 (B), and Lb. plantarum AO-118 (C).

—ZOFAMZFHME L2 & 2 A, A-1I8 KRIEF T m— A
ZME—DRFP L T HREHICHISEET, pH DI T b
TERMoTe, ZILD OFRERAEEE 2 T A-118 BRI Lb.
plantarum T 5 LRIE LTz,

=X
B

3-2 BITHEFERE DHEEHAFEDLEE

HARE - [AE Sz 3 O IR ORHEZ AT 5720
VOHESERIENE, IRFETRIENE, X0 O VAR T
FEPEIZ DU T ENEIVOREHERRE & BB 21T o 72,

AO-115 FRIZ DWW TCIXEEHERR CTdH 5 Lb. brevis
NBRC107147 & 7] UKEDELAY RV E IR L= DIk
LT, A0-115 BRIZoWTIERA Y B —RA, A7 ma—R
57 4 ) —AZOEME A8 BRI W TIZT S B/
—ADE MR A L CURo 7= (Table 2), & 9 VI
Wl L L3/ v a—A, I h—R HF T h—
AEEHLTWDN, RO T I8/ —A, HHWNT
AT a—R7p EOA) TPIER LN LA SR
TS 9 ZIDIFEAFIHE > TR IR - HE T O
FUEICRB W ARERIE 2 KK LIz b0 L HE Sz,

WIZIRFERSEME ORI 21T~ 72, 3 FEOHBEE, Bk
O OREHERRIZV Y 30-37°C TR DEIMEE R L,
45°C TIFK F L7z, 72, WTNoOERKIZBWTE 10°C
PUF CIFEIAMEAMK R L, 5°C TIHEE CE oo T
(Table 3), L7z¥»> T, ZNHLDOIEFHE A X —H—L
L CiEma s L=, BREEECh - TH oI
WL CTIHRET D2 L T LRDREEEIHITS 2 &0
ARETdH %5, A0-105 k& AO-118 BRIFAFEAERK & 12T R
CIRPEHESPE & — 2 2R L7z DWzx LT, A0-115 #RIE
Z OEEAEREDSHH T X 720 45°C THEEATRE TH > 72,
FERECIE FLOL SR FLOS 72 E VI B D I -3 THEWE LS
Bbs Z Lo TEY 190 A0-115 #RD 45°C TOH
BEMEY . F OREUERRAE LTV WEREMEIZEIR LT
HEREMENRE 2 HID, Lb. brevis HIAROELEIZREH
DIRFTERE STV, Lb. brevis Dt MELE
PE TR RBICHET D SSLAY—2 L "I ED
RGAVRIB ST Y 1V, A0-115 BrOMIZEEREEIC &
BRI 5,

o o
i

Strains

were grown on MRS medium, and their cells were viewed by scanning electron microscopy, as described in Materials and Methods.
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Table2 Assimilation of sugar by isolates LAB.

P. pentosaceus

Lb. brevis

Lb. plantarum

Sugar AO-105

NBRC107768

AO-115

NBRC107147

AO-118

NBRC15891

+

Arabinose
Xylose +
Glucose +
Fructose +
Galactose +
Mannose +
Rhamnose -
Cellobiose +
Lactose
Maltose +
Melibiose -
Sucrose -
Raffinose -
Trehalose +
Mannitol -
Sorbitol -
Soluble starch -

+

+ 4+ + + +

T

+ o+ + o+

R T e e e

+

o+

e S S A S

Table 3 Effect of temperature on growth of isolates LAB.

P. pentosaceus

Lb. brevis

Lb. plantarum

Temperature AO-105

NBRC107768

AO-115

NBRC107147

AO-118

NBRC15891

5°C

10°C
15°C
20°C
30°C
37°C
45°C

tiPfe-s

e

tife++

+/-

+
4+
-+
++

+/-

Pt

+-

Pt

+/-

1.6 -

1.2 -

0D660
=)
%

0.4 -

0.0

=
(]

Time (day)
1.6 -

1.2 -

OD660
=)
%

0.4 -

0.0

=
h

Time (day)

10

10

1.2

0D660

0.4 -

0.0

1.2

0.8 -

0OD660

0.4 -

0.0

=

>

5

Time (day)

Time (day)

10

2.0 4

1.6 -

1.2 -

0D660

0.8 -

0.4 -

0.0

5

Time (day)

A Ak

10

»>

15

2
5

Time (day)

10

Figure 2 Growth curve for P. pentosaceus AO-105 (A), Lb. brevis AO-115 (B), Lb. plantarum AO-118 (C), P. pentosaceus NBRC107768 (D), Lb.
brevis NBRC107147 (E), and Lb. plantarum NBRC15891 (F) in cucumber juice containing NaCl.
Symbols; 0% NaCl (opened circles), 4% NaCl (closed circles), 8% NaCl (opened triangles), 12% NaCl (closed triangles).
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ARIHEEE U= AR, mIREOESDMEET DX
I D HEES TR Y | EEYERE & el U
OYTHEAENT EVEE SN, £ TE W ) VR
WAL T N O AETIIL, EERER AT o7, E O
R, AFEEEEL 72 3ERITWTIU S 2 OEER LD B
TFE T CORFEMHICENTRBY . WTFnoKRCBN T
BRI 8T B U 7 LB U2 T2 OENBEE
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(NBRC107147 £) 2SI T 72\ 8%t/ b U o A CH
FENARE TH -T2, ZILHOFRERIL, A EIHEEEL 7= 3
LI OREYERF & bl U CifEEIE S Q2% Alie
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MHERTHOTHD, 7B, 125k R 7 AZ2EnL
TR CIEEHI A A U723 COFLBE AR I T &
2o tn, & DD OWTEITIE 206 LD AU L
THEE SN TWDD, HOTRINIZE > TEw 9 VDK
SIS TERY | EHALEN TR —kS
TR, AEIOFRERIZIBN T, HlES U7z 3 BRI 12%
HAbT U U LHE N CHBECE o723, diEiT o
RLEHLS CIIRPTHN B IREEDMERN & Z A THEGE L T
WDDDE LILZRVY,
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Figure 3 Time course of LAB during the fermentation of cucumbers. Panels A, B, C, D, and E show the results for P. pentosaceus AO-105, Lb.

brevis AO-115, Lb. plantarum AO-118, without strain, and mixture of three strains, respectively.

Symbols; cfu (opened circles), pH (closed circles), lactate (opened triangles), acetate (closed triangles), and ethanol (closed squares).
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Figure 4 Multivariate analysis by PCA via the ultra-fast gas chromatography Heracles II form Alpha MOS Co.

Symbols; P. pentosaceus AO-105 (closed circles), Lb. brevis AO-115 (opened circles), Lb. plantarum AO-118 (closed triangles), mixture of three

strains (opened triangles), and without strain (closed squares). Data were shown as results of three analyses per one sample.
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i L7-HE DO X 0 9 D {EARITISIT HIHE & s
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FHLIRRENT A —H—|Z-OWT Figure 3 1R L7,
AREBITT R CORIZBWO TV TG IEIAA 4 B By
HLTHBRICE—ZIZELTEY, F0%IEED Lz, 3
fe, HHfg, =& 7 — N7 EOREEDS 4 B BIZIE, 1
FRIFNCE L TR Y, FEARAMBRERHIIZ oMM KT
LTCWA Z & AVRIR S 72, A0-105 £R,A0-115 Kk, A0-118
MRIZHLEA Z K 4. 57 g/L, 3.24 g/L. 5.79 g/L Rk LT
BY, pH 2 3.4-3. TRREE TFR > TW=DITR LT,
FLUAR IR W CHMIREIL 1.9 g¢/L TH Y, pH
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