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AEIEE RO TRHCE LA EE5T, AEERELE
MAFEAERPIEOMRBZ R T ZERRES TS D,
E I T BRSBTS O BB N B AU
LD C ORI 1T 5852 ORELHY, EHIZH
LB OB XM E->T 5, Tz, B TITE

BT BHRICE RS I, BT OF ST,
AR AT BLE TED AT BND, LinL, ik
GRS OB & B 2~3%E KL, T 2 WMRIFLE
LEBRIITRANE N, Z 7200, TSI, I
FODIED, pH FHEEAISARAFROIRINC > TEIRIIIR
BIERL TOBHLDNRE, —77, EIET O 2 (1R ICH



B LRIIRE 5~6% ) THOEMIE, H3EE, Lt
ZIET e EBIIEESNTEY, —EDOTFENRDHD,

A TIIBEEYHIEOBLREND, EEFIZBNTR
i DB RHIIR A IE RS EHE XD aE-TEY 9, EY
\CHIEED ATHEMER D, LTZ08> T, BRHIIRIER D7
DITIE, EIRT KOG RIS NS T-REEEY &5
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AWFFETIE, RIRD L7 EMIZ BT DRI DI EEE
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T, TSIV O AR S A IE R S 2 R B LY
RIETRIE R 3 2 Z LA RIBS LTz, 2 2°C, AWFFE T,
NS DI DZHFA IS L TERAFIED B B R
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2. MIRAZE
2. 1 ME OERENFIFIE A %

FEEEM TIE, 2L pH MMEL2D, D7), A
RFFECIE, BEMERIC I CTH ISR ATREZ M B & V2 TS
30 | DYEFEIHI R R HE S D EED DD, £ 2T, AT
JECILH O A R 3 2720, RN biRitEn
7= Komagataeibacter xylinus % V>, AT 0 14 5H & 8L H)
T 2RI AR (RO EX) 2 ET DL LT, FAR
BT, 2% (W/V)D-27 /ba—2, 0.5% (W/V) iERET X A,
0.2% (W/V) IRUAT R, 0.2% (VIV) T4 7 —)b, 4% (V/V)
eI LN 0.6% (W/V) 7 L a s fgaaiebDE LTz, RNk
AT DAL, ENA—D—2 tOBEDIEE A,
25°C TR B R R AT o712,

2. 2 EZ4XREDHLi&m R

I, Foxld, ETAAAEE A REIEILLL TSI T
WHEW 8 dh HEIE AL, N LHIROLEL, R0 T
15 D THEC TYT ol NTU/NGROWFRIZ SN,
KoJiE 9 1htoT-, NLETIVRIBIRIL, 15°CORiA
K 1L %0, TOS 7ot e RKEM (LI R, TOS
B, YO VMR T36) 6.3 g, T 7 NAVTHE (Fneifisk)
1 g, yREERETF 2 D3H(H AR 1 g, BiE 1.5¢ 2%
AETVISINL, 0.45 um JEE 7 4 V2 —IZTAHIBLT-AIRE
L7z, EBIT, ZOAMRIZA il EERLZ 1/100 BANZT,
37°C-24 WfHILE LT, BAFT D8 74 X AW #% TOS
FEHZ THIE LT, B 74 X AEOEIFRIZOWTIE, &
2 HD L 3 BOLHEDOEAfFRET L T, fiLHIC

TLx G ENDE R BN E O F Tl 950
R,
2. 3 HREEVMORELE

BEW) B L DFEFEE Y OFRNE ST IEIL, R ERIEDOIEY
757 BRI LR BE Y ORAE 1L 10 %
BEIT LT, 7ok, EWE 100 g2 V286 D4y & -
FHiEE, L FOFIETIT 72,

FT, F& 65°COLRITIZES T, 20 sy HMEL TR
HL7o, TO%ARHELZHKITY v T avZICBLAR, 5%
(W/V) BHKYEIRE 200 mL 7 EAL, ZE5&H\ O TRRET
Ha Lz, 2083, 25°COMEIRIE~B LA, 72 ReEhk
ELCMET (EA2L) Z21Tol, FETKTHR, Vv
7GR IL, KIEKRE T LI I
L, WAKREIZ T 5§ BRISEA KIZESH LT, RITHAEL
B KRETKICTRELEZE, ArYynsBOHLTE
TIZ 10 MHRY, ERmDOK I EBBLEBVER -, fi
W, REHOYY 7 a2 FIET S 3 s A, LA
TOARIE T 100 mL FEAL, ZERE RN TEEZLTZ,

WY BRI EEZ WS A, LEBRE RIS
(1) Bifix 7L —ra—7hLG7Va) By 70k
(65 mL AWOIBEEIED ZIRALT-b O, (2) TR
(VaAAFvL oV, iREIEASCT D8 ]) O 2 FitEE
FER LT, RNIEFRIE, ENZENLLUT OfAkE LT,

(HTIE, TR 1.5 g, B ERA (5HWE) 0.5 g,
b~ 2 5 (MgClh*6H,0 ORI : & 17 ¢
SV LFEHIEE) 0.7 g, 2R (—#k: FIOLHMIEE) 0.3 g, FLIK
(IR FLIC B EEZUSINL pH 4.5 (254, ATAH
MWL) 50 mL, L-7 A2LE R 20 mg, /K 50 mL %
IRAL, 95°CT 5 /rMEAL TERERM L=, D%,
VEMRIR 2 IR FCHA L CIE RIS Bifix 7'L—r3—
JIVK 5g, ¥ZUR 2.5 mL BIRINLIEH DA ARETIRE
L7z, 2)Tl%, Lt BA 045 g, Hlb~7 v A
0.75g, 2K 03 g, /K 100 mL, =12/ A(JEKL: HRDFE)
25 g ZIRAL, 95°CT 5 /3 UINENL THEREZERLT-,
TN, IR ARRETHEILIZITHER 5 g 27
ML7=boERBEFHRELZ, EFEQ), QWInd,
MgCl, DAE TR O EIL 37 mM &725,

HEW B 3 OB, B ERIE Y 2L b0
EA LT, B, A TIIa Y AR AW, £7°, =
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fift%, Bz ii/K T CHRGL, MM ZELS 7,
Z D%, FEbLTza Y AR E AR (TR /877 No.2)
TAHREATV, FONT-AIRE 12%2 Y ARRE LT, R
BHRIE, 12%3 Y AFRHE 50 mL [ Z/KTE 7K 50 mL, Ak
<7 RN 075 g, Y7k 2mL, #YEE(Mizkan $Y)
2mL HRELIbOELTz, MEITIEU TERE 0.4%E
72545 ERLOAKEKIZENIL, 90°CTH iR, tmLic
DOBIFEH LT (EROARIFTIK CORMIRETT 0.2%) .

ARG (FEEE) 1X, EitnFucisned 30°C-4 HfH
TIToTm, AETK THRIL, TTEEEE Y B Pk
M7=, BRERHMZ & T DD AT OV T, -20°C
IR, % H L7,
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2. 4.1 B2

FEFEIEI, 1 mol/L NaOH &R CliiE 35 71k (FEr
T2 )= VT HLA) T, TIRCHLERTAIR S LA 4T
=0, FLBBBHEOBRIE (%: W/IV) ELT-, HHIZEEND
FNENDEDIEEL, FEDFAPF— v T =Rl
— Z —HT-1008, 7 AT )2 K-> CTHEEW 2 L
(27000 rpm, 30 F), 1z0a53HfE (PR RS iR Al Oy
% 6000, 10000 x g, 5 57) ZL7=t& D _LiEE W THIEL
7oo SATIZlE, TR AA 7 (Nah) A—42— (JE5), pH A
—5— (i), BFEFERIEFYNOK /X —FTatn
O L-FLEE, FEig, L-7 V201 (Gha) ) & FV iz,
2. 4.2 IABEOEREHAE

FLEEF X, BCP M7 L —bh Ao hERE M (LLF,
BCP ¥iih: A ARREE) OFRmIZEBAAL, 4589 35°C-
72 BRI TSR LT,
2. 4.3 A BEDORE

IEEHar=—OFEL ~ULTOREL, 16S rRNA D
AR FRENTIZ LV T o 72 (ZRER I . S0 PCR
T T4~ —1% 27F/1492R ZAEHL, 94°C-30 £, 53°C-30
b, 72°C-60 FoDYA 27 )V % 35 [Al#0IK T IEICHEL, =
n=—0 DNA ZHlEL 7=, itV T, 2D PCR EMIZT
T —hEL, = AT T A~ — (518F/800R) T Ffir
B E LT, HanlE, Applied Biosystems 3730x1 DNA
analyzer Zff 7=,
2. 4. 4 YHERIE

PRI E X, 7V —7 A—%— (1L ; RE2-33005C)
R, BIESALIZZES 77 BS 3 mm~5mm) &L,

1 em FAIZUIEE, 2EOMKMEST M e EICSS O T
Ty —Aa—RE/NL 20N Iy NUTRIEL-, BIESE
1%, FEMED DT EREER 60%, JTEAEHEE 5 mm/sec &
L, SR EA T~
2. 4.5 BHEOAE

GHBECE, =V EO KR (77— —4
— CR-20) AT, L*, a*, b*& T L7,
2. 4. 6 Time-Intensity (T));EICKDEXRBRDEKIC

RIFeEE

FEAMG SR, S BB R R R fd R o 18 7
B 20 1074 8 £ L LT, #BHTE, 10 (BATROVA ZHE
TR (FREE 0.5%) FIZFERM 0.1, 0.2, 0.3% (W/V) £72D
FOMEBGEMEL R U7 S FEE LT, 7eds, *HRICIE,
X H T ARV —R) ZRIRE TN T
AR CIRBIL 720 & iz, BB % 13, 20°CTE TR
ZEPIZTHE A OFHIE CTRE Lz, FHMICIX, TI B4
AL, J-SEMS, TIBERBAEAT 4T T A) DY Ty =7
ZHVT, BRI OWTEHIL 72, o7 /L &id 2.5 mL
EL, —OTRICER, BEHICBAT IR R, £
DD H ST A—=H— D72 81DV TE, BEd 1D
IZHEC T,
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2. 4.8 EX7T DR OILEIZREDAIE

AT, BHERO 3% (W/W) 7 Ha—2% iz, 7
X, RIS LOT 0—7 13— 28 E L, 30°CORE
R 21 ReBE %, IR Q=R HE D 2 mm
JEFR 0> PR CIEVR BIWT L7, WP 13l fil i L 7=
%, fHRIC OV THE R 2T LTz, RIEIRIE, 5%
(W/V)NaCl, 0.5% (W/V) Z V2 BT MDA, 2%
(W/V) W% B LI iIR EE DS BRRERDIOIRG
L=t D LT, ZDMOHINNGA: BT DL HAR
BORE ML, BER D (it
2. 5 HAELFAKRE L UHEEY O E RS

FEAMG SRV, TR S E R PR R 0 (20~
22 5%) 10 A HIBBLIOEELE G LR L LT,

RIEEY OB RERHmI, 2 SELEE A, A
Hix, O (G, @O, OEMROINE, @



XX FE, @07, OEMEL TOLFELE (HE),
OKEREDFIEDFH 7T THB ELT, 728, ERE0@, @i
WL ICBXEDE GHEZIT), @, o0
TIEHEDOHEERELIZROFME LTz, DXREREDMHME
DFAMIZDOWTIE, IRDIZFHELYE H KR (R DT T
Ao R S g D RIZ, BRIEEY OFESY (3 em U )
BLOZEES (1 om U5 ZEHAKEEL, 2hoiFe
DTHRAET LI RLT,
2. 6 MEBHOEE

AWFGEEATOINDT-> T, OB EBLOERD
A E D EHE CE IS THIATY, MEES2 LT
WiL7=, 723, AT~V R EEICESX, K
&I R mEE BRI Lo TRR
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3. MIRHER
3. 1 [2HY D HEFEHNHI/E A

AR K xylinus OFREBRE (31T DIETHORR %
Fig. 1 lZRLTz, RAITRSNDEEDESIZOWTHAR
A O TRIE L7/ R, Bl —E/VIREDOHRALW T,
Mg?*& Ca¥ DR IARE O INHI+ 2222 5
L7po72(Fig. 2), 723 CrOMHIEMIL SO&LDiTsRuv
2, NOy EVIEZF W2 tb b o Tz, BEEE HWT-5A
IZI%, MgCL % 32 mM IRINT 22 & THI 704 E Il 2
BRH5NT= (Fig. 3), SHIZ, IZIFFENVEEO LT
1%, Ca?*%& LRIZIHIZNAD Mg iR B 417 (Fig. 3)

Fig. 1 Periclle formation by the growth of Komagataeibacter xylinus in test tube.
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Fig. 2 Effect of sodium salts and magnesium chloride on the growth of Komagataeibacter xylinu.
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Fig. 3 Effect of magnesium chloride on the growth of Komagataeibacter xylinu in commercial vinegar.
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SO IRVE ] O#E B2V T Fig. 4 1TRLT-, #F
i NI 7203, 3.0 mM D F LA ET R T LK
IR D EWIX, 4 mM MgCLZ 37302 & THLMNT
BRSNS, ZOME DRAIKRIZ, SHIT 0.3%
(51 mM) i LT R DERINL 7356 CiE, WIRO4
KRR ORI NIV E EoT, 20 = FH DORAWIC,
0.05%DEEEESL LITFLIE & FND IR L7k T
1%, RIRBZRROIREN R /R oTe, Fiz, b 4 A5y
ZEDIRIRICHRL T, BRORKIREDN 0.1%, 0.2%,
0.3% (W/V) L7225 XU - I B R L CIE MR O IR %
P L7282 A, FERMERAN G &L T s 50 <
UTe, EHIT, ZOMKOHEIRL ~L1X, 0.2%308 23
HIR<, 0.1%A B b I 2T,

+0.05% Lagtic acid or
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Fig. 4 Image diagram of changes in taste due to mixing of
substances.
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FT, BV RXREOEFRITL, BT VHIRBIOVNMG
Wa W TRET LTz, ZORER, TSR 4 Eov 7
XXIET‘Mmb\ EDRAGEIR ST, T, Tihb
D 4 BEIZOWTIE, SBICET VKRIGKIZBIT D4
PR, RIZ, 4 BEENENOREERRBEICS
WC, RIS ARFO A BRI 3 WBOR AL RD
THEHLTROMEE Fig. 5 (ORLT2, ZORER, Ko
HAL D, M, Y 1L, 2 HEOERZ K- CTH R R
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Fig. 5 Availability of Bifidobacteria after three consecutive
treatments.



3. 4 IMREZE AUV E RO 247 - ST
AR W SEER T, Bk o Bifix FL—rE3—7
NREY IR T 23 B R B EREL 72, L2 L, Bifix
T == VMNIFHBRE S & ENHT LN D, Fig. 6
WORLTZRIEIC K> T X TR B 23 E O FLBR E )FF E
FTHIENTERRN, 22T, RRKOHRGEEOTL—h
TSN 2 floar=—{Z-5\ T 16StRNA ¢ DNA
WHR SN B RE LT, ZDFER, L. paracasei (= L. casei)
DI ) LELF D 1496 bp HLLIX 1499 p D PCR [t
A OBEHIE 100% —EL7=2805, Wb Y Z/LRMT
BENDHEEE THDHEHIWT T 2D % Y7ok RAat57-,
HIAROBIR I L Bifix 7L —r3—Z LREY 2 LRT
VERRUT= 45 IMA B DV TS, 2 RIRBHHEIC I A B BE
FHI AT o7, ZORER, WT OB REFHIE B 28T
Bl A BZETRD BN -7 (Fig. 7), 728, MK
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EEHLZSGE, AETRICE ENLHABE A MRS
e CHIE L2825, AT % OILERE T 1 mL 247-
0107 CFU LUV ECRIFEL TRHT, HIHLE BB T
BHZELHLIEIR T, Fiz, ZKEB5y D E R EOH

ERERNOIE, FBEEN LW A B W THEE
IXRD LR T, AFINTHOWTY, Wi MICEEE
BEWTERO LD T,

BHHERHIIC B W T MR E DM T DM 2R
L7z Bifix 3—7 /VEBIORVY 7V NTIERRSILTZIEY
(n=3) DX D NaREDFEIEIL, 1.3 x 10*ppm T
otz (BIEHEIEE 3.4+0.078% (P £ 12 #e (R
72)) o FEEERE T R DARJEIR D /3 W (n = 3) DT
pH4.4+0.46, BEHFEIRE 4.3 +0.19%, L-FLEELFE
B DA G E 028+0.066%, 7 V23 kR E
0.052 + 0.0037% T -7,
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Fig. 6 The number of viable bacteria before and after fermentation in Komatsuna.
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Fig. 7 The results of the sensory evaluation using Komatsuna.
(C.E.: Comprehensive evaluation)



3. 5 BEFAVHAERKDO ST - 51T

IR ZFEDFRIETE LD T B AR IA AU TE A 3R DFASE
i ClX, IR O pH B UWEFE S Fig. 8 [RLT2LD
CHEIZE L, if:, FERAKAMHT MgClL 2RI
THRBES WU, ABBEIIPIRELD 50 500 BHEFEL
2.6~5.3 x 108 CFU/mL(Ii’w 3.6 x 108) Lieote, FlE
& T EFOARIEIR D /3 HHE (n=3) OF#E, L-FLEEEHE
B DG FHIRE 045£0.041%, 7 V23 BREE
0.27 +0.036%, Na* i B H 6 5t U 7= £ 5 4 55 e i
27+0.13% ToHY, FHITE Fh D A MR
2.5+0.051% CTh o7, HREFHECIE, BROAHEIZE
DHT, BOWLLAETELLOFHEZRT-, £, MgCl,
NG Y, MgClL RN LD RIROBRN T >E L T
5, VX =Tl TWHEDFMMN SO, £,
MgClL, I N T, BRENMZ DT E TR
R IR DE A REN T,

pH Total acidity (%)

5 0.8
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3 0.4
0.3

2 0.2 '
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1 0

Start Start

Fig. 8 Acidity and pH in the solution before and after
fermentation using Chinese cabbage.
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3.6 EXARDERICRIFTEE
3.6. 1 EXBAREAW:TIE

TI R O#E % Fig. 9 (TR LT, FH U204 AT
VEX A TOREH C Rk SRR 23 55< 22072,
— 7, FER DR D B Ko FE A (Imax) B CTlE, %R
0.2%D e bR A TREL, FebBIREEED 0.1% CHEMZ
BT T, AU, BEEE 0.05%D IR E VT AT
BFONTHTORE R (Fig. 4) L= T O R Th o7,
3. 6. 2 EX7HO—RS L DILER

T I w— 2 O PR EOR B B E LTk R o A
Fig. 10 (Z/RL7Z, 90 NaCl OFFIENT VA RAA
COPERE DT NNCELEDLE, FNEIU T RIY AD
B DERIIE LTS5 E, ARITIEHOEEE O Nat &
Glu BNl LRGN EIR T, Ee, BRI
T25A T, JNAZI N AH#EO Nat [XFEEE
FRONILHGRE T NV NE BB T 22 LhvbnoTz,
3. 6. 3 EXAKZHL - SBE i

EFOIL, RADIORETEME &Y v MR T
SBE JAIC CIEMEICH B E N CEHT L2 ML CTd,
ZIT, AFFRIZEB N THARFIENEH TED0E D
0.2%FERIKIZCTRATZ, LoL, PIERRIT, Fig. 11 (2
AL, PIEM O IELNAFED B, /AKX
bRETELZENOIATIIREE CTH-T, JELTO¥
LHE RO IEL IR LTZAY, ZHEDEWITZIH A TH
72, ZWV‘:F%M AR D X7 ARR Bl ik Akt e &

L7380, 5% 512 SBE HIE DS/ Ot
HBCTHD &;ubﬂflo
70

——Xanthan gum 0.1%
60

------ Xanthan gum 0.2%
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Fig. 9 The time course of sourness determined by the time-intensity method.
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Fig. 10Diffusion of various substances in agarose gel.
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Fig. 11 Measurement results of 0.2% agar suspension using the short back extrusion method.

4. EBE

W30, F7eoH MgClh OHLEMEIZ DWW T, Eo
WENRINTWD W, AREREIZOWTL, ML
150 mM MgCl, & pH C 20 Zy S8 52 L C 0%
IR T RO O, MO MHIEIE CIT M LWt »
Ho 0 Fiz, HESEIERE L, 40 mM MgClL % 40
TS HZ LT, TN 40%ICE TR FLzED
WEbdHd 19, ZNHOWETIX, MgCl, ORI #Zfih
a:oté%ﬂiimt%ﬁ%ﬁT%ﬁﬂ\mi ErHiZ MgCly

PIAFLT S ZEH I E H SR AT HE T
Eéf:%iﬁf))of:o FITC, T’ex I A ey T A
R ORI TWDZEICE B L, BRI

MMEAZET LEL T, NaCl KObHE TN
LIR A RER
AN e

VR
2T, FOFEE, NaCl LOHTEMENE VTR
X3 b N AR ERnBLZEE R L, —

7, AL O CHIEMED REIE, CaCl, & MgCl, 23
[FE VIR EEIZIBV T NaCl & LR HiEMEEZ /R 28
HBNEIR ST, EABIIRIRWERZOLODOHHEE
DA =X LNE, RIZIZEEMDHALIIIIL TR,
OFEY, FEFOLDOEBRIZIITH M2 Ca? LG R
~OFEERBPEWEREZED, ZTNHDAH =X LD
FRBFIIA % DREREES 2 Td,

MgCl, D &R A & T4 MR LT A TR E O 20k
RIRIRE DB OV TIL, T TIWL< D0 23

FHI, FBH DO BRI AFRLEETIEEZ T
720 (KR OFER CTHIE, AR T 5B 5T

SRS TV (N GAY N i A _:h%é:a%%fﬂ%n/\bﬁ
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Summary

While Japanese people are required to reduce salt intake, it has been reported that the 1975 Japanese diet, which
includes fish, potatoes, fruits, mushrooms, seaweed, soybeans, vegetables including pickles, and large amounts of soup
stock, is preferable in terms of longevity. Therefore, we searched for a method to make low-salt fermented pickles with
a long shelf life in a short period of time. First, we investigated Komagataeibacter xylinus, bacteria that can grow at
pH 3, and found that the addition of 32 mM MgCl, to the medium significantly delayed the lag phase of growth. This
inhibitory effect exceeds NaCl and KCl at the same molar concentration. Umami taste (3 mM monosodium glutamate
(GluNa)) was enhanced by the addition of 7.4 mM MgCl,. We also confirmed that the coexistence of these two
substances increases the taste intensity of 51 mM (0.30%) NaCl. When these three components coexisted, the overall
taste intensity could be increased by adding 0.05% lactic acid or acetic acid. Therefore, we started a trial production of
fermented pickles with MgCl,, taking into consideration that the concentration ratio of each of these components could
be maintained in the pickling solution.

Using Komatsuna and Chinese cabbage, we investigated various sources of lactic acid bacteria, as well as GluNa
sources and nutritional sources that promote the growth of lactic acid bacteria, and used a small amount of vinegar for
preservative purposes. Vegetables were soaked in 5% NacCl at twice the weight of the vegetables for 3 days, and then
fermented at 30°C for 4 days in the same weight of the main pickling solution (containing MgCl, and lactic acid bacteria).
The following results were obtained: (1) Treatment of vegetables at 65°C for 20 minutes is preferable as a countermeasure
against germs, (2) Commercially available lactic acid bacteria drink from Japanese company is good as a source of lactic
acid bacteria, (3) Commercial consomme powder was easily available as both a GluNa source and a lactic acid bacteria
nutrient source, (4) Lactic acid bacteria growth was 2 x 107 ~ 3 x 108 CFU/mL, (5) Sodium ion concentration in vegetables
is 1.0 ~ 1.3 x 10* ppm, allowing for low salt content, (6) At the end of pickling, the pH of the solution is 3.4 ~ 4.4, the
salt equivalent concentration is 3 ~ 4% (W/V), the total of L-lactic acid and acetic acid is 0.3 ~ 0.4% (W/V) (Glu was 0.1
~ 0.3%, MgCl, 6H,O was added at 0.75%), it was easy to judge that the growth of food-poisoning bacteria would be
difficult, (7) Evaluation by students confirmed that the food was fully edible. In addition, when agar melt was added
to this pickling solution so that the agar concentration was 0.2%, it was found that sourness of the pickles was enhanced,
and the physical properties of this solution could not be analyzed using conventional methods. It was found that it is
difficult to analyze fine agar particle suspensions.

As described above, we have established a basic method to easily produce a prototype of low-salt fermented pickles

from leafy vegetables, with Chinese cabbage being a typical example, in one week and have a long shelf life.



