Bk &5 2239
T AR T X O S AT 1 2B 3 AT
— MEPEEAZ I S FRE O3B E DI —
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BT B Lok, EEAZI (Hm) 2558 & 200, — OB AEEMILEEE A Hm 24T 5728, BiTiddd
DS ppm LA EO IR Hm SRHENDGE R HD, 22T, LEHWERTIE, Lropd Hm I HWFA A, Rk
TA L DORPEBESE Hm 2B U7 WERRMFLER ORI 3EFUASIEODNT — E DR E BT TET-, LILRMRD,
AR RIT TR ETARDD D, KO EZRKRER R IERRO DTN,

AMFFETIE, Hm AR E ORR S AT DAL L OARMELERE L2 BT, MHEME Hm RRE 2R, S5l
ittt Hm AE30E 2 VW CL 5P o Hm SIS Lz,

TSR TROIZ 16% (w/v) BHEIREE OB KRB CA T CEAMMEM: Hm I IX, —Rea9IZi5#iH o Hm Z{£7)
(AR T D L, Hm A IR DB 30, BERRO S RIEAAT 7o /E R, — RIS R O Hm 21K 7%
B X Halomonas sp. (H10 ££) %O Salimicrobium J& (HOY1 ££) THY, #E3ZIZ Hm AKX T 58X Pseudomonas sp.
(KYA11 BR) X O Brevibacterium J& NAS10 £8) &2 FRE 5 R € S,

H10 £k, HOY1 ki, Hm &2 — R ZIKI 5203, RBCRIEBIE AR E CHORET LI Hm ORENET L 72, —77,
KYA11 ££, NAS10 #kiZEFH 510D 5000 ppm Hm R 240 1 25 H TIRIESIELIZ,

WIZHB I Hm (KIAEZ /R LT KYALL #£% 7 LU CREELL, 5000 ppm Hm IG5 A L7 C 1
ARG UT-RER, WM/ ARB0 IR Hien -7z, E2FAE A T 5000 ppm Hm SEEEEA S H LIZBT La—L L
YD TIREET R AT 1205, K9 1 20 H OE:#E TH Hm O TEROH BV -T2, KYALL BRIE pH6.0 A TIEAEF T
XN, BT a— L LEHP D pH % 7.0 ICTHFEL 72 Lo AL, KYALl REHEREL 72824, 1 2H THRKT
% 30%D Hm (KA ST,

DL ES, KYALl BRABFEL CHREZRSE D828, pH 2 L2 T va—/ L Lxowd Hm HfgtE%, 1 2°H
THI 1500 ppm (IR CTEDTEAVHIBAL 72, 51%1%, LEOW LA UHMERNE CHIMHE 2R3 Hm K OB LT L H
ZBD,

1. BIREmM FREZ Hm SIS hO5 60305 Y, 22T, LW

BRPFERT LA —E5|EEZTWEEL TRHLN
TWHEALZIY (Hm) 1%, Codex TIIAEELo HEHE (K
100 ppm, Hi% - f#2E 200 ppm, 2355 400 ppm) 235% E S
THEY, HERLLIIPLN ST BRI R B Th i &
BRHENDZENHD YV, L OBLEIZBbAMAY T
[T Hm (353 fESngvn s, —J5C, —EBo B A5 gL
B2 Hm 2R 2728, FilZ 56305 ppm LA EO

F¥EHRTIE, Lo O Hm ARBICEAL 2, BIET A2 Ot
JEVEEE Hm 2R U 72V ER M FLER B O N 35T A
SIEODNT—EDORRE IF TE 39,

LnL72ms, EEERERIZ TR ET AN D0, FECE
B LD EDNTFARROFEZITEoTE, JERB+471C
FEhi TERWEALHY, TORE R R B R K
WHILTND, Fz, ERRIRERIERZEL T T, K



RO EAT5H L, R, SERICEE R LR E
AL, LAY Hm ORENEWLIIPH TELIENS
Do TDWE, THMBT Hm ZBINMICkRETED)T
ERIRND, 2D X7 L 19D OIEIZITEEL TV D
FNENDHDH, IHIZ, EFURIERTRIEA T T 5L L 10
B T RARREESN T 528, Hm 2T 2 E
DEEFLRE O H 25T, ZOREME DL LD B
2% 5L C&7 Hm 24 U7\ 3 RO &5 gLk
HETHIHRI T LI LD, TORER, IRINT 55 ELAL
FR B IZBROVIZFEEE L 2272\ 20D, MR AN IR E &
NTEHFME LD, Lo EO—EomE —{bb g
AINTWD,

—J7, —EROME I, Hm 202N R HZE
HIHIVTND Y, LIRSS R E DL 1HPIzH 0
TUTZEDOIOREOEFITHFHFTET, AHLOREIH

LY, AV Hm S O EITRIREN TODHD
D, HONBEREETITIEE->TEST 9, MEMICES
LXoWH D Hm KBUTEELVVIRBLIZH T2, E2AHD,
2016 412, Ying HIZ IO TEMHMAY T % Halomonas (=
BEDAART I DFRRENHDHE DG DStz 7,
AWFZEIL, WHEME Hm RBEZHREREL, SO
PE Hm AR ZTE A L7 L5 i ofii 572 Hm (K7
N il i RN = K 11 Dy il
2. HERAE
2.1 &M Hm EREOKRE
2.1.1 &#H
Table 1 [ Z/RL7= ik OV H FROEY), HEE%0%
FEG YY), K& O Table 2 (2R U 7= 45 FE B S 2 i
P AS AR O/ BEIRR R LT,

Table 1. The list of processed foods containing salt used for salt-tolerant histamine-reducing bacteria search.

Sample Name NaCl in 100 g of sample Source
Y IS 44¢ A company
fiE AT 6.4g B company
L ARALE D 2R 6.6¢g C company
FED BRI 90¢g D company
[=ai-{bri 80g E company
%S 10.1g F company
B+ 46¢ G company
A DIFEFE A 59¢g G company
W OmA 69¢g H company
TID 152¢g I company
AH DN B 64g J company
L2 DRy 114g K company
Fr XD DIV LT 114g K company
AR R T 114g K company
BexXr Not displayed L company
BRI PEAE AR 13.0g Homemade
R Not displayed Homemade
I ey 120¢g Homemade

Table 2. The list of vegetables and fruits for salt-tolerant histamine-reducing bacteria search.
* = 7Y (cucumber) ¥ ¥ 77 A “E(potato) 7 A(eggplant) h~h (tomato)
X< %% (onion) ¥ ¥ XY (cabbage) =2 (carrot) ( Japanj;:wii;/e radish)
Z 1w alY— (broceoli) ALY (spinach) 75 4 v = (radish) r{gjrli pr;jf)
L=z (lotus root) 27”7 (burdock) ¥ A (taro) % F~7 KU (fallen grape)




2.1.2 Hm RV pH DAIE

Hm OHIEIL, BEHRIER OV HPLC JEICCHEMLT-, B
FIEIZOWTUITF 2o DT —ERFI (Fya—< 3
FrI77) ERGCTEBLIZA, RIER T, DHehE
k7=, FERE TIIR~vArn7L— e vz, $7-
EERIRPL L@ D Hm HIEICERL, H58B IRl Lo
ZfiAA LK T 1100 FHZARL b D a7 Ve,

HPLC {EIZIRWTIE, BB A A 7K S SRR &
KT 200 fHICFTRUIZY o 72 AV, BERICHEL T3
fiL7z ®, BARMINZIZT BT -7 A CorBte AL
72T VT ER (OPA) IZEOARARNT ~LL, 4 e
SRR U, AR T, 7B o Hrek (B ERT)
AL, £z, pH HIENE, BBV BEOBEITIE,
%5 pH #t (LAQUA twinpH-11B) &V 7223, £ LItk
(FaEH O pH Gt (Ui A ERT) TRIE L7,

2. 1. 3 HmEBEHRZERAEE Hm EREOHERE

Hm (R 58 R B E 1T, 0.5% (w/v) Hm M
Feth (& L7 4 /L SFDEMIZE) , 0.1% (w/v) BERETF A (X
IR &T A4vF V), 0.5% (wiv) AL T RID A (E 7
AV DRI ORI T, pH % 7.0 (THHHEL 7244,
WEAF L= 0% W, EomiEr: Hm AKJRE R
ME S, BRI S, FL TN LD E
% 16% (wiv) IZFREEL7=6 0% FV -, Hm (I 5 A
TL—NE, ERROAREHFAAIZ 1.5% (wiv) XA MZ
T 7,

Hm KB E ORI, EEEH S ml 23 A572 15 ml &
RERE I, BBEERE 0.5 g ZIRINLIZ, 25°CIZ T,
3 HM#E% (120 rpm) 72135 E RS 41TV, Hm B{LE
EIRMELIZ1E, WEE A 0.85% (wiv) B b RIw A&
A K Tl EARL T Hm (SR E R 7L —MNIg
Hillz, b= /an=—%HE, Hm KHERREH
BRI HICHEREL, 25°CT 3 H MRS £/- 135 E 55 2%
UTo, BEa R A Doy B ALER U CAS /-1 2% BiFiRh o
Hm ZFEFRIEICTERLTZ, M, BPINIARRE AT LD
HoWMEA T D78, HALTRY AN 0.5% (wiv)
DERBEM TERL, KRR PEREL TWDHIEN
FERRSITAZ1E, 16% (wiv) AL TR D LD B SRR B HY
2z LAY

2.1. 4 HmEREOEZEKREE

i 2 WRRIFELE, 150NIEY D 16S iDNA fiF#HTIZ
FVFEREL 7=, BERRIZIZLL T 0@ Thd, Hm K
DOEEFEWL 50 pl 2>, 7/ A VEMH 5 T DNA Z4h %,
PCR b (Bacterial 16S rDNA PCR Kit Fast(800) (#7115
SAF)) ZAE LT PCR 2% i L7z, PCR 4% Takara
PCR Thermal Cycler Dice (¥ 17 /3144) &M\, PCR &
PRI, FEIZHEV 94°C5 5, 55°C1 b, 68°C4 4% 25 #
AVNDERIETIToT2, 1557z PCR % High Pure
PCR Product Purification Kit(Roche) {8 L TR 7=
#%, DNA AR HIfENT 2 ZRE L CIRIE LT, bVl
BB % H AR DNA 7 —4%/37 (DDBJ) £72137 A
UHENLAEY TR % — (NCBI) OF — 2§l
%L C Blast fiftfr 217y, fli 5 Bk RE AT -7,
2. 1.5 Hm KBEHDMEH

Hm R OfENTIE, OPA ICEDRANT ~L AN ¢
X0 Tzlzdh, v VF T H I F AZ—RT LA (MPDA) %
AW HPLCIEIZ I FEREL 7, BRI IMA A /KT
100 fEICARUIZY 7 Lz vy, ODS AT 5 (Y —) &
MPDA #Hi258% AV /2 HPLC ¥ A7 A (BIEERIERT) ©
BUKMEIR Sy 1 O T SRAFIC K 0IEH L= D 210~
254 nm OWINETE=FV 7T HIETEIELT-,
2.2 L&HWH Hm OER
2.2.1 BRIA/—ILLLSW DR KRBT

Lxowid, miidh (FREL 1O ;Fya—<2) 2
72o BEALEEE AW AAA VT 72 —EORRIZIL, L
EOPITIR O Hm MR 20N 72 0.5% (w/v) Hm S 1%
WERLIODE W, HBIEOY A, TIRLXIDIE,
— I E O ZEALE BEHERF DT D I —E D TZ /)
—/VEEATEY, Hm KEEOAEFEHE L LE T2
EBRBEEEINZD, o—F) — XKL —F— |28
40°COEM FTHEYETHIET, =¥/ —NVEBRELIM
Tk )= L EHdE LT, A2 ) — L L1
DITHARD Hm HERRIEAREMT52ET 0.5% (w/v) Hm
WE S A=Y ) — N Lo bz, T, ek /) —
NLEOPOFFIE, SN KE{LF T LATHMT 528
TR,
2. 2.2 EEILEHRDESR

Hm &3 5 (Pseudomonas sp. KYA11 ¥¢) O &AL,
2.5 fEOPEFE AR E L 7= Hm KR ORI 40 ml



& 2.5% (wiv) TV R (F 7 0V SFDEMIEE) /KVEIR
40ml ZEF, 1.5% (W) b0 5 (E L7 01
TGRS KA FUCE S b Rzl L7z, 15
LT E(LE AL, 0.5% (w/v)Hm HEEBESAOL LD
WDIZ 30 Zr[FHEIEL CHEE(LEARH O Hm JRE iR
E%ﬁ@ﬂ EL7-ITER LT,

2. 2.3 BEIFR‘ELEREZAWN=NAFTYT 52—

L&S et Hm DI,

B EALEAZ WL xow s Hm OIS, BiET
TR 7= E L E A2 %, 0.5% (w/v) Hm R & A
LX95@ 100 ml (2RI 7=%, 25°C, 150 rpm DOFA4TA
VFa_—RL, BEFIZY TV ZLT, Lo o
Hm BEOE A ET=2) T LT,

2. 2. 4 EFRRICKDBHEITA/—ILLEIPF D Hm KR

0.5% (w/v) Hm MRS A M=% /7 — L L xHop Xix
0.5% (w/v)Hm SEREEH PR =S/ — 1L x5
(pH7.0) 1= KYAL1 BRZHEFEL -1, 25°C CIRERE&EL,
BRI 7V 7 LT Hm Z2HIE$TAZLE T, fies
—/VLIOWH D Hm REDE LA E=X) T LT,

3. WIEHER
3. 1 HmEBE®RRI AT LDEE
3. 1.1 HmEBERES AT LOFERE

BT Ry R K OV EZ I VHHEITNG, ZNENE
RO HmAKIE 23 7 S, % 7 Ry R norBESh
To#k%E HG1~3 1K, 250 DOHHEIT DI BES Tk
NK1, NK2 #k&ZhZnmélic, Zhbid, Fig 1 1R
L7289 Hm KL, £ 1 22 T, NKI1 & O HG2
FRDFRAT Hm 1E 20%LL F&7pote, 22T, ZHODERE
WZBALC, 5 MR RIEL T L 7455, Table 3 (ZRL
72-X912, NK WX, Pseudomonas J& , X,
Achromobacter J&EFIVE NSRBI, F#IZ NKI B
I%, Pseudomonas putida Ef&i 55 [FIES Iz, UL EORE S
5, Hm & A& 5ER A - Hm (KR E R SR AT
LATHEBLKDET, #12 Hm KEE THY, A 2T
DI NTHEREL TWVDZ &SRS LT,

3. 1. 2 NKHE& HG HOtiEE D&t

ATEC, Hm (KIS R8s 7= B O it E 2 a2
728, NK1 B & HG3 H %, 0~12% (wiv) DY EF R A
g AT Hm AR 1 2% FH B SR AR B I SRR L, RIRERY
(251 Hm O bEE=X2) 7 L7, Fig. 2, 3 ITRLT-

EICLB

-

2T, FNER 3% (wiv) AL T RD BaE AT E
TIHNEFZAB L, FF2 HG3 BRI, 120 FEHEC Hm & 17
X0 LeoTz, —J7, NK1ERIE, 3% (w/v) ST R A
TFAE T CI, IRBEHEAME T L, 192 FRRERREL Thi%
17 Hm X 0 12132 bipdotz, SHI, b o AR E
B 6% (wiv) LA EiZ725E, WIFNOBELABTINEIFR
BT, Hm OEELRBO IR -Tz, LIzin->T, 2
O 2 FEEOE X, HALFT N T LMRE 3% (wiv) BREEETL
PAMHHEPES B8y Hm AR CdhD 2 L3RR ST,

120
l -&-HG1
2 100 Ny A

--HG2

A
K
>

80
-o-HG3
60
-O—-NK1

40 —A—NK2

Residual ratio of Hm (%)

20 ——No inoculation

0 200 400 600 800
Culture time (h)

Fig. 1 Hm reduction of Hm-reducing bacteria in oligotrophic

medium.

120 _
_ -W-0%NaCl
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Pt -O-3%NaCl
z 8 -8-6%NaCl
g 60 ~0-9%NaCl
3 40 —A—12%NaCl
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Fig. 2 Hm reduction in the presence of salt by HG3 strain.

120
~ ~B-0%NaCl
S 100
E -T3%NaCl
80
= —8-6%NaCl
£ 60 o
g —~0-9%NaCl
T 40 —12%NaCl
]
Z 20
g
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=}

50 100 150 200
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Fig. 3 Hm reduction in the presence of salt by NK1 strain.



Table 3. Simplified identification results of Hm reduced

strains.

Strain name Identified name Similarity
NK1 Pseudomonas putida 100%
NK2 Pseudomonas sp. 94%
HG2 Achromobacter sp. 98%
HG3 Achromobacter sp. 98%

Table 4. Simplified identification results of Hm reduced

strains.
Strain name Identified name Similarity
HI10 Halomonas sp. 98%
HOY1 Salimicrobium sp. 95%
KYALI Pseudomonas sp. 98%
NAS10 Brevibacterium sp. 99%

3. 2 fittEtE Hm ERE 0K %R

3. 1. 1iZ&Y 0.5% (w/iv) HEdbFRID 525 A72 Hm K
TR SR S AT L3 BAFICHERE T~ D Z L RS 7=
T, WIZ 16% (wiv) HiAb TN D 225 A2 M Hm K
WERFR AT ACEY, MM Hm (EREERE LT,
STBEIREL CHW B S AN L& % Table 1 (ZRL,
Fio, BRESAM TN, IR BERZ R,
Table 2 (2R L7z 16 FREID B 508 0 HElR & L CTHV YV,
E51Z, Table [TIT/RSRNAS, REFHEN 1 HEREL
Te HEY 7t 30 U7V BEREL TRV,

MBOFER, 2 DOIAT OEHFEN, MBI TET,
F79, 1 DHDXATTHDHNR, 16% (wiv) b No L%
EAT2 Hm GAERBHEMTHRIFICESRL, #EC
Hm 8D SN A7 Th D, O Hm KO E
% Fig. 4, 5 \IRLTZ, ZOXAT ORFIL, BHOAF L3
(Z—H Hm MENER T 228, D%, Hm O
IR ECEB LT, —H, 2 DHIFMEFEIZ Hm 2K
THHA7THY, 16% (wiv) b T N7 2% 5 AU72 Hm
EREFREEMT, DoKW EF UM Hm 235
BAT Tlhole, KEAT LS Hm (KO FEZ Fig. 6, 7 12
RUTC RAAT VX, AFEREITEVLODEDEFLL
HIZ, Hm B DBHER, v b0 BEREIE 30 Bk
IZ1E, Hm BEENIEE 012, 230 b045 B IL 25 A
HIZIE, Hm BTN 10%I1272 57, L EEFEDDHL,
1 SHDOZATDOEIL, BOAEEEBIZ, Hm MM 5
3, 12 Hm OPRREENRHZEND, — H Hm ZEH K2
LT Hm MEWT 223, 0%, HEEH S Hm ASEE 9
HZEIZEY, Hm ORENITTIZRLbDEHEESNT, —
75,2 DHOXAT X, EEPENLOD, fEEIZ Hm 23

A LT85, ZhHOEIE, Hm &40l T2 AlhE
PEDRRBE AT,

RICZNDHDOEROE S FRIR EZ1T 72, 97, 1 O
H DZAT DRkl S Rl E 2 ML 7K., Table 4 1271
L72&Dl, A DM Erb Sz HI0 BRI,
Halomonas J&, HZBARYH)BoBESIVZ HOY 1 BRI
Salimicrobium J&&Z1VE N G RIES T,

— 7,2 DHOZAT OEKIEEZIT o T2k &,
Table 4 [TRL72IDITF v XY MO BES L7 KYALL #E
I% Pseudomonas J&, 729 020y BES V72 NASI0 #RiZ
Brevibacterium J&E% VE N G [FEI T,

Fig. 6 [Z/RL72891Z, 16% (w/v) b T RID L% & A
72 0.5% (w/v) Hm HEFEHE & A7 B SR BT, 7807 Hm iR
iz 0 ICETHWAPEE LN L NEFIT,
Pseudomonas sp. KYA1l #RAMRHFRN-T2720, Kz
LIt D FERIC W,

120 0.6

— 100 ¢ 0.5

®

E 80 0.4

= z
= 60 03 5
2 <
£ 40 0.2 =
T 20 0.1

=

z 00 0

& 0 50 100 150 200 250 300

Culture time (h)

—@-Residual ratio of Hm (%) ~O-Turidity

Fig. 4 Time course of Hm reduction by H10 isolated from

salted mysid fish.
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z 00O 0
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—&—Residual ratio of Hm (%) —O-Turbidity

Fig. 5 Time course of Hm reduction by HOY'1 isolated from
fresh ascidians.
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Fig. 6 Time course of Hm reduction by KYA11 and KYA12
isolate from cabbage.
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Fig. 7 Time course of Hm reduction by KYA11 and KYA12
isolate from cabbage.

3. 3 Hm KB DEEHT

Fig. 8 |ZRL72591Z, 16% (wiv) L TN T 255 A
72 Hm &8 R ERMIZ I T Pseudomonas sp. KYA11
BRIZEYD Hm 1380 L, Fhektin5d90c/3%> — v
Wik 5D TV T Lar Z A L& FOYE (unknown
peak) DMEDTHENINT D ERRENTZ, L LR35, K
WIBEIIAIY Y — VERRR OV IR R LB, A&
LB THHIEMD, A — VEEE TN
BETRoTz, 1E57C, KYALL #RI2E% Hm 53fifis, 7

AR —BICIDMAE R TIEeL, B/ T7IUAF
UHE—B, ERAZI TR RS 8, IZDOMOBEE
ELTT 73— BEICLANHY Tho ST,
3.4 L&owH O Hm KR
3. 4.1 NAAXYTUEA—EIZKBLLSIPHTD Hm KR

2. 2. 2H G 7= B & LEIKIE, 0.5% (w/v) Hm 3
Bt &AL IO T 25°C, 150 pm DOEAFTHI 1 /0 A
W LToA, Bl 2 e IS, K9 10% R EE AR L 7214213,
FaE AL ED ST (T —ZITRSTeW) , 2 B H 0K
THEHIE, B326< Hm HEBE S AL L5 TOFH LA
AR oT21280, N RSIVE FLeb o LB b
7o 165C, KYALl BRE WA YT 72 —I2 X D8
HOLIHIPHO Hm KRG IEEL W EH] L7,
3. 4.2 BEEKRICEDAIHRTILI—ILLISHDMASD Hm

KR

KYA1l #%, 0.5% (w/v) Hm HEEiE% 5 A 7207 =
— VL IHDITHEREL, 25°CTHRER % 1 7> H f1T-72
2, 42 Hm OEIIEERD O -7 (T —H TR
V), 2T, 16% (wiv) HEilb Y L% 5 A72 Hm AR
FR R RO pH 228 (LEHC, KYALL #RD4F pH
ZFILI-EZ5, Fig. 9 (TRLZi@Y, KYALL #Ri%,
pH 6.0 LI ETIIAEEF TEDD, 6.0 K Clk, AB T/
WIZERHBAL, W5 T, L7 v — L 9w Tl
KYA1 #RITAEE TE72W 20, Hm 2R CERnen
AL 72,
3. 4. 3 EHEXRITLD pHABLIBRETILO—ILLESKW

M5O Hm K

ATTETC KYALL BRIZL 9D pH TIFAEBTE/NE
BHAGINEIR ST, 2. 2. AT TRULTIEEDIT, KL T
R LG pH 7.0 (ZHFILT= 0.5% (w/v) Hm YEREHE & A i
TNa—)LLEHPIZ KYAT BREHEREL C, £ 1 v A R
EE#L7-E2 A, Fig. 10 [TRLTZEDITERAK TR 30%D
Hm SRSz, LNLRNS, ZOEHEITEL,
Hm Z%1731E 60%LL FIZid7ebreh -7z,
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Fig. 8 HPLC profiles of Hm containing samples.

A; Standard sample solution: Hm; Histamine, laa; Imidazole acetic acid
B; Hm containing medium (no inoculation)

C; 27th days KYA11 strain culture of Hm containing medium

120 0.700
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Fig. 9 Effect of pH on growth and Hm reduction of KYA11 strain in 16% salt-containing medium.
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Fig. 10 Time course of Hm reduction in pH-adjusted de-alcoholized soy sauce by strain KYA11.



4. ER

A lEl, Hm AR O B R 2 50 RETATI 7280, e
0.5% (w/v) AT NI SEE T COD Hm AR DR R4 52
ML, Achromobacter JE&DH &, WEH TS ST IET
MDD Pseudomonas putida 73354072, ZAVET Hm 53/
REZ 7T Achromobacter DEITIES, ARED WD TD
WA E72D, SOITHR A RERE O LT N D AR
Z 16% (W) (T UTaisR 5o 2 IV TR M Hm AR 2150
KL, 4 FEAOMHENE Hm RBFE A 1572, 20550 2 fliH
(Halomonas J&& Salimicrobium J&) 1%, —RIZEFHIF O
Hm JREEZAENARIT 2723, B R ofams Iz, Jo
DRI, ZORMIT, 32O, W
A & Hm AR E T 2282 ) —RFAYIZ Hm iR
FEDMEINARI S 223, FEEIFH ORI L LB I, JRIAX
AATHD7 Hm DSEARZBENR 2720, FiiF10> Hm ik
FEEMTCITRDE D EHEES T, Ying HOHAIZLAUE,
Halomonas shantousis SWA25 FRIZ, REFEMT I %00 iR
THRENBHDHESI, 20 FEHETT 100 ppm @ Hm % 66.7%
IFRLTEY, Frx OFFT2 Halomonas sp. H10 FROFERL I
Fipo7t= 7, 2, [FIC Halomonas J&Clxdbo s, HfkD
BENZEDbOLHEEELT,

— 4, 16N Hm 25 ML TW5EZEIHND
Pseudomonas J&D KYA11 ¥£X° Brevibacterium J&? NAS10
FRIZ, BRI 0.5% (w/v) Hm HEFEEHE (59 5000 ppm Hifigt)
ZE AT 16% (wWiv) AL NID DGR HERTHT, RAT
[ZEBL, Hm &8 1 2A TIREDMLE o7, RFERO
Hm gtz Hm [ZHE 555 3000 ppm £720, Ying &
DIEBROK) 30 FFIEED Hm 249 30 FORE RN Toy
fRLI=ZED D, Ying HOFEREZIEIFED Hm 731145
ROV, o, RO, IREEETE THIO CTRESILD
ZEDD, Hm X H —BIZ kA0 ChHLIL D EHEES
7o LU AMEEZGIES D721 7> 72 Hm A G
FEHTC, Hm 2338 — UIERRIC /3L TOVDT LD HERE
T&EIpD o128 0, KYALL #RD Hm 73fifiE, 734
XX —YLSDO Hm A ¥ % —F¥, Hn T eRa’ - —-,
XUFZDMMOBEREL CTF 7IT—BHOB T IR I
HVERCTHAHZEDIERRBI T, Pseudomonas J&|ZI3HE
ARV ZFEANZ D> TS ATEEE D &S 1-7 /3 rmar
N1V ARF DL —R(ACC) 77— BIEEE A
THENEGILTIEY 9, Pseudomonas sp. KYALL £RiZ,

16S rDNA fi##TC ACC #1512 AL CTW5 P. marginalis
X2 P. grimontii \ZITVNEE ZHNAHZ LD, ACCT T
—EBEARL DA RS +IC B 2D,

MR Hm AR A A28 L, Pseudomonas sp. KYA11 £k
<> Brevibacterium sp. NAS10 BR3 S BES NI BRI ESN -
7DD, SyBEEANE D AT CH - FE DO L5 T
13724, Fr XY T AL N ST D THY ST BN D
SIS ZETH D, RO L TITITE TV
WS, X Aay, Loay, FauliE oW 7 )V AT
FREBIEARW O, MHENE Hm AR O FAED MBS LT
BY, TNHORERIE, @E OB, RO E )
APERIAE L TOD LA RIRL T2, Dilfuza SO
2 EAUR, Pseudomonas JEX> Brevibacterium JEIL, FRAL
B LT, M OMRENEC B3 2Z L8 HIL T
ZEND 10 BEINS MO A AN ES DT LI B
(ZIPNROTERERET D DD LIIRN, T —ZTIRS7R2N
D, HEGEEEY L TNV EL TRBEIT 1208, TORRIC
(2D IR BET S A2 o122 85, A RIOFIFEIE
THED B2 0T R PUTRIET HE N T STeOD b LI
R0, Ak, HEMEEOREOSHERIZIE, HEVHEOE
BIZZ 2ol T ST 2 EN NS b,

Z LA RS AV YE Hm RIE O T, &b
Hm {EKHE I D3 @ SIS 7z Pseudomonas sp. KYA11
A W2 B BRI R DA AV T 72— 1ETOLED
DD Hm 53, SOV T La—/L L x5l C A A AL,
R U232 Hm (35 RSN -1, ZOBHO
—OU%, REROAE ATHE pH &A% 6.0 LL ETh-o7-Z b
ThD, pH % HHE (pH7.0) IZFHEEL 72l 7 b= — L L ko
WZHREL 723550203, 1 2>H T 1500 ppm F2E£D Hm HEfg
ORI DFRO O Z LG, REDOAE FIHeE7: pH i
ThiuZ, Hm OEREIIIRETHHEE X HNDHD, TDIK
IORFEITEES, 720, L TEEIZIFAT ORI ST LD
O, IREL TR ThDHEBZHNT-, £, BRERIICS,
LEDDEN KL TIY, KBz WL X5 H Hm O
WU, R7IZFEHRL L TIIRNWZERHLI o7,
5. SEOFEAE

R TE2 IO, BICtiMA 779 Hm (RSB ZF)
AL ThH, LIOPHTO Hm AR EUDRNZ LA
LT, A%OMEEL TUE, HARDMMEMES T Tk,
L 19w ? pH i ChHOMEENECTH AR rIRe Clif A=



T Hm (B EORBBME THDHEEZHND, T2 T pH
A HEATEENR C pH 4.8 |ZfR>72 Hm &8 A aeshshs
WTBUEL R ARGl TV D,

6. X Wk

1.

FEEBR B EICE ENDT IV, AT S
a5, 47(6), 341 (2014)

FEMOKES A B E A ZRHAER R T —~
£ PRk 23~24 £ ), p107 (2014)

W EFS, BFHFEE, e, g, MER,
KA ZE =2 A T 61T 27 JARIROIRGE, $h
DRFFELHAT, 41(5), 327 (2015)

BHFR, B &E, REEE, DREGS, AR,
M EF5 5, NRERETER /NREE h B T 126105
AFFENET AR SR AA A OBLR, E O
JELELA, 44(1),31(2018)

Tsuneo Sato, Masayo Okuzumi, Tomoyuki Masuda,
and Tateo Fuji : Distribution and Genus/Species
Composition of Histamine-Decomposing Bacteria
during Storage of Common Mackerel, Fisheries Science,
61(1), 83 (1995)

I, REFRRIE, &S I Ee A2 Rk
B B KOV R DG EEM R & DI DR, -
B 17 AR VYA o AP FE R A, 189
(2007)

10.

Ying Xu, Yu Liu, Binghong Xu, Dongfeng Wang, Wei
Jiang : Characterization and application of Halomonas
shantousis SWA25, a halotolerant bacterium with
multiple biogenic amine degradation activity, Food
Addittives & Contaminants: Part A, 33 (4), 674 (2016)

W B35 5, /NREHTaR - I FLER A 0D oy M - R R 1A
OERAZ I EDOARHIENET I pTIEIC T 52%
R AR (2016)

Cheng-Huan Liu, Wanyi Siew, Yu-Ting Hung, Yu-Ti
Tieng, and Cheng-Hua Huang: 1-Aminocyclopropane-
1-carboxylate (ACC) Deaminase Gene in Pseudomonas
azotoformans Is Associated with the Amelioration of
Salinity Stress in Tomato, J. Agric. Food Chem., 69 (3),
913 (2021)

Dilfuza Egamberdieva, Jakhongir Alimov, Vyacheslav
Shurigin, Burak Alaylar, Stephan Wirth, and Sonoko
Dorothea Bellingrath-Kimura : Diversity and Plant
Growth-Promoting Ability of Endophytic, Halotolerant
Bacteria Associated with Tetragonia tetragonioides (Pall.)
Kuntze, Plants, 11(1), 49 (2022)



No. 2239

Study on a Simple Method for Reducing Nonvolatile Amines in Soy Sauce

- Isolation and application of salt-tolerant histamine-reducing bacteria -
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Summary

In general soy sauce has no histamine (Hm) or contains a small amount of Hm, but it rarely contains high
levels of Hm, which is produced by some wild soy sauce lactic acid bacteria. Therefore, the Japan Soy Sauce
Association has been working to reduce Hm in soy sauce, and has achieved a certain level of quality by calling for
thorough cleaning of production lines and the addition of the soy sauce lactic acid bacterium that does not produce
Hm. However, these processes are time-consuming and costly, and there is a strong need for a simpler method to
reduce Hm in soy sauce.

In this study, we established a search system for Hm-reducing bacteria, confirmed its effectiveness, searched
for salt-tolerant Hm-reducing bacteria, and investigated Hm reduction in soy sauce using the obtained salt-tolerant
Hm-reducing bacteria. The salt-tolerant Hm-reducing bacteria that could grow in oligotrophic medium with 16%
(W/v) salt concentration were divided into two groups: those that temporarily reduced Hm in the medium only
slightly and those that degraded Hm steadily. The results of the simple identification of the strains showed that
Halomonas sp. (strain H10) and Salimicrobium sp. (strain HOY 1) were the bacteria that temporarily reduced Hm
in the medium, and Pseudomonas sp. (strain KYA11) and Brevibacterium sp. (strain NAS10) were identified as
the bacteria that degraded Hm, respectively. H10 and HOY1 temporarily reduced Hm, but the reduction state was
unstable. On the other hand, strains KYA11l and NAS10 almost degraded 5000 ppm Hm hydrochloride in the
medium in about one month.

Next, strain KYA11, which showed the strongest Hm degradation, was immobilized with alginate and shaken
in soy sauce containing 5000 ppm Hm hydrochloride for one month, and no clear reduction was observed. Since
KYA11 cannot grow at pH less than 6.0, soy sauce prepared by adjusting the pH of de-alcoholized soy sauce to 7.0
was used to inoculate KYA1l. When strain KYA1l was inoculated in it, a maximum Hm reduction of
approximately 30% was observed within one month. From the above, it was found that Hm hydrochloride in pH-
neutralized de-alcoholized soy sauce could be reduced by about 1500 ppm in one month by inoculating KYAT11
strain and shaking culture.

In the future, it will be necessary to search for Hm-reducing bacteria that show salt tolerance even in the same

slightly acidic condition as soy sauce.
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