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HFHRIEEAZ I A R S L OV AR O (RN PER VKB 1 0 0 8

RSO 72 8 | A £ K EE N T4
il 2 O RIS 4 OB T A& 5 O FF
BrELTHBE SN TWADD, -EHDWITRTEH ICER S
2V (Hm) BERT 25501550, A% ClEtbinmE
MR S VD FE I - B S D B FF 00 Hm ZZ R il
EOfRIAZ BREL ., )1 o R A xRS
LC.Hm TEXy M AW 5 T &L, Hm B
DORBHIZ W TR L=, F7=. Hm BEEHNE 2 BEL |
Z® Hm EpldHDNI 0 R T 5857 pH. i
TR DR Z SN TRRET LT,

ZORE R T2 Hm 28 0~30 mg/100g &
FEhThY., 205 &ITFEHAOEAF UV (HD) & &
WZEDM, RIUFECH R IZE>TEDOE &N -
77, Hd 55 #1355 L OV Hm 55 #12 F\ N C Hm BEsE 5 6 2
U726 5, BUSIC K> T Hm AR Y 10° /g T7AEL .
F7- Hm 55100 Hm O 3L i c > Tle -7,

A F CRIRSTR AR PABRBE 7T
KE BAE RS R R IR BRI 0)
%k FHE CAINRSIR PGB B )

A EIOFFZETIEE O Hm b S5 % 2 B
L72h3 53 BERR IS DN THE 23 i FE 02 O Al oD 15 it B )
2R CRABRUTCRE R . W/ ffRe 2R Db D135
B cxipipotz,

RS AU T Hm AR B VAT SOPE LS ER B o
Tetragenococcus C, fREFEMIRERIZ OV T 16S rDNA
i RIS Afal TIH{LL RFLP f#MrL7-fE R, T
halophilus 33X T. muriaticus Toh-7=, O, IELF
WPED GRS Hm AR & U TS 7z, Hm 4
FCREIZHE 77, pHL IREEIZ IV HHFRE O I 23 F[HEThH
ST, EE OGO T (5 15%, pH 5.5 Hit4)
TOMHITEELWEE DT,

SHIT WO DOFEEEMAGDEDLZEIZLST
Hm %9207 1k (O~ — RVl <0, oo R B £ L L
DA M BRI D720 N) 72 Hm 43 FRTE DR R &l T 72,
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FHEEEA SR B L O R O RBPEW T 515 O 8

AH
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1. BIRE”

BRI EOMIE T 7L | A 5 K E N T84
fld, ZOIMEE R BB SHE 4 ORI T A& & O
BRELTHEA SN TWDD, fIEH D VTR T IZER S
L (Hm) REFT 25408355 O, Znbof o
T Hm AR EEL CHEMEALBEKE O
Tetragenococcus TH D T EN FHH AL T WD M|
Tetragenococcus 1K Z DL AL THEEBE TH
%o Box b)) RO BT 5 LOM#R IR OIS HERY)
R FE AT T TARNPLESBEOOESLELT
Tetragenococcus 3 E(EL TWH T L& AR R AFZE 12 B0
THAL72 @, 7K FE S B 1 R O A5 5 1 7 £
TIEHDILDOD, 7T RGICE AR DOIER A SN
BTV, S RIZZOREMEIZ OV TH R EI 225
DB Z 72> TLBEE ZBID,

AMFZETIL i i & W R S AU 5 8 B% - Bk S D
B O Hm EREOMENEOMAEZ BRIEL, 4)11R
OfFERHE TR 5 REL T, £ Hm EBS v M A

Wi B e & Hm BEEGH B O IS SW TR LT,

WA Hm BE I 2y BEL . 2D Hm £ H DT iR
BRI 9 D880y . T OO EIZ OV TRFTLTZ,

2. AR AE
2.1 AEHEETESFO Hn ELEEREO S H
2.1.1 & #

FI)NBNTEESN-~ Y S O8EET 5 fl5L, AT
OREET (ZANDL)3 B X TO8EE 1 ik
FOT 7 opEET 1 ' oAF 10 8523 LT,
2. 1.2 Hm BLUZDHDILZER S DBIE

Hm OWHIE, Fva—~<r DI F I hT—AZ

YERWERA7n T L —METHIELZ, ZOF v M,

Hm FeRul S —Blckar 7 mhr otk &
RER(WSTS) B AXNDHZ LI KO # I E & TED,
WX T 2 2V 53 & (ES-412, ATAGO) T, pH
I pH B AVCHIELZ, Fi2, BukofeiE s L CilF
Bt 5 /378 B% DC Protein Assay | (BioRad) %
WT, 7 /2 =V ERULAE T, fER MR L2 5E

% (ANRSERF A B IRER L T B on B
ettt CANRSER A G IRBR A & B2 )
Frw (G NRSERFEY EIRBR I R A B2

(TVB-N) % Conway O &EILHIE CTHIEL,
2. 1.3 HmAERKBES LU HEREDRE

BB 5 SR RIEZ 1B BRIk E L, LI F LD
010 5B PR R A TR L7, &A% 0.5 ml %2 3 ml
DEAF Vv (HA) 55 (GAM BE 43 R F i 8 [ = &
A IMBIERZFRE (LU FaBREsH) | Hd % 0.5% 272
D) BI O Hm B GRERES H11Z Hm % 0.025%1 % 72%
D)IZHEFEL . 30°CT 5 HMREE L, &R X
NaCl % 10% ¥RIL7=HDIZ W TH RIERICHRFTL 7,

Ee#% 1%, Hm B %77 Hm & &% ERt Rk
ERL, Hd BsHirh oo Hm 1%, BARICKDEIER L,
2.2 Hm BEEHEO R BS LU ZTO MK
2.2.1 # ¥

~ I SORHET 6 Bkh, v AV IR 5 B OAFE
11 2Rk LT,
2. 2.2 Hm BEME D 5B

ZREO RN E GAM BRIEH =21 | BLW
10% NaCl Z¥RML72 GAM ZEREFHCHEREL . (HELL
Tran=—Z MR |Z 5~20 Kk, &5t 261 BRa BT,
BoyBEE A HA B3 OV Hm B5HLICHEREL L 30°C T 5
AR L, 8K o Hm omHBIO0NVE &L -
FLEFIERICAT 272, Hm 2 fRIZOW T, 55 Hm
Z 15% D S8 O &R LT,
2. 2. 3 Hm BEEME O MK

Hm A& DI FREE DR B B FE 12D
T, Hm ARB L O REO B R AT 72,

BEEOMIREL T, 7T LYk, MR, XD
—BOFE, AR, FESERICE RO,
40°CTOFRE . FEFIHREZ T~z Fo, RERVREHIE
{Z DWW TCIE PCR T 168 rDNA ZHiMEL | il [REE % Afa-1
THELT= R OW FEE 3% 7 An—AEBRIKEICE-
THIELLT- (RFLP fi#47) .
2. 3 Hm £REEIC T HREBERFDOEE
2.3.1 ¥

RSB TABEL 72 Hm A2 R 6 Bk Z EBRICHEL 7=,
2.3.2 ENREEHRER

1/2 2 B DR BREE H (GAM1/2) 120.5% 27 /L1 — 2%l
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Z HREEZ 0, 5, 10, 15, 20, 25 BE 30%(v/w)IZ7
DI 7=, RO R R R Z 0.03 ml 32
PEREL . 30CT 3 HRMIKERLUIZ, BRI OB E X
OD655nm THIEL, 58K D Hm % ERCE[FIERIZH
ELT=,
2. 3.3 pH. BREDOEE

e pH O3, GAMI1/2 12 10%D NaCl BI W
0.5%D 7 )Va—A%& Nz, pH % HCl T 4.0~6.0 (275
L7z A FlD TR st L=,

IR DT GAM1/2 12 10% NaCl 2NNz 7= 55 i
W 10~40CTHEEL , WS Hm IR EEABIEILT-,

3. BRBLUER
3.1 BEHEETHD Hn, ZOMILZERE S

FoSHEIT RO Hm B ZOMO LS IZ-DOWT
Table 1 |Z/RL7z, 5 i 2 8L C 24 RO 31
mg/100g & Hm N EN T, iUl T4 Ol
WP ABHELYEVETH L, HAREIL 9 2D
17%E 2 E S TRELEARD pH BLONERET I /1%
#& Rieolz, RebH IR E DKV Sample A I% Hm 1%
DI pH @<, KEEWEZ VB EPRRENWZE
B, FEERARNHEVHEAL TN EE X B
7

AT OIEHET OEATH 20 mg/100g % 2 55,
D72 (Table 2), AKO<FZTZHBI 77 Tld Hm &
& o7,
3.2 AEMETDO Hm EFRELAIL

Table 3 (27”3 IOIT, A AR E Lo BT h o
AT 10° 25 10%g T, NaCl 2Nz 785 ETkb
LM ST, 77 OBEET LA T Hm AEREEE 2 10!
5 10°/g L UL TR ENTZ, ZOEENTELS F O Hm
T AR A A Th o 7208, VoSBT B Tl kbR

Table 1
contents in mackerel-nukazuke products.

2 Hm AR EE Eoso7z03, S5 d o> Hm BT
KA o7z (Table 1), ¥/ EFHIT E BLOF 055, 2, 3
B A IR OB IC L > CTHIfEIC Hm AR B
1 BRI CIRIZEA RO LN -T, ZDZE
M5, 1 BT IRE SRR L 7 F5 38 1l Hm A2 BASMC
Hm 53 f#E < Hm A2 pA 36l 35 B MF1E T 5 Al g
PERRIBE D,

3.3 AEHETHO Hm DEELAIL

0.025% Hd & A B 2455080 Be A BRI & B L
B (3F) & Hm ) R &~ 7245 % Table 4 (2R,
ATOFEID 1 B AR T Hm OV 235380 B 7=03,
IEAHO Hm BE S E -7 &) C T, Hm
BV RPN RGNS -T2, —F . Hm AR E 2 i &%
WHOO Hm B EMEN -7V &I B BEX YD T
X, Hm B RN KEN-T2,

ZZETOFERKERND, AEHE A O Hm &
FEIZIE, BB O Hd & BB IOV Hm AR #HOL -~ 0
iz, Hm 3R OB 56 R sivd, Lo L7e3h, Hm
AR ATV DML 2 L)Y, Hm 73 fiF i C
VLA TR, EEHL AL HEY ELIT R -
77
3.4 AEHETOBED Hn £RAES LU Hm 412

HE

FEREE T RSB 72 261 KRDH B 20 KRS
72 Hm ApkBEZ R L7, — 7., 69 ¥&AY Hm Kitirp o>
Hm BE% 5%, B SE2FAREINZN, W
DOEEL FFBEICZ UL, B IR EE | B MR B | BER
ZEZTRFLCTHIMEZ: Hm 2SR Sen o
77 EFCEBRTROOIZ Hm B ITHEL R EH DRSS
BERTRAONAFREMELDY ., SBMRET T8 ENRD
2o

Salinity, pH, water-soluble protein, free amino acids, TVB-N and histamine

A B C D E
Salinity (g/100g) 9.1 £0.7 11.5%£1.0 165 1.1 10910 13.6 2.6
pH 637 £020 6.21 £022 526=*0.10 6.07x0.31 533 %0.06
Soluble-protein (mg/100g) 307 £ 18 171 £19 181 =12 205 £7 150 £ 11
Free amino acids (g/100g) 1.04 £0.06 131 x£0.08 1.55%£020 1.63x£0.15 3.18*£0.32
TVB-N (mg/100g) 77 £8 46 =7 62 =8 41 £7 74 £ 20
Histamine (mg/100g) 0.6 £0.2 0.7 %£0.1 30.5 2.6 53%£1.0 241=*x31

Values are mean and SD of triplicate measurements.
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Table 2 Salinity, pH, water-soluble protein, free amino acids, TVB-N and histamine

contents in other fish-nukazuke products.

Sardine nukazuke Codfish- Pufferfish-
A B C nukazuke nukazuke
Salinity (g/100g) 12.6 =0.8 15714 10504 12610 11614
pH 5.08 £0.08 495*0.16 5.07=*021 511=%x0.12 5.12%0.13
Soluble-protein (mg/100g) 87 £9 160 =16 172 £ 14 163 £10 287 =30
Free amino acids (g/100g) 1.04 £0.06 131 £0.08 1.55=%=0.20 1.63=*0.15 3.18 £0.32
TVB-N (mg/100g) 108 =19 136 £25 123 £ 21 128 £23 185 +23
Histamine (mg/100g) 12.6 £0.5 27%x03 25.1 £2.6 3.6 0.1 3.7%0.1
Values are mean and SD of triplicate measurements.
Table 3 Level of histamine-forming bacteria in fish-nukazuke products.
Mackerel Sardine Cod- Puffer
A B C D E A B C fish  fish
Medium NaCl (%) 010 010 010 010 010 010 010 010 010 0 10
Decimal dilutions Bacterial growth in medium
1 ++ ++ + 4+ ++ ++ ++ ++ ++ ++ + o+
2 ++ ++ wWH ++ ++ ++ 4+ ++ ++ WA
3 w+ w+ -+ + 4+ -+ w+ ww ++ + 4+ - w
4 T T T S S S S T A
5 - - - W - ++ -+ -w - - W+ - - - -
6 B I S I 2
Decimal dilutions Histamine-forming in medium
1 + 4+ -+ w+ w - - - + 4+ -+ + 4+ w+ - -
2 -+ -+ -+ Wt wt+t wt+t - - Wt ww - -
3 - - -+ + + + + -w - - + 4+ ww -
4 - + -+ + w - -+ -
5 + - - - w - - W
6 I -
Data are from duplicate experiments using GAM broth containing 0.5% histidine.
+: Positive; w: weakly positive; - Not detected.
Table 4 Level of histamine-decomposing bacteria in fish-nukazuke products.
Mackerel Sardine Cod- Puffer
A B C D E A B C fish fish
Medium NaCl(%) 0 10 0 10 010 0 10 010 010 010 010 0 10 0 10
Decimal dilutions Bacterial growth in medium
1 + 4+ + + ++ + A+ ++ o+ 4+ o+ o+ o+
2 + + ++ ++ 4+ + + 4+ + 4+ + 4+ ++ ++ ++
3 + 4+ ++ -+ + 4+ + 4+ -+ W+ W+ + A+ -w
4 B S e T T 2 S S S
5 B T S T
6 =
Decimal dilutions Histamine-forming in medium (%)
1 1547 7459 14 - 3783 1255 - 41 2727 2 44 3 38 - 41
2 24 - 816 11 - 614 - - - 8 - 7 -10 - - 1812
3 -5 6 - N 7 1.6 3 0 - - -
4 - - 3 - - - 16 12 -9
5 - - - 8 - 12
6 - 12

Data are from duplicate experiments using GAM broth containing 0.025% histamine
See footnotes of Table 2.
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3. 5 Hm £ E DMK

Hm A HEE R LTZ 20 BRICOWTHRIRRBR 21T -7
fiGt% Table 51279, 20 HRH 2 BRN T T LGE D 25
—EEORE. 3 BB ET— B OEKE Th o7z,
Z DA 15 BRIZZ T LB1MED 4 #ERE (Fig. 1) T, B¥T
— B2, 10% NaCl G HEEHITISKE AL, 7 Lva—A
MOIBREFEETLZZEDD, IFEMEALBRERE
Tetragenococcus ThHEHEES LIz, ZDHH Table H
D IV, V BRI SR OFEEEZ &L L | RIRH &
BEFR MR B R D B 2RISR lE LT,

ZNHOHEREDI B RS L DOFE%E (L NaCl 0% T
BHIELZIVEE, BIOY L a—2 LSO TE(bE
9. NaCl 0% COEFHMNFIN -T2 IX BENS 3 T >
PCR-RFLP (ZfiL7=, Fig. 1 \ZRF IO IV BEIT T
halophillus, IX #£/% T. muriaticus DK F&—E L7z,
ZIVETOMSETIL Hm A pkE &L C T. muriaticus 734:

V& BESIDADY, Hm Bl R IER% SR hde Bin 1L 7 A
R EICHFEL TODZEBIERES TV,
3.6 Hm £HEDBIES LU Hm £ERICRIFTRE
FSES

3.6.1 ENEE

)B4 BEL 72 Tetragenococcus D FE 3 LY
Hm A2k R O 8% Fig. 2 1RLT, T.
halophilus ¥4 %I > % 3 #2532 FE1E 10% A% T, T.
muriaticus 1% 15%Hi# CTdH-7z, Hm RISk 5 E
HE 45 FE 13 T. halophilus T 0~5%. T. muriaticus T 10%
A% Ch o7z, RIEHEIT RGO R 10~20%
LRI L > TR (Table 1, 2) 23, HL/ MR 10% Tl
Hm OARITIZEALIHIEIT, 20%LL LD STl
bHOREMEISNDILDEEZBND, £T2, FIET D
Hm £ 7Y T. muriaricus O%54 B0 EICL% Hm
AR OIHNTEVEEL W E b,

Table 5
Characterization of histamine forming bacteria isolated from nukazuke
Group I 11 m 1v. v VI VvII VI IX
Cell shape r [¢ c c c [¢ [¢ [¢ c
Gram stain + -+ + + + + + +
Catalase + + + - - - - - -
Buoyant + + + + + W w w w
NaCl 0% + + + + + w w w w
NaCl 10% - + + + + + + + +
Growth at 40aC + + + + +tw w w w
Acids from
Glcose + + + + + + + + +
Sucrose + - + -
Sorbitole - + + -
Lactose + - - - -
Galactose - + + + + + + +
Arabinose - -

No. of strains 2 2 1

5 1 2 1 2 4

r: rods; c: cocci; +: positive; -; negative; w: weakly positive.

Gram stain

1500bp
1000bp

Afal

I 500bp
1500bp

500bp

Fig. 1 RFLP of Tetragenococcus isolated from fish ‘nukazuke’ product .
A-C: group IV in Table 5; D-F: group IX in Table 5. 16S rDNA amplification: Primer: 27f and 1492r; Detection: 1% agarose gel and

Mupid-Blue. RFLP: 3% agarose gel.
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T. halophilus T. muriaticus
0 5 10 15 20 25 30
NaCl( w/v%)

100

OD 655nm
(Relative %)
582 8

[S]
(=}

(=]

Histamine
(Relative %)
—
838388

5 10 15 20 25 30
NaCl( w/v%)

Fig. 2 Effect of salt concentration on growth and histamine
production of Tetragenococcus isolated from fish ‘nukazuke’.
The strains were incubated at 30 °C for 3 days.

3.6.2 pH
FaMERET RS OO pH 1L 5 1D 6 THD, 5
47 BfEL 7= Tetragenococcus 712 T. muriaticus D ¥44if1%
pH 5 THIHIE 4L, Hm ERRES M S 7z, FEERORLE,
THHMFEIEICE ST pH ZESIMRDZENEELNE
Zz2 b5 (Fig. 3).
3.6.3 BE
T. halophilus, T. muriaticus &% Z 5 1% 30°C 3T

C., HEHIR ST T halophilus 2320 K& 27 (Fig. 4) .

Hm OA T 20°C UL THIflEi7223, 10°C O T
HZOEEITEEVON, B IO Hm OEREITETL-
(Fig. 5) ,

OD 655nm (Relative %)

0 7 14 21

T. halophilus T. muriaticus

100

oo
(=}

Histamine OD 655nm
(Relative %) (Relative %)
3z 3 53

[353
(=]

(=]

40

20

0740 45 50 55 60 40 45 50 55 6.0
pH pH

Fig. 3 Effect of pH on growth and histamine production of
Tetragenococcus isolated from fish ‘nukazuke’.
The strains were incubated at 30 °C for 3 days.

T. halophilus T. muriaticus

—_
(=3
(=)

OD 655nm
(Relative %)
£ 38

Histamine
(Relative %)
2z g

10 20 30 40 10 20 30 40

Temperature (‘C)
Fig. 4 Effect of temperature on growth and histamine
production of Tetragenococcus isolated from fish ‘nukazuke’.
The strains were incubated at for 3 days.

co

Histamine (mg/100g)
BN @)}

S}

(=)
(=]
-

Incubation time (days)
Fig. 5 Growth and histamine production of Tetragenococcus isolated from fish ‘nukazuke’ at 10 °C.
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4. FEHESHEDRE

OLL LI, AR MIZE> T Hm 23
SN TEY, Z0E&ITFEHAD Hd & 8&OMIZ,
Hm 2R <> Hm 23R OFAEN T BL QD EE 2
bz,

@5 [RIDAFZE CIXBAMEIZ Hm &332 O/ BfEX ¢
Mol A B bk A R BB OA 7 (8
FPED720 ) Hm S B DO BRR A ft T 720,

@Hm L% (T. halophilus 33X T. muriaticus) © Hm
A RRREITHE 43 . pH, IRJE CTHHRRE OMHI N AIHET
HDHN, 1EH OGO M EZ R OFM T TOMEHNI
HLWEEDND, DOV ONDOEMEMAE
bEbHZlIck>T Hm i3 5051k (ON—R v
7 AR L7200,

X
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Effects of salt on metabolites of halophilic histamine-related bacteria

Takashi Kuda, Hideyuki Goto, Toshihiro Yano

Ishikawa Prefectural University

Summary

Histamine content and numbers of histamine-forming and histamine-decomposing bacteria in 10
fish-nukazuke (a salted and fermented fish with rice-bran) products (five mackerel-nukazuke, three
sardine-nukazuke, one codfish-nukazuke and one puffer-nukazuke) were determined with a simple
method using histamine-dehydrogenase microplate assay. Two mackerel-nukazuke and two
sardine-nukazuke products showed high content of histamine from 12.6 to 30.5 mg/100g. The both
number of halophillic histamine-forming and histamine-decomposing bacteria were various in the
fish-nukazuke products. The histamine concentration was tended to be low in the product containing
high number of halophilic histamine-decomposing bacteria. These results suggest that accumulation of
histamine in fish-nukazuke may be affected by histidine content and halophilic histamine-related bacteria.
Main histamine forming bacteria were Tetragenococcus. The RFLP analysis of 16S rDNA of the
histamine forming bacteria indicated that the strains were T. halophilus or T. muriaticus. They could

grow and produce histamine in the ‘nukazuke’ condition, e.g. NaCl 15% and pH 5.5.
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