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Growth of Histamine Producing Bacteria in Fish-fillets
Under Modified Atmospheres

Shigemi Oxa*, Kenji Fukunaca*, Hiroshi Ito**
and Kozo Takama*

Abstract

Alminium laminated pauches were filled with fillets of Bigeye tuna (Thunnus obesus)
and histamine producing bacteria ( Morganella morganii, Klebsiella pneumoniae and Hafnia
alver). These pauches were filled with either an Air or a Gas mixture (CO,/N, 60: 40),
respectively, and sealed. The growth pattern of these origanisms, pH value, and histamine
content in both packed samples were examined during storage for 14 days at 4°C and 10°C.

After 14 days storage, the number of M. morganii was 4.6 ~4.4xX10%/g flesh for the 4°C
samples and 1.2~1.1X10?/g flesh for the 10°C samples in both Air packed and Gas packed
samples, respectively.

However, the growth of the organisms in the Gas packed samples stored at 10°C was
slightly inhibited during the first 3 days after storage. The number of H. alver was 9.2 X 10¢
~1.0X10*/g flesh for the 4°C samples and 8.2~3.0 X 10%/g flesh for the 10°C samples in both
Air packed and Gas packed samples, respectively. This result also showed that the growth
of this organism was inhibited at 4°C and 10°C under Gas packed condition. However, no
growth of K. pneumontae was observed in both Air and Gas packed samples.

. The content of histamine was about 550~650 mg/100 g flesh in Air packed samples and
about 300~560 mg/100 g flesh in Gas packed samples with or without three histamine
producing organisms at 10°C after 14 days.

From the results obtained, it was concluded that Gas packing slightly inhibits the
growth of histamine producing bacteria except for in the case of K. pnewmoniae, and
histamine production does not originate in the test organisms.
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ganella morganii DA, %< OEEIBESh T3,

=L, BE, ARANEORBS AT AD—D2E L TEABBICA > TWARBY AR
EX AR EOREES R AV AR (LT MAKR) 2 RAHOERME R L CHmD
HEERDHZ LY, FhbOREFANREEKBES 7 Vv BREL S oRFHEHECK
LCh MG RO B & ERWE LAY,

LinLiedis, 7vaAF—FRPBEORNELIhD e A% I VELBEOBER L R % I VE
ErRETMAEBRODEIL SWTRWEREBELAIC IR TV,
FITCEELIEPRCS T, MAFRE e 22 s VELABEHOBREZHL,CL, 1o MARY
Bls7 vaAa¥—FRFHHIEROTMESELES BT, 12D A2 I VEEBLHEZ
1T\ B Morganella morganii'''9, Klebsiella pneumoniae*'V, Hafnia alves'' %3 L, MA fr
BHRTOIALOMA % —v e A2 $ VEERZOWTHRH LI,

£ B F &

BEAE

FEEeE—w v P OBE A F <7 a (Thunnus obesus) *— W ALC THELI-LOEHAL
72

Pl B

LB & LT D Morganella morganis 11D 602 & Hafwia alves IID 978 3T AFERFI R
&b, %7 Klebsiella preumoniae TX 649 QX FEHILEERAET 1oL hEhgEshicd o
BHHALI,

BEEBONE

Plate count agar (Difco) 1= X » T 37°C, 48RRI EKLOBRERB X BRI~ TAEL, &
Wlgdlh oKL LTEE LA,

BEEEHOAE

Niven H DRI IC X - T 37°C, 48 BRI REOBBER L HE K - THEL, AR
lgblch OEBE LTEB LK,

BERER

2% v A3 2 v Trypticase soy agar (BBL) RlEEMOREFE® 01% e A5+ v 74 a vy
5ml iz 25°C, 24 RSB L%, 0 0.1ml 2 X H it S ml gL, 25°C, 20 RefdiisE
LSRR 10° B/l g BAOZIS A L b O BERER E L,

H ZADOTER L BRI

REORE, BEEE, 7 AEMK (CO,/N, 60:40), ¥ AFIEFER VTR HHIFHY IKEL T
Tote, Ieds, o —AHEOTE . » 712 b1 4C & 10C o, “hb% 14 HEEFEL, ZOM
BHMCHROSERE pHERAET S L b1, —HoRc>wTike 2% 3 YEEOAIE
d’)ﬁ')f\:o
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pH ORIE
B CEC T,
ERX9IBRDOAE

FhFDor 22 VvERBIYHEA A VHIEERGEZ e~ /75 7B LI - TEE LT, HUTK
HREORMER L O EEL T,

i) FErlRoHAM

HE <7 e W IBAOEBRBAKTHESFIXL, ZOKEIF A XKL 100% + Y 2
v VEERRESHE (W/V) ink, #EE 10% &L, 3,000rpm, 10 SRLEODRER, BohicbE
HELIO2um 7 4 v F -1 X D ABL, SELT,

i) &t

O ik : HITACHI L-6200 Intelligent pump

. HITACHI F-1050 Fluorescence Spectrophotometer
HITACHI D-2500 Chromato-Integrator

® #4#i#» 54 : LiChrospher RP-18 (e), 5 ym, 4¢ X250 mm (MERCK %)
® »7aEE :40C
@ BEHHEFE : 1.0 ml/min.
A: 50mM BIEREE S b U v AREERK pH 4.0
E5mM ~FH ALK VEET LY T A
B: xz2/-n
A:B/98:2 (V/V)
® BHHFEME : 0.5 ml/min.
® ¥XHHE : HITACHI F-1050 Gi#c# & : 340 nm BYP K : 450 nm
& 7
BEBEN CEEEN

XU DI M. morganii ¥ B L ROBEEK L BERBEOBRINEN YR L IR L, B4
BN, 10CEHED Airty 7 C3HERIIER 10° 3, 6 HEICIT 10® 2 CHEL, LI 14 B
FTCOEEHBULA, A CGas 2y 7 THLIFBEE3ABITI0C 2T, 6 HARTI0 ET, 14
HEHRZAIr Sy 7 LA 108 ¥ CHFELZ, LAL, Air %y 7 K HEBRIRRCTh LB
e <, BHAEOBENHIZRARD bhi,

4°C and 10°C under modified atmospheres
(—e—: Air pack. 10°C, ---O---: Air pack.

8By A o
Gy, /go / 4C, —a—: Gas pack. 10°C, --- Ao ---: Gas

) Ao B B S S ] pack. 4°C).

g

28 . . .

@ A/‘/O — Fig. 1. Total viable cells (left) and growth of
-ﬂg 7 / L / M. morganii (right) in fish fillets stored at

sf S '

2

o

3
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9
S8
57
3 6 Fig. 2. Total viable cells (left) and growth of
% K. pneumoniae (right) in fish fillets stored
55 at 4°C and 10°C under modified atmo-
gl. spheres. Symbols are the same as in Fig.
g 3¢ 1.

2 Rp- 22,

3 6 10 40 3 6 10 14

(Days)

—H, #C R LA, Air 2y 7 TR 3 HH 2 CHOMBIIED bhith» 72, 6 H
BB LED, WEMBRBREIY FCreZElLi, chiexl, Gas -ty 7 CHRERY
R E OIS B bh T, BHrCEOBEMELTIRNED b,

RICEBER I OVWTHRE LI E S A, I0CEBOBRE Air <y 7, Gas Sy 700TFhick
WTHEES 6 AR I b 107 £, 4 HBICIZ 10° ¥ TWAEARBD B iz, L, Gas
Ny 7 IEBWTIRER 6 BRE TR Air 2y 7 X W EEND L, FABERIC L ZE OB
HEBBED LRI H, ThUEGREOBEROEV-IEDbh{ o,

et LT 4°C BROBE I, RIS Air 2y 7, Gas % » 7 & S ERHEOMIME T4 <
Bdbhirdot,

Wiz K. pneumoniae B L B A OBAER L EBRN OB RN 2 R, BREFRD
B£4, 100CHED Air ¢ » 7 CHE 3 HEKIZ10° ¥, IR 6 B BB 10° F CHML, 14
AEZECEOXEHB L, chiZW LT Gas -ty 7 TIREE 3 B B2 SEOBIEER R S
h, FE6BETI MBHED - T 107 & LERIRFCThoBE S Air 2y 7 121EA~T
BEEAL <, B O ACEOBBEMEISHRELZS bhi,

—7, £CHBROBE, Wy 7 &b 10C FRFCHREREI D e osfcdbon, Air 2y 7T
107 BET, Gas 2y ZIEWTIL 10 B E THOMENRZRD b, LiL, ZOBE IR
IR Gas - y 7 OFAEF I, BHOMBEHENDRLER Ehis,

¥, EBRERNIREARC Y s TE BVBALRICL DD, FREE, -ty 7 EHIcBR
£, 10CHBD Air 2 7 TIIFE 3 BEI, Gas-ty 7 TIX6 HBI, ¥ 4'CRFEO Air
Ny 7k Gasty 7 TIRE DI 10 BBCEBEIIBHETRE L o,

Wiz H. alves ¥ BB LIDBE0 <y 78R, BENOBEFREE I OCEBEROEANE LY
3Rl BEFERICR VT, 10CKHED Air <y 7, Gas-2y 7 L L8R 6 B BiCiZBE
10 FCHREL, BWBEECHBERFOF FMHFLAN, KEHPMF Gas <y 27 L b Air

9
S
g 7 Fig. 3. Total viable cells (left) and growth of
26 H. alves (right) in fish fillets stored at 4°C
25 and 10°C under modified atmospheres.
;; 4. Symbols are the same as in Fig. 1.
g3

2

3 6 10 10 3 6 10 %
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63,
62

o //; Fig 4. pH values of fish fillets stored at 4'C

and 10°C under modified atmospheres. M.

%% r ’ morganii (left), K. pneumonsae (center), H.
59 o alver (right). Symbols are the same as in
589 Fig. 1.

376 10 0 3 6 10 %0 3 6 10
(Days)

Sy 7 DHPERSRE ST, BRI 4LCIR T, Alr 2y 7 T10 B CHOMELRD LR
7ods, Gas %y 7 TIL10* ¥ CHFEL 7B E 3, MTERERE & b Gas /% » 7 131 5 E O HEFEHD
HRRABD BRI,

—7, BEHEICRTA .y 75, RENCALEEEL T —BEORBEERL v
LD, ZIFREOEIE 2 —vERL, WThd Gas 2y 7 KB\ TEHOBENHDRIE <,
FREED Ar 2y 2 X 0V stc,

¥t pH

HER, vy 78EY, FREENRHOZBH pH xR E L 72,

FORBTR 4R LI, M moganst R L IcEEORLO pH X, LD 580 THoio iy,
10°C BZ & D Air < » 7 TRIFE 3 BEML ER LAY, 4 HEWIX 615 £ CER L, bkt
LT Gas -ty 7 Tk, FRPEFO pH ERITEr -7, R I4BBCIZAIr 2y 2 AL
pH iz L1,

—75, ¥C BB OBE T Air 5 » 7, Gas %y 7 & S FEHRTO pH LR BT T
BT,

WIZ K. pneumoniae LR OB S, MR 3IHBETIMH- Sy 2 &4 pHEBS DEFHB L T\
P, 1I0C RO Air 2y 7 & Gas 2y 7 TIR3HEMNS LR ZUEh, FEBRKHEO UHEBK
FEDI62HEETER LI,

—%, ¥CHBERRCR VTR Ar 2y 7 C6RE™D, Gas -ty 7 T3HAMLLERALIZL

Table 1. Histamine content of Air packed and Gas packed samples after 14 days storage at

4°C and 10°C.
Histamine content (mg/100 g flesh)
Storage
Strains time Air pack Gas pack
(Days)
4C 10°C 4+C 10°C
M. morganic ND.* 657.7 N.D. 456.0
K. pneumoniae N.D. 580.6 N.D. 344.7
14
H. alves N.D. 553.2 N.D. 302.6
Blank N.D. 641.1 N.D. 564.6

* N.D.: Not detected.
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, 4 BRI Th pHelEi#EETER LI,

X6 H. alves BEERFHCE T H, 12U pH 215.85 Th - 743, 10°C FFE OB, Air -2 » 7,
Gas 2y 7 L b3 BEMNSERANLDR, R4 HERIIpHE62FIH T CER L,

IR LT ALCHBRRAROBE, Air 2 » 7 TR IHELD, Tk Gas Sy 7 TR 6
HE»bEbR EAEXRD LR, WHBRIEEL T pH6l T TEA LK,

PEokR, B4 A EO3EHBFEOBEFRMCS T, BLTICCKHFET CO Air
Ry 7 PRLEVCPH R LI, ¥ 7o M morganis D £CIFE T TO® v 7 0 pH BN E
Dofe A ERER, WREBEN, <Ny 7BATERERIRBREEEMILDR L -7,

HEhoe Ry AR

R EBBOE A2 I vVEAROEERM L REBEEFA S VT A2 I VEEYHIEL .
FORBER VIR LI, BL LWL RIC, BREH, v 78I I 6T 4CFROAK
Hi, WTFhbexg I vidEHShish o1,

ZhiN LT, 10CHBEOEER L REERE»DE, LdbikeAs I vHAKEZHh, BA
100 g H7c b Air -% v 7 T 550~650 mg, Gas -t » 7 T 300~560 mg DEENTDH L, fris,
A, ENTHELEEOe 22 3 vERIZ, WTh Gas <y 27X ) Air 2y 7D E o
o

z -3

ERANEORBES AT AD—2E LKA ENB L)~ MAFBEORZEWHRY
BRELT, AMTRESRTUvAF-HRRFFBOFREBEL LD e X & I VEAKED MARFET
TOMFENAF —VELRE I VOEEILDOWTERR YT -7,

¥FFeAs I VEARYARCEGEL, MAGFRLLANOREEN L EREROEBNEL
PHEIICRA L,

M. morganii %R LIBA DS v 7 BRI, FREEIIC A IBEREK T, 10C & 4C &
WThOBE & AEBRUER Air 2y 7 XD % Gas -2 v 7 DFDBERLD L, HOHHITAE
Bk A EOREIEISRESRED bhic, Shicd L TEEHOBEE, £CHRTRIM -y 7DV
FHEBWTCHLEOBEHI ALK »Tcb DD, 10°C HROBEITIIE-Cy 7 & $ 108 F T
FELT, &R M morganis CRRABOIEREBEICY - TEHOMI <4 — vV ICHAEREV DR
BhhiR, Sy 7BETRICCHBEDOIHEOBEYDXEERA LR o1,

toZ ik, Wei bnEZE Sy 7 TOWEY LA, MAFBRSABEOMEICE > TIREAL
RO EEBRLT W5,

K. pneumoniae %R L1235 &, BERBIC STy 7 &, HFERENCH2HHT, M
morgansi & (3IFR UIE <2 — v R RL, Gas %y 72X ZEOBBEMNGIHRLZD bhl,

Zhio L CEBBEI BT, <y 787, BREENCEGR{EOMEIL{ADLA
T, LR ICCHBRDOBEDW < » 7 TOEMDOBEAN, £CHROBEHNTEDP T,
Dz EFICCHBRERTE, AEIBEELECETHRELI—RT Y,

HLTABEEYHROFNFIER L0, BECAFHZ L B3REHENREY ShTwb o L,
¥ MABE T TOREOHMBEEOTREYER LA EREIL S,

H. alvei 58 U o B & ORAEBRBICE VT, fR0 2 BB LB 2 - v R3EDL T, B
EEVCTIZICCHERL D & £LCHBOHH, 7 Airty 210 Gas 2y 7 0135 BERS
Pied, FABRC L ZEOMENSEIHRLZD LRI,
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Zhiex L€, BEEHTREREEREVWTRLIBAA, 2y 7T b BEICENAD
bh, TOWEE %2 — v IIBEEROBESLBERBETH T, 2D EMb, AEOEENY
ABRIZL > THEWAPLIHIh D E2RB &R, UL, =/ e AEYBEL, B
7283 Air %y 7 §CORERIL OV THEE Lic Wei HOBE ©1F, MEORITREASERTD
BT,

ks, AHETCHAVCAERAEEROZERED, HOo0HVWERELG LIRS 0T, B
U Air ¢y 780 & v 2 £ B HE L 12,

ERE I VEABEIZNTAS MAGFRET COBMBIOWTERF LEBEIA bR, KF5E
THOLNLERELSL, MAFRIZEZR -y 7 LA A2 § VELSEHOZL e BEMEI% R
FHEA, Lich-T, B IVERCHE TSI LI - THOMMEXIMHE TS 2 Lo
BrtEz2bRh5,

DOWT, BOMECE A& I VOELREARNO pH A BET A2 800, HREEEROSHE
B, <y 7B L OCHBRERENRSO pHEL LY EAMCRIE L, £OKEE, U pH #5.
80~585 TH -7y, ZEHRMELBEVLOTHEIHBELD, B3 6HBRIEV-THhD A,
7 EB ERBED BRI, & i 10°C RO Air 4 » 7 T, BBBEE RS pHo LB L RS,
PH 3 Edinie, LHL, BHD y 7 CRERBICL Y —F L EBEILE A DR d o b, 4°C
-ty 7 Tl pH 2B VEHRIS ), TP oEOMBEEIABE LT 540 &
Bbhb,

KEMAKBRO 14 HERBE DB L AR I vOELBRSWCEH Ui, BER, <y 278
BfRA LCHFBEAROTRTbe 25 I VIR Ehiedh oo, T hicxt LT 10°C 5k
b, EREEOLOLED, BRI 100gH7ch Air <y 7 T 550~650 mg, Gas ¢ v 7 I
FKTH 300~560mg Db X & 3 VABRHIRED, WThosk s LBE X DITECELRN
PREVERLD - T,

Eor, ChboBERYBEEANRE THELABERS Air ¢y 7128 LT Gas -2 » 72 A0
bR 2 I VEARIINI0~46%, T ERBEERICE V- THRAKI Gas 2y 7 BB BT
#110% OMEHELRD bhic, LAL, Bty 2 0EKREBRAE» O A2 I vAKREIR
722 &, K. pneumoniae BEEARC B TAEOBENRL LR BTl d b 5T 2y 7
PHhWThdberg s vaBRHERZ L ELD, ARV IERBLLOBE XA R
2, BLAWCKAREFREEYHED, Lirbe A& I vEAEY L SMOBEECHEL
o TiEiv E B IR,

Wei S50 HZE~ y 7 TOWE LRI, MABBEOBAE S M morganii 7e XD 2 8 3 VE
HEEOWEYELHIE TS Z EBXRTEETH S EHBH L,

Ferencik'® i H.alver 2, 72, =7 v, 72HAESF— bR T RE I vEEELIT L,
FKOnDBERCETL e tOFBEOL A I VOEARFKAALERLLAE O
AF T VIRRBEREE, BXOCHATOEREL A+ vEBEEL TV B EBEL TV 5, —
7, BELW MERFESe 2 2 s vVEARBO L A 8 I vEACKIETERE, pH L iconTh
AL, BRECET3eR2 i VEAROEHBERIREBTOLhI W ETBVIICS B Z &, ¥
BEEL D e 27T VRIRBOTHRE L 35~40C THY, LB EFB e A& s v
HOZER pH 125~6 fHETH 50 BMEED e A7 2 VERBOTE pH 1154 Th -1 L HE
LT\ 5,

LRAZIVOELLEREDBFRICE VT, BRI E/g AU LOERERALETHS
LOBE L BB, Zhidv Az i VEEAEETH- T, BEEE TRV, ZE50 37C
BERTHRIC A <y 70 4CHBRAM COREER L FH I /gHTH-The A8 3 vIKRH
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Thlsh-1efléE—FHL T35,

ChODRERY, Airy 7 OFE 15 HBOEREE (M. morgandt, K. ozytoca) DB (107/g
B) B—AEER (105/gH) X925 Wi dbBbbd, e X2 I vEBREBLALYENTD LA
otk T Wel bo#EY LREKETDH 5,

LAl ED#ER, APFseClliTBEE T L /b - % K. preumoniae % D% £, MA FFEEEIA O
B2 I vVEEHEOTS LEENHHRIRD Ot ofc, LoL, B0 £C U T ToE
BERTHEICLY), ChooEBEThicEos e A2 s vOEENH I B b0 L HEX RS,

TR ARRIC TS Gas 2 » 7 EFC B VT, FEREE, R, »2b6T, RBHG
RO 2 MEBEPBREIN DT, SHRIFAEREOBE,NS, =7/ v ORER I OERLED
FIES & L TR ELE 2 bR S,

&t 5

AR RCHER L BHHE A ~F <7 e OFRFEXEGC AN AR, BRBARCELHALSL D
FES,
FRHEKRO TS @B DR CHERARS LT R, BT FREESHCLLET,

X 13
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