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Growth Pattern and Enterotoxin Production of Food
Poisoning Bacteria in Fish-fillets Stored under
Different Modified Atmospheres*

Shigemi Oka**, Hiroshi ITo*** and Kozo Takama**

Abstract

Bigeye tuna (Thunnus obesus) fillets and toxigenic food poisoning bacterium (Escheri-
chia coli, Staphylococcus aureus and Clostridium perfringens, specifically) were packed into
retort pouches and seperately filled with Air and Gas mixture (CO,/N, 60 : 40), respectively.
The growth pattern and enterotoxin production of these organisms in both packed samples
were examined during storage for 5 days at 25°C.

After 5 days, the numbers of E. coli and S. aureus in Air packed samples were 1.2 X10°/
g and 1.4 X107/g flesh, and 1.6 X 108/g and 1.6 X 10°/g flesh in Gas packed samples, respective-
ly. The results showed that growth of these organisms were slightly inhibited with the Gas
mixture.

However, the number of C. perfringens was 1.7X107/g and 3.7x107/g flesh in both the
Air and Gas packed samples, respectively. No inhibition was observed for the growth of this
organisms under Gas packed condition.

Each of the 9 strains of E. coli and S. aureus from both packed samples produced the
toxisn of 5ng/ml and 1,000 ng/ml culture supernatant. The Gas packaging did not show
any inhibitions for the production of their toxins. All of tested strains of C. perfringens
produced the toxin of 10,000 ng/ml culture supernatant and the toxin production was not
controlled in the Gas package, too.

From these results, it was concluded that Gas packaging slightly inhibited the growth of
the tested toxigenic food poisoning bacteria except C. perfringens, but not for their toxin
productions.
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CREBOGEETZEEELT, RCIATSHHEOBELEROEEAYRL, BENCe +o
BFBICE O BESEAD 5, Thd 2, MATRE T TORSTEMEOERIZ > TRATS =
LR, RV RAT ACBIHREGBORERFHERL, »OThbRMCI H5AFERHIETS LT
BHEDHDILIDLEELSD,

MA f7k & AR ERREOBMMOEREARE & OBEM ISV T, BRI VTS D
|G P IR TWBH, BAETIED T 29,

2T, RBCTIAMEEEHRBO L HARERES 21X 5 MABEBROREE ¥ AT 5H
BT, ¥ 7 ABBRBRAPCORTHEMEOMBRE L MBS Lo SBEOEREL B
WCRRET LT,

R FH &
TR
Pl 5 A N F < 7 @ (Thunnus obesus) DY) h H5—H 40 CRE LSO AL,

SR

AEBRIBERREYE KB HE (Enterotoxigenic Escherichia coli H 10407), 7 F v Bk B4
(Staphylococcus aureus FP-9) &L 0% = v 2 B (Clostridium perfringens NOTC 8238) o 3 #&
BOBRELERFERYHA L, B E coli IKRBEFIARELFRFT S, S aureus (1L
WRTTLE R RRT 2 b, ¥ 12 C. perfringens RENL T EAEREN 1L LN FhGEIhib 0T
H5B

EBAEE

B oAU 3TC, 18~20 Fpfiikz# L /e Trypticase soy agar (BBL) FOHERE % A2 E -
025M Y vEAREE AEK (pH1.2) BB LY — B L%, Al ghich 1P Bt X5
CHEAS L oY EEAERE L.

H X OFEHR & B R

RADOH Y HFLERETH10g(AX2X15em) F214)h, Thbrk Vv b b 2oF (13X17
cm, EHEHMEH) K ARLHE, ChORERO 0.1ml F DR L, Air ¢ » 7 TREO % %, Gas
#%y 7 TRH AR CO,/N, 60:40 b 0% E5 5L OFET 45 BREFIHE L 7o, MZRLE D
wy—nrL, 2°CTcrhthb BRFEL 7,

ERMOAE
Plate count agar (Difco) % i\~ 37°C, 48 REMIIBRHOBEB L HEC K-> THEL, Bl 1gd
o D @%ﬁ& LTEH}I Lf:o

BRIMEBORE

Anaerobic agar (Difco) % A\, Gas Pak (BBL) i X %> A7 a0 X » T, 37°C, 48 B
ﬁﬁ%%%@%ﬁ%%ﬁ/\‘, FARCRR lgbic ) OEHFE LCEH L,

EEEMOAE

E. coli 1=o\ it DHL XK (B KBER) %, S awreus IKLIIEM~ > = » b AEEKX
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B (RPHLER) %, C perfringens 113 CW DREREH (HARERD) » AV, Hi2EZ0H
IOV 3T°C, BEHSEROEHK Y, IHEZOEBC S W CRIdOBER Y 25 A
& - T 37TC, 4B MHISREOE Y, RAUSAN 1gd7h OBBICREL TURLT,

pH EDAIE

RAEBCKH LTI BAOREEEAE KL N L, 15,000 rpm, 1 5% € 2+ 1 X LASBE
¥ o\, HITACHI HORIBA MODEL H-7 MV iz & - € pH % BIE L 7=,

SMGOBEY, FRESIUELEBR (To70MF2 ) OER

FFEOHBBEBHBDAIr 2y 27 & Gas Sy 7R MO DI N EEBEH OV THES
Boar=—%HEL, ChLOMERERELOBOERELEYR I, i C. perfringens IC
DLTR IO, BRELOHE L ks Fhc>VTHREL L,

Fixbb, E ocoli & 8. aureus TR % H 5 4> U Brain Heart Infusion broth (Difco) 2
ml iZERE L, 37°C, 18 BFRAIESE L2 B (1035/ml) o4& 0.1 ml %, E. coli i=-o\~T i} Evans &
DR 5ml iz, %7 8. aureus 12D\~ TiZ Brain Heart Infusion broth (Difco) 5 ml ic # L Fh
BEEL, 37C, 18~20 RERIREREE (110 ELL E/5) &7V, £ TH#, & %12 10,000 1pm, 10 £
FEODBLYT > TECERELBYBERRIE L L, C pefringens I DTk 7 » 7 ¥ 3 — MESHD
DR % Thioglycollate £5i#h 3 ml 1z #E/E L, 75°C, 20 SR, 37°C, 24 BRI E L -EEK
(107/ml) 1 ml % Duncan and Strong OISR EEH2® 9 ml iR L, 37°C, 18~20 BFRjizE %
fTofct, BUSHL, TOLEYERRKE L, B, ZO0BAOLAMREROLEROA
EHERILROBEEEROMERECE UL TCER LI, —F, FECKTAFRE AR, »
L UbFRIEBER Y 75°C, 20 FHEMEAE, ZoARER L iidoBEEKAE A2 By
THE L, ¥, BROERBITXTHEO* » b (F v H4EHE) 2AG, ¥FHFT » 27 R
BERRIZL > TR L 1,

ok, EEE, FRELSLCCEREIVCThLEEERIS A \VIEELE 1ml 7 OFET
LT,

# R
BEEY, ROEENS S UREEN

BUDICE coi “BBLILBADAr 2y 7 L Gas 2y 7 BT ABEEROBCXBREL
Too REFig 1IRLA L 51, Air 2y 7 CTREKOHER 10 Thod DA, 1 BRI
BEw 10° ¥ CHFEL, MBS BEEETI1~100 D T HR L 7=,

—H, Gas 2y 7OPED, FRERLIBBIILI T, FhLBESBEETILI00 0 IHB
L7cas, BRI 3a0C Air % » 2 W T B OB & itz

DEW, BEEOMMEEFERIC Ay 2 JITHE L, Air 2y 7 TIRESH 100 TH-7-d Dt 1
BB 10% I £ T, ¥ 2B IZ10° ECHAEL, L#SHEETCZOE E0BERTHEBL
o

ZHIZR LT, Gas 2 » 7 DEAIT Air 2 » 7 ITHN, FEHBZAR L ThThiern @
Plehotbon, FERIBAWXI ¥¢, ¥ 20BUEHAT I 0T FHB L1,

ChODERNL, BRI E coh *ERLHEOBREEN, EEEN & L EREP Air
Ry ZEART Gas 2y 2 DF T, b Thiibr ABHRIZ X 5EOMEMNH LR
BRD LR,
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Fig. 1. Total viable cells (left) and growth of
E. coli (right) in fish fillets stored at 25°C
under modified atmospheres (——@—: Air
pack, —O——: Gas pack).

Log No.of viablecells/g tuna
O—=MNWHUToO N WO

01 23 4 50 1 3 345

Days
29| _—
2 S
o ! *—eo—o
*7 o v
Sel / o " oo
251/ o [0 Fig. 2. Total viable cells (left) and growth of
X 4 L/ S. aureus (right) in fish fillets stored at
53 4 26°C under modified atmospheres.
22 } Symbols are the same as in Fig. 1.
g1t
-0 .

P S R S | P T i |
01 2 3 4 501 2 3 45
Days

DER, S aureus FER L B0 » 7 M TOMBER Y Fig 2 ©RT, BEEROEE,
Air 2y 72 TR 10 TH-LDOHFTERIBBITIV ¥¢, 2BELLABREF TR O
FEHBL,

LaL, Gas ty 7 OFHIT Alr 2 o 7 TN TEHIIHE I CHLAREOBEEL,NE
Bih, SEALEL LT CEHOMME LI L1,

—7, BEEEOMMELYE <y 7HITHELTH25 L, Air ¢y 7 TRET 10 TH - 12 D23,
1BEENL2HBRMITI0® 2, 3HBUREL I ¥ CHELRDLNAI, LirL, Gas Sy
7 TCRHROIBATH 10 ECHWHELAcIcE EED, Gas Sy 7 THEHOBENFHLZED LR
1

UEDRERMNS, S aureus DBRG BT FBIRD, BAEEE, BEEEKE D Air <y 2
WHAT Gas 2 » 7 Th e, AECBCTLH VAL M RBRIC X 5EOBMEMNEHIZEH
Zint,

DT, ERBETH D O perfringens X EB L BEDO N » 7 ISSHEK L EEEROE
EOWTHRE LT, Fig 3RT X5, BREEREITAr <2y 2 TY 10 Th-Tcbon, 1
BERIZICFEC, 2HERIZI0 I CHENRD O, LBSBEHETCIOEEHB L, 21
Gas 1ty 7IZBWTH 2HEBIRAIr 2y 7 X VBRI e olcb DD, FEALECRR
Dbhich ot

IhEERRE SV THEL T, 2R 2HEOW .y Z7RITHEKEVBED LI D
D, LIRS HBIL 107 ¥ T L7, ZORE, C. perfringens DBEITILRIEEY, &
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Fig. 3. Anaerobic bacterial cells (left) and
growth of C. perfringens (right) in fish
fillets stored at 25°C under modified atmo-
spheres.

Symbols are the same as in Fig. 1.

AN
\\

Log-No.of viable cells/g tuna

T 3 4 850 1 2 3 4 5
Days

O

6.4}
6.3} ) *—o
621 [ ] o—of H/o--o
6.1 o Fig. 4. pH values of fish fillets stored at 25°C
i under modifiied atmospheres. E. cold
6.07 / T °,;° (left), S.aureus (center), C. perfringens
59 / o (right).
5.84 / )4 j'/ Symbols are the same as in Fig. 1.
:: i n 4 L I:’ — e i J f 1 A n I J
012345012345012345

Days

BERE DT ABRC X 5EHOHENHSRIAShizd -1,

¥t pH E4L

BER, -y 27 O pH X BRCHE LIcERE Fig. 4 T, B0 BEORKD
pHEZTHhd 58 THotcdd, Ecoi xERLAES, HROIBBRIE- <y 7 &b 6.3 1E
L, LaL, BELRSE <y 7Eo pHEIZIZEA L ER AR T2, —F, S. aureus
PEBLABEOAMTII2HEBL3HBETD Gas Xy 7 CEMEZXFRLLY, 5 B BRIEH <y
725 62FCLERL, 2hbizxL T C perfringens DB, BB Air 2 » 2 12X
Gas - » 7 E 0 pH E VMEME CTHE L,

DR, EER, <y 2 CpHED % — v EVHEIHER I OO0, BiL-7
KERBAZLZORT, Air 2y 7, Gas 2y 7 LA EEBEF 04~05 D0 LRI EEE ST,

AWEOBREY, FRESLUERE

BET, S v 2 JIGBEER 2T ROV TEROERYTT) L LR OBOHEER S AIE
L, 7eds C. perfringens oW TRFREOCEEDI T, BOhiclhboFRE—ELT
Table 1 ;7= L 72,

E coli ¥BERLELABDODORERIVSHEBEDAIr Sy 7 & Gas -y 7 HEEKRDE IR D
WTHRR LAEE, TR EEERCRE VT 10°/m], EEB ISV 6ng/ml TH-T, <y
2R ATHEDBEICERED LRIk w1, S aureus T3\ T HHEE 9 ko BEHE LT
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Table 1. Viable cell counts, total spore counts and toxin production of isolates from the Air and
Gas packed samples.

E. coli S. aureus C. perfringens
Strain : : Viable cell
No. Vla’bli t(;ell Toxin cont. Vl:'blf’l tgell Toxin cont. counts (ml) Toxin cont.
0(();1 (ng/ml) (():11) (ng/ml) (Total spore (ng/ml)
) counts (ml))

1 4.3%x10° 5 3.2x10° 1,000 6.2 x 107 10,000
(5.8 10¢]

0 day 2 3.8x10° 5 2.6 x10° 1,000 2.9%x107 10,000
(4.7x10%3

3 6.2x10° 5 4.1x10° 1,000 5.2 X107 10,000
(7.3%x10°)

1 1.9x10° 5 2.5x10° 1,000 1.7%x107 10,000
[3.7%x10%)

Air 2 2.6 x10° 5 2.1x10° 1,000 2.1x107 10,000
pack (3.8 x10%)

3 3.1x10° 5 3.9x10° 1,000 2.3 %107 10,000
5 [3.6x 105

days 1 4.2x10° 5 34x10° 1,000 3.7x107 10,000
[2.9%10%)

Gas 2 3.5%x10° 5 5.6 x10° 1,000 4.1x107 10,000
pa,ck [30 X 106]

3 3.8x10° 5 3.2x10° 1,000 3.2x107 10,000
[3.3x10¢]

~RT10°/ml, BEREBICKTH2EH2 1,000ng/ml DERXRL, ABOBEL <y 75l L5
Wi DEIE IR bR h o T, ERRICEES U ic C. perfringens DBE 18T HHRE 0T
CAMBEEL T 107/ml, FRHET10°/ml, ¥ -ELEBRE CT1110000ng/ml TH-T, 2y 7
B, DEERFICET D 3BEOBEIHEEIIALD NI T,

L ED#ER, B—EED Air < » 7 & Gas ¢ » 7 FEERICR W CIIMEEE, BXREOVTh
ERWTHEWMIR DR,

% =

OB ERERARROF L AFEY AT 4 & LTHREERABREICA - TV5 MAKERS, —
BromhFuERELEe P ORPBICORNBERENRD B, BERBLLTRITE SR
DRRFEMEOHBLRLBIEICL b5 e L ORFETH S, ThECREKY A LOBIRTIR
HERTWBRDPERREDO LT 70 DI B colidt~17, 8. aureus's~1? 35 X U° C. perfringens'®?® 0
fitiz, Salmonella typhymurium!*12®  Campylobacter jejuni'®?®, Yersinia enterocolitica®'+'?,
Clostridium botulinum?'~?®, Bacillus cereus®'”, Aeromonas hydrophila'” Iz X' CH 5%,

L, ToBo» 2A0EE, BECRAL, HEABEOEERM ANoERESCHME
REBEARATH>T—E LR,

—ie Z OBOWRTE, RBAAEFLE LCERFET COLORE -5, Gas -2 » 7 A
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EES5MEE RUOHFELZEELLHES, REXHCTALOBIERE > THELEZ A
%,

2T, KB TIREBRLORHELHE LM ABRARNOLLHAEERTEROBME T h
LOBRELRE L OBEM»HIRET L,

ZOBE, —BIZAEROKERE - Ihs 4C CRAVHHRTGLALHELRVC &, T
HEREE T TO Gas 2y 7 RMOELEOHEZRO DI EREFBR CTORT I LURLETHS
EEZ, B TWBCLEIBEYRALL, ¥, Rai—BoBNME TR LIERETE, 38
BE&#FA (CO,/N,/0,40:30:30) X v % 2EESHF A (CO,/N, 60:40) DFHEFRIEMB
LHBT L (RRE), ARRCRVWTR2BES VP A AV,

E coi ®BRELILBED Air 2y 7 & Gas 4y 7 BHTOBLER L BEEEEOHE oW
THRELER, TERUEMFELACHERRD bR ob DD, 2y 7 HITIL Gas 2y 27
DFMNAIr 4y 7 X OEER & bbb, FRC L AEOMEMEHELRDSh, L
HURHE, KEETTRFOEBENHDEIFEE Il thnb, ¥ABEHAMKETS
HIERBE OB, bt » e,

Eklund® %5 X O Eklund 59 232 A BEEEC A5 412X b, 5~80% o CO, # E.
cole DWFEXFHIET A2 &, T CO, BETEWTUER (2°C £ 6C) TREDHEMBEAHIHEIL,
EiE (20C) O 5 HETH Air DFESDOERD 50% LT TH -t L HE L i, AR B coli O
FECHT 5 CO, DEEA E A & AR TH~ Mori 519 13, 64%, & 62% » CO, BE
BUTERBRYSTOBERD 179 & 219 BRI HH S hi L 8E LI, Zhicd LT Gill and
Delacy'V 13 CO, v 7 4 AREBE I W AHOMEY 6 EHOREXY AV THRF LS, B
BiE (20°C & 30°C) PR TRABOWMIIBIE Shith ot LTW5B, L L, Faxod
BREBWTE, b2 bAREOMEMHHRARD bhis,

S. aureus DFE IR\ CEIFRERF B coli i Hh<T, AT, BEERE b,
TeHEEED Gas Sy 2 DM AIr Sy 2 KHNRTHEE D b o SRREBRTH -0, B, B
HERCIEE2BEEC, FRERERCH > THEEHNMT E coi X ) b W ABRIZIDE
BoOEMAINErokd, ZORRIZOWTEAHATH B,

Lirl, AEERWTHFABRIC X DEOEEINGABE S hich, To%RE E. col Fik
BEChHN Tl Eh, AEFRFLET TR Gas -ty 7 BREOEL M HER = & 2358
Lz,

Hay 5912 0O, TEEH O 2CEBEC RV TAHRIEEIBBCRIRWOHEAEK LR L T
Hotohd, 13 H B ZBEECHRA Ui Eh~T %, Silliker and Wolfe'® i1 60%, ® CO, 75 10°C
R IRy o HEFTD S aureus OEFEXIFI L 72, 20C TR0 X 5 R IB LR
otz L& L T\ %, Hintlian and Hotchikiss!'® 3. S. aureus > L 7-FABE 4R % 12.8C 1z
BB E, 75Y% C0,:15% N, :10% 0, O ¥ AEHAKE O IR IL A TH - 7o LRk ~T
VB,

C. perfringens (LRMHSHMETH DL bbb, Air 2 v 7 THEOMEISHERE I his,
TR, BRI AEOREICE LRSS y 7HTHER S hich, <y 7 ROREI TR
MEORBI L > TRIFAEHMOB/RALELLILrDOVThMCI DD EEbRS,

C. perfringens DHERE & # A BRDBILRIZ D\~ TFH~ 7z Parekh and Solberg?® i3 1009, © CO,
TEH I hicEE L 1009 o N, tEB#R S hicEho-TFhe Tt b AEOHEIREE X hix
Mot bBELLY, ZOFERELUSERRE U3C) o hbo ¥ 2AOBRBRECEE LD
L#E % bR, %o Hintlian and Hochkiss'® (3 X Hin 5 ABRFBABRG Wb CORBE OB IO
THREARTBHH, HERILS. aureus DBE LRETH -7, F i O, DFELEHNREDOBERMERHEIED
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KELREBERTHD EHBRNTWB, F#l, Z0BED 26.7C DFREE CREHEICEENT
Dotrd LTuw5, ik, ThbORECALNAHRER TR CBARFTENLLOSEE TR
o

FRRGH S 7o & ORFEIEI S R i@ < CO, DARREL LT, RBILOBEYWEOHMEIZLS
pH »ET, BiRBEROE X OHE, MEOHRZREOELENEL LR TV, 205
H, pH L OBFRALELEHB IR TW5D0T, FAFRCHE VT HHABEOMIE <4 — v & pH
FALORIBREERED, v 7 BT Lch, 43 L B oM BEES IR D bl o
tro Fio, ABRICE-TIE, Hays 59 25, S. aureus OBFARRICH V- THRELACO, 10X B
o2 pHEDET & £ hicfE > BREBA L ED & 5 BERIEB LIk - o, BICHE,
2y 7 BR7e pHEDO LA BEI LY, BRI 04~05 0BETER L 0D, B
CEORE & — v pH OB FEE Lic L 3E 2 bhich ol BB, 7 2B & H5E
BEOSREER L OBAFRELYEBOH &5 BAD 2y 7 JIRHSERIC OV TR L, Lo
L, ¥ABBROEESPHED R, thbLORBINTUERBRYELL, " AERNHRER
TEMEOERELRCHEET I LV OBRIBELR 5T,

AROFVABRLEEATEMNESOERELL L OBEBRR2VTREBRS. aureus  C.
botulinum 75 & THRIF X TV B HMCE & A EREIA bR,

D5 Post BT S, aureus FERE LN — 2 vERRAY 260CTHBRLAEN, 2y 288
CREVWTRERREE IR, 5k BT,

Zhext LT Lindroth and Genigeorgis?® (% C. botulinum FRZEE LI 2 S VBORY
100%, & 70% D # ABR T 5 BHEOEBE (4'C~30C) THERLLE, ¥ ABRABOERLAY
NOBERVBEIh, YRABESAAEOBERELRCHEBLIIWI LERL,

—75, Post 52 128 bicsg 3 LA LA DY Y HiC O botulbinum FhAEREL, 4EHORE
(4C~26°C) THEBLAEEORE 2~ a7 AR TOBREALICOVTRFL, REEGR S
CO, N, DEETFTTHBEROEENALRL EHEL T3, Stier 529, Eklund®® $ Zh X' h
+r OMIHPE D &% AT 60%CO, FET CORBOBRELBYAN, MIZOB/RTI
22.2°CC, FHHEELI0CILEFRLAABAS L bERYHEH LAY, EET @4CB-@
50°C) cii b IhinhocE LT 5,

LaLizhs, chbiluTFhdbREsOOBRHBETH >, Thir 2BERBOFHM T
BRICOWTHRELAEELOBRE L RAFICHE TS5 Z L3 RTETH S,

AR TIL Gas 2y 7 BREOERTTOMHIF 2, REOTEMELE 2, H2T2WC L5
HREARESBETCR T2 P ABRBARAOFBHRCOVTHRE LI, LaL, ZO&EBTTIR
FABMAEERFTOATENEOME Y TLMEIET2C R o, ThOLHAE
BRRITZ2ZEDL, RREEKEIATEMBEOMESCEROELEYFTEREOS V- LKA
PHEBLME T, HRT, FVABBRARCEIT2ATEOTHCIEEMERRE ERER
PULETHB LR ST LRI,

L3 #

Air 4o 7 L BB Gas 2 v 7 (CO,/N, 60:40) HD 2 g =7 e Wi 3BEOBREL AT
BHEYERLIBEED, ChbDME# — v LR TBEOBREERC OV THEE LIS E
coli TR BHED Air 2y 7T 10° ¥, ¥ 8. awreus T2 107 T TEHOBMATRD bl
M, Gas Sty 7 TREFRFHRL® & 108 TTHWHELACIKEEED, LA HFABRICL 55\
HOBBEMHGRIBEI N 1, ChLEERE LB ORFOBEER BT Gas
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Ry 2 OFBYIRL, FRARIDHFCEOEBIMHDENZED b, Lxl, C. perfringens iZ
FOTREREY, BEFERELCHE -y 7RTERRDLRT, FABRIC L 5EOHEMH
BELRLRIh -,

DWT, FEROBHELBAD y 7 JIRARSEECOVCIERELELANLCHER, #AH
DTRTHMFEEYEEL, FA—EECRTAEKD, <y 7 JoEEBTI\THEX
Bbohlehote, EOREND, FABRAKZILIZBRFEOFHICL > TZhbLOERE
BHALETH D Z ERERPRICL > THLLRL R 512,

# 3

AFRATOEHIO L ALy FORELTH G HERE 6 MBEEHENTECES
DEXRLET,
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