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Effect of Carbon Dioxide on the Growth of Bacteria

Koji Yamazaki*, Yuji Kawar*, Norio INoUuE*
and Haruo SminanNo*

Abstract

Fillets of walleye pollack ( Theragra chalcogramma) were packed in pouches of low gas
permeability under air or 1009, carbon dioxide (CO,), and stored at 0°C. The microflora and
chemical properties were examined. The effect of CO, on the isolated spoilage bacterium,
Pseudomonas sp., was also investigated in relation to intracellular organic acids.

No increase was observed in aerobic viable counts and volatile basie nitrogen (VB-N) of
the fillets packed in CO,. The pH of fillets packed in CO, immediatly decreased to a low
value, and this value remained throughout the storage period. The dominant genera of fillets
in air-packs were of the Pseudomonas type 1/1I and Morazella spp., while those in CO,-packs
were Micrococcus spp. and Staphylococcus spp..

Gram-negative bacteria isolated from the spoiled air-packaged fillets showed a higher
sensitivity to CO, than did gram-positive bacteria isolated from CO,-packaged fillets. The
relative amount of L-malate increased in cells of Pseudomonas sp. incubated in a CO,
atmosphere. This result supported the idea that CO, inhibits L-malate dehydrogenase of
Pseudomonas sp. isolated from air-packaged samples.
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RBOHBEEICETHE L OMEOFTLAED 5V IIAREE T2 HEL S VY 25, B
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BECEEZLR TV, BAEBWTE, BH LY S IOELY BRMRERRLE L TRED
WRET > T 58, ZOoBRERARDRVOVBBRTHS, £ TEARRTE, A7 v £74)
h HEBRE CO, FET TR L HE OFHENS L CMBEOHME L BHEH, 61
CO, it & » THIH S h 2 REME D TCA BRI RS TREC OV TR L,

* B 5 &
HEtnmEm

HEHRO/NFRIENOAF LFIE R A + v &5 (Theragra chalcogramma) OWE% B3
L, KEess, SHcEHL, FEBRCEEAELT0g 20 BelicborEikis L,

HAFWRE & UTRH &

HExa (K-rMrev/2e v, 18emX18cm) i Ah, $TEZEQE (MARETTEE
FN4IA) Ui, £0% CO, %4 600 ml A L (CO, RE 98.8%), =h% CO, 100% BHK & L
Pro BB ZEEYEALTEREE L0 At BR E L, 2hb 2ROEKE 0°C T
FEL, SANCERIE L TUTORBCHE L, mBERK O 7 A EHE, WG-100 (1/4”X
1.8m, GL Science) # 7 aXHWTH A7 v~= 757 4 —CEEL,

BREEEER (VB-N) 54U pH ORIE

HE 0 g WELHEPNAREK20g L b1/, x+o74 X (AABEHD-2) Licb o
YR E L1, ZHhD VBN ik Conway D EIEEE Y (H,BO,-HCL&%)?, pHiZ» 5 A&
# pH + — # — (HORIBA H-7 SD) % i\ CHIE L,

EEBORE L FREEBOSIRE

VB-N offiise & R0 HETHRM LR LAY, BEEi-» (R EREW CREE
HEY - C15°C, 7T HHEEBEEELYAE L, F-BEFARERO—ERBEFEET ST
NTDarw=—FHEL, BECHLL,

SBEORE

SRR (L Bergey FE'Y #8F 1 U C Shewan 62 ONAEAHE LI AF — A EL T
FRIELI. BRBRABEERLUTRRTEY THD,

1) FEdmiiRE

DEEKROBERREN LItk 268, §%0WE, 77 2 RERRC L 5EEOTK, B
I b i ERE: (BEELR), BEEOMNETNN, FROFEREIXBEELL,

2) Za—HHOFRAAE U I IRMAELE R R

Baird-Parker D5 #EL TT - %,

3) FFY—HER

ERERFREMTI0C, 2AMBR L THEKRL EBRCERL, 1% NN N, N-
Tetramethyl-p-phenylenediamine Dihydrochloride KA % 84K B 2 A 2T, 30 LA iR
FREEBLAL OB L L1,

4) HHF—EER

LRER PR L OB RERE W 3% BRILKREKEH T L, BROFECL VHEL I,
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5) Rz=) BB

BT 4+ A7 AN (= o A1) FREGEERLYER LK, <=2V 71 X7 (BN
FaAz) WEEACE X 30°C, 2 AMEEER, H PR IACEEACER L b HIEYR
ﬁof:o

6) IHEMHHER

W HBERMEEHT 30°C, 2 ARISE L - o REdEk Y, RIE&EREME X 0'1.0% BRm~<7 b v K
1 10* cells/ml BE I £ 5 X 5wk, 30°C, 2 AR LEHEOEEYHRRTHEL -,

ABAREAKD CO, EHMRE

BEREIHE & LT Air SIRX 4> 6 558 L 7= Pseudomonas 1/I11 &, Moraxella sp. ¥ X U8 CO, E#
X5 & 438t U #= Micrococcus sp., Staphylococcus sp. @ 4 BEXHRA L7, chboHfREY, A
# =% & 0.59%, Trypticase peptone (BBL) 0.5%,, NaC10.5%, 7 & = — X 0.1%, O#EORKN 7 1
a2 v (FNB) it X » CHiEEE (26°C, 15 B&)) L, ROORE (3,000xg, 10 5f) ik - CHEH -
& (2E) #%, -h# 100ml © FNB 12 550 nm 3135 BHAEA 0100 &7 X 5 BB L
BOOmMI B=AT R avHA), SH7FA 2D~y FAX—2% CO, TEH (Jf*1!/min T
2AMEA) LEbor CO, BREXEL, XABOLOX AirEEX L LI (HB). £hEh
95°C CIRBEEE (65 A8 /min) L, #ERHYIZ 550 nm 135 MK EXRE L 1o, % LRIERI
134gm CO, RO LM THFIEL 1o,

Pseudomonas sp. B{EAN TCA CIRRGESMENTR

Alr SHBRE A 7 b v & S Hh 558 L7 Pseudomonas I/I1 Bl 0 Eilk%, Lt FEOFET 24
B Air 5 L OV CO, BET TEERIT- 7 (FhXh¥ Air ERKX, CO, BEEX LHES), T
EHWY 01M ) v EMERER (pH 7.6) TELUSHE (3,000xXg, 10 4/H) X b &5 - % (3M@)
LB Mlad, 1% vV Vs —a2—01M v vERERE®R (pH76) 4ml cHREL, 37C, 12K
RRE LCRE X, BT T 0 F 4 ¥ — (KEREHE 6202PZT) < 50 W, 20 SR04
BAYTUESYHRELL, CoEGBRERYEOSE (13,000xg, 30 45H) L, 20 LLERSY
BRBAEBRF=—7 (MILLIPORE v o + 3 7 ¥ —C8, @45 T8 5000) % H\v-C&EL45HE

(5,000xg, 120 7)) LABEBERSERBEE Lic, CoRBBLYEERE v~ 7774 —
(HPLQ) it L TCA BB EEEE (YA v v, A3y efip 7= VvER 2-7y L 7 2 AR,
T=rAlg -V VIR REELL, vk HPLC 0 EHIUTIRRLAEB DY TH D,

Av 7 BIP-I (BARZGY)

KSR : UVIDEC-100-V (A A&5¥)
BHEE: 210nm

# 5 & : Finepak SIL C-188%x2 (B &%)
» 5 ABE: FiR (20°C)

#8#E : 0.1 M KH,PO,-H,PO, (pH 2.1)
i : 1.0 ml/min

RS L UEE
4£E%, VB-N & LU pH O%AL

0°C THFE L1 CO, 100%, B#X, Air #BR OB OLEEK B Fig 1 IR Lz, W4
IR RE I 104 cells/g BEETH - 7o b3, Alr WRX CI3krE 2 B BLIBESMER 2= L, &7
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Log (cells / g)

Fig. 1. Changes in the viable cell counts of
walleye pollack fillets stored at 0°C under
air (@) or 100%, CO, (a).
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BOAEIL105 11 AR 107, 16 ABICIE 10° ik L1, L L CO, BHX CILr iR »
BLUCERBRICZE LA EES K, PIRER (104 cells/g) »HERF S hBERBEY R LT, <
DEERIOVTIL, CO, BRKICKITS 0, BEMME S, AR TR % & L T 0.39, Kk
THol e DIHEEIHH I NI LB ELONBE D, —BORFKEME (Pseudomonas &) T
b T001% 00, FAETTLTACHBTEL L LB LACIRTWABY Z Eah, HE
DWEFED O, DEA LD CO, L VAILHDOEELZITCVBbDEEL LR,

wiz VB-N oZE{b (Fig. 2) 2, MK & b CfFREH T 10 mg/100 g BE TH - 7e b3, Air
XTREDOEBAREAL, BRI BB 20mg/100 g B & 7 o143, FOEABCHML
11 HB i1 41 mg/100 g, 19 B B i 67 mg/100 g ic&E L iz, —7, CO, 100%, B#X Tt bk if
FaB UL TirL A LR, HEE®ROKH 10mg/100 g, itkx ML, —BBRADEK
DOHELLTHVHIhS VBN (2 30~40mg/100 g THHMEOBEE IhTVW B hbE L
5&, KERICHE LR O Y =07 5 1 713 Air HBX ¢# 10 B, CO, 100%, B#X Tix 19
AL BT, Air BEXO#M 2 &4 RTENE LR,

Air X 0 pH 0 & (L (Fig. 3) 12, VB-N oZ k& Fifickrd 11 A B Lk L/ @M 2R
L, 16 BRIIZ T2 &L, L L, CO, 100% BHK CIRFREHBER pH 0ET (pH 6.5)
HEEIh, TORIFEMBEEL CELVWEhidil, 6.3~66 DEXH#FE L, 20l
CO, 1009%, BREX THEMAEHKCEE I pH 0E T2, CO, BRI RV T—RIE
BHHRHBEF th, CO, AWTIRE - BML CREE (H,CO;) Eich, ThVERTS
LRIV PHMBMETF LD EEZLBRA,

70

60
9 50
§ v
@ Fig.2. Changes in the amount of VB-N of
5 30 walleye pollack fillets stored at 0°C under
é 2 air (@) or 100%, CO, (a).
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Fig. 3. Changes in the pH of walleye pollack fillets stored at 0°C under air (@) or
100%, CO, (a).

SMBEORE & BIHOEE

Air X 55 162 £, CO, BHRX 2 5 171 Bk &5 333 B0 DEEBE B A B A2, T h b EEEY
FELCHKEE L Table LR LAEDY TH B, Air HBIX i3, Pseudomonas I1/I1 Tz 49 #,
Pseudomonas IIT/TV-NH i 12 Bk, Morazella |1z 44 ¥k, Micrococcus B 25 ¥k, Staphylococcus
Bz 13 ¥k, Corynebacterium 812 8 BRAAAE e s, 11 BRIXAE LB e d - fo, —H, CO, 100%,
B¥X T Pseudomonas 1/I1 #yz 10 ¥k, Pseudomonas III/IV-NH Biz 8 ¥k, Morazella Bi= 11
¥k, Micrococeus &I 55 1, Staphylococcus Bz 57 £k, Corynebacterium JBiz 11 BEAEE S iz
HRAREETE o7,

FAEHEOERIRL, Fig+AKIUBIELLY I, FEERCRERIRI 7 5 ABERE
D Micrococcus 7o b TNz Staphylococcus D& T 50% RBE® 5HEBTH Y, 75 sREBED
Pseudomonas |& 33 X U° Morazella BiXft¢C 10% BETH -7z, FOH, Air fHBRX T, R
THBHBRCIL Y 5 AR ED Pseudomonas 1/11 Bl ks X U8 Morazella BD 5 52L& 038 <
h#EB Lo, LAL, CO, 100% BREK CRERMM 2B L CEHOESZB LA, I
BREHIS { B X hic Micrococous B 75 B Uiz Staphylococcus B A iEE#ARI %8 L T 509, LI E
PHOBBETH o7, T, A HBECERTH -7 Pseudomonas 1/11 B33 X U° Morazella B
2, FEIRHOERC O R TEERBLTAEECS -1,

Table 1. The number of bacterial strains isolated from walleye pollack fillets
stored at 0°C under air or 1009, CO,

Genera Air pack CO, pack
Mierococeus spp. 25 55
Staphylococcus spp. 13 57
Pseudomonas type 1/11 49 10
Pseudomonas type III/IV-NH 12 8
Morazella spp. 44 11
Corynebacterium spp. 8 11
Others 11 19
Total 162 171
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o]
Mo
_. 801 v{ChA Mo
5 Mo Mo
E 60 7 P1
% 7?3 ’
. 7/
S 401733 P3 P1
= .
20 - & P1
Mi
Mi
0- Mi Mi
0 7 12 19
Storage time (days)
g
e
2
2
L
=

0 7 12 19
Storage time (days)

Fig-4. Changes in microflora of walleye pollack fillets stored at 0°C under (A) air or (B) 100%
CO,.
Abbreviations : Mi, Micrococcus spp. ; S, Staphylococcus spp. ; P1, Pseudomonas type I/11;
P3, Pseudomonas type III/IV; Mo, Morazella spp.; C, Corynebacterium spp.; O,
Others.

— R BB DRI, Pseudomonas BRI U L5 7 7 sGHRENEE TS L ST
BN ¥ -BRELORBREROBRB I T2 EME 2K L, Pseudomonas I/I1H,
Pseudomonas TI1/IV-H &, Moraxella B 7z ¥ S EMRE S hick LTW5%, AR TH, Air wf
KR T BB SERICES 19 H Biwh i Pseudomonas 1/11 ) 3s X U° Morazella J& 3%
Bt 3 h, BRES® OKREE I —FKL, —H, CO, BRI CTIERROBEING BD
it (Fig 1), XHLEARRDOEHBEIS T % Pseudomonas B s L 08 Morazella Bis XD 7 7 &
EHBEERMEEASREIAT, 77 ABRSRENSEKRH S hi (Fig 4B), Lichi-TZoE
ENVBNERIUPpH LRI hbD L Bbh b, CO, i3 % ikt i Sutherland 59
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¥ & U Silliker 520 10k T, 75 2ARMHEL D SBREEO MG EBBE IR TV, A
ERTLRABOMETH -,

R4+ Y S HARORREHKD CO, HHE

25 by £ SHBRORERRORT TS CO, DFEB I H>WT Fig 5 ItimR L e, WTFho
BEb CO, Iz X D IBFEDEENRD bhiz, Lo L, Staphylococcus sp. Tixaie b BRI E S
DOEIIR 2@ U THEMER YR LI, ¥, Micrococous sp. 128\ THET TIXDH 52 M
@B bR, L L, Pseudomonas 1/11 ¥ X UF Morazella sp. TII3gERI+ %@ U C5E
B2 B obhilehote, ZORKRE, AEBOE/L (Fig 1) 5T EHOEE (Fig 4-A, B)
DFEREIL—HTHLIDT, 75 2BEEDER I BEEEL D b CO, T+ 5 EAMDE =
LB RE D b, ¥ 72, Micrococcus sp. X b Staphylococcus sp. D5 ARSI A58 Hs - 7o K8
B, PR D Micrococcus J& X 9 @M O Staphylococeus B0 1 1 BEFE (0,) D
PRGCERECEL Db EELLRS,

Fig. 5. Effects of CO, on the growth of bacte-
ria isolated from 0°C stored walleye pollack
fillets under air or 1009, CO,.

Symbols :
incubation under Air, (0) Pseudomonas
sp; (©) Morazella sp.; (») Sta-
phylococeus sp. ; (D) Micrococcus sp.
incubation under CO,, (@) Pseudomonas

0 12 24 36 48 60 72 sp-; (#) Morazella sp.; (a) Sta-

phylococcus sp. ; (m) Micrococous sp..

Incubation time (h.)

100 Oxa. — Oxa. oa]—Oxa |
Ma. | ¥y .
80 | Mal| S| Mal
—-— \
g
°
3 60 1
o Fum. Fum.
2
g 40 Fum.
o Ket.
N
20 1 Ket. Ket.
Isol Cit. L\ 1so.| 150,
0 L “:zyr—c“' -] Py cit
0 h. Air 24 h. CO2 24 h.

Fig. 6. Organic acid composition extracted from cells of Pseudomonas sp. grown on FNB under
air or 1009, CO,.
Abbreviation : Oxa, oxaloacetate; Pyr, pyruvate; Mal, L-malate; Iso, isocitrate; Ket,
2-ketoglutarate ; Cit, citrate ; and Fum, fumarate.
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Pseudomonas sp. NEERN TCA BRIZKIFT CO, BE

Air WHREX c#fE L, CO, 100% B#X TiI4  $FE L 7ah» o Pseudomonas I/11 e 580 X
nB—E#k (Pseudomonas sp.) % L, BHENO T TCA BIREEAHEROHN %Y Fig. 6
R Ltc, AEEAER AR ORE (NR) LB LB, CO, BEX TILY v IEBoA L
72 ABE L0 = VvBOBAPEEZECED bR, ArEEXTIRY vEIBRI A E VD
B & 7= VEBEOBAD ARG, King 52 (X 50%, CO, T TD Pseudomonas aeruginosa @
KREERBOMEC ORI LR, Vv tBRAEEER LV v 7 = VBB KRER S
HEYZIAZEEWMEL TV 5, AEROEE» LI, MEBHTEIHZHC0, 280 vaBrbH
* ¥ nEBAOKGICEE TS ) v BB ARERLHEL, Vv TBOEMNBEAIES -
b0 bHEIh, 2D X 5k TCA BREECEBREN CO, I X VHERZ T, IEH a0 T
bhfedkadztd, CO, I HBHEMH A H =X 20BEROVEDER->TWHEIDEELD
s,

PEoztnt, A7 08780 8% CO, LB HABRBBLICESR, £Dv =751
7HARBBE T2 BER Sh, FABRBEEOANEIHETE A, TRBROEHBICE
532 Pseudomonas B ¥ L U8 Moraxells Blc &0 7 7 b BBEBREIE, 77 2BHRE LB LT
CO, LT AREENEL, BHEOMFENTAD bR, 2D 57 CO, ik HHIAMH 4 # =X
2DV EDLLT, TCABKRD Y v BB AKREER 2 CO, I X » TREEL X, EEEEY L
Z I WIREEIC s » TV B AT REME DS R X hufe,
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