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COMIEZIZE o THIRDPEAIITDNTE
721V, L Ledts, SC-CO, BRIE VAW
MARZFZ 72012 (10 — 20 MPa) Z 5§
BHULENRDHY, BEIZXIEEL DI LR,
SC-CO, IZTCRA AL G O Hl A & U TREH
SNTHEY, BEnhoFcEszmbiLTLE)
e EOMME R A H > /2o Shimoda 5 °~7 17 4
V% — %4 LT SC-CO, ZiaiRIC L THAGT 53
f I 7 BN T SC-CO. FExEFEL, oM
PN L TRWERERIR DD 5 2 & &2l L7z,
51, FAFEHEK I 7 23T SC-COz D
W B L OFLZL MR AEAE CO RS
FUOENIZENZENEKIF L TDH T E 2RI L
7289, 207z, BERRIRE LD DD TRV
71T CO. 77 A % i BEAZ AR SR th A~ i S
B5H I ENUEEE UL, KEEIAMT, L
bHEREBL DL VH 7 BB LT TE
5b0EEZOLNL, LHMLEDS, Oule bV
(& 40C, 25MPa, 90min D+ CO, BB ALEL T
\& Escherichia coli \IZx L TRERI R 2R S 2w
L, Louka & W X E. coli B X U'S. cerevisiae
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EBRWT 572912 35MPa B X N 45MPa UL Lo
JENEENENET LT L2 L7,

LT AT, M, A 7aF I NT
(MNB) & WEN 5 50um LT O8Ik 2 3
TREGRERERIET L L TIEY T S LA TE,
ERDT A NVE —Z BB I LT LITEDIERL
g L3RR, WREEAKE L, HOIER)
RaHfoTWD720, KAKDEINRA D THE
NTWAHIZENBEHEINTWSE Y, BIEE TIT,
BAEEOE VLY YO MNBIZ & KB D E.
coli HIFIZOVWTHESINTWE2IY, CO, D
MNB 1LIZ & 2B WICB S 05812 £ 7247 h T
W, £2T, 4 1d 20MPa LT T MNB 1L
L72CO, FAZRMH L 728w (MNB-CO,) #%
BIgS L, BAERERTH L KGR B L OEHESO
BV SN B BERZ S A5 MNB-CO, D%
BRSO WTHRE L7,
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2.1 P RS O AR B

KWW (Escherichia coli NBRC14237) 8 X O
% £} (Saccharomyces cerevisiae NBRC10217) %%
EHWORBEIILT OMY 127072, 1 HEHREROD
WK% 10ml O=2— Y x> M5 (Difeo)
BLOYMEH# (Difco) % FhENE L ilbais
WIZHE L, 37CT 16 I, 30C T 10 k<
ZThiiRE DB # L7, 20K, FEEE 190ml
DZa— M)y MEHBIOYMEEZ ZN
ZhEt 300ml O =77 23Z@HEmL, 37C
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T24 WM B L30T T L2 EzAZRIRL S
BAE L7z TORIWD S WK% 2 BEoE.0oy i
(4C, 8000rpm, 1043) WX DINEL, #FHEW
¥ 1.0 X 10°CFU/ml 127 % & ) \CHWk %2 A&
RIS L C BRI L 720
2.2 MNB-CO, MLBIEIE 35 X OVALBE St
MNB-CO, L% Fig. 1 IZ/R-HEZMHEHL,

FERZ LT OFNMEIZHE > T o 720 NEE = 300 D
vessel (Terada Iron Works Co., Ltd., Hiroshima,
Japan) 23 A L7z 251 O #RF} 2 KW BIRE F T
M L, vessel DNy FZAR—Z #4512 CO, &
FBEINES 5 F TG L THEBZ MG L 72,
CO, » MNB 1t
Electric Mfg., Co., Ltd.,, Hyogo, Japan) 2 X ¥ &k
% 200/min THEBR 4, valvel #f &, CO, %
circulation pump ® IR SR L, EkE
CO.m» i’ & it & % MNB% A4 % & BT-50
(Bubbletank Co., Yamaguchi, Japan) 2 i # &
HHZEILEINITo70 F72, CODEDLY I
N, T A% MNBAL L THEEZ 17572, L LT,
valvell # B &, CO, % vessel DEEB & fit#G L

1% circulation pump (Teikoku

pressure gauge vessel

co, H;qu

valve IO

720 AUPRE JJ I valvell ® B PHIZ & ) = 0.05
MPa PLPSIZHIAH L, ALEEEE L vessel D D 12
Bk EmT 2 LT+ 1CITHIM L 72 R
3Wwo <) FLA 2B L Te60 55 10 7786 &
WCERINLL, AF COiREEDR X VA IR W £ &
L7zo MLBRGARIZALBIRFE | #iR—50C, LBEE
71D — 20MPa, CO, fitfi= © 0.1 — 4.0//min
BIUOREHPOLY ) —ViEE 0 - 9% Tiio
720

2.3 47 CO IREED W E

AT COL IREEOWE T AT Y & FMARIC KR OFEE
HRIT X o TRD 72

Y=273V 0, (760 = Pyater) [(273+35) Vyvater 760 dJ

Voo, - W L 72 COs fo Pawer - JLEIREE 35 T
2B B RMAT e Viaer - LB, d @ AL
R 35 TLl2BIT 2 KOEHE,

2.4 HEREBOWE

KW Wi 35 & OV BE D A2 5% T B3R e S KRG b
(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan)
BIOYMEH T L — M2 01ml O A BGEE %
TREh&EAM L, 37CT 24 KEHB L30T T 48

thermometer

circulation pump

device for producing microbubble
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2.5 HETRAYIAAT
D CEBRHZEZ 1/10 12 S &5 M) X
KROEHERIC X 5 TRD72,

Log N/No=—t/D
Nt oMo EKRER (CFU/ml). N :
MEEE (CFU/ml)o t: WL (min)o

3. BRBLUEE

3.1 CO,BLUN,®» MNBALAKEH B & O
FERF OB RN BT T

20MPa F T o Jil JE CO. L ¥ {2 X % CO, D
MNB LS KIG W B & OBERF ORI KT T E
B &£ UF MNB-N, LB D £ W &) R 122 W T Fig. 2
IZ7RT . CO, &2 MNBALL TG L7z & & kW
WO AFRW O WA L i) 20min R HTH >
72h5, FOBAWICIHA L, 60min ORI X -
T64—F—ORW%EER L7z CO; % MNB AL
LZedrolz & & TIIRBRE O LR BRI E &
I3 CO, Z MNBAL L7z & X L T L <K
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X0 253 min, AFRREEAEHICHA 5 T TD
RefE (LME) 12 2R 20min B & O 30min T
»HY, CO; % MNBALL TR 52 &
WX oTDEB X OLMEIEHEL S EH L7
(Table 1)o % 7z, 20MPa F ToO L CO, WL B
IZBWT, CO, Z MNBALL CTHEG L7z & & D%
BED A FETH B 50min ORI L > T6 4 — 4
— WA L7278, CO, % MNBALL 2w & Z1E3 %
— ¥ —HETHo7, CO, % MNBALL THEK L
72& E®DMHIX54min TH H, CO, % MNB 1L
LwE & Tk 127min &£ % Y, CO, % MNB {t
T5H5Z L TREIRDPELSHEE 572 (Table 2),
DRt oW ge s 5, SC-CO. B W 12 B\ TR WA
REBOL7-OIHICEELHNTFTHL LEZ
5N 2% WEAE CO ML CO, & MNBALS % 2 &
WKEoTHELLLEALTBY (Fig. 3), MNB-
CO: W BT HEA CO IRED BT
MRERKCICEEZGZD2LERZO6N 5.
&2 1 MNB- 4V 212X %7 4 VA DAHEALA
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Fig. 2 CO, MBI & % CO, @ MNBALAS KB i 5 & OBERED R I KT I 78 B X U MNB-N, JLBE o> ¢ 4 %)

ES

KGR HRS 3 2 BRI, R - 40T, JEJ) 1 20 MPa, CO, = : 0.1//min
FEREIC R 3 2 B LB 4, U 40T, JE£77 020 MPa, CO, fit#iH: © 200/min, =% J — V¥ 1 5%
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Table 1 MNB-CO.IZ & % KRR 25T 5 DB & UL

.. D L
Treatment condition . .
(min)*® (min)"®
. Temp Press CO:.
Gasfeedingway )" (Mpa)  (1/min)

Non-MNB-CO. 40 2.0 0.1 25.3 30.0
MNB-CO. 40 20 0.1 74 20.0
MNB-CO. 40 20 1.0 55 10.0
MNB-CO. 40 20 20 4.8 —
MNB-CO. RT 20 20 — >60.0
MNB-CO. 30 20 20 8.1 20.0
MNB-CO. 35 20 2.0 6.8 10.0
MNB-CO. 40 AP 20 — >60.0
MNB-CO, 40 0.5 2.0 11.0 10.0
MNB-CO. 40 1.0 2.0 7.0 10.0

MNB-N, 40 2.0 0.1 — >60.0

CHEREREBAOE LB Lz E SO 550D
P AFRB R L BT B £ TORR

Table 2 MNB-CO.AZ & A2 OKE BT 5DfEB X OLIE

. D L
Treatment condition . .
(min)*  (min)®
Gasfeeding way Temp Press CO. Ethanol
(©) (MPa)  (I/min) (%)

Non-MNB-CO. 40 20 20 5 127 20.0
MNB-CO. 40 20 20 5 54 20.0
MNB-CO. 35 20 2.0 5 11.2 50.0
MNB-CO. 40 20 20 5 55 10.0
MNB-CO. 45 20 20 5 50 —
MNB-CO. 40 20 20 0 — >60.0
MNB-CO. 45 20 2.0 0 78 20.0
MNB-CO. 50 20 20 0 438 —
MNB-CO. 40 AP 20 5 — >60.0
MNB-CO. 40 1.0 2.0 5 13.3 40.0
MNB-CO. 35 2.0 20 7 6.9 30.0
MNB-CO, 35 2.0 2.0 9 6.9 30.0
MNB-CO. 40 20 1.0 5 5.3 30.0
MNB-CO. 40 2.0 40 5 5.2 10.0

CERRWEAE LKA LcE Z0lEHA 515 5 DI

"R L KRS B T TOREH

MNB EKHIZHET 2 FuxF g9 VB LY
MNB® H Gl ER R & 2 &b <X 7225,
MNB-N; LHZ & 2 BRRRIERBD S d o7z
720, MHE CO, MHIZ X 5 KW B L OBERED
BREIEACOMEPRESHEELTVL LE
Aoz U EDO#HRD2S, 20MPa FIZHBWT
b INE CO. #¢ W ALFE X CO, 2 MNB 1L L Ttk
SHEHICHAET 5 2 L2 X o TRBH B X Ok
T A RERREF L EO 5N L Z LAVHIY
L7z

3.2 MNB-CO, IZ BT % KB 5= 1 25 K M T
BEORERIH T 2 BRE AR RIT T
£

MNB-CO, #LHIZ & 5 KW B & OTERE DR

2 1E T CO, fitiGm O BB X UV CO, i
DEALIZ DO W T Fig. 4 B X U5 12/RF5 MNB-
COx JLHIZ & 2 KIGH X 2 BB 2B W T,
CO, fE#5# % 0.11/min 2 & 2.0/min F TH N X
®5HTLIZL-T 6+ —F—DORENEIHON
% IRF [ A% 30min F2 4 L 720 $F12, CO. fit #4 =
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Fig. 4 MNB-CO, MLHIC X 2 K H B & OTERED R 12 KT CO, i o 2
KB IIKT 3 2 R4, IREE - 40C, £ 20 MPa, CO, flf## © 0.1//min (@), 1.0/min (H) 3 X 0°20//min

(@)

FERR VSRS 2 R AL PR Sk, I D 40C, 120 MPa, CO,t#H  1.0//min (@), 2.0//min (M) 3 X 0¥ 4.0//min

(&), =% =Vl 5%

A RIH, B EER
0.1l/min ® & X O R 2% HEFRE B O A1
200/min TIXFEO SN, AFRWEUT LI G TE
B b2 Lz, FRHXIZHIT S Dl
X €N £ 74min, 55min B X N 4.8min, L i
X & 21 20min, 10min 8 X 0 Omin T 1
(Table 1), CO. A=AV D EL X
L fE X RIR I F#E L 720 MNB-CO, ALEE D K
WX B REW A A B X OWAE CO, I EE X CO, fit
MREMEMSELZETHELIEE 2, F72,

MNB-CO, JLFRZ X % FEREIZ X4 2 R BIZHBIT 5
% CO, Bt# =T D fitiiZ 5.3min (1.0//min), 54
min (2.0//min) B L O 52min (4.0//min) &7
(Table 2), ZIZ[%TH 7225, LI CO, fit
HEOMIN WM L2 20 & XD CO,
REIXETOMEXIZBWTI12 - 13ml/g TH
&by (Fig. 5), MNB-CO, LHLIC X 2 EERED
W BIT 5 D& A CO, IR EE D fafilfii & o
BB BIARD S 5 2 L H59) hS 2 720
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Fig. 6 MNB-CO, ALELZ X 5 KB 35 & OWERE ORI BT B ALFE 1 8
KIGHNRT T 2 B A, R ©40C, D ¥ (@), 05 MPa (l), 1.0 MPa (A) 3 X020 MPa

(@), CO.fit#5 2.0//min

BERRISN 3 2 B LB G, BB 40C, DI HIE (@),

1 20/min, TF 7 —VIREE 5%
AKIEH, B R
MNB-CO, #LHZ & 5 KWW B & OTERE DR
BT BT DEDS X A COs iIRED
ZALIZ OV Fig. 6 B X U 712”9, MNB-CO,
BFRZ & 2 KGRI T 2 REICB VT, HIET
ERRRIZIEIEAEROON LD o7 HiEE
B < 05MPa, 1.0MPa 3 X U8 2.0MPa @ D i &
ZNZN 11.0min, 7.0min 3 X O 4.8min, L fHI
Z 1 Z 1 10min, 10min 3 £ FOmin T & 1)
(Table 1), ALERETJ OB AR H D) R
LB E o7 72, MNB-CO, MLEIZ X 2 el

10 MPa (A) B X020 MPa (@), CO, fit:#

W 2RRICBWTHHEETIEIRENRITED
S5NhE, MELES 1.0MPa B X OF 20MPa @ D fii
iXFN 2N 133min B £ O 54min, LEIZZFNZ
M 40min B & O 20min T 1) (Table 2), K
WFIFIFE N DT L L o T2 EAF CO,
BEORAMHIZEKGELTBY, EOrEL
7 B \E LB ICHERT 5 CO, AW R 5720,
MNB-CO, ML D KI5 3 & OWERF X3 % AW
FNLER CO MENHE D IZONTHL o
el EZO6N%, MECO,ZWIZHB VT, 10
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Fig. 7 MNB-CO2 LB 331F 2 JLBRTE ) A3k BL ot D A7 CO2 HRBEI JUF 35538
IE CO2 MLBELSAT 3 &£ OF symbol & Fig. 6 & a4k

MPa LAF O ALBELT ) TR R R AR 5 7=k
FiXIFE A ER L, MNB-CO, MLEL AR 8 T i\
BRI REZET DL LD WA 72 Louka
5 WAk E L, 45MPa Ll EoNE CO, ALHEIC X
> T S. cerevisiae ® HWWHETdH 5 Z & 2 L
7278, G413 40C, 20MPa LT OhE CO.
WP X 5T S. cerevisiae W ITRETH B Z L
% EEL 72,

MNB-CO, LBLIZ X 2 KIG W B & OB §
B R BT 2 AP FE 0 2822w T Fig. 8
\Z/R9 o MNB-CO, MLERIZ X 2 KW K3 5 8%
WIZBWT, AR 35C 5 L UM 40TC T A5k
WEIEE 2N 30min B £ O 40min ORLFEIZ K
ST6A4—F—RPL, WHERZ0TIZBNT
B 60min OBLIZ X - T5 4 — % — DIEAGE
D HNTA, FiRTIHITE A SRR RITED S
N7 o7z B 30T, 35CTHE L M40TIC
BT A5 DEIEZ N ZFN8Imin, 6.8min B L O
48min, L X% N £ N 20min, 10min B & O
Omin & 7% ) (Table 1), LBREEDE W IT ERK
WRIREE L HE o720 F72, MNB-CO, LH
WX BRI A RBICBNT, Aoy
J = ViR 0% T ® MNB-CO, QUELC |3 ALk

40C T S. cerevisiae Z R RMIIKE TE L o7z,
JLEREE 45C B X U 50T BT 5 DI EhZ
N 78min B X O 48min, L fiiid % L2 1 20min
BL U Omin &7 Y (Table 2), WLERHE ORI
WHEWRERIRIZE L E T o720 L LGS,
REP DIy ) — VIREE 5% 2B 1T B 25 LB
? D fiid 11.2min (35C), 54min (40C) BL
50min (45C) TH Y (Table 2), =¥/ — L%
WMT 5 LI TRBAREIFLYEES N
720 €T, MNB-CO, ULEIZ X % BERE DR I
BT, LIRSy 7 — VIEEOREIC
DWTHE L& 25 (Fig. 9, RERRITT
8 ) — WIRBEDS 5% O T%I\ZHMT 5 2 & TH
L EE o772, 7-9%TRIFIFFA%ETHY,

HIT ) — )VIREIXIZBF S DX 11.2min (5
%), 69min (7%) B L ¥69min (9%) & 7>
72 (Table 2), SC-CO., F W 2BV THEH~D
I = VIRMERRE AR 2 0 B S5 2 & h
HENRTWBE Y, oI ks, MNBCO, JLH
ZE—VD XD TN a— VK ORE K LT
WA TH D Z EAREE NI,

4. ¥ & &
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20l/min, T /7 — ViR 0B L0 5%
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CO, 4 5 1 200/min, =% 7 — VilkJE 5% (@), 7%
(W) BXVI% (A)
DEMETFTIZBNWTH CO 2~ A 71 - F I N
7 v (MNB) At L TRt 2 2 &
Lo THLLABBENIRZ RO SN D Z L)V
L 72c MNB-CO, S0P 5% 1 A R 13 3K b i A7
COL IRED ERIZHEVRED SNz FFIZ, TORK
WA ERERICZ Y V=V 2dmmT b2 Lic &
STHLLELS Bo72Z &5, MNB-CO, LH
I =, HAWN, 74 2EDTVa— Vi

DREICHBDTHNTH L EEZEZOND,
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We revealed previously that the effect of microbial inactivation with supercritical CO,
depended on the concentration of CO- dissolved in the solution. Micro- and nano-bubbles
(tiny bubbles with diameters of less than 504m) are abundantly dissolved in the solution.
Therefore, we devised an instrument with micro- and nano-bubbled CO, under pressure less
than 20 MPa (MNB-CO,) for the purpose of inactivating microorganisms in food at near
room temperature. The aim of this study was to investigate the effect of microbial
inactivation by MNB-CO, against Escherichia coli, one of hygienic indicator bacteria, and
Saccharomyces cerevisiae, used for producing alcoholic beverages like beer.

Both E. coli and S. cerevisiae cells were effectively inactivated by MNB-CO.. Microbial
reduction of 6-log cycles was recognized by MNB-CO; with the treatment condition of 40C
and 2.0 MPa within 60 min, whereas with non-MNB-CO, treatment E. coli and S. cerevisiae
decreased only 1.5 and 3.5-log cycles, respectively. The decimal reduction times (D values)
on the inactivation of E. coli and S. cerevisiae by MNB-CO, could significantly decrease
concomitant with increasing treatment pressure and temperature. Furthermore, effect of
microbial inactivation against S. cerevisiae could increase concomitant with increasing
ethanol concentration in the sample solution. These results suggested that the D value
might be related to the concentration of CO, dissolved in the sample solution and that MNB-
CO; treatment under pressure less than 2.0 MPa was very effective for inactivating

microorganisms in food, especially alcoholic beverages, as an alternative to heat sterilization.



