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Table I-1. Various mechanisms proposed for the thermal injury

and death of microbial cells.

Microorganism

Mechanism Reference
Membrane-permeability  Staphylococcus aureus 18,20
alteration E., coli 19
RNA and ribosome ‘Aerobacter aesrogenes 21
degradation 5. aureus 20,22,23,27,28,31
' E, ecoli 25,34
Streptococecus faecalis 26
Salmonella typhimurium 29,30
Bacillus subtilie ' 32
Pseudomonas aeruginosa 33
DNA strand break E. coli 35,36
Sal. typhimurium 37
Mg'H' loss 5. aureus 38,39

Protein denaturation

various microbes

40




VARE - HiTH A BLE (EH0mEEREmE) 3,
SRR T DIDB Y, EREOER BT I rizd

, BRANT, v dHrBEBmEnsfes ndgnre
RE - RABNREB/ S ST EHNT, Table 1-212 %77
YHERLIZEDIZ, § 122 < HERIBE T I0FHFR
MBEBIT A2 LwHS AT wd, LpLBIYS, 29
OHBl- s 2BRERNBBIL S INRRIIZ L AYTS
<, Hd 71z, Michener 71;) O'Brien 543’75) z\“ﬁ'&.m_’%‘
ZHAI3DTF VO TI Ly OmMBHRAHMEI>LTRE
LT3 NHTHY, 3&,&%%%m%ﬁmum%%é

LFIEb T TS vie

—ffiz, BEHROER 13/51)303.):%1: b 128K T HHv,
HIBFENRE AU LTI, HEMHEBOBRBBEIVIHZ
IRDT=d, BRI - T3 ZnERr RS IR 5 i
Ay NIRRT 2 A, Lo T, MRS ANE0RRE
EOT= 1213, BRHORBEMEAERI> L TnBRLL b
\=, AR MBABBBE ISV T MBI LB T H B,

MENS HsBETS, BAH I, Xt nEBEFGr 2
NEENEE LB L, %m%vﬂr.%ﬂ%&%xﬁt:, A%
BT B2 BB Ilcov 28BN, ZO0BREHS-
12F2Ledlz, %%L@@ﬂ%ﬁtowzb%&un@
wBAI Lk E}édz_ L TR B Ee4TE - 1=,

¥ 1EZI3 , Condida utilis ¥. Escherichia coli L&,
£ B RATHRAME T OB & S BB OIBG L 7 0 BUE OR
22w 7 RN, mmﬁimzﬁa»\rﬂﬂﬁmmﬁﬁdubﬁ‘cu

4



Table I-2., Antimicrobial aéents having combined effect with
heating on the death or growth inhibition of microbes.

Chemical Microorganism Reference
1. Anibiotic
 Pimaricin Saccharomyces cerevisiae 41
Subtilin Bacterial spores 42,43
Nisin Bacterial spores 42-44
Tyrothricin Pacillus stearothermophilus 45
spores
2. Inorganic substances
NaClo Bacterial spores A6
: Aspergillus niger spores 47
NaCH Asp. niger spores 47
- Bacillue cereus spores 48
B. subtilie spores 49
so, - Byssochlamys fluva . 50
Po%yphnsphate Salmonella senftenberyg 51
3. Gaseous substances .
Ethylene oxide Bacterial spores - 52-54
Sal, typhimurium 55
Clostridium spores 42
Propylene oxide  Bacterial spores 52
B-Propiolactone Sal. typhimurium 55
H,O2 Bacterial spores 42 ,56~58
4, 8rganic acids, aldehydes and alcohols
Acetic acid Sal. typhimuriun 55,59
Lactic acid ‘Sal. typhimuriuwn 55
‘Benzoic acid Sal., typhimurium 55
Ascorbic acid Clostridium spores 60
Sorbic acid Sal. typhimurium 33
various microbes 61
Formaldehyde - Bacterial spores 42,62
Glutaraldehyde B, subtilis spores 63,64
Ethanol Clostridium spores 65
Yeasts 66
Phenol E. coli 67
Chlorocresol Bacillus spores 68
5. Surfactants
Cetyltrimethyl-  Clostridium spores 42
ammonium bromide '
Benzalkonium Bacillus spores 68
chloride :
Arquad T Baetllus megaterium spores 69
6. Others
Menab Bacillus coagulans spores _ 70
Captan B. coagulans spores 70
EDTA Salmonellae 71
B. coagulans spores 72
Phenylmercuric~ B subtilis spores 73

nitrate
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Fig. 1-1. Survivor curves of C. utilis cells heated in 0.1
M phosphate solution (pH 4,0). Symbols : O, 45°C:
@, 50°C; A, 55°C; A, 60°C,
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‘Fig. 1-2, Leakage of 260 nm-zbsorbing materials from c.

utilis cells heated in 0.1 M phosphate solution {(pH 4.
0). Symbols : See Fig. 1-1,
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Fig. 1-3, Leakage of intracellular materials from O, wutilis
cells heated at 55°C in 0.1 M phosphate solution (pH 4.0
3. Symbols : O, 260 nm-absorbing materials ; @,
orcinol-positive materials ; A, carbohydrates.
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Fig. 1-4. Degradation of RNA in (. u#ilis cells heated in
0.1 M phosphate solution (pH 4,0). Symbols : O, A,
ODgGO of leaked fraction from heated cells ar 50°C or
60°C, respectively ; @ , &, OD of hot-PCA soluble

fraction from heated cells at 58§% or 60°C, respective-
Iy. -
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Fig. 1-5. Loss and its recovery of NaCl tolerance of C. utilis
cells heated at 45°C in 0.1 M phosphate solution (pH 4.0).
(a) Loss of NaCl tolerance. Cells were heated and
plated on CPYA (A) and CPYA containing 7 % NaCl (A).
(b) Recovery of NaCl tolerance. Cells were heated at
45°C for 15 min, incubated at 30°C in 0.1 M phosphate buf-
fer (pH 5.5)((Q,®) or CPY broth (A, A) and then plated
on CPYA (O,A) and CPYA containing 7 Z NaCl (@,A).
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Fig. 1-6. Effect of 2,4-dinitrophenol on the recovery of NaCl
tolerance by (. utilis cells heated at 45°C for 15 min in
0.1 M phosphate solution (pH 4.0). Heated cells were
incubated in 0.1 M phosghate buffer (pH 5.3) containing 2,
4~dinitrophenol (5 x 10 ~ M) and then plated on CPYA (O)
and CPYA containing 7 % NaCl (@). o
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I, MAMBIBH T M358 99.95 8 ITELIZ, 20 L |

- =y

=NERFERT NRFENL L Fig, 1-8 2T LIz, T2
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Fig. 1-7. Loss of NaCl tolerance of E. coli cells heated
at 52°C for 5 min in deionized water. . Cells were
plated on nutrient agar containing various concentra-—
ticns of NaCl, Symbols : (O, unheated; @, heated.

Log survivors
wn
|

0 5 10 i5 20
Heating time (min)

Fig. 1-8. Time course of loss of NaCl tolerance of E,

coli cells heated at 52°C in deionized water. Sym~
bols :+ O, NA ; @, NA containing 4 % NaCl (NAS).
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i3, 52°C , 5 AOMEBC S ), BENEER R Em (
NA ) 33D - RIS, 4 sRAEEETH
S (NAS ()L TUMRTIE LARLMFBGRL L,
KT, *OAEMIEDEOARIC > v TEH G812,
52°C , 5 47, mMAELIC B ocoli k, BT A LK, 0.02
My X MEEER (pH 7.2 ), 0.02My L RE&GR
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Fig, 1-9. Recovery of NaCl tolerance by heated cells of &,
coli during post-heat treatment incubation at 37°C,
Cells were heated at 52°C for 5 min in deionized water
and incubated at 37°C in the following liquid holding
media, '

Holding medium Plating medium
' NA NAS

Nutrient broth

Phosphate buffer(0,02 M, pH 7,2)
Tris-HCl buffer (0,02 M, pH 7.2)
Deionized water

q>Oo
»ao
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( PH 7.2 ) 55 U nutrient broth qﬂiﬁb, 37°c T
RARF LI, ZOBE) BN EF L4 > Fig, 1-9
AR . Blidronads Dz, BEA A oKD TIISHMED B
BRIROSAT, FUEBREFERPCLIBELLH . S
TS, LA L, B A XM nutrient brothM 713 Z L
WEMESEEH S N, 87 30 AEITIFLA CRT LT 1 A
RITDIEBEMDB LIz, 312, VomBERP L, HIE
CFRETBHZEBETEEL, Z0BBI213, 19 2.5
SRERIBLL. wThd, BEHEMPo MR 15T
D02 -MBELAEEBRLBLOT, BIESBEIISC >
TEWnEEZSHhS., JoBESRI-H T3 EM13, 0.
05 MO BRIV LHEBTRRTHY), pH 6.5~7.2,
30°c NFFTRBTEBBTHS - L 2 ROT 115,

Fig. 1-9 B R13, BB A NEMEIZ Y oBINEL T
| hodZ ¥&T LT LvAH", nutrient broth T|IEEN &
L<BuIems ) v BUORAI B AL REY S &
PBHALSH, THIZOnTHET L. RERPSIUIA L
¥-Fello, iLa-2, 718, BRFL LT 0,
NT=) B, WALT >E290, FIZ L, BEBTHD
WALV T F 2 Tn, ST FUY L3, BREIMTIILe<
PRI oTze LovL, Y BHVYL, TULI- A,
NTZ)ROZAOCBECNENEHNT S, Table 1=l
ISRLIZE D42, YvBRIY) Jum e N3 ) Bhfas o ov
PREUSOBRWRET L, 20 0 5AMK0 BEF s, o
REMOBENF 3EIELTz. O =) Be BER
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Table 1-1. Effect of nutrients on the recovery of NaCl toler-
ance by E. coli cells heated at 52°C for 5 min in deioniz-

ed water.
%
Relative recovery
Nutrxient 0.5 hr 9 5 hr
KH2P04 13 ' 100
Glucose 0.7 0.8
Cassmino acids : 1.9 2.0 .
KHZPO + glucose 10 : 71
KH. PO, + casamino acilds " 40 138
Glicose + casamino acids 1.5 ' 5.2

KH,PO,, glucose and casamino acids were dissolved in 0.02 M
Tr%s—ﬁﬂl buffer (pH 7.2) at a filal concentration of 0.02 M,
0.02 M and 0.1 Z, respectively. * Survivors on NAS after
2.5 hr of incubation in KH2P04 - Tris-HGCl buffer were calcu-
lated as 100.

BB, METFVE D LTI oA XBRETH
2-v, 3712 0.5 MU BRIV ALAY LTI ) B
NAEBEILI S 30 AROBEZT 9 s T, > husFe
{2471 > 1= nutrient broth¢) 66 8 * WAL 3BT H > f::
e ERHTVA. PULI - AR cORBERD I, BB
YOAYYL, 23F VTS KT vYIILAFE,
FF) V=) vB (AP ), BadHduviay 2By
PzOBRRADMLT b, HEOEBREDRIRB TS
ol ' | :

Fig. 1-10 13, AR NERI-TT 24 mEN0
YErRLL0TCHI. BROWMBRE, U EBIUD
LC0.05M Yy —-NU'S /)8 (0.5%) RIZIBZ, 30
Pl4Z:R L, NA ¥ NAS - BAR ER L, ZORR, A B
HEERTEHD U 7 w2y ( 20 pg/ml ), BALEIY
B DIRAARTHD 2,4 -2 207 =2/ ~LC 3 x
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. . -3
107 M), RRABREROIT ALTUS L (10 M )
3, 3IFRE-RAEMENER LM LN IZT L, DNA
ARBEMTHD T U TF B (25 po/ml ), HEREK
BEFNOIDI LTz =3~ ( 100 pg/nl ), MMERE
SRBEHO=-L Y (200 U/ml ) FITLAYEEL
T oTe TS OEFEEE, wIndsEEoRrBaL
' Log survivors on NAS
2 3 4 5 6

1 I 1
Unheated 7 ' . 1

Heated R n—

Heated and incubated
none

nalidixic acid _ |

rifampin ]

chloramphenicol

]

2,4-dinitrophencl ]

KCN |

penicillin _ —

Fig. 1-10. Effect of metabolic inhibitors on the recovery of
NaCl tolerance by E. coli cells heated at 52°C for 5 min
in deionized water. Heated cells were incubated at 37°C
for 30 min in 0.05 M phosphate buffer (pH 7.2) containing
casamino acids (0.5 %) and inhibitor, nalidixic acid (25
pg/ml), rifampin (20 pg/m;l; chloramphggicol (100 pg/ml),
2,4~dinitrophencl (5 x 16 M), KCN (10 "M) or penicillin
(200 U/ml) and plated on NA and ¥AS. The survivors on NA
were not shown since they were only slightly affected by
inhibitors.
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ERBTHEB LI, EAZHR, NA L20NI D= -tz
A< HAIVWIRLAYHE LTI LZBERLTIVD. X
=, 20BRBYWErBRABLZANERNOIL ZHIFD T
LrE A S NA DY, BEALe C utilis O RRTTED B4E LT
HFF2>2rD7x) —ILOEBLE-> W INRE ( Fig.
1-6 ) L AENFAET, TOFMEEEERTI LTS
. Ro Fig. 1-10 ONFHEF I, RAEMMEOEMRIZ I RNA £
X, ATP ARw@E L, ova AR, BEBAMNX, mBe
ARIBF LSV EFRLIW 3.

¥ U B&

¢, utilis NFLIER sk ¢ Fig. 1-1 )13, mFAZHH I
JEEHMERET L, P F—mwELTZ., 20K, 1
FUZTRS TERNIEARBET I > THHEMNNF < LTR
HONHDINT, NBRIZ- LTS stumbo 20 VL
<%uzmé°%§%?uMm~ﬁm£$?,:m%nu
BRY L, £85°Y BRI 5 ITHRE LM
M OFHBMETE ALY FoR LTz, B L =EREEAN s
B0 L AT, 260 nm LERRKBRLEL L 2R,
;mn&%('&}mﬁ—.% Mlyr e bi=BmLrz ( Fig, 1-2 ), 3
biz, 8 ( Fig. 1-3 ) ¢ BEEH, UV vEoBisls S
M3z, mEe, miE@REo op 3L R L
BUI LEBRELIONATETS, SRS HmKEERL:
SABNTITRL, ABBRESENE IS DD LIES
LT=. ¢, utilis boo vy TREL MR NIED BRI,
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50°CTpnEL LT B colt THHIDHI A, 50°C

IH T2 ¢ utilis O RNA N4BEFI4{L ( Fig. 1-4 )

13, FBEE RS 0 R Bk, ERANET v 4HT BRI
M ol=. 2 RNA MR IINBNEIIZIEAICS D
BNTI3IFL, #BRIY ¢ ribonuclease ()SAMEIZSE D D
prEronTs0, oM BI o0 I, A
o 5T 5 ribqnuclease NRBeBREFLIZONT
SHILBHERT D S5ThH%.

C. utilis HE TV B, coli & MFNET B &, S.. aureus

22) % st. faecalis%,) Sal. typhimurium 29) I 2ouTH
OOMTWBE DIz, BEMENBETTHZeovhn > 12
( Fig. 1-5a , Fig. 1-7 ), Lt~ L, M#BAABA 85
YRR ET e, BTFL@ErBURE L ( Fig.
1-5b , Fig. 1-9 ), E. coli ORBAHENEMIZIT 1)
CVBRNBRTHY, NV EIBIIREBELIRELEC
Table 1-1 ), BREHRZH.IC SR 5, E. coli K-
SO BB IS/ < £y RNA AR Y ATP AR EY
3T dHrBri( Fig. 1-10 ), arP FROER
CHIZonTg o utilis THRRIMIT( Fig, 1-6 ) .
EEIAM k0 RNA BKNOB 5\~ ovTLT, S, aureus
Sal. typhimwiun O INEIBBIZE T2 FMEHE S v -
LT LWAHL, ATP EFEIT V125 Sal. typhimarium
ZHBREINT WD, Lonl, AREZIZZOEAIMERL
W BEAAEN I 1 T3, 5. aureus T HEBRLEZ S
MT 13 IY, Sal, typhimurium T BZOBIHRESINT

23



by, >nEEIEENE BP0 bRNT L.

FS5EE BN
e INFEG L 7 0 BB 0B >0 T G utilis
L B coli X THN, A TNBRBEMBI.

(1) ¢ utilis $BEAE  45°C ~ 60°C TIDBWOET 3
r, SHEENBEF e biz, MEROEENTIRET 5
DL iy, HMESEEBEOBMSGICGTRI N, T 51T,
InFkl~ S > RA pEHI-LTH - & ZBHS I LT,

(2) F1=, c atitie O FHIEHFMFTHMAB ( 45
°c, 15 Ar) it 4 1), 10 - HBKBRFD 7 s AZHIZ T
TAMEMEFTT2ER2BRET 2L DIz, ZNFET,
mEAR ) L EEATR Y, 30°C TRERFTI I kit d Y,
XE-EHETH L 2=, | |

( 3) ¢ utilis TROTMEI S DRABFENET 1T,
52°C | 5 pIOEAABRLIZE, coli THEEL, IOMIE
T, MBRN VS ) BREST Y L BBER (pr 7.2 ) ¥,
37°C TMRRTA 2 L & D EE Liz,

(4) HEHE B wr:%\%uu‘g; E, coli NEBMAIED
E481213, ma AR SV ate AN E5 L, bNa
AR, BAGK, MEBEEARIIEF LW _ xR LI,
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¥28  EsceericHIA coLl (DELEHK
W9 2FR PO ANTE

1B #E

B O BFFIS, MR 05T, MBG, 2508
I3MEREIZHL CARA U%&%kﬁﬂbom’%'m B 41T
mEAN: BT, BREE, BER, ERBwTY, 0
Moz 1EE, ARIIDD B A, KAws, pi , 0BG
SR A TS L, IEWR 3 BAURE ST ( T 0 = - R,
BE, P ) wEwANT, ZhHlo2nTOREE |
BEUEISLve LN LB S, ERMBMEIZEIIRT
ARmFOCR (NFAEIPNETIITHNIOVZ)
NUBVv- > TN LALRE STV,

HE.TT‘,%) PIURBRD 2 3mE BT DRI BIE
M- BB U, 20308 0BRIEY S DR i mEk
Flos >t Hagaroetir. &5, TORBEL

AL RO AP, mERR O sEEsI-k 5P ) FAREREIC

S oTbBIAILERLTnS, 251z, MEELOE
FILEb L I BIERNEERHIBM T >T0H0Y, =
NEEGTF HORBEE & U‘?@:ﬁ?lﬁ’}t% 0)/%3%'}2’70 VT I3A L
ERLTTIL. |

AT, B oooli 1233F VA I DERNKRBHFI> v
2EBES, —FRE cnBmERN, BENEKS ) &
Bz VB UIETFIA el ZngRis, R
CEHEI B RLER PO NERADRO R TEEIANZ
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FBTE LB TCHL, BERBRBRZERAN-DOFUr
P rGySsbnE Bz, AE T, 20 B ool
NBER:-TT2HAPOCANWENERzBEKL, 44
SHTKRERET 5.

¥l REBERHEDBS UA
COREBE B ocole xe12 EERALI |
%E5S vBBREROMEE  F1FRTLED
i ELTEY, ERMEME (eaMBk) AL, -3
NRERTIFIRNABE (B EHET A9 0Dggg 170.2 ~0.3)
pAEAL I, yEst,13 Bf 3L ¢) nutrient broth ¥ oL Iz |
3m, M9 RYBEEL(TLI-R, 0.2 8% M7 7T x>
L, 00255 , yrBZFFUY a4, 0888 , )Y
B—7U L, 0,128 , BALFTYEZT 4, 018, R
B, 0.5 %) bV, FEROLF T3, 0.01 M R
JTX YL EAT 0.05 M U RBEER (pH 7.4)
ERAL, 2 BEAR, BIA vk =BH L, FALE
NBAELS 0°cTfT v, SEREHRS 0ccTl FHNE
Lize
- Hif, }iﬁﬁﬂ%’.‘:}ié UCERRAE  oec thHuvIzil
BEEEr socc LBATIHR, Xo2 »onfAanunT R
b= & > TATS 5 e — 21 3 FIRET, 50°Cc T AL
BEEORAA o KEST 100m B2, £820
ml , ROBREMIDEEIZG S $ O EREARN TR
Y0ZT=. = 0% ELS, 50°C 2R d 551 TR R
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BI28FILPAV, ThonHREFETHR 1/20 (19 ml
OBAT oKz 1 mlpBEBESEERD) L Liz, Mo
—oN P KRR ARBOIAT, 20 nl ¢ BRBHH
€05 100ml BTS2 eREDERF (I3 -0 %
aN—5 - RAMEM-LNY PTr3551-D-; FR

BB W, HHVIE) VLY T - N — 3 RARE
NT B )PTbe—-I-0BE2EICHZLIZSY, &
FHFRIC D3N TdB. ZOFHe, 50°C =3E T

HrEGe -5 -BELHEBL, TAmBREBAB LI,

0°C JhBFDARIT T A TIRE D FTHT S » 12, F:RRBIT,

MET (BEE) AL LERE 2 ERAAEBRE (= X8
B, 615 B ) ITaEf LI BARE ( REBHK, EPR-22A )
TBEFLIZ, 2S8R RRFIIRE T I EST
DY, BRENHED 50°C LHEEINTBERYTH> I
LS, ZORRES VR REEEEN L. HFRA T
49°c =L I AN L L. FARKOAR
WXL BOFRIDELTLTE > I, '

"‘ R 0 4R F 57 nutrient broth P THEF L I=
REBBR Y FHEEND 13 WALE R, B 3 nl &
&, Schmidt—Thannhauser-SchneiderEﬁgg) -8 > TR
NA BT EATE v, ZORAD 260 nm K xBR LIz,
T, FORFAFEABAEE L) 22 vr-BBzAv23 R
NFEELEIB T2 0.1 s NTE)BRE2-FTAXYT T
J v (250 pg/ml ), T HIT 6 pCi/mlp) S )
v ( 19 ci/mmole ) k 1 pCi/ml ) 14C -390
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18.4 Ci/mmole ) ¥fMAT-M 9 #ap 7 3T 4K
PizcHBsw, AARBYNBRE, ARCFYTD
WHER) BIBMERANRPFENANERE L v FL- ¥
523" 5 — ( Beckman LS-250 ) CEIR LTz, 1,4
EX L 2,5-7=z=LA %Y Y Ynl X (poror ),
0.01 % 4, 2,5-3571=00T%YY—i, 0.6 3% i
SHEFLI Y10 ml BTN P, @dmbito.2
ml yITH)-)L3nl mi, XEBLEOIE/ITT

P
-

DNA - AT HBRNS DT, 6 pci/m D
3H‘ -F 322 (19 ci/mmole J) T DNA 2 AV S L
W ( Tc-vS LoLEAm) AR LI. TnEKRT
3, BEMAE E FAHBEFIZH 107 /0l , 50°c AL
77 108 /m1 zf;é};—ﬁt: Lize > 3WBBERBEIT Rato R
Kondo N /& 100)5&'1)"(4?’&‘)1':; FHONRUVIFTL N
o BE (1.3 x 5.0 on , BLTH see )P IARL
FPALDY Y afEEE LI, 0.05M R4, 0.005 M
EDTA , 1% IYYILHET FUY L BT 0.5 NKRAL
FEU YRR, 0.1ml Zt, 3512FHEITAE
BrAUHE 0.1ml Eowe, AT 4 vJO -9~ ( ReS
- 40 - 259 ) EMT 40,000 rpm » 45 A, 20°c
CHLBEWRER 5P > TEOUTEEL . JRek,
ECTEENEI-ATREDT, BRNRBEv SKEET T
Yo, 4 /%17'7 P}‘ﬁ’&'??ffﬁ( Whatman s No. 3, B4,
m ) BB T LTRS¢, RIMKT v e ik,
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5% FUDOLEER C4°c )T 2B, TS5I1cPRY (4
°c)T1 ERALIC,. BURERME, BRIENS 1L THH
HEHERMRB LI, PLAOY aBBRIEBIIRNSE IR
RLlz. ZHEhH, 0.1 NKBuF FUDa, 1 n &,
0.1 % EDTA |, 0.1 3 3D ULHMEF -y LxBL 5 s,
208 SV 60 8¢ 3 a#fE (Sigma ) 3Bk ( pH 12.2 )
AR L, 2TRLEID 60 8 2 a i 0.2 ml xAM
e XNT, T3 FoL2H - ¢ S wIE¥, 5I-1300
UD)r By, THLIT 5~20% S aBBBIH ( 4.4
ml)F LI, o

YIRS BAEnEE IR GBE S TRE = BEm XK
THRE, 83D 2-5 - 3-FAX A0 F VB (KDO )
, FAIULEY —)LBEE B vi5 Osborn & ¢ F KOD -
£Y, 548 nm NERTHEEELE. - T3, INFLE3
NIERES v 101°/m1 r L, Bt 3 ml EHEBL
T 5,000 rpm, 104y BT BER, T LEREAEBR
rlr=, |

ATP ORE  BEI L ate NI Fields
r Luria 102)0775 FIZE US> T=, FRIERNHD 1T
maxnBEh, MBEEE 0.5l 2, EHIzF& 100°C
NHHRHIZ/ATF L= 4.5 ml 0.1 M | 1) Z 3REERE Fk C
PH 7.4 ) zBURBRE I-IDz, 10 FAwOFH LT, A
%, 5,000 rpm , 10 NFUTHEEL, THLERZ are
FEOHOEE L=, ATP OHEBIFANBETERS 2B
T3, TYINPI sy - CHAWP , 0.45 p ) TRHE®D
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3ml &PBL, PRP arp EFELEZ, ATP N
B3 RiB 5L -2 U5~ ( Beckman LS-250)
FHV, LY zUrv-LyIzI-ERIZSBELNA
Fizs > Y kP55 YT %R (FLE-50 |, sigma)
NREAERERS 1 o KBBL, £ HEE (5,000rpn
5Lt HENBERIO L &, EXEORBE 2 m &
BUITA PRIz, TiXwo<iEde, ¢ HAELERR

LTzo BIRFAFII, Gain 10 , Window 0 ~ 100 £ L 7=,

FIE REHER

1. BAroDEZ MR ZNYERF

A oKdg, 50°C tkifrd E. colinARKIL, &
BORAD cccn SN RFBPOTIIE > THEERT,
IR (20 B)1T £ 2 GEBDFEN Fov, JERRBIRINEE
Ind BB I0R (FRFTH 50 F)mB s bERITE
FWBETHD> - 2 BE LI ( rig, 2-1 ). ZOWH
13, Table 2-1 ITFE LIz &di1z, FREBIZIHST
BIYIThI o1z, &S EHAKNERLI:, BAER
SEAT TR0 0 2B RMBE L ENENRE TS ER
MIBZ LIRS >THMHASHNI. Fig., 2-2 IZHSHF S
312, A A K, 45°c UTFOEBRET 10 AH TR
BAETHE, FHORBIELIZL ZNERD 50°C, 20 T
NMAIZE 2EBRBMT IV Tuve. T HSFERKICTHTT 3
RAREEL FREBRBEOYE S FEN-ELHEBICL S
BNLEETIHZNT, FBEIFPVIBZORBROES
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Fig, 2-1, Effect of temperature-elevating process on the
thermal death of E. coli at 50°C in deionized water,
Cells were heated rapidly by the dilution method (RH)
or slowly by the non-isothermal bath method for 50 min
(SH) from 0°C to 50°C. See Materials and Methods
for these methods. ' S :

Table 2-1, Effect of temperqturewélevation rate on the
thermal death of E. c¢oli at 50°C in deionized water.

Temperature—elevation rate Thermal death rate

(°C/min) ' (min'l)
1.0 0.240
2,1 0,284
5.0 - - 0.349

27% - 0,536
7507 0.793

* All samples were heated by the non-isothermal bath
method except for these two for which the dilution
method was used, Cell concentration during isother-
mal heating was 1.67 x 107 cells per ml of deionized
water,
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Fig. 2-2. Effect of pre-incubation temperature on the ther-
mal death of E. coli in deionized water. Cells were
pre—incubated at the indicated temperature for 10 min
and heated at 50°C for 20 min, Symbols : Q, surviv-
ors of pre-incubated cells without subsequent isothermal
heating ; @, survivors of pre-incubated cells with iso-
thermal heating, - The final cell concentration was
4,3 x 108 cells per ml of deionized water.

TrBAL, SHREEURTI> v IRT 780 I,
Fig. 2-3 I 45°C L BT 3 FAMAY ZrFRLizd
v, RALIE (0°C mhuv ) BEAOWMREINS Y B L
oo, 45°C T FRMGRL BT My b
M ERT 2y 2o, FREATOBEESEN p
By s 5T -RTHY, WEEOEWIT pr O Rz
) 'bﬂ)?‘llf;t\, X Table 2-1 J')"J U“. IFj_g' 2-3-¢)
%Wb,,m%%ﬁ&W%uwﬁﬁmﬁﬁﬁc%
D)L.%-f. LNTIIEL, —BNEEE ’JIE.%&Z‘%%;L‘:
CHTT I,
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Fig. 2-3, 1Increase of thermal resistance of E, coli by
prolonged pre-incubation at non~lethal temperatures.
Cells were incubated at 0°C (Q) or 45°C (@) and .
heated at 50°C for 20 min, Cell concentration
during isothermal heating was 8,7 x 10° cells per ml
of deionized water,

FEMRBDR iz, ERENMEIRS TUHNPBMET bR
Hon, 45°C FHEBEP TR, Jok-noda, J
LA -2, goeyy, Ladk, 3FI ) BeATl v &
BEICTCH»BECUWRNROO AL, Iz, Mo BVsE
st EF A LI-MAABI 5T A, nutrient broth P T3
L T=38 %t@ﬁﬁmﬁ%kw?né
7. BATDERNWENER

e POE ALETABMELFNRBIZOVWTEN &
5 o re. T4, MR SWMBP I MBABRERMLE LT

HBF 5T wDd A NIES 34, pna BPTES VA
BHBEN T D0 TRF LTS,
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I3 RA FRIzo 0 THA, %mfﬁ%& Fig. 2-4 It
T LT, RNA I3 45°C , 30 Ao FRLEBMARIZLY
B E(H 33)TUHBIMEFFHEEILTIEY,
THW FERLITE D, 50°C f‘ﬁ)ﬂn%ﬂ.z:& IR -F -
LHotee Lnl, OBNT>FABANBE L,
LU nBRICS > TS EIRTABMEH =, o
-~ 7 YL T RNA zﬁﬁibriﬁﬁﬂiﬁw, ﬂn%.tz;éﬁ'_'
TEEETANNHEEN BN NT-RRCOALHE L
Brc., DNA MBS CE —F I Y VEBwIcREES
D, FAEMGRE, NAMARAP LS SBIEERHAT Y
éo o | . : .
Fio, BEROHOBERE LTRE INT VD pua O
—~ABMETIZ OO TEAT. E ~F T YUEBURYA

1
0.109::"_ _ '
\. . o
i
- .
O
™~ 0,06 -
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0.04 -
0 20 4 60
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Fig. 2-4, Effect of pre-incubation on RNA degradation of E,
coli cells heated at 50°C in deionized water., Symbols
: Q, control (0°C) ; @, pre-incubated at 43°C for 30

min.
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Fig. 2-5. Alkaline sucrose gradient sedimentation of DNA
from E. coli cells heated at 50°C for 30 min in de-

ionized water. Symbols : O, wheated ; @ , heated
without pre-incubation, :

CHWTHEALID B coli I RBMAE By, WRAREERN
mA NFADY v aMBREIBELAICS 3HEIT -
Y& Pig, 2-5ITRULIT, MIARLITL T2, 998 mL
HEEITI DI - BEREERD 50°C , 30 o) mEBALs
Tz, %ﬁ%ﬁsﬂm;ﬂ k_ﬁTJhUU\ > T 4, oNa 88
N Y BOS 2 03 W o T, as5°c, 30 TOTF
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Fig, 2-6. Release of lipopolysaccharide from E. coli cells
. heated at 50°C in deionized water, Symbols : o,
control (0°C) ; @, pre~incubated at 45°C for 30 min,
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Fig. 2-7. 1Increase in intracellular ATP level of E. coli
cells by pre-incubation at 45°C in deionized water.

Symbols : O, control (0°C) ; @, pre-incubated at .
45°C. '
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Fig, 2-9. Intracellular ATP level of E, coli cells after
30 min of incubation at various temperatutres,

37



T, TOHOMSBEICS 9RBJ o0, BE, MERIOM 3
~6BTHY, ZOM, BRI~ ate OREIIEE A
E(L18aT)REThEM ol = OFMBBRMRL g
2 ATP. L AN IO EFIE Fig, 2-8 LERLT=E 528 S
I E N REIKB L, 0°Cc~ 45°c nBRBRNTIsHRIT
CFETH>T, Ty Fig. 222 D LWBENLR
OERITET 3. Fig. 2-TTROSNTRN At
LALOERI, HRASETHDIIEYP YT UD L C
1028 ) REFNFREBCLEE CHI L, 3L
F #‘—,%:Fa%ﬁﬂzah% 2,4-22F0Jx) -l (5
107 M) eEEFrYo 4 1073 Y1z AT LAL
NLB:WHTH e bz, WRENLIEIBET S &
ERBLT D, |

MLOBRLS, RAFPILIOWRENERN - 2L L

1.0

0.8

0.6 [~

0.4 I 0\

Q.2 Q“f“-xo 8\
¢ 10 20 30

Heating time (min)

ATP (umole/g dry wt of cells)

Fig. 2-9, Intracellular ATP level of E. coli cells heated
at 50°cC, Symbols : (O, control (0°C) ; @, pre~incu~
bated at 45°C for 20 min,
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Fig. 2-10, Recovery of colony-forming ability of heated
cells of E, col, Cells were heated at 50°C for 20
min and incubated in 0.1 M phosphate buffer (pH 7.0) at
30°C. Symbels : O, control (0°C) ; @ , pre~incu-
bated at 45°C for 20 min, '
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- Fig, 2-11, Increase in intracellular ATP level of Z, coli
cells during post-heat treatment incubation at 30°C. after
after heating at 50°C for 20 min, Cells were heated
and incubated as described in Fig, 2-10, Symbols
Q, control (0°C) ; @, pre-incubated at 45°C for 20 min,

40



¥yl AR

50°C |=H VT D E. coli LI, mMFHHRATO
TA12B VD RABERE ( Table 2-1 ) HD W IT—RER
TN FRARCREDIR (Fig., 2-2 DIt EB Izl
DT, ZTHOSAREMBROMNBELEIZIIZNREBENEE
¥y RFT L ERG —onBRT, BERBRBETHRN
.ﬁ.z‘ts»ﬁfﬁizéﬂnﬁﬁwﬁﬁi\t‘&)é s ZTN&IEHRAMIDE
X OB IS, B coli sk b S, aureus § & UC. utilis
THRHS> iz, —BORErS, oWEMERENS
SEPBORFITSIPNTIIIYL, MBI NPDE R
PloHN T EMBE BB LI LICS 2 ERFHIREK
THD et hu > T, FHEARDRICEE RE R RS
FTHHEHo ., ITomEERSL DD I H 1z ER( 45°C )
CTHEG - EWFBIANZATHD ( Fig. 2-2 ),

FREHAAEBIT S D2MEBENAE I, BERPIZE T IR
NA ) BR 5] B R ~NIET Fik ( Fig., 2-4 ), HFI U
DNA 0) — A4AT#T ( Fig., 2-5 ) i2d > CHHAT > &
PTI g orz. L L, WEP U INTEHIEN BRI
FHBRNYENRS S re ( Fig. 2-6 ) ZEenH, R
BPOCAMBNERN —D e LTHBEERBARREL b
WELSRD, T 51z, 45°C ToHFHRIEANE T AR
O ATP LARILIWEBEIEXIA2BRE Bi L ( Fig.‘ 2~
2 ), Ld T osEm oi&e Rik o BE AR B 1 RIEWE )
Fhf4Tds b, CNHA RBFPOEIAHRNEFR
Nn—2&BZHNI,

41



ATP IIE<EHIZFII I ALY -#HEReLrc, 8
BRSO EAE - BANMETHD T Es <MLNT W
5. Lb b B TRATIS DT, b0 EIEMRE B0 R R A
NEMGI- 13 ATP SRIEEF I ENARI AT LB E D
A5, HEDRBEBRBORRI-DOTY Z0BHEN T
FAEEITNTLDAN2 THH, REI TT ORIH
138Y 575 vv.  Strange 5 IOS)I,I, A. aerogehes N ALK
128 P KL AP LALDRRZAAN, LKL 3R AT R
c—fFEy ATP OBIMETRD, LD 0B IS 20°C,
37°C , 44°C QBELBRETHI I ERBELILS.
Fig. 2-8 1=ih LTeFARBIZHF TS arp LALNEE
RBENHRINZLE—HLInd. I0asoc 12H
T3> ATP L ANILODLRI, strgngelOS)s LIEELTWVD
£512, 3RERFO A g HREETIL 0L
s \r‘ov

FRBBNIEIZE > TLRBLIREERD ate L AL,
50°C T IEKLIE LS & YETF LT2 ¢ Fig. 2-9 ). 2O
O sEEt ~ 0B LB SE (30 TETHENH 3
s) THD >, ATP 3 100°C, 10 B OMPETHED
THEETHDIZI 'S, 20 are LAXILOIET IBRED
- 53BN e EEINS. Mg -ATPase IFBREEND A
BIZEAL, BiLBIY VR REDOFRBI £ LT AP
AKizEB53 33, =+ 3 S F Y P e En BRI N
MBIk > < 5{*:4&41:3 HEPRESNT ;5113)6,’137%:110.3;&-%
iz MgTt i Rmd v e, MEN ate L NLOETISE

42



LLKREBEITNDZ 2ROHTVBIL 305, mBpp A
TP LALDETS-ZOBErEFLILZ0n bk
Ya

FRMAADEBMBO are LA LIT, s50°C TOMEBLLC
S>> TRUEBHMBNAZNLY b FRITET L 12 r:df), 20
RV MIMAZD LA LITERE I > 1= ( Fig., 2-9 ),
SHER I, MEOIDZ -WKEEL ATP L ALYE R
BEEZLTB LI LETLTVD, MBLEBET 30
e U vIRBEBR P TIRAT S E, J0Z -HBEENES
LebizZnare LANLIBUVER L, TOREIZTF
RATBIIE 2L 25 5 N EENRS > Nz Crig. 2-10,
Fig- 2=11 ), 20) ATP LALDLF T, ZOESKLlE
BREADHBEORINBRLELOSND I, 20L R
BENE, MBITS > AP AREOBRGEE ALy
hor-_bxfi®dddnrEtrsosnsd,
WEDHRENS, BSBPO0EZ 2By 3MMBAELR &
Rel?, MRERBOECES U are LALOERWE
Wohanw, BT BBII LTSRS BT RT
Do

¥ Biy

BAZ K, s0°c 12H 172 B coli gy BEF I, fn
%ﬁmﬁsﬁ7n L2 HITHEIGRBDH D 113 g50c AT
N—SERBTHOFHERBELITIZS)ELKIETF LIS, =0
WRNBE=DVITHAR, MTOER 2480, |

43



(1) E coli nBERKIZITT > FBIBEALEN R 3
SEEENSOUBOMEBYRERIISIBZ BN TITEL, —
FBo ST URETHI> L2501z LIz,

( 2) 50°Cc TOHUEEDPN rva DIEAFMALEFS U DN
A0y —AEBETIZ 13 FRIERN MR TN S g ooy,
MREBIBETIYFRIBEORE BE2 s DRrh ),
45°Cc TOFRT ELPMR T17 AABMAB i L, %
NEAZEENBRTHD - tovb >,

¢ 3) FRBRAE P IzmMIERO aTP L ALIPER L
o SHLER SB°CUTORRETIHBICBEATH Y,
MBENLRIZHET 2 - & 2ERNr:.

¢ 4) FHEBAHMEIZL )L FLILHEBER app LAL
13 S0 C Ty, BRISEFULEY, ZnETE
BEGOHBIZL 2Dtz SNz, IMBLL 300c O
W BEERG TRETAL, J0Z -PBRENBEE &
Hlz ATP ARINE Y, ToHE 3 FRILANEER
B ARGIEABES )PRTH T,

( 5 )BSNT=BRMDS, £ coli OFERK-TTIH
BrPOEANWENRBHA—2E LT, RRAPDEZ 12
VMR B BEAPFSE TV AaTP LAILOLEFENEZLD

120

44



F3E  Cawoipa utiLis 1239 2
VILE B ninset BHR

X 18 ®WE

F1BEHSUY2 BTHENORBEBHEF >0 TR
tzar, 2SN mR e I ABEFEH 0 MAH BDR
oV THE Lz, ARTBINRANETFTILLELT, &
SZBER-XNLIEESRVWARERBEAL, BB L
Th<HBEINnTLSRVILEYRBREE Y HT, BEO C
wtilis |2W T 2 MABM BRIV TRT LR R 2B~
Do

VILE B3, 1945 X, Gooding 2L > CRab
BB L TRBNCHIREEAT 2 2 e wERNTZERT
BETCIZABIITLTIRLESTELONS (T T 1w
so = 10.5 g/kg  IYHBRMTHD. T 0BEEI rig. 3-1
LR TEOBFBWBBEHHRTDH ), FH LLEEERT
VAR SEE pE TEL L,

VILE yEBOMBEERERIZ>LT ll%< N|EIvH D
P, REERATLOIELOWRIRNTH D, Melnick
5 e s s YLy BoAWN SR> THA,
2O RBERAN, BHBRITH IS > FAMHEYNRERE B
B > THAXEBENMREINAD 1283 LORE
R LTz, Whitaker 1D 354 - FBE2HABLRE
LT W3R, York ¥ vVaughn 112) 13, E. colt , Ps.
aeruginosa $ & V' S. cerevisiae & Wk ¢ v, 74 —- L&k B

108)

45



CETEEBEASL LBTSL, TOMBANY 2.4-T =
FOT ) Lt fBMLT B e SRIEST U Bt
BERMO-2THDd L EFRBLIZ, ZOBNH, TJ 3
-FroniEipEsE }IS)ﬁEﬁitmiﬁﬁ.l: s 3 Coenzyme A yiie¥
g MO s w BB I RT LB,
FERKITT 3 YL E v EBOMMNEI3F TIT  Robin-
son & Hills 61) l2& > TFRTNTHY), 12 Lategan
¢ Vaughn >3) =& > T b Sal, typhimuriwm EINLH A
cHArBEINT VA, THLER O v nBRE
1z, —OMBWREIRG, 2OFERF IO TEAN
Tw3, ARETI, YLELBRONBSIADRNERE
HoprizdFa e 28EIE LB TS > =.

Folw REMELIUIA

KA ¢, utilis OUT 6020 & MuiT=. -5 R
B3 0 o, s cerevisiae OUT 7020 » E. coli -
12, B. subtilis var. niger OUT 4380 d AT,

BB LBREoOULCUBRIIY L4EMRALE
SH1--BOERTIE, 2,4-Ur07 =) - (0K
WFE), AvgzgonIz) - L FRIET), JLRZ
LYPFA Fem-0007 = Z0LE FJ Y2 (Signa )
FHE L, O REGHRME I,

ﬁ_ F1BIVGEBEANTITEIZS 2Tz, pIap AP Cza~
pek — DoxiFir iz A°7°}~ yrBRIIAETZNTHN 0.25
g hmLrzbd Ccpy ) 24%;3 LIz,

46



M EH & V) AL &R, AT VRN >
DFAD LTS >TMB RS UEBAE 24T 5 > Tz,
(1) RBAR BB, BL1cL>THERL, EER
RKTRFEZ, FIARBALIZ. POHFRABAL, MR
BECE2E5- BB LE UL U BRKERN 1 m1 &,
FrER/B1=tn# U s 0.1 M) VBB & CpH 4.0 ) 98 ml
¥BL 300ml I35 21T, IS5 R SOITEE L
BERERE 1ol ThmL, -BSMEF R EYe o<
MABRNRBBITH LIz, [WEBI, YLEvBERI Y >
BESRR ( pH 4,0 )99 ml IZFEAERBEMR, o XML T M
FABLIL O, & U 30°c DY UBERYLES VR
eHRMLI=dNThd. (2)BEHs UBERE B~
HFHB, FERAN 2 m1 &, 20 m1 NITL R GEEw
00 ml FEI5 310 TR e MMRL 2. op o P
23z Lre s, BRR YL UBRYFMD CTRK
R2X58BBNEME 0,1H3 1013 0,2 m1 700)
L, BBty azmRBRE B IERED Bl T
LTz, MBLTR, 30°c nERENC L LT R
R, 7 ORISR R R LTz .

YRR NBE F1 BriarcdEic S oTs.

BMEN K0 RE  F 1R~z yEcEL, X
L) L RICHRENE e POMABIcE ) 23 R
2)BIOVTBATe. BB OB, Y -ToL5 P
3) B¢ 30pCi ) xBL coy BT 20 BMBE L
ToAERE ¥ B vy, POBRLALR p1sIRA T DA B i v &b v

- 47



FL—-33v 09 v5 — ( Nuclear-Chicago , 6801
) xBuwTRE LIS,

o} oR 5@ 4 ) A T J-nTLT VI A -F - (KA
B, -1 B) EBLTAY T, BAT yKPT 30
°c, 5 FFAIALERANIE L T RRRRRERK 1 ml L BB HRo.5
ml , 0.1MVU YEHEHR ( pH 6.0 )0.5 m X FEOD
£¥Iz, 10 % kou B& 0.25 m1 EEEIL, FTME
I YREVERRDD v SIENFER OKBER 0.25 m1 B X
N, 8 2.5 m1 LT 30°c ThHEe YMAL, o T D
BEOHEEZAE LR, IHRARA TR ISE T,
BEoONErEEBERALART IR EE 2 R3MRR
LT S OSHEN Rk, MEASER 1nl , 5% T

9- 2B 0.5 ml ,0.1 M U EREEMRA CpH 6.0 ) 0.
5ml , YLEVEBR 0,5 m1 WEE 2.5 m1 ThH3,
LR EAAS ) oF DR E4E ¥ D BB 13, Y Bk b T
RESTVESNBEEER 2 ml x> THEENEEIC
A, BIZiz RoH FokE 0.3 ml AT,

are - pHRE FrFizmLndAlIcE ot

v Lt v R AR B43 - BEY LT BRE S
B FEITE oT2e FOMTRBIE IS OTIIBRERR (FY
10%9/ml ) 2 ml ¥ 0.1 My VEGHEK CpH 4.0 ) 5.6 ml
s SUEBE =, FMHTEY LT VvERT 1 sFRe LT 34
~y bt EBRD 0.4 ml ( 1.3 x 10% cpm ) EMZ
BB U, RS 1ml EL 2T I YRT I
LG — ( ARWP 02500 , FL#B 0.8 p )ITJ > TFBLT=.

of

48



OB UL Y BRARIn CT1EESZRBR, DanF — &
100°C ', 10 BB, )WT PILITANTERILND S DIZK
FBEEBE L. H-YLEUBOP -8 ERI=T
Wilzbaih %134 ) 2 HBIR U, K1z BAME RMBHE * <
DELTAERT CHEBRELTEOEBul (LRHRE
50 pci/mg ), ZODNIFEBIOV T IT o~ (X
-2, BEASEE, n -7“'9) —)L: BFER : &k, 4
:1:2 JDTIIIE-nE-TJCRE=0.80 )EFL
CH;>C=C<i=C/H
4l \cf
OH

Fig. 3-1. Structure of sorbic acid
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Fig. 3~2. Inhibition by sorbic acid of the growth of (.

utilis in CPY broth. Symbols : Q, 0 %; @, 0.01 %;
A, 0.05 Z;A, 0,1 %;0, 0,3 , '

Table 3-1 IZBEO I TE &DIZ, g.03 8 NY LT VER

Table 3-1. Effect of carbon source on the growth inhibi-
tion of C. utilis by sorbic acid.

* ' Sorbic acid Inhibition

Carbon s§urce (%) )
Sucrose 0.03 10
0,1 36
Glucose 0.03 12
0.1 38
Acerate 0.03 5.4
0.1 6.0
Citrate 0,03 66
0,1 100
Succinate 0.03 67
0.1 100

*0.3%, in Czépek—Dox medium minus sucrose

Generation times for each carbon source in the absence of
sorbic acid were 91, 98, 120, 164 and 173 min, respective-
1v.
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Fig, 3-3, Effect of sorbic acid on the endogenous respira-
‘tion by ¢, wtilis at 30°C.Symbols : (), endogenous ; @,
sorblc acid (0.1 %) added ; A, 2 4-d1n1trophen01 (5 x
10~4 M} added ,l, pentachlorophenol (103 M) added,
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Table 3-2. Effect of sorbic acid on the increase in ATP
level of (. utilis cells by succinate oxidation. '

Sorbic acid . ATP"
(%) (p mole/g dry wt of cells)
0 ' 30
0.05 ‘ 9.2
- 0.1 ' : - 4.1
0.2 | 3.9

Cells were incubated with or without sorbic acid at 30°C for
20 min in 0.1 M phosphate solution (pH 4,0) containing sodium’
succinate at a comeentration of 50 mM,

% Initial value was 4.1,

2, YLEUVBODMBEABIENER o

Fig. 3-4 13, C. wilis IR T3MPF YL VBN
AR ERLELNTHD. socc B ITIREES,
matsfiy 0.1 My VERRMR ( pH 4.0 ) PITBEFND 0,
18D ULEVEIZS > TEEIZTRBINSZLI0bY 5
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- Fig. 3-4, Enhancing effect of sorbic acid on the thermal
death of (. wutilis at 50°C in 0.1 M phosphate solu-
tion at pH 4.0, Symbols : ), heated (H) ;A, sorbic
acid (0,1 Z) added (S) ;@ , heated with sorbic acid
(0.1 %) (HS).
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L, 20BN BT B LIz, Fig, 3-5 ITHLTTS DIT,
URNE VEREBEADERBMIETIIA TORBERENBETIED
N, MABMEEEL > VT LI 2 HoRBER R
HHN2er, S xAFAME L BRI BEnE L
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Fig. 3-5. Growth delay of ¢, utilis cells heated with or
without sorbic acid in CPY broth, Cells were grown
to logarithMic phase, Sorbiec acid (0.005 %} was add-
ed to the culture and cells were heated at 45°C for 15
min and then incubated at 30°C. Symbols :Q, control
; @, sorbic acid added ; A, heated without sorbic acid
s 0, heated with sorbic acid.

Table 3-3. Effect of delayed addition of sorbic acid o
growth delay of heated cells of {, wutilis,

Additfon time €rowth delay”
(min) (hr)
0 | 4,0
20 : 2.8
60 | 1,6
120 . 0,9

Cells were grown to logarithmic phase in CPY broth, heated
at 45°C for 15 min, and then incubated at 30°C,. Sorbic
acid (0,005 %) was added at the indicated time of incuba-
tion at 30°C after heating.

* Subtracted the delayed time (1, 9 hr) of cells heated
without gorbic acid,

EovBoADSBoSELR LI ¢, MBERY LE &
Ry B A IFEEE R EE NI BB I ND T v
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LTBERLSE, — 2881387 23MIBEZRANRD
1K BROBTIZ>IN 4.0~ 4,5 HFH0 —RSBMTx
lzmd 2 2RO, T2, 20BEFRTOBASND
MERRLFHEFRIs330 - BKAKE, 50°c ,
10 BRIl o TS B &, BAa0ER
RN 1710 URTHD0 I L, FiEsEe T EBE
TR SR edT ERBT 1200 U FTHD Z20%b v o
o ZOMEMITYILE VR ZH RO L MBI - &R
BT Hol—e “OHBET S, WHRUEMMB AL < £ b —
FITRIE B R TIRIBNEIE 4T 3D 2 £, % LT MBS
IR LTy L E VBRI IBBOBRH S VI3 BENIPH &
PR TI3, Tz iz, MARFHS - 3Im
BBBRTFTO TN —F ooy YNLE vEBEBAEI €T
BN EE|-A T I3WE WA, TOMARLE Table 3-4
Iz7 LTz MEFOIBE w2 SERTnELRA
BEITS o THABIERDVILE DB EBR VW, RIDT LTS
DI, BN BT 3 mBARAABE 0T KT HE 2
£S5, YL vBISHREBIBENILKI Vb EITF 9
BEXBEI D e vE LS5 A=, ,

Fig, 3-6 (3, 0,1 8 OYILT VBB A TFTIZT500c TH0
BTz Coutilis M SOAIN L) — LREBENYE 0
BEERBET LI 40T, 20 AROBLECERALE
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Table 3-4. Effect of sorbic acid during heating or recov-
ery period on the growth delay of heated cells of (.

uf:{- Z'L‘vs 1
Treatment I _ Treatment II Growth delay
Cells Sorbic aecid Sorbic aeid {(hr)
Unheated - - 7
- + 6
Imheated + - 11
+ + 7
Heated - - 11
_ - + 28
Heated + - . 19
+ + 34

Cells were heated at 45°C for 15 min in 0.1 M phosphate-
solution (pH 4.0) with or without 0,005 % sorbic acid (
Treatment I}, centrifuged to remove extracellular sorbic
acid, resuspended in fresh phosphate solution (pH 4.0)

“and then inoculated in CPY broth with or without 0,005 %

sorbic acid (Treatment IT), Symbols : -, absent ; +,
present,
-~
4~
g g —-0——-0-—-0-{100 g8
3]
f é//;%? ‘o
L :
a &
s :
r-él - 50 R
: 3]
"5 E
3 \ p
\
Z A &
I

0 5 10 15 20
Heating time (min)

Fig, 3-6, Effect of sorbic acid on the leakape of intra-
cellular orcinol~positive materials from C, utilis _
cells heated at 50°C, Cells were incubated at 30°C(cir-
cle ) or heated with (square) or without {(triangle)

0.1 % sorbic acid in 0,1 M phosphate sclution (pH 4,0).
Open symbols , RNA ; closed symbols , relative survivors,
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NE 5 3THd, BImBABPTEY I, VAT RITMH
LI BBBERNANLY) - LERBEDENRALIE LA
WRLZV L) s, BERABRN, FOHEEC L
1) .Z T 4 CHEEF =) B 55°C Z’@ﬂ%ﬁ‘l:—mx'{
LiES5 M, 0.1 s HYRLEVEIELRENR EI.IUD
‘59T, I5 1z 55°C TOFEAEN RNA -0741’5?773}41:%, &
Bo UL VEICTS o TR LI LWIEERNT LS.
YLE VBN BERIEN S TOMERABTLERT
BANT, TNNRMARYZr MALED D FHOIBRAZS
FOBRIISSTREFELS>AD, T2T, w-HABo
VLEVBREBOWT TOATBRIL, pig, 3.7 CRBE
LTz, 30°C , 20 M, 3w ~vany yEBETIZHA

[
|

Wl
\0

\o

’//;D

A
I

]
30 60

Temperature (°C)

L]

o

=
(W8]
19,1
~J
A=

Radioactivity (epm x 10—3)
=

Radioactivity (epm x 10“4)

PH

Fig, 3-7. Uptake of 3H—sorbic acid by €. utilis cells, (a)
PH dependence of the uptake after 20 min of incubation
at 30°C in 0.1 M KC1-HC1 buffer (pH1-3) or 0,1 M phosm~
phate buffer (pH 4-8), (b) Effect of temperature on the
uptake after 0.5 min of incubation in 0.1 M phosphate
solution (PH 410) .
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CREOBEES OXYTHMET pE MAETIC DR TR LI
35 ENARMKBEEHTEIS, BAEIOES -
zHme3g, 55°¢ I3 30°C & W LBFIZE FAHET L.

S oBEn S, MAS 3 ENSF 0 EBARANRES
L=< L-\.o' | :

ﬁﬁnbu?yn&y@nﬁﬁ&ﬂtpzmﬁ%Wﬁ@'
TRED T, KT AERORESAEEITT AR THEA
~o Table 3—5" 13, ﬂ‘ﬂﬂﬂd)' ATP bNJL;;IQli"a' JoL e
SBE S URRBRHNABB e BATRR T, NHEALE
't ATP BB GETITZ, Yo o@e nEBTe?
LIRE L. DS BWEGRRBEMTDD 2,4- Y
“knJzx) -, JARZAIFPFIF-n-JB0R7
TSN ERFYUIZIOoMT LRSI TH oTz. Tmkis

. Table 3-5, Effect of sorbic acid and uncouplers on the ,_,
viability and the ATP level of heated cells of C. uttlis.

Treatment Chemical agent Vl??il;ty ?gf

None None _ | 100 7 100

Heated at Notie R 22 13
50°C for Sorbic acid, 0,001 % 12 11
10 min Sorbic acid, 0,005 % 5.1 7.9
Sorbic acid, 0,01 % _ 0.72 6.5
Sorbic acid, 0.05 % ' 0,17 = 2.1

Heated at  WNone 68 72
45°C for Sorbic acid, 0.05 % -4 0,22 2.8
15 min 2,4-Dinitrophenol, 2 x 1G¢ M - 00,0033 0.26

Carbonylevanide~m—chlorophenyl-
hydrazone, 1 x 10~6M 25 36

Cells were heated at 50°C for 10 min or 45°C for 15 min with
or without chemical agent in 0,1 M phosphate solution (pH 4,0).
ATP content of unheated cells was 2.5 p mole/g dry wt of cells.
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BOSNRDLE DI, VLU B BRERESEE AIRRAR
FTHLHrON, ORI ATP LA LB FAREMEA ©
Weed 22 emhHmn->Tz, Fr=, 45°C , 15 4rmBhask
2, 30°C ¢ CPY shwrth TARBL 1= ¥ 2 o MR oFoRE
e B4%13, Fig. 3-8 (TR LTz &S5z, IMERER UL AE
BT NI R ETE-BE Loy, viLE vE(
0.005 % ) {f MALBIBAR 13955 SMn WAk £ R
3R AERSS I 2Tz,

©
= 200
L
LY
o
Yl
=}
5 150 | Y
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g o |
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&
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Fig, 3-8, Effect of sorbic acld on the oxygen uptake of
heated cells of C, utilis during post~heat treatment
incubation in CPY broth, Cells were heated at 45°C
for 15 min in CPY broth with (@) or without (()0.005
% sorbic acid and incubated at 30°C in the same medium,
The value of Qy, for unheated cells was 229 pl per hr
per mg dry wt o% cells, :

rLE BR
ynﬂymmdaLaﬁﬁﬁﬁkmruum,ﬁﬁ@@
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MEM-PFRMEPB AT LrNoNTL2, BrOK
ZREBEEL LTBB LI € wtilis 123 T 5 IR
NEBABIER E @A MR ( Table 3-1 ) 10H, 3
B, LI -2, BFERGTEMBAT IH LI LU DL o
BEMNEABRTIHVWVEAERERT b o =,
Azukas bugu,ynﬂymmm%ﬁﬁtuzﬁﬂ%m
I) 33— 2% &G, Harada 5 115) 13, VL EVBIvERR
IBILL T cCoenzyme 2 LB L, JILEIL - Coenzyme
AT A2bnrErz ndy, FRAETBSN-HER
13090 H I BHEE L B S0 S5 - BRCEERN S
% £, York & Vaughn 12) pesp LT=BRLET Y >~ BR
MBENBRBESTLRI> —EEL BN,

C. utilis NHREM T THORESRRF I TI LD -2
gt by, WEREARITHD 2,4-2=+-BT =) - Lo
37 pO0J=x) — B, YLE BIZS >THRL LR
jft,‘:r MDBE ( pig, 3=3 )13, YILEVR)RRAQIER
YTRIBDNTHD. FH, VYL VETTHRENR
BROSATIN > TZe Y LT vEIINT B8 .63 ATp
ARELIH LTz ¢ Table 3-2 ), T Hiz, FRFFMAT
T 30°C , 30 AMIXE L8N atP LAULYL, 0.1
s VILE vERIZE D 22 8 IBFFA - vRHTIVS.
“N5NIEEIT, BRAANOERN- 2 THH>TF LY~
ERF0) mgtt-amease NBHMIET 1L B3 b0 cHED
PN

VILEVEBRTIC ¢, uwilie MIBEZNRETZ L, 20

60



Z=NT IS IEBEBNDEToEKR ( Fig- 3-4 )P
S UMBERERS P TORL J4RBITH 1T 2 RBEORT
ARE ( Fig., 3=5 )I"HB ->Te ZNSHB IYNLE VB
IoEA BWH 3, Ps. aeruginosa |, Ser. marcescens s 4.
aerogenes , E., coli WL NHMBRIZ>W I LEFLI VD,
mFFE S CEEF) VLS U BERIC S 3 EBAESRE
DB FBR ( Table 3~4 ) H S U VLE VERIVIMF
OB RN E ) BEC Fig, 3-6 ) ® RNA DR F 4o
ERELT VI ET S, YILE VRSB S nBGER S
DY FIcEEREEomBl i 5T 2 LIELRS Nz,
BREBRIBIALCYILE VEBENIEB I s500c 1I2HWT
LI, WIS ZWEN arp LALOET 235 (=
$HRKI €z ( Table 3-5 ), ¥ 7=, mBPIETHEY S
M2 37 EEACBIEL , 0.1 8 DY ILEBRITE )#)
FIRE I ND - L LRRHT WA X 2FT B, ootz 12
DWTRO=IMBRIZS S ATP LANLNAET I ¢, utitis T
EHONT=0, VILEVEI=S 5 FNRET MgTt-aTpase
NDEMAENT S -BHSNT-HKET VRN TT . ZDIFH
3, RERHTHD 2,4 -2 FDT ) -LBESVIL
RN Prd4 F-n-JR00Jxz=LEFIYUIizo
CVBEITD LI, SN EHNREFRRENR &
ATP L AILETFT NAREN 2 34T F~hd - & ( Ta-
ble 3-5 ) , ¥ 7=, m#4x 30°c 0 BAFBN P T ovif 3R
125 Do oRCBMN B4R, VLT B4 A LIRBIRTIT D
BMEBATERAES ) DB LLFENS 2 ( Fig. 3-8 ),
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TLTRRERHN BEFNIEHGILEZREEL &DJMW,

20D VBB B L LT NERIZSI>BORIF LY~
KB ABEHd ) vrkrrwszens, vie
VB WBRGRWEN EERIIT, TFLY - TIRRED
BE-RBIZMENEEMM <hd> LB LS5ND.
VL BN AN QBT IIBAT R L ,0°C T
Y, BOEBESERN pH 124> TRFAC L
S, BIEEIZS > THEAABITI> L0 L EL S5 h D,
He.o) pE NET 3BT ENHAMELH T o, = hi3 E

IO IEBEET T 0 3 IvFBILA A %ﬂaéPhZ®57H%
pH 4.0 T MIBMR R3$4T 3 s55°Cc TN IFRITS > T HILE

ST 5T e DS ‘JJLt"'/Mﬂ)TJD?‘.-ﬁﬁ%%%IJ‘X%:
VRS TIA Do mESRWREcE sy, nFS 2
BEREAENEMWIZE 2LD T3 0.

X58 B
EBNmBMAY RN LOET L LT, BERAT

MEBe 338, ¢ atilis &I, BB THD
ULEVBOMBERTE L, MTHNHREEZS-.

(1) 379, vy RouAERABREERAA, 580
BEM M E g B 4 u‘%‘%ﬁmmﬁ;ﬁ, IT7: arp BRKNIP
MERNDTIZ &0 5, BACLET Y v BRI D)L B ViR o) — 5%

SRR Y B2, % BKRIEEM & Tl L1=. |
(23 50°C IZH 1% ¢, utites O EBBIET B UL

REORERLIT H TS BBAELEITH>LT, YILE VB
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NBAETMBRMEMR 2 BEL,

(3) VYLt v, mEEs mimﬁamm‘ﬁmﬁ ;8’0 RNA
OABEREL SV, OFITS DMAERN AP LAILD
BT R4RE LT, $ 7=, HnZRasEim My ofok SE o BRI
ILE UEBHBITI VB LLBRD by 12,

(4) Y LE CENBBRARTS nEL VERLB O
Sy EFBASHNCLTD, ‘ |

(5)BONHRENS, YILEVEY)MEARYRN
FRAC, THFLF- ERER 0GR = IDPRGSBE D
E/EIPE) (2D L IBE LT,

63



TUE  Escuericria cotl VPG D
31 02 v NINEfRIIR

¥ 1E #E

N4 O3 13 Streptomyces fradice NEETEVIDS
TRERAEMET, T 0EmE b d v R BRI S
vi T3 2B o) KL 120), @ P . Bacillus , Clostridium &
T I LSBT LTI TREBFERZAL T
By, B ocoli 0y I LBEREICITT SIERIES
TEWT LIRS AT 1D, T NMEN B ITHEHTMEL,
LD., '* 5400 mg/kg (&7, BO) THo k- 505,
HE, NFT, A= -FUBETRBBERLL T F
BRI IATITENWERKEIINESTF T, TNIFR

. 121 . . 122
KB lzo v T3, Mao 5 ), Suzuki 5 ), Kageyama

5PV L rmRon, UKY-LEDBBIES 5T 2
NX wE v ¥ v~ RA BSUFPIJ)FP B rua t
NBESARFKEBRBETDI w50t MnTni.
FET3, ARIIO LV ITHES TS LRERTH Y,
SEBABL LTINS NP 5, i &3 F 12, Fhlo ek
HEAVMEAC T 2HETFILELIZOMEMBEET L VH YIS,

2% REEHRESIUYA

1R BB E. coli K-12 EAuIz. -0 RER
T3 e BEm 125, B, subtilis PCI219- , (. utilis  OUT
6020 Y MAviI<,
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ER 3140y I133LEM‘Ee LT ELL & Lilly &
N rHBLI:, —BHRETIHEENITH, TYXD
U4 v ( Sigmay), 7O547 ==L C=ER), Bt
BYEL FOX LRI >y, TRITLT UM E
REEH) VALIIZ. 0By, IFLvyIPI v mfik
FrRyYSL (EDTA , R2AME) AL, X oORFS
TERAH EARA LI

_;E-_%_ E. coli ¥ nutrient broth (A YA I}y v
1%, BIF2 05, BEITR 0,538, @y -y
110.5%, pH 7.0 ) D ¥ Sinskey & Silverman
Y oy (7T v UYL 058, REP U
= L0.5%, MRV TX YT Lo,18,Y vB&RY—nY
Gn 0.2% WMLF FUSLO01%, TUEYY 0,23,
pH 7.0 ) M 20 ml AL 100m1 FIIX3-BEEH
BAEL, 37°C TENT N, 16 THES U 40 FMAIKE
SsERLz. coBRREUBEENITL LI 7.5
BL, Mz, MRALTT 100 1 FI T X 31IT 20 n1 G
A, —FERERAEL T2 (W% opg, 38 0.05 T,
£I7522ARNEEENBBE T 0,002 ANTH > ),
—3 BERTIZ, APV - T3 -2 ~BELXIsEE
(ZTMTh, 1,1, 0.5%, pg 7.0 ) vRuwlkz., 12
BaodEtanEi gy AmIcEur.

mRs S UvEHME LB RIzL - THEND
$ATTHCB AN ( ODge0 < 0.10 ~ 0,15 ) ITE LTI 2,
FBa\eAmu, B mEL 2. B 3T aAERENE
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BB BAEOVE (BB 0.1 ml YmAT=2., FTzpmFg,
BERENZE, 772D RENIRE D EERATI2F
LTI >Te. MBHAFIEE LT 52°C, 542 LT=,
IBAEES (27 5 X T & 37°C NIWEDERBRIZL L,
,%075 FEREMY, BFDIcE B o=, 3E%8 .13 OD
660 CEBL I, o

EDTA 4032 Leive V)Iiﬁlzs)l:iﬁ L1z, 378099 48
Afg% 5,000 rpm, 10 HfFuFEL TEEHL, B4 = 0.1
Mt—t)liﬁﬁ;ﬁﬁ@ﬁi( pH 7.2 ) 1 BEBR, 2 >NE
A(EAZT R 10mL) IzhiTlc. THELY &, —7% 13 EDTA
(BRFEER 2 x 1074 DRI el BHR 10 m &
AT 100ml BT 7 X0z, {£F 1T hEE2u 0 BER
W mEXNEEENTIXO LiJJDZ_, 2R <2 47
e LIz, LT, 2N 2 ml & nutrient broth 18 ml
AL 100 m1 BDP IR 1WA T EDTA MIFEBa
1=4%, 37°Cc THBLIz. 2O FMH TN EDTA JUIE 13 38 5,
NEXEHZ 2T >0,

3 H-F#HT 1 0> yNMBMABE4LT nutrient broth
¢ 20 ml) B THEEHEIF ( op, ,TH 0.3) 1=dH MM
BT 2:2ny7 231,38 - 940> B/R 0.2 m
( 3x10° cpm ) riEdsEETIOY Y 0.2 nl 2, B
FREE 10 ug/mllse3 &9 1T, 2 ATN 37°C B &
U s520cTIRE DA LIZ. REFMIZ 3 ml 2k, I U
WPIanwd - HAWwP , 3L 0,45 p , B4E 25 mm) T
PB4, IEIFE S A 02 (10 pg/ml ) €8T o°c I
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BELT= 0.05 M b RBEREMR ( pt 7.2 ) 1ml T
1 EBES L t=. PR3 100°C , 10 AR, ¥ 3FE
HLI=FEL Y, AL FL-YavndL9—
Beckman L§-250 ) TRHJEMERELI=. 2E-54 0
o3, 94Dy YRBEBOP LD UKBREIDORL
LT, 5 BAE EBRELTARIBE L, MELd
Al JHYLE UEHRER AL Bk-Le 3 BRL, B
BR LIS (misdssee 9 0.3 mCi/mg ) & Auilz,

X 38 RERER
1, BEBREAOEEIITTIT1 D UNIER

ULE B BHFNFERBRELI: (X3F )1, 5
4027122 T ZNERERFTLIZE S, 1 mg/ml
NEBTE 50°C 12H D B, cole NIEKEIFE A CIBE
© 7, MAMAZARDR RO S NED 5T

L L, oM EwEamBaesinHEs, kmi
BT RIS EAEBRBLEVWRETREICIBET S
Ze& &%Hﬂ LTz, Fig. 4=1 ARk y—-7J1LI -2 -8
BIIRA et CHBCEERIID S 5 oo BREY, FR
BNHY1 0L UBRETFI s2°c ,5 FMELEL, ZNIR
D 3°CTHRBREBEFLEZLNTH S, IFHRRAE
AN 3R 1 3P0 0y sE BBk, ko ALRAERE 0B FEER 1213
ITE L LWRE THELT=. ¥4 0> TR nEGERNEIRE
1239 U T 13 BI04R 30 ~ 20 T {F ARBRBANR, 2k
Bn#mi-s by > THABBREAATI wiz. ~7, BA
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MBI NE 0 IEEIC T L T 1F, WERIT S B BEFEI- R
BrArBELRITITLN, T nhoBBER ZBRE S
BF-E 32 L3hm -1z, Fig. 4&-1nE R HHER
B :HE L, Table 4-1 &b LTz, BERE

Unheated

o o © oo
N o0
T 1
\O\
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0D e

0.1

Incubation time (hr)

Fig, 4-1. Effect of tylosin on the growth of heated cells
of B, coli in peptone-~glucose~yeast extract medium,
The arrow indicates the time of addition of tylosin and/
or heat treatment (52°C, 5 min), Open symbols, un=
heated cells; closed symbols, heated cells, Number
in the figure indicate the concentration of tylosin (pg/

ml) ., .
TH3 10 po/ml n T4 O% (TR MBIMBoRMIH L
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T3 6.1smME LTI s vy, DM B BB
ITLTIF 32 % mm%$zﬁ3;3m5,:m%ﬁ%w?
MBS 2T YA DL NERITH 5.2 1ERLT= 2

Table 4-1. Apparent first order rate constants and the per~

cent inhibition of growth of . coli cells unheated or
heated in the presence of tylosin,

dotk
' : Tylosin Growth rate.,constant Inhibition

Treatment (pg/ml) . (hr“l) - %)
0 1,24 0

10 1.17 6.1
_ 20 1,11 13
Unheated 30 , 0,957 23
50 0,699 44
- 100 _ 0,488 61
200 0,094 92
0 1.19 D

2 1,14 3.7
* 6,5 0.930 22
Heated 10, ' 0..805 32
16,5 0,467 61
- 20 Q0,391 68

30 0,186 85

Growth rate constants were calculated from Fig. 4-1,

* At 52°C for 5 min

*¥{(Growth rate constant without tylosin - Growth rate constant
with tylosin) / Growth rate constant without tylosin}x 100

L1, AFF -7 LD - X ~-BHIFUEeTRO
S-GB4 £ 3, nutrient broth &4y E (=
ByEnBIIRLEb0) TLRETH > 1=,

E. cols 12T LTRHONTZIA D onDBAGRNE
&, TTLMBEMBTH S B, swtilis PCI2LY b UE
£t c. utilis TWHRBHIHBVLOTH 2 oo NS
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2, 91402 o MBAFANENEE

E. coli T8 FBFA 0L o MBHF BN EnRRiz >
VTHRET E4T7% - Too BV B W E0E BRI I- H S R
& 52°C , 5 FmEAEL, TN4E 37°C T|/E H 4R,
TNTREBSBETII O eARBMLIZ. TNHBR,
Fig, 4-2 SRS 5 & D1z, 20 RIBMAB R I WBEE
BFmsBN D 3 BT D4R =dh O, sEIERE4 203 13
CAERRITS 2 L BRRAT.

L23T, 2ABMBR-ETAII0 v onERETSE
£9¢, BBRETFI:h 3 BEREFMKNIL L BRETHRG
2E, TOERNETERER SHMFELZRUTLBET S L oe
b oT=. ZHE ) 3BEE, JaF 4T z=a -2
Jeaoa st yoa9g 1/1:59)2"’0%&%3;4’\2 » V),‘
ZEHTFEBEBANEFBESS (REE) confBai,
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Fig. 4-2. Effect of delayed addition of tylosin on the
growth inhibition of E. eoli cells heated at 52°C for 5
min in minimal medium. (a) Time courses of growth in--
hibition. {b) Relationship between the time of addi-
tion of tylosin and the percentage of inhibition calcu-
lated from (a). Tylosin (10 pg/ml) was added (indi-
cated by closed arrows) prior to heating (A), or at 0
(O), 5 (A), 30 (V), 60 (X)), or 150 (M) nmir after
heating. Symbels : (), growth of untreated cells
@, growth of cells heated without tylosin. See Fig,
4~1 for the open arrow.

srndien EREAF CABNEIH DI £ ERIR
LT Ud. -2 20> L TMBLBMBAT = > THRIT L
<o §bH, F4 03 10 pg/ml ) EIME, BHIT
R LTosBR AR E 37°C TREDMRAP, ThTAR
T o T-EFHR I B RN 3L ke T 10 BARL, T 0
B AR Az, Fig. 4-312BF LIZI D=, W
R AR T T AR AR O WBER T IZT AL THD
yv, FA D ‘/VI'}&FL_:ﬂ_ﬂ?ﬁﬂﬁbflﬁtﬁﬂﬂ?"biﬂﬂﬁ}:%@B
LARIB L, 20BNFADLYyOBRENRIELIE
CFEA CEUhIN s Tz, LWL, 2 aﬁmﬁ;@&jﬁ,ﬁﬂ LT= %

71



o

0.2:- d,

[
o {
A 0,05F |
o N
T
0.021 }
|

0.01 ;'.'6’1? ] ] ]

0 2 4 6 8-
Incubation time C(hr).

Fig. 4-3. Reversibility of the growth inhibition by tylosin
of E. eoli cells heated at 52°C for 5 min in minimal me-
dium, Tylosin (10 pg/ml) was added (X) or not added
(Q) to unheated cells. Culture heated with tylosin
(M) was diluted tenfold with fresh medium (indicated by
broken lines and closed arrows) at 0 (A), 45 (O), or
120 (V) min after heating. Culture heated without
tylosin (A) was diluted in the same way immediately
after heating (@). See Fig. 4~1 for the open arrow.

Sm i3, WEEEFANETI3ZTN& s FHChT - T
S AEROSHTED 5 T2 TR N RS, NFLEEE
I F D IA 0 iR N EHEBm BRI B 2
rEFHELT LD, |

EDTA 13 7' LB EERAIFAL, TaX L
— FERIZS -~ IERESRE AR vd o
Tir 2 0BT 2 g INFSEO TV ) 12 E
pra R LT-EARIZHT A T4 02 ORBAREBEALE
ZNFE, Fig. 4-4 12U T2 &5 12, FEBRGEHETD
EDTA RIKAEIZS - THNBRARNHEEL AHIT A DY
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Fig. 4-4, Growth inhibition by tylosin of EDTA-treated
cells of E, coli, Solid line, untreated cells;
broken line, EDTA-treated cells, Numbers in the
figure indicate the concentration of tylosin (pg/ml),
See materials and Methods for the conditions of EDTA
treatment, '
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Fig. 4-5. Transfer of 3Hutylos:m into the heated cells
of E. coli, Cells were incubated at 37°C {Q) or
52°C (@) in nutrient broth containing “H-tylosin,
The initial activity was subtracted from the measured
radiocactiyity to give the indicated values,

73



NETEFABIFB OILR 1wRH S M1z, FI=EDTA 1375 4
FRIEHMEBNBIREAE, S5 U FEEE 2882 3 -« vl
%3mzuém@w,:&c?bb?zﬁfﬁthgim
50°C Z'mMERLE LTIz o WY b‘gﬁ,ﬁ:—b Z¥ Y ( Fig.
2-6 ), 52°C TW-BRBLITIZLEROIVLD,
TH51, FA 0L UNMRABSTIINI 2 WERNFE:
BA Tz, Fig., 4-5 IZEAS @IS S 2 1%, nutrient broth
¢,ﬁ&ﬁﬁ%p@éﬂﬁ&@t%iﬁt%muh3Hﬁ
BWIA 0> 2, 52°C MBI > TEEISTERINA
HATd5 2 embimoTz. 37°C TR T2BF N F4T3,
MERBCZ ) MBEBILS S BmE< DL Bhbh 3,

XUE B&
C ONEMB, A0 305 nEEIRE - II/ER T 1B
<, FREEHTTC T uBMMAITT>Z200, B
1/200 TdH > T2 Lo L, FHEAFMFTHNHRNEL I2F,
coll I ETBIIT L T S BB T HENE 7T S e o5h
N> 12 ( Fig, 4~1 , Table 4=1 Jo =NIA O Y20
WREBAURNERI, TNHEN—BoFEEr>, ENY
FOMEEBANBBEIHS DD LEET NIz,
PIFI)I?Iy v, Y209 1>, yJlyvtfrv
ENFERs, 51402 e BHIZT S LBIERS SR
prEL c e EIRTE O, 0PI 2 ERE,
SHOSDRP TS BERN TN IELET RT3 Y
SLBERNBEEYBBT IS T LItBRI S E 2

74



BT B

Fig. 4-2 ¢ Fig. 4-3 OFER T, MB QBRI T
3910y N{ERY, MRBIBOAERN — 2 TH D MR
BBBENBHLZNBREERTHARIrdOI L ET R
LIBY, ROELD AT cemTT3. mBgo R
FERIEM P o A ) BRLEBR N BE R E 1S4
INDT=, MBBRIZFIIDS ML HEIZEZ
NWEREFA TR Loy, b8 DB ESTL 12 1815 T
Bm LTI I EAT I MBRZAINMFARLIN, BE
ERHMMEFT LIZL L Bbhd, IHFRWEBizounz o
REBRETT, GRWBrkR I N=MABRER-HRT >
LR BHTIFRY LCTEFICETETSY, T 0
’w@mbﬁaaamﬁmAﬁnur%mﬁ%wﬁﬁ»;7
zh%ua BEUuBAEMATERIZINTHS D, DB
MRFEAEE M TIA DY v NYRer, BBERELHRERT
Pz tﬂ\"ﬁﬂéhé EDTA MsEL =BT LRHSNT=ER
( Fig. 4-4 )13 20t 2 XRAFH b £FEL 5D,

Iﬁﬂﬁﬁ.ﬂ%%‘]l:ﬂ?éﬁi@ﬁ&m iRt H11 T3 3
TEREAEE G LY, Leive W% g s7e » EDTA &
BILs > TABRRRN Ry RANMEL T e T AM L
ThHY, TNho L<DO20N BT R 0134139 "o,

*mmgmﬂﬁuﬁmm%mﬁﬁfﬁau?ﬁnzmb;
Rogers % 13 5 a0t g 48°c ToMREIZE 5T b U
T H/ENBEINE 232 2RELTwD0, Z0& R
GABRIZE LT L, 50°C ( Fig. 2-6 ) Bd U 52°¢C

75



TROS NIz, F1z, MBI VEED 3 g BBY 1 O
UL EMBERALHBT D L vboe 5> Iz ( Fig. 4-5
Je SHNBRIS, 1O o MAKBHENER
™, FREBEE FR 1R CARABH BTN
Hd LRI NIz,

94 0% ‘/Li, RE R AD ﬁjd&«ﬁﬁ]iﬁﬁ%’lo &z m
A 0B AYIE 0 RS o B RERER 2 TR A
MBFRAEFRIGVICLERHTVINT, Y o588
MRS CERD PO BRI ITBFEALILLNERE LS N
e TS5 12, MENRBEANREHEN BEzIHBLE
W&, HEUMBIIS SMEAR ATP LAILNIET TR
Lo e eERIZ e b1z, mAAEMENIESGE
BEMEB L S5N2EBBENFTHRI-LPR LRI I T
SE CFig 41 )15, YLESRIHL TR MM
RO BHEEOMRAERLBENTHE., MEn: L1
5, MFMEBMARITT 294 0> nERAFEE, iz
BEEBEN SRy PO EREREXLS NS,

F58 Ef |
EHoOMBHARNENF2HETF LE LT, RODHY
ELINBRErBEIN=HESE, Y102y 2305k
Ll, 20) E colt HT D MBABWENE ®E AT L
e 35 NT=HBETRKNABY TH 2.
(1) 834D 223, 52oc TOWBIED 7, coti N
IDZ-WKENBET 2BE LT I > [z0v, LREGFAHE
76



T (52°C |5 ) LI IAMABIEE 2, KM
mm:am%nmcum£§<5~30Wm1>méﬁz
EL<EEII >z AL |

¢ 2) WFAOEMMAE0) HIE lﬂ3§94ﬂzzmﬁ%%
WER 2 FMP-BRIFCVFIA>22, 312940
SHEETIRBALEERREF LV EE /RN LIz LY,
ZTHETE L EEEEREOATIVERT - L 2 EEL

<3) 540y nFEREMR S, WRLENTH Y
IZFRMBRA RN & X4c T3> EDTA MBIt d > T 138K 7
PR - X

(4)5rcfmmﬁngu,3H%&Lngfovy
NZEBBR~BT LI,

(5) E . coli 2339402 vnMBHBIZNE
Be LT, MR HBBEEFRR ICE < ARE BN
FOMmK ERBL, 54 0 v IR0 BIEEN > o B4E
BOBBE OB IERT 20521,

77



P58 MARIICHTIOEREENN
mm#ﬁmm%

F1% #E | - |
AL REBEN L, TOTTNIHERcBEENRY
YBT3 -BOABBBATHS . BEHRINT 1D B
NEETELLTPILELPS)IFLIAYUSYENT T
N3 b T, 47, BE, RB, BRBeRGILBULD
BE, AHBIZH ST v, fmﬁ%wi%%mmﬁﬂ
¥ PFig. 5-LI iR LT:BYUT, T RIVEHT T v REFEMAT
FYLFTCAT BB, BRETLIVER DA
L BROEREERLIZK W ATHS. 1A YRES
SR BRCRAMGAEAT S L35 <X05 N 35517,
D9 g m R EEEBNEALAEN TH D, L LYo
5,@&bfwﬁﬁﬁﬂw%ifhé$5nsﬁéﬁ%m
L TISEo TREW T IEL, Sykes S0 1, WY
sAB A ( 25°C ~ 50°C ) Ty B. pwrilus  FRF1ZFTT 2

Tego 51 Gt SNHC, H, NHC, B, NHCH,, COOH
C, HLy{NHC, 1 NHC, H, NHCHL, COOH
Tego 103 G and
€1ty 1 NHCH,
i, NHC.H, © NG, C0OR

107217274

C1 51687 5..33NHC,H NAC H NHCH, COOH

Tego 15 DL and

C12-16"25-33MHC 1 gNHCH, COOR

Fig,5~1, B8tructures of active substances in Tego preparatioms.
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0.1 Mt} v EgfE455% ¢ pH 7.0 ) $o) B. subtilis var.
niger B3 MBS, MMRBBENIL > TBRIIE
#IMT=, Fig. 5-2 |z L &S 12, 100 pg/mk NT
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Fig, 52, Thermal death of B, subtilis var, niger spores
at 80°C in the presence of Tego 15 DL at a concentration

of 100 pg per ml, Symbols : Q, heated without Tego;
A, Tego added; @, heated with Tego,

80°C TMFLLIHE I s THARE S O EBIET 9
RO Iz, 20 & 7 T5ildE f EEES o fBkRikEy &
B3F T3 GeF 51 T¢HIJIRBEONR B0,
MABENRBTIITATT T 15 DL ¥4 LIz,

Rz, BAER BB WEGRRBRNTD =,
= PREI o THBELIZ, Fig, 5-3 BT INRFEAR
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Fig, 5-3. Effeet of
thermal death of

the eoncentration of Tego 15 DL on the
B. subtilis var. niger spores at 80°C

for 60 min. Symbols :(), unheated; @, heated.

NEEBE B128NT,

gaec , 60 AOMBEEHFTIT, S
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Fig, 5-4, Temperature dependence of the action of Tego
15 DL on the survival of B. subiilis var, niger spores,
Spores were incubated at various temperatures with

(@) or without

(O) Tego 15 DL for 60 min,
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_ Fig. 5-5. PH dependence of the action of Tego 15 DL on the
thermal death of B. subtilis var. niger spores at 80°C-

for 60 min, Spores were heated with (@) or without
(QO) Tego 15 DL at a concentration of 10 ¥g per ml,
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Fig. 5-6. Increase in the proportions of heat- 1n3ured and
dead spores of B. subtilis var. niger at 80°C by Tego 15
DL at a concentration of 10 pg/ml. (a) Time courses
of the loss of viability on NA (O,@) and NAS (ALA).
Open symbols, heated without Tego; closed symbols , heat-
ed with Tegp. (b) Proportions of viable (uninjured,
V), injured (I), and dead (D) spores calculated from the
data for 60 min in (a). V = log survivors on NAS at
60 min, I = log survivors on NA at 60 min - log survivors
on NAS at 60 min - (log survivors on NA at 0 min - log
survivors on NAS at 0 min), and D = log survivors on NA
at 0 min - log survivors on NA at 60 min.
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Fig. 53-7. Tleakage of 260 nm~absorbing materials from the
spores heated at 85°C with or without Tego 15 DL,

Symbels :Q, heated without Tego; @, heated with Tego
(100 pg/ml),
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0D sgp

Protein

Orcinol-positive
materials

Dipicolinic aeid

Fig, 5-8. Leakage of spore materials by heating at 85°C
for 60 min with or without Tego 15 DL at a concentra-
tion of 100 pg per ml, [, Tego added; =371,
heated without Tego; g , heated with Tego,
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Fig. 5-9, Turbidity of spore suspension heated at 85°C in
0.1 M Tris-HC1 buffer (pH 7.2) containing Tego at a con-
centration of 100 pg/ml,  Although ODgg(y of spore sus~
pension increased by 21 Z after addition of Tego at 30
°C, this value was calculated as 100. Initial O0Dggao

was 0,283, Symbols : O, heated without Tego; @ ,
heated with Tego, .
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Fig. 6-1. Survivor curves of E, col? cells heated at various

temperatures in 0,05 M phosphate buffer (pH 7.0), Symbols
1O, 50°¢; A, 52°C; A, 54°C; O, 56°C; W, 58°C; ¥V, 60°c.
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Fig. 6-2. Temperature dependence of the thermal death of
E. coli in the presence of amphoteric surfactant at

various concentrations.

Cells were heated with ampho~ 1“

teric surfactant at a concentration of 0 (@), 1 (Q),

2 (A), 5 (O) or 10 ()
buffer (pH 7.0).

pg per ml in 0.05 M phosphate
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Fig. 6~3, Temperature dependence of the thermal death of
E. c¢oli in the presence of sorbic acid at various con=-
centrations, Cells were heated with sorbic acid at
a concentration of 0 (@), 0.5 (Q), 1L (A) or 3 (O)
% in 0.05 M phosphate buffer (pH 7.0).
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Table 6-1, Thermodynamic parameters for the thermal death of E. coli in the
presence of amphoteric surfactant or sorbic acid.

Antimicrobial c trati AH* AS* Ag*
agent oncentration . (cal/mole) (cal/mole-deg) (cal/mole)

None 0 104,000 248 23,900
| I pg/nl 108,000 265 22,400
Amphoteric 2 85,000 195 22,200
surfactant 5 61,000 122 21,500
10. 51,000 93 21,000
0,5 % 113,000 279 23,000
' Sorbic acid 1 103,000 | 253 22,400
- 3 96,000 231 21,500

& : .
AG" was calculated from the data of 50°C,
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Fig. 6-4. Linear relationship between AR and AS® for the
thermal death of E. colZ in the presence of amphoteric
surfactant at various conceantrations (ug/ml) indicated
in the figure,
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Fig 6-5., Relationship between the thermal death rate constant
and the concentration of amphoteric surfactant, Cells

were heated with amphoteric surfactant in 0,05 M phosphate -
buffer (pH 7.0) at 48 (QO), 50 (A), 52 (O) or 54 (V) °C.
Dilution coefficlents at above tempe:!atures were 1.32, 1.10,
0,95 and 0.72, respectlvely.
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Fig. 6-6, Relationghip between the thermal death rate con-
stant and the concentration of sorbie acid, Cells

were heated with sorbic acid in 0,05 M phosphate buffer
(pH 7,0) at 48 (O), 50 (A), 52 (O) or 54 (V) °C.

Dilution coefficients at above temperatures were 1.15,
1,22, 1.20 and 1,10, respectively.
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Table 6-2. Classification by the temperature dependence of antimicrobial agents having
combined effect with heating.

Type Compensation Wbd? of Mntimicrobial Microorganism Reference
temperature action agent
Amphoteric Near the Enhancement of R-~Propiolactone Sal, typhimuriunm 55%%
surfactant- observation thermal injury NaOH Asp. niger spores 47%%,
type temperature and.death ) Cetyltflmethylf E. coli This study
during heating ammonium bromide
Sodium lauryl= ' .
E, i
culfate coli This study
Sorbic acid- Much higher Inhibition of Benzoic acid Sal. typhimuvivm 55%%
type than the recovery from  Ethylene oxide Bacterial spores 52**
observation injury after Propylene oxide Bacterial spores 52%
temperature heating :

% From the results described in Chapter 3 and 5
%% From the plot of log D (decimal reduction time) versus temperature
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