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addition to heat-injured spores, spores damaged by
irradiation are more sensitive to the pH of the recov-
ery medium than undamaged spores (Farkas and
Andrassy, 1985). Other chemicals that improve spore
recovery include sucrose and glycerol (Busta, 1978),
bicarbonate (Odlaug and Pflug, 1977), and
thioglycollate (Odlaug and Pflug, 1977). Several
cations, such as iron, magnesium, copper, calcium,
and manganese can improve recovery by enhancing
germination or cell growth (Busta, 1967). Sucrose
and glycerol are considered to be radical scavengers.

8-6. Oxidation-reduction potential (Eh)

The oxidation-reduction potential of the medium
and the gaseous conditions can be influential on the
recovery of normal as well as damaged anaerobic
spore formers. (Shoesmith and Worsley, 1984).

Anaerobe spore of C. perfringens damaged by heat
recovered best in a pure nitrogen or in hydrogen at-
mosphere than in one in which they are mixed.
Irradiated spores, however, recovered better under
nitrogen than hydrogen or their mixture. Spores dam-
aged by ethylene oxide gas also preferred nitrogen in
their recovery environment (Futter and Richardson,
1970b). These phenomena indicate that the recovery
of the damaged spores differs depending on the sort
of sterilization procedures.

The environments of carbon dioxide are known to
enhance the germination and growth of Clostridium
spp (Foegeding and Busta, 1983c). Hydrogen, in
combination with carbon dioxide or nitrogen, how-
ever, did not alter germination, compared with a car-
bon dioxide or nitrogen atmosphere (Foegeding and
Busta, 1983). Carbon dioxide levels at atmospheric
pressure inhibited the germination of the aerobe &.
cereus, but enhanced the germination of clostridia.
Increased carbon dioxide levels under high pressure
caused the complete inhibition of clostridial spore
germination (Enfors and Molin, 1978). Although the
type of gas atmosphere is important in the recovery
of anaerobes, the oxidation-reduction potential of the
substrate has been more important than the gas com-
position of the environment (Johnson and Busta,
1984). Improved recovery with sodium thioglycollate
has been attributed to its reducing properties.

Reducing agents including thioglycollate may be in-
hibitory, depending on the type, the concentration,
the strain, and the exposure time (Shoesmith and
Worsley, 1984). Thus, the use of cysteine as a supe-
rior reducing agent, which is noninhibitory to clos-
tridia, has been recommended (Shoesmith and
Worsley, 1984).

8-7. Incubation temperature

The most appropriate and optimum incubation tem-
perature varies for the enumeration of various spe-
cies and types of spore formers. The optimum
temperature for injured spores is in general different
than for uninjured spores. This has been observed
with heat-injured spores, which often require lower or
more restrictive temperature ranges for optimal re-
covery (Adams, 1978; Futter and Richardson, 1970a;
Shintani, 2008). The lower or more restrictive tem-
perature range for better recovery of injured spores
may be influential either on germination (Adams,
1978) or on outgrowth (Prentice, 1974). This phe-
nomenon has been observed with a variety of heat
treatments, heating substrates, and recovery media.

The species of spore formers that have required a
lower or more restricted incubation temperature
range include B. subtilis (Prentice and Clegg, 1974;
Shintani, 2006), G. stearothermophilus (Cook and
Gilbert, 1968; Shintani, 2006), C. perfringens (Futter
and Richardson, 1970a), and C. botulinum (Odlaug
and Pflug, 1977). Spore of B. subtilis type heat-
injured at ultra-high temperature recovered more ef-

fectively at relatively lower temperature than at an

optimum temperature of 45°C for uninjured spores
(Edwards et al, 1965b; Shintani, 2006). Heated
spore of B. subtilis also recovered better at 30°C,
while uninjured spores were enumerated equally well
at temperatures in the range 15 to 50°C (Prentice and
Clegg, 1974). Maximum counts for heated G
stearothermophilus spore were obtained at 45 to 50
°C, compared with at 50 to 65°C for unheated spores
(Cook and Gilbert, 1968; Shintani, 2008). The maxi-
mum enumeration of heated C. perfringens spore was
achieved at 26°C (Futter and Richardson, 1970a)
compared with 34°C for the control. Injured spore of
C. botulinum recovered best at 25°C compared with
at 31 to 37°C for uninjured control (Adams, 1978).

Changes in the optimal incubation temperature
have also been observed with irradiation-treated
spores. Unirradiated spore of C. botulinum 62A was
well enumerated at 45°C, while the detection of irradi-
ated spore showed a maximum enumeration at 35°C
(Chowdhury et al., 1976).

8-8. Incubation period
Injured spore formers exhibit a longer lag phase
during recovery than uninjured spore formers. The
period of lag phase can be as short as a few hours or
as long.as several months. Thus, the incubation pe-
riod should be adjusted for optimum recovery
(Blocher and Busta, 1982; Mossel and ‘van Netten,
1984). Cowl By =
Delayed germination and growth ¢

; injured spores
may result in the underestimatio

f heat resistance if




‘he incubation period has not been prolonged (Lynt
st al., 1983). Longer incubation period has been re-
guired for heat, irradiation, and chemically injured
spores (Futter and Richardson, 1970a; Chowdhury et
al., 1976; Wallen and Walker, 1979; Neal and Walker,
1979). In some instances, repair may be accom-
plished during storage at refrigeration temperature
(Edwards et al., 1965b). The incubation period may
also be shortened by the addition of certain ingredi-
ents (e.g., yeast extract, glucose, pyruvate, alanine
and so on) in the recovery medium (Wallen and
walker, 1979).

9. Conclusion

The presence of injured microorganisms in health
care products and foods may cause any hazardous
problems. It is necessary o diminish totally the in-
jured and uninjured microorganisms to attain suc-
cessful sterilization validation. Otherwise, - faulty
results may be attained in terms of sterilization valida-
tion. The phenomenon of superdormant spores
(Gould et al.,, 1968) and their relationship to injury
needs additional validation research.

The relationship of tailing in survivor curves relative
to spore injury also needs evaluation (Ababouch et
al., 1987; Ababouch et al., 1987, 1995). Preservation
with combination of physical (e.g., heat) and chemi-
cal (e.g., sodium chioride, nitrite or sorbate) treat-
ments may lead to spoiled or toxic products after a
longer period of time than that for control treatment.
It must be clarified whether this delay could involve
some type of injury and repair process. Although heat
injury has been studied more extensively than injury
by other treatments, there is a need for additional
work on injury caused not only by heating, but also by
other sterilization processes, less well-investigated
injuries, such as those caused by radiation, chemi-
cals, drying, or cold temperature.

Future research should clarify the following mat-
ters. Why is injury expressed in various ways among
species, strains, and processing treatments? Why
does the same treatment sometimes result in injury
that is expressed differently in various species or
even within the same strain? Gan knowledge on the
repair requirements for some species be applicable
to other species under similar conditions of injury?
What is the extent and importance of injury in real
healthcare product fabrication systems? Studies
should be designed to clarify and to answer these
and other pertinent questions. If such guestions can
be successfully addressed in the future, then guide-
lines and standardized procedures could be formu-
lated for the recovery and enumeration of both normal
and injured spore formers in culture media, as well as
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in complicated healthcare product fabrication sys-
tems.
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BEETLUVICERERORES LU
N DEOIEE « HFERMHICO

WTlE

MEHREE CHL B RE T 5 IS Z Ot

e KR, Lo &

FL®IC

PBEHSIRE I T 2EOEREIc LTI AR
B 5 VI EREREREOBSILELTER
ZEENRETH B, —ARRNICIRENC L TR
HERBVORIFEMEATH S, VA VRHLEVIG
Sempa oI 3 EIEE £ 0 FIAECERED S
WOMELET S (FE1o

— R SRR IR O SRR & SRR
fa s o (D E) OEREMEROEB& I
INS W (1) FIAE Bacillus BOEE, BE
vk 12 2ERAE &SR BMIE S TIR1000/E ML D EH
Bohahs, HEHROBACRZOERELEN
LIERITHD (El)e COBVIITEEDHEX
H =X LADEWHSEL B, HEMTFIICHT S
TREHEICHL 2 DNA BB L 2 oERICB L Tidid
mAEsBanw, BEERECENTS ﬁﬁm‘iaﬁz
BIC oW TR 2 2BBEI NV,

ST EIEE I T A ROMR, BE
LEHEIC DWW TS B, '

HEHRICX S B F RO

ﬁﬁﬁjf??@i%@iﬁm@éﬁi%ﬁh 12 B. pumilus
BaoBHcEREERTIBEELLSHM, B
megaterium DBADHICY a WV —EIRTE
Bbdb, Bicizy— ) v IEDERL, 5Kl

®1. HORERAECHTS D E

EfE D{EKGy) vavy-839 D Gy

i ik
Clostridium botulinum

Type A 36 3.3 4.0
Type B 1.1-3.3 40110
Type D 2.2 2.5-3.5
Type E Beluga 0.8 2.6—3.5
Type F 2.5 2.56—-3.5
Types A, B 3.4-4.2 2.56-35

Clostridium sporogenes 1.6—-2.2

Clostridium pertringens 1.2—2.0

Clostridium tetani 24

FREIFIaE

Bacillus subtilis 0.6

Bacillus pumilus E601(wet) 3.0

B. pumilus E601 (dried) 1.7

B. pumilus ATCC 27142 1.4-4.0

Bacillus sphaericus C1A 10.0

TG S T

Salmonella typhimurium 0.2

S. typhimurium R6008 1.3 4.0

S. typhimurium 0.8

Salmonella seftenburg 0.9

Pseudomonas spp 0.06

Lactobacillus brevis NCDO 110 1.2 0.2—-05

Staphylococcus aureus 0.2

Streptococcus faecium 2.8

Deinococcus radiodurans 2.2 12.0

Moraxella osloensis 5.8

Acinetobacter radioresistens 1.3—2.2

Aspergillus niger 0.5

Saccharomyces cerevisiae 0.5 ,

94 INA

Foot and mouth 13.0

Coxsackievirus 4.5

IDIE:A\DU \rJuf?IEmnFﬁ’ T168— 8501 EF?%NWEQ[ZJ_W””I—W—I B03-3700—9268

0385 — 5201/2006/1010 — 0645 $02.00/0© 2006 Soc. Antibact. Antifung. Agents, Jpn.
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v e FEICE 356 b5 5, MEEEE
Lmbéﬁ%ﬁmzm—7kiﬁgbmm Vs
¢7~uﬁtf T~ DBIL, $BEoEE,
L';g phase, FHEHLETHBE N, 77—y v
RRE7 5 VTR THAING T EnEL,
CNSDBIATETON — 2 % F55Mc 5588 LI
W,

BEETO £ — b ¥ 2 v 7 B 3 SENAOT RGN
KHEESA5L3EZ ONHV, HEHEICILE
FRADARIELE GRBEMEORIE L AFOES
TEDLEN B, 7o LIENAOIEIRES 1 B L 72
FEROEREME LTV 3,

2. HIEOMSHEMMEX H =X A
2-1. FRBEDHSND

BRI © BT SBT3 IR EHERIE(L,
DA N =X 453 DNA DIBETHD, HHic—E8y
LoV ERDBEEICI S, FOETES S
ISR IS\ A, TEOTMEA b = X A
FEIC TRV,

YRFA VEFESEWEFIE SHREHSIC T
DEFMESE . COEBELTYRFA Y OB
TCER 2 SRR E TV 3998, —FHBFLbT
DEBHEREABVEVIEHEL L2, F7-
YEDY YEH UV B ICEEEEL 54
WHORRESONH B —F U vERASHETHER
HIEICHEESEZ LW E VS HELH 2D,
I8 DNA OB SHRIBETTE A B &2
ABNTVS, Lk LENEEEOEERE )
ATFRADIKS TEM PN DNA O SRt ic
SIRET 20 Eica, B, r HONYFREARNE
PEFRELE ISR S L wEE 2 5
nav,

2~ 2. ZFIEDNA 2339 B HsHeBEDE

&

WAL 2 I Lo B2 ERIC 12 DNA I8
BEEBREREER o Na0, ZhrdciEn
Vo FIBIIKIRRIETS 2720, —R89IZ DNA
DERIBIEE TRV, Lmbhéﬁfoéﬁ
RRESNTEY, FBRMEIE > TRIEHEIES

- 30—

P

N LEERZOBELEE 2, Tl
HECOEBMETY s Ly —2RE B VE
(C. botulinum 51B) &2—6kGy fHETY 5 v
5 =% EH (C. botulinum 83A) DS
THEEE Lc s 25, 3kGy L LEOBETY 5
W F = IR IR R I 14 —S 45 DNA ©
BEMTEERB O NS, F/180 5N T bIBEHE,
BB T TIR—B8 DNA OB OBEE
BT ENHERENIL'Y, KIEEIZEIE DNA
EREEETEIRIRILAF K H— i3,
ERABRCLBEERF V- & (EDTA %2
E) THEEN, Mg B EOHRMTHEE LRSS
h, BEsEL,

3. FHROMERMECNT BEER

BREERO—F|& LTBEAEZ 1288, i
& B. coagulans #328°C &55°C & TR X h
IHEEHR L2 LT B, FIEOBEDHIIRE
BIERMEDSE O EBAD -1, BEEOE
B0 o I B OBE YRt IS5
BHBOVTHBEINTV S, -3k
SEHAB RO AR O o O I B EESR
EiEIUE Ve BEEEE L 3 2 & Me TV 3,
HROT &M OEMNCEZ BB
SABHBICHNTE DLW, fFhicL
5ILEERICIE » TRENSE A 384805 > W
TRLENH B,

BRI UL B BRI SR B iR
HRIRBEFE 0 CTREATH S & & nTWwa!n,
0 CUIF T MEHRRB TR s h i dE L ae
TH5O0H 5V H UK THIZE NS o BE
SERDBBLT B —HHBNERDES, Fliid
S0~T0CDIRE, MERIERHRIERES 3 LIk
THLUTOREDEELVE D, ChiZBETIR
ERLIS OH VDT = - WEHB OGS &
EZoNTWAE 10,

B. cereus® 13 5 U C. botulinum? V3R
XY 2 ARBEE OBS, pHb—8TIZEE |35k
EHE DS, PHSLIF TIBIE M4 2, C
botulinum SFIADIRE, MIHRBEE OEEH:
BERD 5V ZNLI TR E pH i+ 2380
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BRGNS EE 5 &ML TVWA Y,
FIADEHFEIRE R ATEE, Aw, BET
TEH5IETOEE LN, MEHRBE TR ERE
DEB DB IMAEEOFETOEBIT LN
DR 0, & BIEHITIER L 1IBA
ZIRGTEIEASMER W & AETRFIRD v 5 2V 57— OB
PR 185 & TREHRIEIEE T C &0
NTWB, EEHMBO Y 2 vy — DRI &K
SHARTUE & ORI 2B B,

4. HHEBREBIINIFROBELZOD
TER '

4—1. EXRER

HERFRE T RFRONELE DNA BELS
DENRE SHFIUEA 5, PIARH 3 HEICIE
BB OB FIRORFOREL 7355,
C DIGEEHRICES TR, ) ITRTFF
HOUIT ooy VERMSIET G 1Y, e
LB AR FETFRMEOZEOHR LML
TWAB 10, FERCHT 2 BB TH VD
) YERDRHMSRONDA, ) TRTF KOl
H R BEHR OB E I TN, SRR
B - THIlEAO A ) I RTF KRV ) v
B C ORISR LN B T & 3RERIEE O ER
LHFERFWF ESEUL TV EERLTY

31
5

4—2., BETEEERII-FRERICK

FTREER

HREHRIRE T OB OIRE LEEE O
R o HERoBEH - TR Y, &
T INELIE L B 1818 & E I RETIC I 2 1B D
BALEEEMIZIRA b L RICKT 5 RS
EE o TVE, FEEICKT 3B TREO
pH X9 2BEWAET 0, FHEIFEROE
BEHEEREL ST T LIRSS, 12
EMichotER (NaCl (ZIBEHEE 253 234
DOEBFREESE S Y, KO BT
JEIBIE C. botulinum DEBAEET DI L
T, BEEHAEIRE C botulinum OEIE H£B%
BEXE 3 EVHIEEZAKENY, HiEiRE

30 20

W EER (%)
avia—-n 100 100
- 90°C, 124 19.2 12.9
4kGy 8.3 7.6
90°C, 124 +4kGy 1.6 0.9
4kGy+90°C, 129 0.0001 0.00002

- 31—

ﬂﬁ?ﬂﬁﬁ?“f@ﬁ<ﬁ#ﬁf“@“o

4—3. REFEROEBRS MDD

IREIHFIaE BRI AR DS 2 © & s e i
W5, IR EIENE DA &b+ T DIRE) Rz
DVTEHERL, 3R LAE B0 B & s -
DA EHLE THEDRIEE 52 bt
BO, EFBREELERSRIELCEERLT
Wa R2CBERREESTHERL LD ED
LEEI o=V E BRI RELTY
%5 B0CL0CTOHED), BidDEEBnE 9 TH
Bkd 5 DILIBE & BB & AR HET, Fho
DNEFAEICIE B & & THEE D1 0 B3

% 2. Buacillus cereus IR R 4 iRRE, WG o
CRRE LB OEASDEHRIc>vT

BRI CC)

% 3. Bucillus cereus HAMEaLc RIZ TR, MB4, 15

VwiRE ERBE ORI b EHRIc>VT
RE AL MRS (CFU)
avbo—n 9.7
0.5 kGy 9.4
4 kGy 7.7
90°C, 274 9.4
90°C, 95% 7.7
0.5 kGy+90°C, 275 8.3
0.5 kGy +90°C, 954 6.4
4,0 kGy+90°C, 279 4.5
4.0 kGy+90°C, 95%% 15

% 4. Clostridium perfringens FNEFLEY ic & (& ¢ BEE,

Mg, WOoUIBELBHOEASDENRIC>VT
RE ik WL FFR (CFU)
avhbo—-n 9.2
4 kGy 8.6
80°C. 30% 8.3
85°C, 104y 8.2
80°C, 304 +4 kGy 7.6
85°C, 1043 +4 kGy 7.3
4 kGy+80C, 305 7.3
4 kGy+85%C, 104y 6.8
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5. RIESHENDTO Clostridium BRSO K
ETRE, B, S50 CRELENOEAShEHE
iZoWnwT

et

R7. BEEY — ¥ 8EENh D Bacillus circulans
IBERcRiETRE, RBE, SoUcEEsEH0EL
EhEYRIconT

RIEWE (%, w/v)

TR — 5RE (ppm)

0.5 6.0 0.0 150
R A i LFEH (CFU) IR i EEH (CFU)
Clostridium botulinum 7272 A Jvho—pN 95 9.6
Ivihto—n 9.2 7.8 4kGy 75 8.1
4kGy 8.6 4.8 90°C, 934> 6.0 8.4
80°C, 305 8.3 6.4 90°C, 934> +4kGy 3.9 6.1
80°C, 304 +4kGy 786 3.2 4kGy +90°C, 93453 <18 <18
4kGy +80°C, 304 7.3 <15

RIEBE (%, w/v)

0.5 2.5 #5, BILTRTERY BIEEIRIEE NaCD
HEs % EFEE (CFU) 3 LT RS s a2 e 99 AERINCEAS
Clostridi botuli 1304 E . . T
gt Sorutimm i o PEEAAE U BIBER E LTEA BN 5D IER I
4kGy 5.4 33 SEBMHET, 14 v HBLAESE LT
70°C, 605} 7.0 5.2 DIKATEMDRD & 54 + VBB OIS i &
70°C, 605> +4kGy 5.1 2.8 PO . a3 gy —

' AT E A\, 1ET z 5

AkGy+ 0T, 508 <1 <18 POERBATER W, BERSIIETICRTES

R 6. AREHRIDTO Bacillus BEFIIMR o K3+
BB, MRS, NOUKEBEE:BHORAShENEiL-
nwT

BIEIME (%, w/v)
0.0 2.0

BE % EFEE (CFU)

Bacillus cereus T

=N - 10.2 10.3
4kGy 9.0 8.4
90°C, 125 9.4 7.0
90°C, 1243 +4kGy 8.3 4.4
4kGy +90°C, 1253 4.2 <25
BB (%, w/v)
0.0 8.0
WE & HEFEK (CFU)
Bacillus circulans
avho—-i 9.5 9.3
4kGy 7.5 7.3
90°C, 934 6.0 4.6
90°C, 934 +4kGy 3.9 2.8
4kGy +90°C, 935 <18 <18

CETHB', K3 DBELBEENIEEE L
BEREL TOBMICKET s 2R LTW
2V RO T LR 41F L7 Clostridium
perfringens #F\V/BATHEL BV, O
IR & B2 pH Tl » T S BB RS B © &
BHISNTWVBIN,

- 32 —

DRIEOEDL L ICEME Y — S AR LIS,
B Y — 520N L 78 A OB HE s+
BPOTHB, A4 VIEEHICKIZT A 4 L hEF
DERIET 5 E 5 L AERING WISEE Y — 2%
MbA A4 VEEDOETHEDL DA,
R2DO TICHBLTEA B C & I3RS &Nk
LOHABDEDIFE, BEEEICTS &HED
RBLVBHTHEL VS T EDBHDB, & 7248
FNROBE, DRIGBIKE, 7Lr=v3Rc
€ - 7 REERTE, 125 U EAOIES I 3R
BEIEET 5", HENEOEHE LT3 DNA
BEREREROBRE LT FEI SRR 10,
fthDIER & LT IZBEHICI - T T L5 5 2 X
NRTFRITNA YOS B VA VEF
b, BBEFEERER SV ITHEKRA A= LD
MEFHEAE L, 2Dl dicdictid 3 RSHSS
0, BEDRSER LLEL B 0,
=TS ) 2 ) v v s S WEA I
BEHRSBLT 5, ChidBEORE(LEET
SBEO0HSYHIAMNIY ) vy 2D OH
LIRBRE LTHES NS0T, F) &) v
v s EIBBSHC T B IR MR A RIET 5, R
LB IR T DEDRIBK IIZRGRIE A H = %
LLEHRTH B, D DHBSHOEE - 18T
BEOIED Y VB S CIHERPEE D
THBY,
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% 8. B. subtilis Akt 2BEM(S), MEHR(R), fn

BRI (H) BB 5 il A &b ¢l 5 BOER TR
JaB sk BIER 80

S 0.3

R 0.75

H 0.85

S+R 1.0

S+H 14

R+H 2.0
S+R+H 2.8

20, EHBOy vy 4 (Ca) BROSD LB L HF
JaxBIS 2 5128 (n=3)

BHE (kCy) HRER (%)

Ca it

Pl 1 86.0
Hlawn 3 82.7
3N 1 92.2
EAN 3 86.2
£y, DlEw 0 100

DISVIEEO Caidl6lE14pg, HWESIE216E250g

4— 4, BEEMBMEHZNIZNLUSN

EDHAELETORENR

2% 8 izt B. subtilis DFEEHEME (S, 20kHz,
120W, 3043), hugtimiig (R, 2kGy), HnEyd
= (H, 99°C, 604) B sUiczh TN
AEhE EBE (HER) & OBRERL,
Z DR, BERNBOBEOHRIMLDIGEIC
HATHEIERIMEOS, FEHR & mBYURERT
IEIEE CEGEEMSEB SN, ThThose
HETEFGES LT T 5 EHHERTE 5, &
KOBFNREER LD RBETOHAEDLE D
ET, IROTHEHR & NBVIE - DA ELED
BETH-12'Y

IR I RS IRE L 7 B, subtilis &I Ca
Bo/pii i (161%14ug) & CaBOE VR
H (216+25ug) DEFNEFNOEEORETR
(%) ARLk (£9)'7Y, HELLUVIKBES
EEBICER B, CapEBICKETEEICH
LTREBRBEREART CEAETHL AL TY
B0 ORFEREEZT YK/ —LOD
G, SHBBENTVWRBEENHEHY, Y
B =L THNE Mg bBENTRRTTH %,
o DEROESIIZ O Mg IRINICIL A8
BEOBNERED oML, -1z, BADE

- 33—

oy

éﬂi [N "5)&4m@$ﬁté"ﬁ"‘s)@j%’%t 0351%:;""\‘7:){'1\4‘@}
Lb—B LI\ OIIEHIER, B8, s
EBRILTREVWIHEEZEITVS, ERO LT
A, BEFE EERESERD SBERTLE
150, EHECET2REMEISERL ST &E00h -
TW3B',
EERETTORMSFRSHESDE &
DBEISNTWA S CoMEEE LTI
WF oy ) ADRTF FI Y H v~DBETEL 3
EAO IS EIEIRING & I FES Tl 5 RIEMHI
RT3 EEZ SNTW3,

TR & IS S o LA &£ ORFR
BEREINTVABY ) 20t h=X sl
WTOEMIIARIETH 3,

i

il

HAEHEEE S I VT v 7 RS ICIRIES
5. YRR & NS LEMET I3 a0
ARDEXEE, O EDDS, BE, BWIENLS
T,/ b 5V IRAERT & OfEs &b hiZEa
BEOEBAHEX R ZDICHENTH 5o AR
MRAIBET 3 100 IBEEOESFLIREOK
BAFTHCEREL T MBEND B, BEEEOM
LRBEEHERL S VI RENROE LIS T 5,
ZOBWRTIRIEEEN SUVIKEEE L OREI—
HLTHD, mEs SBEROMEELOERE
oL WEEATWS, ZDOEBRTRE, M
WIET S OBEAEAEAADE S T & TFE
HoEEENFHDTE, FRCBEDROE LD
RS E 1B, I RRICER T N E A RREDR
oL & ERFCMRORENRIN TSI LD
BETHb, NI GMP OBE»SEREN
60
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Fig.1l. Injury and repair of the spore heat resistance
mechanism by cation exchange.
Spores of Bacillus megaterium were equilibrated

with acid at pH 4, then reequilibrated in solutions
of salts of various cations at higher pH values.

The figure shows the reduction in resistance
brought about by the acid treatment and the re-
instatement of resistance brought about by "re-
loading” the spores with cations: @, untreated
control spores; O, acid treated at pH 4; B, Ca®*
at pH 6; [, Ca’* at pH 8; O, Ca®’* at pH 9.5; A,
Na* at pH 8; A, Na* at pH 9.5
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Fig.3. Recovery of salt tolerance by Bacillus
megaterium cells treated for 5§ min with 12 wmol/l
chlorhexidine and recovery

(O) tryptone soya broth (TSB); (@) TSB containing
various metabolic inhibitors: (a) actinomycin D, 15
#g/ml; (b) chloramphenicol, 20 #g/ml; (¢) nalidixic
acid, 20 ug/ml; and (d) antimycin A, 10 wg/ml
Colony-forming ability on tryptone soya agar (TSA)
+5.8% (w/v) KCI is expressed as a percentage of
those on TSA alone.
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