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Studies on the Heat Resistance of Clostridium sporogenes

Spores within the Intermediate pH Range

SHOICHI TAKAO

{Laboratory of Applied Microbiology, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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EAHRAEE D pH OBELD, —#ic [EEE A &
(pH 53 LLE), rhittfedl (pH 5.3~45), Bitkff (pH
45~37) RO EBEAR (oH 3.7 LT 0 4Hsts
H, BECHELTRECTO pHAEERET O LoL
LTEEER T, hbofdef, pH53 L Lo
EavE iy, AN, W #l. T SRR OmEN:
IHIH\ 2D, b OBBICB ST 5 XA EME
DIBEIZ > TR L SRR IR TR0, —FF, BER
U AL e oM OBR OB, HY) R &
DERENBHTHD LI T 5,

L5z, 8% “intermediate pH range” & 3
T % pHS3~45 ok i, XL L TR~7,
Ca—b, X237y 74t EOMTRMBIVEEIH, K
W OEND e - eled b BT, HRIABE
FICBRS3 % FEMGITE O BRI DU i, BB E
RS TH e, Fhik Z OB & Fh s AMORESE
HoFEEE, ZhE oy L TiTibh T
DF/EN S\ L LiesD, 8 )7 B % botulinus
toxin HAEPET L AR, Clostridium botulinum o
I U HEHRAL pH 45 THDHW 7o, Th
Dbk pH #5345 2 hboRBTE, URZOEDH
PLERERT LT, M- TEORWETHT2RS 7
HRT TR E Ebh 20 TH b,

—75, Clostridium sporogenes ¥ gtk Ho T
BESHERRMEE 1 5T, BROFERLRLhanto
DR IR E NS CL botulinum FIEMLTED,
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Lo as Ofid #h: 28 Z DB L b LIk B 000k X\ 18
DT, CL sporogenes & IEH I E 5% F T, CL
botulinum % TRICHRE ©&¥ D, Fhik, CAMERON
(1927 AFHE L7z b o e v o v DN S SEE L7 CL
sporogenes O 1 g#k, PA (Putrefactive anaerobe) 3679
W, REOBESREERET 558 OEBEEKMED 1
DELT T AN AGERETHAIR QN EDTH S,
L LZDWEDWTY, RidohBiklexigs L
TeRBEDOBITRITTRA LT cbhTuiwy, bbb,
TOWNSEND 5 (1938)22, STUMBO (1948)'"), STUMBO
5 (1950), REED & (1951)12), R y® REYNOLDS 5
(1952)13) 1%, f % DM AR P I8t % CL sporogenes
PA 3679 DfgF DM BER BT 508, ThAHDORRD
pH 3F8A EN 03 LA LD EEAMEC BT 5 D TH » 72,
™, DESROSIER B (' ESSELEN (195183, ZhiEEA 4
ELTEERE - 2 OE 0T O BMERIN A T/~ K
(983, KPR (19549 13HF O W & itk
& DBtk BHEHK(LY, BEBEHL L Z OB
BRI BuE TR R LT B8, BT oo
i pH70 T b T\ %, X, SOGNEFEST 5
(1948)1%) 1%, ZFEDOBFELE DK o — L D pH Z IR
b TR VR E CIRE L, ThEho pHickir
5 OB O EER EE L, gk pH 20T LR
BL T30, ThbANEERO—HE LTl &
FoRTHBIGRE L, i aic Tsuj (1959)20)
DFREERREOBEEECEH L, TOMEHEMES L
T, PEEROBERED pH = k1) 5 R FIER I M
B omEES <, % o7 h T CL sporogenes PA
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3679 TN Th, InESEA R A RE LTS DNEHE
ERBDHRTH S,

F ZCEE, o pH ki 5 CL sporo-
genes PA 3679 OfaTO#dE2dg s L, Laxbiesk
Z DOV THFRA EHE S T e JaF TR O
Sk, JAFRTRSME £F, JaT Ol #iicy o #
BT 50T oW TR ER & 1770 » 1o TH O %
wET 5,

E

1. #HEBE®

Food Microbiology, Department of Food Science
and Technology, University of Massachusetts Cf4E
D Clostridium sporogenes PA 3679,

2. TR REAREHH

TsuTr (1959124 25 = oW faFHEUC ALz Trypti-
case 10%, (NH4); SO4 1%, sodium thioglycollate 0.1%
MhIn B (pH72) T, Mn ORAEBCRR L
BLAME, 3T MnSO4-HxO 10 ppm A 85I $5I0
L7z,

3. RFERECCRTFRARTE

CL. sporogenes DfIF% 85121k, Fig. 1 /Rl X
5z, MBS IEREEA & IERE R # LT 30°C T
¥R AT, B OBBIRCBRN 2 58 BREHCL,
FHRENEEEE A 58T 200mé 0o A - 1o
8 oz HIRHIM 30 H-TT/\V, 3~4 AL Lk, %
BHIAER LFRA FRATF DR -1 2 ATH D H
L7z,

LI EbRAK 6L FORTEERBRRIL, £T
Servall type KSB-4 ojfifsi o0t < 15,000 r.p.m.,
35 100 mé OFMEE TEIE L TRF 24D, DT
2,000 r.p.m. T30 4390 3@IAEE L1z, SR BEEHEF A
OaFiL, WTh b OBREN mé Hr-b 108 /s X
5B OEEKCRE LR, FREERBROSE UL
1% 5°C CfRFF L7,

4. RTOWMRECTT DHBEML

1) faFHsisstidio> Mo o8, MnSO, - HyO %
0, 10 Z0r 50 ppm ¥R,

2) NPk o ogE, KHPO, % 0,
M/100 Fo* M/40 ¥shn,

3) FERECRE. JaFHiaER 30°C Rovss
il 37°C % g,

4) JBFRLEDOFE, EmIL L THEDICRET 2R L
Wb D & 3 DK LA b DR HEE,

o

i

“—————— 0.1 ml stock spore suspension

---------- 20 ml broth in screw-cap test tube

incubate at 30°C for 2l hrs
«—l2 m

---------- 18 mi broth

incubate at 30°C for 18 hrs

«——J5 ml
......... 45 ml broth in 3 oz. bottle
]

incubate at 30°C for 18 hrs

«——320 mL

e 180 ml broth in 8 oz. bottle

incubate at 30°C until maximum sporulation occurs
(sporulation level of about 90 % at the end of
| 72 to 96 hrs)

final cultures

pass through centrifuge "Servall type KSB-Ii"
(enclosed superspesd continuous flow system
centrifuge)

flow rate: 100 ml/min 15,000 r,p.m.
apore crop

wash with sterile water by International No.2
centrifuge, at 2,000 r.p.m, for 30 minutes

(3 times

final clean spore sediment
suspend in a small amount of sterile water

atock spore suspension 8
(spore concentration: 10° spores per ml}

Fig. 1. Procedure for the preparation of spore
crops of Clostridium sporogenes.

5) BATTEMERTO lysozyme MEDOEE, Lysozyme
Iz & DI OB E A BB 12D, BROWN B
(19579 > Kk & BB L, 0.25% O lysozyme % & 1r
N/10 KCl ik peiiaF 2 B\ L, 37°C T 2 BpHns
LIzBREEL, RO o & i,

6) MFRAFLEDOPE, KTkl LRTFEY S,
10 B 25°C CRH,

7) lETREROPE, £l 2 KB L Tk
Wb Dk, RTMBREBERPCLOEERFLLELD
& W,

8) METHRERENRMOKE, KEE LicaTx 10
B T0 B RIRE

5. RFOMMEREE

BT o fit#d4 13 NCA Laboratory Manual (1956)23)
@ TDT (Thermal death time) tube method = ¥ -
BB L, ToOfEL Fig. 2 R4l th s, T
b &M CHRE LT % intermediate pH T3
%A pH 47 o M/2 citrate buffer 12, mé Hi-b 108 D
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----- TDT tube
(inside diameter 7 mm, length 15 cm)

<«———3 ml of heating menstrum

(M/2 citrate buffer, pH 4.7)
flame___
seal
inoculate with spore suspension to
glve a concentration of 10° per ml

U
1 e ----- stock spore suspension
10404

I
VUUY

1
—
=

T

------011 bath (110°C)

=
-

l take out, at the end of each exposure
ﬂ!l f

{0
HHAR] ice water bath

== —

e

/break at the sealed tip

colony counting

transfer procedure

Fig. 2. Experimental procedure of thermal
death rate.

TDT (thermal death time) tube method :
NCA Lab. Manual, 1956.

RTRECD L5 BEREL, 20 3ml 2% BET
H® TDT tube A L7cte, st # 53 L, 110°C
@ oil bath [ BEmMERGE, —EMFE = L2 tube &y
hH L, BEBIT ice water bath H-CEHILTHE £0
AR BEFRE I Lo, ZZTHEEE-> T RT
BOBEFEL colony HJEH I W T » 12, Lhidid
Fig. 3 ofi<, FiEH clio Buc A rs 3 BfED
BB AT Y RL, To 1lmé $o%, T
BDROCERBRERNTEHENLL, 45°Cieff->TH% recovery
medium (Table 124 (= 26 1 7-%% Spinning tube appa-
ratus?) (Photo. 1) {&inl), ice water bath FpCE&igIC
FiRS 5 &, BEHUTERE ONBCHEIE & 7o > TEHL
T 5, TOW, HLADIHRE R, KGR DE
aiun—~rHRlg & 20% NaOH 1mé %ML, B
T AR TEE L, ML T 37°C T 7 AR colony A
FEHEREIn 5 CRB LI, #EE, BEXED colony
IR B T S B HERIIE A E s b o I
7%, T @ Spinning tube method (ZIEELHETCL D
colony ML ELTH D, BB EB LoD izdH =

dilute .
.---heated spore sample
| S ——
inoculate with 1 ml .from the respective
dilution

....... 2.2 X17.5 cm test tube

[ e 12 ml of recovery medium
l keep in 45°C water bath
spinning tube apparatus

fce water bath

l 1 g of pyrogallol
1 ml of 20 NaOH
N

----- £ilm of medium
—_—

incubate at 3700
for 7 days

i

Fig. 3. Anaerobic colony counting method
{Spinning method).

Table 1. Recovery medium (Pea-pork
trypticase medium).

Pork Infusion «cecerrreerermiemmmmeiiniaaae 800 mé
Pea Infusion «ccrer e 200 mé
TryPHEaSE «weerererermmrmmierenienniirenes 15%
KGHPO, +verereremreremineeinieniuieaiieais 0.125%
Soluble starch «oceeerrvermminnaenann. 0.1%
Na-thioglycollate -« «c-eerverereeene 0.05%
AGAT  wreerreinerree 3%

DFEAC L BEROBHLES R EOFENDH D,
6. TDR curve OEBKET D value DEH
Bz 110°C CRFiE & gk U224 cFb L,

R BTRC D colony #idH187:, & INEMERICHE 3

HAEFRTFROME Y L, coRFHEEY KD, =

DEHL TDR (Thermal destruction rate) curve & Ff

Th, ZO@ERPG LR, EERREWZ L%

RLTW5B, EFRTFEY 90% B3 5 245 FfH

(5) AR X b B L, Zhid D (Death rate)

value &FIEER, ZOENPKEVE, WEMELREVE

ERFEHRL TS,
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Photo. 1.
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1. BFEEEHRO Mo OEE

Fig. 4 17, MnSOQy » HyO % 10 K1 50 ppm & sl
BB g T A 5°C T 10 BERFE LI BE DM E
R LIz, Zhb 200 Mn RE T, T8 F Ok
T BB EN RS e - 7o, Lo L Mn 67500
¥ & 10 ppm FRINERHL B D%, 5°C T 70 ARR
L7z Fig. 5 5505, Mn RN DERINT 2 =
LT X o, BT OMNBWEZI S R T 5 2 E R
Bbhhiz,

Pk, IFSME TN O BTN Mo 232 L
AERH R A A LD, Losh 3T JEREE Mn 2 inz
HIETE S AT OMBESIERT 0SSR T

VA,

L 5ic CL sporogenes Ts & DR EE T, IFRED
BE & 0 b SEERAMEAE T, A B A SR
52 EEME b B o C TSR L &R
44 v DEEITASEOME L UTE SR, CL sporoge-
nes DIIFISEEEIT S 2 E < Mn BN % 2

<~

Spinning tube apparatus.

7
\‘:\\\\

6l
@
551
4
B
2
o 4]
S . D value
5 :
R H
% ——
g 3r
w0
N

2k Mn, 50 ppm

D390
Mn, 16 ppm
T D:371
. . A . . N a Sihosmmmnin
5 10 15 20 25 30 35 40

Time in minutes

Fig. 4. Effect of Mn in medium on heat
resistance of Cl. sporogenes spores
(storage at 5°C for 10 days).

L7, BLATEE LTEIMOBEE MR 2T
Sfeo11,24,28)

Lo LA EIDOERM L, AT+ 24080
Mn OEINL, LOFREDOEE &R, CL sporogenes
DA DM BEIEINC S BR DB 5 = & ASLFHE Szl
TH 5,

2. RTERSERPOBBREDTRE

JaFi 4 5°C € 10 HEEMRE Lo B e D &R % Fig. 6
R Lieas, KeHPO, SR g2 & B e gro D
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value 71371 T % DIz, M/100 e 4.01, M/40
TIL 457 & B L, Ko+ 5 BEsE o d s e T o
ik 2 ot 5 - L RD bR,

b AT Bacillus subtilis?), Bac. coagulans var.
thermoacidurans®), Cl. botulinum'® 7¢ &Gk, Bz
BEEEERIRINT B & 02 X - THITF Ot ORI+ =
ENEHIB T B, CL sporogenes {Z-2o\TlL, #E3k
COLSIBERBE O RIRE IR T 7cDT
H5s,

3. BFEREEOZE

Fig. 7 mbBb e X 512, & O D FHE &R 37°C
&0 b AT HEGER 30°C THE LTl RTFOE,
LD MCTHEBMES K E 2 o 72, & OGRS, FEF IR

7

\\\
6 -\\\
AY
AY
AY

& 5k
H
z
]
A
«
o
.
2

sk
:
©
S

o Mn, 10 ppm

0:3713
1t \2-no Mn
D196
0 5 0 7 70 % E ]

Time in minutes

Fig. 5. Effect of Mn in medium on heat
resistance of Cl. sporogenes spores
(storage in cultured medium at 5°C
for 70 days).

Log mumber of survivors

3 Tt [ A S R T
Time in minutes
Fig. 6. Effect of POy in medium on heat
resistance of Cl. sporogenes spores
(storage at 5°C for 10 days).

IRE ORI TIRE OREREE A ED 51 ey, RS
hi-faFomBdE & & ¥ 5 &5 Bac. anthracis®),
Bac. subtilis®®), Bac. stearothermophilus?’), Bac.
coagulans var. thermoacidurans® 7o & OFAR LT L
SBICHLDTHD, H>TID CL sporogenes DB
FE LA, #iE 58S his Bacillus sp2) <2 CL
botulinum?) OAFTRHHLHTWBHEE, Tihbbi
RO BN % R TIATEIRELSH > T, ORItk O
FRE T, VTR IEFOMBEIRT 2 &0 5 R
UL T2 30 L Bbh s,

4. RFKEDRE

Bt A R FREEDRE A Bic iRt Fig. 8 ©
WL T, BT OKEDANLE OTREMEICTRA & ED
73 ARY/ N b N

r
ot
£ st
g
g
5
AN
k]
N
R
e T 30°C
¥ <™ Vo
o
W
3 % (RN S S R ]
Time in minutes
Fig. 7. Effect of incubation temperature on
heat resistance of Cl. sporogenes
spores (storage at 5°C for 10 days).
1"
ok
g of
g
x
El
AN
ki
=
2
g
w
3
2 )
no washing
' . D:400
washing, 3times
i DN L
L . N . . . .
5 0 15 0 EEEL] B 40

Tims 1a minuted
Fig. 8. Effect of washing spore crops on

heat resistance of CL sporogenes
spores (storage at 5°C for 10 days).
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5. RFHEEHNO lysozyme MEDHE

Fig. Qi Lz X 5, B i icF v
lysozyme THEE L7zd O & RAMD L D & TiE, Wik
RO BTk » 12,

T

"
5 SF
[
E
H
o 4T
3
2]
H
8ot
0
8

H no treatment

D:373
lysozyme treatment i,
T D:354
S R R A R T

Time in minutes

Fig. 9. Effect of lysozyme treatment in washing
spore crops on heat resistance of CI.
sporogenes spores (storage in cultured
medium at 5°C for 70 days).

6. RFREREREDORE

FaFiR % 5, 10 Bor 25°C i 10 A EIEAE LI5S Ok
R Fig. 10 1R Ly, RabBbaend, 57
L 10°C DARIMCRFE Lo X D & 25°C offff L # s
F LB K E >, Z 0L Table 2 o 70
HEREDEE D D value %K LT £ @LTH
Bo EHRI DX 5, THEWEC RIS THT IR ORAERE
DA R LB RM S, - Tooficon
THRABRFCHM BN ARELE L BRI D,

T

‘\\\\‘\
[2200

6 3
2 st
$
2
H
A
4
Q
H
3
5 3
)
w
3

Na

it

5 0 RN ECRE a0
Time in minutes
Fig. 10. Effect of storage temperature of spore

crops on heat resistance of CL sporo-
genes spores (storage for 10 days).

1. BRFRERORE

Fig. 1112, Zh ¥ TORMSGR Y T ik,
KL TRTF LIS DL, TRREL DT S5
WP BAE Lic b DD Tl sl & Ll L 7c R 2R
L7ed, ShBMRERDOMICITREI R bhish » 1o,

T
DN
N
[ NN
YR
\
\
He -
§ S
3
% . .
g Jd in spore suspension
9 D: 346
&
b4 N N
‘5 o) in cwitured medium
E D:373
0
S
2t
1l
0 5 10 5 20 % 30 35 40

Time in minutes

Fig. 11. Storage in spore suspension and in
cultured medium for 70 days at 5°C.

8. RFREFHHMOE

Table 212, ZFEOSEHTELICIIFRY, 10 RV
70 BRBRE LIS D D value %0 UTR LS,
70 BRFD b O, BFBREE L&DV AR N
b5, Wthd 10 BREMRF A TEED ST
T3 EAEDBRI,

Table 2. D values of Cl sporogenes spores
stored for 10 and 70 days.

Conditions D values
Mn ‘ PO, Inctlégfson Stteorilage 10 days | 70 days
10ppm 0 30C 5C 371 3.46
50ppm O » ” 3.90 3.38
10 ppm M/100 » ” 4.01 3.34
» Mj40 ” » 457 363
” 0 ” 10°C 414 3.53
” 0 ” 25°C 8.33 5.32
” 0 37C 5C 2.54 2.38

ZABIgEL 1961 4E,. Food Microbiology, Department
of Food Science and Technology, University of
Massachusetts, US.A. [\ T{T -7 b DTH Y, T
e - THE MBS & R4 4o - /o Dr. H. M.
EL-Bist o[ < filflE U B % L3k, AR



WR: PEEMR pH i« ki B Clostridium sporogenes DT O Bk ic B+ 5 W Iy

FEAtofE G 7: Mrs, K. L. O’DONNELL (2B #(4 5,
BT AR DR A 15 4o - FodbR RS A BE
A RE BRI ENOFAET 2,

E =

KT IRErE, TR NDS, s pH i
V% Clostridium sporogenes PA 3679 o fa¥ itk
12, WNTEEAY RIT T D TER LTS R,

L. PRI B Mn SEBE > Hind 5
b, BEMOBE I TIaT Ot EE R L,

2. TR OBELEE & R Bk B D, fETF
TRLERE 30°C TR i, FFEMR3TC TEdD
LD, RDMTTHBENRE D T,

3. MaT ok, lysozyme AU O A T EMEIZ
P, RTA2KCERE L TRE L THIaFRRE
FWHIT T D F FRFLTh, MM ERTA LR
o1,

4. FaFRKE5° 2 10°C DRIk b Dk o,
25°C T RAE LIS NI BRI KR T d » 1,

5 BT OWBMELE, REFEDOGHAL LT
FaT g% 70 BERFET 3 &, 10 ARRE LOBAIZIE
NP b B S AR L,

X ik

KPR, 1953, #{bEE. 27: 456-462.

2) AMAHA, M., Z. J. ORDAL and A. TOUBA. 1956.
J. Bacteriol. 72: 34-41.

3) AMAHA, M. and Z. J. ORDAL. 1957. J. Bacteriol.
74 : 596-604.

4) AMAHA, M. and K. SAKAGUCHLI. 1954. J. Bacteri-
ol. 68: 338-345.

5) BROWN, W. L., Z. ]. ORDAL and H. O. HALVOR-
SON. 1957. Appl. Microbiol. 5: 156-159.

6) CAMERON, E. J. 1927. Canner 64, No. 10: 146;
EPee e, 1953, #{b3k. 27 456-462.

7) CHARNEY, J., W.P. FISHER and C.P. HEGARTY.
1951. J. Bacteriol. 62: 145-148.

8) DESROSIER, N. W. and W. B. ESSELEN. 1951.
J. Bacteriol. 61: 541-547.

9} EL-Bisi, H. M. and Z. J. ORDAL. 1956. J. Bacteri-
ol. 71: 10-16.

10) HALVORSON, H. O. 1957. “Spores”, American

—

Institute of Biological Sciences (Washington,
D.C), p. 8

11) LUND, A.]., F.W. JANSSEN and L. E.ANDERSON.
1957. J. Bacteriol. 74: 577-583.

12) REED, J. M., C. W. BOHRER and E. J. CAMERON.
1951, Food Research 16: 383-408.

13) REYNOLDS, H., A. M. KAPLAN, F. B. SPENCER
and H. LICHTENSTEIN. 1952. Food Research 17:
153-167.

14) ScHOENHOLZ, P., J. R. ESTY and K. F. MEYER.
1923. J. Infectious Diseases 33: 289-327.

15) SOGNEFEST, P., G. L. HAYS, E. WHEATON and
H. A. BENJAMIN. 1948. Food Research 13: 400~
416.

16) SOMMER, E. W. 1930. J. Infectious Diseases 46 :
85-114.

17) STUMBO, C. R. 1948. Food Technol. 2: 228-240.

18) STUMBO, C. R. 1949. Advances in Food Research
2: 47-115.

19) STUMBO, C. R., J. R. MURPHY and J. COCHRAN.
1950. Food Technol. 4: 321-326.

20) SucryaMa, H. 1951. J. Bacteriol. 62: 81-96.

21y THEOPHILUS, D. R. and B. W. HAMMER. 1938.
Agr. Exp. Sta., lowa State College, Research
Bull. No. 244.

22) TOWNSEND, C. T,, J.R. ESTY and F.C. BASELT.
1938. Food Research 3: 323-346.

23) TowNseND, C. T., 1. 1. SoMERs, F. C. LAMB
and N. A. OLSON. 1956. “A Laboratory Manual
for the Canning Industry (2nd edition)”’, Natio-
nal Canners Association, Research Laboratories
(Washington, D. C.}, Chapt. 10.

24) Tsuji, K. 1959. Thesis for the Ph. D. degree,
Univ. of Massachusetts, Amherst, U.S.A.

25) WEIL, R. 1899. Arch. Hyg. 35: 355-408; WILLI-
AMS, O. B. and W. J. ROBERTSON. 1954. J. Bac-
teriol. 67: 377-378.

26) WILLIAMS, O. B. 1929. J. Infectious Discases
44 1 421-465,

27) WILLIAMS, O. B. and W. J. ROBERTSON. 1954.
J. Bacteriol. 67: 377-378.

28) Zoha, S. M. S. and H. L. SADOFF. 1958. J. Bac-
teriol. 76 203-206.

Summary

Effects of the sporulation condition for Clostridium
sporogenes PA 3679 and the storage condition of spore
crops on the heat resistance of these spores within
the intermediate pH range were investigated to esta-
blish a scientific basis for the thermal process of
semi-acid foods. The results obtained are as follows :

1. The addition of small amounts of manganese
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or phosphate to the sporulation medium, caused an
increased heat resistance of spores.

2. The spores produced at an optimum sporula-
tion temperature, 30°C, had a greater heat resistance
than those obtained at an optimum growth tempera-
ture, 37°C.

3. Washing or lysozyme treatment of spore crops
had no effect on the heat resistance. No difference
was found between the resistance of both spore crops

kept in water and in the culture solution in which
the spores were produced.

4. The spores stored at 25°C were much more
resistant to heat than those kept at lower tempera-
tures, 5 and 10°C.

5. With every kind of spore crop produced under
various conditions, the storage for 70 days reduced
the heat resistance to some extent compared with the

results of 10 days’ storage.



