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C.botulinum Type E 0.00015 1
C.bifermentans 0.006 40
C.botulinum Type A 0.12 800
C.botulinum Type B 0.18] 1,200
C.sporogenes 1.5(10,000
C.thermosaccharolyticum 4127,000
B.cereus 0.0065 43
B.megaterium 0.04 270
B.subtilis 0.08 530
B.coagulans 3120,000
B.stearothermophilus 14(93,000
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Som| 10mm | 15mm | 20mm | 25mm | 30mm | 35mm | 40mm | 45mm | SOmm | 55mm
56 | 2:35| 2:50| 3:05| 3:20| 3:45| 4:00| 4:30| 5:00| 5:30| &:00 | 4:30
a7C | 1:50| 2:05| 2:20 | 2:35| 3:00 | 3:15| 3:45| 4:15| 4:45| 5:15 | 5:45
38T 1:15 1:25| 1:45 | 2:00 | 2:25| 2:40| 3:10| 3:40| 4:10| 4:40| 5:10
A2°C | 0:50| 1:05| 1:20 | 1:35| 2:00| 2:15| 2:45| 3:15| 3:45| 4:15| 4:45
60°C | 0:35| 0:50] 1:05 1:20 1:45 | 2:00| 2:30| 3:00| 3:30( 4:00 | 4:30
61°C| 0:30| 0:45| 1:00| 1:15| 1:40 | 1:55| 2:25| 2:55| 3:25| 3:55 | 4:25
62°C | 0:20| 0:35| 0:50 1:05 1:30 | 1:45| 2:15| 2:45| 3:15| 3:45| 4:15
63°C| 0:20| 0:30| 0O:50 | 1:05| 1:30| 1:45| 2:15| 2:45| 3:15| 3:45| 4:15
64°C | 0:15| 0:30| 0:45 1:00 1:25 | 1:40| 2:10| 2:40| 3:10| 3:40 | 4:10
63C | 0:10| 0:25| 0:40 | 0:55| 1:20 | 1:35| 2:05| 2:35| 3:05| 3:35| 4:05
d4°C | 0:10| 0:25| 0:40 | 0:55| 1:20| 1:35| 2:05| 2:35| 3:05| 3:35| 4:05
67°C| 0:10| 0:25| 0:40 | 0:55| 1:20 | 1:35| 2:05| 2:35| 3:05| 3:35| 4:.05
68T | 0:10| 0:25| 0:40 | 0:55 1:20 1:35 | 2:05| 2:35| 3:05| 3:35| 4:05
69°C| 0:10| 0:25| 0:40 | 0:55| 1:20| 1:35| 2:05| 2:35| 3:05| 3:35| 4:05
J0°C| 0:10| 0:20( 0:40 | 0:55 1:20 | 1:35| 2:05| 2:35| 3:05| 3:35| 4:05
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Food Safety Commission (fEREB : FR23IEFE 115 248)

DI ABBDE (Clostridium perfringens foodborne poisoning)

1 I ARBDELD

DTN ABEDEE. YT 28 (Clostridum perfringens) FIBERTHEBL.F *
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®1 FYVIXABRELEWOSEE:EHEHER

AR I 1l 11 ! C. butyricum C. baratii
R A, B F B,E.F C,D G (E) iF)
27 Sy EEE + - - - -
EFF ik + - + - -
TR + + + - + -
TS — A B

- + + - + -
%
B oAt - + - - + -
Urn—F + - - -
T + + + - -
) ol el o)
BREEAL ) ' ' '
R A 120°C4 47 80T6 o 100°C 15 47
i EES 112°C 80°C 104°C 104°C
D {E 1.23 0.6-1.25 0.1-0.9 0.8-1.12
W H iR 37-39°C 40427 37T 30-37C 30-45C
T T I (iR 10°C 15°C 10T
NN . sporogenes aHh * C. novyi . subterminale

'WEEIT, C argentinenser L TMIL L7 (Suen,1988) .
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REAXERFZAVT, —BROGHEICIYRESIT
RIBEEEsEMmICH T 5 E & H K

- - — &= AEE=
B BEFIR fp EEER(CFV/e BIRAICED) ZERsmaae
5 ORP #" g—tﬁ ERSER ﬂ] (16S rRNAEEﬁ:J:&)
pH (mV) — iR XEEEE J%/ J@i ﬁ%gﬁ 0
1 <0.1 <0.1 <0.1 <0.1
A 6.3 75 2 <0.1 <0.1 <0.1 <0.1 - - - -
3 <0.1 <0.1 <01 <0.1
4 0.6 <0.1 0.4 0.2 B. licheniformis
B 59 421 5 0.8 <0.1 0.4 0.4 + 9 - B. licheniformis
b 0.6 <0.1 0.6 0.2 B. licheniformis
7 0.4 <0.1 0.2 <0.1 . B. licheniformis
C 51 92.1 8 0.2 <0.1 0.2 <0.1 13 + B. coaglans
9 0.4 <0.1 0.2 0.2 B. licheniformis
10 0.8 <0.1 0.6 0.2 B. coaglans
D 58 518 11 1.0 <0.1 0.8 0.4 + 9 - B. licheniformis
12 1.2 <0.1 1.0 0.4 B. licheniformis
13 0.4 <0.1 0.2 0.2 . B. licheniformis
E 57 532 14 0.2 <0.1 0.2 <0.1 12 + B. licheniformis
15 0.2 <0.1 0.2 0.2 B. licheniformis
16 <0.1 <0.1 <01 <0.1
F 69 -127 17 <01 <0.1 <01 <0.1 - - - -
18 <0.1 <0.1 <0.1 <0.1
19 <0.1 <0.1 <0.1 <0.1
G 68 98 20 <01 <0.1 <0.1 <0.1 - - - -
21 <0.1 <0.1 <01 <0.1
22 0.2 <0.1 0.2 <01 Brevibacillus borstelensis
H 68 -10.0 23 <01 <0.1 <0.1 =<0.1 - - + Brevibacillus borstelensis
24 <01 <0.1 <0.1 =<0.1 Brevibacillus borstelensis

—fEEH FUFREFREREISONTIESE S - 138REL5E

10




B. licheniformis #b-1¥k% F U 7= i3 hn [B] 4% 5L BR

37°C 25°C
1.00E+09
1.00E408
1.00E407
1.0CE+06 «
LOOE+05 +
1.00E+04 «
1.00E403 ¢
1.00E+02
LO0E40] o
1.00€+00

ctu/g

Oday 1day POETS 3days Oday 1oy ap Tdays
RHEEN RFEEN
11
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C. sporogenes #1074¥ ¥ g B. licheniformis #b-1¥£3 i@

—

/

o)

3. .
¢

w we 10 o 1 190 w 3
mmio anm

DI : 90%IEREFR]  Z{E:DED10EDELI-HIGT HBEZEL

| BBUMB G | Dy | Dig | Duo | Do | Dy | 2

C. sporogenes #1074  32.4%  1.9% 0.162% 0.0181% 0.00174 9.07°C
B. licheniformis #b-1  143.9%% 374 0.197% 0.022%  0.0022% 6.98°C

HE: EICLFLFERORFEREEZRETHEDT, 121°C- 19 ZFlE=1LTFE.
EAROLUFLFERTIE., F=4LL L (#542120°C- 49 UL L) DB AEARDOONS,

M XM O ;e

hn”ﬂﬁ# . sporogenes icheniformis HBE. LR ORI LY
120~140°C-10%} 0.95% 2.03% ROB>ND,

B 120C-4&REFLLE 18.38% 166.60% F=t x 10 (T-120/2 1




D& : 90% FE ik B s ZIE: DIED10E D EALIZxtin T HEEZE L

| BEBABIAR (M) | Dso | Diw | Do | Do | Do | 2

B. licheniformis #b-1 143.9453 3.77% 0.19753 0.022%3 0.0022%3 6.98°C

L EWE FeosnnnBtE 1 FEBEAIE

T0 110 115 117 116 110
T1 120 120 120 120 120 120
T0-T1 10~ 5 3" 3" 47 -10
7 6.98 6.98 6.98 6.98 6.98 6.98
(TO-T1)/z  -1.432664756 -0.7163B -0.429799 -0.4298 -0.57307 -1.43266
t 1 1 1 1 1
*107((T0-T1)/2) 0.04 19 0.37 0.37 0.27 0.04

Fe o120 /

1.28/0.022 =58D%:Zmk



1_90% BE, ik 5 ] Z{E:DIEDI0EDZEL IR T HIREZEE

BB GFI) | D | Dio | Diw | Di | D | 7

B. hchemformfs#b-l 143.97 3.777 0.197% 0.022497 0.0022%F 6.98°C

L EIVE Fgagnanft®E 1 SEIEEIE

%

TO 109.5 114.5 116.5 116.5 ” 1z ~109.5

T1 120 120 120 120

T0-T1 2105  -55 ; 45 -105

7 6.98 : 6.98 6.98 6.98

~
(TO-T1)/z -1.5042979° % 20501433 -0.50143  -0.6447  -1.5043

t \\ Tc‘v// 1 1 1 1 1
t*107((T0-T1)/2) 0.03 0.16 0.32 0.32 0.23 0.03

Fs.08/120 1.08

1.08/0.022 =49D%:ZEmk
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Contents lists avaflable at Sciencelirect

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locatefijfoodmicro

Heat resistance of spores of 18 strains of Geobacillus stearothermophilus and | W)
impact of culturing conditions F—

Marjon H.J. Wells-Bennik™", Patrick W.M. Janssen™", Verena Klaus™", Chi Yang™",
Marcel H. Zwietering”™‘, Heidy M.W. Den Besten"“*

" NIEC, 6718 ER Bde, ohe Nedierionds

" Labarmmory of Food Microblology, Wirgeningen [niversity, 6700 AA Wigeningen, e Neheriands
“ Yo Insmire Food and Nitiriion, 6709 PA, Wageningen, tie Nesherbarnds



In this study, different methods were evaluated for enumeration of spores of G. stearothermophilus, different
sporulation methods were assessed for yields and wet heat resistances of obtained spores, and subsequently, the
variation in heat resistances of spores was determined. Overall, tryptone soya agar (TSA) was the most suitable
medium for enumeration of spores of this thermophilic bacterium. Sporulation on different media both at 55 and
at 61 °C led to considerable variation in spore heat resistance. The heat resistance of spores was highest upon
sporulation on medium supplemented with free ions of calcium, potassium, magnesium and manganese
(CaKMgMn). For 18 different G. stearothermophilus strains that were isolated from various sources, spores were
subsequently produced on nutrient agar supplemented with CaKMgMn at 55 °C. Strain ATCC 12980, also known
as 9A20, which is commonly used in steam sterilization tests was included. The survival of spores of all strains
was assessed at 125 °C and 130 °C using two independent spore batches per strain. The mean D, ,5-¢ for spores of
the 18 strains was 1.1 min (95% PI 0.48-2.3 min) and the mean D;35-c was 0.37 min (95% PI 0.17-0.82 min). For
spore inactivation of these 18 strains, was estimated, resulting in an estimat
95% PI1.1-5.2)F oo olce teperature Based on the data sets obtained in this study, it
was found that the variability in spore heat resistance could largely be attributed to strain variability and
conditions used during sporulation (especially the sporulation medium); reproduction and experimental vari-
abilities were much smaller. The established variabilities were compared with the overall variability in spore
heat resistance of G. stearothermophilus based on a meta-analysis of reported D-values. The data presented in-
dicate that strain variability and history of sporulation each account for approximately half of the overall
variability observed with respect to the heat resistance of spores of G. stearothermophilus. The findings presented
in this study allow for optimal recovery of G. stearothermophilus spores from foods and a better understanding of
factors that determine the heat resistance properties of spores of G. stearothermophilus. Moreover, this study once

more underlines the limited effects of heat treatments used in the food industry on inactivation of spores of this
bacterium.




LEE FLpitE 1 9EEBEEE

TO 120 125 130 125 120 110
T1 1211 121.1 1211 1211 1211 1211
T0-T1 11 3.9 8.9 39" 117 -11.1
7 11.1 11.1 11.1 11.1 11.1 11.1
(TO-T1)/z -0.099099099  0.35135  0.801802 0.35135 -0.0991 1
t 1 1 1 1 1 1
t*10"((T0-T1)/z) 0.80 2.25 6.34 2.25 0.80 0.10
12.52

12.52/2.4=5.2D%ERK



L ["‘ i [" Fiie 11;5"'% 1 ﬁfﬂfﬁﬁﬂﬁ

T0 119.5 1245 1295 1245 1195 1095

T1 1211 1211 1211 1211 1211 1211

T0-T1 1.6 3.4 8.4 3.4 -16  -11.6

7 11.1 11.1 11.1 11.1 11.1 11.1
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