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Heat Resistance and Growth Characteristics at Low Temperatures of
Psychrophilic Spore-forming Bacteria

Yoshio Aoyama and Tomoe Enda

Heat resistance and growth characteristics at low temperatures of four kinds of psychrophilic spore-forming bacteria, Sporosarcina

psychrophila, S.globispora, Paenibacillus polymyxa, Clostridium putrefaciens were investigated. D-value at 100C was one minute or less

in each bacterial spore. It seems to need heat treatment for 10min. at 100C to sterilize these bacteria. Culture test on trypton-soy

broth medium showed that S.globispora only grew below 5C. S.globispora grew even at 3C. The lag time for growth extends more

by getting the low temperature, and the growth rate has decreased more. The microbiological hazard against psychrophilic spore-

forming bacteria during storage at low temperatures was evaluated on the length of period taken until population that bacteria grew

up.

Key words: spore, psychrophilic bacteria, heat-resistance, D-value, z-value, growth, preservation, pH, salt
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Table 1 Bacterial strains used in this study
Bacterial strain Optimum growth temp.
(C)
Sporosarcina globispora JCM10046 20
Sporosarcina psychrophila JCM9075 25
Paenibacillus polymyxa JCM2507 30
Clostridium putrefaciens JCM1431 26

Sporosarcina & 2 #, Paenibacillus J& ® U & % W 1,
BBL#®O M) FFr—2v 4 7axEH (TSB) T 20T
THIRG2E L 72 b 0 % A C ORGP BRI L 7.

B VEW CTH 5 Cputrefaciens |22 WTIx 7 v 7 K3 —
MEHTHEFEADORE) ST 74 V2 EF L THEELL
(RE220E 20C) b o AR B Fl M 3 BRIk L 7.
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Table 2 Heat resistance of psychrophilic spore-forming bacterial spore

D-value (min.) z —value
SpeCieS [®) @) @) @ O O @)
82.5°C [ 87.5C | 90C |92.5C | 95C 100°C (C)
S. globispora 24. 6 3.8 — 1.2 — — 7.6
S. psychrophila — — 3.6 — 1.5 0.5 11.7
P. polymyxa — — — 1.5 0.7 0.3 13.3
C. putrefaciens — — 5.9 3.0 1.6 — 8.8
1000
[ J
®
100 | thermophile
° ° i
c : °
€ 10 psychrophile [ ]
~ ) [ ]
o
3 . :
T“ 1 I 1 1 1 1
s U
a 70 80 90 100 110 120 180
01 F mesophile :
0.01
Temperature (°C)
Fig. 1 Heat resistance of psychrophilic, mesophilic,

thermophilic bacterial spores
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1) BEDIEEANDRE

R OB i o —# & L T, Sglobispora ®
TSB 554 (pH 7.3, &3 0.5%) TO¥EG AR % 7~ 5 (Fig. 2).
o XD R E, KIEFRE 4 fi2owT, pH &
FIRIRIE 22 2 72 TSB B TRz, 2 O MRA & 38
FWHIH L7222 W85 ODgy & LTOLIWCELET A FET
DHEERDOT—EHRIILZE D) Table3 TH5. ZD
RTHEIFEREIN TV RWES () ZRBRYIMTI
Wil L 2 o7-:2 2R LTwAh. ZOHEP20THS
10C, 5C, 3CEMRICARDIZoNTHINLTE Y, Kk
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B X N7 W O TlE S.globispora 738 K F THasE L 72
(BT THHGH). HyarIick b, Sglobispora HSHiGl
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0OD660
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Fig. 2 Effects of temperatures on the growth of

Sporosarcina globispora

Medium : trypticase soy broth (pH 7.3, NaCl 0.5%)
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Table 3 Effects of temperature, pH, salt concentration on the growth of psychrophile (days)

Species pH salt (%) 3°C 5C 10C 20°C

S. globispora 7.3 0.5 10.6 9.8 4.8 1.5
4.5 27.0 22.6 15.8 5.0

6.0 0.5 27.5 28.0 14.2 4.0

4.5 — — — —

5.0 0.5 — — — —

4.5 — — — —

S. psychrophila 7.3 0.5 — — 6.7 0.4
4.5 — — — 2.1

6.0 0.5 — — 6.4 6.9

4.5 — — — 7.7

5.0 0.5 — — — —

4.5 — — — —

P. polymyxa 7.3 0.5 — — 6.4 0.9

4.5 — — — 2.8

6.0 0.5 — — 6.1 0.8

4.5 — — — 16.9

5.0 0.5 — — 14.9 1.0

4.5 — — — —

C. putrefaciens 7.3 0.5 — — 7.4 2.1
4.5 — — — —

6.0 0.5 — — — 8.0

4.5 — — — —

5.0 0.5 — — — —

4.5 — — — —

*The extent of growth was represented as the period(days) until ODg, increased

(13 »

up to 0.1. =%k
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JE10C O ADRKERT, Table 4 12 ODgg 28 0.1 1I2F3#T 5
EFTOHBZRL. MREHEID R %5 L, BT
BEMDGDY L otz TRMHETOARIHEALZ.
WIFEWEAT1/100 127 5 LB F TO R UL 15 ~ 25 K%
WCIERLTWw5.

shows no growth within test period.
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o1

Table 4 Effects of initial population of bacteria on the growth of psychrophile

Initial population
Medium (CFU/al) S. globispora| S. psychrophila| P. polymyxa
m
10*-10° 3/3" 2d™ | 3/3 3d | 3/3 3d
pH7. 3-NaC10. 5% 10°-10° 3/3 4d | 3/3 7d | 3/3 7d
10°-10" 3/3 6d |0/3 0/3
10-10° 3/3 5d | 3/3 3d |3/3 3d
pH6. 0-NaC10. 5% 10°-10° 3/3 8d |1/3 7d | 0/3
10°-10" 0/3 0/3 0/3
10*-10° 0/3 3/3 4d | 3/3 4d
pH5. 0-NaC10. 5% 10°-10° 0/3 1/3 7d | 0/3
10°-10" 0/3 0/3 0/3
10-10° 3/3 5d | 0/3 0/3
pH7. 3-NaCl14. 5% 10°-10° 0/3 0/3 0/3
10°-10" 0/3 0/3 0/3

*number of tubes in that 0Dy, increased up to 0. lwere increased /number of test

tubes

* The figure shows the days(the averages of three samples)until 0Dy, increased

up to 0. 1.
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Table 5 Total viable count in heat treated consommé soup

Medium Heat treatment | Viable count (CFU/ml)
Non—heat 1.3x10*
SMA 100°C 10min. 5.5X10°

121°C 10min. —
Non—heat 2.4X%10"

Cooked meat -
100°C 10min. 1.5X10°

broth
121°C 10min. —
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Wl o Twiz, BTk #IC) YBRERh cEoh
% FEBEMENED S OMBILILEMF L V&L T2 2 LB E
ThrhLEZON5.
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KENTWE720, L) B ).
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Bacterial viable counts (log CFU/ml)
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-—5C
- 10°C
—A—20°C
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Fig. 3 Changes in bacterial populations in consommé soup during storage at low temperatures

inoculum: mixture of four psychlophilic spore-forming bacteria
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Fig. 4 Effects of temperature on the growth of
S.globispora in different medium
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