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Effect of High-pressure Carbon Dioxide Treatment on the Inactivation of Bacillus subtilis Spores
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Abstract: Bacillus subtilis spores were suspended in phosphate buffer and treated by high-pressure carbon dioxide (HPCD)
at the range of 5—25 MPa combined with mild heating. The results showed that Bacillus subtilis spores were inactivated by
3.84 magnitude orders after heating treatment for 30 min at 45 ‘C followed by treatment at 20 MPa for another 30 min. HPCD
treatment alone resulted in an inactivation by 2.44 magnitude orders. Continuous HPCD treatment at 10 MPa for 30 min could
result in a decrease in the viable spore count of Bacillus subtilis by 0.67 magnitude orders. After the first cycle of intermittent
HPCD treatment (held at 10 MPa for 10 min and then at 30 min for another 10 min), Bacillus subtilis spores were inactivated by
2.55 magnitude orders. Meanwhile, the combined effects of each of three combinations of germination inducers and different
combinations of heating and subsequent HPCD treatment (30 “C plus 10 MPa or 30 MPa and 50 ‘C plus 10 MPa or 30 MPa)
were investigated. The inducing effect of germination inducers at 10 MPa was not so obvious as at 30 MPa.
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Fig.1 Schematic diagram of high-pressure CO: sterilization
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Fig.2 Inactivating effects of HPCD treatment alone or sequentially
combined with heating on Bacillus subtilis spores
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Fig.3 Effects of heating temperature and time on the germination rate
of Bacillus subtilis spores

HE3 AW, #£30~60CEERN, F—RE, &



XAERME TS

86iltl=

2011, Vol. 32, No. 11 67

AL HE 30min, 2 R 2 A, AR T LA R
AALFR, HE R HR A4 0.04~0.09 MEES . 1E70~90°C
JEEI, AR, AR EE 15min 2 A R %R
1, TE 60°CHI 70 °C i g7 =0 b b B A [ B R, B
KR E, 60°CALFE 30min A1 70°CALFE 15min I 2 #
B R R IBIREIEF] 0.12 NMUED; 14 90 CiE AL B R [H
BFIEE, ZEAIMETR R TR, TAREE 15min Bk %4 0.3
ANBCEY, AR 60min I ZEAUHT & R EL 15min 1R
F70.16 MEES. Hik, RIFE W RET
AbFRE R [A . AR T 60 CHELALTE, —fAbTE 30min
BT, 70°CHE T 70°CHE, L 15min 9.

ST CO RAE B ARIWIF, HiE CO. WA
AL EE 75 vk AR B B R AT IR R AR, I EiIE
W4 Bk, AR 106 T 2E R a5 Ak 2E 30
IR0 . IR ) BUKET ) R R CO. AR B AN R
B FMRK, ELRARERGHEEN,
FITHEMMHR, B 572X H 47 % Kueel,

SRIM, (6 K CO. ALEE 5 AL H B FIAE A F S 80
FRIE NI MR+ a2, BEm, @k COo. A
REW SEUM A MM S S . AN
RIAL A (DNA 5 Hl) S 4 i B 55 A= A8 4k, 3317 52 1 381 2k
AEPEE AR FRALEE, 1S AT Th A Bl AR iR AR R ]
WA, FE, “EABFESRE” X—FLOEBH
WIIANT], A AR S m K CO2 Kb BR 4 T 2F iU 2 5 1
FEJFH 2 —07,

2.2 N[ e 75 O A B2 AT 1R 2 6 0 SO PE

300 = gEk - HIRE 108

25 ¢ . 1907

: ) 40.6
5 20F -, - o5 =
H15 - . . 104 E
Kol = - 103

- 702

05% 101

0.0 : : ' 0.0

5 10 15 20 25
J£77 IMPa

B4 50°CHESEH R EFRFEFRINBIEREREH
Fig.4 Effect of pressure level for continuous treatment on the
germination rate and inactivation rate of Bacillus subtilis spores
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Fig.5 Effect of number of repeated intermittent HPCD treatment cycles
on the inactivation rate of Bacillus subtilis spores
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