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Effects of Various Treatment Conditions on Efficacy of High Pressure Carbon Dioxide in Coordination with
Lysozyme for Inactivating Alicyclobacillus acidoterrestris Spores
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Abstract: One-factor-at-a-time and orthogonal array design methods were used to optimize four treatment conditions including
lysozyme dose, pressure, temperature and treatment time that influence the bactericidal activity (evaluated by death rate of
spores) of lysozyme in coordination with high pressure carbon dioxide against Alicyclobacillus acidoterrestris spores. The results
showed that lysozyme dose, pressure and temperature had a significant effect on the inactivation of Alicyclobacillus acidoterrestris
spores (P<< 0.05). The death rate of Alicyclobacillus acidoterrestris spores reached 5.47 orders of magnitude under the optimized
conditions: lysozyme dose 0.10 g/kg, pressure 25 MPa, temperature 55 ‘C and treatment time 60 min. The HPLC analysis and
observation under scanning electron microscopy (SEM) of Alicyclobacillus acidoterrestris spores treated under these conditions
indicated large amounts of 2,6-pyridine dicarboxylic acid (DPA) leakage and complete rupture of partial spores. In conclusion,
lysozyme has a significantly synergistic effect on the inactivation of Alicyclobacillus acidoterrestris spores by high pressure
carbon dioxide (P<< 0.05).
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Fig.1 Effect of lysozyme dose on the death rate of Alicyclobacillus
acidoterrestris spores
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Fig.2 Effect of pressure on the death rate of Alicyclobacillus
acidoterrestris spores
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Fig.3 Effect of temperature on the death rate of Alicyclobacillus
acidoterrestris spores
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Fig.4 Effect of treatment time on the death rate of Alicyclobacillus
acidoterrestris spores
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Table 1 Analysis of variance for the experimental results of orthogonal
array design
WIS AGAHEE/ B C(WTM/ DN/
RIS AR “((oml (f.HﬂJ (&) ) 3 AW P
(okg)  JEITC) min)  MPa)

1 1006 1(45  1¢40) 10 479 465 468 1412 471
2 1 A50)  250) 22%) 504 49 501 1501 500
3 1 365 360) 3(30) 495 498 503 1496 499
4 2008 1 2 3 52 517 518 1557 519
5 2 2 3 1 518 511 509 1538 513
6 2 3 1 2 53 527 533 1595 532
73010 1 3 2 537 545 537 1619 540
8 3 2 1 3 531 52 537 159 532
9 3 3 2 1 532 528 52 1583 528
Ki 4409 4588 4603 4533 T=138.97

K 4690 4635 4641 4715 CT=1715.28

Ko 4798 4674 4653 4649

S 089 0041 0015 0189
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Table 2 Analysis of variance for the experimet results of orthogonal

ayyay design
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c 0.015 2 0.008 3.470 *
D 0.189 2 0.094 43.239 *x
R 0.039 18 0.002
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Fig.5 HPLC profiles of DPA standard and Alicyclobacillus
acidoterrestris spores treated with high pressure carbon dioxide alone or
combined with lysozyme
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Fig.6 SEM images of Alicyclobacillus acidoterrestris spores before and
after treatment with high pressure carbon dioxide alone or combined
with lysozyme
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