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Fig.1 HHP sterilization curve of B. subtilis strain.
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Fig.2 The change of membrane permeabilization of B. subtilis strain.
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Table 1 ~ Relative amount of UV-absorbing substances leaking of B. subtilis strain
Nisin Control HHP treatment Heat
(1U/mL) (0.1 MPa) 100 MPa 200 MPa 300 MPa 400 MPa 500 MPa (90 °C ,10 min)
0 0.35 +0.02"" 0.4 +0.025"" 0.51 £0.018""  0.74 +£0.024""  0.89 £0.028""  1.03 £0.016""  1.17 +0.03""
200 0.4+0.015"" 0.59+0.018""  0.85+0.024"" 0.9 +0.026"" 1.04 £0.018""  1.16 £0.014°"  1.25 £0.032""

a,b,c,d represent significant difference of different treatment,P <0.05;4,B,C,D represent significant difference of different Nisin amount, P <0. 05.
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Fig.3 Representative FT-IR spectra of control and HHP-Nisin treated

samples of B. subtilis strain.
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Fig. 4  Representative second-derivative FT-IR spectra of control
and HHP-Nisin treated samples of B. subtilis strain. A: 3000 — 2800

em ™' B:1700 —=1600 em ~'; C:1300 =900 em ~'.
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5 EBHIE-Nisin thEABBEFRAFHEMENTL

Fig.5 Ultramicroscopic structure of control and HHP-Nisin treated samples of B. subtilis strain. A ; control; B: With 200 IU/mL Nisin ; C:500

MPa/15 min;D:500 MPa/15 min +200 1U/mL Nisin.
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Synergistic inactivation of Bacillus subtilis by high

hydrostatic pressure and Nisin at neutral pH

Weimin Qi', Ping Qian’, Jianyong Yu®, Xiaojuan Zhang’ , Chiyu Zhang',
Rongrong Lu'”

'School of Food Science and Technology State Key Laboratory, Jiangnan University, Wuxi 214122, China

?Quartermaster Research Institute of the General Logistic Department, Beijing 10010, China

Abstract: [ Objective ] High hydrostatic pressure ( HHP) could be synergized with Nisin in neutral food system to achieve
commercial sterilization. The mechanism of synergistic inactivation by HHP treatment and Nisin was investigated at
molecular level alongside ultramicroscopic structure. [ Methods ] Bacillus subtilis strain was subjected to HHP (100 - 500
MPa for 15 min) alone and in combination with Nisin (200 IU/mL) in PBS (pH 7.0). Membrane permeability was
studied by fluorescent dye and ultraviolet absorption. Membrane lipid, protein and DNA changes were detected by Fourier
Transform Infrared. Transmission Electron Microscope ( TEM) was used to detect the morphological changes. [ Results | In
neutral food system,the combined effect of HHP and Nisin reduced the population of the bacteria by 2.5 log, while at the
same time increasing the membrane permeability by 10% —60% . The physical state of membrane phospholipid molecules
changed from liquid crystalline to gel state with a decrease in membrane fluidity. Treatments at elevated pressures were
observed to cause protein denaturalization. Results from TEM demonstrate that cell content leaked owing to the synergistic
effect. [ Conclusion | This confirms that Nisin is an effective bactericide when combined with HHP in neutral food and that
the two inactivation methods have a synergistic effect.

Keywords: high hydrostatic pressure, nisin, synergistic inactivation, membrane permeability, ultramicroscopic structure
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