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Abstract

This study was designed to investigate effects of pulsed electric field (PEF) treatment on physiological
changes of microbial cells, using domestically fabricated pilot scale PEF device. The effect of non-thermal
PEF treatment on physiological characteristics of microorganisms was determined by salt resistance, the
amount of UV absorbents, cell staining, recovery rate of defected cells, and changes in structure of cell
membrane. Salt resistance of Escherichia coli, Bacillus subtilis and Rhodotorula minuta was examined after
PEF treatment at 40 kV/cm, 84 pulse, 10 ps pulse duration. Approximately 1 log,, cell number of viable
microorganisms was decreased by addition of salt. PEF treatment significantly increased the amount of UV
absorbents at 260 and 280 nm because of leakage from damaged cell membrane by PEF treatment. Although
three kinds of microorganisms treated by PEF were difficult to be observed due to their cell membrane
damage, untreated cells were clearly observed by a microscope. PEF-treated R. minuta was not stained by
methylene blue due to cell membrane defect. When E. coli, B. subtilis and R. minuta were cultured after PEF
treatment, they showed 5, 4, and 8 hr longer lag phase, respectively, compared to control, but growth rates
were not affected.
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Fig. 1. Block diagram of pulsed electric field (PEF) treatment system.
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Fig. 2. Inactivation of microbes on Nutrient agar with and without salt after pulsed electric field (PEF) treatment.
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Fig. 3. Amount of UV absorbents at 260 nm leaked
from cells by pulsed electric field (40 kV/cm, 10 ps
pulse duration) treatment. A—A.: Escherichia coli, B—M:
Bacillus subtilis, @—@® : Rhodotorula minuta.
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Fig. 4. Amount of UV absorbents at 280 nm leaked
from cells by pulsed electric field (40 kV/cm, 10 ps
pulse duration) treatment. A—A: Escherichia coli, #—M:
Bacillus subtilis, @—@ : Rhodotorula minuta.
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Fig. 7. Scanning electron micrographs of Escherichia
coli cells untreated (a) and treated (b) by pulsed electric
field at 40 kV/cm, 10 ps pulse duration.

Fig. 5. Inclusion of methylene blue in Rhodotorula
minuta cells untreated (a) and treated (b) by pulsed
electric field at 40 kV/cm, 10 ps pulse duration.
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Fig. 6. Growth curve of pulsed electric field (PEF) treated microbes on nutrient broth at various numbers of pulses
(40 kV/em, 10 pus pulse duration). @—@: Control, B—M: 21 pulses, A—A: 42 pulses, ¥—W: 63 pulses, ¢—@: 84
pulses.
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Fig. 8. Scanning electron micrographs of Bacilus subtilis
cells untreated (a) and treated (b) by pulsed electric field
at 40 kV/cm, 10 ps pulse duration.
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Fig. 9. Scanning electron micrographs of Rhodotorula
minuta cells untreated (a) and treated (b) by pulsed
electric field at 40 kV/cm, 10 pus pulse duration.
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