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Physiological Changes of Saccharomyces cerevisiae by
High Voltage Pulsed Electric Field Treatments
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Abstract High voltage pulsed electric fields (PEF) treatment is a promising non-thermal processing technology that can
replace or partially substitute for thermal processes. The aim of this research was to investigate the microbial inactivation
mechanisms by PEF treatment in terms of physiological changes to Saccharomyces cerevisiae. PEF was applied at the
electric field strength of 50 kV/cm, treatment time of 56 ps and temperature of 40°C. The microbial cells treated with PEF
showed loss of salt tolerance on the cell membrane and collapse of the relative pH gradient on in-out of cells. Cell death
or injury resulted from the breakdown of homeostasis, decreased H'-ATPase activity, and loss of glycolysis activity.
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Fig. 1. Schematic diagram of the experimental apparatus for high voltage pulsed electric field treatments.
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Fig. 2. Generated wave-form from pulse generator for high
voltage pulsed electric field treatments. This wave is a square
wave with a 1-us pulse width.
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Fig. 3. Injury and recovery of S. cerevisiae cells on PDA and
PDAS agar after exposure to high voltage pulsed electric field at
40°C and 50 kV/cm. Recovery of the cells was carried out in fresh
YM broth at 26°C.
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Fig. 4. Changes in pH of the suspensions before (pH,) and after
(pH)) lysis of the cells treated with high voltage pulsed electric
fields, and its difference (ApH). Experiments were carried out at 50
kV/cm and 40°C.

ATPase®] Fj= AlZetel] Age]o] 40]29] wiE3} coupling®]
= —‘?—%Ol; F2 AX Uiz a}c—,ﬂ A= g4 8] Bkl ATP
hydrolase—4 g FAZAM ATPE A3t AxFe] 4 o]
< RZ HE3Re 71T AlE U9 4 ol & |
£ AATTHS0,51).
IAQY B2 A Aol 23t S cerevisiae®] H'-ATPase
Wl gelsly] Yste] MxE BHS a4 0 23]
f\lﬂei &9 st AE AHE Fig 6 JERT
K vle} o] H'-ATPase®] €3k 28] 2$5H
Faste] @S A9 YERA] ettt S s g2
e WE A Zs AZ] ATPased] B4 2= <l

sjo] ApgabA s Row

£ N N g oo
é
\1_]_4
R PTRTO

Az FFde A4 *

Ay,

IS e AV Aol <@ aae] BEAshy 243t
it gefst Ad Axrr BRI EJATH52-55). Ho 5(53) AlE=
+ peroxidase, alkaline phosphatase, o-amylase, lipase, lysozyme,
glucose oxidase, polyphenol oxidase, pepsin 52 526 kV/em<]
A A71Ee R 30-100 us AT FoF AE]ahr] de] mae]
48 vwskth A48 A3 peroxidase, alkaline phosphatase, o-
amylase, lipase, glucose oxidase, lysozyme, polyphenol oxidase
S R 820 g4o] IAE 90%dAM AT 5% FETHA
Ao, pepsing] Aol EAdo] S718FATE. Shin(54)2]
Rl 25 Castro 52 alkaline phosphateE F 70 kV/em, 20
pulse® I F2& A7) A2 A oF 44% Do) i)
Aom, Vega-Mercado 5 plasmin} proteaseS ZH2} 70% 74~
3193, Yeom 52 ?“i—v Ag] FAE ©]83te] papainS I
& 713 A A3 A oF 90%2] 54 grdo] sl
8t olu2}, CD spectras B3l 8429 o-helix 737} W38}

o 3tk 3 Shin (55)% lipaseZ 50 kV/iem® A &

b o

1 . . 1E+00
= 00 B Glycolysis 1
£ O Survival fraction of
£ S. cerevisiae 1E-01
=
3 80 |
E
° 1E-02 =
3 Zz
o— =
g © B3 S
B 2
T <
2 1E-04 &
= a0 2
=3 ”
= -
£ @
b] 1E-05
D
g
g 20 [
G 1E-06

0 : ; ; - 1E-07
0 10 20 30 40 50 60

Treatment time (4S)

Fig. 5. Glycolysis activity of S. cerevisiae cells during high
voltage pulsed electric fields treatment at 40°C and 50 kV/cm.
The data indicate the percentage of glucose added initially that was
catabolized after 2 h at 26°C.
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Fig. 6. Activity of H-ATPase in S. cerevisiae cells during high
voltage pulsed electric fields treatment at 40°C and 50 kV/cm.
Enzyme activity was assessed with the membrane vehicles isolated
from the cells.
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Fig. 7. Changes in enzymatic activities of S. cerevisiae by the high voltage pulsed electric field treatment. Experiments were carried out

at 40°C and 50 kV/cm.

Table 1. Changes in enzymatic activities” of S. cerevisiae by the high voltage pulsed electric field treatment

S. cerevisiae untreated

Enzymatic activities

S. cerevisiae treated”

L a b L a b
Phosphatase alkaline 42.9+0.7 28.6+0.8 8.27+0.0 39.0+£3.5 18.2+£2.1 16.7+0.4
Esterase 55.0+0.6 14.8+1.2 -1.31+0.2 53.4+0.4 15.6£0.5 -3.3+0.0
Esterase lipase 47.242.2 19.9£2.7 -4.0+0.6 42.6+0.8 26.5£1.5 -6.0£0.5
Lipase 56.2+0.2 11.39+0.5 4.8+0.2 55.240.1 13.8+1.7 3.1+0.6
Leucine arylamidase 52.9+1.8 242+42.0 31.7+4.6 49.2+0.7 28.5+0.7 34.9+1.1
Valine arylamidase 56.3+0.7 15.4+1.2 23.742.9 57.3+0.5 15.2+0.7 22.2+1.2
Cystein arylamidase 56.7+0.7 15.9+1.8 322443 57.9+1.1 12.3£1.1 16.5£2.5
Phosphatase acid 43.2+0.7 28.0+1.4 -13.6£6.2 38.9+1.8 26.9+3.6 -7.5+0.7
Naphthol-AS-BI-phosphohydrolase 44.3+1.6 7.5+0.9 -19.8+1.3 38.4+1.9 8.9+0.2 -21.9+0.6
a-glucosidase 39.5+1.4 22.6£1.6 -3.0+£0.7 32.0+1.2 17.9+0.6 -0.4+0.3
o-mannosidase 64.5+0.6 1.1+0.0 6.6+0.1 60.2+0.6 7.1+0.1 -0.0+0.0

Dassessed by APIZYM system
Itreated with PEF for 53 us at 40°C and 50 kV/cm
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