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We are investigating a sterilization method to kill microorganisms attaching packaged cut vegetables utilizing active species
originated with plasma generated in the bag by applying pulsed voltage on it. This study evaluated a method utilizing residual

ozone after disappearing plasma effectively for getting rid of thermal impact by plasma to the cut vegetables. In this study, the

killing efficacy of the residual ozone on Escherichia coli on cabbage pieces in a plastic petri dish as instead of the package bag
was evaluated. As the method utilizing residual ozone effectively, various kinds of mechanical stirring of the cabbage piece
after plasma application were tested. Doing the stirring improved E. coli killing efficacy compared to the cabbage peace
leaving at static condition because the contact surface between the cabbage peace and the petri dish that the residual ozone
cannot enter was decreased by stirring. Notably, the E. coli killing efficacy in the case of the combination of horizontal
shaking and rotation was higher, no E. coli could be detected after applying 500 pulses (detection limit: fewer than 50 CFU/
mL). Also, the E. coli killing efficacy after 100 and 50 pulses reached 98.32% and 96.97%, corresponding to of 1.775 log

CFU/mL and 1.518 log CFU/mL, respectively.
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Fig.1 Equivalent circuit of pulse generator (3 ns).
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Fig.2 Pulsed voltage and current waveforms (3 ns).
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Fig.3 Appearances of the cabbage piece inside the petri dish, and it

placed between electrodes and discharged.

(a) 3 cm X 3 cm cabbage piece with E. coli inside the petri dish. (b)
The petri dish sealed with tape. (¢) The petri dish with cabbage piece
placed between electrodes. (d) Appearance of the discharge inside
the petri dish.
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Fig.8 Ozone concentration for storage time after applying pulsed
voltage to the petri dish that has the cabbage pieces in inside.
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Fig.9 E. coli survival ratio for storage time after applying pulsed
voltage to the cabbage pieces in the petri dish.
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Fig.10  E. coli survival ratio for storage time while horizontal shaking
after applying pulsed voltage to the cabbage pieces in the
petri dish.
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Fig.11 E. coli survival ratio for storage time while vertical shaking
after applying pulsed voltage to the cabbage pieces in the

petri dish.
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Fig.12 E. coli survival ratio for storage time while rotation after
applying pulsed voltage to the cabbage pieces in the petri
dish.
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Fig.13 E. coli survival ratio for storage time while 3D shaking after
applying pulsed voltage to the cabbage pieces in the petri
dish.

% (FEAF282.54%), 94.15% (EAF3585%) &7 o7z,
BA % b T TIOREEIL9.73% (EfFHE
027%), 97.86% (175 2.14%), 95.16% (4 17 4.84%)
WLz, &70y hOLT—N—IEES TV E
MY bL, RN ELBoTND,

324 Yy —LEGEEABhERECITVAY L

F NV QEMESEHEPTHE GDEN)

1312, BRIz CAG O A M AG bE7 3D
FENOBBHEZRT. 500 shots DR EH HI 1577212 98.79
% (AEAFE121%) 2%, 3055 FICH 2B S e <
7o 72 (B 50 DL /mL). 100 shots & 50 shots O #%
WRIEZNEN 15512 97.83% (EFFFE2.17%), 96.64%
(HEAFEE336%) \HIZ2, B4V U235 T
WHEAT9832% (AAFH 1.68%), 96.97% (HA753.03%)
27 o7z, HERZZTOME X0 b &RMICRRRRED E W
ZEDbNDL. FHTUY VOLT = N—IFET TV E
s 5 &, eIz NS ko7,

33 BEZEOX v NYREOHF

X 14 (ZENZ SOV A %4 500 shots, 100 shots T F ¢ XY
Fr oM % 7R9. 100 shots TIXRH AT, 71 v FNEFEDOW
BRI CTH 2 3 HREBBE T v Ry FICR 2 HOZ(L
37 <, BHTIE T I9ARB LIV 2L F v UK
DOIEG I IHER K 2 25 72, 500 shots TIFMBE £ IZF ¥
AN B R RS R S, 3 BB IR 5E 4 70 i A
Ronz, 2, 79 A<ENEEoE, B Ot o5
DIHFHAEIZ L B 5 A= U0z 6, SEH Y IcBW»
TAVYIKICEBHERTIE DA, VP UBIZL B0y
b v XY ORIELRZLIZBI SN TV nwZ e 6T
AXEVMEED 7 X — Y O REVEDS . 77 A< ENINAS ¥

67 (45)
A | T
i
'{»& H 4 o _... =)
0H 3 HiZ
(a) control
A9y 091
. VAN
i "f st‘.‘ 8 “\f E
5l ¥iatd, 0lntls
v A LAY LAY
JILERFi JLPRTE 1% 3 H#
(b) 100 shots
B
A
L& 2 !
ALIE i PUREINERES 3 Hi%

(¢) 500 shots

14 71y NEEOEERBIRAEL TH 2 BWLI % 3 iR T
D7 HOZEAL
Fig.14 Visual changes in cabbage pieces three days after applying.
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Fig.15 Ozone concentration for storage time while horizontal
shaking after applying pulsed voltage to the petri dish that has
the cabbage pieces in inside.
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