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Low-Pressure Plasma Inactivation of Escherichia coli

Chulkyoon Mok* and Dong-Myung Song
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Abstract

Low-pressure plasmas (LPPs) were generated with different gases such as air, oxygen and nitrogen, and their inac-
tivation effects against Escherichia coli were compared in order to evaluate the potential as a non-thermal microbial
disinfection technology. Homogeneous plasmas were generated under low pressure below 1 Torr at gas flow rate of
350 mL/min regardless the types of gases. Temperature increases by LPPs were not detrimental showing less than
10°C and 25°C increases after 5 and 10 min treatments, respectively. The smallest temperature increase was observed
with air LPP, and followed by oxygen and nitrogen LPPs. More than 5 log reduction in E. coli was achieved by
5min LPP treatment but the destruction effect was retarded afterward. The LPP inactivation was represented by a
biphasic first order reaction kinetics. The highest inactivation rate constant was achieved in air LPP and followed
by oxygen and nitrogen LPPs. The small D-values of the LPP also supported its potentialities as a non-thermal food
surface disinfection technology in addition to the substantial microbial reduction of more than 5 logs.
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992 gtk AAEARE BEAY WD A7l A e
Aol Aok Ak Ao EuA, v B AHE,
WA ol thEk Anjabe] ARZET ARG B Bl #
gk WA Al 5o Aleke] Ath(uri et al, 1986; Sadecka
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olth. Egt=nloe= vt EEE 9 o], AfEitZ,
AR}, FAF Fol T8t olF o|E0] HolHA S AA
o A stE A= ZEA)FTH(Deng et al,, 2007). Z2h=
ks SEAES] o], Ao g I dYA] HAFe] A=
gt 21807 nAES 933K Lerouge et al., 2001;
Moisan et al., 2002). E2t=ute] &g wj¥E A2 A7
H ze) Aol 2%t DNA W& (UV inactivation), A4 %
Zte] ogh st A Y w2 AdE e g 22 W
(photodesorption), 223 Ze}=ZvlZ2HE YA =
31329 &2 WhS-(etching) 59 7]¢18t= AL
3 JtH(Moisan et al., 2002).
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Fig. 1. Schematic diagram of low-pressure plasma generator
and treatment spots.
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37°CoNA 202411 7F v Fatal F & Alratslth.
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Fig. 2. Appearance of low-pressure plasmas of different gases.
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Fig. 4. Inactivation of E. coli by low-pressure air plasma at
different spots.
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Fig. 5. Inactivation Kkinetics of E. coli by low-pressure air
plasma.
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Table 1. Inactivation rate constants and decimal reduction times of E. coli by low-pressure plasmas with different gases

Inactivation rate constants (min™')"

Decimal reduction times (min)"

Gases
kl k2 Dl D2
Air 3.572+0.04° 0.42040.076° 0.645+0.007° 5.603£0.958*
0, 3.04740.508% 0.717+0.163* 0.769+0.117° 3.344+0.867°
N, 2.35340.335° 0.63540.137* 0.991+0.131° 3.755+0.890°

D Values with same letters within the same column are not significantly different at a=0.05.
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Lee, 2009), 22772 2~ (Oshima & Sato, 2004), ethylene

oxide(Lucas et al., 2003) Aol = &3] TS G4
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