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Inhibition of Foodborne Pathogens on Polystyrene, Sausage Casings, and
Smoked Salmon Using Nonthermal Plasma Treatments

Hahn-Bit Lee, Young-Eun Noh, Hee-Jae Yang, and Sea Cheol Min*

Department of Food Science and Technology, Seoul Women's University

Abstract The effects of nonthermal plasma treatments against Salmonella Typhimurium, Escherichia coli O157:H7, and
Listeria monocytogenes living on polystyrene (PS), sausage casings, and smoked salmon were investigated. Inoculated PS,
casings, and salmon were treated with nonthermal plasma generated with helium (5 L/min) or with both helium (5 L/min)
and oxygen (100 mL/min) at 60 Hz and 30 kV/cm for 2, 5, or 10 min. S. Typhimurium exhibited the highest sensitivity
to the helium-used treatment. The greatest reduction (3.9+0.8 log CFU/cm?®) was observed with L. monocytogenes on PS
after the treatment with the mixed gas for 5 min. The treatment with the mixed gas inhibited L. monocytogenes on casings
and salmon by 0.5+0.3 log CFU/cm? and 1.0£0.3 log CFU/g, respectively. Different treatment times did not result in
different reductions of L. monocytogenes on both casings and salmon. The types of treatment gas and material of
contamination need to be considered for evaluating the antimicrobial effects of nonthermal plasma treatments.

Keywords: nonthermal plasma, foodborne pathogen, polystyrene, sausage casing, smoked salmon
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Fig. 1. Cold plasma system (SWU-1) used in this study. Right top, top view of the cold plasma treatment chamber; right bottom, side view of

the cold plasma treatment chamber.
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S. Typhimurium DT 104, E coli O157:H7 ATCC 35150, L
2]3L L. monocytogenes 19114(School of Food Science Culture
Collection, Washington State University, Pullman, WA, USA)<
tryptic soy broth(BD™, MD, USA)A Sullg=o] 247} 8.9+
0.1 log CFU/mL, 93£02 log CFU/mL, Z&]3 9.3+0.3 log
CFUmL &&= Hedos FH|=HU

Polystyrene(PS) E& AlZ

PS &L Korea Ace Scientific Co., Ltd(Seoul, Korea)ollA] -
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coli O157:H7, Z18]3L L. monocytogenes 717} 7.6+0.1 log CFU/
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Fig. 2. Reductions of Salmonella Typhimurium DT 104 (7.6 log
CFU/cm?) on polystyrene by the cold plasma treatments.
Treatment conditions: electric field, 30kV/cm; frequency, 60 Hz;

pressure, atmospheric pressure; [, 5 L He/min; M, 5 L He/min+100
mL O,/min. Different letters on the bars indicate significant
difference at p<0.05.
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Fig. 3. Reductions of Escherichia coli O157:H7 ATCC 35150 (8.0
log CFU/cm?) on polystyrene by the cold plasma treatments.
Treatment conditions: electric field, 30kV/cm; frequency, 60 Hz;

pressure, atmospheric pressure; [1, 5 L He/min; ll, 5 L He/min+100
mL O,/min. Different letters on the bars indicate significant
difference at p<0.05.
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Table 1. Reported D values and conditions for inhibiting foodborne pathogens by nonthermal plasma treatments

High-voltage AC power suppl i
Material £ = P il Gas (flow rate) Treatme.nt time Microorganism D vglue Reference
Power Frequency (min) (min)
S. Typhimurium 1.4
He (5 L/min) E. coli O157:H7 42
L. DV
Polysterene 2.00r5.0 mono.cymfgenes N
15KV (100 W 6O S. Typhimurium 4.0 Present
(100W) z _ E. coli O157:H7 2.7 study
He (5 L/min) * L. monocytogenes 1.2
. O, (100 mL/min) ) -
Sausage casing S0or100 L . NDV
Smoked salmon L ori - Tmonocytogenes 10.0
Disposable plastic tray 03-08
(polystyrene) .
Aluminum foil 75-150 W 13.56 MHz He (4 L/min) 0.5-2.0 L. monocytogenes 0522 ?2)
Paper cup 0.7-8.8
Air 0.6
Glass 1.5kV 50 kHz 0, <10.0 E. coli 0.8 (13)
N, 1.0
Almonds 16-30 kV 1.2-2.4 kHz Air 0.2,0.3,0r 0.5 E. coli 0.1-0.6 (14)
Ni ul 0 E. coli 0.3
itrocellulose =4
membrane filter 6 kV 10 kHz He+0, Staphylococcus aureu's - 0.3 (16)
<6.0 Saccharomyces cerevisiae 1.8
Polycarbonate membrane 6kV 14 kHz He <3.0 E. coli 1.2 a7
Polypropylene 0.4 0.1
Agar 5.0 E. coli 12
10kV 7 kHz Air 1.2 0.6 (18)
Glass 0.8 Deinococcus radiodurans 0.1
1.0 Bacillus subtilis 0.2
Sliced cheese 75150 W 13.6MHz  He (10 L/mi 0520 L f 031200
Sliced ham - . z e( 'min) 5-2. . monocytogenes 11279 (20)
UND: Not determined.
5 - 2
8 g
54 5
3 g
g g
8 b FE
g g
g, 2 Q) b
Q
: :
2 Q
< <
0 ()
2 5 5 10

Treatment time (min)

Fig. 4. Reductions of Listeria monocytogenes 19114 (8.0 log CFU/
cm’) on polystyrene by the cold plasma treatments. Treatment
conditions: electric field, 30 kV/cm; frequency, 60 Hz; pressure,
atmospheric pressure; [1, 5 L He/min; M, 5 L He/min+100 mL O,/
min. Different letters on the bars indicate significant difference at
p<0.05.

Treatment time (min)

Fig. 5. Reductions of Listeria monocytogenes 19114 on sausage
casing or smoked salmon by the cold plasma treatment.
Treatment conditions: electric field, 30 kV/cm; frequency, 60 Hz;
pressure, atmospheric pressure; [, sausage casing; H, smoked
salmon. Inoculum levels for sausage casing and smoked salmon
were 8.1 log CFU/ecm? and 5.5 log CFU/g, respectively. Different
letters on the bars indicate significant difference at p<0.05.
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