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Low-Pressure Discharge Plasma Inactivation of Salmonella
Typhymurium and Sanitation of Egg

Chulkyoon Mok* and Dong-Myung Song
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Abstract

Low-pressure discharge plasmas (LPDP) using different gases were compared for their microbial inactivation effects
against Salmonella Typhimurium, and their potentialities as a non-thermal sanitation technology of eggs were eval-
vated. The inactivation was highest in air LPDP followed by oxygen and nitrogen. The reductions in S. Typhimu-
rium by air LPDP were 4 and 6 log by 2 and 5 min treatments, respectively. The inactivation effect against S.
Typhimurium was somewhat retarded on the egg shell surface compared to glass surface showing 3 log reductions
by 5 min treatment. The increase in surface temperature of egg shell was less than 10°C and no denaturation in
both egg white and yolk was induced by the LPDP treatment. The results supported the possibility of the technology

for the non-thermal egg sanitation.
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et al., 1998; Choi & Lee, 2012). Algto|A 717 A5} 7]
Fe AS5LS Salmonella spp.2 FEH IS AF5

salmonellosisZ A7l Zt=tollA] AL 7} WA SHA B
3 o, 53] 4§ - frobet =2l F W Ho| kst Al
2 Agan] Al ZE3sE o7t _LL:TLEJE]—(Jones et al,
1995; Schoeni et al., 1995). Salmonella== Enterobacteriaceae
o &ate 2HESAHY SATINE HLE Salmonella
Enteritidis®} Salmonella TyphimuriumS- X 3-31= Salmonella
enterica®)| 43 HFE0| A= dolgozg &

HA JATHCDC, 2003). Salmonellosis2]
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(Calvert et al., 2007, Shm et al., 2009).

Al QAR S 8l AFEE e WS Al
Hap AHAE o] &3k 91% g o] ] AlgEE 5t o
A AR FEEFSS st vAHTRTG A%
g "ojmg S 913}(Gast et al,, 2005). 53] AP &
WAL Gof| Pste] A2oMe HAdE F gornz
Aol JFS FA fom AT F e HIHET e
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AR ZAKKim et al., 2008; Song et al., 2009)$} &4
#(Choi & Lee, 2012)°] 1o} WAL ZARE 317}19] A
ZAv| et R 2HRE Q1Y w2, Q& A

o) ok 2 A9 BARA 5O o4 A3

3L A &

CIeIE AkE FASE AFORH Hoole 4 §
42 A 24 ool glo] Ao Aird & 9

AL gl G Be] 2Es T Ao Hehxol
2 9l ojes}t £H/1E W ol B AR} A
el @714 2Rt $HU YA
seee) o) e, Az, A
XM*JE <A o}‘ji A A &l o
Uelfl= sz d#A Udt(Lerouge et al.,
2001; Moisan et al., 2002; Deng et al., 2007).
of 7W7k2 dejollA Fehznt WA
AL AR FPAA] -89 shsk
A& 4 Mok & Song, 2010).
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discharge plasma, LPDP)= Al &3} 7Fo]

o] sHlo] 3=A o
T ATE 23 e BANE) ARl Bl 5 Qo
WAE RS B 4F Al 43P A0 AE

o] & AFto|A= LPDPE o] &3 Algte] A4 34
71e& MEstazt ettt o] & flske] 941 Al o
7be/dol =2 Salmonella Typhimuriume| AJ/d 7]
LPDP 5735 ZARSIIAL o & o] &3t Altxd
S AEste] AT NS st skl
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AETT & Alet

2 AFo|| AM-S FF= Salmonella Typhimurium ATCC
14028°] %1 ©.™, tryptic soy broth(Difco Laboratories, Detroit,
ML, USA)AlIA S8 H37°C, 20 h)ste] ARE-3FSATh. Alghe

73715 A oA AEjA g ERIEEC A )8kt
22t S2t=0t &K

B Ao AFE-3 LPDPHE A& Mok & Song(2010)
2 Mok & Jeon(2012)14 AL&-3F A} FU3F AXEH
st sl B BAE7A (T, A&, ) FEFE =
HatH FUsHAM AFIHLFARE A7tete] 2244
< Fal Sep=rtE A skt
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LPDP AMx2|
Tryptic soy brotho| A 23t S Typhimurium ¥l %<l

10 s Asd3e ALE-3h ”:E‘rol‘:lﬂ]r’\ el A&
20mm H&le] fo2 yEA BEAANZ = clean benchol]
A oF 307 AxsdT X3 ERfol=aEt g &

zrk ZAe] Ad = 713 {1%%42%: 2 ste] |
torr Y22 Zetet & ZEkzul AA7|AE delste] f3F

350 ml/minl. 2 FYJ3g Tt oloJA] AL 1.5 KV, R
50 kHzQ! AF3t5 Ql7bste] Seh=vts WAYA7]AL 43
A7ZF e A BEE A3 &

o H=
siAlstaL Al EE Skl FB‘{} TAZ W FAE A
HH| 22 o= ‘:3%_8]—37_ 7Az3gk & LPDP 3|9

A dBAIZE A § A

=2 =4

LPDP g A| 7o W2 A SR H] 2=l A oMe
= A(TN408LC ThermaTwin, ZyTemp, HsinChu, Taiwan)
£ AHg-st S skl
7 5%

LPDP 2] § & ]‘::LEV\Q} AFEAES 72 10 ml
o} 100 ml2] Ha e g_— AFEERe] wHER 0 7 M o)

e AR #AE §] T GAHCR SMsta £
3 9 (KFDA, 2005)0.2 *@& E AlFStT). vl gl At
-3+ w2 = =% Difco(Difco Laboratories)A| Z0|oH,

HhA| 2 PCAE, g2 desoxycholate lactose agarg,
Salmonella= XLD agarg AME-3lo] 37°Col|A] 24A17F vl
g & HFrE A 28 nAE Age 33 6k

Ealo] AAsHA

e ZEAL

LPDP 25| E S Mok & Song(2010)¢] HhHo = | 3}

HhSo] o]Aste] AtseS AL, P A4l
71 &7 25 AEES (ke DRES AL

€z TE

LPDP XZ| A| 2=H5}

AA7IAE gElste] LPDP A Al A x| 7ke] o
LSEWSHE Fig. 13} o] AAAow Feasiony 371,
ahae, Aa T 37 ARTIA B 10w A7 Fo 2=
7} 50°C n|Rke] s Hol dof o Adade gls A
o2 FAHAY. v7FEAH7]E2 ethylene oxide *]E]
2591 55°C o3}e] &8 QA4S 33 2™ (Moisan

et al, 2001), W=hA LPDPE 71E47S AT & e
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Fig. 1. Temperature increase on LPDP treated spots with
respect to plasma generating gases.
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Fig. 2. Inactivation of Salmonella Typhimurium by LPDP
generated with different gases.

Table 1. Inactivation rate constants of S. Typhimurim by LPDP
with different gases.
(min™)

Inactivation Gas

rate constant Air Oxygen Nitrogen
k, 3.4271+0.164 3.00540.345 2.510£0.090
k, 0.590+0.083 0.818+0.424 0.668+0.037
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Ao 2 AlEE tH(Fang, 2004; Mannick, 2006). 2k~
7t AAZElzulRo AgEoe] AtE AMELS 7|E9
Soloshenko et al.(2000)2] A-FAAA = Eeld u} St

LPDP AlFT

LPDPA 2] A 7kl w2 S. Typhimurium 230 237
T3 AAEESTE FIHEE o] v e Table 154
o] 27|4FE T (k) 71522 R7F 3427 min' =
71 worom oo} AbAZEEr=nbrt 3.005 min', FAZFE}
zup7t 7 W 2510 min'S BT F) S
(b= Z71AdEE44 vls] 8 W 0.590-0.818
min'S ERoH, o|gst FIEFL E coli®] 7NN &
ZE vt JY(Mok & Song, 2010).

EThzvp g ARHE o R 27] AMEEEE A3 9]
o= 22 294 dES HtHMoisan et al, 2001;
Mok & Song, 2010). Ee}=utol| ofgh 4t 2}, =
o)A FAol os) WEH A4 B4, ZT=ek Ul ke
3 SHE F& ol ol o] FofA =], ©] T AL
At ERE AEste] 27] APEe| #sta, Iy =3
o] W& vk EHY FAL AAE] dojurg 7]
Abgol| #ejsls Aoz dE A JTHMoisan et al.,, 2002).
ole} g WA BEASE wAEo] 1 ol UE
N Y ES B s= 1A 37K shadowing effects) = A &
7%= &thKeudell et al, 2010). ©]2 3 2 &HA] Ao
ethylene oxide*] 2](Lucas et al, 2003), PEF4t#(Oshima and
Sato, 2004), A+ A1 2H#(Mok and Lee, 2009)014 = YEh}=
Ak Q) F Aol

XM2|A W IR LPDP &Fa1t

75 AAZIAR At XA W YRE 28t
LPDP A& AS -9 A7kl mE S. Typhimurium 2+
#EIE B Fig. 33 7o) A AXE A ol
e Ao F yUehgth LPDP 287 A2l oal 4log A
wo| Agass By, o)F Agazs vk 3150
5% 5 oF 6log A=, 102 Al <3l 6.51log o’de] 7
E= RS =
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Fig. 3. Effect of treatment position on inactivation of S.
Typhimurium by LPDP with air.

Table 2. Microbial contamination of commercial egg shells.

Log(CFU/g)

Sample No.

Total aerobes  Coliform bacteria  Salmonella

1 4.606+0.132 - -

2 4.096+0.094 - -

3 4.053+£0.217 - -

4 3.690+0.976 - -

5 3.301+0.301 3.100+0.506 -
6 4.430+0.271 3.401+0.174 3.000+0.032
Positive mean  4.029+0.478 3.251+£0.213 3.000+0.032

HEke| LPDP A

Algoll A FYg AlFe] QHAEE A A3 Table 29}
Zro] UAwkA|-S Hit 4.029 log(CFU/gyS B Th v+
& 2AKEE 6719 A& F 270N waEen dHE
A FAME B 3251 log(CFU/RS Btk drdele=
6 702l A& F 1 7]l % 3.000 log(CFU/g) 7522 )
SF3ATh Cho & Shin(1985) A3 Ale] 038%1A 4
A7t HEEH AT BISH S, Shin et al.(2009) Al
T A 36 719 AlRA ZHOlF|E ARE Al 671, W
AYEF A Aloll= 1 9] Arde} Fgnks A3E 8
915k tt. WkAe) Kim et al(2008) thd 2t M & X of A
T s}= 10 7NAFY] ARk SEmAES BAS A3} A5
dahs AEEA FUATHAL BALsH

Agde] S. TyphimuriumE 9_?.3 A7l 5 A E
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S Yeldg Al Mg S, Typhimurium A8 3=
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Fig. 4. Effects of plasma generating gases on LPDP inactivation
of S. Typhimurium on egg shell.

Table 3. LPDP inactivation rate constants and D values of S.
Typhimurim on the egg shell with respect to generating gases.

Gas k (min™) D-value (min)
Air 0.931 2.474
Oxygen 0.712 3.235
Nitrogen 0.654 3.519

50

N
o
T

N
o
T

Temperature (C)
w
o

[
o
T

Time (min)

Fig. 5. Changes in temperature of egg shell during air LPDP
treatment.

0 min 5 min 10 min

Fig. 6. Appearance of air LPDP treated egg contents for
different treatment time.
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