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Abstract

Listeria monocytogenes is one of the major foodborne pathogens and is commonly detected in dairy
products such as natural mozzarella cheese. In this study, the effects of FE-DBD plasma (1.1 kV, 43 kHz,
N2 1.5 m/s, 590 min) on the microbial reduction of L. monocytogenes inoculated on natural mozzarella
cheese and on pH changes were investigated. When FE-DBD plasma was applied for 5, 10, 30, 60, and
90 minutes, L. monocytogenes was reduced by 0.56, 0.69, 0.93, 1.50, and 1.97 log CFU/g, respectively.
According to the Weibull model, the coefficient of determination (R?) was 0.98, and the D-value was
calculated to be 25 min. For quality evaluation, pH analysis showed no significant difference between the
control and treatment groups (p > 0.05). These results suggest that FE-DBD plasma treatment can enhance
the safety of natural mozzarella cheese and protect the product from microbial hazards.
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A FolA HIWs
AsAA das Fde FEd -

Rk 1 e
7H pHZE 218l L. monocytogenes?t 378171 4
& 71Ao|tH(lulietto et al., 2024). A Zo| L
monocytogenes®] 2.3 A Hglo] theksid] ¢
T2 o9, BEFwe A4 A, 1A §F
2AEHE SR, 2 ARE AMEE 7, 7
A o] TN Ao, 2dE AHolY &
T2 A% wReE 5ol AUThGreco et al., 2014;
Serraino et al., 2013).

Dielectric Barrier Discharge(DBD) & 2240l
AT ApelelA AP EE vdA ke,
Juf Aolx % A= FeH, e, A9 5
7 2§14 EAZ do 9tk olyd Fx
gite] g7y M E YAl Eebznt F
dol 7hsetH, doll &5t &4l A9 glo] A
o 9 AE bd ok &8 4 vt
(Kuchenbecker et al., 2009).

DBD Zetzrt A= A=9 AAeh FAA
el Aol whl vheFst o] Thsste], 5
g EA e g AARE s 24 5 9l
U= AHo]l Stk 1 % Floating Electrode-
Dielectric Barrier Discharge(FE-DBD) A]~8l-2 7t
Gk PR FEE Sl o] WA A
g i Al87F % S (floating electrode) &
= o, A 2E 2AC AT W ndY
A= Al 7F A9IAE Qs Fekznbr A
Ho] A=3 A4 HFskA duk maAl
gk=nt 227} 7153 th(Lee et al., 2019). °]¥
NeEs A Aol T, I3 A4, ¥
g9 F5 A 2 A4 JFeqE adrt
Ul 5= % ti(Subramaniam et al., 2024; Charipoor
et al.,, 2024).

#Zell= FE-DBD Zetzrbs o] &3 x/i%
oA o w=ulolei A A7F3lJeon et al., 2021),
ojFol Ao AT LA, ARdE By
¥ AZ3HKim et al, 2024), HS FI(Nigella
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A ZAFSFA T

Of

1. A2
B oA7eld olgw Azt L 4%
Q) mAde AAA= AF L Folste] Abgal
o & ANt wAae

oAM= 3 F9 L. monocytogenes
(ATCC 19113, ATCC 19115, ATCC 19111)E A}
STk FTE 30% 2ElAEC] FREY
tryptic soy broth(TSB, Difco Laboratories, Detroit,
MI, USA)°ll H33ate], -80 T A2 Wi
A7}, L. monocytogenes= 5 mL2] tryptic
soy broth(TSB, Difco Laboratories, Detroit, MI,
USA)E ARE3Fe] ZH2) 30 CollA 2447 59 2
3 S w4 dFE Al AEds &
wap3ith

3. FE-DBD Z2f=0} HME|

FE-DBD Z&}#v} #X|(1-DBD Surface Plasma
Generator, Model, Micro DBD Plasma)v Plasma
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7re 5,10, 30, 60, 900 7 Akt
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e b MAE FE 1 log GHE TFaA7]= d

B A7

o n: AEFA FHE el wi/iHSE,
n =14 & A3 ASFHAE, n #ko] 11
o AAY 2 W 47 olglE BEEeY
A= B5e F4E vt

Weibull "7 256 D-valueS 7317] 914}
Buzrul and Alpas(2007)2] &S AF&-31Sth:
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Weibull %> GraphPad Prism 432 E $j|of(H
7 5.0, GraphPad Software, San Diego, CA, USA)
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6. pH =3

gt A= 3 gt AT 27 mLE EF ¥
AeA 237 whkete] pH 548 AIEE Ab
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Scientific, MI, USA)E AFH&-38to] pH #& 745}
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7. Statistical Analysis
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A Aol w2 L. monocytogenes®| H
(log CFU/g), pH Fe] Fo)AQl zlo]E i3}
7] A&l FEA A 4> SPSS AXEY]
o] ¥& 12.7 (SPSS Inc., Chicago, IL, USA)S A}
§3to] ANOVA ¥ Duncan® vz H9 HAES
Fa FHEAY FA5E 5% (p < 0.05)°04 &
AR OZ Fost zol7b e ASE FEES

o,

O

m. o4 Hxuf

1. FE-DBD EZ2t=0t XN2| = DI} X}
X| =0l L. monocytogenes MZtst H7t
B dTeAe BEAge gAax el s
FE-DBD Z2}=vlE 5, 10, 30, 60, 90% §3F A
2]3tod L. monocytogenes A% HIE <Table 1>
o AAIBIATE. 2T AAM Y L monocytogenes

AR Zat=oto| o5t 2w} Xt X|=9| [/steria monocytogenes MZst w1}

8.07 log CFU/gellom, AHeAztel] uwhe} 53,
104, 30%olM = 2+7ZF 7.50 log CFU/g (0.56 log
CFU/g), 7.39 log CFU/g (0.69 log CFU/g), 7.09
log CFU/g (0.93 log CFU/g)e] %oz A4St
(p < 0.05). HZIAZF 60X 6.56 log CFU/g=
1.50 log CFU/g7}d A ar, Hdl XAkl
90 AHzlolAE 6.03 log CFUECE 197 log
CFU/g= fF24Q1 TAase HAthp < 0.05). L
monocytogenes®] BES = Weibull &S o] 83}
o AFsl oM ([Fig. 1)), sid =de] wi7idF
= <Table 2> A|A|SFATE Weibull 2ol 7|5t
3 D value: 25% 0% AEEQ oW, AFAF
RH)E 0987 L}EFSITEH

Az 3 A& F5 A wet X2
FT7F thFshAl ¥ th(Beresford et al., 2001).
ARE AMEst] HAee 7Fes AR ARRA=
o} AAX o FhAIRIL WE QI f-8] Al E

of

<Table 1> Effect of FE-DBD plasma treatment against L.monocytogenes incubated Mozzarella cheese.

L.monocytogenes

FE-DBD Plasma (min)

log CFU/g Log reduction
8.07+0.07°* -
5 7.50+0.15° 0.56+0.09¢
10 7.39+0.21% 0.69:+0.19%
30 7.1240.15° 0.93+0.09°
60 6.56+0.19¢ 1.50+0.14°
90 6.05+0.24° 1.97+£0.23

Different letters within the same column (a—e) indicate significant differences (p < 0.05) by Duncan’s multiple range
test. The data represent as mean + standard deviation (SD). Number of replicates (n = 3).

<Table 2> Weibull model parameters for L. monocytogenes treated with plasma.

Model Parameters

Microorganism b + SD

n+ SD R?

D-value + SD (min)

uv E. coli 0.21+0.11

0.50 + 0.14 0.98

25.00 + 5.76

The D-value of L. monocytogenes in plasma treated Mozzarella cheese was calculated using the Weibull model.
b represents the scale parameter, and when n < 1, the survival curve is concave upward, while n > 1 or n = 1

indicates a concave downward survival curve.
R? represents the correlation coefficient.

Values are presented as the mean + standard deviation (SD) of three independent experiments.
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[Fig. 1] Effects of plasma treatment on L.
monocytogenes in  Mozzarella natural

cheese and survival curves fitted with
the Weibull model.

= A A Az
et al., 2024). 7}& X = %
of ey vgEo =

AR dAY #@O] o] v AE o FHoF
3k 4 QITHKim, 2019).
53] B} X =2E o] Wil pH7F S
of 77k EAo® s, frAlEelA AAgAdo
S+ L. monocytogenes®] ‘37l FHekgd 4 vt
(Tulietto et al., 2024; Abrahao et al., 2008). 217
= 98 A= 2EAR A MG 2 Ae 24

JollX L. monocytogenes 5 AA FERAZL F
QUAIRE, 7hdo] et 92 vt DA o]
7] ol W] APEES Al flAel w
2t 1-8 log @2 vheFstAl YEFGTHMurru et
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al,, 2018). gt o] 2<do] ofyrEts AE
g% o]F2 ZhadAlA LAk 22k 294 T}

A% MAE F kRicei et al., 2021).

Tirloni et al.(2019)2] AG-oA BHH=EH v

A} =25 YO 2 L monocytogenes®] G

14 ¢ A 248 SAURE A UE e
ez
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59|, Han et al(2014)%] A7-o|A Rosemary %!
Thyme @ US X35 it 3945 AEAIAS
o, Ajgko]l Adel weEh dd AT L
monocytogeness 2.5 log CFU/g 7447} YEFGX
W A Az 54 WAE BANA 5
O R P EREE E
Kundu(2019)2] Zrpbd ZAlel e Hof A<l

T 6}-

10 kGyollAl BE = oF 1.2-1.6 log CFU/gm
7HAl FFaskdt) o= AF 8184 olskE At
Z1Q1 ZFaol AN, TAEAS] 184 10 kGy 13-
A AFolA FEHA fdom, mAFM=
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T e oAl WHoR FEuh=rh(Svarnas
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SRNT Ay ZEat=oto| o5t @M} Xt X|=2| L/steria monocytogenes MZEt 1}

WS AlAbsiTt

53] FE-DBD Z&t=vhi= 7]& AHS-H9 DBD
Zglzul A A" ERE R A8/ g
el M= s & 5 Qlthe ol kvt
o] WS Eola AE W FAdE T
A]?% gAol Qo] andel AzssE g

4 ATHAdl et al, 2020). webd 2 A=
FE-DBDE Z#-&3dto] EAde} x| z=o A 8] 2] A

go} RicAlo]EA =4 A7st ga3E e
1=

2 A9l Y 712l Kim et al(2024)9] <1
TFoAlM= FHFOIE  Staphylococcus  aureus,

Salmonella Typhimurium= % %3}%] FE-DBD *
gt=rt 60 A2 S W A2 FL5HA 1.13 log
CFU/g7} #4438kt 18]31 Jeon et al.(2021)2]
AR FH mE2uo]l Y A(HuNoV)E HE 3}
of A AFelAes 307 AEsile W 1-
130 log CFU/g¢] #Ast¥tta Raushsith &
Aol A= 308 Helo A ok | log CFUg 742,
603 g oA <k 1.5 log CFU/g A8ttt o]
gk zol= oE dATE BHY 4 5 e,
Ziuzina et al.(2014)2] AFrollA B7]e} EwnlE
Escherichia  coli,  Salmonella  enterica  serovar
Typhimurium, L. monocytogenesS 3%+ DBD
Z2F=0K50 Hz, 70 kV) A7s adE v w3
th EvtEe] HFH L monocytogenest R
6.7 log CFU/sample®| A Zef=u} 120% #2331
= W o] HEHA Sk, Bl= UxT 713
log CFU/samplel Al &t 2] A7kl 300% 2]
oAl 4.2 log CFU/sample® FAa¥ o] o] &Y
Tt E. coliz} S. enterica serovar Typhimurium<
L. monocytogenes®th Zet=utol] 9|3t A 7k3lr}
o wEA depstth olE g At Eehzrtel

@ vAE A &k AL, Fa 9 A

gAY Al kA R AR =2E ] 5 o
sk Q9le] wEl dEbHE HolFUh(Baggio et

al,, 2020). T3k Al Eo] AH A9 uAEo
Al Bl wol Eet=nbrb ddstA HFshe
& WS F glel, A agel 9T v
A ThAguilar et al, 2022). HEAIFS F7Fsh
A A =W n AR A7 G0t 8
ou, Zetznt 54 AR Uil
2= Qo] X = ®wo| o] AlHEE o]
A Az Gy AdEd
v AAZE Eekzrk AY Al 24
2 ALF(ROSRNS)S FHo] AT 4
22 Ay 4 FAF g F71FA A
7} e 2107 AR HTHKim et al., 2023).
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FE-DBD Z&}=v}l zlgjo] 93 ZAEA pHE
=43k AHE & pH 2 551-552%, thE
T fFYARQD Apolb IEEA ASdTHp >
0.05)(<Table 3>). ©]3= Kim et al.(2024)%] FE-DBD
EetzntE 2R A HEd AFelA % pH
W7t gl Aol sdsith o|x 9 pH7E Wt
A okE ol A Wl 4] Awe 9% =53
O 2 A& ¥ ChRicciardi et al., 2022). thek &
A= BREEl X Zo HE% L. monocytogenes

5 o-] _/[: HQCH ) DE
?ﬂ:rL oA F7EA 0

<Table 3> pH of Mozzarella Cheese by FE-DBD
plasma treatment.

FE-DBD Plasma (min) pH
0 5.51+0.05™
5 5.51+0.04
10 5.524+0.05
30 5.50+0.06
60 5.51+0.04
90 5.52+0.06

NS = non-significant.

_31_



Aol A= FE-DBD Z&l=n} A7} 2mt
= Asmat Agst avE gl
5]

2 A= FE-DBD Z&t*=ul g7l 2%
A} 2AFAX =9 L. monocytogenes®l| WA= 3k
= ARG Eekzrk Ho A2 AREQL 90
oA 1.97 log CFU/g= 7} & FAadS Hoth
monocytogenes®] AETAL Weibull Ko
Agstolon AYATR)S 098, D value:
25.000.% sk gleh. Zefzwl AP ARk whE
matde A =2 pH Wshe o4l Aol
£ HolA &StHp > 0.05).

o]23t A¥}= FE-DBD Z&t=vl A7t 2at
deb A9Azel oABE FHHE TG

o &390 w7k 71690 AAbe,

&~
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