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Abstract

Inactivation kinetic data of Escherichia coli O157:H7, Listeria monocytogenes, Staphylococcus aureus, Salmonella
Typhimurium, and Salmonella Ewnteritidis via treatment with aqueous chlorine dioxide treatment at a specific
concentration were evaluated using the first-order kinetic and Weibull models. The Weibull model showed a better
fit with the kinetic data than the first-order kinetic model. The survival curves after the aqueous chlorine dioxide
treatment showed # values(time required to reduce microbial populations by 90%) of 2.49 min for E. coli O157:H7
at 5 ppm, 1.47 min for L. monocytogenes at 5 ppm, 0,94 min for S. awreus at S ppm, 0.87 min for S. Byphimurium
at 1 ppm, and 0.08 min for S. Enteritidis at 1 ppm, according to the Weibull model.
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E. coli O157:H7 (NCTC 12079), L. monocytogenes (ATCC
19111), S. aureus (ATCC 25923), S. Typhimurium (ATCC
14028), S. Enteritidis (ATCC 13076) Zt7He] TFE tryptic
soy agar (TSA, Difco Laboratories, Detroit, MI, USA)E A&
atod 37ColA 24417 ittt wid & FAE 759
@ colonyE B H loopE F 8 Z+z tryptic soy broth
(TSB, Difco)ell A E3ato] 37°Col|A] 24417t B3t 28} vk
3t #FE At wdd E coli O157T:HT, L
monocytogenes, S. aureus, S. Typhimurium, S. Enteritidis2
pure cell cultureE 0.1% sterile peptone water®l] vortex mixer
(Vortex Ginie-2, Scientific Industries, Bohemia, NY, USA)&
AHgste] AAEA 7 YA e (2,000%g, 15 min)3sted
33 AF3 & JAE cell pelletS 32X 3te] F=71 89
log CFU/mML7}F = A sted A&ttt
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o] At} A4 chlorine dioxide system (CH.O Inc.,
Olympia, Washington, USA)S Al&3llen FrE
iodometry WY 0.2 £33 TH19). M|EE Z23E vl
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5 ppme] =& 3}o] 1, 3, 5, 7, 108 B¢t A8 1,
S. Byphimurium-e- ©|8H4 44 HFFE7} 1 ppmo] H=
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£% wxoAe oliteld iz Ald F8 A5t
o] A|7te] Aztol g n|AEe] E84d3] dataZ first-order
kinetic model®} Weibull model= & -8-8}o kinetic parameter
= ¥, B39k E. coli O157:H7, L. monocytogenes,
S. aureus, S. Typhimurium, S. Enteritidis®] root mean square
error (RMSE)#Zt2 Weibull model©| 4] 0.05, 0.15, 0.04, 0.07,
0.08% v}eht ¥ first-order kinetic model= 0.14, 0.24,
031, 0.37, 0.192 LEFGTHTable 1). B8t Weibull model ¥}
first-order kinetic model®] correlation coefficients (R)= E.
coli O157:H7, L. monocytogenes®} S. aureus 73-5-=



Evaluation of Two Kinetic Models on the Inactivation of Major Foodborne Pathogens by Aqueous Chlorine Dioxide Treatment425

model 7te] o412 Aol7t SIAAE, 8. Typhimurium
3} S. Enteritidise Weibull model®] R-& 0999 ®hA
first-order kinetic model®] R°%HS 0.895 ENJTHTable
D). dgF o R e foroz & 3ol Yehlr|
2 UA 5 RMSE 745 1228w, first-order kinetic model]]
4|3l Weibull model©] ©]Atsld g A elel] thet n| P&
NS Z4387] A survival plote] A7} B o
Hgslcta gl

Table 1. Evaluation of the two kinetic models on the inactivation
of major foodborne pathogens by 5 ppm aqueous ClO, treatment

Microorganism Models RMSE" R
First-order 0.14 0.98
E. coli O157H7 .
Weibull 0.05 0.99
First-order 024 097
L. monocytogenes
Weibull 0.15 0.99
First-order 031 097
S. aureus
Weibull 0.04 0.99
L First-order 0.37 0.89
S. Typhimurium®
Weibull 0.07 0.99
" First-order 0.19 0.89
S. Enteritidis
Weibull 0.08 0.99

Uroot mean square eror
il ppm aqueous ClO, treatment

T3 oA AS HE ¥, E coli OI5THT, L
monocytogenes, S. aureus, S. Typhimurium, S. Enteritidis2]
survival curveZ Fig. 19 YERN 1=, Weibull model©]
first-order kinetic model®l| H]3] datac] ¥ &3 AL &
T SISt ol21et A= Bialka $(21)¥ Chun %(18)9]
B oA Weibull modelo] " AJE2] inactivation kinetic
data BN O AgFelris Aket A gk,

ojatatedas XMe| 2ot

S. Enteritidis survival plot2] slopeZ E. coli 0157:H7, L.
monocytogenes, S. aureus, S. Typhimurium>} B] 113}%] & uf
e 45Tl HlE] Bok 2 slope 3hS 7H e, o)e
S. Enteritidis7} T2 Pl E R} o] 4bgld g Ao R}
sttt e JeRdd. Z8la Weibull model]
parameter 3 survival curve 3 Ejol] that A S 2 parameter
B7F 125} 22 749 concave upward®] FEfE Ho|3l,
B7} 1Bt} & 7 9-93= survival curve”} concave downward
FHE Yebd, 7} 1Y 25 linear FE| 2 Holth B
AT A AR V| AHE BT parameter 37} 11T} 2tow
2 concave upward FE| 2 Ve RS & 4 A
(Table 2).

Weibull modelol| 4] 7} x 2] 2] D-value®t A}t £ value

o] Aksld A= Al ot vjAEY RS YEhll=
o2 7 uEES] K valueE E. coli O157TH77} ©o]4ks)
2 BT 5 ppmo A 2.49 minZ o] Atstd Aol 71
o] 7111, L. monocytogenes?} 5 ppmo|A] 1.47 min,
S. aureus?} 5 ppmol 4 094 minS VERATH (Table 2). 3,
S. Typhimurium®} S. Enteritidis©] ©]4Vatd A A8 &%
1 ppmllAl 27} 0.87 min, 0.08 min® & e}, THE )4l
55 Ho oliEAas Ay oot $3ddE B8l
t valueZ} 78 2H2 Zho 2 YERGT(Table 2). whebA o] 4t
sl &g A2l Salmonella?t B} §14E-E Ho| £900
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Fatefol "ok RS AlARGITH
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i YAITHQ22), FDAT U3} offe] i dato] o)4kst
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Table 2. Weibull model parameters for inactivation of foodborne
pathogens by 5 ppm aqueous ClO; treatment

Microorganism a & ®
E. coli OI5THT 0.83 0.76 249
L monocytogenes 0.50 0.77 147
S. aureus 027 0.67 094
S. Typhimurium4’ 0.12 042 0.87
S. Enteritidis” 001 043 008

1
'a: scale parameter

)3: shape parameter
i time required for 90% reduction of the populations of pathogenic bacteria
" ppm aqueous ClO; treatment
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Fig. 1. Survival curves of major foodborne pathegens by aqueous ClO, treatment.

Data were fitted with the first-order kinetic and Weibull models, respectively.
Eror bars indicate standard deviation.

(a) E coli OIST:HT (b) L monocytogenes (c} §. aureus (&) S. Typhimwriwm () S. Enteritidis

2 o

T8 AFET E coli O157:H7, L. monocytogenes, .
aureus, S. Typhimurium®} S. EnteritidisZ 17 o|2r3}ad
A2F FEAA AZPEE A28l inactivation dataE
first-order kinetic model®} Weibull modelS- ©] 838} kinetic

parameterZ B] 3, ¥A3190 vl 1 22} Weibull model©]
first-order kinetic model .U} inactivation kinetic datacll
A AL Btk B3 54 FRe o] ikstd Al A
12} 3} survival plot9] tR values(5% ©]4teld 2 F=
A v AL 90%E AaA717] el Bagt ARHE Weibull
modelS 28 A), E. coli O157:H77} 5 ppmel| 4] 2.49 min,
L. monocytogenes?} 5 ppmol| A 1.47 min, S. aureus?} 5 ppm
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oA 0.94 min, S. Typhimurium©] 1 ppmol|A] 0.87 min L&)
3L S. Enteritidis7} 1 ppmol| 4] 0.08 min® 2 =% © AT}
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