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Inhibitory Effects of Chlorine Dioxide and a Commercia Chlorine
Sanitizer Against Foodborne Pathogens on Lettuce

Mi-Ran Choi and Sun-Young Lee'
Department of Food and Nutrition, Chung-Ang University

Abstract

This study compared the effects of chlorine dioxide and a commercial chlorine sanitizer for inhibiting foodborne
pathogens, including Salmonella enterica serovar Typhimurium, Listeria monocytogenes, and Escherichia coli 0157 :
H7, on lettuce leaves. The lettuce samples were inoculated with each cocktail of the three strains, and were then treated
with chemical sanitizers [distilled water, 100 ppm commercial chlorine and 50 ppm, 100 ppm, 200 ppm chlorine dioxide
(ClOy)] for 1 min, 5 min, and 10 min at room temperature(22+2°C). Following inoculation of the leaves, initial popula-
tions of E. coli O157:H7, L. monocytogenes, and S. Typhimurium were approximately 5.54, 4.47, and 5.12 log CFU/qg,
respectively these levels were not significantly reduced by the treatment with water,whereas the 100 ppm commercial
chlorine sanitizer treatment and ClO; (at all tested concentrations) were effective at reducing levels of all three patho-
gens. The treatment of 200 ppm CIO; for 10 min was most effective at inhibiting the three pathogens, and reduction
levels of E. coli O157: H7, L. monocytogenes, and S Typhimurium were 2.28, 1.95, 1.76 log, respectively. The in-
hibitory effect of ClO, increased with increasing treatment concentration of ClO,, but there was no significant difference
by the treatment times. When chemically injured cells of E. coli O157 : H7 and L. monocytogenes and S Typhimurium
were examined by SPRAB and selective overlay methods, respectively, it was observed that the commercial chlorine
sanitizer generated greater numbers of injured L. monocytogenes than the ClO; treatment. From the overall results, CIO,
was more effective at inhibiting pathogenic bacteria compared to the commercial chlorine sanitizer therefore, it has
potential to be utilized as an alternative sanitizer to increase the microbial safety of fresh produce.
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2 & 9JtiBeuchat LR 5 2001). thakdk £72 HUA
gl AFES o|d 4 JAINE o|F Shigdla spp.,
Salmonella, Escherichia coli 0157 : H7, Campylobacter spp.,
Listeria monocytogenes, Saphylococcus aureus, Yersinia entero-
colitica, Bacillus cereus, Clostridium botulinum, viruses -]
A3} oo} 22 4 FikE BAst AFE Al
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biological Criteria for Foods(NACMCF)ollA= A% 24
o AR&-== FAlol|l cacium hypochlorine 20,000 ppm<
g5ty HYAUAYES 5 log cyde ZAastgod, 1
FE7F U§ EomW 20,000 ppm ©]3te] FEOAE H
A PAEY 5 AT HEENE a9 U
ERA] kTt Barskgin) old] & Agrllae Al
e T FAFE O E 44 SR/, Clo, =9
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Atams ANFS o T8 HYA PAEE coi O157:
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1. AR BEF

Aol ZH23%2] S Typhimurium, L. monocytogenes,
E. coli O157:H7E °©]-&3t3th E. coli 0157: H7(ATCC
35150, ATCC 43889, ATCC 43890), S Typhimurium(ATCC
19585, ATCC 43174, ATCC 363755), L. monocytogenes
(ATCC 19114, ATCC 19113, ATCC 7644)= I=n| Y&
R EAE|(Korean Culture Center of Microorganisms)oll A]
THsF o Zzte] #F5+= Tryptic soy broth(TSB: Difco,
Becton Dickinson, Sparks, MD, USA)ellA HjeF 2 Aty
o] AHEH AT
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(Difco)& ©]-&3ted 37°CollA 24A3F &<F st FH i

FHS 4°CollA 4,000xge] 2o F 2087t

(o
>
iz
ich
QL
£
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A Fol FoMZ-FeFNEANZE, =)S At
of Aol o] &3ty B ATl AHEH FaA At
A=A AFHE S StalgAolA ARgstal Q= st
T4 S AN (SAH AL T 2004) A A AGH
FEIATE 100 ppmeS 7|02 19, 5 Lo FF
Foll 4d3 AaALEA 14E Yo AZsHT Chlo-
rine dioxide(ClO,) 82 FH I 2E|(h=) A A4k
8%2] CIO;E ©]-&3dt FfFoll FAst Z42; 50, 100,
200 ppm FEE Ax 3 T ARSI e s
=Ae AgSs Huiskelr] st A vz 2Rl A
zote] ARESt o AL 899 FRALTEES <l
sl7] flet] FREALEEE S48k 71AHI 95771 Chlo-
rine Ultra HR ISM, HANNA instruments, Hungary)E ©]
B3ttt A A Aol ol&H AdaEAY &
HATET 49 dAAmAE 944349 ppmel L, 50,
100, 200 ppm ClO= Z+Z} 65+3.39 ppm, 136+8.58 ppm,
252+10.95 ppm= tERsT

247 FHlE AvasAdles HEE FEFY AYE S
sl o] gElom FHRTY At e E o] &HU
T 200 mL SFeeh Ao i
Hlo]7 o FH|gk 5 oF 25 go] ¥IFE Fristo 24
1, 5 10% &< AsiAnh A7l & FF 42 clean
bencholl A #19} U3 WHOE AxHI o Zhzhe] Al
&3 #79 S8ES S8l ARSE AT

4. N2FH ¥ 24 =

gopde #o] SAS flet] AHE® T 5 g
S Heo 22 F 50 mL2] buffered peptone waters
75k ) #1)E A1 =S stomacher(BagMixer® 400, Inter-
science, France) = 283 43 st #d3E AlsE
H3k buffered peptone waterS AR8-sle] 1082 34 ]
Ao A4 o Zpzke] iAol EFgte] AleE ok 7t
zte] mAES ATE AT #AZ= Sorbitol MacCon-
key agar(SMAC: Difco), antimicrobic supplement(BactoTM
Oxford antimicrobic supplement, Difco)E 371t Oxford
agar base(OAB: Difco), Xylose lysine desoxycholate agar
(XLD: Difco)7} Z+z+ E. coli O157: H7, L. monocytogenes,
S TyphimuriumE 93 A=A =24 o] &=} 3TY
HiA = BT 37°CollA] 24~48A17F ERF vt Ao Y
& F A4E coony T AdEEiRIl A ] Azte] A AR
colony & =435tk

5. Injured cell2 Z&tst A4 =H
] S AAHE 242 injured cdlS X3 A= A

TE SA] fEiA te S ARgsiath WA
E. coli 0157:H7+= Rhee MS 5(2003)2] A7iHe 3
313+ 1% sorbitolS %71 Phenol red agar base(SPRAB;
Difco)e ©o] &3l ?1¢ TLs WHo=E H5-E5 4313
T} L. monocytogenes®} S Typhimuriume] 73-%- Lee SY 3}
Kang DH(2001)2] AollA A8 over-lay agar method
7F Adel o]g§ENeH B HhHS ffste] #AslE o 3
25 ANZ-2 n]AEufR]Ql Tryptic soy agar(TSA: Difco)oll
BrEa = Hlom o] ujAEL injured cell®] 35
< 9lsked 37°C incubatoroll Al oF 3AIZE Bl F HAFF
oF 45°CZE 2%l Zpzte] MehjA|Z overlay=$lth. Overlay
H HiAE 2371 F 3r°CellA] et SYIA 24~48A1T
Bt ik FH AP A2 colony7t AlE AT

6. SAIXE

BE AFe 3R R FIEon wEd Adddd
= SAS B4 Z=ZJ3(version 9.1, SAS Indtitute, Cary,
NC, USA)2] ANOVA procedure2 ©]-§3le] #2453l
zkzke] Aelo] FAASE fFoFor Ui 79l
(p < 0.05) Zt7te] 3utE Aol g H+4k2 Duncan's
multiple range tetE 53t E2]F Aok

. Zat o nF

WdFel E coli 0157 H7E AES & w55 2
ClO9t 443 das=AZ A7 3 $o A¥
13} 2th 9ol E. coli O157: H7S A 25
£ 554 log CFU/gellom o] oF2 thxza?l &< 10
B¢k 83 & wol| 510 log CFUlgFE2o 2 Yeh}
2Rl Zpo)7t YERAA] UTHp > 0.05). 3HAIRE 1 9]9]
2 AP d2aEA, dO)E 3 Afolls BF F
o)Al 747t BEEUTHp < 0.05). E. coli 0157 : H79l
e AslrES 498 244549 50 ppm CIOE T
100 ppm CIO}F 200 ppm CIO0NA O &2 o2 7
25 HYa, E3] 200 ppm CIO,0Z 108 &9+ X3S
o 2.28 log 442 7HE & Al S YR AT 100 ppm
U daaSAZ 108 B9 XEdS w 0.88 log
2+~ 12l ¥hH 100 ppm Cl02¢] A glolAE 108 A
o)A 1.81 log ZAE Ho, YT TE4<] E. coli O157:
H7ol ik A ade 394 dLaaSAE1 T oyt o
2 ASE Ughygth Jeu BE AP FIeA 22
FE et AMEAES fFoHR AFol7t gl (p>
0.05) A2 sl e FoZ<l 2olE YEH(p < 0.05)
A AZtoll Hlg) Aels =] ztolol tidk E. coli O157:
H7el Asjaze] ztol7t & & F AUTh

¥d5=oll L. monocytogenesE A& & wEE 2Egh
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Table 1. Populations of E. coli O157: H7 inoculated in lettuce treating different sanitizer following treatment time(Logie CFU/Q)

Culture Time Treatments
medium (min) Water 100 ppm Chlorine 50 ppm ClO, 100 ppm ClIO, 200 ppm CIO;
0 5.54+0.35" 5.54+0.35" 5.54+0.35" 5.54+0.35" 5.54+0.35"
B1)a2) Bab Bab Bb Bb
1 4.91+0.06 4.58+0.53 4.56+0.34 4.04+0.43 3.99+0.48
SMAC Ba Bab Bb Bb Bb
5 5.14+0.22* 4.55+0.47 4.29+0.18 3.99+0.44 3.79+0.71
10 5.10+0.13%% 4.65+0.33°® 4.10+0.29% 3.73+0.50%° 3.25+0.77%°
0 5.92+0.37 5.92+0.37* 5.92+0.37" 5.92+0.37* 5.92+0.37"
4.65+0.91°% 5.17+0.31%a 4.78+0.14% 4.37+0.64% 4.22+0.56%
SPRAB a Ba Ba Ba Ba
5 4.76+0.80" 5.03+0.38 4.83+0.42 4.41+057 3.99+0.48
10 4.89+0.711 5.17+0.18% 4.77+0.55% 4.25+0.725% 3.43+0.63%

Y Means with the same letter within a column are not significantly different(p>0.05).
2 Means with the same letter within a row are not significantly different(p>0.05).

9} 2t} FdFo AHEl He] 7] L. monocytogenesT

£ 4.78 log CFU/ge]1le™ E. coli 0157:H72] ZA3}e}
ﬂ}w}ﬂi A As 24 2olE YehA] &
tHp>0.05). 12} E. coli O157: H73= 2] 100 ppm
F97 daamAR AePe we 102 ¢ Al
T oAl s UERIRIA(p < 0.05) 1 9] 1R 52
B A Aledls frolAl Aozt YERUA] 3ttt
(p>0.05), = 50 ppm CIO¢lA= 108 A A%
oA Aol & 1%&141%] @3k (p>0.05). W 100 ppm
ClO,Z 102 3-& 200 ppm CIOE sf, 107 A=
] v«lﬂol o7k WERETHp < 0.05). 53] 200 ppm CIO;
O F 108 Bt A Aldll 195 log 9] AAaE B 7}
= @&5\_%}14—;: HeRA AT o]l L. monocytogenes
o] Aol oA Ot FYPA BadiZAlo Hlste] 4
TEo] 52 A& & F Ao A Ao} vizivhA]
2 CoA oA g Azl vls) e sl 23 x}
o|7} B EtA YEehTh

Table 3& FY3 AgoAe] S Typhimuriumoﬂ st
ABRE BF1 Q) _,_7] S Typhimuriume] == 5.12
log CFU/golRiom o T BedA maEe ﬁl%ﬂ—— ks

g E& Agdle daxE o8l AE e
005). 12t =& A P& W] i FFS
oA Z}z+ 082, 0.82, 097 logZ UEh} =E 7
2 1 log OIO}E Uebstth 1 9] 318k At AasAE
Al P& W BE A9olA FolRHl AAE UERS
(p < 0.05), £3] 200 ppm CIO,Z 5% 10% 5<% Az
Aol 242t 1.48, 1.76 log =2 ZAE
Al S Bk =3 S Typhimuriumell A= kAl
A wAgEF 2ol Al ARt thEF oAl A}
ZHE] A 23 THp > 0.05).

T Y4 dalFA% oo Tl &

B oAl 7EA B rAdEed itk A adE AR EP.
Al 7R A Pl Eﬂo}cﬂ Y3 FEE o=
FhA FaamAol B 0}021 2 AsjEaAE RStk
2 7ES AFE=EE 04?91 A} AR A3
£ HojFa o Rolando JG 5(2004)< E. coli 0157
H7S %3 &l 200 ppm chlorineZ 2% A3 2
3} 0.84 log 7FA5t Tk WSS AL, Weissinger WR 5
(2000) 120 E== 200 ppm free chlorine solutions %
¢} EnfEd] 40% 5% A2g A7 Slmonela baildon
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Table 2. Populations of L. monocytogenes inoculated in lettuce treating different sanitizer following treatment time(Logie CFU/Q)

Culture Time Treatments
medium (min) Water 100 ppm Chlorine 50 ppm CIO; 100 ppm ClO;, 200 ppm CIO,
0 4.78+0.41% 4.78+0.41% 4.78+0.41° 4.78+0.41% 4.78+0.41°
1 4.68+0.68""® 4.23+0.39"% 4.16+0.46™ 3.98+0.53% 3.59+0.33"%
OAB Aa ABab Aab Bab Bb
5 4.68+0.66 4.02+0.51 4.24+0.67 3.84+0.53 3.28+0.47
10 4.71+0.58" 3.92+0.87°> 4.20+0.61°% 3.60+0.55°> 2.83+0.21%¢
0 5.10+0.54" 5.10+0.54" 5.10+0.54" 5.10+0.54" 5.10+0.54*
4.83:0.74"* 4.99+0.67" 4.45+0.60"% 4.14+0.59%° 3.74+0.41°%°
OV-OAB .83+0. .99+0. 4540, 14+0. 7420.
4.93+0.43" 4.97+0.66"* 4.41+0.70"* 4.00£0.54% 3.46+0.395%
10 4.82+0.59"® 4.84+0.78"® 4.33+0.59" 3.81+0.58°" 2.86+0.26™

Y Means with the same letter within a column are not significantly different(p>0.05).
2 Means with the same letter within a row are not significantly different(p>0.05).
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Table 3. Populations of S. Typhimurium inoculated in lettuce treating different sanitizer following treatment time(Logie CFU/Q)

Culture Time Treatments
medium (min) Water 100 ppm Chlorine 50 ppm ClO, 100 ppm ClIO, 200 ppm CIO;
0 5.12+0.31% 5.12+0.31% 5.12+0.31 5.12+0.31% 5.12+0.31A
1 4.31+0.36°Y% 4.20+0.31%2 4.22+0.21% 3.96+0.34%2 3.96+0.21Ba
XLD Ba Bab Bab Bab
5 4.31+0.35 4.22+0.29 4.17+0.27 3.97+0.34 3.65+0.31Bb
10 4.16+0.41%2 4.27+0.27% 4.24+0.29% 3.95+0.41%* 3.37+0.39Bb
0 5.51+0.33% 551+0.33% 551+0.33" 551+0.33% 5.51+0.33A
5.19+0.61%? 4.79+0.29% 4.87+0.31% 5.00£0.15"%2 4.62+0.34Ba
OV-XLD Aa Bb Bab Bab
5.26+0.55 4.560.25 4.86+0.28 4.95+0.18" 4.56+0.29Bb
10 5.30+0.37°° 4.69+0.35% 4.85+0.34%% 4.46+0.745® 3.99+0.64Bb

Y Means with the same letter within a column are not significantly different(p>0.05).
2 Means with the same letter within a row are not significantly different(p>0.05).

°] 1 log ©lstE ZrASHHThaL Wikste] FAA| A=A
S oFg Ao diske] Rusta ok @E Clo9]
A Ao Bol gk APATE AHEH Lee SY &
(2002)& FUE-2 100 ppm CIO,E 5% B¢k A7 3 2
I S Typhimuriume] 2.96 log FF2.2 43S #as)
3L, Marcy AW -5(2000)= A4S 80 ppm CIO,S. = 10
5 HYs v W) 29¥ E. coli 0157 : H79]
3 log ©l3t TR ZraEo] B Aol FARE L
ARE Busta ok v 2e MadFoies B A
7o} & A7 AAE BT ok 7139 (2004)-2 i
Zrol] 50~75 ppm chlorineg 5% &< Age w 2
H o] 165 log T2 THASHE #EE L,
F&7 52004 A A B30 AT TFE 9.3x10°
MPN/g, #9A4 tiarE 4.3x10° MPN/gA|5t 50~
100 ppm chlorine. 2 5% F<t Agg Ay} oS
o} B T HEHA] Rof Fahdhzol B A
T2 o) Asjads Hehlidet sHANE ALSH A
FAES} PAAEC webd Ao zpo|7h vEbd = 3L
ouF ol IF RIF Apolgkal AAAH o] BT} ok
&k 2oAe] AF7E Hads & F Utk B 2
ATATNA ClO2] A Al Al AlRtel] vl A2 &
o] W& Asjae] zol7t wA YElH=EH ol
2 dF=ERdAME FYs 24345 FolHE 4 T Youm
HJ 5 2005).

A% 28] 3ol FA== injured foodoorne pathogens
£ uninjured counterparts THEolU FA|Z 02 L shH
(Kang DH$} Fung DYC 1999, Kang DH$} Siragusa GR
1999, Lee SY3} Kang DH 2001, McCarthy SA 5 1990),
A ]2 AF=EE-S injured foodborne pathogense)
ATE 9% ] 2 RS A58kt Rhee MS 5
(2003)& ground beef patties] Zz] Aol FAIH injured
cell> 0.05 logE SMACH|A9} SPRABHIAI= 214 .S
Z zpol7h gl o, 7L1TCAA i = oy W FHA

i

omA =283 A3 injured celo] Z}2; 0.82, 1.07 log
FOE Ueh foAQl AolE Ho] SPRABHIAIE in-
jured E. coli O157:H79] Al5E 213 recovery medium.
2 Z3F3he slsdnh. =3 Lee SYF Kang DH(2001)
2 chemicadly injured L. monocytogenes, S Typhimurium<]
AL A Y3l chemica sanitizer ]2 o sdec-
tive over-lay(OV) medium *'H-S o] 833t} wehs] &
ATNME injured cdle] XS 2] Yl Al 7HA
B vAEo] HEE 5o 3ty AEASAR 1,
5, 10% #2] ¥ SPRABHIX|9} sdlective OV medium %
He A, I A= Tale 1, 2, 33 2} 3+
of 28] A %7 injured cel& E33+ E. coli 0157: H7,
L. monocytogenes, S Typhimurium <= 242} 592, 5.10,
551 log CFU/gelglor, izl &8 108 &<t A
NS u) 27 489, 482, 530 log CFUlg FF22 UE}
o AQl Aoz wEEA] ZFUTHp > 0.05). HAH 4
22EA9F ClIO 2] ¥ SPRAB, OV-OAB, OV-XLDHJ
A oA =FH 3= SMAC, OAB, XLDH|X|9|A =&
B FXHY =4 Yel} chemicdly injured cdlo] d45
RS HAFATE OV-XLDHIA|2] 9 100 ppm <
A AAharEARE 57 5 AYde W fodQd At
e O Hp < 0.05) chemicdly injured cell©] 0.33 log &
AERem, I 9 X AR 18 Z2 108 A Al
+ ol A<l Zfol 7 ERA] 284 THp > 0.05). =3+ SPRAB
Hjz2} OV-OAB HiA|o|l A= 100 ppm A2 dars
AR 1, 5 108 B¢ AHHIE w fFo]&<0 Zo|7} e
WA edkem(p>0.05), 22t HAd rlAdE] sl A
2 Aai=AE A s o dgnyz|e] Ao}l o] A
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