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ABSTRACT - The present study investigated the bactericidal effects of chlorine dioxide (CD) and electrolyzed
water (EW) on pathogenic bacteria, such as Bacillus cereus, Staphylococcus aureus, Salmonella Typhimurium, and
Escherichia coli O157:H7, by treatment them with CD and EW, respectively, for 0, 2, 4, 6, 8, and 10 min. Additionally,
the sensitivities of Gram-positive (B. cereus and S. aureus) and Gram-negative (S. Typhimurium and E. coli O157:H7)
to CD and EW were compared, respectively. In CD, the D-values for B. cereus, S. aureus, S. Typhimurium, and E. coli
O157:H7 were 1.85+0.64, 2.06+0.85, 2.26+0.89, and 2.59+0.40 min, respectively. In EW, the D-values for B. cereus,
S. aureus, S. Typhimurium, and E. coli O157:H7 were 2.13+0.32, 1.64+0.64, 1.714+0.32, and 1.86+0.36 min, respec-
tively. All strains decreased consistently for 10 min in both CD and EW. However, the D-values of each bacterial spe-
cies did not differ significantly between CD and EW (P>0.05). When comparing the bactericidal effect of CD and EW,
no difference in D-value was observed, even though the pH and available chlorine concentration of CD were signifi-
cantly lower than those of EW. These data could be used for the application of CD and EW in the food industry, con-
sidering characteristics such as the selection of optimal disinfectants, determination of optimal concentrations, and

sensitivity to disinfection targets.
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Materials and Methods

Table 1. List of bacterial strains used in this study

Ao AM-E F5E 218 4 H(Gram positive bacteria)
F 2% S (Gram negative bacteria) 2} 2502, B5F
FHIF Bt 2335t (Jeungpyeong, Korea)oll A
TS Ag ARESIATH(Table 1). 2F #5= -70°Ce] &

st Hadh WFolE HH ¥ tryptic soy broth (TSB,
Bacto™, Becton, Dickinson and Company, Sparks, MD,
USA)°l| H=3F t}2 37°C incubator (WIF-105, Wisecube
®, Seoul, Korea)oll A 20-24117F viFsl o, g o A}
£3517] A FL3 oz 33] o] A wikS AA|
sto] &AdstE FA719 #& A7l ARSI

AR HX]

Ao ARESE AA A= tryptic soy broth (TSB), 3L
AW A= tryptic soy agar (TSA, Difco™)E A3t
5] A2 peptone (Difco™)S AHE3t 0.1% SE7F = =5
Azt 5 ARSI

oA 12t P A==0] o3I £ %

B Ao o]atsld A4+ Disinfectant (LifeClean
International AB, Uddevalla, Sweden)S AR&-3}St}. o4k
st o] o]ghehy 5442 pHeE Y48 = (available
chlorine concentration)E =743} tl pHE °©]4bstd &g
10 mLE Al "o} pH meter (420A, Orion Research
Inc., Boston, MA, USA)E ©o]&3lo] 4319 oH, §8
YA F X+ Handheld Colorimeter Chlorine Ultra High
Range (HI-771, HANNA Instruments, Inc., Woonsocket,
RI, USA)E ©]-&3t S5t

Ot H A= Mws FIt

A= TSBOl HEato] 37°ColA 24417 F<t Al
o wjFst BA7] 5 ARESEATE BA71¢] 72 107 CFU/
mL7F F =5 HE 0.1% peptone waterol] 843150, &
A 1mLE FH3 o]AhstH 44 54mL, 0.1% peptone
water 93.6 mLe} 3 Hitd FHel] @i g EE
ATk 0, 28, 4, 61, 8% B 102 247 1 mLE
3t 9mLe] 0.1% peptone waterol] 1071 3|43+ & TS
2 pour plate 3T} Plate= vl 7] A 48A17F &<t

>

Strain ATCC"number
. Bacillus cereus ATCC 13061
Gram positive bacteria
Staphylococcus aureus ATCC 19095
. ) Escherichia coli O157:H7 ATCC 35150
Gram negative bacteria L
Salmonella Typhimurium ATCC 14028

YAmerican Type Culture Collection, Manassas, VA, USA.
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37°CollM vieFeE 5 252507 Abole] HEhs Alrskaitt

!

efa 4

2 A A}83st Hall4= Waterlox ECO (eKlean
10, Key Tech electro Chemical Co., Seoul, Korea)S ©]&
stod AT 254 300 mLoY| natural refined salt and
citric acid (Key Tech electro Chemical Co., Seoul, Korea)
0.5 g B3l dallo P72 77 A7)Eslste] daella
= AT AC adapter= 12V, 5 AS ARSI o
Aelre A8 & A A AR-EH AT

o] ofspers S 2%

A2 o]3ed AL pHO F 394 %F S (available
chlorine concentration)s 43ttt pH= &3l 10 mL
= Ag o] Do}l pH meter (420A, Orion Research Inc.)
S ol &ste FAHsNeH, AU EEE Handheld
Colorimeter Chlorine Ultra High Range (HI-771, HANNA

Instruments, Inc.)E ©]&3l] =431

l

Hofja= M=E Bt

Al Aoy AFS fste] $5%E 300 mLol| natural
refined salt and citric acid 0.5 g& F7}et 787F A7 &
g st AafrE AR AlE +F= TSBell HE
sted 37°CollA] 24A17F Ft At wiFe BA7] #+& A
&3tk AR 719 #& 100CFUmML7E S| =5 ¥
0.1% peptone waterell 3]s}t o A | mLe} &
34~ 76.1 mL, peptone water 22.9 mLE /A Hd4EH F
7ol YaL & E5o] FU 0k, 2%, 4%, 6%, 8&
2 10l 242z 1mLE #H3H] 9mLe 0.1% peptone
water®ll 107 843k & TSAZ pour plate 3}$T}. Plate
= wg7IoA 48X FRt 37°Coll A wi ke & 25-250
N Arele] HeEks AlTskad

SAXE

Aty A 33] v Feeigint DRE (P8 250
A ElAEe] 1/102 skt Azle AlZHS Excel 2016
(Microsoft, Bellevue, WA, USAYS o]&3}o] A4Hl 3 IBM
SPSS Statistics ver. 25.0 (SPSS Inc., Chicago, IL, USA)E ©]
2319 5% FFE(E=0.05)°14 SHEE Ttests AAI3}

of o129l Aol B sk Mshersh o]} el
pHS} fEALFE SHE TR 38 W Fasign,

Results and Discussion

o112t P A ==01 Mofj3=2] o]}ty £/

ol xbsld Aol A o] pHYt FaAHAFES =4 2
= Table 20 YERHQITE 0]4ks1d 4422] pHE 3.43+0.06,
FEALFEEE 10.8£0.00 mg/LE UERO R Hs|4e]
pHE 5124021, FEY2FEE 68.51+0.19 mg/L %Ath.
o|aksld Aol Hallre] pHE Blwd A3} o] ihatyg A
9 pH7} BA YEtoH, fFRdALTER oitstd A
o] fFadiEmst Aol BlE) Wtk

Ot H 240 bt T}

I A 2T O 289 225 1087 olits)
Aol A3 A= Fig 19 YehAAT ol4tsld 4
o g3 BE FFolA AaEart etk g 5o
AFdaHE Bl 2 E coli O157:HTZ 4.84 log CFU/mL
A3} 3L, B. cereus’t 4.04 log CFU/mL #43te] 713
2 At 23 Bk ole 7 #F7t olAkstd Aol

4r 2

NIVERAE

—8— B. cereus
—O— S. aureus
5 —w»— S. Typhimurium
—&— E. coli O157:H7

Surviving population (log CFU/mL)

Time (min)

Fig. 1. Inactivation of B. cereus ATCC 13061, S. aureus ATCC
19095, S. Typhimurium ATCC 14028 and E. coli O157:H7 ATCC
35150 treated by chlorine dioxide.

The results indicate the mean and standard deviation of triplicate
experiments.

Table 2. Physicochemical properties of chlorine dioxide and electrolyzed water

Treatment ACCY(mg/L)
Chlorine dioxide 3.4340.06> 10.8+0.00°
Electrolyzed water 5.12+0.21° 68.51+0.19*

DACC : available chlorine concentration.
DValues are meantstandard deviation.

JSuperscripts followed by numbers in each column signify statistical differences at P<0.05.
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sl M= o8 DS 7L eH, E coli O157:HT
g2 oo 8] olkstd Aol o WsHA WSSt
Aoz Wtk 2y o|kstd Aol 237 A 2l5k3l
W= S aureus’} 3.51 log CFUmL T4&ste] 714 &
2ES Bor, o] At oSt ATt S aureusE
gl o] #FH A7 Q= Fle= AL RAFUY.
Zb ##5-9] D3k Table 39l WYebRITE 71 v D3k
£ 1.85 min®&Z B. cereuso|A YEPRET 7 & 32 2.59
minlE E coli O157:H79A velytth 28y 2zt 57
o] F9oju|3t Zol= QYU TS 2 KA 2% 24
48] gl Feju] g Zpo|7F YEhA] %oKP>0.05) ©]
Al ArE 2% ST a2 SAH B gy
g 7He 7/4\*% RIS o] A= oitstd i g
£ S W a7 FEH 2 2970 el feiv
gk Zpo|7} k= A#7F YERd Vandekinderen 5] A
T oE AFE Yeifder, oA 7Ege] o] Aks)
A AZE AFE3F Vandekinderen 507 2] B AFoA =
AL o ikt A E 0] &37] WEoR wdE)

e G}L o r{r o

ool A2 13}

4%8] FTE 1027+ 4'3}15::"4] &gk QE}E Fig. 2]
HeER ATt ]7}01 AGFE 7o
< AF 108 & 7 —ii #HAaE HA AL S
2 5.68 log CFUmML7} Z4&3sti il 71 22 448 B
Ql AL S Typhimurium®.2 4.34 log CFU/mL7} 7343}
At} ol Aol et 7t #57F AR HE RIX
< 7]'7<]J— Pom, g2 FFEY S aureus’t U U
Al ¥hgahs Zo® Wtk 7t #olM e Hadke Hla
2 A sHA JEbst

Table 3. D-values of pathogenic bacteria treated by chlorine dioxide

Z} #52] DI Table 49 YERMIAT. S, aureuse] D
ko] 1.64 mineE 7FF 9kom B cereus’t 2.13 min
o2 7P =4 e 28y 75 7He] /9490 D
el Apole vEhA] eiskth o A 2" o4
9] D= fremgh zto]7F YERA] eok(P>0.05) L
2 YT 1 24T BT A AFESE 7R
g Rl o= Aallg AE e o
et 23wt Al frelgk zpolrt gldtkar
Tango 529 A A} frAFSHATE. Kurahashi 5°"¢]
T A3l AS- B. cereus, S. aureus, E. coli O157:H7&
et o FEEH 2Y 2AFS Al AF S

%H e oo |4

—8— B. cereus
—O— S. aureus
—w— S. Typhimurium
—&— E. coli O157:H7

Surviving population (log CFU/mL)

Time (min)

Fig. 2. Inactivation of B. cereus ATCC 13061, S. aureus ATCC
19095, S. Typhimurium ATCC 14028 and E. coli O157:H7 ATCC
35150 treated by electrolyzed water.

The results indicate the mean and standard deviation of triplicate
experiments.

Gram Strain D-value (min)
- Bacillus cereus 1.85+0.64"
Gram positive
Staphylococcus aureus 2.06+0.85"
. Salmonella Typhimurium 2.26+0.89*
Gram negative
Escherichia coli O157:H7 2.59+0.40°

DValues are meanzstandard deviations.

ISuperscripts followed by numbers in each column signify statistical differences at P<0.05.

Table 4. D-values of pathogenic bacteria treated by electrolyzed water

Gram Strain D-value (min)
i Bacillus cereus 2.13+0.32"%
Gram positive
Staphylococcus aureus 1.64+0.64*
. Salmonella Typhimurium 1.71£0.32*
Gram negative
Escherichia coli O157:H7 1.86+0.36"

YValues are mean + standard deviations.

ISuperscripts followed by numbers in each column signify statistical differences at P<0.05.
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Table 5. D-values of pathogenic bacteria treated by chlorine dioxide and electrolyzed water

D-value (min)

Strain
Chlorine dioxide Electrolyzed water
B. cereus 1.8540.64 2949 2.13+0.32**
S. aureus 2.06+0.85* 1.64+0.64*
S. Typhimurium 2.26+0.89* 1.71£0.32*
E. coli O157:H7 2.5940.40* 1.86£0.36™

DValues are mean+standard deviations.

ISuperscripts followed by numbers in each column signify statistical differences at P<0.05.
HSuperscripts followed by numbers in each row signify statistical differences at P<0.05.

W RE Frdd AFEAL JeEte AL 58
O, B cereuss EFTE 3FoA ¢ B A7FS o E

k= ztol7k AT

ojitttei Ao Mojao] AP v

ol Atsl A Aol A 9] DIFS B. cereus7t 1.85+0.64, S.
aureus= 2.06+0.85, S. Typhimurium= 2.26+0.89 12|l
E. coli O157:H7& 2.59+0.40%-2.2 Yepdar, Asl42] 7
- Z}z} 2.13£0.32, 1.64+0.64, 1.71£0.32 ZZ2]3L 1.86+0.36
O 2 YEPHTHTable 5). olAtstd 49t daljl] Dt
2 asl A% fol42 olg neld Gt ¥ §

e1e] Dghe eIk Zol7k §101(P>0.05) At H ol FAtet
A jF 01*@}@‘*4 FEAEEE 108 mg/Ldl A3 &
g Al FREYATEE 68,51 myglLE XolE HY
o, pH= 01*@} 27t 34308 A 512RT

o X5 BTh AadTel 95 pH 5-62] ¥l
A S8 A AL HOCIE] ¥l&o] 7P ot e
sl e, gk dslre] A5, FadLEETt
60 ppm¥d o HHFe] LS AAA 7= 7 EHA
olgh= AT Azt Ak
B Ay Ao e pH 5-62 He Wel Eol& A
o|atstHd g7t S AFE e HA
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A2FEEE 82 AT oy AR w|Fo] Ho}
Hﬁl— ]/x].g]_oﬂ/\ _/] N—.&Eﬂo] .‘:—_0 7—]0
2 AR, otsld ] pHYF 34302 dRbHo=m
Mol A7 7Hset HLSl pH 4.6-9.0° 5T} Yol A4 d
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