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ABSTRACT - This study was conducted to investigate the effect of aerosolized chemical sanitizers on inhibiting
foodborne pathogens such as Escherichia coli 0157:H7, Salmonella typhimurium, and Listeria monocytogenes. Five
domestic commercial sanitizers subjected to five groups of sanitizer (chlorine-based, hydrogen peroxide-based,
Iodophor-based, quaternary ammonium-based, and alcohol-based sanitizers) were aerosolized by an aerosol generator
into a model cabinet and treated in laboratory media containing three pathogens for 1 h at room temperature. Aero-
solized hydrogen peroxide-based and quaternary ammonium-based sanitizers were effective at inhibiting levels of E.
coli O157:H7 (ca. 4-9 log reductions) whereas other aerosolized sanitizers such as chlorine-based, Todophor-based,
and alcohol-based sanitizers did not significantly reduced the levels of E. coli 0157:H7. For S. typhimurium, the only
aerosolized hydrogen peroxide-based sanitizer was effective and resulted in ca. 5-9 log reduction. Aerosolized hydro-
gen peroxide-based, Jodophor-based, and quaternary ammonium-based sanitizers significantly reduced levels of L.
monocytogenes and especially, aerosolized quaternary ammonium-based sanitizer was strongly effective to kill L.
monocytogenes, resulted in higher than 8.8 log reduction. And there was no special trend in inhibitory efficacy of san-
itizers aerosolized by 1.6 or 2.4 MHz aerosol generators. From these results, aerosolization has great potential for use
in commercial applications however it’s efficacy could be very different depending on type of sanitizers.
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7HA FF(E A, FtseiA, R QEA, 4539EFA,
GZA) shsHA AgFA 2F] R AHAEAE A
g3l aerosolization 7]1€o] &3S W] 8 #HUYA
| A Z-(Escherichia coli O157T:H7, Salmonella typhimurium,
Listeria monocytogenes)°ll T3 sl 3ol tfste] AlS}
9ok, w3 1.6 MHz9} 2.4 MHze] A5AE 7121 aerosol
generator2 ©]-§3te] FAEH FriwEe] A7) zolof| 9
& A azo] distedx vl Hrpstich
ERR

A=

Ag= E. coli O15T:HT, S. typhimurium, L. monocyto-
genes? & 3%°] WA MAES ol &3AT E coli
O157:H7(ATCC 35150, ATCC 43889, ATCC 43890), S.
typhimurium(ATCC 19585, ATCC 43174, ATCC 363755),
L. monocytogenes(ATCC 19114, ATCC 19113, ATCC
7644y TSR A EFF G AFVANE ATl
g=sion ZHte] #FE Tryptic soy broth(TSB: Difco,
Becton Dickinson, Sparks, MD, USA)YE ©|-&-3}e] 37°C]|
Al 24X 7F et kst Holl 4°Coll A 4,000xge] ZALE
2087 QARSI FA (cell pelle) TS FAH3AT &
Z]¥ A& buffered peptone water(Difco)® 3H A3 5
Kom 72 i WHoE FARE FAS H e
%2] buffered peptone waterdl] T2 =] Zkzhe] Al 714
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S-&-3ir
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At aEAY] WA vAEd i AdS A
ke agar disc diffusion tests 3T 27t 359
E. coli O15T:H7, S. typhimurium, L. monocylogenesS
TSBoA] 37°CellA] 244]7F 53t wiFet 5] gl o]gs}
At 0.75% Bacto-agar(Difco)ys EF3}3L U+ Tryptic
soy agar(TSA: Difcoys H+ate] 45°CE 23 F Z17}e
WE oAES 1% HEST B plaec] =533
Fo A agar’t =5 W F HiF paper disc(RE: 6
mm, Toyo Roshi Kaisha, Ltd., Japan)S agar W& $oll A
gl ztzhe] FujE AFEA 9 20 WE paper discoll &
T8t 37°ColA 18417 F1F vt wjek Fo A
¥ clear zone®] A E(cm)®] Z7)1E 43 IS

R RTAC e

HIE Tt o= =H)
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E= 107 CFUmIZ ZH| =80t 0.1 mlo] 27t g49
Wed vAES 7H2) 8] A9 ) A (non-selective agar)Q]
Tryptic soy agar(TSA: Difco)2} ZH2te] selective agarol] #
FHol =EFHATE o]FA EhjE o7 FE nAE b
A7} antimicrobial aerosol @]l &% %1t}h. Sorbitol
MacConkey agar(SMAC; Difco), Xylose lysine desoxycho-
late agar(XLD; Difco)2} antimicrobic supplement(Bacto™
Oxford antimicrobic supplement, Difco)E 713+ Oxford
agar base(OAB; Difco)yS Z+4 E. coli O157:H7, S.
nyphimurium®t L. monocytogenes 88| X (selective agar)
2 o] &3t B vAEe] e E chemical
sanitizerS 2| Y& Aol A= chemically injured cell
< AFE & §191 healthy cellhs AFe=] o) &4
ok 23y HAdE wiA 2 o] 8- TSAE healthy cell
chemically injured cell & ZF& A=t #gsict. o}
2hA TSASL 747he] Melujx|o| N =EEe Aste] zjol
= Z7+e] chemical sanitizerS 832 Alo] WA EHE
chemically injured cell®] & epdith,

3o AR A =N

A= FHHLE o4 7158 A4, AataraA,
4FURFA, 2254, ¢FEA ] sanitizer o LuHA
o2 MREHI e F 559 HYH chemical sanitizer
£ Akl Ao o] &3 th(Table 1). zHz+e] A4
A sanitizer= SH/TE o83l z}7te] A2 instruction
of stFo] AxHPoH A4S Hussls] 98]
aerosol generator®] S-4-5 7] vz A AzE o] ALLE

ATt Fig. 1. Treatment with aerosolized chemical sanitizer in model
cabinet system. A: 0 sec, B: 20 sec, C: 40 sec.

Table 1. Commercial chemical sanitizers' used for aerosolization treatments in this study

Type of Product . Manufacturer
Sanitizer name Ingredients (content) Uses (Country)

. Sodium dichloroisocyanurate (50.0%), adipate .
C%L"srége Clean Shot  (20.0%), sodium hydrogen carbonate (25.0%), Food additives Che“f;tﬁi‘;er Co.

sodium carbondioxide (5.0%)

Hydrogen peroxide (22.0%), acetic acid (6.0%), Sanitizers/disinfectants for food

P ia®
i}:ijg:gg;lse d Ps g;?\f:a peroxy acetic acid (4.0%), bisphosphoric acid manufacturing and processing equip- Deas?llé%) rCﬁl:)S Co.
pe (0.6%) etc. ments, pipe line, etc.
Iodophor-  Mikroklene Phosphoric acid (6.5%), 2-butoxy-ethanol (1.8%), Sanitizers/disinfectants for food pro-

based DF polyalkylene colichol butoxy monoether (12.8%),
iodophor (2.0%), sodium iodide (1.9%) etc.

Di-n-alkyl dimethylammonium chloride, alkyl

cessing equipments, instruments, etc. Ecolab Inc. (USA)

Quaterpary dimethyl benzyl ammonium chloride, alkyl dime- Sanitizers/disinfectants for food pro-
ammonium-  Quat Plus . . . . . 3M (USA)
based thyl ethylbenzyl ammonium chloride (6%), ethyl cessing equipments, instruments, etc.
alcohol, sequestering agent
. . . Food additives ( 2%), sanitizers/dis- Ildong
Alcohol-based  Alpet-F Gra} n-fgrrn ented glcohol 5.8'8%’ glycerin, sodium infectants for food surfaces, food pharmaceutical Co.
lactic acid, glycerin fatty acid ester, refined water . .
processing equipments, etc. (Korea)

' All sanitizers were prepared following instruction provided by each manufacturer. All information was described following the informa-
tion provided by each manufacturer.



238 Sun-Young Lee et al.

Antimicrobial aerosol X2 R 72 A<=

Antimicrobial aerosol £ 5 913 AF S 24 model
cabinet(50x25x30 cm)yS AME-3IHTHFig. 1). Model cabinet
9] o] FEo] ¢F 10 cm¥ racke A X3 FH TSASH Z+
7+e] selective agardl =TH U[AYE plateE AR5 ZF
z+o] FH)H chemical sanitizerS 1.6 MHz 52 2.4 MHz
A5AZE 7F 284 aerosol generator(Royal-G Enterprise,
ShenZhen, China)2} jarsl 2 39| model cabinet®] %
o SIRE-& =319 aerosolized chemical sanitizer”} %4
HE 2 Fu|5lg ). Sanitizer®] aerosol YA7F £-90] A
e JAE Ao A7 5 ASHE A AL
™ 1AIZF A 3o generatorE I3 model cabinetolA]
platesE B2 ZAUA 37°C incubatord 4] 24-48A) 7} &<t
st o vt & AAE colonyd] & &3

FAHE

EE AFe 3Eo®R Sy o Jad 4947
£ SAS FA =2 (version 9.1, SAS Institute, Cary,
NC, USA)2] ANOVA procedure ©]&3}o] E45 30}
7A7}e] Aelzo] EARLE feHO T ek 440
(P < 0.05) Ztz}e] 3ubs- Agof 2]k H#32 Duncan’s
multiple range test® ©]83}e] B4t

2% 9 2%

Table 25 & Al @A ZH2F 55| chemical sanitizer
9] E. coli O157:H7, S. typhimurium, L. monocytogenes®|
ek gFE o HEE FrHek7] AA3ke] agar disc diffusion
test® ¢ A4S HAFA vt s LA 9 45UR
FAE 959 2E HYA VAR dige d+ES
epdlem FakslaeAAl = clear zone 2717} 1.0-1.4 cm

2 7P £& 498 YA 434EFEAE 59
L. monocytogenes©ll I3k ¥ a8& YePATH.5-
1.7 cm clear zone). G&AQ) A$ E coli O157:H7# S.
typhimuriumol T3] g AwES JERlen 205
A 2%9 S. nyphimuriumd] 3] 2T I EAE
E. coli O157T:H73} L. monocytogenesdl] W3t qt kgt &
#9495 JEpAATH

Table 3-5% aerosol AENS) 5F9] AFAEAE 27} E.
coli O157:H7, S. typhimurium, L. monocytogenes®l T8+
model cabinetol X H2|3H-E W AHE RAFI 3
t}. E. coli O157:H7] B5 aerosol HEle] #HidstraA
o} 4FYRFAE H2sEe b FYHA ZFAE vER
QAP < 0.05) 2 99 O AFAEA Y A de F
949l A7t JeRtA] ekkth(Table 3). Aerosol & EH<]
FasraAE AYsHe @ 1.6 £2 24 MHzE A7
s A$ zhzk oF 8.7-8.8 logSt 7.5-84 log 9] #AE
Uehlle] & A478S 2909 434RFAE AT
7S TSAQ] Al 1.6 MHZA 2 7.5 log, 2.4 MHz
A E ¢ 45 log £F9 7Z4E VERAATKTable 3). 8t
A%k SMACY] HER Fo viztede 22 dgairt &
257 gyt olE ol SMAC HiAE 743t 3
v B F9 45grwAe AaAd g 7igs W
H3he E8o] Qojx] TSAS 53 A Eaart vept
A ke Aoz ALEHTE W aerosol AE|Q] AaAE
A& A A9 24 MHz B0 1.6 MHzAlA 24 & 37}
H ZA Jeh} 37 2719 Joldl ojA dFEd
Zol7t Y-S & F AU

Aerosol FE|Q] AFAEAE S. typhimurium] A2}t
Be e FAEELA | S fyphimurium®] TEES
oo 7 ZAANHLOH(P < 0.05) TS 47FA] A oA
B #9489 #Zart JerdA kol S, nphimurium©)

Table 2. Zones of inhibition (cm)' around sterile disc?, loaded with 5 different types of commercial chemical sanitizers for 3 strains of
Escherichia coli O157:H1, Salmonella typhimurium, and Listeria monocytogenes

Types of chemical sanitizers
Test bacterial strains Chlori Hydrogen Quaternary
orine- based peroxide-based Todophor-based ammonium-based Alcohol-based
E. coli O157:H7 ATCC 43889 0.8 1.2 NZ’ 1.0 1.0
E. coli O157:H7 ATCC 43890 0.7 1.3 NZ 14 09
E. coli O15T:H7 ATCC 35150 0.8 11 NZ 09 1.0
S. typhimurium DT104 0.7 14 NZ 0.9 Nz
S. typhimurium ATCC 43174 0.9 14 0.7 0.9 NZ
S. typhimurium ATCC 19586 NZ 1.3 0.8 0.8 NZ
L. monocytogenes ATCC 19115 NZ 12 NZ 1.7 1.2
L. monocytogenes ATCC 7644 NZ 13 NZ 15 1.3
L. monocytogenes ATCC 19114 NZ 1.0 Nz 1.6 12

! Data represent means of three measurements.
? Disc diameter = 0.6 cm
>NZ = no zone
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aerosol HH|Q] AFaZAld] 71 =& HFAS Vehy
AtH(Table 4). =3+ E. coli O157:H7Y A A 43U
A7 SAMCOIA TSAoNA et 23 o] FAslA
YEA] & ™ S typhimuriumdl] A= Fakst
FaA e Ao XLDoA TSANAM JEhd A o)
HHEHA] A9hth(Table 4). o= Holr] AHE Az} 7o)
XLDel| HeAE zo|7] f8) 3 | A Eo] s}
FaAY 712 A WEe] Uehd Aoz A}
sH}

Table 5% aerosol FENS] HFAEAE L monocytogenes

o disted A2Etle W AHE BAFIL v Ayt
ZHowg ¢ko)l E coli O157:HTI\Y 8. typhimurium B1} L,
monocytogenesdl| aerosol FE| S| A FAZAE AFAS
g 7HE =2 FAFEE JE O] L monocytogenes7t
aerosol o] AFAEA ] 7P A4S Aeg Vet
th BE AgaBAdA fo80 74AE el on 53
B EAAIR) 48R EANA B 2] L. monocytogenes
7F 2aE AL B 4 ATKTable 5). HAskraAlodM =
1.6 MHzZ A g Ao TSASH OAB HiA] A Zzt 6.1, 6.7
log 759 749 24 MHz F5&AE2 A A< 7tz

Table 3. Log,, population' of Escherichia coli 0157:H7 before and after treatment with commercial sanitizers aerosolized by aerosol

generator with 1.6 or 2.4 MHz oscillator

Treated
Type of chemical sanitizers Recovery media® Untreated
1.6 MHz 2.4 MHz
4
Chiorine-based TSA 9.06 +0.182 9.28 +0.12a 8.87+0.48a
SMAC 8.84 +0.25a 7.80+0.78a 8.17+04l1a
. TSA 9.13+0.14a 0.33+0.58b 1.67 +2.8%
Hydrogen peroxide-based

SMAC 9.04 +0.12a 0.33 £ 0.58b 0.69 + 1.20b
TSA 9.08 +0.13a 8.94 + 0.90a 893+0.71a

Iodophor-based
SMAC 8.50+0.93a 8.06 +0.57a 8.05+0.75a
. TSA 8.82+0.10a 1.32+0.28b 435+ 0.20b

Quaternary ammonium-based

SMAC 8.68 +0.02a 8.69 + 0.68a 8.98 + 0.86a
Alcohol-based TSA 9.07+0.17a 8.80+0.20a 8.78 £0.38a
SMAC 8.87+0.27a 8.21+0.3la 8.35+0.55

! Data represent means + standard deviations of three measurements.

*Five different types of commercially available sanitizers were used in this study (see Table 1).
*Tryptic soy agar (TSA) and sorbitol MacConkey agar (SMAC) were used as non-selective agar and selective agar for enumerating

healthy and injured cells of E. coli O157:H7, respectively.

* Means with the same letter within a row are not significant different (P > 0.05).

Table 4. Log,, population' of Salmonella typhimurium before and after treatment with aerosolized commercial sanitizers by aerosol gen-

erator with 1.6 or 2.4 MHz oscillator

Treated
Type of chemical sanitizers® Recovery media® Untreated
1.6 MHz 2.4 MHz

Chiorine-based TSA 8.87 £ 0.62a" 8.54 + 0.55a 8.64 £ 0.70a
XLD 8.68 + 0.482 8.84 + 0.5% 8.67+0.71a
Hvdromen seroxide-based TSA 932 +0.09 033 £ 0.58¢ 396+ 261b
verogenp XLD 9.06 +0.28a 7.93  0.65b 8.14 + 0.62ab
lodonhor-based TSA 9.14£021a 9.10£041a 921+ 020a
P XLD 878 + 0.36a 8.12 + 0.56a 874 £ 0.59%
Ouatern nium-based TSA 8.87 £ 0.29a 7.04 = 0.84b 8.83 + 1.24a
ary amm XLD 8.56 + 0.48a 784 +0.10b 8.56+0.01a
TsSA 9.18 +0.03a 9.04 +0.10a 9.06+0.20a

Alcohol-based
cohol-base XLD 8.58+0.18a 8.02 + 0.24c 823 £ 0.20b

! Data represent means + standard deviations of three measurements.

? Five different types of commercially available sanitizers were used in this study (see Table 1).
*Tryptic soy agar (TSA) and xylose lysine desoxycholate (XLD) agar were used as non-selective agar and selective agar for enumerating

healthy and injured cells of S. typhimurium, respectively.

* Means with the same letter within a row are not significant different (P > 0.05).
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Table 5. Lo opulation' of Listeria monocytogenes before and after treatment with aerosolized commercial sanitizers by aerosol gener-
£10 POP yiog

ator with 1.6 or 2.4 MHz oscillator

Treated
Type of chemical sanitizers® Recovery media’ Untreated

1.6MHz 2.4MHz
Chlorine-based TSA 8.30 + 0.30a* 674+ 147a 7.09x1.17a
OAB 8.12+£0.30a 6.48 + 0.90b 6.74 + 0.94ab
Hvdrogen peroxide-based TSA 8.63 £ 0.28a 2.55+2.54b 2.25+3.06b
yarogenp OAB 8.53+0.43a 1.81 £3.14b 0.43 £0.75b
Todophor-based TSA 8.61 £0.24a 8.75 £ 0.95a 7.02 £ 0.85b
P OAB 8.40 + 0.20a 8.43 £ 0.64a 6.79 £ 1.25a

Quaternary ammonium-based TSA 8.96 + 0.40a <1.00°b <1.00b

w OAB 8.85 £ 0.46a <1.00b <1.00b
Alcohol-based TSA 8.47 + 0.03a 7.80 £0.10c 8.10 £ 0.20b
OAB 8.08 £0.18a 7.24 £0.24b 7.70 £ 0.20a

! Data represent means + standard deviations of three measurements.

? Five different types of commercially available sanitizers were used in this study (see Table 1).
3 Tryptic soy agar (TSA) and oxford agar base (OAB) with supplement were used as non-selective agar and selective agar for enumerat-

ing healthy and injured cells of L. monocytogenes, respectively.

* Means with the same letter within a row are not significant different (P > 0.05).

> Detection limit: 1 Log,, CFU/ml

6.4, 8.1 log 2| Z4E Vet o= oo Ao}
= F3IAl L monocytogenes®l| tatd= 2.4 MHzE ©|
39S W 1.6 MHzE ©|-23& W 2t} aerosol A<
HrdstpaA o et AR O 22 AL B 59
CSHARE F 7E R AsAA BARSR F9
Aol ol H-H-L]-Z] FSXCHP > 0.05). L. monocytogenes
o thetede 583 43LEFA =2 AF_HE e
Ao 1.6 MHZQ} 24 MHz A5 At A$
SEoA F9 47 detection limit ©)3tE UeER} oF 9
log o149 =2 A7#-& YN L moncytogenesd
Aeld SloiA 53] 43UREAG] FFAEAIL A
Holghz A2 e ATE T8 BaE v s,
%&*EH]J oo W 2 F3f njAEd U A
& o8 A g 2A9A A7 BaEHAY Lee
T =l 'L]FUH U G2 Al, #istrEaA, 4
FEEFAE THEOE sz AFES o) &35le] 484
A 8= ’aLOﬂ 2y E. coli, Staphylococcus aureus, S.
nyphimurium®] hate] HHAEES FrE S w zhz)
50, 75, 100%(v/v)Z 34 € FZoA 5 log 1’42 T
£ Ho 52 478 S el RS A Yeon
S92 E. coli, S. aureus, S. typhimurium®| T3l 57}
2] AEAEA) (200 ppm chlorine, 70% alcohol, 200 ppm
QAC, 1100 ppm hydrogen peroxide, 25 ppm iodophor)2]
e 2AMEIE-E W 1100 ppm hydrogen peroxide”}
E. coli, S. aureus, S. typhimurium®l sty z+z}F 3.5, 3.4,
3.0 log® ZAE Bo 7MY & AAaHE HoFoH
L. monocytogenes®) ™M= 200 ppm QAC, 1100 ppm

JOPO lr

ﬂ

=

UT‘

Ll

.

-
3IX

nlﬂ

hydrogen peroxide, 25 ppm iodophor7} %F 2.8 log A= 9]
e FarA $2 A4a34E veills AE B
t}. ol FHitstr A9 45U EEA I E coli O157:HT,
S. typhimurium, L. monocytogenesd| &l 5 72 4
TAaEA F 7P & AFEIRE R B A7 Ax9)
TEHe] Aoy 99 AFAANME GaAY K EA
7 AFEHAE Hel w2 Atox = AaEo] Vet
WA ol ztelE yreTh SHAT THE FR ddd
A9 vAE W3 sFEde oy AToA ARtE
= 947 A34E Yl Ut Jessen® Lammert'”=
chlorine” 7} peroxyacetic acid 20} ¥& 70| vz
B399 01} ¥HH Carpenier®} Cerf®= hydrogen peroxide
A9} peroxyacetic acidZl7} chlorineA|&] AAEA] H]
sty AFE A7} 53 RAeE B389 Rossonigt
Gaylarde'?2 2]Z 7123749 A stainless steelo] F-2HE E.
coli, P. fluorescens, S. aureus®| T3l AFais FA}
st Azt AA4AY F92 ¥ sodium hypochlorite”} 3%
Al aAle]l 2 AJE-o] peroxyacetic acid E.r} HHHA
o2 £ 3HE JYehlle Aoz Rysgith
HAH 2 aerosol FENS A AEAE XIS o
e 9 4G EEATe] 37HA] WYA rlE
st e daES defldth v e g4,
[exA, ¢IEA T AFAEAE dayg A
B A AV w9 oFsh ArEg YERSITE. Aerosol
e o] drAle] S A THE A7l A aerosol ¥
B} ¢ peroxyacetic acide & ¥} A model cabinet
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7F AR rlAE 08 AR 9)Fe B Ao
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71 aerosol generators Y] w3}tk X1EAe] =77} &
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|3 WHEG A7t w9 43 Ae g dAZ g
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o
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2 9

Aerosolization 71&-2 VA E AolE 93k AFA]ge] <
oA oAE7iA] AHE A YA A EH 2 %7]':"2
A A E A Gl N2 AgAE] Uy o R o4
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