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ABSTRACT

As an altermative to gaseous sanitizer which having penetrating and diffusing capacities, aerosol
sanitizer’s effect on killing pathogens was investigated. To test the efficacy of aerosolized sanitizer,
peroxyacetic acid was aerosolized(5.42 ~ 11.42 um) by nebulizer(Royal-G Enterprise, ShenZhen,
China) in a model cabinet against artificially inoculated target microorganisms on lettuce. Lettuce
leaves were inoculated with a cocktail of three strains each of Escherichia coli O157:H7, Listeria
monocytogenes, and Salmonella Typhimurium and treated with sanitizer aerosol for 10 min, 30 and
60 min in a model aerosol cabinet at room temperature(22 + 2°C). After treatment, surviving cells
including injured cells were enumerated on appropriate selective agar or using the over-lay agar
method, respectively. Inoculated lettuce leaves exposed to antimicrobial aerosol for 10 min experienced
a 0.8 log reduction in E. coli O157:H7, a 0.3 log reduction in Salmonella Typhimurium and a 2.5 log
reduction in L. monocytogenes when compared to the control. After 30 min treatment, the three
pathogens were reduced in number of CFU by 2.2, 3.3, and 2.7-log and after 60 min, the reductions
were 34, 45 and 38-log, respectively. Aerosolization can be new antimicrobial agents delivery
system in food sanitizing.
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II. Materials and Methods A8 &, o] FEE 1 literd] FHSl
Tsunami 200 0.33g(311 pl) H7kete] Azs)
Atk BE A3 5Y & oA AldE]
lon A= peroxyacetic acid $FE-S Peracidl
Peroxide Test Kit, #311 (EcoLab)Z ©]-&a}e] &
A5kt

O FAEF 2 Wigzd @ E coli 0157:H7
(ATCC 35150, ATCC 43889, ATCC 43890),
Smonella  Typhimurium(ATCC 19585, ATCC
43174, ATCC 363755)¢} L. monocytogene
(ATCC 19114, ATCC 19113, ATCC 7644)°] 7}
7z} 3 5L Washington State  University
(Pullman, Wash)2] Food Science and Human
Nutrition culture collectionol| 4 43|35l o™
ol% lettuceo] HFstel AFsrh 242
T Tryptic Soy Broth(TSB: Difco, Becton
Dickinson, Sparks, Md)E ©]&3}e] 37°Cell A
2417t wFe - 4°Coll A 4,000 x go] =H
o 20 w3k AR HE AL
o buffered peptone water(Difco) = 3 washing
stdrk 94EE F cdl peletS  buffered
peptone water 2 ©]-g-8ko] 3|23 5 10° oA
10° CFUIml & %A3}] culture cocktail & A%
stom ol Ade FAlsSt

O Antimicrobial aerosol *]2] : Antimicrobial aerosol
T AFS 93 AdozA modd cabinet(50
x 25 x 30 cm)S ARESIATHFig. 1). Cabinet->
AR frAlsl o 238 aerosol generator
(Royal-G Enterprise, ShenZhen, Ching)oll Al 2344
%l aerosol©] cabinet FH-E FASA B
=89l peroxyacetic acid(Tsunami 200)+= generator
of oJal oF 542 ~ 1142 pym YAE AR
o} Aerosol 2] 108, 0¥} 60% A3}
nom RE AL A LA AT

(2242°C).

O ANExz 2 A% Letuces st 59 28
F-o0A A8k e (Pullman, Wash) &
ge] H%=5 FElek & Hit duminum foiloll 3|
AlZAE HEe 100 o] pahogen  cocktail S
micropipettorE- ©]-8-3fo] A3k 10 7o ©]4d
o] Ql flofl HAsATE HEH A fano] =
o7z /dElell A biosafety hoodwlell Al laminar
flow= 30i7F AXAIA % pahogens L

gsskieh

[ Sanitizer A] 2 Z<& peroxyacetic acid 74 : o T

. “ . Fig 1. Aerosolization of  peroxyacetic acid
Sémtlzerib Tsunami 200(E(?0Lab, . Pa, (Tsunami 200) in model cabinet system.

Minn)S AREsIglom ol sj4stel & & A0 sec, B 5 sec, C 10 sec, D: 15 sec,

74 peroxyacetic acid”} 40 ppm ©]sp7} H =5 E: 30 sec, and F: 40 sec
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Table 1. Media used for enumeration of healthy and injured cells of Escherichia coli O157:H7,
Salmonella Typhimurium, and Listeria monocytogenes on lettuce leaves after antimicrobial

aerosol treatment

Enumeration media

Target species

Healthy cells Injured cells
. . Sorhitol MacConkey agar Sorhitol phenol red
E. coli O157HT (SMAC) agar base (SPRAB)
Salmonella Xylose Lysine XLD agar overlay
Typhimurium Desoxycholate Agar (XLD) method (OV-XLD)
L Oxford Agar Base" OAB agar overlay
monocytogenes (OAB) method (OV-OAB)

%Oxford antimicrobic supplement was added.

[ Non-injured cell®] A5~ : Aerosol sanitizer *{2]7}

i % ettuce leaves(25 g)= 50 ml<] buffered
peptone water7} Q)i stomacher begell ¥ ¥
Savad gomecher (400 Giradlator, Seward, London,
UK)E olg3ate] 23t w43} stk A $
AR 1 mE FHste] 9 mle] Hid buffered
peptone water £ ©]-8-3}%] sarid dilutions 3}
om 01 mis F ko] ZHzte] el =
3}t Sorbitol MacConkey agar (SMAC; Difco),
Xylose lysine desoxycholate agar (XLD; Difco)<}
antimicrobic supplement (Bacto™ Oxford antimicrobic
supplement, Difco)E %17}sF Oxford agar base
(OAB; Difco)Z 7} E. coli 0157:H7, Slmonella
Typhimuriume} L. monocytogenes A1 Bl <] & A}
S35l tiTable 1). ©]& 37°C ZHolA 244]

ol 48 A WIRE ¥ 5B ARSI

Injured cells®] A4~ : 1% sorbitol S %713
Phenol red agar base(SPRAB; Difco)E E. coli
O157:H7 injured cdl AF=oll AME-3FATH36).
SPRAB WAl A et 4 wiE wElekd
E. cdi OI57.H7(RIM, E. coli OI157:H7 Latex
Agglutingion Test; Remd, Lenexa Kan)oll tigh
serological confirmationS- A5t SAlmonella
Typhimurium®} L. monocytogenes®] injured cell

2 XLD agar¢} OABE ©]83}4 overlay(OV)
method S AH8-38te] A58tk Tryptic soy
agar (TSA; Difco)E ©]-&atod 37°CollA 2413t
Hjeksle] injured cellS 3|EAIHSH 7 mle]
selective medium(XLD or OAB agar)S Tryptic
soy agarell overlay 3§ §  37°CellA] 24A17ke]
L 48117 kst § 524491 colonyE Al

3SAT

O SAAE © 25 232 duplicate sampleS ©]
gste] ke AY siolrh dlolEl= SAS
(SAS Ingditute, Cary, NC)2] ANOVA procedure
£ o]g3sto] EAIH (treatment, storage time,
and treatment storage). &3} significant (P <
0.05) 3 7% Hi> Duncan's multiple range

test = 33}

. Results and Discussion

Fig. 12> mode cabinetoll 4] aerosol sanitizer”}
AtelE B9 BEAS HolFal 9tk Cabinetol
A agrosolo] WHE &2 FARE Sl o 40% F
Aol 23t @ AHE YERAUTE  Peroxyacetic
acid(Tsunami 200) aerosol-> modd cabingtol|A] a1
TAEOH gaseous 3 AF FElE YERARL
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Fig. 2= Tsunami 200 aerosol 2 inoculation® lettuce
leavesel] A2]gk F 7H7F SMAC¥ SPRAB HiA| &
o] &3] surviving 3 E. coli OI57:H7E A58
ZAvtolt}. Lettuce leavesol= g & 10°" CFU¢] E.
coli OIS7:H7S AT o= ellA 60
&t saitizers AP B2 A e o
W7l AT Z=T). 28 aerosol sanitizer &
A2 9E A, 108, 0% 12l 602 A F
08, 22 18]l 34 log units THEF 7HAEH3ITh
SMAC+ SPRAB= 78 A4 BAA o= ¢
sk zol7t Gl e =2 (P > 0.05) Peroxyacetic acid
(Tsunami  200) aerosol©] chemically injured cdll S
FdsA dowMd &% E coli 0157:H7&
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Fig 2. Survival curves for FEscherichia coli
O157H7 on lettuce leaves exposed to
antimicrobial aerosol at room temperature
(22 + 2°C). E coli O157:H7 before and
after treatment was enumerated on both
MacConkey Sorbitol Agar (SMAC) and
Phenol Red Agar Base with 19 sorbitol
(SPRAB) for enumeration of normal cells
and recovery of injured cells, respectively.
The error bars indicate 95% confidence
intervals. @, SMAC (control); O, SMAC
(aerosol treatment); VW, SPRAB (control);
vV, SPRAB (aerosol treatment)

Salmonella Typhimurium- 103, 30%, 60% =2
3t 739~ 0.3, 337 45 log units T AL
w102 23 4% 09 log CFUlg "R
chemically injured Salmondlla Typhimurium cdll-S 7
=8 qUlon 307 % 60w A Ag- 12
log CFU/g®] injured cello] Zt7} &= At} XLD
¢} OV-XLD=E =3 4P > 0.05) SAAA F#
oJ3l zto]= fI2UtHFig 3). L. monocytogenes:= &
A3k A7k E] A] 25, 2.7 Z12]aL 3.8 log reduction
S 247 JERNIY) Hedthy cdl =} injured cell A
lel= 9Al A o= fFofdk Apol7t gIATHP

0.05)(Fig. 4).
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Fig 3. Survival curves for Salmonella Typhimurium
on lettuce exposed to antimicrobial
aerosol at room temperature (22 + 2°C).
Salmonella Typhimurium before and after
treatment was enumerated on Xylose
Lysine Desoxycholate Agar (XLD) both
directly and with the Overlay (OV)
method for enumeration of normal cells
and recovery of imjured cells, respectively.
The error bars indicate 95% confidence
intervals. @, XLD (control); O, XLD
(aerosol treatment); W, OV-XLD (control);
Vv, OV-XLD (aerosol treatment)
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N

0 10 20 30 40 50 60 70
Treatment time (min)

Fig 4. Survival curves for Listeria monocytogenes
on lettuce leaves exposed to antimicrobial
acrosol at room temperature (22 = 2°C).
L monocytogenes before and after
treatment was enumerated on Oxford
Agar Base (OAB) both directly and with
the Overlay (OV) method for enumeration
of normal cells and recovery of injured
cells, respectively. The error bars indicate
%% confidence intervals. @, OAB
(control); O, OAB (aerosol treatment); 'V,
OV-0OAB (control); v, OV-OAB (aerosol
treatment)

2o APAEo]  etucett ¥ 59 food
productsoll A Tsunami7} pathogeng AFEA7]= &
ol diste] Haslar vk Lukesk 5(24)>
Tsunami< peroxyacetic acide] = 7|22 100
ppm F 0w A#etds 49 E coli O157:H7=
9%.8% Abdstitta  SFlen  strawberryol A
Salmonella MontevideoE 97.3% Abdsl= 37}
ATk Bk 23°Col A Tsunami 2005 40, 60
ppm T 2O 10%7F AEsS 5 seed
o HZFH E ocoli 0157H7S 1129} 130 log
CFU/g & Azts} shadckar shlrh3). wEgh 58°Cell
A 40 ppm¥} 160 ppms 5&XF A2EAS A

2887} 2.46 log CFUIgell AFdahe=
ATk B IEITKI).

vg e ot kel wRlel Folx £
g 4= glom, agueous sanitizers AYT A5
injured siteell 9Ja] BE %3 U7 hydrophobic
pockets, folds “soll =Ajste] Aejd 79 AL
AFEERTE dojuA] eFs 7 AUTK34). B2 AT
AE0] SFAES] ¥ HE
4?-{} ;5;4] cno}oq Baska gle

Ata It 9l

al
0, Ao} oplel el A 918 vl

ol gk Aato] E&A oA Felditke thds
Hi% 9tk Beuchat 5(2)- iceberg lettuceol] #
%% SamondlaZ agueous chlorine. 2 #2331

744~ 1-log reductions ©]&te] A Eyrb JSlvkar
slom, Zhang 5(44)2 22°C Z71914 agueous
chlorinez} chlorine dioxideS lettuceo] HEE L.

monocytogenesell thate] A2|stdls 745 242 17
7} 08 log wHFe] AL defwtriar shdek.

ole} e fiF-Ee] Ay By}t Aol dist
o] agueous sanitizer= 2 log A=9] A7ksl &3}
UATL sk olH g WHls 32%‘ T e
WO 2= gaseous sanitizer S ARGl A OEA
Han 5(12)2 pepper surface®] uninjured$} injured
surfacesell tigh chlorine dioxide gasE 0.629} 1.24
moliter FE2 AelS 4%, 337 65 log
reductiono] dojyttia skom =3 063} 30
mg/liter 52| chlorine dioxide gas #2]3l3S 735
uninjured$} injured surfaceel] 5% L. monocytogenes
of thale] 352} 6.0 log reductiono] Lojwtthar 3}
Atk Lee 5(20)-2 chlorine dioxide gasE #1253
< 739 lettucedl] HE¥ S Typhimuriumel] tjshe]
5.4 log reductiono] RHASEFATIAL ¥ a15kS] T
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Gaseous sanitizer+= agueous sanitizeroll Hlsle] &
= o] AR gas S SlaEA EEE 717
AAE Q8P w3l sanitizer 2 o]-&3 ¢ Qe
Aol 7t AlgkEe] Q= @do] Ak
HhHol  aerosol penetrating  activity7}  agueous
sanitizer Rt} Eow gk 7RgAJe] antimicrobia
agentst= agrosolizationol] ©]3sto] target siteel] U
A Ag= 4= Qlvh webA aerosolizationS TR
31 antimicrobias agents®] &-&%21 ddivery tool©]
g}l & 4= itk AA|E, therapeutic application©ll
A= tFFSh antibiotics”} aerosol ventilation(6, 10,
25, 26)°ll &34 target siteo]l HMEE L 9lom
sk room disinfection applicationell A= lactic acid<}
acdtic add 52| f714te] agrosdlizationol] 213l AtA|
2 o]&Fa ltk wehA] aerosolization agueous
sanitizere] t}Fsh antimicrobid agentsES &3t 4=
A= I} =& penetrating activityS LR
gaseous sanitizere] AHS BT 72 ok &
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AEARN o) fJste] 9 oS o A2 A
o] agrosol Aol 7Fed A5 HUE penetrating
activity ¢} diffusivity 7} 3 2102 Azbech 1
2, o] 3k aerosol sanitizero] A4 &8s 9
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