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Efficacy of Aerosolized Natural Antimicrobial and Organic Acids
as a Sanitizer against Foodborne Pathogens on Stainless Steel
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ABSTRACT - This study was carried out to investigate efficacy of aerosol sanitizer with natural antimicrobial
and organic acids against Escherichia coli 0157:H7, Salmonella Typhimurium and Listeria monocytogenes. The arti-
ficially inoculated pathogens on stainless steel coupon were treated with grapefruit seed extract (GFE), acetic acid,
citric acid and lactic acid in model cabinet for 5 min. The number of three foodborne pathogens with individual treat-
ment was reduced by 0.34-3.77 log units, treatment with GEF + organic acid was reduced by 1.72-3.89 log units and
treatment with GEF + organic acid + alcohol was reduced by 1.46-5.05 log units. By treatment with GEF + lactic
acid + alcohol in scale-up model system for 10 min. Populations of E. coli 0157:H7, S. Typhimurium and L. monocy-
togenes were reduced by 3.42, 2.72 and 2.30 log units from the untreated control respectively. From the above result,
aerosol sanitizer with natural antimicrobial agents and organic acid can be used as an environmental sanitation method

with satisfying the consumer demand on safe food.
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Escherichia coli O157:H7 (ATCC 43895, ATCC 43899,

ATCC 35150), Salmonella Typhimurium (DT 104, ATCC
6994, ATCC 14028), Listeria monocytogenes (ATCC 19114,

ATCC 19115, ATCC 19116)F tryptic soya broth (TSB;
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Oxoid, Hampshire, England)E ©]-8-3}ef 37°CollA] 18~24
A7 wjeksl T vk #FE 4°CAA 4,000 x g =7
o7 287 94 EEsld #& FAT H 0.85%((w/v)
22942 23] washing 3T} ©] & 3% #& cocktail
st FFAFTFE ARSI

Xt 9 5j2

AAF AR AL AFF5AFZ E(grapefruit seed
extract)S 4122 (Seoul Food R&D, Seongnam, Korea)
X Ehste] ARl e, F714F B S E EFE V)
B} BE A9k Al 2vkSigma-Aldrich, Mo, USA)9IA 4]
sty ARREIGTE F7]1ARE acetic acid, ascorbic acid, citric
acid, fomic acid, fumaric acid, lactic acid, malic acid,
propionic acid®ll ™3} minimal inhibitory concentrations-
ZA 38} acetic acid, citric acid, lactic acidE A1@-3}e] A}

g3t

MZEIEEd EH simulation

AFAA 23 717], 7199 8 P EAR stainless
steell] ™8 simulation®. 24 stainless steel coupone ©]8
slo] RIS 2SI A4S stainless steel coupon
(50 x 20 mm, 1 mm thick)o] 10 i & & 100 & 3 HE
(spot inoculation) 3}51.2.™, clean benchollA 2~3A17F 74z
g & Ayl AR

Cabinet 39 AlH

Model cabinet (28 x 28 x 28 cm)Pl] A|&<] HEE stainless
steel coupone £, &FA|E aerosol HH Z(MH-150B,
Mitec, Gimhae, Korea) -8t F2oA 587 X235
o A7t B F 0.2%(w/v) peptone water (Oxoid) 100
mlol| stainless steel coupond 37, 200 rpme=E 60E7+
stomacher (Bagmixer 400W; Interscience, St. Nom, France)
33 102 &4)e & tryptic soya agar (TSA; Oxoid, Hamp-
shire, England)oll =@3}e] 37°CellA] 24A17F wiF & 2
£ a5 & AFIAh

Scale-up 24 A"

Scale-up A 72x9.0x2.7m RS FZrlA A
sttt Al@o] HEH stainless steel couponS A 9
2o XAZH e FaAE dEF XS] Clenacide
gold (Ultra Low Volume, Kukboscience, Cheongju, Korea)
Z o] gale] BN ZoH AF2oA 1087 M35tk A
7 ¥ 0.2%(w/v) peptone water (Oxoid) 100 ml=} A &
stainless steel coupons ¥ 200 rppmeE 6057}F stomacher
agom 107 34 Fol) TSAY) =3t 37°ColA 244
7 W T AE FeE AT
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FAME

RE AP 33 uBsed s dojn Ak
SPSS software (version 19.00, IBM, New York, USAYE ©|
43l ANOVA AA] & Tukey’s testoll 93t 5% 9
TFE(p <0.05)°14 HA 8T

A7 Y 1%

HAGEH, 21kt 8 B2 29t Y un
Escherichia coli O157:H7, Salmonella Typhimurium, Lis-

teria monocytogenes & stainless steel coupon®ll UHH o

2 HAE3 & ABEAFEE(GFEF 4714 #5731y
A HE 23Ah 0.5%(Ww/w) GFEH 1%(w/iw) 771
A EYA SR cabinet T (28 x 28 x 28 em)oll A 5EZF
A ag-e He AFE Table 191 YeRNQTE E coli
O157:H7, S. Typhimurium, L. monocytogenes= wF*2
a1x] gk tizFol vldle] GFES 2.00, 1.62, 1.04 logZ
T2 F942 Ao)7t P AZe] LAY o (p < 0.05).
F714k2] 739- acetic acide 1.31, 2.92, 1.39 log, citric acid
£ 034, 3.54, 2.85log, 2T lactic acidE 292, 3.77,
298 log 52 AZREAH7} e AoE SAHIAT =
F 9499 zole JAATHp > 0.05). WA AHEH F=
Al 714t BRohe AZEAFEEN A% AgEI F
S ¢ F AT AP AFRE &7A Fo)A lactic acid

7} 7V e ARE S R0, v 25 thsle) GFE
Sb 7147 G A Rpol= UEREA] E3tHp > 0.05).

HAYRAL} JIR Y B2 ot G ua

0.5%(w/w) GFESt 1%(wiw) 713t EFES A2
Brsigon o2 ZA3E Table 201 YeERN AT E coli
0157:H7, 8. Typhimurium, L. monocytogenesE HT|3}A] o
2 tjz7ol Hlste] GFEZ W3 A2|¥ acetic acide 1.72,
2.20, 1.55log, GFE>} 3 A2]€ citric acide 2.68, 3.87,
2.99 log, 22]22 GFEZ ¥3) A2]¥ lactic acide= 3.39, 3.89,
4441og8) T ZA FHE BIAT BF {oJHQ Aol
& JEREA] @9kthp > 0.05). GFES} #7]4ke B3 X2
Al &= 2 Al BY} acetic acidolA E. coli O157:H7
2 0411log, L. monocytogenes= 0.16 log & 74 579
2718 JeERIYA T, S Typhimuriume 7<) ZA#o] 3
& Aoz Yehlgit. Citric acidll X E. coli 0157HT
2.341og, S. Typhimuriume= 0.33 log, L. monocytogenes=
0.14log & A &9 718 YeRNSIAL, lactic acidol
A E. coli O157T:H7= 0.47 log, S. Typhimuriume 0.12 log,
L. monocytogenes= 0.67 log®] 75 JEM AT GFES:
f7148 Y AeEhe "ol 371 vlAE e
lactic acidE EE3 A2 77t 7MY L 448 HAL
U 77] o8 w g tidle} GFESH f714te] #-23 <
2ol YERHA] Z4tHp > 0.05). wiekr MR o2 GFE

Table 1. Population (log,, CFU/10 cm®)" of E. coli O157:H7, S. Typhimurium and L. monocytogenes on stainiess steel surface treated
with grapefruit seed extract aerosol and organic acid aerosols in cabinet model system

Strains
Antimicrobials -
E. coli O15T:H7 S. Typhimurium L. monocytogenes

Untreated 6.39 +0.20™ 6.54 £ 0.41* 6.18 £ 0.07*
Grapefruit seed extract 4.39 +0.28* 4,92 +0.08" 5.14 £ 0.85™
Acetic acid 5.08 + 0.88* 3.62+3.16™ 479 +£0.28%
Citric acid 6.05 £ 0.33* 3.00 £ 2.65* 3.33 £2.89*
Lactic acid 347 £3.01% 2.77 £ 2.40™ 3.20+2.82%

YData represents means + standard deviations of three measurements.

*“Mean with the same letter within a row (following the values) are not significantly different (p <0.05)
**Mean with the same letter within a column (following the values) are not significantly different (p < 0.05)

Table 2. Population (log,, CFU/10 cm?)" of E. coli O157:H7, S. Typhimurium and L. monocyiogenes on stainless steel surface treated
with combined grapefruit seed extract aerosol and organic acid aerosols in cabinet model system

Strains
Antimicrobials
E. coli O157T:H7 S. Typhimurium L. monocytogenes
Untreated 7.01 £0.56* 6.87 £ 0.37* 6.42 + 0.26™
GFE + acetic acid 529+ 0.61* 4.67 + 0.66™ 4.87 +0.85*
GFE + citric acid 433 +0.58™ 3.00 +2.65% 3.43 +£2.98*
GFE + lactic acid 3.62 +£3.16™ 2.98 +2.58™ 2.77 +£2.40%

YData represents means + standard deviations of three measurements.

**Mean with the same letter within a row (following the values) are not significantly different (p < 0.05)
**Mean with the same letter within a column (following the values) are not significantly different (p < 0.05)
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Table 3. Population (log,, CFU/10 cm?)! of E. coli 0157:H7, S. Typhimurium and L. monocytogenes on stainless steel surface treated
with combined grapefruit seed extract aerosol, organic acid and alcohol acrosols in cabinet model system

Antimicrobials

Strains

E. coli O157:H7

S. Typhimurium L. monocytogenes

Untreated
GFE + acetic acid + alcohol
GFE + citric acid + alcohol
GFE + lactic acid + alcohol

8.20 £ 0.48*
5.96 + 0.58*7
6.74 £ 0.14™
4.94 + 0.96™

7.92 + 0.69* 6.93 + 0.36™
5.18 + 0.582 420+ 0.35™
4.40 + 0.35% 2.87 +£2.50™
2.87 +2.50% 2.67+2.31%

"Data represents means + standard deviations of three measurements.

““Mean with the same letter within a row (following the values) are not significantly different (p < 0.05)
**Mean with the same letter within a column (following the values) are not significantly different (p < 0.05)
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Fig. 1. Inhibitory effects of sanitizer (Developed sanitizer; 0.5%
(w/w) GFE + 1%(w/w) lactic acid + 20%(w/w) alcohol) on stain-
less steel surface in scale-up model system. Values with different
letters indicate significant difference (p < 0.05).
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