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Abstract

We determined antimicrobial efficacy of commercial chlorine dioxide(ClO,) sanitizers and HCl-based ClO; solution

against total aerobic mesophiles on dried chili peppers. Three types of commercial sanitizers (Cloee F Plus, Ildong
Cleaner, and Inopus ODX 7) were tested to inactivate microorganisms on whole or cut dried chili pepper at 200 ppm
for 10 min. Regardless of types of chili peppers, sanitizer Inopus had the greatest antimicrobial effectiveness against
microorganisms. All sanitizers tested did not show any residual effect after 30 min of hot air drying. Hydrochloric

acid-based chlorine dioxide solution was also prepared and tested for its antimicrobial activity followed by hot air
drying. Chili peppers were also repeatedly treated with HCl-based ClO; solution at 100 ppm or 200 ppm for 2 min.
The CIO; solution followed by hot air drying significantly reduced the microbial populations on whole chili peppers,
whereas there was no significant difference in antimicrobial activities of the treatment as affected by its concentration.
In addition, the same concentration of chlorine dioxide inactivated more rapidly microorganisms on chili peppers on
which calyx has been removed, compared to those with calyx.
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F Aok AR Salmonella spp. (Jeong et al, 2010,

2 FAle FgRE R&D APARIe] A ( FAANS : 20161019-c1-002)0] &3] 53] =] A ch
© 2018, Korean Association of Human Ecology. All rights reserved.


https://crossmark.crossref.org/dialog/?doi=10.5934/kjhe.2018.27.1.55&domain=kjhe.or.kr&uri_scheme=http:&cm_version=v1.5

2 =M

[5t3|X| ®|27A 135 2018

Sardifias et al., 2011), Bacillus cereus (Jeong et al.,
2010), Aspergillus spp. (Zweifel & Stephan, 2012),
Escherichia coli (Lee et al., 1997; Song et al., 2012)
ol st wdvhrald B v . 23}
e R Slal kel slgdls
gugte] AEFAH Aol mE7tRe gk s 714
o B Fol ARHA o FPo| P &
20% ol3}, WA (n=5, =2, m=0, M=10) 7]F7F =
Ak e AAo|t(MFDS, 2017).

B AnF 2 nzAhRe VAR Aol slatel
ethylene dibromide, ethylene oxide, propylene oxide
%_4 5= )\LﬁLo] o]%.g] oL]. xL;(H;Q EH ﬂxﬂe o]
ske] - ofelld ARgo]l FAHIL = FAoltHJung
et al., 2011; Lee et al., 2015). &3t n|AE A73=
Sl UV A olidstdar A, o5, 71kt A

7okl ¢

2], Aol Ag, WAPd 2AE A 2AF S 22
oeFE ol A8H Ut (Jung er al, 2011; Kim er

al., 2009; Lee et al, 2015). 3pA|9F 7upxd ZALe] 4

S AE nfel An WA AR WEAe, Heid
Aol A% A BH FEHA L 5 AL WA

4 A A9 WEe] B Aol Bas Aol
w=ho] Qlo] Agel nlEE AU A7) A
o2 #g3l7]dl ofglgo] AthJung et al., 2011; Lee
et al., 2000; Lee et al., 2004). =3l Ax}H] ZFALS]
85 e APl Bt Mo 7)7] Alzte] HQast
ZAPA M= 2 At a9E Jd8 &
Sijl(Lee et al., 2015), F71%*HKang et al., 2016)°]u}
, 2007y o]&g A-felleh F&Egh
aadE A7]d SA7E AT

oSt AL(CIO)= Aast FARE At7|As 7HA]
ARt "cﬂr—ul‘i‘:} Aksheo] 2.5u) o) Askar, Hwel &

tlo
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gE & 7 fle A A S nd= Aol 53

Z o]t Benarde et al, 1965; Kim et al, 2009). o|x+3}
Aess  Agde] Wl HEw
monocytogenes(Han et al., 2001), Algtol] HEH Wg
RE T TAKLee ef al., 2006), o] 7=
L1(Gomez-Lopez et al., 2007), Z7|7452] At
(Chen et al., 2010), HAA ZEAtl HEH E coli
O157:H7, S. enteritica(Choi et al., 2016) 5] v|AE

& Alolat 9 AR} ek,

Listeria

B AFdXe 127 ARE daFE Al o)t
shlaA AatasAlet diks ol 88t Alzgh oiist
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oLl AATE AlBE 3 7} olg3te] &
AT §ohe AHSSIT. At olE LA ATLEA
+ Cloee F Plus(A; N-Plants Co., Ltd., Gyeonggi-do,
Korea), Ildong Cleaner 8%(B; ID Chem solution Co.,
Ltd., Korea) % ODX 7(C;
INOPUS Co., Ltd., Seoul, Korea) A|&2 743}t

ZA|& o]x3}¥i= sodium chlorite(Alfa Aesar,
Ward Hill, MA, USA) 18 g ol Ei3F< 300 ml
£ %3, IN-Hydrochloric acid
(Deajung chemicals & metals Co., Ltd., Gyeonggi-do,
Korea) 7 mlE A7}ste] 1 AI7F B0t wvkste] F0]51)
o}

7} Agt AREEEA] 8 HCL7]E o]215ke]
A8ld4 FE+= chlorine colorimeter(DR820, Hach
Company, CO, USA)Z o]xad2(Cl0y)e] T8 =
Aate] 100 ppm Z=E= 200 ppmo g 3|X3le] F=u|e}
et

AL

v =2

Gyeonggi-do,

Inopus

standard solution

el o]



3. 1% AE9| MRASH Az 5. S| 24
§40% 9 A% A% Aes d9@d 250 ml 2E APe

33 o] whEskolal, A¥= SAS

bottleol] 10 g 2 F3}e] 4|3k, 100 &= 200 ppm  (Statistical Analysis System, Ver. 9.4)¢] general

o2 3% rasAE ZhzE 200 A Q@3 linear modelS o] g3t BA EABICE AFAEA|

shakerE o]g3a}e] 300 rpmo= 2 2 = 10 2 5 2 g8t duFe] nAE 7+ E7= Fisher’s least

oF wwkshy Attt AlFo] B 13+ A& ¥ significant difference(LSD) test® o]-83la] -F2]<2l
1 F AelE gRlskn

WHFEEAE 23] Aelshs 9= Ao PHtE 2
BB 18] Hg] F 30 & 7b gepsta, g e o 23 9 123
= @9 o A3% 958 A F gad A $u
S0°Cell 1 ARE g4k Azt 1. AlE OAtBIAs AFAERIE 0l88 HmE
of ol4E st E2t
4. Ml 24 AnF ARES dnF, EALFE AR o)
2A AEAEA 3FL 200 ppme 3AEke] 10

vkt (acrobic mesophiles) #4-& AFAEA A

o
7 A% Az T Az® AnE AR(10 9 B7F Agsta, 50°ColA] 30 & b IF Axd H

T

sampling bag(1930F; 3M Science, Seoul, Korea)ol drbAlEe] wsk

3 100 mle] D/E neutralizing broth(BBL/Difco,
Sparks, MD, USA)s} £3t5l6] 260 pm o= 1 2zt A ClISHa
stomach 3}tk 2+ Al &3S 0.1% peptone
watere] ¢3&o= Az FAlEte] Tryptic soy agar
(BBL/Difco, Sparks, MD, USA) o =% s, 37°C 3 *elZk 8=
o] 48 AIZk Bk Wl T Ak, SRR AR

(Table 1) Populations of aerobic mesophiles on dried red chili peppers tre

AWkAl= 533 log cfu/goll

FAEAZS s 2T 3.97-4.32

o} wlmsle] AtamAle] TRl BAglel BF fel

o)
AoT Jeyth tzTe A9 Hd
A% 533 log cfu/golAT 30 &

ated with commercial chlorine dioxide

sanitizers (200 ppm as ClO,) for 10 min and hot air-dried for 30 min at 50°C

Sample Sanitizers Populations

(log cfu/g) After

Treatment

with  sanitizer

Treatment  with sanitizer

followed by hot air drying

Cut Water a'5.33+ 0.16 A’ a 536+ 1.13 A
A a 432 £ 1.56 A a 447 + 1.00 A

B a 429 £ 057 A b 242 + 0.56 B

C a 397 £ 031 A ab 3.85 £ 1.26 A

Whole Water a514+120 A a3.97 £ 065 A
A ab 3.01 £ 0.57 A a320+ 175 A

B b 1.94 + 035 A a 097 + 095 A

C b 1.71 + 1.95 A a 340 £ 247 A

A: Cloee F Plus, B: Ildong Cleaner 8%, C: Inopus ODX 7

' Within the same type of sample, values in the same column that are preceded by the same lowercase letters are not

significantly different (a = 0.05).
* Within the same row, values that are followed by the same capital letters are

not significantly different (a = 0.05).
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B 9% 7Ax3 Fo= 536 log cfw/ge Yehyo]
o dF Axd W Ik 7
2 2tAEA A, B, C A7l &
dZ 7Azst Ao AuFE 74z} 447 log cfu/g, 2.42
log cfu/g, 3.85 log cfw/ge = Yeldtt A71A] Al
Hi B Fol A Buk AHz%5el vwa}
ez & F7HEQ Akl A YERs:
A=A BE AlFE Aeolle AE 2T 429
log cfu/gollX] AlF $ FFixgt Aok daso] Unk
At57h 1.87 log cfg wHE frelxoz Zhaaleirt.
BANFe] A dE2TF(ET SH) e AF A
% QubF57t 5.14 log cfw/ge® UERGTH Byun
et al.(1996)2] AFellA Zupd Al A FHdaFe] F
714 WAE G7F 12x10°cfugo s B AT A
5ol H|S=3k grog HIuFEQE ATAEAl A, B,
CE A3t FF= 72+ 3.01 log cfug, 194 log
cfw/g, 1.71 log cfw/go 2 AtASAl Rl AAIRl]
e} vuslte] 25 dubdldgr) fojdes A
shodtt. S| dvkAls Wshke tixTeh vlal
3lo] AtAEA Bek CE A3k ¢ 3.2 log cfu/g
ot Frojxom g Zlow yshth 7o 4
¢ WU SH5 A7 F 30 B FeF 9F dAxs 54
Zo] AdukAlE 3.97 log cf/ge s dAHd /T
Yo 259} vmele] o4 Aol e

=
= A
T =t
EAR Agd Feole 4F Az § I A

>

ooe
o
N

KA

{

2g Ae e Ansucks Fn
WS A B O e slow Uehieu,
£ Hme] duow g Ewde] Flske] oluts)
2~

Azssfe] g WAo] Az WiEel Ao HolAt,

ARFES A, $11F) Aass A okt
3}944+HC1 7]¥h 200 ppmoE 10 23+ AF &
50°Cellx] 30 & 9 gF zdte] dvbAldr wst
E FRI5IYti<Table 2>.

ol stdas AMe AF Ad duFe] dvkAldr
T 474 log cfwgo® it FRFE Az FF(5.38
log cfu/g)e} wlwste] oftk 7Aoot {2 o

UehtA] eigith izl o)aks)
AA Ao njate]
HbAlEe] At WSSl edghel skANE, okt
shela A8 F 30 & st 9% Axd Hd Au
o] dWbAlFFE 3.10 log cfu/ge g thzTgte
log cfu/gell BI3te] 2.02 log cfu/g WHE fo)zoz &
& dukAlEaTE AEEA

TARF] AeE vRPIAR ollgldad A

2% et vwsle] wAE AAS7E 116 log

oo Hi e

cfulg WHE asRlod fold Aole gle Ze=
UeRth oliistelass AA F 30 & st EF 1

fll

ZAZ ] kAl 1.90 log cfu/go =

(Table 2) Populations of aerobic mesophiles on dried red chili peppers treated with HCl-based chlorine dioxide
(200 ppm) solution for 10 min and hot air-dried for 30 min at 50°C

Sample Sanitizers Populations  (log cfu/g) after
Treatment Treatment  with sanitizer
with  sanitizer followed by hot air drying
Cut Water 2538+ 0.03 A’ a 512 + 038 A
ClO; a 474 + 138 A b 3.10 + 0.53 A
Whole Water a 469 + 052 A a 427 £ 053 A
ClO; a 353+ 134 A b 1.90 + 0.78 A

" Within the same type of sample, values in the same column that are preceded by the same lowercase letters are not

significantly different (a = 0.05).

> Within the same row, values that are followed by the same capital letters are not significantly different (a = 0.05).



Btk olitstdas Al A
JukAlFE= 3.53 log cfigolla] 30 2
a9F % 1.63 log cfw/g g 7ZArslgiont
SARSZ Aol7} it
QA Al oliEtAAA AtAEAlel wREIAR
HCL-7]8F oiistidasE Aejst 29 dd dausr
t BHnFoN dukAlre] A = Flom

o }

shet), ol 57 A 7lme] whg Ew
F43) 7x

=

Az

T

Ho] Z7jatel, olshedhsrel
a7] mhEel Zom

At}
oA olatstd g AFRE sl AR Al

F7HRl 4F xE ¥
o] sk AL ARIE 4 U3k Kim et al(2017)
o] ¢FellAE= 200 ppme] © B xo}

AR 1

3.2 log cfu/sample
W Aaskdlen, AlF 3 12 ARk
AFoMe= B. cereus IA} AZEA mvio =z 7¢
&7 A3} ¢l9ich Han et al.(2001)9] €1
EEHA e IS 3 myle] o4t

%o]— A}]x—hs]— &

Vg 9F 12

L. monocytogenes®]

MAGE 3.7 log cfu/5 g WHF THAAIFTH

HCL-7]%F ojatal o] wng delste] 57113

2 & S A ¥ 30 2 Bk getal, Y F

So] HCI-7|8k olitstlars 2e WhHo=R 2 #3t

3 o] Aglske] 30 2 €= vhESa 50°CollA 1

AIRE B EF AR Fof dubAlerss HEkE #RlEkY]
Tl<Table 3>.

olatalda AF AIZEE 2 BA 232 oA W3
g 10 & Ho & A AR Fth w9 SRSE
223t TS 28]9 orlaldia AlE 2% 338
log cfwg °llom, oltstelis F% 100 ppmt
200 ppme] ¢ 2.60 log cfu/ge & thx7-¢} H|uws}

o] 0.78 log cfu/g " frojd o= Fhaslgnt. o]iks}
HaF Al F 50°Ceolld 1 AIZE
T SaFe] dubAleta= g7 3.50 log cfu/g, ©]
2bslda 100 ppm 2] Al 1.68 log cfu/g, 200
ppm 2] A] 1.55 log cfu/ge & 7HAaslgd). olaksle

a5 Ael ATt viwste] 9F AxE FhHoR A

AEE W, dutdlTaE olilkeldia el TRl
BAQe] BT HoHozw Ayl Kim et

al(2008)¢] A= 100 pg/ml F=o] F714F 7tk
olateld s 10 ¥ ok A L wl, 6.5 log
cfwml®] B. cereus EAZ BF ZHETHA vek0.3 log
cfuml o= FraAZthE AFAH7L Qe olikslda
7o A sk mE AolE ERItaAl skl ont,
100 ppm7 200 ppm R5Follx] H]=gh x]of U¥hA
Ein Hojow, oliksldig A A$w zlo]
7} Aoz Yehyt) olxleldag A AE 1
I7F ¢t dFdx s A4S 200 ppme] o]xkshda
2 Hgst BraFox] 100 ppmo= st A
o vt 0.13 log cfu/g WHF 2 AWM}
ERgout fo7 zbole fidth Kim er al(2017)<]
Aol E 3o 100 pg/mle} 200 pg/mle] o]iks}
HaTE A wl, B cereus A Fhie] RF
HlSRh e mA 100 ppm3t 200 ppme] B¢ T

A=

Hl-=
[ex AN
HA

R

>~

(Table 3) Populations of aerobic mesophiles on dried red chili peppers treated with HCI-based chlorine dioxide
solution for 2 min and dehydrated twice followed by hot air-drying for 1h at 50°C

Sanitizer Concentration Populations  (log cfu/g) after
of ClIO; Treatment Treatment  with sanitizer followed by
with  sanitizer hot air drying
Water 0 ppm a' 338 + 0.05 A’ a 3.50 £ 028 A
HCl-based ClO, 100 ppm b 2.60 = 0.15 A b 1.68 + 0.24 B
200 ppm b 2.60 £ 0.15 A b 1.55 + 038 B

" Within the same column, values that are preceded by the same lowercase letters are not significantly different (a =

0.05)

% Within the same low, values that are followed by the same capital letters are not significantly different (a = 0.05)
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2

| 2 hEde] ole A G AR YERt
e laFe] AatAEA A Albel wE URbAlT

, 10 & 3%t 13] A g9& o) Bo} 2 &
23] Aejg v s we Akt o A
= o2 veldt) Patel et al(2012)9] dT-olA =
subtilis FA}ol| 24 T 48 pg/ml F=9 CIOE 2
B AEPs o, EAE 943 ELASE AZle
, Choi et al.(2016)] AAF-oll-+= 200 pg/ml FE=e
olatel i E 5 ® B el HAF E coli O157:H7
o] 7] 7HAF 5.4 log cfw/g seedolld 1.1 log cfu/g
seed2 Frastgion, olilsldas Al 9 24 A)RE
Az T AEI vvto g AEus Bl A9d
ot weba] ArAasAle] My ARRE Folal Ael 3
TE SVMZIE Aol TIF dvkTSg a9

-
o 2 9% & T JS Aoz Bk

X!

El
-

rr

&4 &
o
1)

o

O

92 o =

HAae] Fky) Belo vjdE o9o] e A=
FAEo] FHuFe e AT 5 HCL-7TEE o]
Absldad 200 ppmO g 2 #7F 23] WHESLe] Al#s)

L 2
of dnbAltre] viskE dEEH3ITE <Table 4>

S AAE AAFE oRIsdAaTE AH

= 1T A L
B Aot BEe AAR Aid<Table 4>9

S W, B AT AR B FUG AN

= ==
H A A deklEE 722 o 2 Ao Jehtoe

A|AZE

1B s =
ARFE oltetdass AFE e W & o A
2l

&l

7 HCL7h o]
Qarel 10 ¥ A F BF Axd Jm AR
P % 2

A ARke] Brlehe A
E3H) Aom vEith HCLZW o)sielist
100 ppm3} 200 ppmO 2 2 ¥4 23] Az AT TF
ST dAETE FojHoR TarFlon, A
4§ Qg e dnlEel 3449l Bt
£k

ASglont FEo mhe Aol mal ik

ZubS AAS B0l 200 ppme] o|AsldA
2 2 24 23] AP o AL AAA g

Aol wiste] AubAEs Aadabt o B ek
ok uebd Amde] AW wgeld Tage A

oy = = =1

(Table 4) Populations of aerobic mesophiles on dried red chili peppers without calyx treated with HCl-based
chlorine dioxide solution for 2 min and dehydrated twice followed by hot air-drying for 1 h at 50°C

Populations  (log cfu/g) after
Sanitizer Treatment Treatment  with sanitizer followed by hot air
with  sanitizer drying
water a' 328 £ 0.14 A’ a3.17 +0.19 A

HCl-based ClO; (200 ppm)

b 1.87 + 0.58 A

b 1.06 + 0.27 A

" Within the same column, values that are preceded by the same lowercase letters are not significantly different (a =

0.05)

* Within the same low, values that are followed by the same capital letters are not significantly different (a = 0.05)
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