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Effect of Sterilization and Deodorization in Food Apparatus Cabinet Using

Gaseous Chlorine Dioxide Ampule

Hyeon Jeong Kim

Department of Food Science and Technology, Graduate School

Pukyong National University, Busan 608-737, Korea

Abstract

The aim of this study was to investigate the efficacy of different concentration
of chlorine dioxide (ClOs) in the 6.5 L small chamber for the 625 L cabinet with
circulation system and different exposed period against Staphylococcus aureus
KCTC 1916 and Escherichia coli KCTC 1682. Two bacteria that were artificially
inoculated in the plate respectively were put into the cabinet. In small chamber,
the ClO, gas concentration depending on reacting various concentration NaClO,
and HCl and the number of ampules. In cabinet, the gas was produced by
ampules. The ClO; concentration was detected by gas detector (Porta SensIl). In
small chamber, the concentration was reached to maximum 2.8 ppm for 3 h and
then it was decreased slowly. And reduction of S. aureus KCTC 1916 and E. coli
KCTC 1682 was 2.3 log CFU/plate, 2.2 log CFU/plate. In cabinet, when the
concentration was reached in maximum (6 ampule, 4.6 ppm), it was lasted for
approximately 2 h and then decreased slowly. When a circulator was used, the
gas concentration was very low (6 ampule, 0.8 ppm). The antibacterial activity
against S. aureus KCTC 1916 and E. coli KCTC 1682 was was 29 log
CFU/plate, 6.0 log CFU/plate in cabinet for 24 h respectively. The reduction

against S. aureus KCTC 1916 and E. coli KCTC 1682 on boots 2.69 log



CFU/plate and 4.42 log CFU/plate for 24 h respectively. The deodorization rate
against ammonia and phenol was respectively 94% and 70% but the deodorization
against formaldehyde wasn’t effective. The results showed that the ClO, gas had
antibacterial activity against S. aureus KCTC 1916 and E. coli KCTC 1682. Also,
it could reduce fishery odor. Thus, ClO; gas can apply for various sterilizing food

processing industry.
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1. 49 A= # 77

Sodium chlorite (Kanto chemical Co. Inc.,, Tokyo, Japan)¢} 0.1 N
hydrochloric acid (DC Chemical Co., Ltd. Seoul, Korea), ammonia (Junsei
chemical Co. Ltd. Tokyo, Japan) phenol (Junsei), formaldehyde (Kanto)<
SR AIFS AR 5% Ak 4Tl Has

Wl A= tryptic soy broth (TSB; Difco, Bectom. Dickinson Co., NJ.,
USA), tryptic soy agar (TSA; Difco)E A3t 18]3l swab pipette

(3M, Minnesota, USA), Petrifilm™ E. coli and coliform count plates (3M)

aTtE xR dJArh e gdE 87165 L)E olgsit 253
625 L, 1750 mm x 650 mm x 550 mm)< (5)A] 7] A 2~ €l (Haeundae,
Busan, Korea)olA #|-gFHtgkom o]itsds 7Fx i

(Hwaseong, Gyeonggi-do, Korea)ollAl =A|-&1tol o] &3t} o] 23t d &7}
2~ 2A47]+= PortaSens I C16 (Analytical Technologym Inc. Collegeville,

PA., USA)E ol&3t3laL, 1 A5 Table 1o YEFHAT.



Table 1. Specification of gas detector

PortaSens I C16

Range 0~5 ppm
Accuracy <+5%
Resolution 0.01
Temperature -25~55° C
Humidity 0~95% Non-condensing
Respectability <+1%
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GA A Staphylococcus. aureus KCTC 19169} 13+ 5432 Escherichia.

coli KCTC 16825 ol&stslon, L= wAdES KCTCAA Frjste] A4

S AgEAT I5FFE BBF S aureus KCTC 1916, E. coli KCTC

1682= tryptic soy brothZ o] &3Fo] 2447k Fot 35T A AAufFS 31

thooA wlg FFE 10° CFU/MLSF TS §A18%9 L, 4Tl ®masis A}
&3k
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65 L &7]clA 4 a5 gletr] &) AA wdd #F5 AEDY
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AA A o] &ston, & Ax =1
o} B #3FAtHKayea et al, 2005). 65 L &7]o o] AzxH HELUHA=
Y olibstd & TS A ) 8715 HHAIA 2 4
st Atk s A5 918 Swab pipettes o] 83t FLI WA
S A} FH st FAE phosphate buffer saline (PBS) 34142 o] 83to] 3] 4]
, TS =487 98l S, aureus KCTC 1916% tryptic soy
agarZ o] &8st o, E coli KCTC 1682% Petrifilm™ E. coli and coliform
count platesZ ©]-&3}%t}.
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Table 2. Sodium chlorite and hydrochloric acid concentration for

producing chlorine dioxide.

Sodium chlorite Hydrochloric acid
0.1 0.1
0.05 0.05
Concentration
0.04 0.04
(M)
0.03 0.03
0.02 0.02




Fig. 1. The change of ClO2 gas ampule color during the reaction.
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Fig. 2. Design of cabinet (625 L), position of ClOy gas ampule and

gas detector.

_‘I‘I_



Table 3. Condition

of gas detector tube.

Ammonia Formaldehyde Phenol
Model No. 3La. No. 91 No. 60
Measuring range
0~100 2~20 1~25

(ppm)

Sampling time

Detecting limit

(ppm)

Color change

30 sec/pump

stroke

0.5

Purple

— vyellow

45 sec/pump

stroke

0.5

White

— brown

1.5 min/pump

stroke

0.1

Pale yellow

—> gray

_12_



6. 5 A 2
FAIA = Minitab (R17)& ©]&3t 2™, one way ANOVA #4& &

& 95% A% F7roll A Fisher 4 H|WE o] &3to] Ho% el zo]ES el

&l k.
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ClO, gas concentration (ppm)

0 100 200 300

Time (minute)

Fig. 3. Changes of ClO2 gas concentration reacting various
concentration of NaClOz2 and HCl in closed 6.5 L chamber
depend on storage time. (-e- 0.02; -o- 0.03; -w- 0.04; -a- 0.05;
-m- 0.1)
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0.02 Me] Alefg o] &3 ¥t 0.1 M
AloFS o] &3 WS Alsta s&= FAol 7hsd 003 M, 0.04 M, 0.05
S. aureus KCTC 1916¢} E. coli KCTC 1682¢]
65 L 871914 Fig. 3¢} #& 5% o]itstd
VA2 A wf, A E e Fig. 49 2k} S. aureus KCTC 1916

CFU/plate #4349, E. coli KCTC 1682+ %715 w=24 ZAst= A
= 0T F URen, 2443+ AeleslS =W 0.03 M, 0.04 M % 0.05 M9
AlekS o] 83le] 34 log CFU/plate, 3.7 log CFU/plate % 41 log
CFU/plate #AEHATH F #F EF oitstgd i 7hx9l 57 Fobxa
Agl Algro]l Aojel wel FHago] FrbekH. B2s MAP E75to] o
AL ThaE FYsRS W(H A 1.33 me/L), T2l il 1.88 log
CFU/g #2473 A3 vl u3dH (Gomez-lopez et al, 2007), ¥ AFolr= 3
ppm ©]38ke] FiellA 6AIZH A2 Aol S aureus KCTC 1916 2.3 log
CFU/mL, E. coli KCTC 1682% 22 log CFU/mL #Aste] o a35 0|3
o g o AAGE S oatstd g E o] &3ke] 3 ppme ' 2A1%F AP
0] 2.06 log CFU/mLE #aAZIttal shglom, o= & dolA 647

A2 AT W2 ATHWu et al, 2007). ol o5 7has} wAe
of §71% ASEH i Azl Ael 7] Ahx FEsk RESA] GRo

2 dEHAY. FRbdl= o]ibst A w=TE stobR ] wiEel 1243 o
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S. aureus log CFU/plate

0 T T T T
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(B)

Fig. 4. The effect of viable cell counts of Staphylococcus. aureus
(A) and Escherichia. coli (B) by the treatment of various
concentration ClOz in closed 6.5 L chamber. (-e- 0.03; -o-
0.04; -w- 0.05; -A- ampule)
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3tall S Wl S aqureus KCTC 1916= 1.1 log CFU/plate 7433 A E
coli KCTC 1682+ 22 log CFU/plate ZAsttlh. 18]al E. coli KCTC
1682% 16417 A eas wHE o] HEHA @Rkeu, S aureus
KCTC 1916 24A17F A EstdS w o] HEHA LAtk AFS o] &3
WA= S aureus KCTC 1916t E. coli KCTC 16820 ¥ & =37}
ot FAEFFHAT o] E3I o)A AL A= S aureus KCTC 1916H.
t} E. coli KCTC 1682 dial v &¥7t vt aw Yt Salmonella, E.
coli 0157 &3 o] Zggdrtel 2 E37F vt daA o, 28354

ol tis] 2 &¥7F vk I (Kaye et al, 2005).
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Table 4. Change of ammonia,

concentration depending on gas exposure time.

formaldehyde and phenol gas

) Ammonia Phenol Formaldehyde
Time (hour)
(ppm) (ppm) (ppm)
0 68.33 + 2.89V4 24.33 + 1.15% 20.00°
4 53.33 + 2.89" 21.67 + 2.89% 18.67 + 1.15%
8 31.67 £ 2.89° 17.67 + 252 18.67 =+ 1.15%
12 267 + 2524 15.00 + 3.00°¢ 19.00 + 1.73%
16 0¢ 12.67 + 252% 19.33 + 1.15%
20 0¢ 9.33 + 1.15% 19.00 + 1.73%
24 0 €% 2. 1867 + 1.15%
U Mean *+ SD

? The same letter in the column are not significantly different at

level (p<0.05).
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Deodorization rate (%)
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Fig. 5. Deodorization rate of ammonia, formaldehyde, phenol by
treatment of ClO, gas ampule. (-e- ammonia; -o- phenol; -v-

formaldehyde)
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ClO, gas concentration (ppm)

0@ T T T T
0 5 10 15 20

Time (hour)

Fig. 6. Change of ClOs gas concentration using various number of
ampule depend on storage time in closed cabinet. (-e- 4

ampule; -o- 6 ampule; -v- 12 ampule)
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Saureus log CFU/plate
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Fig. 7. The effect of viable cell counts of Staphylococcus. aureus (A)
and Escherichia. coli (B) by the treatment of various concentration
ClO; using the various number of ampule in closed cabinet. (-@- 4
ampule using circulator; -o- 4 ampule, -v- 6 ampule using circulator;

-A- 6 ampule; -m- 12 ampule using circulator; -0~ 12 ampule)
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CFU/plate, 671+ 1.2 log CFU/plate 28] 1L 1270+ 2.98 log CFU/plate 7+
AEATH ANZIIAA = FRo| F FEe WA ¥ o] H|szskA FHAd
A=d, o= x7]d o]ikstd A&
Adele A3 48 FE7A H=d SR8 SUbst7] Wil AR ddy
o] Atk

E. coli KCTC 1682+ 2417k Agstdls W 470, 670, 1270 A=
0.16 log CFU/plate, 2.68 log CFU/plate, 6.06 log CFU/plate 743} t}. E.
coli KCTC 1682% S. aureus KCTC 19169 vl stA H&ES 47 AF-&3tA

T ool s mu gk Aol S Hol ARk Ayt & 3rb gIAaL, 67] ol

BHE Aol Aozl vl Aztste] 67HE AREE RS W E. coli
KCTC 1682¢] S
2 12718 AHE3tAS WE E coli KCTC 16827} g &HE2 7HAdlo]
2473kl Ayks wWle #o] HEHA FRAR S aqureus KCTC 1916+
2.98 log CFU/plate’t #r4aste] E. coli KCTC 16829 o] & &37F A ATt
b& d7Ae Cloy 75 ol &ste] #d @ AMAE At $ E cois &
Qlsk A3 50 ppm, 100 ppm = AHzletS W 1.69 log CFU/g, 2.3 log
CFU/g #Aasdvtar s tHChao et al, 2011). 18al ClO, &< 200
ppm< 102 He A gstgdS Wl E coli 01579 thate] 2.28 log CFU/g %+
2EAa At Lee et al, 2016). ¥ Aol AE= 10 ppm ©| o] F=9
A B3 Sl ole 8 ek ThAFE e AoldlA Kol Aol
2 A

¢

|

" aureus KCTC 1916K.t} 21 o]Ate] 2w S Byt 1

4. 257 WA A3t HFE g 47 &3
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2k stel WH-ol A S aureus KCTC 1916, E. coli KCTC 1682 tjgk 4
T G Fig. 83 Zuth ¢3S A ASs e g d9F e
gt =gWE ARESHA @Bk W S aqureus KCTC 1916+ 244 gHo]
sk = A YH= 6.70 log CFU/plate$lal, E. coli KCTC 1682% 21
F7F 621 log CFU/plate® WEREE=E], o= 7] 79 Hlastds o
Aol 5 KolA ol 28 ppmd W EdVF e ASE yEkwkth 2443
et Agads W A4EF 6/E AHET AT S aureus KCTC 1916¢} E.

N
iy
o X

e =

coli KCTC 1682 + 7zt7zt 1.22 log CFU/plate, 2.10 log CFU/plate #4331
1202 g3 AL 2.69 log CFU/plate, 4.41 log CFU/plate 7FA3Fo], 7+
46 ppm, 8~9 ppmd W EHIF = Ao w YERsT ol #ZHst ui-ol
AL S W S aureus KCTC 19162t E. coli KCTC 16829 ¥ & &
A7 kAl A ¢ JAT ZH HEs ] AT ojde AApETE A
o E37F "olxl olfr=

A xskgl7] wimolgtar ddE e UV #lzel o] Al7|7F 484
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Fig. 8. The effect of viable cell counts of Staphylococcus. aureus
(A) and Escherichia. coli (B) inoculated at boots inner spot by
the treatment of various concentration ClOz using the various
number of ampule in closed cabinet. (-@- 4 ampule using
circulator; -o- 4 ampule; -v- 6 ampule using circulator; -aA- 6

ampule; -m- 12 ampule using circulator; -0- 12 ampule)
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