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Abstract

The effects of combined treatment of aqueous ClO2 and UV-C or electron beam irradiation on microbial growth
and quality in chicon during storage at 4°C were investigated. Samples were treated separately with 50 ppm
of ClOo, 5 kJ/m2 of UV-C, 2, 5, 7, and 10 kGy of electron beam irradiation, as well as a combination of ClO2
and UV-C or 2 kGy of electron beam irradiation. The populations of total aerobic bacteria as well as yeast
and molds in the chicon samples were determined following each treatment. The populations of total aerobic
bacteria in the chicon samples decreased by 1.49~2.92 log CFU/g following combined treatment of ClO» and
UV-C irradiation compared to the control, whereas the populations of yeast and molds decreased by 1.63~1.78
log CFU/g. On the contrary, following combined treatment of ClO; and electron beam irradiation, the populations
of total aerobic bacteria as well as yeast and molds in the chicon samples were undetectable during storage.
Color measurements indicated that Hunter L", a°, and b" values were not significantly different among the treat-
ments during storage. These results suggest that combined treatment of ClO2 and electron beam irradiation
can be useful for improving microbiological safety in chicon during storage.
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2 v]= Food and Drug Administration(FDA)| A A}-&0]
F7FE o™ (13), kst HAF THe nAE 29 WA
g 98 AEET QT AF P oltH10,1415),

UV-C &AL} pR7 A 2 AR ZALE 29 ujAE
3h2 Qb S A8l ol 8 H I e EEF BIVtEA
Zlell, AFd AR 7Hs g AR olv A= ek, XA
g Az 3747 A ol th16). o] T HAAR A=
Zrapde v Fapgo] ol 7]E s, dtoll Bagh &=
AHA RS A7) 8 xRyl ZElA] §hal, 2AMAEY 2
AA] golste] oo tigk A7} el A P 9l
(A7,18). = A 7] ol A +A" AR o] AR 2 10 kGy
o] 3}l H], Bagorogoza 5(19)0] 7FaSo] AAA S ZALS}
of At a3} T v Gl st A3t A,
10 kGy olate] ZAMIZFC 25 WAE9] B2 Q AFE ol
7Medhs BRAF v ok

shebz Al W]l olkkstd gt UV-C 3 A4
A Z2E SE A HI7E A WHS AEFY v ESE kA
A& =ol7] H3l AFSE o] SEARE Bd X o 9§ AR
o] F2 = o] a1, ot d e UV-C e HAH
ZAHY] HEAEE A i) HE3 AF BHis ol F
v Egk Aol weta B Ao s oA AujE
X FZol o]atald A9 UV-C == A A1) T X
2 2 WA wHd g2 uAE 24 sl 4 st
g EATgo 2N A A Ves Nt

=
Z
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=09 X 4L = o —
B Q7o) AgH AE ARE Ul 92F tgrieo)
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low density polyethylene(LDPE) bag(21 cm x29 cm, F74:
0.13 mm)ol] A 2j7-el upe} 7fE Ao g2 FAsto] A48
o

o|ptatda gl & EX| Xz

|5 &, 50 ppm ©]Abst Aol 2z} 583 A8
ZA] 28] ¥ clean bencholl A 2A]3F &<t air-dried 23El
Fol Folsls S AASIAH o]itst s e
chlorine dioxide generator system(CH2O Inc., Olympia,
WA, USA)E ©]&3t F%=7}F 50 ppmeo] = A AxsHA e
H FEZE jodometry WO = =334 TH20).

(

)

bt

UV-C Z=A}
UV-C ZAFE 8] A=E UV chamber(88 cmx 55 cm
x47 cm)9] A, &5l 2537 nm 339 unfiltered germi-

cidal emitting lamps(Sylvania, G15T8, Phillips, Haarlem,
Netherlands)E Z+Z+ 670% 22|31 1, UV-C FEE A8
tray AollA UV light meter(UV-340, Lutron Electronic
Co., Taipei, Taiwan)E AF&3to] 33] HlE-slo] =51}
(10 W/m?). AF&8 UV-C ZAFFS APAT AHE vpg
°7 5 kJ/m'Z AAFAIL2L), ZAAIZES 8% 20% 0]
ot} =3l v A E9] photoreactivationg &4 3}3517] Yl &
A 200 A ZAFSHA

AR ZAME electron-beam accelerator(Model ELV -4,
2.5 MeV, Eb-Tech, Daejeon, Korea)E ©] 834t LDPE
bagell AZ(F7: 05402 mm)S B, 7}45 AF 42 mA,
beam dimension(60 cmx60 cm), velocity 25 m/min® &

S 2=

FrAge] 2~10 kGy7F HE=5 2Abskdh

o|atstdAs=ef UV-C HEtAe|

o|aksld Aot UV-Cel MgA e AIZEE WA 50 ppm
o]kt &l 587 AAE F, 5 k/m’ UV-C 2AE &
&z o7 23ttt

O|atatdA=of MR HEkxz|

ojxbstd il M o] WA T = AlEE WA 50 ppm
ojabs el 5ETE HAT & 2~10 kGy AR ZALE

AxAoz Aeaad.

OME M=

22& 20 g B A2 e 01% HES 180 mLE Hit
bagoll ¥ il 3% 52 stomacher(MIX 2, AES Laboratoire,
Combourg, France)oll X T2 3AI At dAslE Algs=
T A=ZS o]&3lo] A=, 01% BT JESFZ 1085
A< Mg & 74z Hj Ao 53t FYIAT F &
714 A& plate count agar(PCA, Difco Co., Detroit, MI,
USA)E AFE3S1o] 37°Coll A 297 v Fslar, a5 2 F330]
£ potato dextrose agar(PDA, Difco Co.)S Al-&3}] 25°C
ol 397 vl & FAH colonys AS3IATH AEH

nABE £ A8 g2 log colony forming unit(CFU)Z 1}E}
33] Wt

=3

Wi 33 wkEste] S4stAn
M =X
A== ARA (CR-400 Minolta Chroma Meter, Konica

Minolta Sensing Inc., Tokyo, Japan)E A}-83te] Hunter
L, a, b &S 2 A8 b2 Bue vE =43 5 Hi gk
o2 Yl ALed BF w5 L g b S 47t
1-96.69, a=-0.10, b=2.03°] A} t}.

ZSAAL

Alge] We 9 ddAd wE A7 F F2 ws
BA317] Yo £49 panel 89 89 g A8 oHF
W
4

A (odor) 2 F3H4 7]Z = (overall ac-
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A} El] (appearance),
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ceptability) ol tigt T HALE AAISHATE ol 2+ A==
Algo digh WHdLe AAE 71Eel A% 94 7|5 Hx

~8d, M £, 7~63, F5;, 5~43, BE; 3~23", Y
14, v ez Hrhsidh

S5 xel

E 432 33 wEstel 3sdn, 1 v BTG
+HFEAZ e o S5AF B4 SAS(Statistical
Analysis System program, SAS Institute Inc., Cary, NC,
USA) T2 39S o]&3ste] 2z} A2l ko] #2173 (p<0.05)
AES Y& EAHEA(analysis of variance, ANOVA) &

Duncan’s multiple range testZ TZHI 2 E AA|5}S T}

2

A9, UV-C, HAR A2 e} o]
= A HEAYE g 5
A T F 3718 Add &8 F3o] § ¥skE S35t
‘}iE‘r(Table 1, 2. X2 A 7] 279 F 57143 Al
2 586 log CFU/gol A, Bl HAste A& Ag++=
4.88 log CFU/g®] ¥t Table 1). °o]&3 Ay= e}
AYE & & FA AYsAS Wl 27] vAE 571 47
0.83, 060 log CFU/g ZrAagthe BHa1(22)9} ARG A9 =2
E A ot MARtez = nAE ¢ AV FEEA
oS HAFET
o|xbst A4 Aol A9 AR 094l 3.32 log CFU/g
et o], iz vlnglS w 254 log CFU/g PIAE
g B Y TFRY 156 log CFU/gRHE o & nAE
ZAaE BATHTable 1). olA & A7 A= o|ikstdAa
=2 7} % A mE w AlH ARt nAE F
2 ZWHd 9ol Bk 7 el AL BoFo)
&i‘rc’é A A Y v E 7 FA ZAdE, Kim 5(1)
o 50 ppm o] ALS ] F |29} Bl us A
% 3714 AlFS 152 log CFU/g XA TE 23

ot b
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o} FrAFst AT olitstd g9 UV-C BA g9 4
% 37148 AT F7F 294 log CFU/ge.& thxT9 Hl oH
292 log CFU/g9 74 E Yedo]l & HeFEt 1.9 log
CFU/gd o & Zads Bt ol< v 7)o o]4t
AT UV-C A HFAZZ 52 nAE It &
#E B3te old Ru@23)9d%E A 3, o9k
iz o2 o]xbstd Ao} 2 kGy A WA oA
A Eo] HEE A ghghev, o]H 3 Ars dd g
M AR 2APF 92 Mot vas) 7 & gt
£ 2719 (Table 1), AAH] A} X2 & o]itald A
A Al g E AR A a9E gRd 5
Aoz FgHT

Uv-C 9o %ﬂ—?«l A% AR %7] 433 log CFU/g%&
et o], tiz79F vl glS v 153 log CFU/ge] P&
I A5 B Y H(Table 1). Fonseca?} Rushing(24)©] 41}t
o 41~69 kJ/m*e] UV-C ZALHFZ vAYES 1~15 log
CFU/g Z2AZAE 23e 2 dFoA e UV-C A 2
o} Blu S wf FAR a5 ek whde, 2 kGy
AAR Ao B, o2 gd Xl te) vluds 0 261
log CFU/g9] WAL & A= 718 & 0t &35 e
ot} ol¥ g AFE 71EE ol 1 kGyo] AR =AU &
3714 A#FS 15~25 log CFU/g ZHAAATHE Bl &
AFSITH25). IRbH o2 AR FAs FapE o] vol i)
9 APE e AR ARl 837t HojXE o F By
RAATH26), B AFME AAY ZAF vAE A5 2
S A=Y a2 Aoz FAHAL 53], 2
kGyd] ZAMAZS A3 5 7, 10 kGy ZAMA Zo| e %
3714 Aate] A& l SFkTH(Table 1). o] ¢} 22 A
ZAte o3t mAE BEEA8 V)22 AAR A7t v E
o] DNA] 48 71X a1, =3 A2z 440 BaddS
ze)sl7] W Folgtar R g vl Joh27-29). wrebA A
ZAHE BalA AR ol e EA v AR It &9
2 dS5 Aoz #wud
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Table 1. Change in the populations of total aerobic bacteria in chicon samples during storage at 4°C (log CFU/g)
D Storage time (days)
Treatment 0 5 5 3 1
Control 5.86+£0.19% 5.70=+£0.07* 5.69+0.06"" 5.54+0.14% 550+0.21%¢
Water 4.83+0.13% 5.13£0.20% 519+0.11% 5.2240.025 5.2640.04%
uv-C 4.33+0.08% 4.89+0.13° 4.90+0.14*" 5.01+0.13%" 5.10+0.08%
ClO, 3.324+0.19™ 4.27+0.03"" 4.1440.12P® 4.30+0.02"* 4.33+0.04"
ClO;+UV-C 2.94+0.12™ 3.85+0.15 3.75+0.05™" 3.99+0.04"" 4.01+£0.08™
E-beam (2 kGy) 3.25+0.15™ 2.95+0.05" 3.28+0.13™" 3.34+£0.18™" 3.46+0.11™
E-beam (5, 7, 10 kGy) N/D? N/D N/D N/D N/D
ClOz+E-beam (2 kGy) N/D N/D N/D N/D N/D

”Control, No treatment; ClOz, 50 ppm aqueous chlorine dioxide treatment; UV-C, 5 k]/m2 treatment; ClO;+UV-C, Combined treat—
_ment; E-beam, Electron beam irradiation; ClO;+E-beam, Combined treatment.
Z)Any means in the same column (A-F) or row (a-d) followed by different letters are significantly (p<0.05) different by Duncan’s

multiple range test.
IN/D: Not detected.
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Table 2. Change in the populations of yeast and molds in chicon samples during storage at 4°C (log CFU/g)
Storage time (days)
Treatment 0 5 5 3 1
Control 4.87+0.15" 4.860.07 4.85+0.10% 4.84+0.114 4.85+0.09™
Water 4.56+0.48™ 4.68+0.11% 4.660.07" 4.66+0.04"™ 4.64+0.03™
uv-C 3.93+0.29" 4.24+0.22%" 4.24+0.04°" 4.25+0.05°" 4.29+0.17°
ClO, 3.36+0.32 3.45+0.19% 3.38+0.16™ 3.39+0.12" 341+0.10™
ClO.+UV-C 3.09+0.14“ 3.24+0.21% 3.14+0.02™ 3.18+0.03™ 3.22+0.15™
E-beam (2, 5, 7, 10 kGy) N/D? N/D N/D N/D N/D
ClOy+E-beam (2 kGy) N/D N/D N/D N/D N/D

1)Any means in the same column (A-E) or row (a,b) followed by different letters are significantly (p<0.05) different by Duncan’s

multiple range test.
?N/D: Not detected.

F FA= A&FHAEY, AR 8Y & 279 nAE 7t
554 log CFU/g& Yehdl wkdo) o] 23l 459 UV-C 2
2 kGy AAY gzl 7E 4.30, 501, 3.34 log CFU/g<
YEge] 1.14, 053, 220 log CFU/g9 RIAE & ZHAS
HYon, o]xgldaget UV-C B3 AT+ 399 log
CFU/go.Z 155 log CFU/g] #2ZQl v A& 4 A4S
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A7 g Ao Ao A 27)9F A 2 Ul
AEo] AEHA Fe= AL IdAsATh T3 ojatstda
o} 2 kGy AAR W AT A AZ7ZE F% ul@gt
AZEH A Fokth olHg ARZRE HF7It B3, o4kst
Aag9 UV-C HEAHFEYE 5 kGy o]/ A
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Table 3. Change in Hunter color values in chicon samples during storage at 4°C

Storage time (days)

Color parameter  Treatment 0 5 5 3 T
Control 20.05+0.82" 20.68+0.18 20.77+0.59 20.75+0.82 20.84+0.20
Water 20.20+0.81 20.68+0.24 20.75+0.37 20.34+2.10 20.46+0.95
uv-C 20.77+0.27 20.92+0.39 20.96+1.51 20.99+0.42 20.82+0.52
ClO, 20.13+0.75 20.57+0.19 20.64+0.59 20.68+0.67 20.69+1.74
I ClO,+UV-C 20.10£0.77 20.61+0.68 20.89+0.52 20.80+0.43 20.73+0.41
E-beam 2 kGy 20.62+0.18 20.77+0.84 20.86+1.42 20.86+0.63 20.81+0.52
5 kGy 20.21+0.44 20.39+0.23 20.64+0.37 20.90+0.39 20.95+0.06
7 kGy 20.60+0.38 20.78+0.51 20.83+0.34 20.88+0.77 20.81+0.19
10 kGy 20.51+0.31 20.91+0.34 20.86+0.41 20.87+0.53 20.88+0.09
ClO2+2 kGy 20.33+0.80 20.51+0.48 20.64+0.11 20.74+0.21 20.77+0.21
Control 3.79+0.92 3.75+0.06 3.45+0.13 3.52+0.16 3.58+0.10
Water 3.66+0.81 3.59+0.29 3.65+0.15 3.67+0.13 357+0.19
Uuv-C 3.49+0.05 3.46+0.26 3.54+0.22 3.43%0.16 3.63£0.16
ClOq 3.44+0.19 354+0.31 3.51+0.28 3.45+0.28 3.47+0.26
. ClO,+UV-C 3.69£0.41 351+0.32 3.55+0.40 3.54+0.39 3.63+0.09
a E-beam 2 kGy 3.60+0.40 3.58+0.08 357+0.33 3.54+0.29 357+0.12
5 kGy 359+0.35 3.55+0.26 3.59+0.20 3.59+0.15 3.63+0.08
7 kGy 352+0.26 3.54+0.07 355+0.16 354+0.18 3.60+0.11
10 kGy 3.69+0.47 3.59+0.12 3.51+0.10 3.53+0.19 3.59+0.12
ClO2+2 kGy 3.64+0.32 3.66+0.16 3.61+0.18 3.68+0.20 3.66+0.15
Control 0.92+0.19 0.98+0.14 1.03+0.07 1.01+0.08 1.06+0.06
Water 1.08+0.05 1.07+0.11 1.05+0.22 1.00+0.10 1.01+0.10
Uuv-C 1.01+0.13 0.98+0.22 0.98+0.04 1.04+0.06 1.02+0.05
ClOy 0.99+0.17 1.04+0.60 0.98+0.08 1.05+0.05 0.9940.03
b ClO;+UV-C 0.99+0.14 1.06+0.05 1.02+0.13 1.01+0.22 1.02+0.04
E-beam 2 kGy 0.92+0.03 1.08+0.01 1.05+0.21 1.04+£0.12 1.04£0.12
5 kGy 0.98+0.08 1.00+0.05 1.01+0.06 1.03+0.06 0.98+0.06
7 kGy 1.02+0.06 1.03+0.08 1.01+0.07 1.00+0.06 1.04+0.04
10 kGy 0.99+0.06 1.00+0.07 0.98+0.07 0.97+0.06 1.00+0.07
ClO2+2 kGy 0.98+0.16 0.97+0.05 0.98+0.03 1.00+0.04 1.01+0.04
1)Any means in the same column or row are not significantly (p<0.05) different by Duncan’s multiple range test.
s ZE AAt melA] 2 At ALEH o]ikslHAget UV-C e
Azel wldAE &A%Y F B gE, G 2 FHA AW HEAeL AW AL A2 AF Fo
JEEE 03 ASATHOE TP DA FQ A4 AASA plUE 08l ANE BLND + A T
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Table 4. Sensory evaluation in chicon samples during storage at 4°C
Sensory Storage time (days)
attributes Treatment 0 2 5 8 11
Control 9.00+£0.00"  7.50+0.535" 725407175 6.38+0.74"% 5.38+£0.92484
Water 9.00+0.00% 7384052 6.75+0.46°™ 6.13+0.83% 5.38+0.92484
uv-C 9.00+0.00 7884035 750+053FP  6.38+0.92°P¢ 5.38+0.744%
ClO;, 9.00=£0.00* 8.00+0.00""" 7754046 7.13+0.83% 6.25+1.28%
Appearance ClO;+UV-C 9.0010.0025 8.00i0.00iSb 7.88i0.35i‘;% 7.0010.7622% 5.75i1.16ii:
E-beam 2 kGy 9.00+0.00% 8.13+0.35 738407425  6,63-+0.924P 6.13+1.46
5 kGy 9.0040.00 8.25+0.46"" 7.63+0.743 6.75+0.714% 5.88+0.644%
7 kGy 9.00=£0.00* 7884064 738+0.74*FP  6.75+0.71°¢ 5.83+£0.644™
10 kGy 9.000.00 775+0.71°5" 7134099 6.25+0.71°¢ 5.50+0.534%
ClOz+2 kGy 9.00=£0.00* 8.13+0.35" 7.38+0.74 5 6.75+0.71°% 5.83+0.644%
Control 9.00£0.00 7.63+0.74%" 7.25+0.71%" 6.50£0.93% 550+1.20%
Water 9.00+0.00% 7.38+0.52°" 6.88+0.64 6.63+1.06% 6.00+1.314
uv-C 9.000.00* 8.00+0.53 7.25+0.714% 6.88+0.83" 5.83+1.13%
ClOs 9.000.00 8.00+0.00"" 7.50+0.76" 7.000.93% 6.50+1.20%
Odor ClO;+UV-C 9.oo¢o.oo;‘:a 8.13i0.3522:’ 7.50i0.76i":‘f 7.13¢0.83:‘:ﬁ 650+ 1.07;:1
E-beam 2 kGy 9.00+0.00% 8.13+0.35% 7.384+0.742" 7.00+0.76% 6.38+1.06
5 kGy 9.00=£0.00* 8.13+0.35""" 7.63+£0.74% 6.63£0.74% 5.63£0.74™
7 kGy 9.000.00* 8.00+0.53"" 7.50+0.76%" 6.630.74 5.63+0.74%
10 kGy 9.00£0.00* 8.00+0.76""" 7.13+£0.99% 6.38£0.52" 550+0.53%
ClOs+2 kGy 9.00=0.00 8.13+0.35"" 7.50+0.76" 6.63+£0.74% 5.63+0.74%
Control 9.00+£0.00™  756+0.62""  7.25+071""  638+074"  525+1.16™
Water 9.00£0.00% 7.25+0.46" 6.75+0.46" 6.25+0.714% 5.25+1.04
uv-C 9.00+0.00% 7.88+0.35% 7.38 40,748 6.50+0.93%% 5.13+0.99%
ClO, 9.00+0.00 8.00+0.00"" 7.63+0.524 6.83+0.8345¢ 6.38+1.30™
Overall ClO,+UV-C 9.00=£0.00* 8.00+0.00"" 7.88+0.35™" 7.13£0.64% 6.13+£1.13%™
acceptability E-beam 2 kGy 9.00=£0.00 8.13+0.35"" 7504053 6.75+0.89%% 6.00£1.4145
5 kGy 9.00=£0.00* 8.13+0.35"" 7.63£0.74% 6.75+£0.714% 6.00£0.53"™
7 kGy 9.0040.00 7.88+0.643% 7.3840.74% 6.75+0.714% 6.00+0.53%%
10 kGy 9.00£0.00* 7.75+0.71°" 7.13+0.99*"" 6.25+0.89% 5.25+0.71%
ClOy+2 kGy 9.000.00 8.13+0.35" 7.38+£0.74"%  6.88+0.64% 5.75+0.714%

YAny means in the same column (A-C) or row (a-d) followed by different letters are significantly (p<0.05) different by Duncan’s

multiple range test.
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