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Effect of chlorine dioxide (ClO,) treatment on the microbial and physicochemical changes of fish
paste was investigated. Fish paste samples were treated with 5, 10, and 50 ppm of ClO, solution,
respectively. After ClO, treatment, fish paste samples were individually packaged and stored at
4°C. The initial microbial loads of samples were 3.8 log CFU/g in total bacterial count, and 2.5 log
CFU/g in yeasts and molds. Microbial growth of fish paste during storage showed that populations
of total bacteria, yeast and mold were significantly reduced by ClO; treatment. In particular, the
treatment of 50 ppm CIO, decreased total bacterial count the most significantly among the ClO,
treated fish pastes. The pH and VBN of fish paste decreased with increasing ClO, concentration.
Thiobarbituric acid reacted substance (TBARS) values of treated fish paste increased during stor-
age, regardless of ClO, concentration. This study showed that 50 ppm chloride dioxide was the
optimum dose level to extend the shelf-life of fish paste.
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oju)iAbzl Whgsle] @A S WAAIF] L, fEjA Ak vt
S0z AutalslE-S AAIGPHA, cell membrane®] WH3}
mRNAS] E843I2 st Tz ol FakE Fof nAE
S AFEAIZITED mEba] o] sl o] 2E ARjlelx €] o]&o]
Z7kela 9lom, vF AEo|FZFDAXIAE 199539 712
Foll EAlshe v ES] APES 93 50~150 ppm HeAA 1
AIZF B 7R WrERN Y ARgo] FEEILE0 A
A} olikalg e o8 TE HA} Yol we} 437,
AMED 7VER,Y A5} ofaf 9] o) iteld S Azsle 4
dEIHE T AIA AAEY AFEEHRE IRIske A B
I =AU

by 2 ApeMes R AT F4 A 9 A%
A FUE BHoz olisldA XE T8l vAEH st
& RARLAL, A F o9 pH, I Fr1-LF, ALt
Y=, #5H7t 5 olsleHd Wl nA= e Arsiinh

e ¥

Ag. B A AE oF2 GFyidtels AzTdelA
A oA5E AlE FA] FYsk ARSI

olatalg A fofo] A=t Mg, ostHA 8942 chlorine
dioxide generator system(CH,O Inc,, Olympia, Washington,
USA)E o]g&-3te] Azt en, 5EE iodometry standard
method' "S- ©1-&3le] 0, 5, 10, 50 ppmeE A Z3IAT) Al B
ojitEtd A G 583 ARFE §- ZHzZF "ol low density
polyethylene(LDPE) bagell ol YvtdoR Adey Sl A
F 25 4 1°ClM AF3HEA 0, 3, 6, 9, 128 AR
HAAE TH3IA

A& UAE 4. A4S nAE 33 APHA I3 '
wel o5 T 102 HFE scalpelE o83t AF 515
o AHE ARl 0.1% B WET 0miE B bagdll ¥
32 stomacher(MIX 2, AES Laboratoire, France)& ©]-83kd 3
i 5 2EIT & ARE o83l AR 53N = FFE
=5 01% B WEFE A4 £ Zize] wjAlo] £ 81
o & 3714 MaS plate count agaPCA, Difco Co.,
Detroit, MI, USAYE AME-3lH 2, &% FFo]= potato
dextrose agar(PDA, Difco Co., Detroit, MI, USAYS Al&-3}a]
B wiPE o= 37°ColA 48A17F Mldet T colonyE A4St
o] colony forming unit(CFU)YE E718)53th.

pH &%. pHe AR 522 3l S7F 45mE Frisly
oZslst & A4 2215l pH meter(Coming Inc., Corning,
NY, USAYE AHg-étd Z743tact.

Volatile Basic Nitrogen(VBN) 24, n]2kgliby 98 o) g3}
o A& 100l ZFF oomiE 7lek] @3} 3 F 3087
AAEE st 2 FENE Whatman No. 12 o3sled o3t
% 1miE Conway unit 2[4 €42¢] ¥3 001N H,BO0; 1m/
¢} Conway reagent(0.066% methyl red+0.066% bromocresol
green) 50 W& Conway unit WAl Wit o]4e] Q&%
50% K,CO; E3H8-e 1miZ ¥ F24& B2 § A889%
50% K,CO°l 2 4ol== A3 &5 F 37°Colx 2412 3

gk & 002N HS0,.2 W49 001N H;BO; 8945 HAs}
o} 23t

fA)9] A 24, oiBe] A W) FET 2] et
o 2-thiobarbituric acid reactive substance(TBARS)E 31
th. Ahn 5932} Zhu 5779 Wiiel] ol AR 5¢% FHT
15miE #47]e] B3 B3 & AlE 1m/E 20mM 2-
thiobarbituric acid(TBAY15% trichloroacetic acid(TCA) 2 mF&
712171 F vortex mixer(Vortex Genie-2, Scientific industies,
INC., Bohemia, NY, USA)E o|&3t] EFstch oA &
100°C &-24Z(water bath circulation, Jeio Tech Co., Korea)
oA, 1587 #A F A2oA 102 &t BA F 2,000xg
oA 158 F¢ dAvE F O AFAe Fste E3E=A
(Milton Roy Co. Rochester, NY, USA)S ©]-4314] 532 nmeilA]
AT E 239k TBARSE A& Sg 59| malonaldehyde
(MDA)®] & mge® uvehlo] FAlET

FsdA) olFY AF & FE HEE A5 Sjstd A
AE 7130l oJsle s9A HHoE WsHAE AXETh A
e Fsr 8 10089 o) AR F oolFY AR, =
7, 7o, dAN 2 FEH 715=0] B 2 kS Statistical
Analysis System program(SAS institute Inc., Cary, NC, USA)
5 o]gsle] EAHEA & Duncan’s multiple range testZ 7

] shick)
#di # oF

A% T nAE A Esl olistdEa Azt naEe] 4
S M= FFE Golrr] Yt A F wAEe] Hsls
2 300tHFig. 1). A1E-L olitslia HEg & F F 37
M 4= 3.80log CFU/golA 50ppm A2 F 2.81log
CFU/g o2 7a3l9en], auel F30)% 247 log CFU/
A 50ppm HBE 1.60log CFU/g 0 & ZHrsith. o 52 A
5 A% 717e] Sl wet njAEel A FAsHE
tl, oislg 4] FErt BT E AR EAlsle & 5]
Ao e A7t felF oz Zieke B81E 4 Tk A
Z 6¥A tZTE 5.59log CFU/g, 50ppme] 7% 4.21 log
CFU/g 22 & Ro)E BRI, 1295 thET 736 log CFU/g
o v)&le] 50 ppm$) 7B~ 6.26 log CFU/g 22 o|Akslds A
g7t v E S-S ANZEE IR F AAHFig. 1).

Atz oz Al MF 47} 5log CFU/g n|gtel® AlAs}
1, 5~6log CFU/g A=W 7] 59 A== g & o2 o
Z7 A 94 F 6log CFU/g 02 B Z7] 9o =&
s o)AkElYa e FE 10ppmad 50 ppmellAE 2zt
591log CFU/g, 548log CFU/g 22 YAtz oz obdghe
1 & 4 AATE AF 12 Foll 0, 5, 10, 50 ppm ©]2k3}
Hag Agd ofFdl| EAlsle nEY] 7= 27t 736, 7.09,
6.91, 6.26log CFU/gZ 50 ppm A +7} 2R} 1.10
log CFU/g ?¥g ©l Zraadvh. a29) Fgole] A, & 3
714a5st R R olidsld s AEPe o) iRy} v
wated gwel FPolgrt IA stk 50 ppme] ol4kst
HEE A2 ofFo] A% 1294 AT7F HETET 140
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Fig. 1. Change in total aerobic bacteria counts of fish paste treated
with ClO, during storage. @: Control (1: 5 ppm A: 10 ppm O 50
ppm.
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Fig. 2. Change in populations of yeast and mold of fish paste

treated with ClO, during storage. @: Control [1: 5 ppm A: 10 ppm
<1 50 ppm.

log CFU/g®] PIAE 7H4a38 UehUthFig. 2). oA
A ZH7t A% 717 124 7R vIA8ES 6log CFU/l =8
e A7 AQshe S35 vebd Zlojdh grkHoE ofF
ol Bacillus, pseudomonas, Corynebacterium, Lactobacillus,
Micrococuss 59 A, st FFo7t F2 295 Je
™, A8 ¥HI Yo AR o8 LYWEE EuE B
T HATP, olaEdAhE dWAe] ofn =it F cysteine,
tyrosine, tryptophans-3 Wr&-3t] TAS HAYAA vd=S
A AI71H3), salmone} grouper filletoll EAsh= nlAEC] 40
ppm ©AHEIAAS AeghomA diztel Hsl Zkz 02, 06
log CFU/g ¥+ O ZHd Ba2el dX|sic). webd 2 &
T A3l oA, oFe oliksldA HEFE F 50 ppmeiA
Q& ApEEo] 7P & AL I T 5 AU

pH 24, oitalds galo] Ao W& o5 A% F
pH ®i3lZ Fig. 39| eItk A% 7] oldslda A &
Tol W pHE A7t glalouh, A7) B B

Fig. 3. Change in pH of fish paste treated with ClO, during
storage. @: Control [J: 5 ppm A: 10 ppm <>: 50 ppm.
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Fig. 4. Change in volatile basic nitrogen (VBN) of fish paste
treated with ClO, during storage. @: Control [1: 5 ppm A: 10 ppm
<: 50 ppm.
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e, A% 27l Fuirt AR e el A7 7
710] AFAFE ojFe] ¥ Hx7} Cl02 ppm] F=o w
g} o2y miel] HA@7izte] Ask E4F AET] pHrt A
olE Yehde & & Irh
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Fig. 5. Change in thiobarbituric acid reacted substance (TBARS)
of fish paste treated with ClO, during storage. @: Control [1: 5
ppm A: 10 ppm <: 50 ppm.
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T 1027 mg%, AT 6~7Tmg%=E A7 0AXHTE
Fo] ZpolE B ol mAE 4o Wzt ¢ oE 5
A} Hejshs Floz dAgEnh A% 1294 dETe
mg%, AFFE 50 ppmolME 93 mg%Z XFolE Hth
o] o] wsfyt Il wle} Tl AR HAEA

olpfi=Al, ofgl R, hRuUo} Bl Agold F HIghee] AAsiet
Eol Z7ksH Hed, o3 MMz BHe] 7]Fo] k™
g ANAARS) Al = 2R FAE ded, AFsrt
S7hle BeEoR Furt AFE drie Y d71Es
o] F7VFo] AR, By} 343 APLLE i 41F
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o]

o X 12 re
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&9] F7} Fo] A F7b Sk AP o] 9
o 2Ee] AT A1FY S0 wE B2 27t =
ol L] A4 30mg%E Tl 2] AR Ber 2 4
ol Al ool 7IFs] B o kg £EQ FoE Ad
HoE® B A7 Ak 3015 A% Al ey dr1da
o] Az FY 24mg%elM A% 1097 7.2 mghE 7t
k= Barel visdt A4S BT

fA A= 24, Fig. 5 A% 5 o159 thiobarbituric
acid reactive substance(TBARS) %+ UehATth TBARSE Al
W A g EAshs WHoE A Al ofF) A=
malonaldehyde®} thiobarbituric acid’t ¥+-g-3le] A== B3
AE sk Wgolth AFe] A7l ZHael wt
TBARS ol S7kst o= XAkl o) AAE st
o] 27 JBMIAER E3llslo] A Es B vAE gt
Soll gJsle] o] HalgozN FAse EF &3t Zo)
ok o]8o] A %7] TBARS #2 UIZT 9.67mg MDA/
kg, AT 8.14~9.19mg MDAkg ©& &7 TBARS %t
o] HA3] /1S eItk AA717de] St EE A
A Z7kPEA AR 12494 U&7 12.12mg MDA/
kg, A& 5, 10, 50ppm2 Z+z} 1140, 1121, 11.50 mg
MDAkg2 Z F=H HA7|7k] e fol8Q Aol el
2| o329k}, Brewer®l Harbers’®l ¢]sPA TBARS #el #37]
+ F ke olfv Aol AstEoe] 1x AAPEAHQ
hydroperoxide?t 23} ASAFEZ Eal=o] {714, Ldlste]
=, AE, 432&, 7l2Rd7] @ FHA Fol A% A=
T3 ulAE gialel A 23] Ghe] o8] AAEE Bl &
Ao 93 Aolgtz R el ¥ A9 A w3 A%

Table 1. Sensory evaluation of fish paste treated with ClO, during storage

Organoleptic ClO;, concentration Storage Period (days)
parameter (ppm) 0 6 9 12
0 5.00 % 0.00° 475+ 0.46° 3.130.64° 2.00 +0.53° 1.13 £0.35°
5 5.00 % 0.00° 438052 338+0.52% 2.13 +0.64° 1.25+ 0.46°
Freshness 10 5.00 % 0.00° 4.50+0.53° 3.13£0.83° 2.50+0.53° 1.25 + 0.46*
50 5.00 £ 0.00° 5.0020.00° 3.88+ 0.64° 2.63+0.52° 1.38+0.52°
0 5.00 + 0.00° 438+052 325+ 0.46° 1.88+0.35° 1.25 + 0.46°
5 5.00 = 0.00° 425+ 046 3.38+0.52% 2.00 + 0.53% 1.13+0.35*
Texture 10 5.00 % 0.00° 450+0.53° 3.63+0.52° 2.00+0.53% 1.25 + 0.46°
50 5.00 = 0.00° 475+ 0465 4.13+0.64° 2.50+0.53° 1.50 £ 0.53°
0 5.00 + 0.00° 4.63+0.52° 3.00+0.53° 1.75 £ 0.89° 1.13£035°
5 5.00 +0.00° 4.63+052° 3.00+ 0.53° 1.88 + 0.64° 1.13 £0.35°
Decay 10 500 0.00° 4.63+052° 3.00+0.53° 1.88 + 0.64° 1.13 £ 0.35°
50 5.00 % 0.00° 475+ 046° 3.50+0.76° 2.13+0.83° 1.25 + 0.46°
0 5.00 + 0.00° 4.13+0.64° 313035 1.88 £ 0.64° 1.13 £ 035°
odor 5 5.00 + 0.00° 450+0.53° 338+ 0.74% 1.75£0.71° 125+ 0.46°
10 5.00 +0.00° 425+071° 3384074 1.88 + 0.64° 1.00  0.00°
50 5.00 % 0.00° 4.63+0.52° 3.88+ 035 225+0.71° 1.13 £ 0.35°
0 5.00 £ 0.00° 4.50+0.53° 2.88+0.35° 1.75 £ 0.71° 1.00  0.00°
5 5.00 + 0.00° 438052 325+ 046" 1.63 +0.52° 1.13 £ 035
Total 10 5.00 % 0.00° 450053 3.13+0.64° 1.88 + 0.64° 1.00 £ 0,007
50 5.00 % 0.00° 475+ 046" 3.75+0.71° 225+071° 1.13 £ 0.35°

**Means + SD. Any means in the same column followed by the same letter are not significantly (p < 0.05) different by Duncan’s multiple range test.
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717v0] A=l wel TBARS #ho) £7Fths Kim 509
B9l AX)Sch T3 A F71ee olv] WErh Bol X
FE Agefol7|o) T2 RoFl zpolrt HFEA] WU
BEAAL o159 AR T AR, 27, FH, J T
Aol 7|ZEE 24l ASAAE A (Table 1). T
A 3 Ao B2 1089 Fearka ] o3 53 7]
3 Heoz AANFHE, 7t AE 3087 dEAC
AL 4go] 7Fs3RY, 2.0 oM E ojFEe] R HAH
Er7}h dojupa ghmujote} 72 ofF, HAEo| AGEHTA
AEAo) ZA HolA 28o] oA =HAEH ol the EX
S} AAEIFLE? o) R AT 67N wsRde =4
Aot 9 A AFRE G 23] AEe T B
2 W3yl Yeh) Azl A3 129 Fole #r7h davt
HE o|sle] AFS JehlAth A7 odajel] ofFe] HH
AHg 2oE B £ 09 amine 5 EF7H DS F
e Ao 8-S 4A & F ISk B 7 3=
g2 o7le] Ajole AT olaldA w=rt T E4E
7t et 528 ERIE 4 il olikElia AEd o
° BoiF9 HAEH] AR ¢ 2ARE FA BH7HE
5 AEoENY /S A ol AR o]t
A S Bl o159 W5z FARASL tEe] HYE A
58 Ao EN [E17] SU7t JFshe ERisk

F

2
=

o]2d o|Alsld A §AS FEE gl nAiEe] gt
AFEF @ FZ AP olgst A WHIE ZAIA
t} )& AR %7]|, T FT/ TS UI=F 38log CFU/g,
50 ppm AL 281 log CFURE AolE Yeplion, &%
9} Fgo] Al YERTE 247 log CFU/g, 50 ppm A2 1.60
log CFU/g 22 olXkelda A A vAE Zd a7t =7
siadch A% 98t & IS tiERTeF 5 ppme 22 6.36
log CFU/g, 6.11log CFU/g2 3] Z7] @4 EAoH 10,
50 ppm< 7z} 591, 548log CFU/gZ 1A o& HeE
noch Fwel Fgo) JA A 1299 vk 5ppme Zt
7} 642, 601 log CFU/gE Y= 7] dAlo 23824 10,
50 ppme ¥z 530, 5.03 log CFU/gR oIslEa A2 =
ozt mAEe] sk e Bth pHe A7l S7t
FR2 7HrsI o olakglgdhe] M s 22FE U ¥
& pHE Uit VBN e AA7|zke) 71845 S7kst
govt A& 12942 hET77F 18.1 mg%E YERIISL, 50 ppm
qME 93 mg%s UERNSITE TBARS #& AA717ke] 7t
ol wet SUlsldE, oliElg4 99 wrd wE 2 A
ol HolA asith WEHAE AAG AF o)Elda 8
o] Fxrt Z71ERE Hr AU 558 I F A
ulebr] oAkl A gl Aert olRe] mAESH e
ZYAC BN FE713 I Ego] i gt

Key words: fish paste, chlorine dioxide, storage, microbial
growth
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