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A2 A5 9 I

Aol AR AT A mpEA F]iske] Aol AREsEAT A d el

I+ Salmonella Enteritidis FORC_051%, =rg 52t vjAlE A
ol el ARESISiTh. oldtstdas=  CDG(Chlorine  Dioxide
Generator) AlZ=¥1S o] &3ato] A@PAoA A4 Azt A AxE g A
A 2= 74 YEEH(Sodium alginate, CP, DAEJUNG), D-(+)-Gluconic
acid 6&-lactone(=99.0%, GC, Aldrich), % Calcium carbonate(98%,
DAEJUNG)S AH&3kolth &A1 2% Glycerine(99%, DAEJUNG)S #7133l

1) o]Atstd A& (Aqueous chlorine dioxide)e] A&}

Aqueous chlorine dioxide(ClOs)x= ClOs generator(CDG, USA)E o]-&3}4]
A Z3FA Tt (Figure 1). A Z% aqueous chlorine dioxide®] &%+ iodometric

method& ©]-&38te] 43830t

-Jodometric method calculation

mg CIO, as ClO,/L = wz( )ppm

A : Volume of NasS;03 consumed for titration(ml)
B : Normality of NasS,03)(ml)

C : Volume of test sample used for titration



Figure 1. ClO; generator
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A2} E F(sodium alginate, CP, DAEJUNG)<S S5l 0.5, 1.0, 1.5%
(w/v)7b HE5 &8s &, ZE A (glycerine, 99%, DAEJUNG)S #HE F%
3%(w/v)7} H =5 H7FsF3tE o] % calcium carbonate(98%, DAEJUNG)< <&
A EE ] 10%(w/w)7F B %2 H71ska, D-(+)-gluconic acid §-lact
one (=299.0%, GC, Aldrich)2 calcium carbonate #7}&9] 28)(& AU EFH
e 20%)7F H== kst Azt W& =53
A 2=ES o] gato] Az 5 T =AY oAl
= AL Zekg ool HIbekdnh. el WAl 12413 St SHA 5}E}

Aste ANsE A (Figure 3).



[Heating ]
Azar was dissolved in distilled water
by heating

U

[Cooling (45°C)]
The agar solution was cooled to

15 °C
o

[Mizing |
Chlorine diczade aqueous solution
was added and mixzed thoroughly

-

[Mizing |
The mixture was stirred untl
homogeneous.

. 4

[ClDs Azar Gell
Chlorine dicnde azar zel was
obtained.

Figure 2. Method of production of ClOs—agar gel



sodum  alginate was dissolved in
distilled water with strring.

@

Glycerine was added to the alzinate
solution

9

Calcium carbonate was added under
contnuous sarring

. 4

D-GFluconic acid &-lactone was
added to intiate zelaton

-

[Mixzing |
The mixture was strred untl
homogeneous.

-

[Cl0; Alginate Gell
Chlorine diczade alginate zel was
formed

Figure 3. Method of production of ClOs-alginate gel



A2k o]ikslt A A Ao WEEHE olike A VA FEE HH87](222 X
161 X 76.5 mm)ol] 2L ¥ % Chlorine dioxide gas detector(LD33-1999
M, ATI Inc., USA)E ALg3le] =439 tH(Figure 4).

O

A Ak o) xksld & Aol Ao MAA(CR-400 Chroma meter, Konica Minolt
a Inc., Osaka, Japan)E o]g3a] =H3l9x 33 yrEsle] =AH& 1 HF3S

AbESEA Y. A== Lit(ightness), a#k(+redness/—greeness), b#k(+ yellowne

-~

ss/~blueness)S 43}t
5) o]Atsld A A9 Yield Stress =4

A 23t o] 2ksFd A9 A9 Yield Stress Rheomether(Compac-10011)E ©]
L3te] SA-HsEA Y. 27142 load cell 2 kg, table speed 60 mm/min, I E n
}]E]
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F1-AGC2A
F2- AGC 1/4A

Figure 4. Chlorine dioxide gas detector(LD33-1999M, ATI Inc., USA)
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GEFS AR 29N T7I7] A8 AMEF = S Enteritidis + TSBelA]
C 4,000 x g, 15%&7F AA4lEe st
o] Aol pellete] FAAAF AEF HATE 7t FAEF vortexing
stAth @7 WS Aerstr] Sl 70% ethanolell 303 HAAIZ &
g7l UVE AdAM 60zt Alstel #wle dxsiglt. dx @
S. EnteritidisE 2 GA1717] 98l @zl £l 0.1ml & #H 3}
G xS EnteritidisE FEd F, wo] W FFHES 1AZF <
Axsieith o] Ag5E A HAgTH A Agrow 8o
AL 543 H Hdro 1:10(w/v) HE&E=2 &3tste] 2 gl
(Interscience Lab. Inc., USA)E °o]&3l 233t &gttt Aol ddqs
A Ao dAHo R SMF 5 7} 3|4 0.1

Heh 0 =
CF =23 wix]= 37Tl A 24413 wijFet § I8 fes Asiilth

O

3. $AA

218 Ay= SPSS(ver. 21.0 for window) Z 28-S AREslo] A9 wjx] &
AHEA(ANOVA) o = EAIA gstdlvh. 2k A3 33] whgste] o -2t
E T3kl em, p<0.05 FFoll A t-test B T 913G (Duncan's multiple

range tes0)& AABte] 7k AlE 7ke] F oMl Aol E HAISAL.
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A3 A 2 1
1. o]4tstE A Ao WEF

Fig.5 ClOy-agar 29| o] W& ClO, W& sx W3S vehd Aot &
Agar ClO; gel(Fig. 3)8] A9, RE FxoA Ag %7] 24 h7tA ClO, %7}
WA et F owEA S FFE Bt 1% agar A2 24 hell °F 10
O ppm F+7H4 57k ¥ 72~96 h Abolel] 5
ARFEALOQ, 20 ppm) Fo = Hojgow, 2% B 3% AqAE %7]
TEE Ui wobd oy fAbek sjeo® whE 7HAvF JERETh S, agar 7]w)
AL Z7] burst®d WEo] FHskal, HwH g 7 $¢ 2 5529 ClO,
S Age F wmEA WE] TEHE Bl

Fig.6 ClOsalginate A9l Fxo] W& ClO, W& % W3E yed A
oltt. B Aol A %7 24 hhA] ClO, %7t w438 F7hs §, Al
kol Aol mel HAap fAsts S Holm AFAA AN wE dEs
Uelidth 0.5% alginate 22 24 holld ¢F 100 ppm 7k wWEA Z7}
& 5 o] AZF ¢ AEFH o w FHAadte], 168 h o] Fell= AZFIALOQ, 20
ppm) F-Z7HA] "olHth 1% AL °F 90 ppmZ7Al 5718 H 120 h7bA] 70-8
O ppm WHE HA tFH o8 FAHTIL o]F A3t S Hlon,

1.5% AL zx7]
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Concentration (ppm)

140
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v -
2 12 24 36 48 60 72 86 120 144 168 192

—— Agar 1%
—o— Agar 2%
—y— Agar 3%
— LOQ

Figure 5. Release concentration of ClOs—agar gel
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Concentration (ppm)

140

80

40

20

0 12 24 48 72 9% 120 144 168 216
Time (h)

—&— Alg 0.5%
—o— Alg 1.0%
—w— Alg 1.5%
— LOQ

Figure 6. Release concentration of ClOs—alginate gel

_16_



Table 13} Table 2+ Z+7} ClOsalginate 23} ClOs—agar Ao A% 7)1k

A 713r

S
|

RaFoll A Lakdt agh

[¢]

o 7 A A

]

;—\]o

vhebd
Mt} thehtA kot b

i

)
b

=

i

]

=

]

= A o
ol = ClOs—agar

-

P

4

o
=]

o,

1 THp<0.05). ©]

PR

el 7V %A et 8 A

Fol7F yebett}l. ClOs—alginate
37] o8] ¥hH, alginate

H

b = EHWA Clo, 51
Clo, W= SAS B3lv A%

=

R

)

o

]
ol H]

]
=
)

=

=
K3

of A3 MA

}

3] alginate

tH(40). whebA

std ClO, 7} A%

=

[}

A A

I8

A

}

°
pul

o
A
ClOy A

ClO27F 7]
[)

alginate

5
}_
| N
]
7

]

_’I7_



Table 1. Chromaticity change of ClO, alginate gel containing ClO,

ClOz-Alg 0.5 %

ClOs-Alg 1 %

ClO,-Alg 1.5 %

Time
(hr)
L a b L a b L a b
12 35.88+0.77> -3.05+0.06' 8.22+0.13* 36.27+1.57° -2.34+0.25" 6.88+0.49" 35.14£0.29° -1.74+0.11' 5.40+0.33"
24 35.07+0.65* -2.81+0.05" 8.27+0.14* 36.37+0.94* -2.43+0.10" 6.83+0.25* 37.34+2.07*° -1.21+0.35% 5.00+0.98%
48 36.04+1.11" -2.38+0.07¢ 6.76+0.21° 35.58+1.08* -2.01+0.07° 6.17+£0.31> 33.08+0.85° -1.33+0.098 4.57+0.10"
72 37.50+£0.68> -2.19+0.20" 6.24+0.26° 36.32+0.67* -1.92+0.03° 5.87+0.06°  34.66+0.47 -1.07+0.13* 4.12+0.25%
96 34.65+0.42 -1.85+0.03° 5.59+0.01¢ 35.63+0.79* -1.43+0.15% 4.97+0.42° 33.76+0.46° -0.87+0.02% 3.52+0.12%
120 35.23+0.43"™ -1.50+0.06° 4.88+0.05° 35.34+0.32*° -1.17+0.04° 4.14+0.15* 34.34+0.42* -0.69+0.02°¢ 3.25+0.10°
144  38.67+0.65° -1.61+0.05° 4.24+0.28" 36.46+0.84° -0.95+0.05> 3.73+0.07% 34.19+0.87° -0.47+0.02> 2.58+0.14'
168  35.21+0.84> -1.10+£0.00° 3.87+0.06%8 36.53+0.65* -0.74+0.05° 3.36+0.08° 34.84+0.43" -0.35+0.01"  2.49+0.02'
216 32.66+3.32° -0.41+0.01* 1.63+0.13" 36.66+0.42*° -0.40+0.01* 2.27+0.21" 36.76+2.34®> -0.07+0.07° 1.55+0.45'

All values are mean*SD (n=3).

Different superscript letters (a-i) in

p<0.05 by Duncan’s multiple range test.

_’|8_

each column indicate significant differences at



Table 2. Chromaticity change of ClO, agar gel containing ClOs

ClOy-Agar 1 %

ClOg-Agar 2 %

ClO, —Agar 3%

Time

(hr)

L a b L a b L a b

2 36.58+1.63" -1.73+0.11° 3.26+0.43*  41.33+2.97* -1.64+0.37° -1.56+0.17* 45.20+2.59> -1.66+1.20" -3.51+0.37°
12 33.50+0.64% -1.42+0.06° 2.91+0.42*  42.03+3.11° -1.33+0.32% -2.49+0.23°® 48.11+0.95° -1.42+0.05 -3.97+0.11°
24 38.79+3.05° -1.00+0.37°° 2.22+0.46°  41.84+1.92%° -1.16+0.21°® -2.75+0.25° 43.60+1.56° -1.42+0.13 -4.15+0.24"
36 35.89+1.07* -1.11+0.06° 1.8140.42° 41.98+2.93* -1.08+0.27°% -3.28+0.45° 47.57+1.70* -1.20+0.10™ -4.82+0.48°
48 36.62+2.20° -1.02+0.29°  1.81+0.66°  40.32+2.82° -1.14+0.17°% -3.53+0.30° 46.28+2.22®> -1.20+0.23> -5.28+0.48¢
72 34.20+0.41°¢ -0.75+0.60°®  1.14+0.36°  39.61+1.44® -1.02+0.20°° -4.16+0.31¢ 47.87+1.85®® -0.99+0.22®" -5.62+0.46%
96  33.46+1.119 -0.90+0.06™ 0.56+0.35%  40.90+2.10° -0.08+0.20°® -4.64+0.57% 4550+1.30° -0.61+0.63* -5.97+0.61°
120 34.36+0.99°Y  -0.59+0.08*  0.37+0.21¢  40.96+2.07* -0.71+0.14* -4.67+0.48° 45.32+2.18" -0.89+0.25" -6.71+0.53

All values are mean*SD (n=3).

Different superscript letters (a-f) in each column indicate significant differences at

p<0.05 by Duncan’s multiple range test.
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Time(hr) 12 24 48 72 96

Alg 0.5% 120 144 196 216

Figure 7. Time-dependent photographs of alginate gel containing ClO,
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Figure 7. Comparison of vyield stress without and with ClO, agar gel.
A(Agal gel), CA(ClOs; agar gel). All values are meantSD (n=3). The
different characters on the bars represent a significant difference

(p<0.05) by Duncan's multi-range test.
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Yield stress (gf::mzj

0 12 24 48 72 9% 120 144 168 216
Time (h)

—e— Alg0.5%
—o— Alg1.0%
—v— Alg1.5%

Figure 8. Changes in yield stress of alginate gel during storage
-@-Alg 0.5% (alginate 0.5% gel containing ClOs), -O-Alg 1% (alginate
1% gel containing ClOs), - V¥-Alg 1.5% (alginate 1.5% gel containing ClOs)
All values are mean*SD (n=3). Different superscript letters on the bars
indicate significant differences (p<0.05) by Duncan’s multiple range test.
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5. o|Ats}d A Aol Salmonella Enteritidis 2% 7}

Table 3% ClOgalginate AL ATdx %A kel wjxekels o S
Enteritidis®] w5 W35 yepdl Aot ClO.5 T3kl &2 Alg 0% ~
ol A= 12 hét 24 h Fol%= z+zk 3.840.21 % 3.940.13 Log CFU/mL &

To 2 fFAHo, alginate A AA= A 23E YERAA] kot whd ClO.,
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Table 3. Reduction

of Sal/monella Enteritidis by ClO; gel treatment

Viable cell (Log CFU/mL)

Gel type Treatment time (h)

0 12 24
Alg 0% 3.8+£0.21 3.9+0.13
Alg 1% 3.6+0.13 ND ND
Alg 1.5% ND ND

Alg 0% is not treated ClOs—Alg gel
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