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< SUMMARY >

[ EEE | D-02

Development of small sized freshness preservative using slow-released chlorine dioxide(ClOp gas
gel packs for agricultural and animal products packaging
-Establishment of optimum condition, sterilization of microorganisms and toxicity test of the

Purpose & freshness preservative using slow-released chlorine dioxide(ClO2) gas gel packs
Contents -Establishment of optimum condition of chlorine dioxide gel pack by measurement of
physicochemical quality change of agricultural products(strawberry)
-Establishment of optimum condition of chlorine dioxide gel pack by measurement of
physicochemical quality change of meat(chicken breast)

1. Establishment of optimum condition, sterilization of microorganisms and toxicity test of the
freshness preservative using slow-released chlorine dioxide(ClO,) gas gel packs

-As a result of the optimal film selection for ClO, gas emission, the PET/PE composite film with
the ultimate oxygen permeability of 5,000 cc/m?/day was most suitable.

-The optimum pH of the reactants for ClO; gas production was around 3.4

-CMC was used as a viscosity modifier of reactant for the production of ClO, gas and it was
most suitable when the viscosity was 3,000 ~ 5,000 cps.

-As a result of the toxicity test of the ClO, gas gel pack, the mortality rate, the specific clinical
signs and the weight change were not observed

-The microbes such as Staphylococcus aureus, E. coli O157TH7 and Listeria monocytogenes could
be sterilized by ClO, gas gel pack

2. Establishment of optimum condition of ClO, gel pack by measurement of physicochemical
quality change of agricultural products(strawberry)

-The total number of bacteria, yeast and mold decreased when 3-7 ppm ClO, treatments were
used in strawberries.

Results -In the decay rate, the control group was changed more rapidly than the ClO, gas treatment

group after 4 days of storage

-The pH, acidity and color value changes showed little difference between the control and ClO,
treatments.

-In the hardness, the control rapidly decreased during storage compared to the ClO; treatments.
Particularly, 3 and 5 ppm treatments showed the least change in hardness.

-In the preference, the control and 7 ppm treatment changed rapidly during storage period.

-3 to 5 ppm CIO, gas gel packs were added to each strawberry container, and ascorbic acid,
polyphenol, flavonoid compounds, anthocyanin contents and antioxidant activity were measured
during storage. Changes in quality were not observed with ClO; gas

3. Establishment of optimum condition of ClO, gel pack by measurement of physicochemical
quality change of meat(chicken breast)

-The total number of bacteria and coliform were reduced compared with the control when
7-15 ppm ClO, gas gel pack was applied to chicken breast meat.

-Changes in pH and VBN contents of ClO; treatment were less than those of the control.

-As a result of measuring physicochemical changes such as color, cooking loss, shear force, free
amino acid and fatty acid composition, there were no difference due to ClO, treatment.

-In the preference, the control changed rapidly during the storage period. Among the CIO,
treatments, 10 ppm showed the highest preference.

o Securing technological competitiveness through the development of freshness preservative using
slow-released ClO, gas gel packs

Expgcteq o Maintain freshness of foodstuff
Contribution . ]
o Increase of exports and decrease of imports by keeping freshness
o Increase economical efficiency by improving food preservation
Keywords slow-release preparation [chlorine dioxide gas|agricultural product| preservation |  freshness
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e AAE 9 5 YT NG L 7kx AT 5, F4 YR 4FHY 39 7
AESH, 0|58 Fd 9 o 42w AEE 2T 571 AL
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1-3. @771 H4
D AEEe ojatdtda Jtx A= FAA A

- AR oldEdavts WET, PAE Ao &<l B A AIE

2) FAE(E7)Y o13ety F4 W $HS T oA A A =4 &Y
@ s A8 ottsd L V2 BEFS 2T AN A=/AA Az

L e

24 §7)

© VAR AGE 2 hAEE) W 54
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2-1. =W 7 5 € AR IF

O 71«3d%

- AF7HA Y =y AAE FXHO A3 VeS BE, YA $HoEE F, T, =,
F7hE, AFY YIS A, AAATI= 71EA] dd(cold chain)& 7Ee=®
zb 2z g 7hA AT gt 25, §5, AU F 7HA] 2dee A
59 A% CA(Control Atmosphere)-=, A7%E 22 packageol= MAPModified
atmosphere package)Holu ZAZAde] W7 (ZF vAMAE, F7&35%, EFALd=
7148 @ S AYsta, 1dE §5 F 2, 55 W3 0E 3, ATy od
of o3 MAE A, A5S 9t &, Fghxul, 1-MCP, o489 4 7t Fo
2 &5, AAsE S AR e

- T2 Ao A Awstr] Ao et olE AA, fEste HAGoNA HI)ol Tt
F F2 A A4S A Hedl A3 A4 A A e dEwsie 359
A7 Doyt w3ketr] ARG A sAHAANA TFo] 55 T F 55 %
A7 oF MFEE A2 UNer ol EFEY SFYE CA MAPE 2A3)
I e, 7t HAe] TFEAHE EE, & F F5I4F HgA 7 mE 347,
a3 AR WEel mE Asd 54, 35, S =3 o224 ste gy
Ab B AR T 7] TR Hojlow, ER A2A L A SHAA 74 AE
H A= SR, FEAE7A AlARE HiYE stal oy, AH2dAxE
Aol o gk uAEEAY A7t 8= s

Climacteric  fruit Non-climacteric fruit
& 359 #A SFUEEE 4
ARk, wl o, ZE, BEol, A WE oHUx, WUz @), T
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Total U.5. 5-Year Trend
Average Dollar Sales Per Week Per Store

$1,515

51,431

l 2 |
2006

u Prepar

Source: Penshables Group Frashiacls®™ Powerod by Niejsen

51,587

2010YTD
(07/31/10)
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3-4. AFFHNE

A1A AFEe oasda 7hxa A 4AA AL AR 47 2
A A

S H(eong T 2006) o]} & 7|thel] F-§317] flste] A FA
< AR 2 AA7IE] MEe =8t JdtH(Trinetta &
- AASLE Qdt] FE AR HE 3HE AgAlRe Alold i), d4, 85, 0F,
Hars s, B2A 43939 R, peroxyacetic acid ¥ quaternary ammonium
chloride 5©°] AF&EolA L QITHGrinstead, 2009). ©]& A3 WY F olaksd A
(ClIOyY 7tx=A g fallst Edo Aol §le PIANE Ao ¥ F o] t(White,
1972; Kim % 2009). 71& s4-Eo] *}%QF_ UE FGaet vuds o /7] EFTG
S3A 7] i EgEve 53 22> dAdERNS AR gon, H pH
‘%'-ﬂH A= Abgo] 7hedtthal RuFHAT. 121 Hl= FDAJAE °RIstE4E 3
d 9 i HAE AN EFE AT v Aok EZ 72 FEH Y ol4bsd A o
ol olitstd ARt o] ol mAEd diE] ¥ 2 A4EE /AL U]
AR AR, FE50 oA B EgFoz nYES AT & Jvu A 3
THDunnick & Melnick 1993; Kim JM 2001).

=

- oA ACO)= AT 67459 84 7t BAEA AeEoMs mdA-=A,
AeEoMe FRA-ZAs JERaL HAs daeh vsA Rt B 252 0]
o Md &3l Aol 2.9 g/mLolth oistdis FHAL A4F L5
g 542 7HAY pHell SA F&FE A ot pH 4-108 9 HolA= F3}z ot

- Han 5(200D 3.0 mg/Le] o|4tstd 4 7125 ™ol AHEstA<s = 302 % 6 log
CFU/5 g ol*el Listeria monocytogenes7t ZrAastithal s+ Mahmoud $(2007)
& @7]o 5 mg/Le] ClO, gasE 10& <t xia] st A Escherichia coli, Listeria
monocytogenes 2 Salmonella enterica’t 5 log * a%ogal st mAlE Aot
7Fssttal sl s. ESE Gomez-Lopes  5(2007; 20092 & A7Fg-(minimally
processedMP) &t B, 5 L FFFol ol dart~E s Ay, R vAdE

2 29 & JYom FE/1BE AFAD + Aok sl olusd L Jhavt haA
55} ke
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A z3 HEo st HAFEFHE== PermeO2 single =74 7](PermTech Co)Z &% 38
TolA 2FE79 ARE AUEE 0%z AEES =AY

oAkt 4 Thol AL 9] WA oA et o] ofd A4t FALHS WHEAIA
APANAoH A=, §5, pH 52 TU 2002 3t Az o o)ikstda 7k
AR HEEES e Yol XAVIE Y FHE AxT F F/HST 300 mLet A
Zeloado] Ya PESHATh I F 25CAM U Ay 2447 A% F EFol
E3llE oliEEAY FEE SASAT oS EAY v S8 23E o 0.01 M
9] sodium thiosulfate &Ho 2 wWHEAIZ] & 24 % 510 nmolA FFEE SHIIAL
HEKWWA 2008) o]4tslds ZTFEEd AxE KWWAHO| o3 s=HE A|xsH oM

Agrle Adste] Adsiaid.

Table 1. AHE o]istg4 712 WEe A TE =231 NE

T Film# 2 g/m? F2dolA
AEHT
1 PET/CPP 55 =
2 PE/CPP 55 =
3 PET/PA 80 =
4 PA/PE/LLDPE 85 5
5 PA/PE/CPP 80 =
6 PET/PE 55 =
7 PET/PE U FE)55 ]
8 PET/PE Ui S E]55 o
ol tetd A ha A wEEAY H3F pH &9
b 2t TAL] Nhgol o5 o] BB Thno] AYA o] FEE AT
pHE 15-457} S =% 247 Alxstgioem ojwe] whg=2 HE=+= 3,000 cps= A3t
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Aot Az vhEES HE o S8t Azt A F oSt a Tt wEE

ol A4 VI APEAY FHY A= A

Ay FARe] HESA] pHE 342 Fhe] o]akstd A AV AAEEE St
ojxtstd e Tt27 HF H WA HES AA3 BeE  AEF FJE =d"AC
carboxymethyl cellulose(CMCO)E #7138t "=~} 0, 1,000, 3,000, 5000 2 10,000 cps7}

% 47 Azl A F ol4sPa kad FEE 9 FUT PHOE St

L
g
B>
L

AslAQl CMCE #H7Fshe] 5,000 cpsA
= ;%741 sttt AsA S NAEFRE7E 5000 co/m’/dayell A 10,000
cc/m?/day7F A m A mlol=ZZ &3 PET/PE film(LG Chemical, Lutene LB5000/7500,
LDPE, Daesan, Korea)oll ®%-3le] A Z(8.8 cm X 2.3 cm)3tA Tl o|uf] Ao Aol A

H& o4t A Thae F , 7 2 10 ppm A5 oFo

]
uol— q_]j

A7 ol4tstd A4 Tk AdoA AP FEER AUt §EHE AE FsE]
$3ted PCA ®iAol 3 - 10 ppme] BE=HE A|x3 AHS @7}6‘}04 para filme & 7}2~
7F Aoiute ] FEF 3 T AAVIZPEE iAo S8 S o4t A vk A
=E A ZA(CR-300 Minolta Chroma Meter, Konica Minolta Sensing Inc, Tokyo, Japan)E
AR-gske] Hunter L, a, b #& SR 4 ARY 53 SAT ¥ Hdat= YHEtd
Atk ol A3 ®F WA F(standard plate)e] L*, a* @ b* ke zZ+zb 95.02, 0.04 2
0.26 °] Aot

35 okt A8
plate count agar(Difco)E petri dishol] #F3+ U2 s = Xﬂ}_& oAk} 4 7}~ AHWE x|
J o)

ol geEe T, 10T 59 QAT o) FA4L
ek % AL B AR 9 ol IR el
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HAyE A4 AlE

B AFo A A& M2 Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 65385 ATCColA &eFutol Abgstauth. 242+e] 5+ tryptic soy broth(TSB,
Difco, USA)oll Al &4 3}A17] 12 v kS tryptic soy agar(Difco)ol] EF3F 2 =23l
o™ 5 ppmo o|tstH4 vk A S petri dish F70) BAF thE 37CeAA 484%F
Ee vjeFste # WstE SA AT

= oA Tt Ao mAE AEERE FAZstr] sk Listeria
monocytogenes KCTC 35698 wF+=Z AFESIH S tryptic soy agar(Difco)ol] &4 3tA1Z]
Listeria monocytogenes Wl FH-& B3 o5 =E3st o™ 5 - 15 ppmel ol4kstd 4
7h2s A g Zhzh el petri dish F70l D2AIA 37Cl A 4843 &<k wiFste] 5 W

38 4sAn.

SAAA

5 ppme] FEE AxH o4t E s Tk Ao 2 dF FHHAE 45
sl Ay ZEEZFES MFDS A 2015-82¢] wet FdstRer FHI IA 9
Sprague-Dawely rat& Al-83}3 tHTable 2).

f

Table 2. Group description and dosage volume

) Dosage volume Dose level
Sex Number of Animal
(mL/kg) (mg/kg)
5 10 0
Male 5 10 2,000
Female 0 10 0
5 10 2,000
ojAtstd A Tk A Y EA 2 g2 SHFTY 59 F £33 10 mLyt HES e
i SHTE HERTO=E ST
Ao A ZE FES WA FEA dAA 7| AW AT Fos ABHO
= ARtk Y Felge Fol AW AT 4 24 AFL FOR sgon ¥
oA #F2 10 mL/kgeldth ZE A= Y-S #FE Fof & A 1 A 58 A
£ o2 JHESHIL A 4 A7HA v Aduith #FEAT O F 149 T wY

AT ®sle Fof A3 9 Fof 3 1<, 79 2 140l /W8 F&ol tiste] AT
4
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AP olastda tx WES A% BE Y

ot A Jhavk AME FHE BEY F A=
Eo Abx FAHE P 29 o WHGL Jha FRTFL
3} 2k

371 flste] 4 AH8E &
Astgom 1 A= Table 3

_11}4' _

™ PET/CPP, PET/PA % PET/PE(WF== 8 55, B2#o]lAd H& F)
o Aol e oluEdirtie WEAE AL oz ehgow PE/CPP,
PA/PE/LLDPE, PA/PE/CPP % PET/PE(E 2ol HF 7)o Afoe ALFAEE
1200 colmiday ol 4] FAEE RIAUL olbdL s FEYE A Hew

= 2] A= 1.
FS Ho /M FagFo] HYgk Ao2 dAdEo] Aol ojikstd A vt
o2& AAEIHEIE 5000 co/m’/dayoll A 10,000 cc/m’/day’t HEE uwlA| wlolm g H
3} PET/PE film(LG Chemical, Lutene LB5000/7500, LDPE, Daesan, Korea)S AF83}%

.ﬂoﬂ

Table 3. Film A&A¥ 44 F3= 2 ClIO, F34F

F¥  Fim A% (/) gedeld aTe o CorAd
A& (cc/m*day) (mg/day)
1 PET/CPP 55 T 259 0.00
2 PE/CPP 55 5 2,450 0.23
3 PET/PA 80 T 450 0.03
4 PA/PE/LLDPE 85 5 3,130 0.31
5 PA/PE/CPP 80 7 1,658 0.15
6 PET/PE 55 5 1,259 0.09
7 PET/PE U 7 E55 5 569 0.05
8 PET/PE - FE55 e 5,540 1.87

o) atsld A 7t A wLEZ H3F pH &Y
A4k 4ko] Hb-gof o3 o]4tE A Th2ol A AHY] FEE A pHE

15-457} M=% Azstel BE Mol Ao WEFS AYUYWE ZYstgon 1 At
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o2 Yehgon A4k 129 o FHEE

7
AP E A Tk WrEo]l HA Gt F WeEETE YR we AEHQ] BEo] HA

A= Aoz AHEY HESAIY pHE 272 ¥ S dols AR 14Y€ T 129714 ]
2t A Tt E BEIN oY F WEFE 18.65 ppme WEAA THE pHell vlE| 1A
B S WESAoY 27] vkgo] w2 dojds & 4 AT ¥SAIS pHE 31
2 3Ie o= 279 wiel g AFde Hun ¥y pHE 34= 3 A folle 14
o =9k N&How wEslg o pH 3.89 ASLE FARE AFS BYth skA| ¥ pHE
452 3 Afdx 149 T ALKHow WEHJAY pH 34 E= 38EU= AY 5
HE &S WeEste ZeE ey T UEd 5& 13 # pH 34 ¥ wirh M

Table 4. pHE 2|3 HH3E AR F o4 dirlx B&H (unit : mg/day)
Storage period (day) Total
pH release

1 2 3 4 5 6 7 8 9 10 11 12 13 14  content

1.5 417 340 291 191 090 0.68 077 046 040 024 017 - - - 16.01
27 319 336 271 202 180 117 090 0.90 068 0.65 060 0.67 - - 18.65
31 198 234 180 143 112 110 092 0.84 067 0.65 060 - - - 13.45

34 201 220 170 153 123 103 089 0.88 0.59 057 048 039 029 0.23 14.02
3.8 222 198 172 155 118 1.00 0.76 0.64 049 0.53 041 034 0.26 0.16 13.24
45 203 178 162 111 1.06 072 0.65 0.6 051 050 038 03 022 0.19 11.67

ZA HAEEZE 93l 3,000 cps7t HEE HE=2HEA QI
5 Y3 oligd A Vi HEHS S A3 Fg 19 2o
HgE2e g =2 3l8S Afodv AR 7Y AE7A& o4bstd A 7t27F W
[e3]

SHAJAAT 1 o] Fol= WEHA ol A AAZ7IZEe] 1 Bfdde FESA = A
=

A O)MAE oA ThaE WESE A
o2 AHA

oldel A= ofdadtat T4k whE Al HE=xAAQl CMCE 0
~ 10,000 cps® 3t} Alx3H o B HojAe FEFE AZUER SAsen 1
A= Table 594 2ok
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Fig. 1. A 2 EoA 9 ojatsg i 7tx &%

Table 5. A=E 2T WSFEY AR T oA HLIIE WEF (unit : mg/day)
He Storage period (day) Total
(©ps) release

p 1 2 3 4 6 7 8 9 13 14 15
content
- 4.38 3.17 3.14 1.53 1.12 0.68 0.53 - - - - 14.55
1,000 3.85 2.94 3.45 1.87 0.88 0.53 0.43 0.29 - - - 14.24

3,000  3.17 2.4 191 0091 0.9 068 077 046 045 034 027 12.26
5000 038 056 069 072 081 081 073 071 068 066 0.61 7.36
10,000 011 012 014 013 013 021 020 022 016 013 0.11 1.66

A Z4A0 CMCE #H7EetA il Alx3 Aole A 8Y U o]ibstd 4
71227 BEEH = Ao E YEwtoer 1,000 cpsE FH S o= 9¢ A=E TRV
& zpolE HolAl gkttt T2y 3,000 cpsE RS wl= 16 AAI = FU AEHH
o2 ®wEFHAoH F WEFS 12.26 mg/15 dayE UELYTH o]4tstE A v Ao A
= 5000 cpsE FH3FS wol= 3,000 cps € WAHY A&EFRoR WEEHE Ao
el oy & WEFS 7.36 mg/ls dayE WEH= dFS T2 ZAoZ Yeyh. ol
2o AR Hol HArxds Flo 7tnd WEHES AT F AS ASE AAHH
oheFe Aol A &o] 7hed Zor ATGHAG
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5ok A&How o4 AL TfaE
B dmel Age AgAel el
o =27]= AT 3,000-5,000 cps 75]1::_7} G AoZ AGFEUTH

\1
HU o
L e

A& 2o o olastdL stx AW Az

o|2ksld A 7hxe] HAS HF ofdAaAEH FAL ¥EEA] pHE 342 BE3 %
T oSt A vt AKHoRE wEd AEE HA=ZHA CMCE FH7hsho
3,000 cps HEo] HHEAS A zsATE Az HHEAE AAEFATZE 5000 cc/m?/day
o 4] 10,000 cc/m?/day7}t A wA] wlo]Z = HF3 PET/PE filmell W®3te] #)%(8.8
cm X 2.3 cm)3tgTh ojw AWM WEEE olasld A vl = ZHzb 129
¢ 3,5, 7,10 2 15 ppm A=Y ¢fo] W}EE F JEFE Axsen 1 A=
Table 63} T}

N
b4
oo

Table 6. =4 o|4t8ld 4 7t Ago AR F HEF

Concentration of Storage period (day) Total release
0 gaspm) 1 2 3 4 5 6 7 8 content
(mg/8 day)
3 0.28 0.20 0.23 0.18 0.18 0.15 0.13 0.13 1.48
5 0.53 046  0.40 0.35 0.33 0.38 0.43 0.36 3.24
7 0.76 0.91 0.66 0.76 0.56 0.51 0.46 0.43 5.05
10 2.05 187 101 126 08 0.83 061 057 9.06

o) BGL k2 §F Y

AR ERE 7P oINRG L h2sk ARPe FEE §EHAE AF FAs] 9
sfol PCA HjA] olakale 7h ARG H7bstel 5U S AFFHAA G w
£ A% WEE 4% Ave Fig 2 2 Table 79} 2k,




A7 4Lzt

Fig. 2. o|2t8tg 4 7k A H7} PCA viA| Azl

Table 7. o|4t3td4& 7h2 AW H7E PCA wjA9] A% T M3} 3}

Storage period (day)

Treatment
0 1 2 3 4 5
control 42.78+0.15%Y  43.56+0.13" 42.77+0.2°¢ 43.39+0.64"  43.35+0.33®  44.77+0.62°
3 ppm 42.78+0.15°  44.22+0.22°° 43.68+0.49° 4356+£0.42°C  42.98+0.2a™  45.22+0.12*
L 5 ppm 42.78+0.15°  43.71+0.33" 43.01£0.34" 43.67£0.56®  42.56+0.18"C  44.27+0.25"
7 ppm 42.78+0.15*%  43.12+0.21 42.62+0.32°® 42.62+0.27"  42.06+£0.39°C  42.55+0.15%
10 ppm  42.78+0.15**  41.360.09% 40.61+0.29° 41.74+0.37%  42.18+0.86"F  42.84+0.65
control -0.17+£0.02®®  -0.16+0.03® -0.18+0.02% -0.07+£0.04**  -0.06+0.03*  -0.19+0.02®
3 ppm -0.17£0.02**  -0.17+0.024 -0.17+£0.02% -0.17+0.04*  -0.15+0.03%*  -0.22:+0.04
a 5 ppm -0.17+0.02°°  -0.16+£0.03%  -0.10£0.03***¢  -0.08£0.08°*® -0.12:+0.05¢  -0.020.09"
7 ppm -0.17+£0.02°°  0.0640.04" 0.24+0.05" 0.10+0.06"® 0.26 +0.09% 0.29+0.06**
10 ppm  -0.17+0.02°®  0.75+0.04* 0.87+0.07%4 0.26+0.05% 0.08+0.16° 0.06+£0.21°
control 2.62+0.04748 2.71+0.09% 2.50+0.10¢ 2.510.20%¢ 2.44+0.10% 2.41+0.10%°
3 ppm 2.62+£0.04* 2.11£0.27°® 2.54+0.22% 2.57+£0.09% 2.58+0.19% 2.16+0.14%
b 5 ppm 2.6240.04%¢ 2.42+0.14% 2.5140.07< 2.96+0.25® 3.61+0.41 3.64+0.39%
7 ppm 2.6240.04° 3.48+0.23" 4.52+0.37° 5.0340.48" 5.3940.13" 5.7940.23"
10 ppm  2.62£0.04%° 5.33+£0.19% 6.39+0.14% 6.15+0.18* 5.75+0.25" 6.27+0.42%

D Values with different superscripts within a column(a—e) and a row(A—E) were significantly
different(p<0.05)

T AL ERTFAME 27)dE 4278 oo AR FoE 42.77 ~ 44.77 HY
2 7o AFE Bolrle SAAT IV|RTE ot FUtete AFOE UEtwTh o
sl A 7 A HUbate] A9ole 3 ¥ 5 ppme ZH7F 42.98 ~ 45.22, 42.06 ~ 44.27
T AL JA VRGO ta FUMsle AR dExed AR 234
Ve 28y 7 210 ppm AT A T A2 42.06 ~ 43.12 2 40.61 ~ 42.84
2 9 FE B gzl vlsky oj4tstd A vt A Y ol4tstd A vhs
&l Tha o] FA = Ao E ATEGITH

AT o] AL, 2719 #He 017 o1len Uz AR 3, 49AE At
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A 154 A% 2% 3

Fig. 4. A&7|7tl wE otsida 7k AY A7 A & F9std AlId

nAyE A AlE
B AFolA Az olitsidA v A mAdE AdEaRE Flstr] ko
Staphyllococcus aureus, E.coli O157TH:7, Listeria monocytogenesess wjA| ol z}z} H-F3}

of Tsla o] AEd A 7k AMS petri dish F40 w23 ohS k3t AxE= Fig

T oolgbstda vk A AP A o] AR F= JoE yEigen 2
Ees e ATEW ARe & 5 AMH 53 5 ppm AL
A5 HH olidstd A Tkt AWM SEE A FH S50 AEEHAL

E7F w2 15 ppmel A= BEd oAbt d 4 7hadko] petri dish MA|= FAbE o 7}
dAke] FI7HA AFEA7IE A2 YERTH
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E.coli 0157H:7

Listeria monocytogeneses

Fig. 5. o394 7V AIMAZYA  Staphyllococcus aureus, E.coli

Listeria monocytogeneses At 35'.34

B AL b AN HUSAS W WYE HF &

2.

43 A=

_V__ll
Ll

0157H:7,

Table 83}
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Table 8. o]4tg A4 712 AW Ao &3 Escherichia coli and Staphylococcus aureus
o AHAY

Early After 48 hr )
) ] Reduction
Concentration Concentration
rate (%)
(CFU/mL) (CFU/mL)
Blank 1.7 x 10 1.7 x10* -
Escherichia coli
ClO; gel pack 1.7 x 10 <10 99.94
Blank 1.4x10* 1.4x10* -
Staphylococcus aureus
ClO, gel pack 1.4 x10* <10 99.93
E coli®l A% %7] #4E 1.7x10* CFUMLY] X9 o™ 48A7F < 5 ppme] A
e AEstA-S wW 10 CFU/mML o]ste] #E B B AFoA Az AgoA &=
He= %

oj4kstd 4 Thmel o3 iAol AMEEE AS AT 5 A} Staphylococcus
aureus®] 7= tZFY v 2 FY = w A z23 ol4ksd AT}
2~ Ao A o] Q= oikstd A Vhav WEE S ST F AT

et
™
>
i
o

off
[l
7
L
o2

StE4 72 Ade] n|AE APHET
g olxsld A vha Ao FEE AE AEEARE A3 fete] A4

}3 =2e & 5 ~ 15 ppme] ©]
7v2s ARS At on I Ay Table 99F 2t
T2 590 log CFU/mMLe] #45 Rygoen Z+ & ]

7+ 4.89, 3.93, 3.34 2 2.97 log CFUmMLZ A& %7} =

Remw 10 ppm ©]’d AHEAE 2 log o] AHET
of AHg3H AL ol il A Jtavt ALH R

A
= Polgls MABES ARAY & Y Ao ARFYL

|

2

o|A

-

M1 Listeria monocytogenes v &<l S

I
r—{n:
ﬂ?‘
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Table 9. o] &3 FA 712 AMX | 3 Listeria monocytogenes AdNgd D AlE &

ClO» Concentration(ppm)
0 5 7 10 15

Listeria monocytogenes

5.90£0.02 4.894+0.03 3.93+0.03 3.34£0.02 2.97+0.01
(Log CFU/mL)

Reduction rate

- 90.45 98.97 99.73 99.89
(%)
olstdn s Ao W vYE APET AFo] I AZsBe] APNH A
= gest 2.
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TEST REPORT

Mo :@ CT16-028289
7. Test Results
B Test Results
After 24 | Reduction | tasling
Test ltems Early Conc. s |Test method| . ant
[CFU/ML) | (cru/mL) | bacteria(%)
Antibacterial BLANK 1.7 = 10* 1.7 = 10! =
tast for - T T |
Cl0; Gelpack & L
Eschenichia coll Client
Freshen A30 g i bl rauul?:mzm (7401 &
Antibacterial | BLANK 1.4 % 10° | 1.4 % 10° = mettod: [ EOAKRH
test for | i [ | |
Cl0: Gelpack
s onss Freshen AJ0 14210 =4 s

# CFU : Colony Forming Unit

# Tast strain @ Escherichia colil ATCC 25822
Staphyiococcus aurews ATCC B538

# Sample : ClIO; Gelpack Freshen A3D

# Client's requirement method
 Put the medium inoculated with the bacteria and the sample 1 pack into the paper box
[client-provided, 27 cm(W) X 18 cm(D) X 27 cm(Hl]. After exposing it for 24 hours,
measure the reduction rate of bacteria.

- Pagn # of 4 -

P-20-01-08(4)
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TEST REPORT

No : CT16-028289

<Picture 1. Eschenchia colf — BLANK (D h)>

<Picture 2. Escherichia coll = CI0: Gelpack Freshen A30 (24 h)>

QP-20-01-08{4)
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TEST REPORT

No : CT16-028285%

<Picture 3. Staphylocaccus aureus - BLANK (0 h)>

<Picture 4. Staphviococcus aureus = CI0: Gelpack Freshen A30 (24 h)>

—=>knd of ‘Beport —=—

Puga 4 o 4 -

P-20-01-0614)
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-J.

TEST REPORT

No : CT16-028290
7. Test Results 3
Test Items ! Test Resulis Test method .Taatinn Ervironment

Fungal resistance test
{Aspergiius niger

Fungal resistance test
{Pervicilim oinoofiur

Aftar 7 days | No mould grawth Cliaat
o :ntzm- (P90 +01 T
u
' SUIBMEN | ea.7 + 0.5) % A
After 7 days | No mould growth method |

® Name of Used Fungl : Aspergiive miger ATCC 0842
Penfeiifum pinophilm ATCC 11787

% Sample : CIOy Gelpack Freshen A30

® Client's reguirement method
i Put the cover glass {1 cm ¥ 1 cm) inoculated with the test fungl and the sample 3 pack into
the paper box [client-provided, 27 cmiW) X 18 emiD) X 27 cmiH)]. After exposing it for 7 days.
decide whether or not the mouwld grow with Incubating for 5 days.

<Picture 1. ClO; Gelpack Freshan A30 <Picture 2. CI0; Gelpack Frashen A3D

- Aspergilus niger {7 daysa)> = Papficilium pinopfiliven (7 days)>
—= End of Heport ——
- Paga 7 ol 2
GP-20-01-08{4)
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SAAA

5 ppmé| FEE AxH o4k
el Fa Arld g AE JAE FHE
}.

A, #E 1w =

B>
N
[
N

i

i
ol

=° thall ARES 5ol I AF= BEHA &
5

¢k o W(data not shown) #=W3le] Z(Table 10), W27 FoF EF 149 ¢ ¢
T FYSHA YA AolE HolA gal AAAHORE A Fo] FUiste ALE UERY
ojfksld A Tk Aol 2AE TV AT Wsle A 9FS e o= #uy
At
Table 10. o]4tstg 4 712 AHE @Y 54 AF 3 rate] AFHs
Dose Days after treatment
Group level Gain
(mg/ke) 0 1 7 14
0 208.27+£4.79 236.57£6.79 282.46+£13.75 316.65%x17.00 108.39+13.09
male
2,000 208.19+£5.40 236.09£6.68 286.61%+5.73 328.331£6.68 120.14£5.86
0 160.58+4.03 180.85%+6.65 195.66+£8.02 216.68+11.86 56.10%+8.74
Female
2,000 159.59+3.50 181.89%6.15 194.96+9.19 209.78+8.94 50.19+6.84
TS 8 A7) " A HAF AFAAE BE FEAA o] AT BEEHZA
ot 7102 UEhldata not shown) £ Adel A8F ol HB AL sl Ao 24T
2 A =oA X Aol 2,000 mg/kg ool H= AOE ATGEHJOH Az A
Fo| oatsl Wasks ATe AFHUYL MED AT VAW o Aol A8 &
e Ao = Y=o Rtk
oj4kstd & Tk Ado ek Tl =4 Alge "igk A5y AEA8d dae o
o3 2t
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Single Dose Oral Toxicity Test of Freshen A 30 in Sprague—Dawely Rats

1. Summary

This study was parformed to single dose toxicity of the test article, Freshen A 30. in male and female
Sprague-Damely rats. The test article was orally adninisirated once al dose level of D and 2,000 mg/ kg,
Mortalities. clinical signs and body weight changes were monitored during the study pericd. Mecropsy
and evalual ion wera periormed for all animais. Resulis are as follows

1) Mo omortality and unusual clinical signs were obserwed for all animals during the ohservation

par iod.
2] In body waights, therse were nornal body weight gains inall animals.
d) AL the end of the test, all survival animals were subjected to necropsy and no abnormal gross

findings were ohserved,
Therefore, lethal dose 50 (LOs) of Freshen A 30 is considered greater than 2.000 mg/kg wider present

test condition,

2. Test mathods and test items

1) Test acriicle @ Freshen A 30

2} Tes1 animals @ Specilic Pathogen Free (SPF) Sprapue-Dawely (5D} rats, B meeks (al administration)

3} Preparation of the test article © 2 g of the test article was dissolved in distilled water to nake
4 total volume of 10 mE and disti|led water was prepared lor conlrol group,

4) Test guideline : MFDS Notification 2015-R2

5! Route and administralion method © All animals were fasted overnight to empty stomach, Oral
administration of lest article was performed with an intubation cannula. Individual dosing dosage
was based on each fasted body weignl which was measured right before the administration, Dosing
volune was 10 me kg

B} Group deseription

Number of Dosage volung Oose lewved
Grenp S fnimal 1D
aninal {md k) [ mR kg ]
Male 5 Gi-1 =~ G1-5 10 il
Gt
Femala 5 G265 - G2-10 10 2.0
Mala 5 Gi-11 - G115 10 k]
G2
Female 5 G2-16 - G2-20 10 2.000
- P 2 0f 6 - Farm OR-20-G1-17(4)
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7} Qoservation of clinical signs © General condition of all animals was observed continuously for the
first hour atter administration and once every bour up to the first 4 hours. For the renalnder of
the 14 day coservation period. animals were observed once every day,

B) Body weights : Individual aninals were weighed before adminisiralion asd day 1, 7 and 14 alter
adminisiration,

9) Mecropsy © On day 14 after adninistration. all survival animals were anestheiized with L0y gas, and
terminated by exsanguinations from the aorla. Complete postmoriem exaninations ware performed for
all vital organs,

3. Results
1) Mortality © Mo morialiiy was observed for all animals during the observation period.

2) Clinical signs @ Mo unusual clinical signs were observed for all animals during the cbservation
period.

3) Body weight - There were normal body weight gains in all animals
4) Necropsy © AL the end of the tesi, animals were subjected to necropsy, and no abnormal gross

findings wore observed,

4, Discussion and Conclusion
This study was performed 10 single dose toxicity of the test article, Freshen A 30, In male and female

Sorague—Dawely rats. The test article was orally administrated once at dose level of 0 and 2,000 o2 kg,
Mortalities, clinical signs and body weight changes were monitored during the siudy pericd. Mecropsy
and evalualion were performed for all animals,

Mo mortality and unusual cllinical signs were ohserved for all animals during ihe observation pariod.

In body weights. there ware normal body weight gains In all animals.

At the end of the test, all survival animals were subjected to necropsy and no abnormal gross findings
were observed,

Therefora, lethal dogse 50 (LD} of Freshen A 30 is considered grealer than 2,000 mg/KE undar present

test condition.

~ e 3 0 8- Forn GP-20-G1-7(4)
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5. Tables

1) Table 1. Mertalities and clinical signs of rats

INDVIDUAL OATA OF MCATALITIES AND CLINICAL SI0NS

STUDY © NT16-00043 SEX @ MALF
GROIP
ANIMAL 1D DATE DOSED DHEERVAT | 0NS TINE CCCURRED
[mg kg
G1-1 25-May-2016 Mo abnormal il ies deleched Day 0- 14
G1-2 Ph-Nay-2016 No abrormal ities delected Oay 0 - 14
(o} G1-3 Za-Nay-2016 Mo abnormal |1 (65 delected Day 0O - 14
G4 Z5-Hay-2016 No il i) es did et Day 0- 14
G1-5 25-May-2016 Mo abrermsa ) 00 ies del e bad Oay 0D-14
G2-6 2a-May-2016 Mp abngemalities detected Day 0- 14
G2-T 25-Hay-2016 Mo abrasmal ilies detecled fay 0= 14
- g, -
(2.000] GE—E 25-May-2016 Ne abnormal i1 ies defecled Oay 0 - 14
G2-9 25-Hay-2016 Mo abnormsl ilies defectad Day 0 - 14
G- 10 25-Uay-2016 No abnormal ilies defectad Day 0 - 14
SEX © FEMME
GROLP
AHIWAL 1D CATE DOEED CBSEAVAT 10NS TIME OCCURAED
(ng/kg)
fin=11 25-May=-2016 o abngrmal | 1ies dilestaed Day 0 - 14
GI-12 25-Hay-2016 Mo abnormalities delected Day 0O - 14
[ G1-13 25-Hay-2016 Wo abnoemaliliea detected Day 0 - 14
G1-14 25-Way-2016 e abnoma) |1 ies deteched Day 0 - 14
B1-15 25-Hay-2016 No abnosmal i1 ies detechod Day 0 - 14
G2-16 25-Hay-2016 Ne abnasmal ilies delected Day 0 - 14
G2-17 25-Hay-2016 No abrosmal ities delectad Oay 0O- 14
G2
G#-18 25-May-2016 No abnosmal i1 ies detected Day 0-14
[2.000)
G2-19 25-May-2016 e abnadmal i1 ies delected Oay 0 - 14
G2-20 25-May-2016 Mo abnormal ities deiectad Oay 0O - 14

- Paga 4 01 & -

¥ A = E]

Foem TR-20-671-07(4)
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2) Table 2. Body weight changes ol rats

ING VI DUAL DATA OF BODY WEIGHT CHAMGES(g)

STUDY . NT16-00043 SEX ¢ MALE
GROUP(mg 'k ) AHIMAL 1D Day o Day 1 lay 7 Day 14 Galn
G1-1 202,43 227.53 266, 54 205.39 92,96
G1-2 205,45 233 32 280,98 314,73 108,78
. G1-3 207,17 236, 14 274,42 308,00 100.92
b 61-4 213,98 24057 287 60 324,68 10.75
G1-5 2'_1-2_'._35 245.27 a0E Ga 3035 128 .02
Mean 208.27 23657 282,46 316.65 106.39
e 5.0 4.79 6.7 13.75 17.00 13.08
"""" 696 201.71 230.25  280.74 20607 12436
g2-7 o4 09 232 58 28 47 320 67 124.68
” G2-8 209.58 236.69 28476 320, 15 110.57
Pt 629 20860 233 64 28405 327 78 118.68
_._...E'?..\_..‘?. ) 21609 247 .29 20613 238 R0 12241
Mean 20813 236.00 286,61 22833 120.14
5.0 5.40 6.68 5.73 6.68 5.86

SEX ¢ FEWALE
GROUP(nZ/kE)  ANIMAL 1D Day 0 Day 1 Day 7 Day 14 Gain
' Gi-11 157.05 172 43 182,87 16953 42 48
61-12 157.00 177.24 192.77 210.17 5317
61-13 159.38 181,94 199.93 219,80 60,42
[GD‘] G1-14 163.40 182.18 200.30 298 60 85.20
G1-15 16608 19040 202 41 295, 31 59.23
Mean 160.58 180,85 195.66 216.66 56.10

5.0 4.05 G B, AR R
G2-16 156.25 7723 195.00 208,45 52 20
G217 158. 10 174.68 18588 108 a7 40.78
6218 157.83 181 a2 185,60 203,76 45.93
[Eizﬂ}} G2-19 160.42 185,82 204,15 218.50 58,08
Ge-20 165,26 18072 20408 219,21 53,95
Mezn 150.50 181.80 194.96 209,78 5019
5.0 3.50 6.15 5.19 8.04 6.84

Gain : Body woighl gains batwean day O and 14
- Page 50t & - Form OP-20-G1-07(4)
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3) Table 3. Gross findings of rats

INDIVIGUAL DATA OF GROSS FINDINGS
STUDY : NT16-00043 SEX @ MALE
[?ga?i} ASIMAL 1D FATE (DATE) ORGAN DRSERVAT | ONS

G1-1 Terminal =acrifice (08-Jun-2016) No gross findings datacted

Gi-2 .ITI;a.rrniu.aI sacr i tice (0@-Jun-2#016) Hpgrnishndl;g_s_;a:a;?
ﬁ;:: El—ﬂu Terminal sacrifice (D8-Jun-2016) Wo pross findings delected
Gi-4 Terminal sacritice (D8-Jun-201G6) i Mo gross §indings deleched
Gl1=5 Tarminal sar.rH“i{:B [ D8-Jun-2016) Mo pross 1indings dilectod

E2-§ "Temlnal sacritice [08-Jun-2016) o gross Findings tla-1e:::;:.|;d

G2-7 Terminal sacrifice [0B-Jun-2016} I'.Iu 1;|r1.:aE: flnm nustmal::ted
IZE.{:HEI} G2-4 Termingl sacrilice [m—m-z#;tﬁ# : ; Wo gross Tindings detected
62-3 Tarminal sacrifice [O8-Jun-2016} Mo gross 1indings delected
G2-10 T.E.lr-l:lul.l;l.a:l sacr i fice {08-Jun-2016} Wo gross Tirdings detected

SEX © FEMALE

GROUP
(ng/kg)  NINAL 1D FATE (DATE) DRGAN OBSERYAT IONS

G1-11 Tarmina! szorifice (0B-Jur-2016} He gross |indings delected
G1-12 Terminal saci|tice [0B=Jun-2016) e gross indings delectoed
:::] G1-13 Terminal sacrifice (0B-Mn-2015} Mo gross findings delected
Gi-14 Terminal sacrifice {ﬂB—.lun—EDtIEr i I'kll-lcllrma..fin;i n|l;|5 detected
IE1—15 Terminal ‘gacrifice [OB-Jun-2016) Ho gross 1imdings detected
G2-16 Terminal sacrilice [O6-Jun-2016} o gross |indings detected
GE-17 Terninal sacrifice [0B-Jun-2015) Wo gross findings detected

iZG{ilDI G2-13 Terminal a;r.‘rnl';lce [m—.m:—;ﬂ:ﬁ‘.lh““&-Plull—nn;msvfln;mus;tanlad 5
ST G2-19 Terminal szcrifice [0B-hm-2016) Mo gross findings datected
G2-20 Terminal sacrifice [08-Jun-201G) No gross 1indings detected

- Pages 6 61 6 - Fdrl-;pﬂ:m:l-ﬂa‘{ﬂf]
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A2 A sAEE7)Y ol3etd F W SAHE T oiEdA
Ao A =4 &d

e

N
N
)
Bor

Eo] =l AEFE FFoE Qg Ay E3ie} tlEo] A7 g #Ao
Aallee & 2015), 7153}, 10 7Fe] S7F Bl o9 AL & So=
of i3k 87t 543 F7sta 9ler, ol d8E

) thH(Jeong 5 2006).

A AR = B (Fragaria ananassa Duch.)E
Edog @Y7t Zte 19 Fve AR -

Akl A ZeHlo]] o] 2774A] ThE e AART AH FHo] ofF Fol A=E A
oHL EF Fol shjoltYang & Lee 1999; Lee 5 2010). =, @7 F3AREH A4
2 FERAY Foll =813 &4 W] A FE 3 mEA dojuA Ha, A=
FEEE A, Al B FFold s A FujEa, old wet 42 F5A FE &

Al 71Zko] oF 1 ~ 2ol &S, olF AT rwol A 27HI UthHlee T

fol
ol r_)r_’

1>
vo T

Hl
= H

}
o

=

et
B
i)

ol we} "r)e] MeE FAAZI7] fI8t odAE(Park 5 2012), MAP 27(Chung %
1998b), AR Z=AHChung & Yook 2003), &=t4 ZZHChung & 1998a; Chung & Cho 2002),
A8 (Garcia % 1995), CO, A (Kim % 2016), °o]4+8td 4 A Kim 5 2010) 5 <
d 712 HHE &8st "y ARG S| B AFE Fso vk 2y o}
ANA = B7] F7rA A &8-S & o] FojX 1 YA &

nAE Aol WY S HZEE e v el dedl, IS stul olitEd A
(ClOy= 71&ol AHEHAYE d4ET {r|Ed 749 vk
AdE Ba olyekKim JM 2001) EdSEwery e welEd So] YAEA ok,
pH ®islo] FastA Av8ES FAT & Jdvha Buxo] JAokKim F 2009). o)<} 2
ojftst A AT AL olitstd 4] FHETE VFAFHA W TR0l Eof A w4

o AF ¥ fF Fol Eop aFog mAES AT F At &dHA JrHHan
S 200D).

ojxkEtd A 7hs AL F=2 chlorine dioxide generator system2 o] &3fa] A ZstAY, o}
AT S5 A71EEH o2 MIAA TEd H7]w3)“HMEA: multi-porous mem-
brane electrode assembly)& Sa AExL & Atk AWF ojitstd L 72~ Aol o]
Asld a4 B AsEde] ¢ v 2 HE 55 243t 94 AP T4 fimel
ofFH ABEEY o|iEAA TFATE dABAE FRF AEKHOE WHEEH F IEF

T3t

il
d

¢

o ol

A

o
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B ATgME 219 AFH FAL 9T AT ABoT 2] 7] Wl 3 - 7
ppme| ol4stedd shavk A A1 B ALHOE PEHE APl ojusdx v}
2 AN Q3 ARHAN A% 71zl G wYRIA, o|FetH @ B FA W
52 ZAHSAT A AR 9 Ak Ml 3 - 5 ppme] ol usda s
A Hgstel STk

Az R TH
A=

B A AR B FF2 AF o2 AFTA FTtlA 2017d 24 g
2T oBd AA7E fla A, Aol 3 gE S0l #fARE Ae AEske] A3l A
&3ttt
ojitstd s 7t A
AE olatstd s A9 ojtEtda Tk AL ofdastdel] Abe AR &
Yol AstAE H7leto] ojqtstd & 7hart TSI ER St ASAE HIME &4
A2E3 T 7 5000 cc/m?/dayell A 10,000 cc/m’/dayZb HA wlAl wlolm2 HFI

-

d

PE/PET, PE/PA film(LG Chemical, Lutene LB5000/7500, LDPE, Daesan, Korea)ol &
Aot ol AHB8 cm X 2.3 cmoNA e WEH = o4kt A 7t~ FEE iodometry
standard method(Korean Society of Food Science and Technology Dictionary 2008)2] -
Hol| whe} Z+2b 129 &<k 3, 5, 7, 10, 15 ppm =9 o] WEE T UEF A XA
3, ZAARANA Y Ttz EA = 5 10 15 ppme] AHES FLEPTE D)oY A
SAFAA = 3,5 2 7 ppme] AHYE &8I

0O
-

b X RS

ZAA U ZIARAES BE4Sr] sk AIHW(LDPE, 25%30 cm, Cleanwrap Co.,
Korea)oll Z~7] 50 gaﬂr 5 ~ 15 ppme AW o]tstd A 712~ AA(Sejin E & P Co.,
Ltd., Anyang, Korea)= #7}s & dasta AAstHA A% 5 TA4A We O, ¥ CO,
22X wals =dsuch A4 e sh2zAe 7227 (Checkpoint 2, PBI
Dansensor, Ringsted, Denmark)E o] &3}l¥ o™, 33] HHE =43} T}

o|itstd e Tk A E
7t F=ol olkatd A vk A B, 5 7 ppme A4e AwEE 24719 2rE
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67/0e] +o &2 e 500 g &9 polyethylene €7](18 X 13 X 7.5 cm, Bukwang
Chemical Co., Geumsangun, Korea)ol] ©]4t&td 4 7bx A S Fr] 9 1 welom A
N 6 F AGEAA APl ARRS AL, ol A T AFS HIPeA] 42

AYTE f2TOR stof AgSEA Aol AT

Jé

filo

.

5 Z2AS 9] A 8ol 108 HWHH 0.1%9 HWE 5 HEH bagel 2
2 % stomacher(MMIX 2, AES Laboratoire, Combourg, France)& o]&3l #+23} AlZth
429 ANgE 1085 9% AP oen, 3714 vAdES+E= Plate count agar (PCA,
Difco, Detroit, MI, USA) W&, &% % IF%o|= potato dextrose agar(PDA, Difco) HJ
A5 A&t Zhzb 37° CollA 29, 25C oA 3 &<t wikst 5 FA 9 colony +&
=23t log colony forming unit(CFU)/g & Jehy gt

A

TEE MY olatEtd A Tt AFe ¥ 2Y] 8718 AAsHAM AR T E
=y
=

% % 2ohe ws

72 Bl MY olasda sha ARG Yo @] §718 AgAHA A F @
Aol % WMEE 4] st 7] 1948 Agsnt 69 5 MY SHSAT
sl gel A%, ARE6oft ron B, FHolmold Bl A AS Fek Aol o3
Tl §718 AR AR e AR Ferh AT

SEE MY olitst A T AdS HUME g@r] 8718 AFstEA A 7|3
= | #lste] "@7]o] o2 FHoA tgFe ANEE
T2 104] 54“ 3hoq homogenizer(TZS Ultra-turrax,
KA, Germany)& 0] €3t 18,000 rpmeo. 2 183F EH3 & 4,000 rpmolA 208 &<t
AABGA 7|1 o7ste] oJ7HS pH meter(Orion 520A, Thermo Electron Co., MA,
USAE ZSAs At 4Ats S8 4719 o349 10 mLel 0.1% phenolphtalein A Al oF&
H7¥ska, 0.1 N NaOH fo =z HAYsto], oju ZAujE NaOH 8He] <& citric
acid%) o= Zakstq).

H ALY olitEd A Tt AFE AU 2] &71F AAStEA AA 73
of wWZ Erje] M%T wWsl= AAA(CR-300 Minolta Chroma Meter, Konica Minolta
Sensing Inc., Tokyo, Japan)Z A}&3&}e] Hunter L, a, b &S ¥r& =43 5 HFgo=z
et &3 Fele 27] 9 AN BES SASAT olu ARERE ®E WA
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*

Hstandard plate)e] L, a© @ b gt 27+ 95.02, 0.04 2 0.260] AT}

AL olgksld A Tk ASS Hrste] AAgE 2] A4 7Tt mE 227e] HIlE
Z=43}7] 9)sled texture analyzer(TA-XT2/25, Stable Micro System Co. Ltd., Surrey, England)Z
AL-gate] 248t @12 AEddo g 12 a3 tg, duaS ol 2 el =
3, A8 FHRES =AHHT olw] AF&3 probex AE 5 mml o, distance 8
mm, speed 1 mm/sec ZASE ZAsgon, 71 A7 S A5 AE(firmness)E ot
B ATE 2 A TelA AR 97 o] dS 25 Est WHE SAHS 3 & SAX HH
= AREskAT

715= A

Ao ojabstd A T AFS FHURst AT B9 AA 7|te] mE TE=
At E S48 st AFFSSTH 108 S dAst] A9 7 By 2 HrF 54
of g WS AAZ T, A5 8 & A B FHF TS xo tidte] tids] doh
(dislike extremely) 1%, XEo]tHneither like nor dislike)S 47, w3 Ztilike
extremely)E 740 & 3= Likert 74 HEo| wet =434t

FASIAAE D FAANFE AT olkisld 4 72 A E

D7]e] ks AR H A AFE AT olisldE A vk HEe FEWs 42
02 7k 5EE 3, 4, 2 5 ppmoE ANk 7 wEe| ojustda ba A
ZrzZro]l AT E 24719 E©U]1E 6719 #o & 3Jta] 500 g &32] polyethylene &7]
(18 cm x 13 cm X 7.5 cm, Bukwang Chemical Co., Geumsangun, Korea)ell 7} & %<
ojitstd A Tk A S 2704 "] 9o Wlow H2oA 6d FeF AFsHA A9
of AR&SFAIL ol4kstd A Tk AFES MA@ HAPTE HERTOE St AR

s Aol ALESHAT.

d
=
rlo

M

Ascorbic acid ¥ W3}

Ay = GA 48" 5 9l ascorbic acidzb AW o] aksed & Tl o8] A
= A wststeA et AR F W3l AEE &<1str] fste] Park 5(2008)9] #Hol
& =43Pt ANE FE& g7] 10 goll 3% metaphosphoric acid €< 50 mL-& 7}3}ar
homogenizer2 2837t #2341zl 3 100 mL mass flaskel 3% metaphosphoric acidZ
83t FH)sld e o] Alg FEE 0.2 mLol 10% trichloroacetic acid &< 0.8 mLE
o] 3,000 rpmel A 5% F YAETE T A5 0.5 mL, FF5 1.5 mL ¥ 10% folic

= o
phenol reagent 0.2 mLE & E Yo 3 sl ALoA 1087+ WA sta 760 nm
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oAl FFEE =A3stH ascorbic acide] IHES FHASIATH FFEEE+ L-ascorbic
acid(Sigma Chemical Co., St. Louis, MO, USA)E A}-&-3} T}

Polyphenol 33t& 3

Zb w2 AWY oliE e 4 v AS FHUME B7] 8715 AAStEA AA7IRE
of @& =)o) polyphenol &FE9] 3% WalE AOACHIIS we} =H5Ac
Ng FE2& g7 10 gol =7 50 mLE 7}stal homogenizer2 283+ #2347 &
100 mL mass flaskell &3t Fwvlstal o] Alg =94 1 mLo| 0.5 mLe| Folin-Denis
Alef3t 1 mLe] E3} Na,CO38&<, 7.5 mLe] SR/ ez st 302 2343 =
760 nmoll A FFEE SAHNeH, EFEZZ & gallic acidSigma Chemical Co.)E At

&3t

Flavonoid s}3-&< 3

TEE AWY olikstd A Thx Zi-_‘-J—H% A7 @715 AAstEA A7z &
flavonoid®] &S Moreno 5(2008)9] ol wtel ZAH3IATH F 29 5L A5 F
=9 0.1 mLol 80% ethanol 0.9 mLE %7}6}1 o] &3 0.5 mLe] 10% aluminium
nitrate 0.1 mL, 1 M potassium acetate 0.1 mL, 80% ethanol 4.3 mLE Z+ZF H7}3tH .
7% 9] vk A2olA 4083 WAZ F 415 nmelA FFE e SAHIAG &

EZ 2+ quercetin(Sigma Chemical Co., USA)E 0.03%Z 3]sl S standard
curveol] thiste] Al4FeA T

— U

Anthocyanin g

Zh w2l MY o)kt a vha AHE HUbe 2] 8715 AARSHA ARz
of & =79 anthocyanin® W3} Ferreyra 5(2007)2] Wl wel =490 =,
ol gt 7] 5 gell 0.1% HCl-methanol €<} 10 mL& 7‘47}*8}0% s3tsla, WA TA 2
ANZF WA ZTH g 34,000 rpme g 3083F FAEYE & oJF}Ete] 520 nmell A
FHEEE SARAT F GEAoPIY FEFe Kam IS2013)2] 2ol o3 Alxbatad Tt

aakst B4
oj4bstd 4 Tk A S HUME 'r]9 AR F kst &4 Wste= DPPH HA-Eo
s, ABTS &tz £A% 9 w50l AATES ol&sted FAHAT ANEe dH7=E
npa gt =] 10 g2 AFH3E 40 mLe] &S HUI $ 25376 1ARE 9t =31
3, 4,000 rpm .2 308 T AU EYA F oAt AAE ARZ AHEEST
DPPH #4352 Blois MS(1958)8] W& o]&3ste] AU & A& 2 mLeot
0.2 mM DPPH(1,1-diphenyl-2- picrylhydrazyl) 2 mLe} %3 &, A Lo 30837 WX
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Azl % 517 nmellA FBEE SAHsIA oW HAFof s(electron donating ability, %)<
Tk AL el st 4FE3FA T
- /o ~ A 7(-]7 [e) 1:1 —r
Ar golson = (1- 2B LEALEEE ) (g

ABTS radical 4% Robert 5(1999)¢] wWHo] wel ZSASAY. = 7.4 mM
ABTS(2,2 ‘-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid), Sigma Chemical Co.)¢} 2.6
mM potassmm persulphates A Zz¢ 3, Ao stF&¢ HA| st ol (ABTSHS §
AR &, 734 nmoll A FRES St FHE @l 15 olsrt HES 345t 3
<R3 ABTS~+%°—”1 1 mLoll A8 F=&9 20 ¢LE 715t §3 =9 WHIE HE3) 308 &
of ZA43tH o™ Kim 5(2009)e] ®Hol wet AL A T

5ol AATY ASde Yena 5(2002)¢ #WHES o]&ste ZHAATH F Al

B Ao A Ao A= SPSS 12.0(Statistical Package for Social Sciences, SPSS

Inc., Ch1cago IL, USA) program-& ARg3ted 7F AdF3Ee] /F94(X0.05)& ANOVA=R
4% %, Duncan’s multiple range testell ojall A3w3te] Afol& EA AT
A3 8l v

IAA W 7 =z=A L W
D7 E AFsEA ZFAAY 73 242 E4% Abs Table 113 2o} @7]9] 27]
A BEE 20.30%04 A 19xtolE 6.27%% F43] ZAastger 1 2% AA
T gold AR 5dAtl = 2.63% 5 UYERN AT o4t d A v AW XEFe 5 E
7 ppm AYT7A = 19249] A2 F57} 6.37 D 6.10%2 h2T §9 323 2o] S Ko
A= gkgkty. 2 10 ppm o) Ao A Aka B57) 247 7.60 D 7472 2T R 523
02 =2 e YA ole} 2L o]l f ol4tstd A vt wji e YA TEE 0
T "ojx kAo T&7F & A0 2 AokEUAT. 28y 2YAFE = dAFSE 10

ppm o]l Aol AaFErt w71 AR BE Aol FoA <l Aol HolA = &

AN

ol




ATH

D71 AAstHA 2N
193 CO»9J 1 A}oll = 8.83%= 543 S7tstd o 1 Fol&=
A XS ol AA 5UA e E 10.63%F UERAITE oatstd s Thes A A gL
192l 23 vVt 2 F71she] 8.27-8.83%2] CO0l =5 HAA T F2 2l 2}
© e o g Yeuth 294 R HE xS HES B Aol

1A 24de 24T Ads

LY

Table 129} 2ot =719
CO.%| =71

A%
TES AR
A

}o
%

Afol g HolA| 9

o

Table 11. 7] A& &= {74 0,2 W3}

Conc. of Storage period (day)
ClOy gas
(ppm) 0 1 2 3 4 5

Control  20.30%0.00*" 6.27+0.25" 5.80+0.60" 4.00£0.104 3.57+0.31 2.63+0.15%
5 20.30+£0.00%  6.370.80" 5.80=0.10° 4.1040.10% 3.40+0.17% 2.634+0.42¢
7 20.30=0.00% 6.10+£0.10™ 5.90+0.50" 4.13+0.31% 3.53+0.31% 2.50+£0.46°*
10 20.30+£0.00%*  7.60+0.10" 5.93+1.53% 4.23+0.15% 3.73+0.12% 2.67+0.23
15 20.300.00% 7.4740.06" 6.170.21 4.23+0.47% 3.60+0.17%A 2.6040.10%

YValues with different superscripts within a row (a-f) and a column(A, B) were significantly different
(p<0.05)

Table 12. @7] AZ & &7]W CO.Fe W3}

Conc. of Storage period (day)
ClOg gas
(oo 0 1 2 3 4 5

Control -° 8.83+0.55¢ 9.10+0.66 9.63+0.21% 9.93+0.51% 10.63£0.232
5 =¢ 8.83+1.10° 8.90+0.20° 9.60+0.36% 9.77+0.90% 10.37+0.312
7 =¢ 8.27+0.23° 8.67+0.67° 9.57+0.64% 9.77+0.76% 10.20+0.172
10 -d 8.53+0.35¢ 8.57+0.12¢ 9.43+0.47° 9.60+0.20° 10.50+0.362
15 =€ 8.47+0.59¢ 8.70+0.66% 9.40+0.62%¢ 9.8740.35% 10.33+0.402

DValues with different superscripts within a row (a-d) was significantly different (p<0.05)

Jin-hua -5(2007)2 green bell pepperell o]4tstd 4 7F2~& 0 ~ 50ppme] YO = A gfstal
10C oA AR TH5E= %7‘4 g+ A3, 20 ppm ©]
Tk 10 ppm ©]3toll A= W& k
2 Aot FARE e 1/}5}1412;11:}

Park & Jeong(2015)2 7] #A CO.t o] 4t3t
£ A3 A3 ‘Goha’ FFolA tlzad o|4hstd 4 7h2 A %
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FEE A o)AEd A Tl Ade Ty £7] Ul
=
=

He & AAstHA
@7)o] 7] F7#4E 348 log CFU/g olglom A F &Aoo 7 Zr)ste] A& 6
o HAS wol= 5.23 log CFU/gY] & HATH ol4bstgd A 7k~ A9 A g 27
M= =T R 2 AZRE T S7ksks AEolJAR d2] 7k dx=T
Hos AL 202 eyt S 29 Ao AR 2493 H0S WY dxaddes
fFrolAel Aolg & F Ao A 443 HAS well= A A3t Aole ¢
A tgzads FoZl aolE & F AT 53] 6L Aol = ojibE a4 Tk A
F57 &SR B FFE Hols Ao YEhy o)akslgd 4 szl 9F mAYE A}
3 237 des & F AT
Kim 5201002 27]¢ %7] 7= 3.09 log CFU/g olglom ol4stdiasE A
shle W 189 log CFU/gSl 4% Z71FFE Adstgon A% F dzTrt A&
Hog vre #4E HRATL 3o B WHAE TE Aphase) o|ATE U AAE
Hol&= AL E Yeyt
Table 13. o]4t8}d 4 712 A X2 $ 279 AR 5 o] W3} (unit : log CFU/®)
Concentration of Storage period (day)
ClO; gas (ppm) 0 2 4 6
Control 3.48+0.06%Y 3.63+0.08 4.48+0.06° 5.23+0.09%
3 3.48+0.06 3.45+0.05 4.05+0.16" 5.08+0.15%
5 3.48+0.06% 3.38+0.07%¢ 4.11+0.12" 4.97+0.09°%
7 3.48+0.06% 3.35+0.1% 4.04+0.13% 4.94+0.10%

DValues with different superscripts within a row (a-d) and a column(A, B) were significantly different
(p<0.05)

3
log CFU/gS ®Bom AA 2¥0& 3.22 log CFU/ge 2 <7t 78l A 5 1 o] F 3 E
Fol Z717F gold AA 6Y =S ol 511 log CFU/ge.Z ¢F 2 log A%
T SV Bt oSt vk AETe Bf, AR 28 FEH izl Hls
& 7T

g ngov A 6U7A A&HYon ol ntAn ha FEt EE4E &

£
IS
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% Fgole] #5 37
im SQUI0S| Brale) ol el

22 3l 3ol E ¢ T dAeH

O ZNWE A SolE ASHATAL sto] o]dEd i AHe 27 S, &R 2 &
FolE Ao o ermz olF FE3tY 2V|dFE Aojstar & Aol AET A
2 o] Aojet teo] AR T F7HH

P
o
it
el
(.
i)
32
v

Table 14. o]4tstd 4 7k A A3 7] AR T &2 9 @0l HE
(unit : log CFU/g)

Concentration of Storage period (day)
ClO; gas (ppm) 0 2 4 6
Control 3.05+0.10% 3.22+0.10 4.2+0.08" 5.11+0.08*
3 3.05+0.10 3.11+0.05% 3.96+0.12" 4.95+0.07°%
5 3.05+0.10% 2.94+0.07% 3.96+0.07" 4.89+0.06%¢
7 3.05+0.10% 2.9+0.11 3.82+0.13" 4.88+0.05%

DValues with different superscripts within a row (a-d) and a column(A, B) were significantly different
(p<0.05)

5 719 ol Hsl A4 6o

04.15%% ZASHATh T8 AEY ol4sAs st AAS FR AT AS
e txEst AR A F ALFAA, AF SUAAE hETR dshe] F
of FAHOE AYor], A fURelE thETol Az A

& ARshE B T4 AEo 3 Tl st

AA ==wKim 5 2003), Kang 5(2016)2 33227}, Yoon 5(2016)2 °]l&&FolHA Y A
BE FAANIIZ] fsted ARE ojatstd A hAE AEd Ay, AR 27]FH dx
THOE $F ZF4go] Adua st B A Hlws] E w, A& T Zole UA
T dX sk A on, @] AFA oibstd 4 Tt E AT A9, FE ¥sPE AA
dojd = Y& Ao AZHUE Guo 5(2014)S EntE] o]4aksld A 712 HYA TF
o] HAagtta skom, Kang 5(2016)2 ol4ksldA 7k o3 89 AR FF 1
25 9HE T Ae THFQ Jisolta stk
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&9 Af, iz 9 ol 4 i AP BT A% 2d97HA = wEE Zlo] Kol
A gtk 1Ey A7 39 o %

AE D77 HAEHT] AZSEA

71E°] S7FetR L, A% 69l
ojzbsldAa Tt AT AeoleE EF O
ppm=} 5 ppm AH#Te A%
oj4bstd A Tk Aol Fuf
ol g HolA &= AT

% % 5
7k AP FA HEE E

o & rlo
2l
e
=)

1o of
4y B m{o ﬂ.l9.

Table 15. o]4t3td4a 7h= A9 A2 2719 AR T TF H Hi& ¥y

Concentration Storage period (day)
of ClO; gas
(ppm) 0 1 2 3 4 5 6

Control  100.00£0.00**"  98.73+0.12°  97.52+0.61®®  96.95+0.14"® 96.32+0.22%®  95.27+0.07®  94.15+0.03%

100.00£0.00**  99.18+0.05*®  98.31+0.09* 97.48+0.08"* 96.77+0.12°*  95.79+0.20"  94.79+0.36*

Weight
() 5 100.00£0.00*  99.20+0.03°  98.31+0.12°* 97.51+0.13%  96.84+0.15°*  95.75+0.07™  94.55+0.09%A
7 100.00£0.00*  99.35+0.16°* 98.45+0.27°* 97.63+0.12%" 96.91+0.11°*  95.65+0.20™  94.79+0.24%A
Control - - - 4.17£3.40°%  17.71£3.99°*  47.22+16.84°* 70.83+5.89"*
Decay 3 - - - 3.13+3.99°4  8.33+5.89"®  15.28+6.36"™  58.33+11.79*
r(% 5 - - - 3.1343.99%4 5214524 11.11+4.81"®  50.00£11.79**

7 - - - 4.17+3.40°4  11.46+7.12°4%  40.28+13.39"* 58.33+5.89*

DValues with different superscripts within a row (* € and a column(*~°) were significantly different
(2X0.05).

pH #3}
Zb 2o AWE o) A3l A vt AHS Dr] &7] Yol HArtste] AAEAA A%
7]1Zte| w2 pHel WstE A3 Z3+= Table 167 2.

hzw el A, 27]ol= pHrt 3.62004 A 7130l S74dFE 242k 3.90, 3.67, 3.64,
3.77, 3.700.8 z7|RohE °F7F Zvlele AFS BATh 377 ppme AWE o]xkstd

& b AR Aele] A%, HEEd bR gAdes A4 F pHt F7se
A% ngor YT Aole @i AoE veht, olustda shzadl 9@ pH
MEE Qe Aow uEaY

520132 HEEUE o]4ks)
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Table 16. ©]4t3td 4 72 A A7 2719 AR F pHY ¥}

Storage period (day)

Concentration of

ClOz gas (ppm) 0 2 3 4 5 6
Control 3.62+0.07°Y  3.90+0.17**  3.67+0.20"*  3.64+£0.08**  3.77+0.29**  3.70+0.36*
3 3.6240.07°*  3.67+0.04°®  3.68+0.13"*  3.67£0.08"*  3.35+020*  4.12+0.10**
5 3.6240.07°*  3.69+0.08®  3.65+0.13**  3.72£0.19"*  3.58+0.51**  3.78+0.32**
7 3.62£0.07°*  3.63£0.02°°  3.73x0.10™  3.79£0.20°*  3.63+0.03"*  4.05+0.48**

D Values with different superscripts within a row (*°) and a column(®P) were significantly different
(p<0.05).

Zb w2 ANE oliksid A T AAS Y] &7] Wel HUbst] AAdstAA A%
713kell ME Ao WEE SAHI A Table 173 2ot
+8 Fo) 2xE 0.78%30m, Hzre] 4xE AL F AAs Zaste] 0.70 7 0.71%
Ao s Bk olitsdAa 7t AP Afolx: dxdd nixiAE A% F
AMAB st om, A 71 Wl FolZQl ZpolE HolA Ut
Shin 5(2012)& o|4tsld &5 ©] &3 B7] #FF Gohadl AA F+ AH=& FAT 2
I, AgEztel A7 F Hak dastion, Agezteds {2l AolE HolA e
O st B Awsl AHgE Fphase)e AT dAste ARE et
Table 17. o]43tE4 712 AY AT D79 AR F A= ¥} (unit : %)
Concentration of Storage period (day)
ClO; gas (ppm) 0 2 3 4 5 6
Control 0.78+0.03" 0.75+0.03° 0.7240.05° 0.74+0.03" 0.70+0.02° 0.710.07°
3 0.78+0.03° 0.73+0.06" 0.74+0.04 0.73+0.05" 0.7120.05® 0.70+0.03°
5 0.78+0.03° 0.75+0.03% 0.7520.02° 0.72:£0.02" 0.72+0.02 0.69+0.02°
7 0.78+0.03° 0.75+0.02% 0.72+0.02 0.730.02" 0.72+0.01 0.700.03¢
D Values with different superscripts within a row (*°°) was significantly different (p<0.10).
AE @s
Zb w5 ANY ol4kstd A T AS S HUME 2] 8718 AAStHA AR 73
of W& "r] ue Mx WslE SA43 A= Table 183 2ot

F. 2T SAAR O
A e Ao BREU,
A E(redness)e] Wl e T A%, 7] 34680100m, A% 4U7AE o




ogt
s
l—rl

(yellowness)«l Heles gz 49, 15 7201]/‘1 A T adhe AS Hlom,
O]’&fi}%‘i 7k s &2 AR A A S adste AFE B

A7t A = BE Aol FoZFd AolE HolA %—z?o A9k A7 5Y Aol =

dAtoll= 3 ppm AHElwro] Tha @ Fs Bt oo ME ARE T BA A
Aste T ek AI T ti = !

o W7t AL Ao wHT

Table 18. o434 7k AW A7 B7]9 A T =9 W3

Concenftration Storage period (day)

ClO, ng (ppm) 0 2 3 1 5 6
Control 31.96+3.074Y  31.68+3.56" 31.2143.16™  31.63:2.80"*  30.27+3.00°° 29244391
3 31.96+3.07* 31.37£3.33% 30334322 32474353 31374290 28.90+3.28%
- 5 31.9623.07* 30.63£2.94™*  30.2843.02°"  31.6443.06™  31.7022.92*  29.35+3.15%
7 31.96+3.07* 31.68+3.46™ 30.29+3.00° 32.03£4.05  31.05£2.66™°  30.03+3.20*A
Control 34.68+2.18% 35.83+1.84% 35.0242.02%8  35.13+1.80™*  33.85+2.05® 33.0742.24%
3 34.68+2.18% 35.85+1.74% 351521724 355441 8304 35364220 33.25+3.53B
? 5 34.68+2.18%%  3523+1.858  3561+1.86* 35.0942.26™%  35.03+2.75%  33.89+2.70°4°
7 34.68+2.18* 34.84+2.08%8 34.1044.34% 34.8242.12°4  34.05£2.08™F 34424224
Control 15.7242.39* 15294257 14.53+2.32" 13214255 11.7782.41%® 13.1442.29°A8
3 15.7242.39* 15.2942.49* 14.07+2.49% 143343.08"  13.10+2.324 127042718
b 5 15.7242.39* 14.78+2.40° 142742.51%4  13.4042.65°"  13.46+2.55°% 1323124198
7 15.72+2.39* 15.0442.64* 13.84+2.42°* 13.5143.22%4  12.80+2.06™ 13.66+2.48"A

D Values with different superscripts within a row (*~9) and a column(®P) were significantly different
(p<0.05).

Park & Jeong(2015)2 AHAIA H71e] AHdE FAE g CO.9 ClO; 7k~ A7t
Z7ol H3 52 HEE Ho B AR} fASE AFS Bioern, ‘Flamengo’ #F
© Agxel A% T St Zadoa st 2 Ao}

st A3 Yerd At =3 Mahmoud 5(2007) Z~]e] 0.5, 1, 1.5, 3, 5 mg/L<]

A A
27 g BEZ o8 ds taE AYSAS o, Ame] 2 YT FA FowA
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3= Table 19¢} 2t}

a2 7] 0.2157 kgoll o, A% 7|3te] S7tEa5 7HAste] A% 6+
2 Zadte A2 vehd AR ERRS & F ATk olkksid A b
< AZ 47 A= dxzaH FolFRl Aol HolA &gkt Iy A& S
zwo] 7Hg & WEE BloH, ojihstd e Tk AEde ¥ A
Ehtom, A 6dAtel= 3, 5, 7 ppm AT £o2 @] ARA o434
4 7k AUt g87]19 AEE ol AR fAMNZE F e AoE ATEHUH.

Ir

l

Iu
rlo

Table 19. o]4tsd 4 7h2 A9 A3 B7]|9 AF F F=o WHE (unit : kg)

Conc. of Storage period (day)

ClOy gas

(ppm) 0 2 3 4 5 6

Control  0.2157+0.0479*D  0.204240.0353™  0.1927+0.0345**  0.1852+0.0435%*  0.1742+0.0438°®  0.1644+0.0536%
3 0.215740.0479**  0.2004+0.0377  0.1971+0.0416**  0.1794+0.0334°*  0.1905+0.035b°F  0.1945+0.0415"4
5 0.215740.0479*%  0.1979+0.042°*  0.1921+0.0362°*  0.1869+0.0329°*  0.1984+0.0405**  0.1874+0.0329**
7 0.215740.0479%  0.1967+0.047°*  0.1949+0.0386™*  0.1883+0.0212°*  0.2065+0.0361*  0.1857+0.0351°*

D Values with different superscripts within a row (*™%) and a column(*®) were significantly different (p<0.05).

Mehmet & Cengiz(2014)= o] 4+std A4 A
xR o]4kstd A Aol A 71Xt =2

A58 Bt shel ¥ Az
of vlws| BW, WS Aeld Yehaso AT FI AIE Hol: Ao e

wom, Kang 520162 AWd olistda 7kx APz 35E

Yoon 5(2016)2 WAool AyF el olitstda TtAE AHES W AR T =33
A7 AAohal st B Ao} vlwd) BH Alge GEAT At AH(E e
Aot

7153%= A
Ay olateld A Tt ARS HUrsta 5Y F AASE S w 2] Wsl= Fig
6 2.
APRIO A B0l tixaS F3o] B AFF Fo o3 FAWIr 7H wden 3
ppm % 5 ppm AT WErt A e Ze® Yebgth 7 ppm AT ASelE
Aol oAU 3 ]/‘1% A g gAlo] 9

7b A Hrbsta, A 713bel whE 94,

o,

Bl AP, 649 NEEAA ARFe] A A0l FNFEE Faste] 6ARAE 2.7
o e A wuT. lUSL b A8 ALl s A AAL
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’a

b
= fmo» lﬂ
A

W, 7 ppm AP 2T A 71E W Akel & HolA] sty ARCM s e
Aol A% 4L7MA = ApolE HolA kANt A% 5 o] Foll= ol Jh wh
27 Wgstlon, ojatstda Jt2 AT HETEY 2 7IEEE YEAT

Fo A%, A N F RE AGTAA NEEE FAFGOM, AF 68 B4 Aol
g HolA: gtk FAA JEEIAE A 3UAAE RE Aol FoHS ol
S Holx RRAAW, A% 42 o Fol= 3 D 5 ppm ol4sA4 b AT ATl &
& J5EE Bol: o Ushgrh

Kang 50152 stZelztel ol 48tga 7128 E£3HW § /1S5S 243 A3,
=

A, AR 9 FFH VEE SHA HERTET 5L V|EEE BAT o] As
= EA5 & Aol A3

ool ANE Tt BHW Tr] AAA &r]de] AWE olitstd 4 s AW
A7le 5% Z4as, FuO8, 237 2 VEax Ao F2 HIE Y F S Ao
2 #AaE AT
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Table 20. °|tt3tH 4 7hx A A 279 A F 7|52=9 ¥

Concentration of Storage period (day)
ClO2 gas (ppm) 0 2 3 4 5 6
Control 6.420.4**) 6.3£0.4* 5.9+0.5" 4.3£0.5® 3.4£0.3% 2.7+0.4"
3 6.4£0.4 6.4£0.3" 5.940.5 4.8£0.44 4.1£0.3% 3.3£0.24
Appearance
6.40.4* 6.3£0.3** 5.9+0.5" 4.840.4 4.0£0.5% 3.5+0.3%
7 6.40.4* 6.4+0.3* 5.8+0.4" 4.240.4® 3.6+£0.3%® 2.9+0.3®
Control 6.5+0.3** 6.4+0.4* 6.1£0.2" 5.0£0.3% 37402 2.9+0.4®
3 6.5+0.3** 6.4+0.4* 6.1£0.3 5.1£0.4 4.1£0.4% 3.5£0.3%
Firmness

5 6.5£0.3** 6.3£0.4™* 6.0£0.4° 5.3£0.4% 4.240.3% 3.5+0.3%*
7 6.5£0.3** 6.420.3"* 6.120.4" 5.240.5% 4.120.3% 3.40.3%*
Control 6.2+0.4* 6.1+0.3* 5.6£0.4 4.3£0.44 3.8+0.3% 2.8£0.44
3 6.2£0.44 6.0+£0.4* 5.8+0.5" 4.5£0.44 3.9+0.4% 3.0£0.44
Flavor 5 6.2+0.4* 6.0£0.5* 5.7+0.6" 4.6+0.54 4.0£0.3% 3.0+0.4%
7 6.2+0.4* 5.9+0.44 5.7+0.4° 4.440.5 3.8£0.4% 2.9+0.4%
Control 6.4+0.4* 6.20.3"™* 5.9+0.5 4.4£0.5°¢ 3.5+0.3% 2.8£0.4°C
Overall 3 6.40.4 6.2+0.3* 5.8£0.4% 4.9£0.4°4° 4.2+0.3% 3.3£0.3%4°
acceptance 5 6.4£0.4 6.0£0.4 5.9+0.3% 5.1+0.4% 4.4+£0.4% 3.420.3%4
7 6.4£0.4 6.1£0.4™* 6.0+£0.4 4.6£0.5® 3.6£0.4% 3.0£0.4%

D Values with different superscripts within a row (* ¢) and a column(® ©) were significantly different
(p<0.05).

Ascorbic acid % A3}
AN F A 4kst=E S Qe ascorbic acidZb AWFEe] o]akstd A b B oAH
713 W& W3t =5 dotir] 98] A3 A= Table 213 2ot
7)ol AAF %] ascorbic acid®] $FHEHS 40.38 mg%ellow, AH F WHIE R
o] 7%, 35.67~44.75 mghE AZ7IF T FEFe S Ee A BFE HolAE ¢
T ZASFZ Yeyth oiisdA v A9 AHEde FEEE A7 30.21+45.61,
32.25~44.58 % 38.44~46.54 mg»h=E THXT ¥ WA E A A7|Ite]| W& FET WEE
Holx] ¢ktom, A F o= ATzt Fo4<¢l Aol& HolA+= F+ Ao E}
}.
Kang 520152 +=8& dzg7t A4kS 913 75 ppme| ©]4kst4
A z710 dZzoll nlste] A g+e] ascorbic acide] o] thAa AHA UEelyk=d],
o]+ ascorbic acid7} Z4FekA|Ql o]akstd 4 7l Aol o8] T Bluste A
st Ao, B ATl AE 3~5 ppme] ARG olqlEtd 4 Tk AdS °
282 &Fd HEHE ol H7] "ol st dojux] ¥ Ao 2 AdE T
Jin-hua 5(2007)& green bell pepperoll 5~20 ppm&] ©|4tsd 4 7125 A g
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o 10 ppme] EE=7HA= 2ol E HolA eskal, 1 ol AdEis W va A

om A% 40d ¢ AAAT gaskEd, olitsd A v ARy gz st

w2y st B Adel niws) RW, B A MG olitstds spao) o] A

7] wj&oll A2l 2] ascorbic acid®] ﬂ%k H3l7l gl Ae® Kol fA% 23S
V%

Blier, A% F #da f5Fe AF As, AZVT 2 25 59 Aolo g AL
2 AT
Table 21. o]AF}l G A 712~ A XT3 ©7]9 AA F ascorbic acide] 3= 3}
(unit: mg%)
Concentration of Storage period (day)
ClO, gas (ppm) 0 2 3 4 5 6
Control 40.38+5.87*AD 35.6742.55"  40.5846.34™  36.64+4.73® 38.5343.54"  44.75+8.38%
3 40.38+5.87*4 30214343 45.6145.55  4438+3.10%  36.13£6.32% 44314552
4 40.38+5.874 32254285  43.65+0.64  44.58+1.98  35.76£6.20°%  44.48+9.41%
5 40.38+5.87*4 384441026 46.54+£3.58  46.11£3.51% 40258241 40.43+4.99

D Values with different superscripts within a row (*°) and a column(*®) were significantly different (p<0.05).

Polyphenal 33 3
MY oktsldA vhx A™ES Ui Er|E AASHEA ARG o

polyphenol &3+&9] &S 5435 A+ Table 229 2t}

Table 22. o]4t8td 4 7k2 A¥ X3 27| A% F polyphenol 3-¢E9] 3 W3}
(unit: mg%)

Concentration of Storage period (day)

ClO, gas (ppm) 0 2 3 4 5 6

Control 111.2345.55%D  117.78+10.928  125.18+3.37  116.0443.73®*  124.76+5.32*  132.40+16.36**

3 111.23+5.55  109.66+2.54™8  120.95+7.28"8  112.1242.30  118.9745.39**  115.16£18.22*
4 111.2345.55"  107.5145.06™ 110.38+7.84C  117.16£3.00™*  121.2247.02*  125.1142.54**
5 111.23+5.55%4 1204343344 103444328 115562621 120.19£11.56™*  130.25+12.73**

a~c

Y Values with different superscripts within a row (*°) and a column () were significantly different (p<0.05)

7] 9] polyphenol &-3E9 kS 11.23 mg%Pom, AR & wWsle o A9
116.04~132.40 mg»= A&7+ = F7} <
2 Yehd, A% 5 ©7] W polypheno

b ig
u:oi‘
A&
e




oh o4ksld A Tt AW AHE TS FEEE 7M7) 109.66~120.95, 107.51~125.11 2
103.44~130.25 mg% & Wz n7tA 2 & 2ol HolA & Aoz yehy, o4t
st 4 72~ 93 polyphenol &9 W3t= fle AR AR H U

Kang 520152 szg7t A& & 75 ppme] o|43ld 4 7122 & AP S
Z HEo FHFE Aol FHfle] ApolE HolA| gto 3
S FAHAT St B A} v B, B AP AMEIF GRTE B2 ol
A0t F L3k 7&#% Hol Aol A8 o]4ksd 4 7F2~& polyphenol 3H3E9 HEE
do7x = Aoz FekE

Choi 5(2013) €719 d&xE, XVHLE, #7113kl W& polyphenol 3}3t=2] ¢

S Z3F Ak, AY FFY A AY SUAAE FHA ol AT I Fof
£ oUhh gadnia def, B 4 wvu A% 6A7kA S Absk 2 HolF HO]X] e
oz pesgon, 2719 polyphend BFES FFS FF £ AFew @ A

Flavonoid }gH&2] g+

ALY olitstd vt AdS HUIRE 2|5 AASHEA A&7 wE flavonoid
st Ee e AT A Table 237 2t

=719] flavonoid 3}gHE9] sHaFe 1259 mgwhEod, A F WHEs AFAUYEZ 12.88,
14.55, 14.65, 15.13 ¥ 14.32 mg»=2 TEA ISR O= Ui 718k HEEFSE BRI oy, A
717t WE Aol Rk ALl AT AR JRAIZEY Zo]d B F zpol= of
d Aoz Ao

Table 23. o]4tsld4 7t A A2d 279 AF F flavonoid 329 = W3
(unit: mg%)

Concentration of Storage period (day)

ClO, gas (ppm) 0 2 3 4 5 6
Control 1259404240 12.88£0.60°*  14.55t1.07™*  14.65£1.43®  15.1320.82**  14.32+0.70™*
3 12.59+0.42°4  14.04+1.08%4  14.79+0.3%* 15.97+1.22%4 14.01£0.724%  13.462.48"*
4 12.50+0.42°4  13.0020.78™*  13.59+0.87%  14.29+0.60"*®  11.23£0.56°C  14.48+1.52*
5 12.50£0.42° 14102119 12563058 13.67+0.70™°  12.63+£1.67™C  14.4620.58*

D Values with different superscripts within a row (*°) and a column (*) were significantly different (p<0.05).

Z+7}y 13.46~15.97, 11.23~14.48 %
Zbol A7IE W AR e

o] 4atald vl AF Ao A=
1256-14.46 mg%e TlzE D ol4kshels 7

X
)
o
mmﬁ




S FfEte 2o Yehy, o]ihalda sh2ol 23 flavonoid e WEE 1A LA

oE oz ATEHY

Jeong HIQ2010)= Wl FF9] @7& s dAERZ 319 flavonoid &FS =43 2
I, Aol IFHHA FFo] FTteR o, HsAZld Frlske FEE AL FAs
t 5= dua Yoy, Lim 520162 27 F5 5 ‘A% & vigHge) g5
o] flavonoid 3}et&Eo] FF2 FAZCE {FoHQ zolE HolA stk o, A%

<ol flavonoid %ol W37t A4 o} & Ayl FARE AEF Aoz AdHAN.

gg &3 FFAE vlsIrt gl Hlske] flavonoid ol ofRt Edtha
sto], T35, Al AlZ]L Al A, A7 2 AR 25 Foll whet e Aelzt 9l
= Ao® AHY. a2 o]Astd A J1AE o] &3 HAF AA Al flavonoid &
H3tE AT dTe FZokE & T
Anthocyanin &+

Aty el o]aksld At AW gk @y E A AW A anthocyanine] s A3}
E =43 A3= Table 249} 2t

=71¢] anthocyanin o2 16.44 mghilom, A% & ¥Wsh= tlza e 49, 12.31-18.92
mgsh= A F Gt FUFsItE AR 6YAtele Fadte AIFIRE, olv AP

ARERE A& JRA ZE Apol B AT A 6 T & AolE HolA = ¥e A
o2 AT AT

o4t} A ATt AY AT Afode wEEE 47 13.60~16.44, 12.73~17.91 ¥
12.36~19.35 mg%& hzT % s E 7 A F & x}o]E HolA &= ¢e AoE At
= At

Table 24. o|4+3}A 4 72 AH X 2719 A F anthocyanin®] 3+ H3}
(unit: mg%)

Concentration of Storage period (day)

ClO, gas (ppm) 0 2 3 4 5 6
Control 16.44+1.50*)  15.53+2.14™48  16.46+2.86" 18.92+1.91*4 18.39+2.02**  12.31x1.43"
3 16.44£1.50  16.29+0.67*%  13.60+3.15* 14.0343.10* 16374525 16.20+£3.30™®
4 16.44£1.50"  17.91£2.59*  162143.13% 16.51+4.81* 12.73+4.93  15.05£5.02*8
5 1644150 12.50£3.28"  17.6622.69™  19.24x1.72* 1236£5.40°  19.35+2.48*

Y Values with different superscripts within a row (*°) and a column(*®) were significantly different (p<0.05).

Lim 5(2016)2 vlsatEoh= 24o] ghad A3 ) anthocyanin®] o] rhal st
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2 Ao} vlwste] & o, & ATl AR BY)e s 2718 ARSI wedl AR 5
& AolE HolA v AoRE AEHITE Cho 520132 B7] F59 ASE A= 4
A%713tel W& anthocyanin®] $Hg2 783 A3, vsAdie AR 5 S7kke AdS B
o] anthocyanin®] @2 AdsHel Wt S7HAT, dsdols 25 3 F500 weEt ga2n
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gied 275 2 g5l AlAeE 54T A3 Table 259 2ot
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Qatel, 5 ppm A TL R PHAAAZ A 4Dl T4
¥ %S B 1 Fols A Pashs 4B UBon), qAo o is
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Table 25. o|4t3tH4 7k2 A 2t E719 AZ T G324 W3

Concentration of Storage period (day)

CIO; gas (ppm) 0 2 3 4 5 6

Control 66.01+1.66°%) 62.85+1.52°"  56.8044.09*  69.48+2.45%  64.14+2.27°8  60.92+3.40°A

DPPH radical 3 66.01+1.66"*  63.06£3.60 52.75+48.93A  66.67+1.44"  70.75+2.08*  56.81+5.35%A

scavenging

activity (%) 4 66.01£1.66"*  61.23+5.08"% 59.73+3.33"%  62.78+8.59""  67.48+3.38*" 60.54+3.07*
5 66.01+1.66°" 529444438 60.52+1.79"*  68.30+5.59**  66.68+1.028 62.76+1.934

Control 98.43+0.12"*  98.50+0.23**  97.80+0.13  98.1740.16™* 98.05+0.11%* 97.97+0.59>*

ABTS radical 3 98.43+0.12*  98.47+0.12**  97.89+0.28*F  98.18+0.11A 98.00£0.12°*  98.10+0.29°*

scavenging

activity (%) 4 98.43+0.12"*  98.39+0.19"*  98.1240.24*® 9832+0.21™" 98.10+0.12** 97.98+0.27"
5 98.43+0.12**  98.27+0.13** 98.22+0.10™  98.33+0.10*  97.90+0.19** 97.88+0.10**

Control 11.2842.08% 12434043  13.56+0.72**  11.81+0.70**  11.92+1.52** 11.33+2.46™

Metal 3 11.2842.08%  13.23+1.17%*  10.68+1.65*  13.41+0.74**  13.23+0.58* 13.33+].54™P

chelating

activity (%) 4 11.2842.08"%  11.85+1.19"*  13.96+4.17**  9.58+6.16"*  1045+1.63** 14.42+2.85"
5 11.28+2.08%  12.1940.70%*  14.89+6.18*  10.16£1.24*  12.3745.69 16.50+2.45

D Values with different superscripts within a row (*°) and a column(™®) were significantly different (p<0.05).
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ABTS eftig aABolds dzwe] 49, 2olt 843%cldom, A% Fel:

97.80~98.50%= & SV} T Ao AFS HolA v o= yEhy, ABTS #HZ

EASE A% F 2 WHE HolA @i A0 Uyt oldsdarts A% Helw

o] Ag, sEE=E Z+7F 97.89~98.18, 97.98~98.39 % 97.88~98.33%= Wz H| 15}
>

2 Folg molA @of, olastda Jha A ¥ AR F WSE Y& ZOE uehy

T2 AASY A, @) FHole AATS 1L8%E EXE @ken, 5 ppmel A
t © BT A¥TdA FoFd AolE HolA & Re AR

& 7k AY W AR T 5ol AASTY WHike 24 ¢l
Chomkitichai 5(2014)2 ‘Daw’ F3F9 &<te AAAH &S #ske] 10 mg/Le o]
28td 4 7t~ E 108 B¢ EE5A P8, DPPH AAbgeds, ABTS @uzd 274%s o
FE0)2 AATE AT 29, AR F UxT Z o)A vt AET EF AA
3] ZFAshARE, AA7IZE W izl Hlsl H& dHMslEAE S BRdvka st 7 Ade}

|

AEE olakstg s Fh2vt

7] AR FFE fste] ALY olitEd A Tk
= 9 7|35 W3yt AAvHLee T 2017), ascorbic
£ HXRS AR B st 249 WskE HolA] ¢ ZoE uEhg, U)o A%
4 FXE A5t 3~5 ppme] AWE o4kt A vha Ad HUPL adHd Zlow

A3 A ZSAENNF)Y o35tz FA W3l 2L 53 o|4ksgAs A
A 24 FY

AT BA FEo FEom sty -yt Rl Au 7 AAEe] FEIE o
FA L ATtUung 5 2015). 53 §7F B 7k AFl o 7€ S7bE AlF2
s

=
Z2eg ngste] AAY SAF, o




7kt A=
a3 AlSL
3tHRaeisi 5

i

FA oIt

S g By 4L AFoEN §F 2 AR T HIF F
= Z

4 ol
2016). Ee] Ao Age] DR AL, =A TA T WA
2

2 .
s BN BAYSRE WALY 5 T 5 dovHong 5 2008), WA A HE
o] Fo} AL WAL EY) wE EE oly2k(Brooke & Kaiser 1970), A& Ex3} #

o] Hldle] FE7]%ko] ZTHPark & Kim 2008). £3) m|AYE &

ko] gol hE Z4E
A FENT GolE AHEE ARsE Fad addow AFEFow A% AR
AHE §AE 98 MAE FAE 9% A3H A7 L7H L JAHKim 5 2016).

Aol AR FXE AT AFEE Dbl 2AHKIm 5 2005), 2 #F3H 7 *2](Choi
YI 1992; Yamamoto & Samejima 1977, Lee & 2015), thFst xAHH(Yang 5 2009;
Hart % 1991, 7}2#7HChae 5 2011; Hood & Mead 1993) 5 o2 7}#A W& &
st A5 AAAE Fxlo #I ATE TR gtovt & S/l sk AR
o3 "olxa gt

A%l 9 F Brbese wud 9 ATl ge 27 o 23%, 12%2Kim M)
201D e FFot Hasle] thE Rele) us wmd e @43 g3 g
&3 F57E B B W okl WY Fe 2ol A ¢

ojuf WAL ASAN T AdREASoA TS HF 8V E F ‘}’AE}

S, vAE Ao W F oA RCIO)E HFSEAER HA YA EIKim M
200D Et=d Fol AHHA gom pH W FasA dddHe AL & v
Huzo]l ATHKim 5 2009). o] ¢} 22 ojqtsid i WHAdo o]itstdae] Rt 7t

2P W T30l wol A FAEY AF B 75 T EHH adHoR vAES

Aojd & Avkar dHA UAvkHan 5 200D).

A
wetA & dTolAe olibstda k2ol oF FitE ol FatEdAxE AR
S ARE Fdstr] st A5 T @UtESFe 28R st AFst= <t 7-15 ppm
Mg e] o)atstd i 712 AN D3 AASHA HA 77| wE | AYEEH, o

As R
A5
B oAgel A8 HESE Bu] AR AXUAL C Aol AaE AF x3
4 AEE TUste Abgskle b ApolE Hasslr] sty H@UkESU &

BB 7 x 5 cm AR 27|12 Avsle AL,

)
>
fu
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o2t d 4 Jk& A

H7kEsolo] olatstd 4 b Aes AR e ojakstd 4 7k A (Sejin E & P Co,,
Ltd., Anyang, Korea)& AF&3t3om H7iEse] AR 5 FAHSNE SHs] Hsto 2+ =
S0 o]4bstd A Tl Al (7, 10, 15 ppm)e ZH2be] AHETHEE TYs FoE A
3 G9ESS 419 Fo=2 dhed &7](155 X 155 X 87 mm, Lock & Lock Co., China)
of ¥a o|itstda Tk AHE 8&I)9 FAo FRAAA Ylow 4ToA 8d F<t
AgstHA Ao AMESEA AL, o]4bstd A Tk AdS USR] S AdTe o

¢

BN
g

EEERSEE:
AgE olasgia Jha AN Yo BtERS AFARN ARl B2 FES

4x4 cm9 templated HEAZ7| "WAIZ] HEOSF swab=
3 &3 "l FAFE o] HHI HEE AU T. FHSE aerobic count plate
petrifilm(3 M Health care, USA)ol| 34} 1 mLE HFsle] 37CAA 243 vjsst &
AFstg o WA FTTE S vV 2 E coliColiform-g petrifilm(3 M Health
care)= ol&3ste] 3|AHE 1 mLy HII F 3TCAA 24-48A1ZF v kst $o] A3}
Fom A& 1 cm% colony forming unit(CFU/cmd) = JeERH QAT

pH 54
H7tE59 AA7|13re @& pHe WEe viiAzl A& 5 goll S/ 45 mLE 7t
st #4335 T AARYE ] 3R o7 pH meter(AB15 pH meter, Fisher Scientific
Co., IL, USA)E o] &3t SAH3Ath
4 24
A o] ol4kstd A Tha AHE AYd JUIESY AR T FWHe SA9 ¥Ee
A4 21 Al(Model CR-300, Minolta Co., Tokyo, Japan)& AF&3le] Hunter L, a, b &g =74
stRom 72+ Asd 153 o) SA4% H HEiks UEATE ojwo] ojuf A8 &

% WAlyKstandard plate)e] L*, a* @ b* gk 77k 95.02, 0.04 2 0.26 o] AT,

rl
]

g9 HhERe AFLA] 75C LR AR AR LE 72Ce] £2E WA 71
@ ¥ ln-F FRAE e oo Agee Aue
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o
oy
&

rd H = -1
VR (%) = T = < 100

RSt 4 Tk AT A AT HUbEso AT e ATH Y
Heles 79 Es 43 Al8ol| dste] Warner-Bratzler shears #2Hsk Texture
analyzer(TA-XT 1I, Stable Micro System Ltd., Surrey, UK)E A&3le] H7l&So] &4
3 AekE w7z e] MeE(shear force work)e ZAsATh ZF A ElFultt 53] o]4de
HHE S35 SAHX o HAEges ARESHAT olwe EAx7-& pre-test speed 2

mm/sec, test speed 1.00 mm/sec, post-test speed 5 mm/sec, distance 40 mm= s} H T}

343 4 7] B A A(volatile Base Nitrogen) =3

H7tES AGA AP olitstd A v AdAS A Yol ARt A7t
e AR arIedae] g Msk= Conway o) 32 (KFDA 2002)0) whal 24319
o S AlE " 10 g9 AEE HI § SFT 90 mLE Jhete #AVE FE A
1 & ARt AHstgon o 1 mLE Conway 94 9Fo] ¥ 50% K.CO3
A LEZE Y& T y4dd= 0.01 N H:BO; lmLQ} 500 uL AAFS E&
2 T Ao ARG KCOsE v A A RESAIZ £ 3
HH-SA 712 10 4L GCE injector2 Fst2 wi7zbA] 0.01 N

A =

oj4tstd A Tk Ade HYd HUlEsY A" T AN EE SAsH] #185k
Witte 5(19700¢] el ot FAstAt = Jo & Ahn(200009] HH-& WY st
2-thiobarbituric acid reactive substances(TBARS) #t< A3t A% 3 g ol S/FF 9
mLE Y& & 7.2% butylated hydroxyl toluene(Sigma-Aldrich, USA) 0.05 mLE % 7}38}¢]
& 7]1(T25 basic, IKA GmbH & Co. KG, Germany)E o|&3] #+2(1,130 g, 1&HAIZ &=

AN 1 mLE #3}e] 2-thiobarbituric acid(TBA)®} trichloroacetic acid(TCA) &3 84
(20 mM TBA in 15% TCA) 2 mLE Z33¥ch E3N-g 3087 90C o e FZFo4

7}E3% & 1087 WZste] 2,090 X g2 2087 AR & ASAS HE BEF A=
ADU® 530, Bechman Instruments Inc., USA)E ©]&3}lod 532 nmollA FFE=ES =A 3}

At A& A3 == mg malondialdehyde/kg sample® A 83t

fejobul g =4
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oj4tstd A Tk A AEd GUtES A T 8 obrnAr e ¥t AxE
glslr] 913k Hughes 5(2002)2] ®WHHol o]sted f-glojr| =qkS

g G7lES 2.5 goll 2% TCA €9 10 mLE ¥2 % 13,500 rpm/min® & 18 %<
TAZA 7131 FZES 17,000 x gollA 1583 AR S & 045 xm membrane filter
£ o] R3] o33t o] Waters AccQ-Tag (1993, Millipore Co-Operative, Milford,
MA, USA)o.2 F=A3tAZ & feotuial A|§2 3w RP-HPLCZ =A% ojuf A}
£33 columne AccQ - Tag™column(3.9x 150 mm, Waters)ol™, FU4 &S 5 4L, column
25 % 37C, detector= fluorescent detector(WatersTM 2475, Millipore Co-operative,
Milford, MA, USA)Z excitation wavelength= 250 nm, emission wavelength= 395 nm=
sh o]l®de &1 Waters AccQ - Tag eluent A(Ew] A)9} 60% acetonitrile(£v] B)E
gradientt &2 F2Jg}

A =244 4

ojitEt A A Tk AIS AEd WAE AR T AP =AY HIE ZA S
7] $18te] Folch 5(1957)¢] W we} SX2HH QRS F=3A0 S5 A8 30
goll 150 mL¢] Folch solvent(methanol:chloroform = 1:2, v/v) o

FE3P o o] &d 0.88% KOH &8-S H7igk & ohyj T3t 241 F
ot Ao WXEIY. I F FFe AASE d5< chloroform F& ¥4 NasSO&
o]&st] FEE AASL AAANZASH N, gas(99.999%)E °l-&st &miE AAsAH.
F=3F 24 100 Lo BFs;-methanol(Sigma-Aldrich Co., St Louis, MO, USA)S 1 mL #
7}skal 308 &<F 70C ol 4] methylation AlZFH T I ¥ methylation A1 ARE WYZHA|
712 2 mLY) hexane(HPLC grade)® 5 mLe FRFHFE Hriste 33 & = Byt

e

ik
ojub® fatty acid methyl ester7} &3]¥ hexane & E3&3te] GC vialZz &7 %
gas chromatograph(HP Agilent 7890A, Santa Clara, CA, USA)Z A ual A& =43}
o} ol A& columne DB-Wax(50 m X 0.25mm X 0.25 xm, Agilent, Santa Clara,
CA, USAE AF&3tH oven &% 200C, inlet % 250C, detector &% 250C &2 3} A T}
Carrier gas2% helium& AREsted 9 0.79 mL/minZ ¥ EBEUFQ091 split ratio=
100:12 3t Ao XW4ke standard®] retention time3} ¥ w3} peak areall
Al Bl = YR AT

QPSR
JNTP L Tha AT PA AR HIAEE ARV e A4 FABL W

3} Nakatami 5(1986)¢] ®WHS WEFsIA PstAtt. S AlE 5 goll 0.7 M perchloric
acid 20 mL& F7}ste] #+&7](T25b, lka, Works(Asia)., Sdn, Bhd, Malaysia)E ©]-&3}<]
20,000 rpmoll A 18 5ok #As T FAES 2190 X g& 4T oA 108 F¢ AR
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2)(Union 32R, Hanil, Inchun, Korea)& & T& 45de A F Ak 0.7 M
perchloric acid 10 mL& F71&2 Yo A FE53 T = ol S

hydroxideE ©]-&3to] pH 6.002 Atk 1 &, 2,190 X g= 4T
g#AH S 53t KCIOZE A A o2 0.7 M perchloric acid(pH 6.0) ©]-&3ta] 50 mL
2 A&3k9h o] 0.2 ¢m PVDF membrane filter(Whantman, England)E o] &3} =2
B3 o &4 el o] &3kt

a4

7 N potassium
Al

B7F QAR

Rl

d  EZ&  hypoxanthine, inosine,  inosine-5-monophosphate(IMP),

r

adenosine-5"-monophosphate (AMP) % hypoxanthine(Hx) %< HPLC(Acme 9000,
Younglin Instrument)E ©]-&3}o] Atlantis dC18(5 xm, 4.6 X 250 mm) Z@ o= RA3}
Atk A A AFR3E o] F A4S 0.1 M triethylamine in 0.15 M acetonitrile(pH 6.5)0] ™

A G4 W A8 v ] mL/minQ} 40CoAA EAE 9oy A== UV/VisE

(e} =

TE HES AEE FAYE widsta UdE 5 A5 WA, i) 2 34 7
o] tiste] o] A uidislike extremely) 17, X 5 o]thHneither like nor dislike)E 4
thets] Zohlike extremely)S 7H O 2 = 7H HEW wgt =AH3A Y

TAAE

B Ao A dojx A= SPSS 12.0(Statistical Package for Social Sciences, SPSS
Inc., Chicago, IL, USA) program< ARg3sle ZF Ad 4719 §24(10.05)S ANOVAZ
#24% £ Duncan’s multiple range testell 93] Agte] Aolg 4351

o E S W
AWE olastds Jhr ABE Be WSS ARV WE FRee] WsE

43 log CFU/cm? o]9lem AR F o< Wale Z7)de
X A8 F7tstithrt Xﬂ’é} 29 o]l HHEE wEA Frstder A 8dA = 6.78 log
CFU/cm*e] #45 HHth ol4tdtd 4 7t A AT A= xzad npidrx
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2 A% F 257t FARE A0E VEgoy daTutE #59 /) thh e
Ao veht ol4stga sha Ade] o3 NAYE Aol A} ol AE e
% gk

Table 26. ©]4t8l 4 7tx A A3 B7MESY AF T 759 ¥
(unit : log CFU/cm?

Concentration Storage period (day)
of ClO, gas
(ppm) 0 2 4 6 8

Control 3.43+0.16*AY  3.78+0.08"*  4.61+0.10% 6.06+0.13" 6.78£0.04**

7 3.43+0.16%  3.53+0.09%¢  4.57+0.11 5.91+0.15"* 6.58+0.11%°
10 3.43+0.16%  3.65+0.11%%  4.4440.09% 5.88+0.18" 6.50+0.19%
15 3.43+0.16% 3.33+0.24C  4.21+0.11® 5.53+0.16" 6.24+0.14%

YValues with different superscripts within a row (a-e) and a column(A-C) were significantly different
(2€0.05)

MR ol4kstel s Tl AW Ye Hrlage] ARyt Be fAwsel W

Table 27. ©]4tsld 4 7t A9 A3 F7tESY AR T dAFTTY ds)
(unit : log CFU/cm?

Concentratrion Storage period (day)
of ClO, gas
(ppm) 0 2 4 6 8
Control 1.97+0.25MY 2.224+0.13% 2.8940.15%4 3.40+0.12" 4.3340.25%
7 1.97+0.25% 1.87+0.68 2.59+0.34% 2.99+0.44" 3.74+0.28
10 1.9740.25% 1.834+0.18 2.50+0.19°5¢ 2.79+0.4" 3.35+0.21%¢
15 1.9740.25% 1.58+0.51% 2.32+0.2>C 2.40+0.28" 3.43+0.28%C

DValues with different superscripts within a row (a-f) and a column(A-C) were significantly different
(2€0.05)

719 hFFFFE 1.97 log CFU/cm? oo™ A& & AA3 Zr)ste] AA 8Y
o= 4.33 log CFU/cm*2 57} F718S & 4 AATh ol4tstd s 7k~ A
Fols AR 29 o= HETEYGE Y2 455 EIAT F9420 AolE
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Hong 52009 2714 stel x7] mABFE 414 log CFUglSlom A4 3 75
7k kel A% 1023 HRE Wl 692 log CFUge.2 Z7ialed olharel 4
AN A 271 9E A7 WY e #F5E 2ol HAES AT & 9
W oolsldad FEI old5E VAR A% AAEAI JAokn she] B Asfel v
wake] BE Fphase)d Aolzk AT PP AREAE ARG T B

A VE AEEE oldsgarde Adnet de Aow et of
N §EE olastds 7hnel FEAC] Hol YA BF

AEHYOH & AAT = Jx TGFP AT

U 5
rlo
N

Table 28. o]4t3td 4 7t~ A A3 |7ls52 AR F pHel W3}

Concentration Storage period (day)
of ClO, gas
(ppm) 0 2 4 6 8

Control 6.00+0.06*Y  5.99+0.02**  6.13+0.03"®  6.27+0.05*  6.30+0.06*

7 6.00+0.06>  6.01+0.04"  6.16+0.01**  6.21+0.03**  6.21+0.02*
10 6.00+0.06"  6.01+0.06"™  5.98+0.04®  6.20+0.01**  6.26+0.01%*
15 6.00£0.06"  599+0.01"  598+0.11"®  6.15+0.07°®*  6.25+0.03*

YValues with different superscripts within a row (a-c) and a column(A, B) were significantly different
(2€0.05)

H7bES %719 pHE 6.000110™ A&7t wE ®stE AvEH 2o A,
A% T AAA3l S7kske Ade Bon A 8Y HUe wol= 6 %
At 7-15 ppme| ol4tE A4 Tk AHES A Agole 24
2 598-6.2582 T uRtAE AAF F7kste Ado|l o
712 Wl 940 atol& RolAe FUAR 2T EohE o
FASE AS0Z YEE

AR 24 AIZE AAE A AlSe pHeE 7SS 49 pH 5.8-6.08 =olH(kim &




1987) #7344

Z pHrt %

ot MAE A% o8 w7}

/\]—%\.5]_‘:_

et
i:
]:l

SR =d(Kim MR 1996; Kim 5
ol o} ofwlH
AT A} H

o] Zaf=m,

Aoz AdHA Eloi(Swan & Boles 2002) &

o g@7tES A olrtstd

J*DPH Mt‘r

a

2014;

Shin 5

2006)
F7F A4El 22 pHIF
s By A
7}é A S %%Q 7d

==

5

4 =4
Ay ol4kstd A Vha AFS HUbsta AR HUMESY S WItE A4S A
J}+= Table 299} 2t
Table 29. o)At G4 712 AH A3 B71E&890 AF = A9 W3
Concentration of Storage period (day)
CIO, gas (ppm) 0 2 4 6 8
Control ~ 46.0+£72.07*Y  51.924+2.93** 47.46+2.73" 52.06+3.31%*  43.73+2.82%"
Lightness 7 46.07+2.07"  48.30+2.99 46.84+3.92°  46.98+3.02°C  46.07+3.24C
D) 10 46.07+2.07°"  49.60+3.15® 44.80+2.50°C 43.93+3.07°  49.49+275®
15 46.07+2.07"  46.54+2.73C 49.90+3.81"  49.60+4.35"  52.31+3.24%
Control ~ 2.44+0.73*  0.93+0.62°C  1.10+0.60"®  1.04+0.72°*  2.26+0.70°°
Redness 7 2444073 1.37+0.64®  183+0.90"  114+1.00%  1.67+0.86"C
(@) 10 2444073 1.28+0.95"C 0.96+0.58°"  0.81+0.82%  0.02+0.42®
15 2444073 218+0.80*  -0.04+0.83C -0.45+1.39"  -0.08+0.74"
Control ~ 0.63+0.88%*  549+1.46*  3.00+115"F  525+156%  2.96+1.12°
Yellowness 7 0.63+0.88"  2.98+157"®  2.36+158"®  3.99+1.64®  2.74+1.40"
(b) 10 0.63+0.88"  543+199"  3.09+149%°  425+1.26"  559+144%
15 0.63+0.88"  356+192"® 3514232  381+234™  479+1.38"°

DValues with different superscripts within a row (a-d) and a column(A-D) were significantly different

(2X0.05)

quzel A, 20 2uHor BUAE AdSDE
e AW AT xR

o]t} 7-10 ppme]

o] 4k8} ¢ 2

46.07°1 o A%

9= A

pEacel

=

o Jept A%

Z ®W3l= 43.73-52.060.2 A A7]|7ke

HEo Wl A &
oj4tsld A Tt A9 AHErE A A
71 W iz vl HEE 2t

==

=

A A}

T Ao

A% & ta daste %
=
T—

64 7HA]
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rr
)

AHoZ thzwd & Aolg HolA ot Zog vyt 18y 15 ppm HeTe

AR T HAE o]l T2 Aol nlste Yol AFE BAon ol AMyyo

2 9Ed olusiga 712Y $E} ARLGTE FEFE Fobd Aol wsE 7}
o

=<
= woHy 15 ppme] FERTE e oA Astelol & Aoz Wi

AL A
= Ao
G0 Ag, Z7|dd= 0.63°1ANeH A F W3 2.96-549 BHE UERHI o
Z7|R0E & #S FASIAOY A7 wE S A¥FS HolA+ It
oAt A Tl A Hyto A FEHEE 2.36-2.98, 3.09-5.59 2 351-4.79%2 iz
T ARG H oA o] A e %k" Uetdol A% 5 w7 Bos Alg JHARE 2
olo] 93t Ao 7 FhEHAL
Hwang (20152 =413 B7FESS AAstAA 49 H3lsE S8% 247, A7
1 A4S FAHCE FoFQl AT lvka st B AR} FARE AEF] A
o5 ATEAT.
A
ALY olAst A Tk A S ¥e HUMESY AAT|Z wE e E ¥WEE
=43t A3= Table 303 2t
Table 30. ol4gtd4 712 AW AAF G5 A% 5 /HAnFe] W
Concentration Storage period (day)
of ClO, gas
(ppm) 0 2 4 6 8
Control 27.71+1.022Y  27.88+2.21° 28.93+1.65° 27.68+2.232 27.78 +2.382
7 27.71+1.02%  30.17+2.52° 27.13+1.53% 25.54+2.02° 25.46+4.09°
10 27.71+1.02° 28.74+2.49° 28.19+1.26° 25.49+3.592 27.91+3.117
15 27.71+£1.02%  29.25+2.322 27.39+1.27%® 30.07+2.99° 25.45+1.24°

YValues with different superscripts within a row (a, b) was significantly different (p<0.05)
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7F itk st 193 AAE A st B AAS {FARE AFoldlen "UlEse
OE rlek 28 AR T 7hEAEe 2 Aol HolA= ¥e AR AAREHIN.

Table 31 0|48t 4 7t A% A2Y Briese] AF & Ao bs

(unit : kg)
Concentration Storage period (day)
of ClO, gas
(ppm) 0 2 4 6 8
Control 3.040.67°AY 6.03£3.17 4.12+2.383cA 2.62+£0.54 5.50+3.028>4
7 3.04+0.67% 4514197 3.49+1.26% 3.45+1.79% 3.24+1.57%8
10 3.04+0.67% 3.30+1.34% 3.89+2.21%4 3.16+1.10% 2.75+1.44%
15 3.040.67% 5.9442.56% 3.62+1.61" 4.0141.35%4 4.4241.80%48

Dvalues with different superscripts within a row (a-c) and a column(A, B) were significantly different
(2<0.05)

27]9] Aee 2+ 3.04 kg o|QoH tETe A F Avy Ze 262-6.03 kgo =
AA71E F7 e & S WEE RolA = ol AAV|ZE stelY W= IA §l
T ASE AGHAG. o|4stEA Vi AY Ay AfodE oz rRiiA R
A 8AAE A Lstae AHed BEF FoZQl AolE Ho|A] ol o4bst A Thx
Ao o3 Mgl Msle gle A= AdFHIo

Hwang 520152 dAFdAx= A T Y853 dd=ggto] ol Aozt it
3 gt AR F AGE Ades B AFAMY A} X st A el

3]43-A 4 7] B A A(volatile Base Nitrogen) &3
A ol4tstd A T AT A AT HUEESS ATt OE IEAd AT
B2 Ao WslE £43 A3 Table 329 2.

?‘4‘:“/‘4“71\:41@/\% 2150 W7t ol uwet 2§ @i Zo] ojumi ik} F]E)
A42 BaE+ AL A3 = &, 3l HAEE =43t H(EShin 2006002 2
Mz BAAH o 7]Fo] HAtHBrewer S 1992).
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Table 32. o|4tstd 4 7t~ A HAF BI7IESY AR T AL8Q7Hd 4 Hs
(unit : mg%)

Concentration Storage period (day)
of ClO, gas
(ppm) 0 2 4 6 8
Control 4.20+1.14D 4.90+0.814 5.95+0.70% 12.60+1.14 23.80+2.56%
7 4.20+1.14%4 4.90+1.81 5.25+0.70% 9.45+1.34% 21.00+£1.14%8
10 4.20+1.144 4.55+2.10A 5.95+0.70% 9.45+0.70" 20.30+1.81%8
15 4.20+1.144 4.20+1.62% 5.25+0.70% 9.10+0.81%® 19.60+1.40%®

YValues with different superscripts within a row (a-c) and a column(A, B) were significantly different
(2€0.05)

H7tESe 27] FAAATIE ALY e 4.20 mghRoe™ A7 4LNA = 7Hz
490 % 595 mg%E Z7IHT= AZF FIIER o {28l AolE HolAE ¢
89U AF 6YREE 218t A 8Y HYLS wol= 23.80 mg%E 3] A )
29| FFo]l Frlete ASRE Ul @il WAool dojds & 5 AT ol4ts
7t AR AYF Aol 7-15 ppm TEER 4YAAE 52559558 HE
A2 71 2 At fFod] Zfolg Hol ¢ 6
T xS 1260 mguR oy olikstd A A %
9.10 mg» = thExTRT Ui ¥ e 2H R =,
dath A 8Y = o]kt A s AW HyFo EH}_%}EE}% o e gu
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N = Uz v 2 271 3G9 A T 4.48~4.67 mg%E EZFH=
o]E Holx GErtil st B Ayl wws] BY F7te] AETE ApolE Ho
v AP AL AR AE F AR =0 Fo Aold o3 zow FATEHTH
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TBARSE A =E ZAstes WHOoE Ao 4tsto] o8| 47]= malonaldehyde
9} thiobarbituric acid”} ®H-&-3te] A== HFAE spectrophotometer® A4 3t= W
H o] thShin 2006).

H7FES 2719 TBARSE 0.04= wj9 @& ghs YeEUAD A F9 WHsl= 7|3t
W2 7h7h 012, 011, 0.08 B 0.09% X71HTH: ofzt F7herle sgont e e
#s FASAT. sEE ARE olisd4 vt A Ay AvE AR F Hse
HaEed R ge e fAsE o Ueom A7k F7tel BE A
A =gk gt S BFS gle AoE FHFHAT
Table 33. o]4tsld 4 712~ AH A 71559 A% 5 TBARSY ¥

(unit : MDA/kg)

Concentration Storage period (day)

of ClO, gas

(ppm) 0 2 4 6 8

Control 0.04+0.06% 0.12+0.02? 0.11+£0.01° 0.08+0.00? 0.09+0.02?
7 0.04£0.06% 0.08+0.01° 0.08+0.00° 0.10+0.01? 0.10£0.02?
10 0.04+0.06% 0.10£0.00? 0.12+0.02? 0.11£0.00? 0.08£0.01?
15 0.04+0.06% 0.09+0.00? 0.07+0.00° 0.09+0.02? 0.12+0.03?

Yvalues with different superscripts within a column(a, b) was significantly different (p<0.05)

KN

HP Chae 5(@201DS A% 5 H 7}*5#9] Xl Wb =7F of3E ST AL shod gk
o
"_‘l:ll"

e BAEH ot BUlES Al AR WS A AW AeF Azl A

of WEel Ro B B ddeld NAuWEe grol A 71z v 2 WS
RolA RE el LAY bt SAAYAE EFHD A ) ALY 21
il AW A dojuA e Ao AR HAESF AP olidsgs sha
A% Agel old AAE gl Ao BUHUT,

7t AN S GUbES AA @A ¥ ARSEA fEotre

2 A o5 A" opr|i4he 14F0] ofn| 4ol AEFEHIIL YA 9 ofm 4t
o nE == g2 9399 overlape & A 23tk

Hzze % feolrindt BFe AF AFol: 22446 mg%Aor AR F 247
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Table 34. o]4tstd 4 7k A A2d q@7ltE52 AR T FEotvite] WE

(unit : mg%)
Amino ~ Concentration Storage period (day)
. of ClO, gas
acid (ppm) 0 2 4 6
Essential amino acid
Le Control 5.68+1.09 8.56+0.18" 12.35+0.44% 12.96+1.75%®
7 5.68+1.09A 12.0141.24"A8 16.72+5.30%* 20.52+2.47%
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10 5.68+1.09% 14.45+0.11% 9.68+3.20" 14.93+0.56

15 5.68+1.09" 10.21+1.63"¢ 18.90+6.01% 12.800.06%"8

Control 12.35+2.10" 16.16+1.44" 23.05+0.29%5 24.46+2.67%

7 12.35+2.10% 22.47+2.38"8 18.49+6.67"F 36.25+4.00*

beu 10 12.35+2.10% 26.44+0.18% 18.57+4.04" 27.2740.72%®
15 12.35+2.10% 19.90 +2.720EC 35.60+6.88% 24.2940.32"B

Control 19.31+0.65% 29.68+3.66"" 32.33+1.45% 23.88+3.49°*

7 19.31+0.65™ 35.54+0.68%8 34.33+5.27% 32.39+0.20*

Lys 10 19.31+0.65™ 39.24+0.76% 31.86+13.41" 25.65+8.44%*
15 19.31+0.65% 32.86+4.40"8 46.11+4.83% 34.47 +6.55A

Control 4.33+0.61 5.78+0.37 8.68+0.21°" 10.76+1.24%

7 4.33+0.61 8.71+1.72"8 9.05+1.14" 17.13+1.38%

Met 10 4.33+0.61% 10.01+0.84% 6.96+1.28" 11.63+1.03%®
15 4.33+0.61% 7.74+0.80AB 15.64+3.47% 10.79+0.18"

Control 6.72+0.35% 8.12+0.49" 11.69+0.19" 13.96+1.15%

7 6.72+0.35" 12.04+1.36"" 7.34+7.71" 20.39+1.35%

Fhe 10 6.72+0.35% 12.67+0.05% 9.6841.34" 14.33+1.48%
15 6.72+0.35% 10.68+0.06"* 18.26+4.10% 14.72+0.67%8

Control 9.90+1.10% 14.43+0.20" 19.61+0.40%8 21.75+2.12%

7 9.90+1.10% 18.75+2.30"5 19.53+1.26"5 31.78+3.72%

vel 10 9.90+1.10% 22.29+1.37% 15.48+4.14™ 22.89+0.58%
15 9.90+1.10% 16.57+2.07"B 29.60+6.97% 20.87+0.36"

Non-essential amino acid

Control 34.48+3.16" 34.56+0.03 42.68+2.14% 44.49+5.00*

7 34.48+3.16™ 38.64+4.60"" 40.13+1.42" 59.24+10.66%

Ala 10 34.48+3.16™ 47.77+3.38%A 35.07 +6.66" 45.60+1.26%
15 34.48+3.16" 39.56 +6.88"% 62.55+8.52* 44.50+1.33%

Control 11.02+£1.47% 17.94+1.83"® 27.28+0.44 21.52+4.23"

7 11.02+1.47" 25.43+7.658 25.49+1.42* 30.74+6.62*

Asp 10 11.024+1.47 31.19+0.71% 18.66 +4.39" 26.52+3.03*
15 11.02+1.47" 22.58 +3.60%"8 32.90+9.92% 25.72+1.56%

Control 28.37+2.43% 36.66+2.60° 46.02+1.28% 45.10+5.83%

7 28.37+2.43 47.69+9.52048 47.52+1.64% 54.44+11.03*

Gl 10 28.37+2.43 57.17+0.60% 33.81+10.24™ 48.27+4.06%
15 28.37+2.43 421749678 56.92+13.30* 39.14+0.11%*

Control 19.80+1.60" 21.74+1.998 27.24+1.49%5 29.89+0.53%®

Gly 7 19.80+1.60* 25.93+0.67" 28.3442.468 38.72+2.50%
10 19.80+1.60" 33.38+2.13 22.87+3.17" 29.20+1.22%

15 19.80+1.60" 27.55+3.93248 39.13+8.90* 33.68+2.62%5
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Control 28.55+3.99" 32.94+4.24*® 41.29+2.14*8 36.70+4.59%A
) 7 28.55+3.99" 41.86+4.955 40.24+0.37%48 53.07+15.16%
s 10 28.55+3.99° 45.16+0.91*4 28.37+2.95" 41.92+1.23%
15 28.55+3.99" 39.46+3.13"8 56.75+13.01% 43.54+0.34"*
Control 8.96+2.70" 10.14+0.18%* 16.59+5.10* 17.21+1.60%8
7 8.96+2.70 15.77+1.17™ 16.04+0.47%* 20.97+2.08%
Fro 10 8.96+2.70" 15.504+1.19* 9.56+3.15" 15.67+0.42%"
15 8.96+2.70** 14.26+3.81* 20.89+10.64* 18.214+1.97*8
Control 24.29+1.77% 29.66+4.80%® 37.85+0.56%5 19.98+6.43"4
7 24.29+1.77* 38.09+3.658 38.20+2.00*% 38.04+18.07%4
e 10 24.29+1.77° 43.74+0.58% 29.80+5.49 35.62+8.702*
15 24.29+1.77% 36.96 +4.56""" 55.52+11.80* 41.59+0.53%4
Control 10.714+0.59" 12.44+1.13" 15.75+1.35% 12.40+0.70"
7 10.71+0.59" 17.02+1.89* 17.334+2.78% 19.56+3.07*
T 10 10.71+0.59" 18.20+1.13* 14.75+1.52%8 15.46 +4.81%*
15 10.71+0.59% 15.824+1.15"5 26.48+3.64* 19.88+1.20"
Control 224.46+8.16% 278.81+18.37™ 362.40+11.87%8 335.04+41.34%"
7 224.46+8.16 359.95+41.07"% 358.77 +20.59™% 473.24+81.93*
Total 10 224.46+8.16" 417.22+5.81% 285.1065.00" 374.95+26.40*"
15 224.46+8.16% 336.31+48.41°4F 515.25+111.98* 384.20+8.66%A8

YValues with different superscripts within a row (a-c) and a column(A-C) were significantly different

(£40.05)

r&;

At 14719 Aoz TR Yo
B =+ palmitic acid,
Z3}A A A o] B 8L oF 12 AL
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A F 24 APWEE 240 TP QAT F Aol FBAME FoH Fol
Bolx ol Ag W @ AR Aole AW ArE FUF Ao BHHUD

Table 35. o]4t3tda 7kx AW A2 A7ts52 AZ T APAd =49 W3}

Fatt C(f}nggtraﬁff Storage period (day)
ad oom) 0 2 4 6 8
Control 0.06+0.0324 0.03+0.0024 0.05+0.0324 0.05+0.0124 0.03+0.0124
100 7 0.06+0.03%4 0.03+0.00% 0.03+0.01%4 0.08+0.07%4 0.05+0.03%
10 0.06+0.03% 0.05+0.0224 0.03+0.02%4 0.04+0.03% 0.08+£0.04%
15 0.06+0.03%4 0.06+0.0424 0.03+0.01%4 0.04+0.0224 0.04+0.0234
Control 0.07 £0.05% 0.03+0.01%* 0.040.02%4 0.04+0.004 0.04+0.00%
120 7 0.07 £0.05% 0.05+0.02%4 0.04%0.01%4 0.05+0.02* 0.04+0.0224
10 0.07+0.05% 0.04+0.0124 0.04+0.03% 0.04+0.0234 0.09+0.07%4
15 0.07 £0.05% 0.04+0.02%4 0.04+0.02 0.04+0.01* 0.040.00%
Control 0.55+0.05% 0.54+0.04% 0.60+0.05% 0.66 +0.04%* 0.61+0.02
140 7 0.55+0.05% 0.64+0.14%* 0.59+0.062* 0.47+0.09% 0.44+0.0424
10 0.55+0.05% 0.56+0.01%A 0.50+0.082A 0.580.0234B 0.5240.01%4
15 0.55+0.05% 0.57+0.03%A 0.50+0.06% 0.62+0.0224 0.56+0.112*
Control 21.85+1.29% 22.37+0.15"  22.58+1.43*  22.34+0.04**  23.09+1.38
160 7 21.85+1.29%A  24.03+0.53*4  22.12+0.45®* 21.34+1.61™  20.90+1.08"*
10 21.85+1.29% 22.46+1.15%*  21.86+1.15%* 22.29+0.95%  21.63+1.53*
15 21.85+1.29% 22.21+0.95%*  22.03+1.43*  23.38+2.35%  22.62+1.00%
Control 5.32+0.85% 4.5940.54% 6.12+2.32%4 4.53+0.25% 5.50+1.12%4
161 7 5.32+0.85% 5.54+0.44% 5.21+0.65% 3.90+0.83%4 4.54+0.73%
10 5.324+0.85% 4.61+0.83 4.62+0.15% 4.73+0.20% 4.64+0.99%
15 5.32+0.85% 5.05+1.97% 5.50+0.05% 5.64+1.43% 4.74+0.64%
Control 7.69+0.01%4 8.33+0.04% 7.44+1.45% 9.41+1.19% 7.93+0.01%A
180 7 7.69+0.01° 8.44+0.36%A 7.81+0.38% 9.50+0.86% 8.74+0.84%*
10 7.6940.01%4 8.59+0.49% 8.56+0.90% 8.04+0.12%4 8.30+0.32%4
15 7.69+0.01% 7.98+1.25% 8.05+0.06% 7.82+0.51% 8.63+1.08%A
Control 0.39+0.00  0.41£003* 036004  0.35+0.01*  0.36:£0.08
18:1T 7 0.3940.00%4 0.39+0.04%4 0.36+0.01%4 0.40+0.10%4 0.30+0.1124
10 0.3940.00%4 0.46+0.10%4 0.37+0.04% 0.41+0.12%4 0.36+0.04%*
15 0.3940.00%4 0.40+0.06% 0.47+0.14% 0.46+0.06% 0.35+0.01%
Control 36.10+0.20% 35.76+0.50*  36.49+4.04%  35.77+1.65*  35.66+2.90%
181 7 36.10+0.20% 35.43+1.16%  34.95+1.38%*  33.75+5.47*  33.47+1.80%
10 36.10+0.20% 35.44+0.89"  35.81+4.12%"  34.86+1.46*  35.12+2.18%
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15 36.10+0.20"  34.27+0.10"*  34.71+1.15"  38.64+1.65"  34.09+0.87°

Control 16.27+1.68*  15.81+1.62**  13.50+1.16®  14.20+£0.93**  15.64+0.85*

7 16.27+1.68*  15.05+1.16*  16.77+0.27**  16.09£157%  16.57+0.27%

182 10 16.27+1.68*  15.83+£0.29%  15.40+0.23**  17.52£0.09%*  15.51+2.84%
15 16.27+1.68*  16.52+0.35*  15.82+0.23*"  14.10+2.73%*  16.75+0.85%

Control 0.48£0.02* 0.51+£0.01* 0.41+0.02** 0.52+0.13% 0.47+0.10%

183 7 0.48£0.02** 0.45+0.12 0.46£0.07* 0.55£0.03* 0.55+0.13%
10 0.48+0.02* 0.53+0.03% 0.52+0.02 0.43+0.04 0.50+0.11%

15 0.48£0.02** 0.47+0.05% 0.43+£0.01* 0.49£0.04* 0.50£0.04*

Control 0.48£0.08* 0.54£0.06* 0.38+£0.17* 0.45£0.00* 0.45+0.03**

7 0.48+0.08% 0.36+0.09% 0.46+0.073* 0.57+0.21% 0.62+0.24%

202 10 0.48+0.08* 0.50+0.06%* 0.56+0.20% 0.48+0.00% 0.57+0.23*
15 0.48+£0.08* 0.48+0.06* 0.50+£0.03* 0.42+£0.17% 0.51£0.07*

Control 1.10+0.13% 1.25+0.36% 0.89+0.273* 0.93+0.07* 1.07+0.17%

7 1.10+£0.13% 0.90+0.01 1.06£0.08% 1.35+0.59* 1.524+0.54%

203 10 1.10+0.13% 1.30£0.07%A 1.31+0.36% 0.94+0.14% 1.30£0.00%
15 1.1040.132 1.15+0.13% 1.34£0.00% 1.05+0.28% 1.08£0.28%

Control 3.00£0.35% 2.96£0.08* 3.79+2.31% 3.82+1.18% 2.93+0.10%

7 3.00£0.35% 2.47+0.3734 3.28+0.56% 3.84+1.93* 4.13+1.27#

204 10 3.00+0.35% 3.15+0.64% 3.24£1.43% 3.51£0.45% 3.79£1.07%4
15 3.00£0.35% 3.54+0.46% 3.70+0.89% 2.41+1.05% 3.40+0.90%

Control 0.82£0.08* 0.79+£0.01%® 0.96£0.55* 0.86£0.16* 0.74=+0.05*

7 0.8240.08% 0.60+0.05%5 0.84+0.06% 1.02+£0.59% 1.05+£0.31%4

24l 10 0.82+£0.08% 0.824+0.11% 0.93+0.39% 0.92+£0.05% 0.97+£0.25%
15 0.82+£0.08% 0.91£0.09% 1.04+0.16% 0.63+£0.34% 0.93+£0.15*

Control 94.17+0.37%*  93.91+£0.15%  93.61+1.85*  93.92+0.80**  94.51+0.37%

7 94.17£0.37**  94.38+£0.59**  93.97+0.47**  92.90+£2.29**  92.93+0.66*

Total 10 94.17+0.37%*  94.33+£0.15**  93.74+1.97%*  94.79+0.82**  93.37+0.00*
15 94.17+0.37*  93.65+£0.34**  94.16+£1.61%*  95.72+0.24**  94.23+0.93%

Control 30.22+£1.41*  31.30+£0.07®  30.70+0.12**  32.49+1.12**  31.70+£1.41*

7 30.22+1.41"  33.1940.34%*  30.59+0.14"  31.42+0.73"*  30.18+0.23"*

oFA 10 30.22+1.41%  31.70£0.64®®  30.98+£0.29%*  30.99+1.04**  30.62+1.30%
15 30.22+£1.41*  30.86+0.33®  30.65+1.57** 31.90+1.83*  31.89+0.02*

Control 63.95+1.04%  62.614+0.224"  62.91+1.97%*  61.43+£0.32**  62.81+£1.04*

7 63.95+1.04%  61.19+£0.25"®  63.39+£0.61®>*  61.47£1.55""  62.75+0.42%A

UFA 10 63.95+1.04**  62.63+0.78*%  62.76+1.68% 63.80+1.86*  62.75+1.30*
15 63.95+1.04%  62.79+0.67%*®  63.51+0.04*  63.82+1.59*  62.34+0.91*

Control 42.63+0.96**  41.55+1.02%*  43.93+5.86*  41.51£1.73*  42.27+1.82%

MUFA 42.63+0.96**  41.96+1.58"  41.36+0.69*  39.07£5.81**  39.36+2.33%
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10 42.63+£0.96%*  41.33+£0.27*A  41.74+3.91%  40.92+1.32%*  41.08+2.95%
15 42.63+0.96"*  40.63+1.73"  41.72+1.18"  45.36+2.67%*  40.10+1.37"
Control 21.33+£2.01*  21.06+1.24*  18.98+3.88**  19.92+2.05*  20.55+0.78*
7 21.33+£2.01**  19.23+£1.33%*  22.03+£0.08%*  22.40+4.26**  23.39+£1.90*
PUFA 10 21.33+£2.01%  21.30+£0.51*  21.03+2.23**  22.89+0.54*"  21.67+4.26
15 21.33+£2.01%  22.16+1.06*  21.79+1.14*  18.46+4.26*  22.24+0.45*
Control 2.124+0.13% 2.00£0.01* 2.05+£0.07%4 1.89+0.08% 1.98+0.12%4
UFAJSF 7 2.124+0.13% 1.84+0.01 2.07£0.03®*  1.96+0.00°*  2.08+0.002>A
A 10 2.12+0.13% 1.98+£0.06% 2.03£0.04% 2.06+0.13% 2.05+0.13%
15 2.12+£0.13% 2.04£0.04 2.07+0.10° 2.01+0.16* 1.95+0.03*
Control 34.06+2.11%  31.05+£357%*  32.96+4.79%  28.34+8.90*"  34.16+9.37%
n-6/ 7 34.06£2.11%  3527+12.33%  36.71+4.99**  29.36+4.37**  30.81+£7.62*
n-3 10 34.06+2.11"  30.03+2.07°*  29.68+0.61""  41.25+4.31**  30.96+1.35"
15 34.06+£2.11%  3551+£3.05%  37.07+1.27%*  28.73+3.22*"  34.04+4.73*
DValues with different superscripts within a row (a-c) and a column(A, B) were significantly different
(2K0.05)
AaadEHd
ARl oA sTts AN BIES AAA A D1 ARSEA FuARa

S} Table 363} Zt}.
== % ATP7} Es=lo] ADP, AMP, IMP, inosine, hypoxanthine 2

ribose2 Ea|HAA 1 o]F AHEEo] tho] #TA3HAl Fh(Jayasena 5 2013; Kim
2012). &3] IMP+= ZHEBE =FolFe 93L oA EtHAliani & Farmer, 2005;
Jayasena ‘s 2013).

AAAH EF T GMPE &2 4.37 mgholAl AA3] ZFastes AE&FES HPon o
RSt A Th2 AT e mRVHAR Zacske S BAou oliE e A vk AP
2 A% T HAZHCE ot 5 FHEFS Hole ASE UER

AMPO] ¢, 4.65 mg%holA A7 T A3 Frlsks AEFelden A% 2daE
AJstile et o]4kstd 4 7h2 At YA Aol HolA = Fdth

A5, AdAd 24 F Mg B §EE UeEllen He A% 5 dud
E4e IMP7} 5 olEta 3 dAFZAF(Davidek & Khan 1967)2F L3tk 18y
AA7|17e] F71E4= IMPE HAd Eelzlo] 7F4sta Al inosine®} hypoxanthine2]
ol F AFLE oA HA T AYeE FYSAA
AT HthE T4 W24 WstEE koAt
ARl IMPY] ghFol A% 71 Wl T i olrtsied 4 7t ﬂﬂv—fc’]
TS e e olitstd e T A A Eitdle 6Y7HA= & AFolE Kol
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Table 36. o]4tstd 4 7h= A A G752 AR T JAddEd ws

(unit : mg%)
Concentration Storage period (day)
22 of ClO, gas
(ppm) 0 2 4 6 8

Control 4.3741.74%4Y 3.56£1.27% 2.1240.44%* 1.34+0.29" 1.04+0.21"

7 4.37+1.74% 4.19+0.73%4 2.38+0.17°A 2.49+0.06°A8 2.22+0.32

P 10 4.37+1.74% 3.89+0.60% 2.65+0.99% 3.46+0.87% 1.73+0.29%

15 4.37+1.74% 3.36+1.36* 2.83+0.73%* 2.80+0.5928 1.15+0.19"

Control 4.65+0.79" 4.61+0.45" 5.80+0.39%* 5.94+0.38% 5.58 +0.642

7 4.65+0.79" 5.2140.23%8 5.74+0.60%* 6.80+1.13% 5.49+0.48"

AP 10 4.65+0.79* 6.16+0.58% 5.53+1.69% 6.07+£1.19% 6.52+1.69%

15 4.65+0.79" 5.56+0.68%8 5.28+0.60%* 5.47+1.44™* 6.17+0.57*

Control 114.83+18.39**  83.64+11.91"  59.52+16.54"*  49.41+10.86"* 27.72+0.37®
7 114.83+18.39%*  9357+841%"  72.29+15.31° 70.91+3.30% 66.24 +16.54°
e 10 114.83+18.39%*  87.274+2.94™*  59.38+18.89"  66.62+1.43"*  51.47+10.46%®
15 114.83+18.39**  85.29+10.60"*  74.01+11.20" 66.27+3.74% 32.43+11.69®

Control 10.44+0.35% 17.42+1.35°%  25.04+4.12°4  29.90+10.91" 45.70+0.49%

Hypoxan-t 7 10.4440.35"  14.88+2.89%%  17.74+1.86%® 21.15+2.52% 22.19+9.39%
hine 10 10.44+0.35% 13.01+3.30°®  16.85+1.45"F 20.80+6.38" 37.03+2.882%
15 10.44+0.35% 15.78 +0.76°" 12.7943.62 30.07+6.89" 39.50+8.21%

Control 52.11+0.31 79.66+8.26™  101.04+10.10*  99.93+263%%  96.69+4.01*
, 7 52.1140.31 82.14+0.42"  101.35+15.26**  95.14+536%  84.95+543%4
osine 10 52.11+0.31¢*  87.85+8.63™"  78.24+18.95""  109.34+352**  87.45+19.39%
15 52.11+0.31 78.10+4.30 100.27 +5.90% 89.37+8.49" 80.99 +8.50°*

DValues with different superscripts within a row (a-d) and a column(A, B) were significantly different

(2X0.05)

Hol AR S sl AP ovtstds 7px A

I
ArdEe] dddd =4 Wyt A8 dojus Aoz AdE T

ftlo
=)
48
)
a1l
Ho
Lo
o
Y
rlo
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Fig. 7. A3 olitstd4a 7k= A grlEs29 A% 8dAte] A&

& b AW AN Aol fFelAe tE e FolE & ¢4l
S e 15 ppm Aol Aol A% 4Y ol FREE kel Ayl wsl gl
lﬂ-

ol olikstd A Tt~ 7“%11% 7“7}6}3’— A7kl WmE WA,
Ag Ait= Table 373 2t

WA A, 639 Va2 AFstY A T 7a=rF A Aastden A 8

NERE 3

Azole 139 Wl¢ 3e EEE UEUT. olasds st AR Az HS
= A% 4QARE fERTEOE ¥R e g Rt gy A% 6URdE
7 2 10 ppm Aol ¥ & UEIUAT 15 ppm ATE G S EER R
3 folHel Afolg molx] st AF 8UAel= 10 ppm Aol ohe AP
folHoR £ J|ZEE WAL A% 6Y2 o|FRE 15 ppm Awo] dART W&
e 3EE Bl AL WAH LYol BEH o] 8P4 shao] ko] WA WolA
A2AS U] R Aoz BuE
Q(A)e] ASE xEH 7 ppm Aol AR F AN astes A%e HAE
]

Aol Blste] B ‘?ﬂﬁ}% Hol= Ao & Ygygt. o

= oA AP or BEd olrtstds 7tk AU H=E

O 2 GUbEHEo] o HAENY] g Ao AT,
THA VIEEe A, AR T dxT WHITE M M2 dojwton A 447t
Ae dAdez BE ddTs0] & AolE HolAl= AUAT AR 6Lated+= 10 &
7 ppm Aol w2 7I|EEE HAom AR 8datdls RE ATl v W2 7%

R
2 BYgoy 1 = 10 ppm HETo] &
7|EEe] ARE TSt BEY tizvwe g4 @9d Aol doju BHFH ol
o2 Addarog w24 FAMSE 7HA o™ 15 ppm 7'@1“4?4 Fole olAtslE A
Zh2=oll % A T d4FHS ‘?Hlﬂ HA O 2

rl




m_(|)|_5
Pk
(o
f
>
1l
i
32
£

olde] AH}E T EHH HrlEs ARAl &Y ARF ojiksid A Tt~
Aol g2 wAES, pH, VBN 2 7|a=HdA F2 HgE 29 & oy AR
Zto] S71E4E doHE 87| HEH ol4tstdA 7129 <Fo] FHHERE A=
A= vhEASHA] 22 Ao ARFHAY T3 HUtEES AT S £EF
7t2=9] 50| Ho| o FPd wF] A E Aol B e AR ARHIOH o]
£ sAst7] st =7 5 ATt Jhed B RIZbEAT AP $ AP o4k
A7t ANS o] gsl= WA (hurdle technology) S 53F H 7 YA 28 7)wdto)
28 Zo 2 AU

Table 37. o]4tstE4 7t AH A3 B7IEH9 AF T 7|E=9 H3)
Concentration of Storage period (day)
CIO, gas (ppm) 0 2 4 6 8
Control 6.3+0.3%D 6.1+0.3% 5.2+0.3"® 4.0+0.5% 1.3+0.4%
7 6.3+0.3% 6.0+0.62 5.8+0.3" 4.7+0.4%4 1.7+0.3%
Flavor
10 6.3+0.3% 6.0+0.4™ 5.7+0.3" 5.0+0.5% 2.3+0.3%
15 6.3+0.3% 5.8+0.5" 5.6+0.4™ 4.1+0.5% 1.6+0.5%
Control 6.6+0.4% 6.4+0.33 6.2+0.3% 5.8+£0.4" 5.240.4%
Appearance 7 6.6-0.4% 6.4£0.2°0 6.2-£0.478 5.6-£0.3% 5.10.4%
(color) 10 6.60.4% 6.4+0.3% 6.3+0.3% 5.7+0.3% 4.6+0.3®
15 6.6+0.4% 6.2+0.3 5.9+0.4% 4.8+0.4¢ 4.1+0.5%
Control 6.6+0.4% 6.2+0.30A8 5.4+0.3% 4.3+0.4% 1.4+0.3%C
Overall 7 6.6+0.4% 6.3+£0.2% 5.8-+0.3% 5.0+0.4% 2.1+0.3B
acceptance 10 6.6+0.4% 6.1+0.4"8 5.7+0.58 5.2+0.3% 2.6£0.4%
15 6.6+0.4% 5.940.4% 5.7+0.4%8 4.7+0.35 1.9+0.5%

DValues with different superscripts within a row (a-e) and a column(A-C) were significantly
different(z<0.05)
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