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Development for preservation technology keeping
initial quality of fresh fruits and vegetables
using ultra low temperature water
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SUMMARY

To extend the shelf-life by sterilizatioﬁ of initial microorganism and
maintenance of initial quality on fresh fruit and vegetables, possible usage of
ultra low temperature water, maintained below 0C, manufactured by adding
freezing point depressing agents to electrolyzed oxidizing water was

investigated.

The results obtained from this study are summarized as follows;

O Ultra low temperature water, maintained below 0T, was manufactured by
addition of electrolyzed oxidizing water and freezing point depressing agents.,
The effects of ultra low temperature water on microbial count reduction and
browning inhibition of fruits and vegetables were investigated. The ratio of
freezing point depressing agents were NaCl 0.85%(w/v), ethanol 0.5%(v/v),
lemon juice 0.5%(v/v), citron juice 0.5%(v/v) and polysorbate 80 Ilppm,
respectively.

QO Escherichia coli KCTC 1039 with initial count of 8.82 Log CFU/m was
reduced to <10' CFU/m¢ after 15~30 sec when it was treated by
electrolyzed oxidizing water or electrolyzed oxidizing water with freezing
point depressing agents. Bacillus cereus KCTC 1012 was reduced to <10'
CFU/m after 2 minute treatment with electrolyzed oxidizing water or
electrolyzed oxidizing water with polysorbate 80 or electrolyzed oxidizing
water with ehtanol. Lactobacillus plantarum KCTC 3108 was reduced to
<10' CFU/m¢ after 30 sec treatment with electrolyzed oxidizing water or
electrolyzed oxidizing water with polysorbate 80, NaCl and ehtanol,
respectively. Erwinia carovora subsp. carovora KCTC 2776 were reduced to
<10' CFU/m¢ after 30 sec treatment with electrolyzed oxidizing water or



electrolyzed oxidizing water with polysorbate 80 or lemon juice.

O In case of peeled garlic treated with ultra low temperature water at 0T
showed around 1 Log scale reduction of microbial reduction than treated at
20°C. Escherichia coli was lessened to 1 Log CFU/g and more than 60~70%
of total microbial account was reduced when potato was dipped in ultra low
temperature water(4~5 times amount by weight). Dipping for 5 minute with
2 step method was more effective in case of cabbage and lettuce. Unlike
other samples, Escherichia coli and total microbial account of chicory were
reduced to <10' CFU/g and 1.15x10° CFU/g respectively, only when adding
ethanol to multi-step method.

O Browning inhibition effect was determined by comparison of polyphenol
oxidase activity. Polyphenol oxidase activities showed inhibition effect
approximately 62~84% in most treatments with the exception of 57%, 12%,
and 25% inhibition by 05% acsorbic acid, electrolyzed oxidizing water and
polysorbate 80 respectively. Electrolyzed oxidizing water with NaCl was very
effective to inhibit browning of apple juice and potato juice, with results of
high lightness, low redness and 5.28~14.99 chromaticity value differences.
Sliced potato dipped in electrolyzed oxidizing water with NaCl or citron juice
for 60 minute showed significantly low PPO activity, 64 units in treatment

with NaCl and 91 units in treatment with citron juice.

O In case of mixed salad, treatment with 05% ascorbic acid showed the
least vitamin C content change during 10 days storage, reduced from 115 mg
/100g only to 8.04 mg/100g. And chlorophyll content did not changed much
for 2 days and reduced a little after that time except mixed salad treated
with ultra low temperature water containing 0.85% NaCl. Initial microbial
account of samples were reduced 1~2 Log scale by electrolyzed oxidizing
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water, it will be very effective to extend the shelf life.

(O The inhibition effects of electrolyzed oxidizing water with various
freezing point depressing agents on the browning activity of peeled chestnut
were tested. The contents of total phenolic compounds were 13.36 mg% at
the earlier stage of storage, and then suddenly increased after 11 days
storage for most treatments. But, in the case of untreated chestnut, total
phenolics increased to 59.12 mg% until 17 days of storage, and then
decreased slowly. At the 11th day, PPO activity of untreated chestnut was
1,152 units, that was higher than any others. Electrolyzed oxidizing water
with lemon juice and citron juice showed synergistic effects on the énzyme
inhibition, and their PPO activities were 143.3 and 180.22 units after 4
weeks, respectively. Sensory analysis showed that acceptance of peeled
chestnut was dependent on color and taste, which was related to PPO
activity and sweetness. The peeled chestnut treated by electrolyzed oxidizing
water with citron or lemon juice tended to show the highest score for
acceptance. The shelf-life was estimated to 14 days with untreatment, 21
days in treatments with NaCl, 0.1 APS solution and electrolyzed oxidizing
water, and 28 days in treatments with lemon juice and citron juice, by

sensory evaluation, respectively.

O The treatment effects of electrolyzed oxidizing water with citron juice on
the compound changes of peeled chestnut were tested. Though commercially
used 0.1% APS(Aluminum Potassium Sulfate) solution was effective on color
change, peeled chestnut lost its quality due to the content of moisture
increased to more than 75% after 15 days of storage. The other treatments,
changes of moisture content were no significant. And in all treatments, the
contents of vitamin C were decreased slowly. But, in the treatment of

electrolyzed oxidizing water added with citron juice, vitamin C increased to
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17.05 mg% at the 5th day of storage and then decreased a little. The major
sugar was sucrose and the major amino acids were aspartic acid(736.8 mg/
100g) and glutamic acid(439.2 mg/100g). When peeled chestnut was treated
with the mixture of ice and electrolyzed oxidizing water with citron juice,
the content of aspartic acid increased around 27% compared to the initial
stage of storage. The peeled chestnut treated with the mixture of ice and
electrolyzed oxidizing water with 05% citron juice was excellent in the

respects of the contents of total essential amino acids and sensory analysis.

O To -improve storability of peeled taro, shelf-life extension effect of ultra
low temperature water(eletrolyzed oxidizing water with freezing point
depressing agent) ‘was examined. Water content of taro was increased from
80.55% to 82.12~84.24% after 25days storage due to moisture absorptibni
However, there were no significant difference between treatments. Also,
treatments with 0.1% APS(Aluminum Potassium Sulfate) solution or
eletrolyzed oxidizing water showed browning after 25days storage. In case of
color of peeled taro(Hunter L, a, b value), L value was slowly decreased and
a, b value was generally increased. Texture of peeled taro was decrease
from 4,520+75g to 3,930+100g for 0.1% APS solution with ice, and to 4,055
+103g for eletrolyzed oxidizing water with 0.85% NaCl. Treatment of
eletrolyzed oxidizing water with 0.5% citron juice maintained 6.99mg%(57%)
of total vitamin after 25days storage, which showed highest total vitamin
content between treatments. In most treatments, total acid was decreased in
fast rate for 15 days storage and slowly decreased after 15 days storage.
Initial content of reducing sugar was decreased after continuos increase for
10~15 days storage. Free sugar content was not changed significantly
during storage due to low storage temperature. In case of sucrose content
which are major portion of free sugar, treatment of eletrolyzed oxidizing

water with ice generally showed higher sucrose content than treatment of
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eletrolyzed oxidizing water. However, there was no differences between

treatments and storage days in content of fructose, glucose and maltose.

O Quality change of mushroom with treatment of ultra low temperature
water was investigated. Total phenolic compounds were least consumed as
substrate with treatment of eletrolyzed oxidizing water with 05% citron
juice than other treatments. Color of cut mushroom(L value) was reduced
during storage and firmness also gradually reduced during storage. Softening
of mushroom was happened slowly in order of treatment of eletrolyzed
oxidizing water with 1% NaCl, 1% ascorbic acid, 0.4% MgClk + 0.1% CaCl.
Total phenolic compounds were generally reduced to all treatments and least
amount of total phenolic compounds were measured in treatment with 1%
NaCl + 1% ascorbic acid after 12day storage. PPO activity was increased to
all treatments during storage, especially rapid rise was found during 3~6
day storage. Also, treatment of eletrolyzed oxidizing water with 1%

ascorbic acid showed the lowest PPO activity among other treatments.
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3 g 2Hede] 7188 NUA Hu, 53] n]AEL 48 F 0¥}
g 9o FFASGE dodlA 99 ArFe TARHE F2 AR FES
A7t &S #dE AHA Ase HEo nYBe) 4T Jge WA s,
TE A} Al 2FE VS T B FY Fo] TANEY F g0z
2. 23U ALF 2L BAYEL AT SN AT L HES 7}
FxAM Y ZFAEst olh 1, 71& AFA o]&L Anate y¥ L Qi
Tl T2 AHEE ) BE AFS 41 Y. oo o] o M 9=
AM= d=dl FFE nAA Gz AA ] FHe AFEHE /AE 7eA2
o FH31 e dAo4,

Etolug 3], £ € @71 5 WREY FAEL AR F aYE 4
st 7187F ke, @ AR EA UEAWEA Ay, AMx 52 3
&t S8&3t= 7tAol F7tgol wWat H A7 E(minimal processing)® oF
A9 fFol Z=AQA Pz dusEn oy HAAJE Fdd 2G5 o
Ae dFEe A3 24252 AFHAHAN A AAHR &7 G2 4
A 0BG FHA ZAE o7AL F Aol JNHA AFaTHE 2
A9 & AE WY "Yayo I nxH3: Yot

TEtA olgt e EAE HASY) AF Wdez 58 A s pHs
I AEEA AT 5 UAZ, ok g FAFYL L ANF AEL 5837 F 9
LHE FHE FAANA FAFY AFAHH BANNE FAND = Y= N2
T 71€9 AL F 84L& gFHoz HAGolof & FAoln),

(]

FA%E Ae Bits
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A 24 U2 I 7l 8%

1. 598 Herlie

FAEN QMY ALREAN2EE vFe] A5 19233 EZEdAlA Y4
Wzte) o HiF o] AE3H T o] 1933dKE BXYold =Y
sHon, de FAeE 19244 Wadd X7 =457l Alabsie 19659
#H&71E3 ALRAE I} 4G AAF fAe #F AF FF AA 29
Slof] #g BaMst YuA dHE =AY Ado] AlRH1 ALHEo
A7 HEAM FaE Azt dAde B FAEC iy dyAgS
o X 2 ALFE £ AAYsA P Aol B Hol
Ach. gtz oz Y4yze 3~5Ce Y& YGuAz ALgs 554 4
3 utBAE Ax 2 dFdd g8 F2 FAHFY & AAsSE By
ojty. AFNAE ¥ F5E& Adstne A9 AE3HA ¥ Yoy dHg
Ag7t F7)0) vlgtd dig @] @ ¥4 BFEY YLzl wan
28730 x H1y AFY Bolzgt A3 AT 4+ de F A AH S
AU Ak gZHA "FeNE dF 3 Esol, S, A, 22
2 27wl 5& FAoR o &5z QUrt uFdME dHo] otxutelst
2, A8y Fol o1& 4&3d vrt Jdx, EAE 92, 48, 55, HFot

9] B FAEY dg TEHHT Yo 23, dELS 5y @8 9F
B3zt g oy A48t E ol2x Rdn e Aol od giF A+
= olv] AEO] &g B2E o8t A5 AXH LA WGFA L EAHY
WA o W4WZS, Zahradnik$t Reinhart® Al#e] Jyg 98
In-stack hydrocooling”]8ell i3, Hackert $& 37|14 2 W¥5WZdE o] &3}
o broccoli®l WZ&xe} FREA P sl HAt ¥ A3, Henry 52
Y5Wga &4zAAE A8l bell pepperd AFAEE, Mohammedst
Sealye #£33% £y HE&d FAHT W& g2 5~30T ¥4
AN HF F FAWHE AT R Fol A2 YEAYd IF oY AF
£ a9A £9% urh Qe Fdoln 2AY A ol 49 Bule dF %
AR as doa FoAge ALAHT o WFPRe EAH AHSE A% A

*

»

ol

ir
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F7h @28 WA QE FAlolh

2. AR2 47 2F YA &

AHeL £8 AREH Ed EYAYEZS HIH AE ogdd oy
2490 %A P FARE TE A FAZFHA 4A A8 L 2y
& ZJANA 5 E= AT 4P &4 28 don, vYEd g
A 2o EAASE CAES Wye 7 oA BrzA I ALR
£ 9 1009%, kAT o 150% o449 3 mAZo) Bddm e How
Bed Ao ol vA4Sd ¢ W L Rus Y4B Ao Lo
2 A8 #8535 93, AW &4 20~30%0 ©IT ou =9 su%
FESYPOZE nAPEd ¢ FAEL 2 AFY And VA Ao =8
%5}, 47 5 HE FAEY AN EFuAEe ALAFRoZE BA AS
5 JAANNE &F Hol g Aol
8 A% AAEe FHAE AYHY WASH EF 539 nYE, A3
of R&so] gl WAL olsld AW vAE Fo| ¥agol YA o)
o g, FFF T Y @A42Ad we g2, B3 okfRE AF,

Axd me F57F FUksle AL ¢ 5 dud ol £4o AYHAAN ¥d
o] A mAPES F2o] LolsR L, TFoU 2F Fo o5t 2o =
7bat7] w&oltt. Rkl 3d Y Z okAle wAAEFE FYe A 105~
10° cfw/g, obAlE 10°~10° cfu/ge 2 A28 ®ol At gon, Fdx
ARE AFHEY dFdde vAE] A dzn A UJeY FARAE
F 10°~10cf/g B =7 AEE v UL, 018 L FFF ARrIe] YJASE
FEZAE a9 WEZ AU F7se Aolztn RusAn. £¥, 99
Hoz2 HFHAE /1Y B vAYEL MicrocuccusE 22 4 10'~10"cfu/go)
AEHYoH, P FTE 10~10cfi/gAE7 FEFHATGT Ak =8, )
A AHREY LALHE ZAE] 5o 8 EES dos stq Zg 48
A, ToidA, 2vidAd 5 FESAEE 274, &2 2 %], A F T
LHAHE ST 2, FUL FFEY 2GAHE A Y8t X B
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87 FE5S WAdeR #EGA, Zudid, AdwA 59 fEGAER 44 £
T, AR 9 F3o], ATy 2LG4HE ST A%, 4 FE53 £ /59
Aol wel ta Aole YAT FAE Age 9A=E 27U 10°~
10%cfu/g, £ £ FFol7t 10°~10%fwg $FoIRo, SPAES BEH
e dFTFTE FauAE A 10°~10cfwgdl Eao BS7ie A
R EGZ 9% 29 R 27 290 423 AHAn, 4, 2 vlE T 24
FE AT AHREL FZDANN LG AZR FE5713L dF 1~3¢9 Y
g7b 2253 JYRen, FF, Fuv N, 27 T g EFF0 vy {54
e AEY FoHt vl Egon, WAEY 29 AEE BY FE9 44
AE2e "7 a2 gov Alge] Ad, AFHRHe uet ®Wxo)
A 24 vetERta 23 v gl

oj}Z e HAEL YA AFE ule} Zo] FFHI Aul A Yo 30%0]
gol £AHY, £42 HAF3e EE GANA LAY AxAAM sHFAA
dA sFEHE FIA JE F &F, AR, 293 2uAY vF FAx AL
dAgtt 2 RFL L R o2 v Elel, F3o], AR gES FF
Salmonella, Staphylococcus aureus, Clostridia 59 H 97 . ¥% &%
ANH RBAFA AHEBAN 54& dodle vAEd deidye 2712 @
2 ZaANHA Bigo Listeria monocytogenes, Yersinia enterocolitica
a1 Aeromonas FE°] EF7t 4TA A{E + lon AtgelA 9434
& FRAIIEH olE0] EF FESFAUAEY FYE eddolgs AL 29
BAYe] 5&H HdEA JEE oAU

dE, AAEY HEHd 29 UAE A A AL} A P diEy
Aued g o,

O +8F a4 A

@ AR+ A

@ 94

@ HagAA =4

® A7NNEHF M

@ 71t : &9 o]&, ¥ALAM ZA}, modified atmosphere packaging 5
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23 =N25 A= 4 Nzl 53 AIE

A1d A E

Adsre 239 S FE50d Frhste AR EE Ao dox
Tt Abs}t-8-4 A 9 (Oxidaion-Reduction potential : ORP)7} 1,000mV o] Ao nj.
pH 2.7013toltt. st Q&9 AAE0 o5 B QYT AT
Z# 5% JHd Aoz deizon, 47 ANNFGS5E L= AHEe &
T8 ES AHSSEIY, NaCl o|9dls O& 8880 ALLEx ol &7 o
HE A= daA }evte do Aok AaAAsS5s e 4FHE NaClo) &
Aol AAHE Cl-o 4o i £33 o] Yo B NER R
A, $344, Yo pHSO 9% Heou: Bast ou A% AA4e we
A gkt
AE7tA JYP=Ho 2 A Ao B AT dRE UAYE AF 2H
ol tAA e, 53 AFEo| @St Escherichia coli O157:H7, Lysteria
monocytogenes, Salmonella enteritidis®] @< FA02 ATHO AL &%
3 oojgt e RE ATl AT ATE FHS ARFAY R dojx
Aafikstpo] @3 I glon, AHAgse aAE =37 989 o
e e Atk 54 AFA AsAssd B 7= A9 o)
oJ A2 &gt

&H, Escherichia coli O15TH7-& A EoA 2Ase HYA mAdsz =24
g, A, 57 7 3Y 2 ALE Il e 2759 Ao 2o
AFTEE Yol HY9A uAEolt} Bacillus cereuss EAPATOZ B E
o Aol BUtHgs EAYEHE Aol ol AHHo] ZAHE A F
THE doA HEY HAE dodle 990 HE n S|y, Lactobacillus
plantarum< WEAHQ {FAFLZ HZ £ probioticsE ZPwmE 9gout
AT} 2L Az FAd FA3A Hd H4EA 2L %38, Erwinia

carotovora subsp. carotovorat MAF AFHe Fo YAFoz FHAA Yo}

it e
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A4 Ao H2F AzA A 2L U2 29HUS A5 AZLFI B
A3 #FAsH, 2 44T st AFH ZEE sl WAH o
AR 2L A4 AFL F5Holg AR

=3, 8 F 1F AYHE HAME ALF B FHAANN FAF =
Ao &Aoo RE o= ZAE FFAL&H F g89lo] HI ok AFe ¥
€ polyphenol oxidase, peroxidase, lipoxygenase, chlorophyllase Sl €% &
&% 283 maillard 88, 7ke}d 3}, ascorbic acid At3} Fol @ wEAH
aYog FREY i AL AENF #AHYA FE polyphenol oxidase,
peroxidase©l] 2|3t phenold #HFEo] 4tstH oA o-quinone® 2 3HEE
& HEY, AL 2 =& M9 quinone FTHHNE A8 WRroE <A
Ak o] AAEL FUF A2 AP L ojF AN T BHSA FFAFY
FAEA 2 9%9¢ FE2 0% FAHL A AW AxE AR 7
9 EZod wa&} polyphenol oxidase 97k¢t HlAEZIE &z WA 1A
polyphenol 3l&&2 ¥ =o H#sziz stedH, ZAAE EFd FA Gl
polyphenol 3329 Xyt uld gl Sulfited] AHgol A3dE A9 F$
v A ¢S 29 94 Uy dg d+e us FLosdn A AF
of g AF2E FuUdA gol A& gd F3 F§, W FoLERH
de FaAY] dvtEd AT AHAY 4% 2 EFNFH x4 o
isozyme® GtAAH Aol7t BuES T, Janovitz-KlappFL 12744 FF 9
Aol AA 3 389 PPO 84 & ZAMSY o] F red delicious F5°| 713
Aol ¥ elster7t 7t won AAF A5 F PPO 842 FF wd
I XV EeReS Rnug v Ao

g 2 dddMe Fx0F JAFY 20FF A4 € AL g4E A
& A48 generator2 20% NaCle 78 +E+E A28 713
S AadddE e AAFE AN o, ol dF2 AHEE
o 4FET, 2AdAES 2 P@Asd a7t don ojv gEA e 4
Z37}29 ethanol, vitamin C, polysorbate 80, NaCl & ZZ F7lstq A=z
§ 0Colate AeF2M AFA o A4S AZaR} 2EAA A
tjshe] Abmm ekt
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Aq2zd Aqx L9y

1. A5 € A49

. Agd ARER v, 3%, #AA, e, A, A L AgE 29 £
F5o EZE AE AUk Add d¥ {5 29 M FY4sy A
SAFHAA AESAY. 2ALF AXE A PHASHAE NaCl (Junsei,
Japan), polysorbate 80(Sigma, USA), ethanolthayman, USA)Z AM&-3l¥ 1,
EHEFE (FAGFAA )N FF el AHEstd e, 235 1999 11
¥ gxdA £ A4S Y 2 WIE AAG F FF 23 438 AL
AHgateh 28ln Ald 2 ZRE9] polyphenol oxidase activity® Zztel Alg
€ lcnol BWYPor g AR FAY 264 D3 HHLdd I A
& AANE F 218 AAS AL en, A% 2 g A mHA
Yol M A 2 FF N+ 4 Ultra-turex mixerg 14389 1
¥ blending® Fo] M= & FAsAUL

2. Az YAH &3

A Axd A5 WAFELS A8/ 9370 3mL vial FAR
thermocouple® AM8-3t9] Beckman®dl ¢3lq WZAF & ZAAdJed, 22
& Hackert 59 4ol me} 0.3mm¢ copper-constantan EHHE A& 9
71518t FAF ] Rasle 9P Eo] =9 71X Hydra data acquisition
(2625A, Fluke, USA)E AM&3t A% S35 AT. & d¥ A4 d4dn9
EZHAE +£012Co| o |

3. Az B &4

pHE pH meter(Suntex 2000A, USA)E AME-3 %3, 413849 A ¢ (oxidation-
reduction Potential; ORP)?] Z3& ORP meter(RM-12P, TOA Electronics,
Japan)2 A 20X EA}P o, AoldAHHCIOFFS AZE A L5 50
mLe] 292 S82F 2 g, 24 10 mLe} 1% ARANGS B 42 75t 52
Mol H=Z & F 01 N NapSe03 402 SzMe] goo] A w7z
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Qs A

4. A+ #F 2 ulx

Azse MAE A7EFAE A5 E7] 98le Escherichia coli KCTC 1039,
Bacillus cereus KCTC 1012, Lactobacillus plantarum KCTC 3108, Erwinia
carotovora subsp. carotovora KCTC 2776& HFAFEATA ALYl
BY Wol Arg3t o™, Lactobacillus plantarum KCTC 3108& MRS broth
% agar(Difco ADE, ©19)9] #5+& TSB(Difco AH R TSA(Difco AHE AHe
3t

5 v 48 A#AY

VAR A7 5% AYL gAY FFE 20mLY wiX|o) HFsto 30~37T
A 24~4BATES FFE F A E(3000rpm, 158)8 A& FA o) 20mL
AAAF L A(pH 7.2, 10mM)E ol dgsyct d8dd 1mLA S vlg IF
e AlPTdo] BFela, ARE £ 0TI 2H2FE 718ty 10mLz2 &

<+ 0C =z Yol JYFHEA =ZAI7e| RFo] ImLY Heo BFAE
A2 oA F4F oS wixlel pour plating & ¥ WgEHAd. dzTE
ZALs g HE FHFE AT AAF BY UAE 4F ad:e
AT FAFE ERYF AT F 1009 2F A ged) 212 1080 37
g F ImLY FHdod FFYHHEFE oA 814 oL plate count agar
(Difco AH®} Chromocult agar(Merck AHl pour plating 3 F wjigsigch.
PCAE AHE3 & 30TCoAA 7247 g e, dAFEFe 37T
incubatorll A 24417t Wi¥d F A5

6. 4%

A== M T A (Macbeth spectrophotometer color eye 310, USA)E AM&-3t4
ooy, Hunter 4A ¢ #e J=E veus Lik(Lightness), & 49 I
& Yellt agt(redness) B =49 HEE YelllE bak(yellowness) 22
ZAs9eY, &4 ATy Hx9 Aol YA color difference, JE)E o] %
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st BASRY. ARUIDZE § A9 HEA e 834 Aeed, 4
A @el BANe den 2o,

AE = VAL + Ad*+ A B
o] AolA Mzt gko]l 0~05°1H Mz7E A fuow, 05~155 24T Aol
15~308 #AAE F+ A& Ax9 Ao], 30~602 AF zo], 6.0~1202 F
3| FAF Ao], 12 o]l ttE AT Yoz AAJY.

7. Polyphenol oxidase §71 &3

Al 10 gol 10 mM A ¢F 84 (pH 7.2) 40 mLE R 3 polyvinylpoly-
pyrrolidone 05 g€ ¥ 3 WY AN vl ¥ AZ2 AE 1S, 12000xg=
1087 ARt F5dE 28294 eR 4t PPOY H7tE &A 317V
AsiAE pH 609 0.IM 94 €389 1 mLol 01M catechol 1.9 mLE 7+&
s 2EALY 01 mLE ¥ 9&E AYAIIEA 420 nmolA FFEY F7
g &£A%3, 2E4Y 1 mlt 189 FXEE 00018871 RS 1 unit2
8t PPO9] 947t2 EAIE AT
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A3d 4434233
1L 242 Azzad SYNY
7 9AZeNE A ANED FF L EE BE YAEy

ditg oz Aefidstres Bl 4239 NaClg H7tste A7EH39S o
dojAle 233 A 9 (Oxidation-reduction potential : ORP)7}  +1000mV ©] 4},
pH 27013818 ZAst+2 A 448 2 AJER Hold 71558 2 A
e 48 2T A4 ALdEA0 B3, UAE, FUEY FEso 47
ERE LHE O 494, 42 F HEAY 7Ae B2 vtz £E3iEe] Uy
BeterEds 29 A FRHE] AR g3 AMe HF HE wAA &
o ZHol Atk old FAFY ¢4 d¥d &xE ¥E AitssE
o] &3tz HAgo]l 0CY AaMAstse] WHE 0~-5C HY2 »E £+ e
WAZRAE Wt 2AL4E ARGAC. H/MR WAZSA FHE
NaCl, ethanol, ascorbic acid, #2t#F, @235, polysorbate 80013, H718l &
& B5Hrto wet YPZsA NH g A9 =7 £ U3, ABAAY
(ORP: Oxidation-Reduction PotentiaD& 1,000mV °]423 HAAZ + U+
FEAA ZAAsAT. #F5FE Fd AAE WAHAHAY F=E NaCl
1%(w/v), ethanol 1%(v/v), ascorbic acid 1%(w/v), 2 AFH}A17 HAFS
05%(v/v), #A&Z%F 1%(v/v), polysorbate 80 Sppmel21t, ORPE 241mV7t
A @3 ascorbic acide AP TAA AL3Hz, AA F4EG @Yoz A
A9 z3F o] &4He AL WAy A8t NaCle 0.85%(w/v)Z2 FA3A
oo, Aygd AP 9sle polysorbate 802 A#FHol A A Yewd
lppme.2 AAsAt FAAEY HE2HFE H7MFe g HJMFol ¥do ORP
7t @A Jehgov, 7Zntsg AAA Z7|UAAESFY F4AEE AHRAGS
W e /M7 v vABE AFERE YR AT bE F oA
5 22571 HE Bol A4 05%(v/v)S AdEQn. AxE 2AHLF
o] UHL gRE -1.0£05CT FF)AHTable 2-1).
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Table 2-1. Initial freezing point by addition concentration of cryoprotectants to electrolyzed

oxidizing water

Initial freezing

Initial freezing

sample point(C) Sample point(C)
EOW" 0.0£01 + Citron juice 0.3 % -0.1
+? Polysorbate 80 1ppm -04 + Citron » 05% -0.1
+ NaCl 0.85 % ~-05 + Citron » 10% -0.1+0.1
+ NaCl 1% -15 + Lemon juice 0.3% -0.1
+ NaCl 5% ~-4.1 + Lemon » 05% -0.1+01
+ Ethanol 05% -0.6 + Lemon » 10 % -0.2
+ Ethanol 1% -05 + Ascorbic acid 0.3% -0.1
+ Ethanol 5% -1.7%0.1 + Ascorbic acid 0.5% -0.2
+ Citron juice 0.1% + NaCl 1% -0.8 + Ascorbic acid 1 % -0.2
+ Citron » 01% + NaCl 2% -12 + Citron juice 02% + NaCl 1% -0.6
+ Citron # 019% + NaCl 3% -18 + Citron » 02% + NaCl 2% ~16+0.1
+ Citron »# 03% + NaCl 1% -0.7+0.2 + Citron » 029% + NaCl 3% -19
+ Citron # 03% + NaCl 2% -1.3 + Citron  » 03% + NaCl 3% -16+0.1

Y Electrolyzed oxidizing water.

2 Added to electrolyzed oxidizing water.



Y. Az 94 @70 B Axso 54 A

AaAsest ZE A7HE AYL YL LA dou, 3 AF 7))
HaMe & WA G @A Zolgaite] FoF AL &y AR
A2 AP hydroxy radical ¥ HoOz, R pH, 2 A3 UAY, £&2204
R F4 Tol #9432 Yt AZH A, olo] HHREAS A st A=
& ARFTE 0T AR AZsAA AFHa #AFE= pHY ORP, zHotd A
A FFe 492 23, pHE EZE ARF7F 27] pH 245~2522 A %
$2 A% 3090l A%E 2 gol ZA WHAA Yked, Az IF 23
AL AN A3 9 polysorbate 80 H7FFANA 22 1,143 mV, 1,145
mVE 7b3 A deig, 2 9 dgg #7777 1,137 mV, d23F @7t
T7F 1,122 mV, NaCl #7F¢7F 1,119 mV, #3435 A7177F 1,002 mV €2
2 vEud. o F A8, polysorbate 80 H7Ft 9 NaCl 71+ 339
ol A7 F<el ORPY W7l A9 9N 2e, ethanol H7M7E A% 8Y
¢ Z7] ORP @& #A3t7t 8Y olFo] MM A7 AFstd AR
314l 1,070 mV7HA &35, d234F d7179 FARE JA7b7E Az
HAEREY ATo] FHELFE A&H o2 At AR 334 Z+2 1,000 mV,
879 mVE YeUT Al AF H3 4362ppmolA A 14.18ppmol ¥ X}o}
Fa4 FFE AAHoZ Ax 19 WA 2¢ F 5 ppmol3Y 373 AL @
O3, A% 309 F9 polysorbate 80 H7F7F 2057 ppmo 2 52.06%2 A&
< B, A&4atslsst 1950 ppme 2 9 55%, NaCl H71++E 16.31 ppmo
Z 5679% #AHALH, FAFHEF H7HF7t 461 ppmL 2 675%, HEHFH
7}t7F 3.19 ppmo. 2 82.7%, ethanol 77} 3.19 ppme 2 X7] xpolgAAt
o wld 91.18%EeE BAYT A E&S YeEHt 28y o)g e Aoty
2] #qF FAox £33, As@AAN 1,000 mV ol FE FXEz ¢
7] W&o 2 ZFFle A dFE viAA R} od, 5CE AFA A7 7
Aol 12.83 ppmo 2 ZolFaAt FFol AHJYYE H T B v}
Ae W AsHAsr AFLEE 0CT2 AFEA =94 30Y o)lFok ot
ES Aolgad §FE FAXNA # o], F4 ¥ (hydrocooling)ol A4 73§
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3.0

pH

—a—EOW"

—U0O— + Polysorbate 80 1ppm
—4A— + Ethanl 0.5%

—v— + NaCl 0.85%

—&— + Citron juice 0.5%
—O— + Lemon juice 0.5%

1.5 T T T T T T

0 5 10 15 20 25 30 35
Storage time (day)

2.0 1

Fig. 2-1. Changes in pH of electrolyzed oxidizing water
with/without cryoprotectant during storage
D Electrolyzed oxidizing water.
+  Added to electrolyzed oxidizing water.
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900{ —=—EOW"

—0— + Polysorbate 80 1ppm
—&— + Ethanl 0.5%

8004 —v— +NaCl0.85%

—@— + Citron juice 0.5%
—O— + Lemon juice 0.5%
700 T T T T T T

0 5 10 15 20 25 30 35

Oxidation-Reduction Potential (mV)

Storage time (day)

Fig. 2-2. Changes in Oxidation-Reduction Potential of electrolyzed
oxidizing water with/without cryoprotectant during storage
D Electrolyzed oxidizing water.
+ ! Added to electrolyzed oxidizing water.
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—a— EOW"
—{— + Polysorbate 80 1ppm
—&A— + Ethanl 0.5%
—v— + NaCl 0.85%
—&— + Citron juice 0.5%
—O— + Lemon juice 0.5%

50

o~
£
o 30
Q.
e’
o
O 20 4
I

10 4

0 i H H i H i
0 5 10 15 20 25 30 35

Storage time (day)

Fig. 2-3. Changes in HCIO of electrolyzed acid water with/without
cryoprotectant during storage
b Electrolyzed oxidizing water.
+ ! Added to electrolyzed oxidizing water.
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A 53 Fd 2 58S AT a2 J8 FAFY A= @Rl /83t
A elgE & Yo} APAH °l&sHA7 ul§ ¥dn B Fot(Fig. 2-1,
2-2, 2-3).

2. ZALF AZZAd g i FE

7b A7t =l 0E vBE AFa

1) gL A7l & x7] WYL Ad5H

g2 717y & A% ALHe A5A2 0%y fQ4oz APL
FrE 7| AHEE T A dEEE fr)Ed eRkE o 2578 do
A 2 AFEAHRE JeEY AF EARe ZA 9L vAA Xz, Hd
Aol Eol &F WA7L ZdA v dHol Utk weEtA midade] #AFEFHL
2 42 YA E 74 R3Ee FEA 1% °lsty A& Adfisied HAt
o] AaAsFe AFY S FEA7I2R AT AT FEFEHL UAE HA
7VE AMAF F 2 87 B Zrisd A7EadE LI & 2, 01~
1%9] sxolA Asjaztse 4L pH7E 257~260, ORP7F 1,132~1,125
mV, xtot@AiAk §ao] 355~11.70 ppme 2 A4Sy E4E adz2 AY
T Yo, 27) 166x10° CFU/mL 99 AT Asasiseo] Arhs
deree 57t 05%Y @ 2.00x10' CFU/mL 22, £747} 570%x 10" CFU/
mLo| 4 345%10° CFU/mL &2 Yehg 1 gte] 5o Hl3ted AF o] $-5
& ¢ F AU Table 2-2).

2) B ERIC A7le] & x7] vAE AIFEH
FAF AAANM 05~1%9 HERICE AFY FAS Holx=gde 7
HAALS AL § e 2AYA A &S 3k BT FAF AA
o] #& ascorbic acid\} citric acid& AM&3t1 gloy #FYJe HgEd Ce 23
& gASrIRgE 222 AsiEo AF A& WA FE &< A
APAME ascorbic acid®t FIHAFA F2 2 #HE HFHSE Asfdss
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Table 2-2. Sterilization effect of electrolyzed oxidizing water
containing different concentration of ethanol on garlic

Cell number(CFU/g) Physicochemical property

Treatments - - "
Coliform Total viable pH ORP"(mV) HCIO(ppm)

Untreated 1.66x10° 5.70%x 10°

+“Ethanol . .
ano 206X10°  410x10° 260 1130 1170
0.1%
+ Ethanol ; \
481x10°  452x10° 257 1132 6.74

0.3%
+ Ethanol ‘

ano 200x10°  345x10° 259 1125 426
0.5% ‘
+ Ethanol : ~

ano 650x10°  935x10° 259 1128 355
1%

Y Oxidation reduction potential.
? Added to electrolyzed oxidizing water.
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Hobstd Mo & AT vETCY ZHYAFE FA 53
2x gt Ascorbic acide 0.1%, 0.3%E H71s9le o Asarsised Fa
§ 449 ORPS Xoldaa FBL FA3 #AAA AP 2Ho) 2gsx
R HAEHETN FARF L 045m membranel 2 23 AAXA HAAHE
9, dQ2AFE Adaastedl Bt S W e BES Rolx Y¥key #
A BEE FAE Fdde FBY A7 FE Fo] BAHJYL ZE A Fs)
= 2 T A g3 daAsieo i FLojgn Y= AH o)
A AHE v A7 Hgeg FAREFe] H7MA ORPY Aopda
A g3Fol ¥ AL ARY F YA FAW 2 BPX A 4
< Jehg7)d 83 vk MR AEddE A3 YERE HAFE
05% A7 dZ T} FT5 EF 2 log cycle =S #2&E BYow,
FARE H7bF 2R 05% H7HA] dZEFLEL 2 log cycled #AE, FHTE
1 log cycle®} AMAEHE ehldrh. o]t o] nmAyEe HAF S Fr3y)
13t st AFAE AMEsrIRTE A% FHE WA E PAZAA
g8 e FAES AFo Y22 EEH GAE H4EFS W=t “Hurdle
Concept"S HE38l= Aol o 8492 ¢ £ Uk (Table 2-3).

3) Polysorbate 80 H7lo] & 27| v JE AF 9 Y&+

ARBAAE GWHo2 Bo TUHA @t NS B FYHA 2
AN BAAlY 98E 7t R doed @ e B Qo IS4 s
A7l BF JHNZ Qe oFA AFEZ ABse AAAY FA HRolt
nepA AA@ o] ¢4 polysorbate 80 1 ppme WAHAHA L] T=& Gl
o Az Z4zte] AzFo] HuEA wsd 7] UAEE Aojsies EFE
AuE Az, 43 AFEE Jeid FAHE 05% H7MFS ethanol
01% 2 03% ¥x9 #7179 polysorbate 802 1 ppm¥ H7184 S o o3
ZT°] 1 log scale °o]38 ZA4de Z5aHAE 98 5 ANHTable 2-4).

L
e}

-~ 39 -



Table 2-3. Sterilization effect of electrolyzed oxidizing water
containing different concentration of various treatments
on garlic

Cell number(CFU/g)

Physicochemical property

Treatments Coliform Total viable pH ORP"(mV) HCIO(ppm)
Untreated 166x10°  570x10°
Ascorbic acid  gg0x10t  377X10° 259 307 0
+ Ascorbic acid  ge5x10'  145%10° 255 241 0
+ Lemon juice 0.19% 2.34x10°  190x10° 267 1122 11.70
+ Lemon juice 03% 580x10° 228x10° 260 1,112 6.80
+ Lemon juice 05% 2.80x10° 332x10° 257 1110 6.24
+ Citron juice 0.1% 490x10°  183x10° 260 1,120 8.16
+ Citron juice 03% 114x10°  211x10° 258 1,067 8.16
+ Citron juice 05% 160x10° 353x10° 256 1,003 6.38

Y Oxidation reduction potential.

2 Added to electrolyzed oxidizing water.
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Table 2-4. Sterilization effect of electrolyzed oxidizing water containing different mixed ratio
of various treatments and polysorbate 80 lppm on garlic

Cell number(CFU/g) Physicochemical property

Treatments Coliform _ Total viable _ pH __ ORP"(mV) HCIO(ppm)

Untreated 1.66%x10° 5.70x10%

+“Lemon juice 0.1% + PS* 80 lppm  6.10X10° 1.39x10° 2.63 1,117 5.32
+ Citron » 0.1% + PS 80 lppm 5.10X 10° 3.28x10° 2.62 1,119 7.80
+ Citron » 03% + PS 80 lppm 4.45x% 10 7.27 % 10° 2.60 978 762
+ Citron » 05% + PS 80 lppm 8.60x 10 2.04%x10* 2.58 746 7.09
+ EtOH 0.1% + PS 80 lppm 2.00%x 10" 1.15%x 10° 2.57 1,126 355
+ EtOH 0.3% + PS 80 lppm 4.00x 10" 5.20x10° 2.60 1,120 4.25
+ EtOH 05% + PS 80 1ppm 1.33%x 10° 1.58%10° 2.61 1,116 6.62
+ EtOH 1.0% + PS 80 lppm N.D.” 5.00 x 10 2.68 1,105 10.28

Y Oxidation reduction potential.

2 Added to electrolyzed oxidizing water.
» Polysorbate

? < 10" CFU/g.



v v BE ZEAH

Az ALY UPYE FTEHE AHEI] Y3 BF FHFES =2
T2 3o HCl $(pH 265), A8 2 URAdAE HANY AzxS+E
0C WZsz JdA Hla 4¥d 2n, %71 #4571 882 Log CFU/mLY
Escherichia coli KCTC 1039% ¥ FHTAAM 1A% AR Fo % 866 Log
CFU/mLZ, pH 265 HCl €99 M= 831 Log CFU/mLE A9 ¥W3rl gd
gt o], polysorbate 80 #7F+, NaCl 71+, ethanol 7119} d&34F FH7t
T 15%%e AbE3ReH, UrA] AFETE A 0x%te BF Apdse
F}& vehdlof, AAste FAF AA L FU7F A AxFE AL
2 wW HF AN ME EAAHR Y Escherichia coli O157H7E @A
Ztell Aoz AFE $ Lol dFHAU
XAE YA Aol 9@ Bacillus cereus KCTC 10128 %7] @7}
830 Log CFU/mLelA A8 30% F 2E AlgFdlA 2.33~3.07 Log CFU/mL
2 NaCl H7}7oA H3 68%, G3F4F H7MTAA 58% #Astd HA%E
50% olZdol AlEH EFE BYow, A&Hisls 9} polysorbate 80 lppm 3
7}, ethanol F7F¢olA Hg 282, NaCl d7bte A2 58, d& #4F 3
7btE A 3089 1.0 Log CFU/mL ol& 2 7Z+43stgt
Lactobacillus plantarum KCTC 31082 A 8§43, polysorbate 80, #2134 &
2 HERAEF F7FOA A 30T | ol Fol FEHA g HoG &
#}& velith
ANiF A¥de FYUAFY Erwinia carotovora subsp. ecarotovora KTTC
2776& A& A8k, polysorbate 80 H7HF E #EHAEF H/MFol 30x HAF
Fe W Fo] EF AHHIYEow, NaClel A& 18T, dags Fa5F A7)
FoAde g 28T 1.0 Log CFU/mL o33 #ase 23S YU
ojglzre Az B uw, dvtdoz HFEFH AP A&HE Salmonella
typhi, Listeria monocytogenes, Staphylococcus aureus, Pseudomonas
fluorescens, Aspergillus niger 59 #FoE H&Lsqd AFENRE HA5Y 9
27t oy A Aperx A9 ANAES ALSA|l Escherichia coli

—
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o] do 589 Ay Ag o2 ¢ ¥Y, -1.0205T9 H2AYT Az
E AMHE8IA S dolE 1562 AR Ages s & AFAHE YeEyd, 3
Afel £ 2 FE3AF F 2ALSF AL B39 27 2F WAES ¥4
AA AEE AZAFNAY, HEEIC M2 Qe 23 AAd ol 88 = e
7VeAE& B FQHTable 2-5, 2-6, 2-7, 2-8).

=

P

ALy A7d BE F54 vAPEFY AFa

1) vt

AaAgANA A4, 3] 2 dg 59 HAFE AR 2ugA AFHE
Y & 7H8 A 4 F(minimal processed vegetables) ¥ vlE& tid oz w7384
& AVel AT AAFe 27 LEuAE AE EAE AHEUY. AFd
FEHL Y Avtse £2FF 2 dFEFIEFI 474 FF 1.0x10°CFU/g,
16X10°CFU/g AE2 AA 98 713 & Y& 4TI 2980 &%
o AgE AdA HH 2oz A 12 25 AA, 24 vts THY
pulse o] AdAlste 58 AR e WP S e AP E o, T
= AedA AfAsS AYA 51x10°CFU/gE D &, 0T WERANA g
39e WolE 75%10'CFU/go.2 1 Log cycle® % o #2HE 38 24
Wy B4e) mAdE AR EFE e € 5 ANeH, YHAAEA
712 ORP7} #4288 #A3F AJ7, dE€3F H7HF, NaCl 3719 1ppm
9] polysorbate 80 H7+FE Zzt 15x10°CFU/g, 58x%10°CFU/g, 6.7X10°
CFU/g, 593x10°CFU/g2 ¢ 305~464% #AHQ L, ethanol 05% 37+
A 2x10'CFU/g2 oF 68.1%9 £& 74 L8<S Jehrh 759 #Hste o
AFgTie GE e Hol A&AYst BF A A %S XA &
gton W ARE A EAJo) wel kAo hF AdF Yol ¥ ethanols
ke AzE AFFE 271 #4549 1/2 $59 345x10°CFU/gez 73 &
o] ZAastg:, AL HshAs9t polysorbate 80 7L, HERE HFE
Log CFU/gol 3.28~3352 ¥l&£@ Z4 &8 vehdidien, A&isls A 79
#2ABE F7HF, NaCl A7 FE 4.16~4.44 Log CFU/ge 2 ## &7t 2o

i
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Table 2-5. Changes in number of Escherichia coli KCTC 1039 in various treatment

conditions (Unit : CFU/mL)
Exposure time {min)
Treatments

0 0.25 05 1 2 5 10 30 60

SDW” 563x10° 55x10° 47x10° 54x10° 53x10° 43x10° 62x10° 44x10° 46x10°

HCl (pH 2.65) 563x10° 525x10° 35x10° 415x10° 3.15x10° 213x10° 1.22x10® 1.71x10° 204%x10°
EOW? 563x10° 45x10' ND® ND.  ND N.D. N.D. N.D. ND.
+?Polysorbate 80 ippm 5.63x10° ND ND. N.D. N.D. N.D. N.D. N.D. N.D.
+ NaCl 0.85% 563x10°  1x10! N.D. ND. ND. N.D. ND. ND. ND.
+ Ethanol 0.5% 563x10°  1x10' N.D. ND. N.D. N.D. ND. ND. N.D.
+ Citron juice 05%  563x10° 25x10'  ND. ND. ND. N.D. N.D. ND. N.D.
+ Lemon juice 05%  563x10°  1x10* ND. N.D. N.D. N.D. N.D. N.D. N.D.

Y Sterilized distilled water.

2 Eelectrolyzed oxidizing water,
® Added to electrolyzed oxidizing water.

* < 10" CFU/mL.
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Table 2-6. Changes in number of Bacillus cereus KCTC 1012 in various treatment
conditions (Unit : CFU/mL)

Exposure time (min)

Treatments

0 05 1 2 5 10 30 60

SDW" 171x10°  163x10° 167x10° 190x10° 1.74x10* 183x10° 168x10° 184x10°

HCI (pH 2.65) 171x10°  121x10°  111x10® 977x107  71x107 795x10° 865x10° 6.85%10
EOW? L71x108  30x10°  11x10*  15x10 N.D? N.D. N.D. N.D.
+PPolysorbate 80 1ppm 171x10° 225x10°  5x10' 1x10' N.D. ND. N.D. N.D.
+ NaCl 0.85% 1Tx100  215x10°  95x10'  35x10'  1x10 N.D. N.D. N.D.
+ Ethanol 0.5% 943x10° 33x10° 115x10°  1x10' N.D. N.D. N.D. N.D.

+ Citron juice 05%  171x10° 119x10° 7.45%10° 42x10° 285x10*> 155%x10° 75X10" 3x10'

+ Lemon juice 05% 171x10° 55x10° 345%10° 11x10°  6x10' 5x100  ND. N.D.

Y Sterilized distilled water.

2 Eelectrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
% < 10" CFU/mL.
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Table 2-7. Changes in number of Lactobacillus plantarum KCTC 3108 in various

treatment conditions {(Unit : CFU /mL)
Treatments Exposure time (min)

0 05 1 2 5 10 30 60

sDw? 9.43x10° 106x10° 87x10° 89x10° 835x10° 83x10° 88x10° 1.03x10°

HCI (pH 265) 943x10°  78x10° 60Ox10° 84x10° 84x10® 72x10® 82x10° 646x10°
EOW? 943x10° ND.* ND. ND. N.D. N.D. N.D. ND.
+¥Polysorbate 80 1ppm 9.43x 10° N.D. N.D. N.D. N.D. N.D. N.D. N.D.
+ NaCl 0.85% 943x10°  35x10' ND. N.D. N.D. ND. N.D. N.D.
+ Ethanol 0.5% 9.43x10°  2.3x10' 1x10' N.D. ND. N.D. N.D. ND.
+ Citron juice 05%  9.43x10° N.D. ND. ND. N.D. N.D. N.D. ND.
+ Lemon juice 05%  9.43x10° N.D. N.D. N.D. N.D. N.D. N.D. N.D.

U Sterilized distilled water.

? Eelectrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
¢ < 10' CFU/mL.
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Table 2-8. Changes in number of Erwinia carotovora subsp. carotovora KCTC 2776 in

various treatment conditions
{(Unit : CFU/mL)

Expousure time (min)

Treatments
0 05 1 2 5 10 30 60
spwt 197x10°  1.06x10° 87x10° 89x10° 835x10° 83x10° 88x10° 1.03x10°
EOW? 197x10" ND? N.D. N.D. N.D. N.D, N.D. N.D.
+¥Polysorbate 80 lppm 1.97X10 N.D. N.D. N.D. N.D. N.D. ND. N.D.
+ NaCl 0.85% 197x10"  1.0x10' ND N.D. N.D. N.D. N.D. N.D.
+ Ethanol 0.5% 197x10" 23x10' 1x10" N.D. N.D. N.D. N.D. ND.
+ Citron juice 05%  197x10° 21x10°  12x10' N.D. N.D. N.D. N.D. N.D,
+ Lemon juice 05%  1.97x10° N.D. ND. N.D. N.D. N.D. N.D. N.D.

Y Sterilized distilled water.

2 Eelectrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
» < 10' CFU/mL.



A ZA JehtA g B@AASAE A AsAseE olyE AFAe
& AWM %7] 1,140~1,110 mVeld ORP7F 710~800 mVE ZA23tHA o
ikl 49 ¥l ORPE #A Hol 74294 didt 2471 gl Rz
#9451 H(Table 2-9).

2) 2%

A7Re AR &3e tpdA xELE YYgde 1y x ol
=9ld Aoz Holn, 3 MEXHAM @] Addng. £ 47e =
FAA Aujd AT £ F F479 @7 & H2AHE ¥
271 A8t AALE A g3 THE EF S HAFHY I, AF HL
< 12~16TCeolx, 18TCol4dol 28 ALHY dolrt sHu, 20T 4o E F-9
371 43, 10Colstel e ALFsz BAsiA He 4% AFPe2 A
AAE AA 5o ¢ oL Aol watyq FFe BsjeL JAAA
At B2 sigrAl Mz 2 AR ZAb digte Aot ASHAARE Q)
ou AARde A4 de A7V U 483 o)FA 1 Ut wEA
o] 4¥& F3t A4Sty I AF4Y L HAEY EHE A8 A%
9] 7] MBESFE Addd FH&E FaATL, 7Y HFEU G A%
o BEAS #3332, Z2UENE dAAI= d H&snA ok AFLS A
AL AASL FHFZ 13 AH(S W U ZEsE WAE 571 I
FFo] 7.06X10°CFU/g, £&57t 1.77x10°CFU/gd] 4&olQeH, Azt 255
2 AHse $Ho2E o ol 49 FaAT HolX ¥dn. &H, At
s 2 PYAHAAHAE st Axd AAEse] 108 FAXNAZ 3T
& polysorbate 80 H7t+ 2 A HMF AEAl & 9 oFFol HEH
A& AYgstne BF AMdsteE EFHE JHAfed, FEsE Addssd
polysorbate 80 A7+ R NaCl 7+ XA 2 log cycle A=Y Z2&L B
Ao, ethannol, #3 £ #HE F7F M AdE 10' CFU/g FF74A Z2
e AP ERE el AH(Table 2-10).
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Table 2-9. Sterilization effect of electrolyzed oxidizing water with various treatments
on peeled garlic

Treatments Cell number(CFU/g) Physicochemical property

Coilform Total viable pH ORP(mV) HCIO(ppm)
SDW" 1.17x10* 5.65x 10"

EOW” at 20°C 5.1x 10" 2.26x 10’ 2.65 1138 15.25

EOW at 0C 75x10' 1.46 x10° 2.66 1142 13.83

+¥ Polysorbate 80 lppm 5.93x 10 1.9x10° 2.61 1140 12.06

+ NaCl 0.85% 6.7x10° 2.45%10° 2.60 1114’ 11.35

+ Ethanol 0.5% 2.0x 10 345X 10° 2.59 1134 13.30

+ Citron juice 0.5% 1.5x10° 2.76x10° 2.56 1109 745

+ Lemon juice 0.5% 5.8% 10° 1.9x10° 2.58 1112 11.70

Y Sterilized distilled water.
2 Electrolyzed oxidizing water.
¥ Added to electrolyzed oxidizing water.



Table 2-10. Sterilization effect of electrolyzed oxidizing water with
various treatments on peeled ginger

Cell number(CFU/g) Physicochemical property

Treatments Coilform Total viable pH ORP(mV) HCIO(ppm)
Untreated 1.08x10°  2.12x10°
SDW" 705x10*°  1.77x10°
EOW” N.D.? 230x10° 273 1136 33.33
+ g ysorbate 400x10°  160x10° 275 1144 31.91
+ NaCl 0.85% N.D. 155x10° 282 1118 29.79
+ Ethanol 0.5% N.D. 900x10' 273 1121 35.46
+ Citron juice 05%  150x10' 150x10' 274 1004 1206
+ Lemon juice 0.5% N.D. 900x10" 265 1121 26.95

Y Sterilized distilled water.

2 Electrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
9 N.D.: < 10' CFU/g.
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3) &A

Zulzte] An e AFHe ¥R st H2EFE=Ho| Frhsta
ol gtz Zzel Aw|7t FFdhed weEk AvlEHAAE dF AR v
Z1AAHQY ot 318 WY T 29 w9y E 534 o|FA, 714
A utuE g 7zt A$E £ g AT o] AN My, o
HEo Z2RAAAS A Folot rh B F HolA AMHE AAE F
7172 B B uAlEY 99 x=&Ho o AHFH H FE3 FA3
A god YA JFL TE FUt UG ol LHAE AAANTI] YA
AAsrE AMEste AX G &3 L AAANLE 2std AHGAE o
ngEe AFEHE AHBRUTY 9 ANE FFHG T F I g HA
AzZte 2dsaA AES ESAHE A, SHTAN AAFAE de FAA
ol ZA FFL R ggroy 589 AAF FFFIL 1 log cycleAE AL
HA76 AR JAALE 582 AT e, A8t} polysorbate 80
A7V 7E 38 A2 4z g3 F47 550x10'CFU/g, 550X 10'CFU/gL g, %
#47} 520x10° CFU/g, 4.32x10° CFU/ge.2 7}3 o] 220, NaCl
47179 ethanol H7IFE 1Rel HA IAAANRoE UFFFIE 7.00x10°
CFU/g, 1.30x10* CFU/g, 347} 3.70X10° CFU/g, 296x10° CFU/ge.2 #
49 A 29 fA49 dedF HkTE 2 ATl M Holu AY
320 QAT 25 AlEse EFHE JeElUdtH(Table 2-11). ©]2 g A3t
ua AAFFF FAAZ 2H S99 BYE YU AH Y] §FS
AARSY &9 2yt AZAFLE YAFoE AFERI FI18lA NEFTF
o) 5ule] godo] AP S w WAHeZ Y BE RAES HYX, 53
A g4 AT dERF FATF AgdAe Tl EF AEEE ¢
% YA tHTable 2-12).

N

4) FuiF
FulEe Austd AAste JHR 2uFHE A2FE BT AEARES
AR F weA Ao ARl ot o2y dd Fo AF AAL vAE
2 AE 2R AASS 74T o)F AR FA FAM HAE &5 I
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Table 2-11. Sterilization effect of electrolyzed oxidizing water with various
treatments by immersion time on peeled potato

Immersion Cell number{(CFU/g) Physicochemical property
Treatments . (min) Coilform  Total viable pH ORP(mV) HCIO(ppm)

Untreated 1.82x10° 890x10°
SpwY 6.50 % 10° 1.70x 10°
550 % 10° 2.50% 10°
9.00% 10° 1.08%x10°
650X 10° 1.07%x10°
6.00% 10° 6.65X 10°

EOW? 3.00% 10° 1.42x10° 240 1142 29.08
2.80 % 10 1.47% 10°
550% 10" 5.20 % 10
950x 10" 8.08 X 10°
140X 10° 7.90 % 10

+¥Polysorbate 6.00% 10" 420x10° 240 1143 28.72
80 1ppm 1.25%x 10 5.95 % 10*

550x 10" 4.32 %10
2.10x 10° 1.16x10°
1.35% 10° 490X 10°
7.00% 10" 370X10° 239 1121 24.11
1.00% 10° 3.15%10°
4.75% 10% 3.45%10°
650 10° 1.85% 107
2.00% 10" 321x10°

+ NaCl 0.85%

GV o GO DO b U1 B O DI R U1 e GO B e U B LD DO RO B OO 00 U1 B O 0D O B 00 B e

+ Ethanol 1.30% 10° 296%10° 247 1138 30.14
05% 2.13x10° 955x 10
5.77% 104 2.30% 10°
6.85% 10 372%x10°

2.20% 10° 1.70%10° '

+ Citron 3.00x 10" 545x10° 239 980 1454
juice 0.5% 2.00% 10! 355%10”
ND.* 3.00x 10*
1.50x 10! 3.40%10°
1.00x% 10! 2.63x10°

+ Lemon 1.05% 10 370x10° 236 1122 1454
juice 0.5% 250 % 10* 260% 10°
N.D 2.35x10°
ND 1.75% 10°
N.D 140X 10°

Y Sterilized distilled water.

? Eelectrolyzed oxidizing water.

® Added to electrolyzed oxidizing water.
¥ < 10" CFU/g.
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Table 2-12. Sterilization effect of electrolyzed oxidizing water with various
treatments by immersion volume on peeled potato

Immersion Lmersion  Cell number(CFU/g)  Physicochemical property

Treatments  ime(min) \(/tfrlnué?)e Coilform Total viable pH ORP(mV) HCIO(ppm)

Untreated 1.82x10°  890x10*
Spw" 5 2 160%x10° 2.34x10°
4 2.85X10°  3.70% 10°
5 2.25x10°  2.21x10°

EOW? 3 2 350x10' 117x10° 240 1142 29.08
4 2.00%X10"  1.18%10°
5 ND. 1.18 X 10°

+*Polysorbat 3 2 450x10' 262x10° 240 1143 28.72
e 80 1ppm 4 450x10" 250%10°
5 150%10"  1.76x10?

+0§5f 1 2 17010  171x10*° 239 1121 24.11
' 4 1.05x10°  1.79x10°
5 7.00x10'  9.75% 10°

+ Ethanol 1 2 9.00x10' 134x10° 247 1138 30.14
05% 4 500x10' 121x10°
5 450%x10"  1.38x10°

+ Citron 3 2 400X10° 288X10° 239 980 1454
z)u;/i 4 3.00x10'°  1.24%x10°
5 350x10'  151%10°

+ Lemon 5 2 2.00x10' 120x10° 236 1122 14.54
gu;(; 4 7.00x10" 119X 10°
5 NDY  155x10°

Y Sterilized distilled water.

2 Eelectrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
4 < 10' CFU/g.
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AgE ZaATIE 98E ¥ £ At FHF AL E doE s

Ada#HE A 71dE & Ao, dFFTH FTTE v 2L e 9
Aoz FATERY dFTTA dd dFo) & Aoz Yeho. Az
Fo ARAE el 10uf5e Gdo 58 FAEFYL o WA FEH £
F47F 242 250%10' CFU/g, 6.00%x10' CFU/go.2 742381925, polysorbate
80 7HTE 5ulg e S0 1082 AAsAL 49 600x10° CFU/g, 1.10x10°
CFU/ge & YElR™. NaCl #7179 ethanol H7FFoME 5uj4e AR o
1082 AASAE oW vy £ AAE B ¥dd), FAAF HIlpdME
108 4=2] & 583 AAIF}HAE o dFTo] BF AHegen, dEdsr
€ 105 1083 FARAS o 7MY B A28 Y =8 A A F
Tl A Suj49] foo 53 2¥Y tg AXIGES @ AFEAAI A5ES
¢ 5 AME B, FE HgFAaX FL A e £98 JNT YA}
o] EF AlFdts EHE A& + AAHTable 2-13).

(‘N_L

5) 43A
A F2, ¥F, 58, dygEo] XH e dYT F759 MHE A
Fol A AvlEHI oy I AnFd JoME FAAG XA YRES
A3 o FRAE € BF dold gf Fe AFE ez AFs
A Hedl A3 A Aelsl BAA AAQF Qo] 7o @€ & Aio,
2 A99A SANE ZF FFAE FHFA 1A AHSEE @ @ FEF
7} 6.73%10° CFU/ge.2 wi$ ¥4 Uewen, £7F4 ¥ 1.21x10° CFU/g
22 MAE 29 x=&5H9 JAT. NaCl F71+E AYstaes BE HT
AA 10u42 AFHAd 58 AAAS W MY S AFEYE S Yehuge
W, NaCl 7€ 100 1023 AA3NES W /M3 AFER7 Holwt
Ao AR se S F718d 2 &9 ORP7F ¥olxx HCIO &
Fol #FAER Aol Aoi o WAl HAHHo] FolNtgm & F
Ao 2 BT, o2 EAJE A8 AL 49 AAYd Hg8 W JA3)
A 2 HAE ATETE o 8F AT F A €9 o] AFdANE
1712 2 Gulgo] G 5E4 23] HAXH{AE A FASGE 2 dExF

£

3424
to rlr

o}

rN'
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Table 2-13. Sterilization effect of electrolyzed oxidizing water with various
treatments on cabbage

. Immersion Cell ber(CFU/g)
Treatments m%rs?o? Volume - ell number( /g -

eimin (times) Coilform Total viable

Untreated 1.96x10° 4.03x10°

spw” 10 5 1.50%10° 3.15%10°

10 10 426 %10 2.89% 10"

5 10 1.48x10° 7.40 % 10°

_ 5+5 5+5 1.93x 10° 6.60x10°

EOW? 10 5 1.10x 10° 1.45%10°

10 10 1.28x10* 2.47%10°

5 10 2,50 10" 6.00% 10"

4 5+5 5+5 2.00%10" 7.00x10"

+Polysorbate 80 10 5 6.00 x 10" 110X 10°

lppm 10 10 1.30x 10° 1.50x 10"

5 10 5.85% 10* 2.24%10°

5+5 5+5 N.D.* 1.00x 10"

+ NaCl 0.85% 10 5 6.00x 10" 750% 10"

10 10 1.10x 10° 2.00x 10"

5 10 1.00%x 10" 3.15%10°

5+5 55 N.D. 9,50 % 10"

+ Ethanol 0.5% 10 5 2.00% 10" 1.10x 10°

10 10 2.95 % 10 7.00 X 10"

5 10 2.35% 10° 1.74%x10°

5+5 5+5 N.D. 250 10"

+ Citron juice 10 ‘ 5 6.00x 10" 750% 10"

0.5% 10 10 1.35x10° 3.90x 10"

5 10 N.D. 9.00 % 10*

5+5 5+5 N.D. 6.00 % 10"

+ Lemon juice 10 5 9.00x 10" 1.00x 10°

0.5% 10 10 2.50% 10" 250 % 10"

5 10 350% 10" 5.30 X 10°

5+5 5+5 N.D. 7.00 X 10"

D Sterilized distilled water.

? Belectrolyzed oxidizing water.

9 Added to electrolyzed oxidizing water.
? < 10' CFU/g.
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M TE A ne dEEY A FAAN Hold FZFEAI AUSol FAHA
tH(Table 2-14).

6) A=

HAAYE AFdo] ATFHHEMEY A7 d& HHEY & o2 of
3= Z97t gotAd. duiEn e HutF A AiAFAA Ei=HEe 0
BB FFE AHEYE, AALUE 8CAA 193¢ ARHAL @ F2Fo] 10°
CFU/gA %, RAFol 10° CFU/g, tA#Tol 10°~10° CFU/g, deoxycholate
mediadl A et B¥ gZE L <10'~10° CFU/g, &%olst a=7t 10°~10°
CFU/g RAZE B& F9 nAEEC] AEHUL, o1& £33 F5de 4%
olit} 3 log cycle AX F/iEo] FEHE Aoz vusHm Ut A
g Ag3ld AAEE AZEUS W XA RYoE Ao AF Y &
ol 4 15H] ol/de] Hojol Algart ¢43] Fd 4 URNeH, AH Y9 Lo}
Bolx ALY A Aol Frleittn st x AH AV Eol HA FolxA &
$k3, polysorbate 80, #A#F H7FTF 2 HEHRF HIMFNA 1549 AHY
o 583 AASRNE o dFTTol A AHdde EFHE YUY B A8
o gy A FLde dd AASAE W Byt adA A &
stom, dlgtg HrzpEwre] AAYol FUso YRFEH FFF7} <10' CFU/
g 115%10° CFU/ge 2 #asE A73E U H(Table 2-15).

9. A5 A wE FWAq &4

1) Polyphenol oxidaseo] ti& @A A3
A Eo] ZWHFAL polyphenol oxidase, peroxidase, lipoxygenase,
chlorophyllase %o & &4 3 ZA% maillard ¥-g, 7ke}d 3} ascorbic acid
kst Sol o3 vjEAA ZHoz FERET. E4F AW AEIE FAHAA
polyphenol oxidase, peroxidase 59 & Aol & Aslugel Asoln, o] &
A€ H97 i 2 E olF A T #AHA 7E AFY FIAEA
d & 94¥¢ FE2 u¢ FaAHD Yok AL BUAA gFHE A}
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Table 2-14. Sterilization effect of electrolyzed oxidizing water with

various treatments on lettuce

Immersion Immersion

Cell number(CFU/g)

Treatments time Volume ; -

{min) (times) Coilform Total viable

Untreated 6.73 % 10° 1.21 X 10°
Spw” 10 5 7.64%10° 8.05%x10°
10 10 8.15x10° 8.40%10*

5 10 1.90x 10 2.36%x10"

5+5 5+5 1.21x10° 1.40x10°

EOW? 10 5 8.24x10* 8.85x 10
10 10 1.22x10* 1.58x10°

5 10 9.25Xx 10° 1.98x 10

5+5 5+5 9.15 X 10° 435X 10°

+¥ Polysorbate 80 10 5 3.65x10° 9.50x 10°
1ppm 10 10 5.80 % 10* 6.65x 10°

5 10 6.00% 10" 1.35x 10°

5+5 5+5 550% 10" 1.50 X 10°

+ NaCl 0.85% 10 5 2.20x10° 4.66x10°
10 10 5.70%10° 5.00%10°

5 10 3.80x10* 450%10°

5+5 5+5 N.D." 1.10X 10

+ Ethanol 05% 10 5 3.48x10° 6.10x 10°
10 10 1.10x10° 9.25% 10

5 10 1.60x10° 3.25% 10°

5+5 5+5 1.55% 10 2.30x 10°

+ Citron juice 10 5 437%x10° 3.70% 10
0.5% 10 10 4.00%10° 5.15% 10°

5 10 6.50 x 10" 3.40x 10°

5+5 5+5 5.50 x 10 5.00 X 10

+ Lemon juice 10 5 6.15x10* 745X 10°
05% 10 10 257%x10° 482%10°

5 10 6.55% 10° 6.05x 10°

5+5 5+5 4.64x10° 6.75% 10*

Y Sterilized distilled water.

2 Electrolyzed oxidizing water.

9 Added to electrolyzed oxidizing water.
9 < 10" CFU/g.
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Table 2-15. Sterilization effect of electrolyzed oxidizing water with various
treatments on chicory

Treatments I{i’;’l‘é??&ﬁ? Irr\lfrgleur;]lgn F:ell number(CFU/g)‘

(times) Coilform Total viable

Untreated 196X 10° 4.03%10°
SDW" 10 15 3.75x10° 4.76%10°
10 30 1.17x10° 4.60%10°

5 15 191x10° 435%10°

5 30 1.76x10° 1.08x10°

5+5 15+15 1.24 % 10° 1.29x10°

EOW? 10 15 1.65%10° 1.24x10°

10 30 1.27x10° 2.43x10°

5 15 2.00x 10 1.22x10°

5 30 4.40 % 10° 2.09%x10°

5+5 15+15 3.00%x 10" 1.45%10°

+¥ Polysorbate 80 10 15 355X 10° 2.46 x10°
1ppm 10 30 3.45x10° 2.44%10" -

5 15 ND.* 1.15%10°

5 30 5.00x 10" 1.45%10°

5+5 15+15 N.D. 3.85%10°

+ NaCl 0.85% 10 15 3.00% 10° 5.00%10°
10 30 3.05x% 10° 6.24%x10°

5 15 5.90%10° 3.05%10*

5 30 N.D. 1.69x10*

5+5 15+15 4.00% 10" 3.55%10°

+ Ethanol 05% 10 15 9.30x 10° 555%10°
10 30 4.65%10° 6.24%x10°

5 15 6.20x 10° 2.93x%10*

5 30 2.45%10° 850x%10*

5+5 15+15 N.D. 1.15x 10°

+ Citron juice 10 15 1.30% 10° 3.27%10°
05% 10 30 5.60 % 10° 6.39%10°

5 15 N.D. 3.45x10°

5 30 3.13x10* 191x10°

5+5 15+15 2.00x 10" 1.80 % 10°

+ Lemon juice 10 15 9.90x% 10° 1.11x10°
0.5% 10 30 450X 10 3.72x10°

5 15 N.D. 1.24x10°

5 30 4.90x%10° 3.75x10*

5+5 15+15 2.00x 10" 1.15% 10°

D Sterilized distilled water.

2 Eelectrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
9 < 10' CFU/g.
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HEg FH’?}"E At F3F 2ufe] A2A = AaMAsisol z47] 5, 10, 20, 308
< HAF T PPOY 71R& AIAAIFIE phenol scavengerd! £ -84 polyvinyl
polypyrollidone& ¥7}3t] 2EAH& %%3 3 polyphenol oxidase (PPO)2]
A7t EAsd AHE A3, PPOY 4L £ AXAL A IFE
W] @ggkow, 106 units] AAE AtFHE F7] Fol WAEHH 57 FUA A
o] 244 unitsZ2 F7ite WwdE, A ZAJAAZ AL JdE 05%
ascorbic acid E7F#+ 105 units2 A A7 7HRlE PPOS| &40 1)
2 fA"HUeH, Asakst9t 1ppmel polysorbate 80 A7} 1 e AQF =
E A¥FAA PPOS &Aool §43] #iste @Ao] Yetwth o] F &y
AEFH7E J5E NaClt vl C(HFAa3E, d2834F) A48 2 525
7} g§93lo, d&34F 77 40 units22 H 3 83.6%, NaCl A7M++ 75.8%,
FARE H7bFE 709%9 PPO 84& AAIIE ReZ YER(Table
2-16). 2¥e Axe At#HY A S, FF we PPO 97ts} vl#Ha e 8
2 WA 713 polyphenol 84ES Fxo) Bl = o &R PPOY 97t
2 ZRYgA L] doittn By o g Aot mEtA T A B
TAALE B3l AAlY 2 Y& AHE Y

2) A3 R A F20 2AYA AR HE

Z2ALFE A3t Az Atd € AT AL A wE Ax
H3lE 2% A, AARF2Y AS 3xE Jdehlle Lol ZAsE v&e
sy B2 A FAA HA e AR FHRTE UE F2HG
Px7t Fkow, 53] NaCl #7tFoM e 302 F9 BTVl 602622 € A ¥
Fofl vsf vy FRon, YMEE YellE agt2 ascorbic acid A7t oA
t A9 W3l A1, o9 FAEHAl NaCl A7b79 HAE Hggo] 713
o}, PPO 97}9} vl 3 AE 9 NaCl 0.85% A7b7F 7k 24 oA axst
Holds & & AN £F AAAAME AfsrE A 7271 FRTFE
e 280 27 2A IR, FAFE ZH0 208 F 3%
APAAE dodle RS Addns BE HIMFAAA ZARI ZA F7HH
2 ggten, 448 Yehlle J4E7 208 AFA SHF AT E 16.78%
¥ polysorbate 80 717} 6.81, ethanol H7F77F 6692 TR E 528~
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Table 2-16. Change in polyphenol oxidase activity of apple in different treatment

conditions (Unit : 0.0014 Ago min"'mL™)
rsio in

Treatment 5 hnlrge =R txme(x;) ) 0
Untreated control 244 231 230 244
Distilled water 140 156 165 122
0.5%(w/v) Ascorbic acid 105 119 109 100
Electrolyzed oxidizing water 215 212 200 187
+ Polysorbate 80 1ppm 184 157 145 152
+ NaCl 0.85% 59 61 57 68
+ Ethanol 0.5% 93 93 69 51
+ Citron juice 0.5% 71 64 84 88
+ Lemon juice 0.5% 40 47 37 36

+: Added to electrolyzed oxidizing water.



14992 @A zto]lE B A2 Aisise ZHurz zads El1d
€ ¢ 5 UAHTable 2-17, 2-18).

3) 24245 Add we& dd FAe ZAAYA 2 polyphenol oxidase &
<EER B
G ZAE AANRE 2Edq A LS50 YA g AEAS o8

3te] A& ZA33, polyphenol oxidase(PPO) A3 wvlastgth A=A

0% F g5 AT AxdAe ZE AT/ FAE 232 Yy

Y4 PPO 4L FX&F7F 297 unitg JeEl= wa NaClo] 123 unite 2 7}

B 84 9AE RH2on, polysorbate 80 H7FT7t 196 unit2 ZH¥ o A A

g Fol 7HE 2 84 AHE ¢ Aoz vehgt. I Ao AojAS

£ 971€ Jgdle Lae ofF HL& Zolxul gRE Fsle FHAE BYe

B, 3023 AAS tgdx YA(LEZL 3 o35 Uetdo] AR Azt et

o2 AT & Qe HEE A ¥ 24 FS$E ¢ F INU A

AR Fo g8 F7) Fo HAHAS |@ Z7] PPOY Ao 71F &

ANFF7F 2@ £ =2A dojvr] WEd x7] PPOY 4L ¥FE

Aol Fasdn. 7|&Y #Ko BUAAAZ 71 Bel AMSHXm Qe

ascorbic acid A 5, 10, 20, 30€9 A Aol polyphenol oxidased] &4 o)

27k 78, 112, 83, 115 unit® A2} 1086) 284 713 2 A= Qe

2 Yetwth. #7HAlel B4 we Z2W QA% S 7t NaCle H7H9A

Y #A#EFE A0t A Sdde 29d JATe] Hoju NaCl A7Me 308, #

AfE H7bo) 302 ARA 74 64, 91 unit2 B FAHL Y. o)

< 232 Hol FaAstrdd FAAEFE At A B 7€ 2

AAA GG 2L 52 WAL AT v B A374HA FAA Ay

F A HAVME ALFY AAd o3 AL L AFuE 49 HAHo=

F83A 0182 & A& AeZ AZHHo FKTable 2-19, Fig. 2-4).
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Table 2-17. Change in L, a, b and color difference values of apple juice
with various treatment conditions

Hunter Immersion time (min)

Treatment ) o 0 5 10 20 30
L 56.41 4275 4166 4058 37.68
Distilled a 116 956 10.16 10.77 11.90
AE - 17.10 18.02 19.64 22.87
L 58.74 54.72 54.48 49.33 49.20
Ascorbic acid a -0.97 -1.04 -1.20 -1.04 -0.85
05% b 19.22 1851 17.75 17.06 16.64
AE - 408 451 9.65 9.88
L 54,67 50.69 46.34 4162 43.14

EOW" a -0.45 5.42 7.66 9.07 9.24
b 1612 23.40 24,00 23.14 2458
AE - 10.16 14.04 17.61 17.27
‘ L 61.82 57.41 52.94 46.10 4477,
+Polysorbate g -0.80 2.99 7.04 8.05 8.37
80 1ppm b 17.69 22.05 23.73 21.89 23.21
AE - 727 13.30 1852 20.13
L 69.07 68.95 66.45 63.16 60.26

., a -0.13 -0.12 -0.08 0.19 1.92

+ NaCl 085% 2094 2108 2161 2040 2484
AE - 0.19 2.70 595 9.85

L 60.02 54.70 41.80 4197 4191

+ Ethanol a -0.61 3.66 8.97 827 9.41
05% b 20.20 20.62 24.89 2221 24.19
AE - 6.83 21.11 20.22 21.08
L 65.04 51.79 4751 47.47 4358
+ Citron 05% 2 -1.28 472 739 8.21 10.07
) b 18.12 23.36 2053 24.950 26.93

AE - 15.46 19.70 21.09 25.83

L 61.46 59.65 49.27 42.63 39.02

+ Lemon a 0.06 1.33 5.70 8.32 9.32
05% b 20.49 19.42 24.49 26.29 24.66
AE - 2.46 1401 21.36 24.63

b Electrolyzed oxidizing water.
2 Added to electrolyzed oxidizing water.
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Table 2-18. Change in L, a, b and color difference values of potato juice

with various treatment conditions

Treatment Hunter Immersion time (min)

Lab 0 5 10 20 30

L 74.40 75.06 7354 59.12 53.78

Distlled water @ ~3.30 ~3.05 ~0.96 329 2.29
b 10.49 1111 10,52 12.62 1358
JE — 0.94 2.49 1678 16.88

L 7234 72.26 7027 69.16 64.76

Ascorbic acid a -2.56 -3.71 -3.77 -2.79 -2.01
05% b 12.23 12.24 12.11 802 495
AE _ 115 2.40 598 1052

L 7759 74.23 69.62 66.37 60.65

, a ~321 304 037 341 1.68
EOW b 10.93 12.15 1225 1431 13.35
AE _ 358 856 13.46 17.80

. T 7465 72,42 68.12 69.24 64.21
+“Polysorbate 3 -335 -3.17 -1.93 -2.49 0.11
80 1ppm b 1150 - 905 577 7.45 9.24

| AE — 332 8.80 6.81 11.23

L 7583 74.40 7150 6471 63.11

\ . a 043 “1.89 171 “168 ~0.08
* NaCl 085% 592 9.74 6.17 9.12 9.07
JE — Al1 440 11.60 1331

L 85.36 81.17 80.10 7972 79.37
+ a 219 -1.87 177 -1.02 ~055
Ethanol 0.5% b 821 712 6.77 5.82 3.99
JE — 483 595 669 791

L 78776 72.46 66.38 65.42 59.35

. a 234 282 ~1.28 345 596

+ Citron 05% 786 1031 12.39 1150 10.42
JE - 678 1323 14.99 21.26

L 813 80.05 7954 80.35 7175

a 2,08 176 _157 ~0.84 ~0.19

+ Lemon 05% 791 664 627 395 595
JE _ 450 5.11 627 7.14

b Electrolyzed oxidizing water.
? Added to electrolyzed oxidizing water.
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Table 2-19.

Changes in color of peeled potato treated with antibrowning
reagent and electrolyzed oxidizing water with/without
cryoprotectant by immersion time

Treatment time{min)

Treatment Hunter value 0 5 10 20 30
L 6622 6658  66.30 66.23 67.23
a 1.99 2.03 215 175 227
Untreated b 1050 1098 1088 1060 1077
AE - 0.59 0.41 026 1.08
L 6548 6727 6869 6598 68.43
0.5%(w/v) a 1.89 194 193 1.89 1.83
Citric acid b 9.94 9.78 9.92 9.47 9.86
AE - 1.80 321 0.69 353
L 6634 6636 6494 67.09 6831
0.5%(w/v) a 1.88 2.00 2.09 1.86 2.07
Ascorbic
poh b 9.79 9.56 931 9.70 10.07
AE - 0.26 1.80 0.76 1.60.
L 6598 6636 6494 67.09 6786
Elecgglyzed a 2.06 2.00 2.09 1.86 2.10
O ratar e b 1004 95 931 970 1025
AE - 0.26 1.80 0.76 1.60
j L 6423 6868 6887 68.81 68.38
Polygorbate a 2.20 2.16 19 191 157
80 1ppm b 1037 1111 11.04 10.90 10.46
AE - 2.70 2,82 271 2.17
L 6638 6562  66.73 6713 67.12
+ NaCl a 1.70 172 172 193 195
0.85% b 952 9.58 9.70 10.12 10.33
AE - 0.76 0.39 099 1.13
L 6856 6864 7098 7051 70.65
+ Ethanol a 1.88 1.53 192 192 1.66
05% b 10.04 9.89 10.14 10.14 10.02
AE - 0.76 0.39 0.99 1.13
' L 6628 6608 6628 66.56 64.39
+ Citron a 151 1.83 1.67 7 163
05% b 939 964 942 9.45 867
AE - 0.30 043 0.44 2.26
L 6779 6756  70.05 69.83 7013
+ Lemon a 2.08 1.80 167 172 1.79
0B5% b 1038 870 965 976 1019
AE - 1.72 240 216 236

Y Added to electrolyzed oxidizing water.
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Fig. 2-4. Changes in polyphenol oxidase activity of peeled potato
treated with antibrowning reagent and electrolyzed oxidizing

water with/without cryoprotectant by immersion time
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A44d 2 9

Asfjrstrol BHANAE Hrbstd Az 0T ©18te M 248 ALL3s)
o AAX FAFE AAAE ] 3t w]AE AF L ZEAYA EFHE 2AEY
o WAASA A7 ¥ &L NaCl 0.85%(w/v), ethanol 05%(v/v), #EIZ
05%(v/v), 2% 05%(v/v), polysorbate 80 1 ppmo.2 AA st}

D AE APEERE %7] 882 Log CFU/mLY Escherichia coli KCTC 10397}
BE F7MFAA 15~30% olule]l AR ApEE o, Bacillus cereus KCTC
1012& polysorbate 80 R ethanol #7}F A& 28 F) 1.0 Log CFU/mL &
22 JENI, Lactobacillus plantarum KCTC 3108  Asjatss,
polysorbate 80 H7H7, FAAEF % HEJF HIFFAA 30X
Erwinia carotovora subsp. carotovora KCTC 2776% A #)4k3}<4= polysorbate
80 A7+ € dEFAF HIFTFAA 0x T AldeE 2342 el
Zots AAAE A3, 20TAAM A AR 0TAAM Hsde 9 1
Log scale?| "] & Zd AFHE BHPoH, ZFae 4~5u] Asisiso] x|
ES o YR 2 dATESFE 10 Log CFU/ml °o}3l2 ZAaHRey, 245
EF 60~70%0°]49 #A&E BATh FulFd FERAE 58 28 IAFHA
< v A5}t Ao, AAYE b IARA @S HrhFge] AF
o] Fulgo] WFFEH FFF7 <10' CFU/ge 115%10° CFU/ge.2 Za
He 238 2o FAUO.

2 A &3+ polyphenol oxidase®] A& ZFAsIH vlmdd A, ascorbic
acid 05% A7t 583 AAINAE o 57%2 EHYAHE B w4, 25%9]
A& 5E 1 polysorbate 80 H7F7E AYF ZE A FTFoA 62~84%9 =
& 2 2adE RYen, Ane AAF2Y Mxo WMIE NaCl H7HT
AM HE7 EA, FAEs A den, 4AFE 528~1492 FAee
HAG 2olE B B AFA AXF 2HL59 2 ¥ Fo] Hojd R
o2 veyt g #Zxe M 2 PPO $4¢& SAHE ZAFANME NaCl
AMFS HARE AVHA 2 JAlTe] Holu NaCl H7btolA 30%, §=
#ZF FAHFoA 308 ARAl 42 64, 91 unitZ2 ¥ E4L JelAD. o)

o 3

’
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H3d =A29 Moo ME =7 M=|X
H Mg S A

A1 H RALF Ao o At 2472
A=/A 712
1. A&

A2 Sol FY A 29 AP FAOE AR UF B ¥ &
obx i Qo] nEAY AH 4%‘-4} qg $87 53 & AHolt. 2 HeH
A Fd L A2Fe AL BHe ALA g1 $U1508 AU AT
AEE7}F BobAL Yo, #7159 2% AAAS 288 A F%He 4
2 B¥o) 9% wAgE 2do] ZAs B £ Yok B 949 AgIEE
§ go] Ry Z7} ZAAY F } | el wty), Ad AF S 2T
FRE AR B A2y B pEYTH gl gF BAO] Tx Yrh
ol HastE A2FY A ﬂm Aejel DELL FAseiopgt 2ulA
7} Aday) B R ¥ 1~3U7e £o02 nrld W R Ry@ae] A
JUANE ¢tdth B¢ HAEFES 2 HUd d2EFY FEoE AYEE Y
A anA7E FF%a Qol, By, A, A2 2 Aol BF By HAH
o 2¥E v o sojgd HoE AYEY. Marchetti $9 Hid] wm=w 4
Aoz AEE o X Ak BHE AFoN AL AT 2 L4 F
AF$7F 80 Log CFU/ge Ho] LA=s Asiden, 53 &8 dzcse ¢
Z ABANA A4S AAYY =4 AARD QAT o AsA deigan
Sk A27hE AAFAN BAE nA29 FF9 = Table 3-17 2t}
wet B AgME daad Aze AL AAY, AY, N, A
A, AxAs Ay, A4 AU F 9PFe e PAHsY AY: T
38 Mgk

o,

- 71 -



Table 3-1. Number of microorganisms found in minimally processed fresh
vegetables sampled in industrial locations or commercial display units

Product Sl : : ; ;
. Mesophillic Lactic acid . Fecal Yeasts & Pectinolytic
pf,génegsgzp% t;'“;g{g?s) microfilora  bacteria Coliforms coliforms molds microflora
Mixed vegetables from
c:g;aﬂag e"“;lrfif;n}eg:;;r 108~10° 10°~10°  10°~10 10°~10°  <10°~10"
cress, celery, sweet com
Shredded cabbage 10°~10"  25x10° 1.7x 10
Carrot sticks 10°~10° 10° 1.8x10*
Cauliflower florets  5X10°~10° <10 35x10°
Spinach (1 day at 0C) 10°~5%x10° <10 1.2x10?
Shredded carrot 10° 10° <10
(No storage)
Shredded vegetables : 10%(carrot)
carrot, chicory, cabbage 10° Flchi 10°~10° <10~10° 10*~10°
(1 day at 87) 10%chicory)
Ready-to-eat salads: 10°~10’ <10~10
lettuce mixed green for 90% for 60% of
salads with tomato and of the the
radish, coleslaw samples samples
3__1n8 2__1n6
Mixed vegetables for ~ 10°~10° 10 eaio <10°~10" 107~10
caterers mean 107 m 6 mean 10° mean4
2X10 2X10
Precut salad vegetables  10"~10° 10°~107
Cut lettuce (No storage)  6x10° 3% 10°
Packs of shredded or cut
vegetables: carrot, chicory 10'~10°  10°~10"  10°~10’ 10°~10
salads, rocket
Mixed vegetables from
retail outlet: lettuce, 5 3 4
cabbage, carrot, onion, 10 10 10
pepper
Prepared lettuce for 4x10° 8x 10°
caterers
Shredded chicory 10° 10°~10° 10°~10°

(No storage)
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2. 48 2 3

D A=

Age] ASF AHA, Ad, FuF, A4, deele @A T A
FEH0] & AAT AL A7IE A dy FEHAAN FAsS ALE3tsth
NEE 7ML A F FREZ & 59 023 & AAT bg dy=
£l AP AV|2 A Agol AUt

2) Ala A

AA g #Ho) ALHE AL FESF, AHAsty, dHiAsied 3
05% A #ZF, 0.85% NaCl, 0.5% ascorbic acidg& H7IE 571A 9 AFoR
stgen, ABE Zzte AASd 183 22 FXAU U& g7 AHREA
qEie B71& AAsGY AAAGE XA 4F9] ArHe dAFLE
£33 60m PE filmell 100t5g G2 ¥4l OGCki‘1°C°ﬂ AZstQer 1
g EE AdALF FoAA AAFFel MY #FHL LYHE N8R 493
At

3) Vitamin C 9 &4

Vitamin C& 2, 4-DNP #4322 &3 =, A=d 43F9 4
£ 10¥l 9] 5% metaphosphoric acid &3 &% 39 Waring blendor® 1%t
A T AAEYstd A5 2w AlgE 3ol HE o AEH 14
indophenol €& #H7lstx, A¥H 1,239 5% HPOs-thiourea &9 2mH
7teted A @ 1€ F Vitamin C, A1¥# 28 #9¥ Vitamin C, AEF 32
blank2 o] &3¢tk A@# 1, 201 = DNPE Y& 781 osazoned ¥A, &3,
E3x 2H9 &8 278t Spectrophotometer(Jasco V-550, Japen) 520nm
N FFEE &2A3tg 2o, ascorbic acid EFEE A CZE vitamin CHFE A
&3tAh
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4) Chlorophyll®] &3

Chlorophyll2 AOACH¥d oz ZAdAcd, 488y 10g€ HH
calcium carbonate 0.1g¥ 85% acetone 50mL%t &7 viddty A7 hg =
Abel ©A] Z719] FELUE Ztetd F&, qdRsE 2L 33 wEd F,
100mLZ AE3dd. 4714 50mLE #H3 BHAAFo A ethyl ether 50mL
£ 7tefl 123 d8&A E€ F, 50mLY FFH5E acetone 22 AAHL.
FIEIUEF 528 e €5A17 g 100mLE A €319 660nm$} 642.5nm
A FBREE FA3 o A g FFS IR

Total chlorophyll = 7.12Ag00 + 16.8As425
Chlorophyll content(mg%) = Total chlorophyll / 10 X 34 ulj 4=
X 100/sample weight

5 "AE A

HABE FAHLE ASE 108Fe HFAYYESFE 718 ¥ homogenizer
(AM-1, BAREBIET, Japan)2 123 10000 pme2 FAse o, 7z
1 mLE H$ F @A 8433 wiAd pour platingd ¥ ®j¥sdth FF5

¥ PCA (Plate Count Agar, Difco Lab.)&, uWAFTZL Chromocult
agar(Merck Co)E& AH&3td &A3 A}

6) B A

4 AFAgYd dE BsHAE 582 FAHAE FHE H@29Ye] Kadder
9 W e FRHez FFIY 93 AEE Hrisigen, FHH %
E H7AE AZTRY A2 AFRAG F, dBCEA), dA()F), AA

EAN®), TR 712E & FEHoz FFEA 97 Iz 2 Hrisgo.
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3.2 ¢ n&

1) Vitamin C &3¢ A3}

AA), AY, FulF, A, dig 5 AP Ay g2 23
AEF Fo AZEHol A% #He WYY HAAF vitamin C FFASE
Fig. 3-13 #t}, vitamin C %7183 115 mg%olA 5.76~804 mg%= A%
712tel Aol wet RE A FAA Fastes 3FS VRS 27) A&
U #dFo) 5H vitamin C= 714 47 B9 = HEOZ vitamin Co &
AL BN, 1e, A%, 2YA 44 $o o8 2WHH vitamin Co) &4
e 259 A7) 28% A2 dA Uk
T2 HAXF AaFel 2717 115 mg%oAA A 10€ A 576 me%=E 73
£Aol o 05% ascorbic acid H7HFE7E A 1094 804 mg%e WS
$A8™A vitamin CEA0] 7H3 AA deigth ol 2ALF Ao 94
Nge AR 271258 A $E2o2M o A4S vitamin Co BHL
Restgy) WEoz 4zdd,

2) Chlorophyll §3% W3}

B AHAFA EFEHo Y F22Y AR EAL lipoprotein ¥
chloroplast$} #&o] glow Fz 299 R&+ membrane array’t 93f ¥ ojo}
doju=d Esixd Z4e 2tE pheophytin AE02 W3 FFE AHFA
th 2229 JERHE 4 2%, 80 ostd JFge v
Az E faez A 7d we F229 3o WstE Fig 3-29 ZAAY
Zo, EFATAL Fo e AF 1090 JHF FEAHA 293 3ol
Rolug zhdo] 713 ol dojd 085% NaCl #H7t7e AAAHT 7B+
vitamin C¢] &3] AF %7) 6448 mg%oNA 5939 m%E 42F AiHe 2
#E Jehdio] @Ael AT vitamin CotE A AV gl Aoz
BaEAT. AF Z7)0] 6448 mg%old vitamin Co F&ol ZE A FFAA
A 1090 62.22~59.80 mg%2 ANt o §Fo] LAHE AFS BHLH,
o] & AR 299 vitamin Co #FE v usA FE5d AAT B+ 36%7t
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=

—&— Tap water
—A— EOW"

1 —w—+Citron juice 0.5% -
—3— + NaCl 0.85%

—&@— + Ascorbic acid 0.5%

4 1 i 1 T
0 2 4 6 8 10

Storage time (day)

[l

Vitamin C (mg/100g)

Fig. 3-1. Changes in vitamin C content of mixed vegetables

during storage.
b Electrolyzed oxidizing water.
+ . Added to electrolyzed oxidizing water.
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o —@— Tap water o—
S 4 -—o—EOW" \.
= o
O —w— + Citron juice 0.5% g
—O— + NaCl 0.85%
—&— + Ascorbic acid 0.5%
58 T 1 ¥ Ll
0 2 4 6 8 10

Storage time (day)

Fig. 3-2. Changes in chlorophyll content of mixed vegetables
during storage.
Y Electrolyzed oxidizing water.
+ . Added to electrolyzed oxidizing water.
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Zasol g AHTF7t 642~647 m%BE #Fol FAE AA: A&
Bt =& Asfisige pHY 2~3F 59 ZAAgdx E4sn S229 &
Fo] 2 AFL uXA Fr Reg JEwon, 08% NaCl H7l+¢
ascorbic acid A7l A 2¥9A ] 3l F22He FFo] £l FHY
FHg Aoz el 27 Ax fAdE 2 E37F 9% Aoz AGHRA
o}, Chlorophyll® 22 3 £33 2o 93 57t dA dojues 3EA
Aol7] d@&o] Ao H/FE FAFZFOIY ascorbic acid7t 3F4tshA] 9
Adg S A Ho d& Aol vty 2 FaFo] HA ey BT A%
Aol FAAEFES A7 2AL Asdssdd JA AGste Ao F& AL

Z BdEAT

3) WAE AA

23 dAaAAF g g AFEAE AET FAFAE Table 3-2¢9
2o HEFo) wE EFFFe WHsE £2448 AF 825x10° CFU/gAA
AR 71zve] Aste] wet A F74ste] 3.11x10° CFU/ge2 YutE el n) 4
288 z7] 2942 10~ 10° CFU/g 9 ¢ Zastd A3 rldE of
u 27 Rudde 2@ Ao JEd. 05% FA3#F, 085% NaCl ¥
05% ascorboc acid H7FFAE A AF FEF ARt /I0FELE Z
A8 05% ascorboc acid H7MFAME AF 104 o]Fdx 888x10°
CFU/gA =9 #&& FA3 A '
28 dZETY A FI5YE FAE S JeERR e AHE FAFdx
£54 AT dFTF7E 632x10° CFU/gLZ A% 1097 229x10°
CFU/ge 2 Azl F71e9 ey 713 Adad7t Y 05% ascorbic acid A7
9 A% 1094 250%10° CFU/go.2 454 Ag AFRdE YAFFF7 3
A JERRtT

o2

4) ¥SAHA
EgAGA Lo AT BE ASHAE AAF FF}= Table 3-3% 2
. AL FE4E AT Ad "N 2AF2 AT 2 AH, F
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Table 3-2. Effect of sterilization on the salary in mixed salad by different treatments

Storage time(day)

Treatment

0 2 4 6 8 10

Distilled water 825x10°  7.83x10°  389x10°  344x10°  366x10°  3.11x10

Total EOW" 469x10°  355x10°  7.04x10*  1.15x10°  443x10°  1.11x10°
count +“Citron juice 0.5% 206x10°  254x10*  1.12x10°  38x10°  398x10°  875x10°
(CFU/g) + NaCl 0.85% 331x10'  165x10'  851x10°  1.18x10°  7.22x10°  143x10°
+ AAY 05% 755x10°  159%10°  7.06x10°  303x10° 935x10°  888x10°

Distilled water 632x10°  355x10°  144x10°  463x10°  7.65x10°  229%1(°

Coliform EOW 290x10°  420x10°  814x10®  861x10° 1.08 10° 445X 10°
count  + Citron juice 0.5% 487x10°  664x10°  132x10*  277x10°  496x10°  3.48x10°
(CFU/g) + NaCl 0.85% 555x10°  360x10°  697x10°  330x10°  298x10"  1.80%10°
+ AA 05% 589x10°  1.00x10° 125x10°  366x10"  450x10*  250%10°

b Electrolyzed oxidizing water
2 Added to electrolyzed oxidizing water.
9 Ascorbic acid 0.5%.



Table 3-3. Sensory evaluation of mixed salad during storage”

Storage time(day)

Treatment
0 2 6 10
Distilled water 9.0 82 58 36
EOW? 9.0 9.0 6.9 58
appearance +Citron juice 0.5% 8.0 9.0 6.8 46
+ NaCl 0.85% 9.0 82 7.1 6.1
+ Ascorbic acid 0.5% 9.0 9.0 71 6.3
Distilled water 9.0 8.2 69 45
EOW 9.0 8.2 7.0 6.3
flavor + Citron juice 0.5% 9.0 83 74 58
+ NaCl 0.85% 5.0 8.0 6.8 538
+ Ascorbic acid 0.5% 9.0 9.0 75 6.6
Distilled water 9.0 79 56 33
EOW 9.0 8.1 6.5 52
overall + Citron juice 0.5% 9.0 8.8 7.3 69
+ NaCl 0.85% 9.0 8.2 7.0 58
+ Ascorbic acid 0.5% 9.0 3.0 7.1 69

DEach value represent the mean of the rating the by 5 judges using

9-point scale (liextremely poor 5:medium 9extremely good).
» Electrolyzed oxdizing water.

¥ Added to electrolyzed oxidizing water.
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o, AAA 71550 WY BEEH0 BT $4sAT £EF AYFe A%
60 AUstEN 4F4ol A sFadoy 1 9 de AYFAAE A%
7ol Aol e BEEA40]l AT Rope AFEL BRed 53, 4%
20AAAE He) AF} 2 o & Holn YT}

4. 2.9

&3 =9 2AXS Y o3 AFF EAWME 2AHE A A
a4 RdFAAA 713 4A FI=HE vikamin CE Z7)9] 115 mg/100g) A A
% 1087 05% ascorbic acid F7F 7oA 8.04mg/100g 2.2 7}3 A A 2=
onm 22299 FFL FAHYTE Adstne AR 28AANE & W)
YNy, A% 2958 08% NaCl 7ol 348 A48 Hg3, o v
o AgFeAe 2% A FAE YA AZNT F9 Rod %
2 %¥¢ A 27 AEFE AAANE AF 1~2 Log scale 3= AT
7 ez AR/ Ao 37 e Rz By}
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A2 A 24 Ao AT e N 5
29 oA &3

1. 48

TS HE9 §Fol wob d2ZHH UE FY L JEHFoz ALHY

o 3 dtdAMe diE As-Ed 4E2 2udHI gody, sEgozE
TZ2Y, AT T £F 2HHE oot dFE FEHIT Y= A
(12). %9 &Pt A2 e g AAF Yoz Jung Hrs
Agdel ARG Y2 Y& FAZ F£EHD You, FEA A ug
4 R FF 24 & EAHLZ dFHI Qo We ¥ Y9902 : #§
%9 polyphenol®] 413}(3)e} xFol HF Fol Ag=Eo YAFHE carbor1‘y1°“‘
o] % amino-carbonyl ¥§ W&E(4)olgtx %A o8], o] F polyphenold
o ZUALL H2A7MF(minimal processing)oltt A& % polyphenol
oxidase R peroxidased] 2@ B4 ZWE 407)7] fEo] HEAM zd
< dAste $YE 78 9 MY FQEA dFE §2ojt56). 28 o
oA #¢ A7 WolA peroxidaseE #3td ELH EFL AFF AdFAEs Y
Z19H(7) polypenol oxidaseY} peroxidase® A|sl:= wWigo] tiywoz Ay
o1 AL#8-9Y ZAH10)el] s = wi§ uFE Ao,
g & dFdAE €4 2% FARA, 44 472 € 50 9%
o olutzlds] st AHAstgd FAAF, WAEHAEF, NaCl 5& Hrstd
Az A AFYE AHesto 7 ZdAld) e AP AR}E vz
o}



2. 48 2 3y

7. Aw
2 AgdAE 20008 10892 39 35 H952FA 89 &7 =
FE TY8Y AUAHE -1T A4 A3 e vy sl ALL3 Y.

Y. AZG Az L A2H9
el 2 HE 2 AZgez A4 AT AR

(GTB 1200, (F)3$HZ, )2 Az AH3l$-YA A 9 (oxidation-reduction
potential: ORP) 2 pH”’} Z+Z} 1,120~1,150 mV, pH 24~27% AsHAs4¢2
AHEE AT 28 A WP A7) Y8t A" WA
2% NaCl(Junsei, Japan)# 82 #HFHL (F)ZAFAHAT)AA FFeo}l A}
4o, §2 FFHL 20009 119 nFoAM £8h FAE IVE AAR
FAF -2 ARG AE AL AT. AL A5 te wa W AHRekAl
o gt & A9 =7 F g3, ARFAHAAE 1,000 mV ooz FAA L
T e FELE NaCl2 085%, YA HAZsAE 05%2 2R sQch

AGANEE 2L TP G FE FFHF AHE T, NE FF5
wjo] dajitstrel 1023 AAT F 24k g AFgde vjee Pyt
FE S AgdE LIw/WE 81, 2 %Y AZAL 1:05(w/v)7 HES
E¢E ¥ 003 mm PE 98 %500 g 4 £33t -2+05C7F A" A
FaoA 2843 AZstEA AE3A

0. gx 2 A £34

gxe 72 AFY 3 mLE FH3s| UV/VIS spectrophotometer(V-550,
JASCO, Japan)Z 660 nmelA FF=E& ZA3AL, M=t M EA(Macbeth
spectrophotometer color eye 310, USA)E A} 8314 L, a, bg 22 Yer AT}

ox
z
)
(14
A
N
i3
fo
et
Y

Astped, e AAEL AF Fo s
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4dAF FAstdg Az FA 106 HFes BIAAAGTA $2 108 A
23 48 ImLE Hso QAN E o3 wiA 9 pour plating 3o, 7
AZgel v PEFE AZYE F EEE U ImLE HItYq DAY A F
@4 PCA(Plate count agar, Difco)E& At&3le, dF T4+ Chromocult
agar(Merck)& |83t ZtZt 30CelA 72413, 37ColA 24210 wjgd ¥ A
F3t At

u. F A= SR EY §F B4

NgE 1 ge FAs2 979 50% methanol 50 mLE 7t3t9 80C F=dA
1IN 8§ WgadA 23830 4202 Yztste o3 F 100 mL2 &
314t ol ¥ 1 mLE A3 Folin-Denish H(16)2.2 A& dt.

v}, Polyphenol oxidase &4 &3
Ag 10 gl 10 mM <4 S4FLY(pH 72) 40 mLE X2
JPeEA wfd F AZZ AE o,
12000x g2 1083 ALHAE F594E 254902 4. PPOY 4r7tE
ZA3%7] f4sAE pH 6.09 01 M U4 &435894 1 mLol 01 M catechol 1.9
mLE 71§ g8 2829 01 mLE 93 ¥gE APAF)|EA 420 nmolA &
Fxo F/E &A%, 2EAA2Y 1 mL7t 189 F3=E 0001 ¥E3A]7) =
AL 1 unit2 3] PPOS &4 o2 BAISATHIT).

polyvinylpolypyrrolidone 05 g& ¥31 %

AL BN

Bt APTEE A2e] NRE ALH 69 WHaago) A, WA,
, 247, AME 2 FPA V1S 5o 22 v FPYOE Pred
Lol W gzPE 23 488 B AFEOE N1Fe s wasgen
94 BZEE SASE o8 Duncandl B9 AHez A

I

Ho
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3. 2% 2 n&

7. A9 pH 9 g§x9 W3}

7t A Fol Ao AF A pH W= Fig. 3-33 2l gukpeo %
7] pHE 3822 Asi4tsl49] pHS 256~2600] vla Egtoyvh gukd x4
T AR710] BAoged met HAM3 Frtste A 3BAA o) pH 5128 e
e, A3 7449 deERdF €L FAAEF H7F Adadsts AgFaMe
pH 4442, A8 249 NaCl #7b+E 242 pH 511, pH 5012 A% Z7}
£ Bola, AX 1499 ©A & A F7He oS AR 21Y o]FdE pH
60 FELE MAHAHQ AFE RAFAY. o) 2L AP} Aasisd 7
He FA}RE W AZAY pH F7HFo] vis &%dtd 209 ojF pH 3.7~
pH 46 A& YEIUATE 8 F(19)9 A7 vl$ ol 232 el
o ol A AZRA AY R FEFA AHAAE NaCly 5%, &%
o wet Haistae 5Ho) gy WEeR ARHY, A F9 pH W
80L& As{Asrst FIEA FEAA S o pHSY B AAHI 2A F7)
7] ez AZE Y. wetA Afitsige x7] pHIY AlFy A% 3
A pHR 45~50R w3 A7 A& 3 pHY 35820 Yo} ujAY &9
FAGAE T AZAY 4 WS /I A2 AAAG12). H AF
5 AFde gx ¥3ls AHE AxE Fig 3-49 2o g6 A3 A
79 F¥x=7t 08622 FAA F/EATI ARVl AAdsE 7
a3t A 28Ul 0362 et on, & AZAL 28471 A3 F7t
sl A% 289l NaCl #7H77F AR 0728, $A%E 7t AAA55 A2
TFAA 0982 71 L SE& UE AT o9 o] Putgo] AL S
e AZdE x7) gdxrt A FUMstE AR Hol A xV)d nmAE
o ARl ANSE FAY 4+ Aoy, Agfidslsy HgAde =& A3
A9et ¢ pHE 27| v Eo] AAHU7] HEo AFRe Aol W33
o]Fej] ulAEL Aol o]FojR Aoz FEEHoj} %3 WAHREA HIL
F7b Bukgee] vjste gEyF & olfv Oy TAE AZ o] Bt 1/2
o] X e AE Fd¥Yo] E Ao ARG, wtA A AJRozw

- 87 -



a
v OQS%
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I
Qo 4ﬁ> —0—0.1% APS"
- —a— EowW”
3 —v— + NaCl 0.85%
—&— + Citron juice 0.5%
g —O— + Lemon juice 0.5%
2 1 ) L I
0 7 14 21 28 35
Storage time (day)

Fig. 3-3. Changes in pH value of electrolyzed oxidizing water
with/without freezing point depressing agents used for
storing peeled chestnut during storage

Y Aluminium Potassium Sulfate
» Electrolyzed oxidizing water

+ : Added to electrolyzed oxidizing water.
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Fig. 3-4. Changes in Absorbance of electrolyzed oxidizing water
with/without freezing point depressing agents used for
storing peeled chestnut during storage.

Y Aluminium Potassium Sulfate
2 Electrolyzed oxidizing water

+ ! Added to electrolyzed oxidizing water.
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ke 60% ol-del S FEEEFE 7HA Uoth o] AP FH
2atel Gute JRAFE 27 FEEFo| 67%AEH oW, Asastsd A= g
AL+E A 0€AQUE 73 d2FA FAYFRG 2~3%BE & F
E 33S Jehddd A37Ige] F7MESE FAYTE FEETF MM
#aste AR 474 60.1%7F HALw, U402 FrlH e 9 A5 ¥
o] AdtA AzHPL BAY & YYon, AFYd AATF A= HEH
A7E uAE FEZAE YR o9 AiEE YAFTE ARNAF
ot FEol A& Frted AR 4F o] 71.7~724%7F HAch A %‘HV =]
AFE 2 F7HEol w$ A AF 3Fd FEGFo| 5%E dol BEHIA
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A7k & A Y v BES WAEITT, FTF, TR0l R
Uyo] A% AL Table 3-49F 2t} E’é}%}?} 2 Mol ésﬂ&ﬁ}—? o 108
Z+ AAEAY 12 AAES vkl pHS ORP7F & Axd Asislge A=A
¢ A4S AF 71EG dZTe] GEUA ggtew, Pty £ 2 pHIF
of 7] i@ Tol BEF APEse ARV nAETHLE APl X
HAch AF 49 vAEL g9 FAIG AF¥E el Buss [ 74
of F%o] - ARF7t FAA FAHNLH, o] F FAdE BH¥FS BAd.
A Asee G ATl HE FBol - ARFY FFF7F <10'CFUgLE
g ol 1R 58 AFAHAE JEAE, 2 YF2E NaCle] 14X
10'CFU/mLE ¥¢ ul4848 Jehid R, old ul&) vlgq C #717E ORP
7} wol 2 AT vlEy pAESFIE 1 log cycleAE BL 2HE BY
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Fig. 3-5. Changes in moisture contents of storing peeled
chestnut during storage
Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water

+ I Added to electrolyzed oxidizing water.
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Table 3-4. Changes in microorganism number of storage liquid of peeled

chestnut with various treatments during storage at -2TC
{Unit : CFU /g)

Storage time {(day)

Treatments 0 7 14 ol
Coliform _ N.D. N.D. ND. ND.
APS? “{;’é‘gsf‘ 125%10°  13x10°  TNTC®  53x10'
Total cell 185X10°  95x10'  315x10'  1.445% 10°
Coliform __ ND. N.D. N.D. N.D.
EOW? n{?égsf‘ 106x10°  25X10°  70x10°  40%10°
Total cell 3.85%10' 85x10" 40x10" 1.4x10
Coliform _ ND. ND. ND. ND.

# NaCl 085% ™94 & 33x10t  185x10'  19x10'  L1sX10'
Total cell 35x10"  185x10'  20x10°  14x10'

o o Coliform N.D. N.D. 1.25%x 10 40%x10"
+ Citron juiceé  mgld & 1 2 2 1
05% Yeast 7.1X%10 1.6X10 156X 10 1.156%X10
Total cell 2.15x10' 1.35% 10" 1.1x10" 1.7x 10"
Lo o Coliform N.D. N.D. N.D. N.D.
+ Lemon juice mold & 1 5 2 s
0.5% Yeast 6.0x10 55X%10 9.95X%X10 1.3X10
Total cell N.D, 20x10' N.D. 7% 10"

Y Ammonium potassium sulfate

2 Eelectrolyzed oxidizing water.

¥ Added to electrolyzed oxidizing water.
9 < 10" CFU/g.

 Too numerous to count.
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cd, 9& A TFdME $AHA &L g Fo] L FolAu T TN
Vel s, F%o] . &R 1.89%x10°~235X10°CFU/mLE w1$ =4 Jelg
Bk A sjAbslr 9} NaCle A#%7)3te] #AQl0) 10'CFU/mL 39 #42 &
Aged, Alzd Asists F FALE A/ AF 28U FBol - &R
47} 103CFU/mLE FF 3t 2F4E EQd ol 42335 992 YyAnas
g Hox el dFoE FAAEL Yo £ FRAFEA AL
& A oldd dHE 2gT £ UL Aol A= AHTable 3-5).

g Zddx
A7 ¢ e BEUMAEE A3 ZAE Table 3-63% 2ok AE
8 971 Yehdle Lake AR7|te] F/E4E aste Aol Yo
B, Futg AITE AZz716 Lol F718 og AAM3 #Aasdgoey, o
9o RE AT FAHYT vt xuro] g7t FEAT Aty
A% 289 Lol FA T vstd A Jegey, o F fx34F A
7 RSt AgTe AF BY7HA BE W A9 Q. BLAe
=g UBhi<e agte FAHTFAA Frhgo] Ad Ehon, gutFdME o
BgE tdd ¥ F7H8E B3, 2 99 M TN xuto) ozte Fi}
FAE Holtrt AR7Izte]l Ao wet dAl FaxdAY FAHE AL
YEM QT =@M JEE BASE bt AAMHoE ZAAdE AL g
Rey grtgd A Feode AF7I¢e] 7l me 23y Frlste
FAE Yetdl #F5 A g2 HEd HF SUo2E 3 AEE JAT
F AR H F22)L Y L FAL A3 AFoNA Fukgd J=A s
Ae o bgte] F7HETE H1E v Utk
Hunter 4=A& o]&3l9q AL L, a bFOZ Lab ¥l A& F ALY
AAAYZ BEHT YAHIE)GLZ vlud do, AF7|zte] AolAFE %
ZINEC A HAge Frkste S UdeRoen, @AY A% Fo|st e
3.0 ojol HE 7I3te] Fute AT HEHF H7L A A
A% 29AZRE Y7 AAUE @Al dERoU AP 7|ze] AL
gl et gA 437 Zarsoen, fa9 d2HE As A& HgT

£
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‘Table 3-5. Changes in microorganism number of peeled chestnut with

various treatmenis during storage at -2T

(Unit : CFU /g)

Storage time (day)

Treatments 0 7 14 o1

Coliform  20x10'  1.0x10' 1.0x10"  55x10

Untreated ol & 55x10  189x10°  235x10° 5010
Total cell 25x%10°  7.0x10' 15x10' 1.6%10°

Coliform  ND? N.D. ND. ND.

APS® mold & 125x10°  145%10°  80x10'  25x10°
Total cell ND.  10x10*  10X10'  95x10'

Coliform  ND. N.D. ND.  ND.

EOW? mold & g0x10'  20x10'  10x10'  10x10*
Total cell ~ ND. 20x10"  20x10'  20x10'

Coliform N.D. N.D. N.D. N.D.

#NaCl 085% Mo & gox10t  75x10'  25x100 5510
Total cell ND.  25x10'  15x10'  25x10°
Coliform  ND. N.D. N.D. 80X 10°
* Ciz‘;; juice mold & 35x10'  15x100  15X10'  115x10°
Total cell 55X10°  15x10'  20x10'  241x10°

Coliform  N.D. N.D. N.D. N.D.
' Lei;;jm°e mild & gox10'  55x10'  996X10¢  13x10°
Total cell ND.  20x10' N.D. 7x 10"

¥ Ammonium potassium sulfate

? Eelectrolyzed oxidizing water.

3 Added to electrolyzed oxidizing water.
? ND.: < 10' CFU/g.
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Table 3-6. Changes in Hunter L, a, b and AE value of peeled chestnut with
various treatments during storage at -2T

Hunter Storage time (day)
value 0 2 8 11 17 2 28
L 7896 8055 7861 74.07 7190 7101 69.40
a 355 370 6.22 791 9.36 745 9.26
Control
b 18.05 16.08 14.85 18.45 17.92 16.43 16.67
AE - 2.54 4.18 6.56 9.15 9.00 11.22
L 7896 8233 8116 8094 7933 7883 72.93
0.1% a 355 3.87 464 452 4.16 5.66 5.07
APSY b 18.05 16.81 1810  19.04 17.11 18.86 17.04
AE - 3.50 2.84 2.34 1.20 1.45 7.32
L 7896 8059 8168 7833 7875  76.87 76.95
sow? @ 355 375 436 437 372 494 2.21
b 18.05 16.76 17.29 17.85 14.29 15.99 11.27
AE - 2.09 2.94 1.05 3.77 3.25 7.20
A L 7896 8102 802 7719 7115 1377 72.38
+' NaCl a2 355 358 401 499 5.46 494 5.02
0.85% b 18.05 17.06 16.12 1761 1875 1523 1613
AE - 2.29 2.25 2.32 2.72 6.07 7.01
+ Citron L 7896 7949 8384 7629 7694 82.04 80.75
Juice a 3.55 3.48 3.15 4.16 431 414 3.79
b 1805 15.62 14.18 16.45 15.95 16.59 14.09
05% g - 2.49 6.24 317 3.01 346 435
+ Lemon L 7896 8176 8138 7762 7950 7567 75.91
suice a 355 2.95 4.10 3.48 491 3.76 3.45
b 1805 14.70 17.71 14.87 1657 15.02 13.71
05% 48 - 441 250 345 208 5% 531

Y Aluminium potassium sulfate.
2 Electrolyzed oxidizing water.
¥ Added to electrolyzed oxidizing water.
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A% 208 3¢ 2Ess 34 A9 g2 4 5 U

ol & =4 ${ES #§33 polypheno! oxidases] ¥4
qiEEe FAFo EAsE dHEA FYEEL polyphenol oxidaseod] o8
243 299 7122 371F9 4o 98 quinone £E quinone FEAESE
AstsElE EFol. o9 ol YA€ quinone WA gquinone FEHES B4 o)
W AN A% G TR Ex FEH HFHLE melanin A2 EE T4
9 -’L’c%% HYWED. BaA 32 29 Hsy HFESY ¥ 2Y 4
o FALE dAE ZHEYE ol A: JAANE F & Aoz A

Ztdd. bt B ddAe e dadssd dAs9e | dsA 5%

EE59 ¥sEHe 4& A, E40 ¥ 28 B8 F MY FasA o
AR polyphenol oxidase®] A& vlasldA ZWAA FEE AP
(Fig. 3-6, 3-7). Caffeic acid& EEIX02 Z4HE & Zgss9 §Fe A
F 2719 1336 mg%E ¢ F& §FE M e, FXHgE AU
o] AGFE MA3 Frsast AR 1799 59.12 mg%E HAXE 71881
oA Zaste ZEE 2ieH, dsidEs YT AR 8Yl 61.02 mg%E
#RA2PA F7ME oF 73}"75}9a°‘11 olglel AT AF 8U7A 16.
5~2865 mg%2 1 WEFo] wAddrt AF 114 HF2HA F7Hed
39.23~50.3 mg%7t =AUt} 21"3'7]1“] A& g w2k AA3 7:}"‘3}93‘4

FE, 4271, A8EA, &9 wat £4X] o] Aolrt AM F Eg
HlegdFe & vlae A gou, AEte 23E AUTFG Iy
g ¥ ZgdEs #%7 polyphenol oxidase 4= LT A A= A
o2 Bayth B APdMe FHTFE Adslns EF AF 8YAd F
A3HA &40 FUHEATT FF 2 Yo FojXv Aoz YEgon, ¥4
g3 A% 199 Hx A 1,1528 unit& ettt F58A 24289
o ol EWY Fo] Fugd wet B4V A9 A4S Yehyld £F
& 7oz wsgly] qEc@dn AAHM, NaCl 7179 d23F 371 A
qass AT 2EYAANEZAY 54& Yedol AF7To] A&Hd o
2 B9 4o A dAHE AFE vehden, Fute HTFe F§ 9
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Fig. 3-6. Changes in total phenolic compound contents of peeled
chestnut during storage.

Y Aluminium Potassium Sulfate
2 Electrolyzed oxidizing water

+ 1 Added to electrolyzed oxidizing water.
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Fig. 3-7. Changes in polyphenol oxidase activity of peeled

chestnut during storage

Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water

+ 1 Added to electrolyzed oxidizing water
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A% F(-2C) e Ag7dd & 7]3% W3 Table 3-73% 24
FAYY e ARG 294 ZAAAA A, WA, B}, 2, JAAE R FFHY
NZEANA dEzFEROE ¥ JFE 2oy & AFeEd & AAojg U
B e st Bt d5F 422 AFEA 7de] HAE W 4 & HIYTE
o] hxT9 FoAHA o7t GA YeEhd WA FAHHFE oldiE 479
W7 Jelg S S & & AN T del @A, 233, %2 AR 149 olF R
H $4 RES ¢ 5 on ooz Kol FA 7Ee fF/NEL diF
149 oY) 9¢ 38 & Ytk AHMEE AF 74ARE DR AR
o A 71ZE FrtdAM AF 149 FREE FZo] A3 Rold S &
F k. gwreg A 2E2 A QoA AF 14LARA] fE2T 9 {9
Ql xtolg YEMA FFoEA e HIFER Hud 9 7 ¢+ 2
35 Jeplidch wbdE JAl, 233, 2, AAdEE JAMEs Ege i v
tou Agoz AF 14Y7AE & AEEFH E Ao/t e AeE §
A=A ‘
e AASTEZ APLS Al 42 A 2GATR dzT4 Holst
glen, 2373 JAEE A3 wp@AsAZ2 AR 2047 E $58 Re=
vehch A% 149 7AAAE A% 2ol QAN E dhE T FAHA 2olrt
gen, A% 21de] HAE W= FAYFS s AATFRAE JAHY
NEEANM e AZEARE JebATh NaCl A7 d3dske A FE YE,
237 € AAEsE 25 A% 219, @A %, AAHY JEEE BF AR
1494 $9A<Q Aozt dehr] APy e HIMRE A dE AT E
ZoA 713 we& A4E YehiAT o) NaClel ZHF #st fEolza 4
5], A% . FFA 2HAEY 7158 nHE W FLE EAIT A48
o #ateh dERF A2h AAAsE AT AN FAHAE A7 Aeds
F AYTFE A% 219A7A DAY NaClg Adstne dhz7o 7H3
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Table 3-7. Sensory evaluation of peeded chestnut with various treatments
during storage at -2TC"

storage time (day)

Parameter Sample 0 7 14 o1 =
Untreated 40° 42° 38 50° 3.0°

0.1% APS? 7.2 6.8° 6.2° 48 54°
Color EOW? 7.4* 64° 6.0% 6.0% 46™
+“NaCl 0.85% 7.6° 6.8° 6.6" 6.2 3.8™

+Citron juice 0.5% 7.27° 72° 56° 50° 34~
+Lemon juice 05%  7.4° 6.8° 6.0%° 5.4° 46"

Untreated 54° 50% 56° 44> 5.0°
0.19% APS 6.0% 5.2% 52° 4.4 42°
Odor EOW 6.0* 6.0 5.8° 40> 54°
+NaCl 0.85% 6.0" 6.0 48° 38 4.0°
+Citron juice 05% 6.8 5.6% 54° 4.0™ 46°
+Lemon juice 05% 6.6 48° 4.8° 56% 50°
Untreated 56° 6.6 6.2%° 36° 44>
0.1% APS 6.4° 56> 46° 42° 4.0
Texture EOW 5.6° 6.0 56 38 42>
+NaCl 0.85% 6.2° 60 58 46° 34
+Citron juice 0.5% 7.2° 5.0° 5.6* 36 3.8
+Lemon juice 05% 68 54> 54% 5.4 52°
Untreated 48° 5.2° 5.2% 36° 5.6°
0.1% APS 5.6% 5.4% 48" 44> 42
Taste EOW 6.0 58" 5.6% 34° 5.0%
+NaCl 0.85% 6.0 6.0* 4.0° 26° 3.2¢
+Citron juice 05%  7.0° 5.0° 5.4% 3 5.2
+Lemon juice 05%  6.4*° 48° 40° 5.8% 56°
Untreated 44° 54° 48° 36° 36>
0.1% APS 5.2:c 5.6° 48° 42° 2‘(?;
EOW 5.4 56° 56° 44° 36
Freshness ,Nacloss% 62 56" 48 46 28°
+Citron juice 0.5% 7.4° 44° 5.0° 4.0° 42>
+Lemon juice 05%  7.0% 52° 46° 56%° 48°
Untreated 4.0° 5.0 48> 36° 40%
0.1% APS 48° 54° 5.0 42° 3.8™
Overall EOW 5.2"2 5.0': 5.8 4.0: 4.6:
+NaCl 0.85% 6.0° 54 42 38 30
+Citron juice 0.5% 7.4° 42 54> 38 48>

+Lemon juice 05%  6.8° 58° 52> 56% 58°

Y Each value represent the mean of the rating by 5 judges using 9-point scale
(1:extremely poor 5'medium %extremely good)

? Aluminium potassium sulfate.

® Electrolyzed oxidizing water.

9 Added to electrolyzed oxidizing water.

% Means with same superscripts in a column are not significantly different(p <0.05)
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dAjet =233 fatd dEdF Ao dfiss AT 25 AF 219, o
< A% dEAF ot ARdss Aot 44 149, 289, AdE ¢ A
AL 713 EF A% 289712 F44QA 2olE vUetlA gkt

AR 2 AANHYN 71258 FHo2 FEAY FAATE 4422 39 E
W, AT B¢ AF 7ted 710 149, P AL+ ® NaCl #
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ZAVS A 729t YUHA R vitamin C, ¥, 2 ofwli=Ate] 3 Wtz wlw
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2. A 2 9y

7t A=

E Agd AFEE S (F) HAFAAAAN o2 F£&3E 200084 7
Hog, gt AZdA 24 e ous U9E 7L F dgd Ay L9
RE AHEEA L

b, g 4z 2 AsAY

el FA AFYez ALY AsfdsteEe A{AF+AZ7(GTB-
1200, (F) 2 FH 3, Korea)2 A2 Ast@A419 € pHZF 44 1,120~1,150
mV, pH 24~273 AsA{IFd+E AL, an Adidsise 938 3
AIF17) st A8 WAEZASAZE 19998 119 ¢ RFAAN S8 &
AE 93, U9 g AAE ¥ 2AF - ARE FAREFES AHEAT Frlulee
H5Hrte we WRAZAAY =t IFE& A =72 F g3, A3FLA
(Oxidation-Reduction Potential: ORP)E 1,000 mV o]¥22 {3Ad £ 3
F&9 05%=2 FAsA
AZFANGE e £RYe Hud %S FH5N AHsn, N2FF 5
i Azt 108 FAY F e B AXde ujge
Ll(w/v)ol IEE 3, d2H/TFE IR 2add99 128 ¥ge2 gA%
% 003 mm 79 PE filmo] < 500 g ¥ £A3o -2C+05T7F FAH=
Aol A 2593 AAstA

fr fo

. dugRe] 24

el £Re AgrldAzYPog zALe soxhlet's 25YPYe, =
99 E L macro-kjeldahl'#"®&¢ Alg3te) AFsgon, g4 pHE pH
meter(Suntex 2000A, USA)E &A3dd. &43F L HCIZ At EEs 3
o] BA4e DNSH™e A123td glucose FFoz el

e
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2}. Sucrose? ¥4

BEH4F A8 5 g& FH3HA 80% ethanol 20 mLZ FE3L 045 m
membrane filter® o3} F HPLCA FYstd A3t old ALg3
columng carbohydrate analysis column(waters, USA), column %% 37T,
A2&71= RI detector (830-RI, Jasco, Japan)Z& Al{3Iyon, oy
acetonitril:water= 75:25(v/v)2 42 12 mL/mine 2 M &%t

u}. Vitamin C ¥4

AR 7 10 g€ sk} 5% HPOs 90 mLE 7}t 23 o), 4%
stk ol AL 1587 WAzl FAF F 3000 rpmolA 1027 A4 2 3o
de A5 AL A48 hydrazine M AH® o2 % Vitamin C #3L 233}
k.

uh. FAobvl =t £4

NE o 20 g& A3 At ampled) ¥ 6 N HCI 15 mLE 7§ o
S No2Z X3l A&eA 53340 o]& 110C ovendll Al 24413 7hE3)
N wgsld gol242 50 mL AEEH2F HFLE F 02 m
membrane filter® #& ¥ A FsA FA8 AccQ-Tag #%ez f=
AAF 1, o] F 10 ¢LE 339 HPLC(Jasco, Japan)ol F U3t} ofv] =it
& B2AM&490. columne Nova-Pak Ci13(3.9%X150 mm), AZ&7]€ fluorescence
(Jasco FP-920, Japan, Ex 250 nm, Em 395 nm), ZY¥X =& 37CHLH, o|F
2& trimetylamineg ¥71& 0.14 M sodium acetate(pH 5.0)9} 60% acetonitril
2 gradient method& AM&3le #4314t

AL #EAA

A Fde] e Z A2 BeH/e ALY 699 FHdade] 4
A, %, 247 AXAE 2 F2EHA N3E T FES vaPPPeE Frs
A, o] W T2 £ AAMF e A 80& VIELE Fo ¥R
o, §o4 AZL SASE o] €% Duncand UH¥ FALZ A4
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3. 2% % »3

7b. AA Al pH 98

kel AFA ALSE 0.1% Fu5s ggstA Ad ANAGAe A%
% pH ¥3: Fig. 3-8% 2k ddasise $AR4ES Fote Afass
A e 27] pHE pH 25820, 48¢ 378 A FeME 27) pH g
A9l zol& YA gtot A% 540 FARA Z/E F SAHE A
£ Yt w9 84 28 2] Aoz ASEHE 01% FusE
pH 419 94 %7] pH7t A% 71 54 A& FASE AL 2 4+ 9
th ole AHAGFI F7120] B £ 2 BXo BEY B3 FASA W
sisl7] g2 Polgl AlgEn, ols} e ZAFE pH 2589 AsHASE A%
190 pH 382 Z718tAtist ol Fol= gwtstA s @ W B
aobE Aol AR FAREL FHE FANFSd 4L $A A A
27} A 59 £ A A2A FUElY pH 561 712 g3, AAEed &
2¢ Yol AFF A 97 pH 4082 7H4 He Ze A5 g A 2vld 3
slatst4el pHAE 2 A= AL AFe] HF A% pH7 7~8, RS FFo|
7} pH 4~52) A& mFAE o 279 UYESFE F2AA oo 892
ol E9E ¥¥ F don, 4% olF pHI 5~6°] Holx AF &7 -2T
olnz mAZe AL FANAY F o] ¥ AZsed 2 aAE ¥ F
e Rew Azhr

U dutg e 4% us

Aol $REFol F 61% FE"VAM vlstd B 49 Ay FEE
Fe 279 7246%2 EA JEnth ol £E84 H9 g UH AAA
LA NLE B &9 A Bustn A He AFE AR F 459 ¥ &
357 gEoz Q=0 Fig. 3-94 Yeld ¢EEF] vsts 4HEY
d&7 4 AFE AYFAA & AT v AR 547A TRl F
it Zaste A% 1ien, 0E AYTEL ARNR F¢ ASH
o8 FEo FaHAoH FwF AT AL AR 159 ofF FHE FE
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pH

—&— 0.1% APS"

1, —e—EOW?
! —A— EOW + Ice
21 —w— EOW + 0.5% Citron juice
—O— EOW + 0.5% Citron juice + Ice
1 T 1 1 T
0 5 10 15 20 25
Storage time (day)

Fig. 3-8. Changes in pH of immersion liquids used for storing
peeled chestnut during storage
Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water
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78

75
— 725
S
O 694
= 1
@ —a—0.1% APS"
O 66+ 2)
p —8— EOW
—A— EOW + lce
63 1 —w¥— EOW + 0.5% Citron juice
—O— EOW + 0.5% Citron juice + Ice
60 T 4 I i

0 5 10 16 20 25
Storage time (day)

Fig. 3-9. Changes in moisture contents of peeled chestnut during
storage
Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water
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Z7HE4e B 20UA ) BBE FEFQ HAE 4 Ao APHAUG. =7
dhe] 2L 09%F=FT By U 5 nandE da HL o 03%F
=2 YEed Fig. 3-100 Vebd 23 o] A Fe zo]lg AR R
sttt 2 AAA 29N AL Fig. 3-1194 9 o) AR7|e) wat F¥x}
Z2ase 2SS Jehn ol vty AL 9o dEYole] A, e
7HgA BlgEa Ax8dEde] £24 9 AWez o

t}. Vitamin C9 &3 W3}

7+ Ao WE vitamin Co #%F WsE B W Fig. 3-12¢ #oh A4
ANie A F MY &4FH7) A& AEe] vitamin CE 2 HAFNHE A
F ATl ARl #FA2AFE B 53 A vitamin C FFo] 2
6~28 mg% = vitamin C8 £ %"%%P]E}.TL 213 A 99 Axnere ga
B 4389 AF z7]9 vitamin C FFL 1683 mg%2E wl$ A JEbRth
o] vitamin C7} 7}&Al €9 &3 §&0] A3y 2oz AZHH, A 5
QR 05% SAHZ S ¥7he A% %o vitamin C7F 2718k A9 W3} flo)
233 1705 mg%E #Fo) T/ RE AR ¢ FFE AZY F #
249] vitamin C &% W &olgtx AzZtE. olgk Z2 o|FE AFT F FA
#HFol A7E AS7 & A8 ¥3e vitamin C FF9] FaFo] 71 A
o] AF 2569 Fol 271X 40%Z FAHAoH, At 33%, GRS
AgE7t A 712 Wl 7B @& vitamin C §3< YehOs A% 2599
%7129 20%2 AU A AP F9 vitamin Co FFE HLrgdo=
Zo}7) ¢ vitamin CE H7H3 A4S AZgoz AHgste Aol
A3 AdAEA AoZ AP

2. #9499, $9 2 Sucrosed #F W3t

el AR Fol UG 2 F3F FFo Wste Fig 3-13 ¥ 3-149% Z
th 7hite] @93 AN wE Frtste 4L BHon, 53 Ay
34 AE7F HE 8 F71EE YA A% Fol &3] FHEE ol
e AP0l geog RiHy @R AlRHY, 4&S FIA 439 F7HE
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0.3-
<
3
- 2 -
&8 ° ,
g —=—0.1% APS"
3 —e—EOW?
O 0.1- —L— EOW + Ice
—y— EOW + 0.5% Citron juice
—O— EOW + 0.5% Citron juice + Ice
0.0 T T L T t
0 5 10 15 20 25 30

Storage time (day)

Fig. 3-10. Changes in crude fat contents of peeled chestnut during

storage
Y Aluminium Potassiﬁrn Sulfate

2 Electrolyzed oxidizing water
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)
£
9
g. 1.5- —8—0.1% APS"
[0) —e—EOW?
'g 1.0- —A— EOW + Ice
&) —w— EOW + 0.5% Citron juice
0.5 —O— EOW + 0.5% Citron juice + Ice
0.0 . T T T T
0 - 5 10 15 20 25 30
Storage time (day)

Fig. 3-11. Changes in crude protein contents of peeled chestnut
during storage
Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water
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20

16 1

Vitamin C (mg/100g)

12

84 —m—0.1%APS"
—e—EOW?
—4A— EOW + Ice

41 —w— EOW + 0.5% Citron juice
—O— EOW + 0.5% Citron juice + Ice

0 T L 1 1

0 5 10 15 20 25

Storage time (day)

Fig. 3-12. Changes in vitamin C contents of peeled chestnut
during storage
V" Aluminium Potassium Sulfate

? Electrolyzed oxidizing water
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0.22

—m—0.1% APS"
—e—EOW?

L %7 —A—EOW+Ice
bt —w— EOW + 0.5% Citron juice
g —O— EOW + 0.5% Citron juice + Ice
7 0201
o
£
3]
% 0.19 -
Q
x
0.18 4 T T T T
0 5 10 15 20 25

Storage time (day)

Fig. 3-13. Changes in reducing sugar contents of peeled chestnut

during storage
D" Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water
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—&— 0.1% APS"
—e—EOW?
—A— EOW + Ice

Total sugar (%)

41 —w— EOW + 0.5% Citron juice
‘ —O— EOW + 0.5% Citron juice+ Ice
3 ] ' ] ]
] 5 10 15 20 25

Storage time (day)

Fig. 3-14. Changes in total sugar contents of peeled chestnut
during storage
Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water
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2.5

2.0 1

////-74

104 —=—0.1% APS" <>
—e—EOW? <>/
054 —A— EOW + lce

—v— EOW + 0.5% Citron juice

—O— EOW + 0.5% Citron juice + Ice

Sucrose (%)

0.0

T 1 T 1

(VI 5 10 15 20 25
Storage time (day)

Fig. 3-15. Changes in sucrose contents of peeled chestnut during
storage

Y Aluminium Potassium Sulfate

2 Electrolyzed oxidizing water
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4e B2 ¢ YUuoE A 599 nag npAAAE L HAEA @
A, i, FARES 71 APEFd £3589 AP A &
% #F7Me ABg ¢ 282 3718 Byt £2L fANEY QL8 #He
Asfjatstgo] 3G 39 A 540 2F Zhsgoy 1 99 A F
7130 wet 343 FAdte RE ¥ £ dNen, A% 540 g 2
Foz ZAad HAYgSTE olF U A2AAFL Rgon Huts AR
Aldle A% 54712 29 ¥zt A9 ey olF AR 20¥d] 271x 9
67%=2 7V 3A Zad A Hurgo AP A 9L /M3 2 oz 7
A%goy 8943 FL & M7 E Aol BolA @+ AL Mo}l 9
AR 3&F vjPEL Moz A FUDo] ARHAUL M54l Eol o
€ AF el vlgtd AF AAAe] Dol Aoz AGHUT)

Aol gl F 2A S AHEDA sucrose, maltose, fructose, glucose
o2 ez dRou, B Age A1 7S WA £HF
odE BHEZ A - TWHA dE HFRIIRH dE DY FFe
s HAow, F2AA AFse F+ET 1TAN ARste A4S 580 A
AHe] qBFAA Ea=o] BYHE @FF Fol FHol fructose, glucose7}
o ®el Zadon & Ra) o 279 AedH nad 2 499 AL
sucrose ¥FUHE S T AR 2L AF F sucrose FHe WEE Fig.
3-15% Zoh. 7] AaAAsse] AFFE A ARG U HF 2 F1ER
< Bfen, daldsgd 43S A AE, dute £02 ZF7EY. o
g 25 dE2A FAHEFE A FASdde AR 5960 2Z A5t
108744 4 F g 718t 43S 2o, 488 HAE A%E 15
7R FLHATIE SieA FEstdo. AZrIzke B} sucrose §EFol 2
7bete olfre o FHA9 AEo] BHH sucrose’t FHH7] wWEoZ 4
ad.

vk FAgotvx=3e] W3l

Table 3-82 zt&el AF Fol ofpjialt Ao WEE Yeld Aot
48 F e Ed #AdAM  tryptophane EF AAHD, asparagine
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Table 3-8. Changes in amino acid content of peeled chestnut during storage time
(Unit: mg/100g)_

Control A B c D E
15 25 15 25 15 25 15 25 15 25
Asp" 7368 6197 4782 6414 6272 489 7030 5138 6126 5480 9389
Ser 711 728 76.8 66.7 79.0 56.5 91.0 476 855 57.0 946
Glu” 4392 4413 4153 3934 3595 3480 4369 3198 3496 3537 4559
Gly 980 101.4 92.3 875 98.8 787 1075 74.1 97.0 80.1 99.6
His 596 596 52.9 55.4 479 53.0 53.8 46.4 51.2 51.6 61.9
Thr 837 852 74.0 71.7 72.7 71.1 86.0 52.2 90.4 65.0 97.7
Arg 1638 1667  181.1 1710 1475 1300 1983 1207 1482 1406 1774
Ala 1342 1415 1408 1411 1511 124.1 161.0 1106 1280 1253 1772
Pro 9.7 1175 95.4 919 1029 919 1073 786 1055 919 1169
Cys 223 581 77.2 65.9 65.1 65.1 81.2 57.1 75.8 62.7 746
Tyr 365 485 50.9 458 50.9 413 58.6 40.7 59.2 436 595
Val 1139 1279 955 1195 96.1 1064  100.0 991 1018 1130 1075
Met 176 228 22.9 234 19.9 217 20.4 19.2 176 226 295
Lys 1365 1375 1173 1282 1114 1145 1167 1076 1134 1167 1257
ILe 871 989 74.0 96.2 739 80.7 777 75.5 79.8 885 786
Leu 1348 1490 1193 1458 1211 1213 1300 1138 1233 1335 1434
Phe 763  99.2 69.2 83.8 67.8 78.1 73.2 79.5 73.9 82.1 81.6

Total 2508.1 2547.6 2233.1 2433.7 22928 2071.3 2602.6 1956.3 2312.8 21759 2920.5

l)As,p . aspartic acid



(174 B

2Glu : glutamic acid

A
. Peeled-chestnut was stored in Electrolyzed oxidazing(EQ) water

: Peeled-chestnut was stored in EO water and ice(v/w 1:1)

. Peeled-chestnut was stored in EO water added 0.5% citron juice

. Peeled-chestnut was stored in mixture(w/v 1:1) of ice and EO water containing 0.5% citron juice

moow

Peeled—-chestnut was stored in 0.19%6 Aluminium Potassium Sulfate solution



glitamine2 ZtZ} aspartic acid®} glutamic acid2 A& = o1 FFE AT
# g AF x7) 7% FolE aspartic acid7} 7368 mg/100g2 7t Be
o] FfEo] AA 30%E AA}YL, I &2 E glutamic acid’7t A H <)
17.5%, arginine®] 6.5%, Lysine®] 5.44%, Leucine®] 5.37%, Alanine 5.35% &
o2 @o] F4so] AU Desmaisone] B¢ mzw wigo] £45E
T asparagine, glutamine©] X3 9¥iAo AFA7} Hol did MgA
BAs7] W&o SAHe o}vjiAl F asparagine® glutamineo] & FIFL
Uetdgx & A o] EAAF JtFAE AFE & A HoMx
o] ¥ ofmxAte] gFol M A JEhy, AF 71 w APz
2% A¥S Ul Aspartic acide Bubsel AFHAsSd AAs o
A A F2e&Y Aole UANAT A7 weEt HFAHoZ FAd=
A¥gE B dd &S AUE A4 FAFEE A ASde AR
159717 ZAJT7r AF 2696 FUhste A4S BYon, o] F 53 &
A A7t AsiAstre d5E FAA AME Aol 259A 9 aspartic acid
FgFol x7 #FF9 21%Ud F/kEle dAS BRAG. olg e dYe
glutamic acid &% WM T FL3A Udetvde b F7H&S A AT
274 FAAEFE FAA HHE AT B AF BAAN AF x7]
B} 16.7 mg/100ge]l F7id Aoz dveiwd. A x7|¢ AR 564A 9 of
vxedt FFE vlwstd Gty AHasty, FAACE AdAEed AAE 3
$E Fasgod, 458 Hgd F A¥FAAAE 2 FF0 A FUHE A
T 2 4 9T oF zuuI FFel Wi wad A FFo| Fihse
Aol g o] A4¥ AAULZE &S HIY A otvlxite] Frhdte
ol FE B3 WA & A vt o= old T ATV RAFHojoF ¥ Ao
Z Az gt

E3 HMA Fo "4olu| AkQ) threonine, valine, leucine, isoleucine, lycine,
methionine, phenylalaine®] 32 A& 154 B AFA 7205 mg/100g
2 Z713191, AANEFE 6736 mg/100g2 2 F F7HeNed, A% 2599
E FAYF S FAas9 Z+7; 5722 mg/100g, 562.9 mg/100g& JEb Aot
ol AoldtA YrA AFFEL A% 156¢9 ZAasAUIT A 264 F
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Hgen o F FAFAFH & FA ¥ AHdFgsod AFF B
A3 1599 621.4 mg/100g, AR 25Ul 664 mg/l00gZ LFolu x4l &t
9] Wiz}t Zol 71 HA vgud FUF AZsE dHed M FAF AZF=E
By = A

Methionine %7] &2l gt AP Fo #Feo o ¥A delron,
Cystein& A% 7]3to] AjAFLE AL €L ¥ Azt 360, &
At AL S AFE B¢ 2909 F7HE BT FOl=F A ofn| Ak
serine¥ tyrosine2 A% 7|30l ZAASFTE AR FUsle AP HYoH,
WEgE ol F "oln| 4kl Phenylalanine® BE A|@ 7} 7] @
ok A 15¢9 2 &FES Uehiz AR 2599 #Adte AFE Yehd
Row, olefg ojHxiEL Fo HE Wi BFY 5 Ay

o #53A

el B9 A, ¢ 2 AAHY 7520 gele] BEAsIE AT A
£ Table 3-99 2tk ARHo2 AFs|el F7t¥el we FHPol Rolxe
o A% BYME 71Fo2 Mage W Hcooe FARHGo FAREE
Wrhsted Aee ARAA % we F4E RYT 2 theo] s Aol
o ARAsEES AT AR HF Re F5E A Favone 3
$ ARG FAAEH A& WS AW ARAAN 622 T FL
23E YHUUT AANSHETE AW NSt FusA A8 o)A
®ol LASE ZHE HolFYh AVAHY )EEe] F4E BHUNEA §
Ag B7ste] MUY NE7H 522 ME B HFE BAD 3 e I&T
A AAA AGD AR IR o] £AE 49 Fes A9 AT Re
2 Hol AW 71ZEE guce Ao dd o ALdon VUY & A
o
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Table 3-9. Sensory evaluation of peeled chestnuts during storage time

Storage time(day)

5 15 25
Treatments -
Color"  Flavor” Overall” Color Flavor Overall Color Flavor Overall
A 66*15° 48+11°° 60+14> 5218 4.0+12° 44+09 44+11° 30%*11° 4.2%15%
B 76+1.1° 46%1.1°° 50+19* 64111 4012 42+16™ 38+08" 28+08 32+1.1°
C 60122 56%16™" 58+19™™ 46£20% 54+16™ 500£15™¢  42+13° 44£14°° 4615
D 74%£09° 58%+19> 52+1.3*" 6.0+12™ 58+19* 52+1.3* 52+08™ 58+15™ 52+1.1*

E 66+t1.1*° 80*1.0*° 66*1.3 58108 68+1.1* 64*1.1% 42+13° 62+16™ 48+1.3™

*® Means with the same letter are not significantly different(p<0.05)

Dy extremely bad, 9: extremely good

21 extremely unacceptable, 9: extremely acceptable.

. Peeled-chestnut was stored in 0.1% Aluminium Potassium Sulfate solution

: Peeled-chestnut was stored in Electrolyzed oxidazing(EO) water

. Peeled-chestnut was stored in EO water and ice(v/w 1:1)

. Peeled-chestnut was stored in EQ water added 0.5% citron juice

. Peeled-chestnut was stored in mixture(w/v 1:1) of ice and EO water containing 0.5% citron juice

HoOw>»



4. 8.9

st 2 FASSFE A0 AASEE AARGYoz A g §
8 e ARE T v 2RE Ui AU e 48
WEE zAIYY s AT pHE AR &7)9 pH 252 v &
Abde] AR, HYFES g ALsn e WuEE ¥y oz
T AR ey FEFFol 159 olF 75%7t dol HENXNE 4+ Roz
YER Y. Vitamin C §%& A7t we giAfdes Zasigeod ¢34
FE WY AT FAF B AR 540 1705 mg%E FHE F &
T A% HYF F &40 MR He Ao JEhyd IR JHd 2w
9 F {FAZFLE sucroseol™, F ofuj:4b& aspartic acid®} glutamic acid® 7t
Zt 7368 mg/100g, 439.2 mg/100g2 2 JElger, FAREYE 2L FAl9
Mg A 3stedl AT A4 aspartic acid FFo) 2718 27%Y F7ts
Aot Aot FFL FAHEYN 228 FAY HE AfAdsSd A
RS W Fa gl MR FHo F% AR 4 Aoz dgoed @
Rt AFHNME FAFEE F7HE AAESF € 5L HE 2R AR
Hol A A7 ¢4 Rz HIHNU.
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A 4 A 9ty E¥3H(Colocasia antiquorum SCHOTT) 2]
BA Bugo] o E AFF EAA3S]

1. A&

EILS SAFET), EAELH), EALE), TE, FEIZ Hig 29
wet &, 92, &5, £, $922 U¥y Ed, &d AaA AduiEe ohd
A 2202 AUt £FFAA F @t EFS Araceaedoll 3818 HAA
Ho 2 100%°] Jdom 1500FFC] EEXsn dvk H41ed EF FAA
Colocasia®t Xanthosoma%ol F23t% C esculenta®°l 7H3 & 42 A Yot
A Fol Fate ETY I A4S oF 20008 Aoy EF AL FA
F2 Ad SA4AM 8 EFES AL T Uzl B Fo] A9
80%0l S A3t 2 elE Frlx AF, oA Y FHAE e &
FAE Joh ESL 79 FEHH FEY 28 108 F3Eo] 89
H7lolth, E@e] A § o] B AFE Q&Y B¢ AARE 3 o
Fozeu v vfg vinjg AAFolth dNHoR EPS FAHARL
S53EF AEAoH, Y M e dFE AAsL B4 3F Ax I
A F oEH YFE & AASMY EFT R g2std 83tm Qo
ESL 78 F 1~2F AYE AF F &40 o] AFsiy 8 F 4
FAAE AZo] 7Meditte Bk glov £F F 65 AP ¥ 28~35%9
FAZAE Qs dF24E vt 28R EFL 23 RE EdSA0) %
#Bso] 65 Fole A4 RHE 2YIdn & o, vy Ed] AFPe 7
g gYL A4S 44 dosiEE £E5718E ojBiYg R FL& 7de ¥
717 R3ta glol Ed e & F AXE € {5 Ao 27FFD A7t )
$ A4 ZAZ dFHIL e Aot
B d7dAe £68 e F58H9 A dAAEEe $HE HEA
A vREoEN ETY ARYE FANED & e BHE B4z 34
= ‘
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2. Az 2 9y

7t A=

A AHEE EFE AN ZL AHd FoHEH 2 AMF RE A
g dBFFFHAM FHAA2 AsE 377 FF5HD Fol e R
ddste sARYges g F 4 Ag3I.

b

Y. Alse AAE

Ede AR AgE v HFE ANEE AAGH Ll (w/v) HER 60
tmm PE filmol] 1+0.05kg @91 A3t 0C1To] AZsAch dx72d &
ETZ AT, 01% Fis AT E5E 4L AYF, AP SE A
2, AAsTd 06% FAAEFE It AT d&¢ He A7, A
3 4bstol 085% NaClE HF7He A7t 43¢ e AT 5oz F#3
few, o] ff 43 FFE AAAY 12 FFo2 AYHA

o 8, 39 2 8499 ¥4
FESFL 105C A7t dzYyol 3ty A8y x, 8499 € HCI2
A7t EAT 39 B DNSHE A48 glucose §F o2 Jehuygdch,

% FUdx &3

AT E MAA (Macbeth spectrophotometer color eye 310, USA)E o]
$3t] ET] HAY FARE 53] ESS &35 Qo0 o|& Hunter L, a, b
#eg Jehiid

. 23 &3

ZA 7L Rheometer(SUN Rheometer, CR-200D, SUN Scientific Co,
Japan)2 EZE Eol 1 B FYEA AE2 F 9L 3F 5 me
probeZ HolE o|FEXE 120 mn/min, Y ZolE 50 mE dgen, YA 3
& 10 kgolitt.
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ut. Vitamin C £4
AAE ES 10 g& F3t 5% HPO; 90 mLE 718l 283] iy 23
ST ol AE 1583 YA dl HXF F 3000 rpmolA 1083 A28 o
2 3594 A8t hydrazine vl Yoz & wEY C I3 Z2AsY)

AL Ed 24

BT A& 5 g& H39 80% ethanol 20 mLE F2£3831 045 m
membrane filter2 % F HPLCOl FUstd EX&Qrt. olwf A&3
column carbohydrate analysis column(waters, USA), column €%¥ 37C,
A271€ RI detector (830-RI, Jasco, Japan)E& AlR3tgony olEAL
acetonitril: water=75:25(v/v)2 42 12 mL/min22 2489}

of. F/dotul =t £4

ANE %20 g A3 8 ampled] ¥ 6 N HCI 15 mLE 73 ot
& No2 &8t A&8A DEeAck o] 110T ovenol M 24A17 714E3
A wgEte gol242 50 mL FEEZPAId AL F 02 m
membrane filter2 A3} F D& A 343t AccQ-Tag HHe2 F=M3
Al713, ¢] F 10 L& 39 HPLC(Jasco, Japan)dl FY3td olmxite B
A8ttt columne Nova-Pak Cis(3.9%150 mm), %71 fluorescence(Jasco
FP-920, Japan, Ex 250 nm, Em 395 nm), ZH&5%E 37CRoH, ojgAL
trimetylamineS 3713t 0.14 M sodium acetate(pH 5.0)2} 60% acetonitril2
gradient method& A3l A&
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3. 43 % ng

M

7t sEE3

TEF Wse 2E AF V¢l HolFe we gdix Fitste A
€ Ydehiided ol g EAE £ AFsA) dE o] & FE
o] Ay oy Fha FAHo] EF %3 Wz AFsA 5280
oa F7HeR 7] WEelth FESFY FIrEE dREe YT AFAH
80.5%2] FEEFAN AR sdAAE vvg Az F/E Boldst AH
5UAlA 109 Ateldl F43 F718td AU 84.18%S FEFFE el
ot A 54A 9 FRUFL 8212~84.24%9) £Fo2 A Fo E o
t A9 HolA ¥gton], Mdyixoz Ao Asld 4IE A A= FE
F4E obd ALz Uk, 23 HITFFAA 01% Bt Asass,
0.85% NaCl #H7ltelAe €5€ H/ME A7t #Hrhshx ¥e Hzruo
E AR 2] FEEZF 52 Z2FAE YeElE Ro] 5 olJUH(Fig. 3-16).

8

Y. 4= 9 Fx A

A Y Mo we dy EIY AFF AxNgE $AF Age
Table 3-10% 2t} ¥71& velul:s L& 271 815944 A% 259 F<
7840~80.967kA &£% ZastATh N TR Aoje A ggton A @7
7 EZTU FHE 4R E Addsne dBYozE: B AR ¥R
. E38 LEe AR7Izel AojRe we} A A W) redness(HHE)
% yellow(FHE)E ERHAFE a, b EF AZFL 9 Z/8le 3%
€ 29d A4S UEdE a@te FEF 05%FA%E AFAA M F
7tE&o] Reow, a8 05%FAFES d5E AT AHias: AT A
FEL 7Y o] A3 At 2 o9 HeFE HRE v AY
€ Bolg AR7Ne] AoARAFE F YL bt £ ag T FAEA F7t
sttt Table 3-112 ¥ld £ 2878 23% AR4=24 84y I
4358 AASRY lemd FYH FAZM Qs Qed d3EE AT
A A AFHE 5Y7HA hardnesst BdlH o2 IA FAPow 1 oF
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84 - *
< e
X 2 A 2 ¢
[2]
Tt 80+ A
2
g 78 T T T T
O 86
[
e T
- 7 —_—
2 o2 5 — . '
A
80
B
78 T T T T
0 5 10 15 20 25

Storage time (day)

A:—@— SDW" —y— ASP®? —A— EOW’ —e— + Citron juice 0.5% —0O— + NaCl 0.85%

B . —@— SDW—v— ASP + lce —&— EOW + Ice —O— + Citron juice 0.5% + Ice
—&— + NaCl 0.85% + Ice

Fig. 3-16. Changes in moisture content of peeled-taro
during storage
P Sterilized Distilled water
? Aluminium Potassium Sulfate
3 Electrolyzed oxidizing water

+ 1 Added to electrolyzed oxidizing water.

- 131 -



Table 3-10. Changes in color of peeled taro during storage

Treatments Color

Storage time (day)*

Tnitial 5 10 15 20 %
L  8150%357 80.69%321 7957f129 8023+112 7916+279 7840+1.03
Tap water | ®  T025%024 024+002 -020£021 -011+023 -005£030 010%069
b 1025%105 1135%239 10712096 11.85%225 1193+074 13.05%3.04
AE - 142 2.07 2.10 296 4%
L 81501357 8041186 7995%317 7911160 8007087 8017*1.25
) a  -025%024 -032+033 -027+013 -024+017 -018+022 -0.11+021
ASP b 1025%105 11.20+164 1087+102 1098+1.15 1154+210 11.48+193
AE - 152 176 259 1.99 1.89
L 8159357 8l.06¥273 80.76%1.36 7949+349 8051+255 8035+1.64
ASPice @ 025024 -033X031 -030¥021 -030+051 -024%019 -0.14%0.2
b 1025+105 1052+105 997+067 1035%129 1052+038 11.08%0.77
AE - 0.60 0.8 2.10 111 150
L  8159%357 79.37+203 80.73%064 815528 7967119 80.96+551
” a  -025%024 -027%026 -019%007 -023+030 -019£021 -013%0.28
EOW b 1025+105 1139+170 1031*121 1075+106 11.08£069 11.93+2.36
AE - 250 0.86 0.50 2,09 3.12
L  8159+357 8023+0838 80147191 8156+125 8043+107 7037+482
EOWiee @ 0255024 -027£013 -012+026 -023%025 -019+025 0.02%0.84
b 1025%105 1007+351 965%1.37 1023+098 997+046 1052+1.02
JE - 1.37 157 0.04 1.49 0.98
, L  8150%357 81.75%254 8145%121 8165+228 80431120 80371626
+¥Citron a -025%024 -015%0.09 -024+009 -027+037 -020%0.19 -0.15+059
juice 05% b 1025%1.05 1047+097 1006%150 1013+093 967+098 1052+1.96
AE - 0.29 0.24 0.14 1.30 225
+ Citron L  8159%357 8003+260 8158%1.16 79.72+070 8036:160 79.90% 187
. a  -025%024 -020%055 -023%017 -0.16+0.19 -021+065 -019+027
juice 05% ' 1025+105 983161 949+081 10204090 1036181 10.98+126
+ Ice AE - 1.62 0.76 1.87 1.23 1.31
L  8159%357 81.19%223 81.12*142 8078+163 8036*185 79.90+0.76
+ NaCl a  -025%024 -030%020 -029+018 -023+026 -011+021 -0.08%0.10
0.85% b 1025%105 1040%218 10.17+137 984+101 991+062 1080%1.03
JE - 043 0.48 091 128 1.79
+ NaCl L  8159%357 8055+110 81.29%167 8053+393 7992+111 7965+ 121
0.85% a  -025%024 -031£023 -028+016 -011£082 -002+053 0072021
' b 1025%105 964+125 959+028 1007+303 954+099 10.10%056
+ Ice AE - 121 0.73 1.08 1.83 197

Y 0.1% Aluminium Potassium
2 Electrolyzed oxidazing water.

¥ Added to electrolyzed oxidizing water.
* | Mean T standard deviation of 5 measurements.

Sulfate solution.
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Table 3-11. Changes in hardness of peeled taro during storage

(Unit : g)
Storage time (day)*
Treatments
Initial 5 10 15 20 25
Tap water 4520+75 41451100  4075+28 4016+88  4106£56  4004*62
ASPY 4520175  4048*45  4077=102  4066:54 413884  4111%36
ASP + Ice 452075 43101101  4094+46 4077£97  3962+125  3930+100
EOW? 452075  4303*£82 4026+ 48 4143+93  4110+92  4125*56
+¥ Ice 452075  4324+103 4215112 4157166  4025+75  4041£105
+ Citron juice 0.5% 452075 406786 4146105  4170+25  4188*55  4160%80
+ Citron juice 0.5% + Ice 4520%t75  4245+66 4117+60 406650  4080+52 411170
+ NaCl 0.85% 452075  4128%57 4149+39 3088+67  4098+59  4055%+103
+ NaCl 0.85% + Ice 452075  4017+54 4049+ 62 4038+39 4052148  4048+27

Y 0.1% Aluminium Potassium Sulfate solution

2 Electrolyzed oxidazing water

¥ Added to electrolyzed oxidizing water.
* | Mean * standard deviation of 10 measurements



A 697t 4N 22 P20 EFS AZVNEFS FIdIL
T B7stn Aoz Ao o] X Fof AxgY Ws FHsA
E Xttt AFAMY AEE 4520002 AR BYNE iced H7HE 01%3
vl 24 A7t 42 3930, 4004g0 2 vHl2F 3 vehgow fx2i3
F AT E 4160g22 A Wt M AA Yehgo

t}. Vitamin C &3

EE o #8435 e vitamin AE Fo JF E ¥FES AAgE
ascorbic acide ¢F 86%°) 3P @t} Vitamin Co %L ET H&EEe A
Fx2d F& 2¥se 8749 st &4 A A LA A
Bradbury and Singh(1986)2 vitamin C2] A&8l3d &A1 Hel9l ascorbic
acid®} dehydroascorbic acid& 42t A& 471x9 & EFN 2%
dehydroascorbic acidg ei7} ©f ®o] &/8 Ao BR3Pt B APdME
vitamin Co g3 4" F #¥F& 43y en, 2 A& Fig 3-17
# 2. %719 vitamin C¥#3< Bradbury and Singh(1986)¢] H iteA 13.
6~169mg% 2 SAHATGL dFcd AF A dugd EPME B ga
®e 1235mg%e ZAE BJYed ol EFoU Au@A e o] T 9
o] & & Utk 2EYn AFEY AEHo2 gadPgen HFLrdE 37
9~6.99mg% o2 o 50%°lste] #AAE BTt
A EF W vitamin CE 53] AR LT JF& o] wol HeF FoAN £E
2 X APy gy EJA vitamin Co FFol /1% A FAHYLH
05% FAFEEL AAE HIYFAME 2597 6.P9mg%E ¥ 5% BELE
Bo 7pg &4ol AA et

2. 333 8492

Ed A Ee FF, ARLE, 85 o8 £ A8 HlE, EF, F
A ASAE, 78 F AZxY T w 23 + glew, §3] Ede F
3 AR w2t UAPEY WEZL ofF WA Jeidd £ dPoAe £
T3e 805%2 JdElou dubA oz 70~83%9 o] FHHo ddn ¢

Hr o e

- 134 -



Vitamin C contents (mg/100g)

Storage time (day)

A:—@— SDW" —w— ASP? —A— EOW® —e— + Citron juice 0.5% —O— + NaCl 0.85%

B : —@— SDW—v— ASP + Ice —&— EOW + Ice —O— + Citron juice 0.5% + ice
—&— + NaCl 0.85% + Ice

Fig. 3-17. Changes in vitamin C content of peeled-taro during storage
Y Sterilized Distilled water

? Aluminium Potassium Sulfate
» Electrolyzed oxidizing water

+ ! Added to electrolyzed oxidizing water.
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BA Jden Uz diPEL 1EF FHo @880 FAR Y. dE 25
FAE @A Aol HIL FYdY, Aot HEL vy Bol FHH

T EFol v Maja(1992)e] Ao 93 9F FELEE glucose,
frutose, sucrose, maltoseT IR ©|F sucrose’t BE 4& A3} dipg
9 SAFAM AEH sucrose}td] AEo| £& F FaoY dirtelr] q o A
FAEY 8 F ARzdd v did. Edo] e THLHY HAE
FEL I HE methyl pentose, galactose, fructose® zti e gHaz
datA Ao . AA Y] AFE uy] g AF F F3o A
T & Fig. 3-18% 2o %2719 F3L 7.718%H2H AAV|NES A&Heo
2 A% 234E BEQY AY 159A7A 33 st 4% 159 9l
Fole ZAaSE7 gdsdzien AR oA FAG FFE FAs2 Q)
KA. ole A FUY EF L FANIL J& Aol EHHIY dEolFgn o
ARY AF D)o F9 FFL 296~4.07%°IAct. Fig. 3-19¢] A= AR
1% B#972E BAY Aoy xv)e YT FHE 0271%2A gR
o] AL By REFHoZ AR 10474 =& AP 1597A AEHes F
718 oA ZAIET o T HE $AY € F2AF AZA g4I e
A% 2~3AEnA e Fasitrst oA FAsATE BaE &dYed ol A
Fz271d & AAe 3§ SR 79 2RI dojudst Bust Adge
Aol oAl o §Fe] F/HET R sgou £ A dAs XA g
olfrE EFL st FH3EY] WEC AF F FFdd I HE &
HR7] WEeletn AL

v, A% 5 wEd ¥s

By e AF F Hd9D ¥IE Table 3-129 2t E&Y F8 #¥
232 sucrose, maltose, glucose, fructose]™, ©] F sucrose] #3o] 7184 &
& ¥E AASAY vy FAF FHFF DY B$ sucrose’t 1.07%,
maltose, glucose, fructosex Z+2Z} 0.45%, 0.27%, 0.23% &2.3 JElgt, o)
3 Adge P 5o osid, Ede IFBAEL sucrose, maltose, glucose,
fructose® Z+z} 4.25%, 0.45%, 0.27%, 0.45%2+1 3} o9, rafficoses FTo
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Storage time (day)

A:——SDW” —w—ASP? —A— EOW” —e— + Citron juice 0.5% —0O— + NaCl 0.85%

B: —€— SDW—v— ASP + Ice —A— EOW + Ice —O— + Citron juice 0.5% + Ice
—&— + NaCl 0.85% + Ice

Fig. 3-18. Changes in total sugar content of peeled-taro during
storage
P Sterilized Distilled water

2 Aluminium Potassium Sulfate
¥ Electrolyzed oxidizing water

+ ! Added to electrolyzed oxidizing water.
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Storage time (day)

A:—@—SDW" —y—ASP? —A— EOW® —e— + Citron juice 0.56% —0O— + NaCl 0.85%

B: —@— SDW—v— ASP + Ice —A— EOW + Ice —O— + Citron juice 0.5% + Ice
—&— + NaCl 0.85% + ice

Fig. 3-19. Changes in reducing sugar content of peeled-taro during
storage

Y Sterilized Distilled water
? Aluminium Potassium Sulfate
» Electrolyzed oxidizing water

+  Added to electrolyzed oxidizing water
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Table 3-12. Changes in free sugar contents of peeled-taro during storage

Storage time (day)

Treatments Free sugar Tnitial 5 10 15 20 25

Fructose 0.23 0.46 0.25 0.35 041 0.37
Glucose 027 047 0.26 0.34 0.42 0.59

Tap water g rose 107 125 1.20 1.65 1.65 172
Maltose 0.45 0.36 0.39 0.39 0.39 0.41

Fructose 0.23 0.46 0.33 0.32 091 0.54

ASPY Glucose 0.27 0.46 0.33 0.37 1.17 0.67
Sucrose 1.07 1.85 1.32 1.69 1.28 2.09

Maltose 0.45 0.36 0.36 0.38 0.40 0.41

Fructose 0.23 053 0.34 0.48 0.70 0.62

Glucose 0.27 0.56 0.38 0.58 1.09 0.89

ASP+lce

Sucrose 1.07 0.69 0.89 151 1.19 1.46
Maltose 0.45 0.36 0.36 041 0.39 0.43

Fructose 0.23 0.80 0.16 0.32 0.36 0.35

EOW? Glucose 0.27 1.04 0.13 0.28 0.29 0.82
Sucrose 1.07 1.44 1.29 1.79 1.57 1.50
Maltose 0.45 0.38 0.43 0.40 0.43 0.41
Fructose 0.23 0.44 0.25 0.40 0.32 0.33
Glucose 0.27 047 0.24 0.38 0.33 0.32
Sucrose 1.07 1.74 0.84 158 158 152
Maltose 0.45 0.39 0.38 0.44 0.36 0.36
Fructose 0.23 0.33 0.30 0.45 0.23 0.27
+¥Citron Glucose 027 0.30 0.25 047 0.33 0.26
juice 0.5%  Sucrose 1.07 153 1.01 164 1.30 1.42
Maltose 0.45 0.36 0.36 0.49 0.37 0.32

EOW+Ice

) Fructose 0.23 0.37 0.33 0.49 0.31 0.47

+ Citron  Glycose 027 0.40 0.25 0.44 0.44 052
juice 0.5%

+ Ice Sucrose 1.07 141 0.94 1.71 156 159

Maltose 045 0.41 0.42 0.46 0.41 0.40

Fructose 0.23 0.27 0.16 0.40 0.26 0.20

+ NaCl Glucose 0.27 0.23 0.13 0.39 0.21 0.18
0.85% Sucrose 1.07 1.50 0.79 1.85 1.85 1.45
Maltose 0.45 0.35 0.37 0.46 0.38 0.36

Fructose 0.23 0.33 0.24 0.29 0.68 0.49
* gggﬁ,} Glucose 027 0.29 0.25 0.28 1.02 0.59
+ Tce ° Sucrose 1.07 0.90 0.77 1.78 2.08 2.41

Maltose 0.45 0.34 0.39 053 0.49 0.37

Y 0.1% Aluminium Potassium Sulfate solution.
2 Electrolyzed oxidazing water.
¥ Added to electrolyzed oxidizing water.
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gz /51 e Ax YT g RE Yda ste B AEH A =4
& e Ao JeHYY EJFS AF 71 Fo BALHG AL Qe
gl olR X3 t}FHF 2 methyl pentose, galactose, fructoseZ FAHo] glon,
gudza B 2¥gstn de Aoz <A Ud g B AFAA £F
9] Zoldlx ZAAAT AW AHE AXA F1 FT 24L A
71 Qg Bnd EF FEF AF vasH S o AEHE g0 2F
A depde Aol obdrt AA4HUY. 53 & ZE ¥lsh sucrosed %ol
3% A= gA Jdewed diEe] SAFAN 8 F AF /e @ st
ZF e W3E dode AEol sucroseo]’] WO £AHAREY £HF A
7t 8 71E SRS | 2A EAANSHAE &S Reg daH Y A%
9 2 $§FL 0T ¥ 2= AFstd AF 7o) AsgHox
ol "H& Zad /e 238 5 ey, 24 F 7MY 88 4& AAs
£ sucroset® 2e< FUME AN FEO 43S ASRA @S AYFAAM o
AHez 23 & §FE FAse Ao YEwey, 232 F4sn e
fructose, glucose, maltose= A& 71to] Zzgte] wal AHzl7¥dz adx &
FoAHA Felzb JEREA @kt

v A F 74 obvix4d ¥

e EJel FAoluiedt S AHE ZIAE table3-137 Zoh 27]9]
Folvl =t FHL 63380 mg/100gH e FLTFA olu]xAtE aspartic acid,
glutamic acid, argine, methionine, leucine ¥2.2 ZtZ} 691.8, 597.0, 491.0,
4784 mg/100g 22 JERgt). oo} ®]3le histidine®} cysteined#& z+z; 331
3 519 mg/100g2 2 ¥ HYon valin® AF FHHUA && Aoz
VElstth Desmaison®] R 1o w2@ Ba&oA $A45E < asparagine,
glutamineo] A% @A HFAH7 ol d¥A PG #H3y] wEo)
A3 9] olv|xAlt F asparagine® glutamineo] & &FE Jeldcda & Z
#Fe} FASHA 8 AF ETY oprxit FAAAME OdF FHE Aoz Y
gt Ede ©¥lad2 albumind prolamin® & o] FojA om albuminé
FEAAY dudz Fo3th & AFERAY & & HolU(22%),
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Table 3-13. Changes in amino acid content of peeled taro during storage
(Unit: mg/100g)

Amino Tap water 0.5%ASP" 05%ASP+ICE EOW? EOW+ICE
acids Initial S5day 15day 25day S5day 15day 25day S5day 15day 25day 5day 15day 25day 5day 15day 25day
Asp” 10848 9176 9211 8121 9001 9106 11167 9933 9326 12504 9737 7519 12354 8923 8500 10197
Ser 3873 4261 3612 3636 3128 3189 3544 4091 3158 3821 3787 2496 4727 4065 2362 3556
Glu” 6918 6810 6001 6098 5970 6222 5748 6960 6505 6715 4681 5159 6508 6161 5561 5245
Gly 3570 3791 2986 3715 3091 3251 4349 3924 3166 3536 3615 2407 4294 3381 2684 3431
His 331 321 231 231 252 232 197 295 198 130 298 199 154 235 164 164
Thr 3678 3387 3547 3259 3442 3510 4550 3854 3469 4114 4038 2724 4263 3613 2937 3632
Arg 5970 5235 4683 4824 5141 5113 6350 6044 4112 5601 537.3 3384 5378 5167 399.2 5799
Ala 2893 2744 2750 2988 2706 3169 3387 3304 2833 3458 3180 2346 3344 3005 2786 353.1
Pro 2499 2498 2222 1836 1876 1660 2612 1952 2000 2741 2738 2000 3141 2333 1501 215.1
Cys 51.9 503 258 259 247 553 2538 257 258 254 466 260 482 263 257 257
Tyr 2578 2255 2227 2062 2048 1955 2623 2352 1931 2533 2100 1663 2572 2506 1798 2486
Val N.D. N.D. ND. ND. ND. ND. ND. N.D. ND. N.D. N.D. ND. ND. ND. ND. ND.
Met 4910 4739 4688 4451 4228 5030 5287 4786 4529 5131 4628 3872 4383 4606 461.8 4954
Lys 3681 3578 3254 3151 3162 3191 3741 3642 3792 3524 3349 3561 3523 3508 3250 3855
Isoleu 2563 2545 2323 2206 2224 2589 2709 2514 2587 2638 2343 2479 2620 2419 2363 2572
Leu 4784 4633 4593 4356 4176 4983 5127 4851 4716 503.1 4486 4195 4730 4602 4221 5000

Phe 3765 36577 3729 3324 3197 3932 3890 3717 3931 3941 3465 3858 3922 3580 3824 3783
Total 63380 6004.3 5631.4 5451.7 53887 57685 65538 6247.6 5655.8 6567.2 58284 4812.0 66395 58366 5081.9 6061.3
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Amino Tap water +%Citron juice 0.5% +Citron juice 05%+ICE  +NaCl 0.85% +NaCl 0.85%+ICE
acids Initial bday 15day 25day 5day 15day 25day S5day 15day 25day S5day 15day 25day 5day 15day 25day
Asp” 10848 9176 921.1 8121 9468 9787 9828 9777 8634 1001.2 9744 8557 10331 10647 11260 877.1
Ser 387.3 4261 3612 3636 3840 282 3877 38.0 3182 2216 3555 2378 4189 4050 4406 3136
Glu” 691.8 681.0 600.1 6098 6918 5850 4791 6553 6234 591.7 6449 5442 5203 6855 7532 4516
Gly 3570 3791 2986 3715 3867 301.2 3537 387.0 3024 4426 3549 2402 389 3710 4385 2894
His 331 321 231 231 295 233 199 259 203 189 231 166 163 230 198 160
Thr 3678 3387 3547 3259 3921 3490 361.8 3822 3509 4054 3719 2957 4181 4330 4087 3174
Arg 5970 5235 4683 4824 6730 4608 5203 5887 462.1 5647 480.8 4019 6024 5797 629.0 4529
Ala 289.3 2744 2750 2988 3348 28386 340.2 3212 2817 3249 301.0 2804 3538 3430 3659 2819
Pro 2499 2498 2222 1836 2214 2175 2572 2053 2356 2431 2784 1314 2587 2965 2681 2131
Cys 51.9 503 258 259 257 260 260 253 424 318 258 259 510 3869 297 251
Tyr 2578 2255 2227 2062 2571 1955 2333 2463 2099 2498 2343 181.0 2535 2494 241.1 229.1
Val N.D.” N.D. ND. N.D. ND. ND. N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Met 491.0 4739 4688 4451 4960 4482 4760 4785 4593 4971 4612 4648 491.3 5164 541.7 4715
Lys 3681 3578 3254 3151 3650 3283 3382 3528 4114 3372 3408 327.2 3392 3651 4282 3460
Isoleu 2563 2545 2323 2206 2632 2587 2430 2463 2933 2451 2384 2379 2480 2683 3080 2531
Leu 4784 4633 4593 4356 4810 4908 4688 4686 4663 4927 4516 4463 4782 5157 5856 4738
Phe 3765 3657 3729 3324 3749 3843 3498 3636 4207 3487 3476 3522 3750 3927 5716 3852
Total 63380 60043 5631.4 5451.7 6323.1 5622.2 5837.8 6110.7 5761.2 60165 5884.7 5039.2 62437 65476 7155.8 5396.7

10,19 Aluminium Potassium Sulfate solution.

2 Electrolyzed oxidazing water.
» Aspartic acid.

9 Glutamic acid.
¥ < 0648

® Added to electrolyzed oxidizing water.



obul At ZAE HlwA FFoTdn ¥ F Ued TabledME & £ %9,
g opm|:xAto g FAEHO glov] e ofw:mil(essential amino acid)¥
methionine, leucine, lysine5¢] Bl ¥ A Yy LS ¢ ¢ Ao

dhy] Ege] AR JEge FAolulxAte] ¥sE AWEY aspartic acid
e Ao 5d0] 8 AFoE BE AT TFol AAHASTE & 7
Aed FEF94 A& 4L NaCl #717%& Adstne thAl A37)ztel 3
Fero) wet 2718 Aoz Jelydtl, 2281 aspartic acid BEo2 BE& R E
& A3} YE glutamic acidE NaCl F7H+E Adsnes BE AgFoA
A 2B FFo] FAHU

Folulicit o WaE AR AT 63380 mg/100gAA A 25944
Hgubeol A, 05% FRHAE HbTPAAM oid FHEHIR I 099
R FoA EF Za=HPen, 085% NaCl J7H+9 24 AgT7t 47
5,306.7, 5451. mg/100ge. & uli3 @o] Zig Aoz velw}.
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4. 89

F8 F EQo Asrl ¢ Ede ARHE FAANY F Y= Wy
ARRAE Ao A2 2ALSd] AXsGE HHe A4NA FFEHES
Wmal wsieh uhy] Ede] £E@RE 2] 8055%AM A BYA 2o
F542 A8 8212~84.24%=2 thA Zrtstg oy M FERS IA Hol: Q
Aok MEE AwnFoz LR #AFFOH a bl ZHHE AL naF
dow RAFZLS 7] 4520 75go A FAZ Fadtd AZ Lride 9SS
H7H% 01%FHurs A2 FolA 3930100g22 713 k3, 4,05+103geg
085% NaCl @7t7olA 718 £& ARNE AFYY. $H8UC F3L 05%
£2AHE AZLTFAA 25U 699 % F 57%) HESS Ha 7 2o
Aok £9e Uiz NATAA A% 5YARK FHE AFsADS AR
159 olFole FAEEI ST AL B £ Ao, 2719 9% gL
027%24 WREe A%e Bd LRHOZ AP 104744 E= A 1587
A A&Roz ZRYY oA ZaSAT. AF Fo ALY #F W
AR 7)zto] AYHAE ¥o] HE AU 27t BIE £ Ao, 24 3
g BEe ¥e AAFE sucroser AA Ao ALL He ALET 43X g
AATNN ANeR 23 & FFS ARNE Rez UuEgT Foluni
Sago] Wae AFzr] FF9 63380 mg/l00gld NG 25A4 Hukssr A
A, 05% FARE WATAM Ta FALAR 2 o9 HATFA
2% gamgon, 08% NaCl A7 $54 37 2z 53967,
5451.mg/100g2 2 ¥ 2d ol Za® Aoz Yyt
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A5 A zALs Adel A% FHold A% F

E454
1. qE

F%ol(Agaricus bisporus)= FEHY A E(Agaicales)dl &3l 4 EuAlez
S s 19608t FUEE AT Aol =Y dIFAAHT ot
FEole gy, AAW AFoR U4Ho] Wol o]&HI gloy dFole ¥
97t st Gut FAFEDG TEFSo| ol FF F 3-4U0] ZFA3A 7o)
HadA Edol Axs o AER JANE 4A AAsE EAH) Yk gy
ANAZFEezAE ASAA FE2EIY Ax WY E Wol ol &8y fou}
Az FHolt d@olut ZAge] EX Retw, FRYAEL blanching? 5=
¥ AZHARANN FFFL 2 FFol 249 %I FuE AAANE @ F
o] gt
HAZoe A4 g #AH F7F L AAE G2 A AQHE HEF
A2 AAE Fee 8RS FogtnAste &7 F7hste A Folvh oy T
FAet dEo] nFAY VAT AL 2uRNA AFE7]) A8 APLHE
o] AFHA 1 Ut BFA AAT BAE Lu|AAA AF37] Y A%
Y © 2 &= modified atmosphere packaging(MAP), controlled atmosphere(CA),
IZRA A, A2AF, A AA Fo] &A Ut
gt B QFdME g AL HYPHE BN F$old 8 F
AZFETd FAANE JATH FAlA, FRAEH 7 e JAAAFANA &
FHARE AdE dFo] WS ez HAVF7EE ol &3 2EAFA
€€ §d3tnA .
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2. As 2 By

7t A=

Ay AHGE FFolHAL A A BY Ao FFEHo & AT A
& A& 7R E 35 AqA FAstALeH Aage ZAVIZL #Estn #
o] HolRA] @1 Fol fle Ao Hisd £XEZ 13 AFHY & 59
°ojBd & AAE g AH3AT

o
o
>

5, 02“-

. Al Ae 8y

FEol WAL o 05cm FAZ Atz 4z AF(AHA3S, A
M85+ 04% MgClz + 01% CaCly, 1% ascorbic acid, 1% NaCl + 1%
ascorbic acid)dl 30&3 FAAZY thg dAFE PE filme] Fol 4T A3}
dA F2W8E SR 2832 FE5(tap water)o] FU3A HYF® AR
& FAYFLR HAs vty
aEln, AEER] 31 AFAEE FEol A AdodME AP AEEHE
AANYLE FEF, 0CE18 AL, AFHAsSFd 4z 05% A5,
0.85% NaCl, 0.5% ascorbic acid& #H7}g 571X M T2 A RE °& 47
o} AR Y 183 29 IXAZ g €571 AR R EY 2718 A
Astd o™, 60um PE filmol] 100+5g GHE XF&H 0CxE1T A3

o S28F 2 M 34

FETFLS 16T AY7tg9AzYe 93td ZAH&HA R, AE= AA4A
(Macbeth spectrophotometer color eye 310, USA)E o) &8t ujAl zte] 4
B9 E 53] wtEso 39 o ol& Hunter L, a, b o2 Yehuich

2. =347 53

#A 712 Rheometer(SUN Rheometer, CR-200D, SUN Scientific Co,
JAPAN)Z wiAle] di& AAG 2t FHEAE ARy A% 5Smme
probeZ 50 mm#o)7+A 9 hardness® ZA#E JedYck &FA 3L
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10kg, HiolE olF£ % 120 mm/mins} 2o,

v}, Total phenolic compounds

Ag 1 gg Hsm 97]9] 50% methanol 50 mLE 718ted 80T FXRAA
AN 7 dFsdM F&3tn 4202 Yzsd 3¢ F 100 mLE F&
34tk ol ¥ 1 mLE AM83}9 Folin-Denish 22 A Zs ).

u}, Polyphenloxidase(PPO) activity

Alg 10ge] 10 mM Q4 &389 (pH 72) 40mLE %3 polyvinylpoly-
pyrrolidone 05 g€ ¥ 3 YYsuA v F A=22 AE 9§, 12000xgE
1083 g3EEsd J598 22902 4 PPOY 9718 &A37)
s e pH 6.09 0.1M U4 €389 1 mLe] 0.1M catechol 1.9 mLE 7+t
e 2FEAY 01 mLE ¥ &S IYPAFEA 420 nmolX FF=9 F7}
€ &A%, 2529 1 mlt 189 FFEE 00018A71E AE 1 wnitd
3t PPOS] 9712 EASIAH
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3.5 ¢ 2@

7t #E#F A8

ZA 42 AT FFo] vAe AFFY FEFF ¥5E AHEAT
27] F&o] WAY FTEFFS QR00%E 428 Be FEL 23 Ui £
S QokE RAE ¢ § UkFig. 3-20). 1297 AAS R Wde A
A @719l RE M FoNA 8047~9067% HHAE WMo Fo] mnsyy. F
ESE AEE Fdold FEEF Al AuyeE M 2 FE Eied
A 64 A7tA 89.38% 7 A FAadttirt AR L7IAA A L FESE KA
deon 1 9 Aty WAARAE AN JEAFAME AFIAES
M3 FasEE Aoz E2AHHACD. 23 085% NaCld 05% ascorbic acid
A7172 JPE FFoled FEFHE 2 da AAHAG AP 390 A
UadA Frlstd AZ@7)ode oA ZaHE FAE B9 FA. gutgdes
A FE A% T3R8 374 ¢8A ded AZA PE fimez2 X
Zsto} §7 24 (modefied atmosphere : MA)¥%2] o] o3t ZFFEo]
qAEAR AR F7ie] APAHA HFo] oy Wi AWAY FEF
#el Wiyl Aotn B 4§ o 2 Adfdsise JP3FRAAE @ F
FololdEe AAE7] 0C+1T 2HLFd AXNFoZ A2 £2594 A
¥ g$olrtg x7] F&ol 9 AstgeR A TFFLo] A ¢F
FE9 &40 Ao} Ard

S

Y. A% a3}

Table 3-1491A B F URe] A7 F¢ FFo] WAe A= WE
Hunter L, a, b2 YENAATH Lopez-briones 5°] 4% 7 Z AR+ Lt
& 800l olx 700182 E AEH JHAE FAETE BHaud dad B 4y
qAE FEF2 A FFole] B 27 L 7214004 JFAHoz2 Has
o A% 64 olFAME Lge 7o W AFEAo] olv] FAHUSE
o $7t A 2 ool WHAEA AYTE 9 olFo thF&e] 7008k L
o FAE AEAHY HFAAM o sFeidh. dAFe s HE o 9Y
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93

. 92
&
c A
_ A
g 9 2 *
c [
8 (]
°
o 90 v v
= —&— Tap water \
2 —&— EOW”
= 894 —v—EOW +MgCl,0.4% + CaCl,0.1%
—0O— 1% Ascorbic acid .
—&— 1% NaCl + 1% Ascorbic acid
88 T T T T I

0 2 4 6 8 10 12
Storage time (day) '

Fig. 3-20. Changes in moisture content of Agaricus bisporus
during storage at 0T
b Electrolyzed oxidizing water
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Table 3-14. Changes in color of Agaricus bisporus during storage

Treatments Color

Storage time (day)*

Tnitial 3 6 9 12
L 7214+514 7066%320 70.28%2.19 6730563 64.15+3.10
Tap water @ 595014 490050 532%042 578%026 622%504
b 15301196 16.00+024 1624+3.04 1653%2.49 16.95+0.20
AE - 3.10 4.40 24.99 67.01
L  7214%514 72.10+335 7152+1.95 70.98+523 68.25*3.33
— a  555%014 496005 5124065 590+0.12 598+0.54
b 1530+196 1531+085 1566+1.17 1625+0.98 16.00%1.00
AE - 0.35 0.70 2.37 15.81
PCitron L 7214%514 7054+298 7065250 70.98%514 69.35+0.94
. a  555%014 597+050 545+002 557+005 5.80+0.04
yuice b 1530%196 1635112 1620+0.78 16.28+032 16.38+0.58
0.5% AE - 3.34 3.04 2.31 9.01
"L 7214%514 7218%225 71.44%020 70.29%500 70.10+4.62
+ NaCl a 555+014 660*130 6.12+093 578+039 624+055
085% b 1530*196 1532002 1544+056 1598+1.12 16.27+1.69
AE - 1.10 0.83 394 558
+ Ascorbic L  7214%514 7154%312 71.25%189 70.25%1.11 69.04%054
rcid a 555%014 564+050 566+0.18 587+001 5.77+0.06
15301196 1498+0.18 1544%+1.10 1567+056 16.00%1.00
0.5% AE - 0.47 0.82 3.81 10.15

IrElectrolyzed oxidazing water.
2 Added to electrolyzed oxidizing water.
* Mean * standard deviation of 3 measurements.
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o] BT olFdt FEHOE @2 AuidYe] AAHNT A 129 BE
= FaHoz AT ZBRPA 2R A HAd: YU =HE L
A %7I13ke] ZAojFel we} AT Ao ¥ redness(H A=) yellow(3HA
E)E BRFAFT a b@IS BF AZES 4T F7se 3FS By o
e 2RSS WA Ax Wsiet AF@AN de HAF polyphenol-
oxidase activityZ7} A& 7|to] ZojFd wa} Frtste] ¥{Ale] ZAsle g
& Aoz AZdd.

a8ln AGE FFol A AZF NE WslE Hunter L, a, b2 Y& &
& Table 3-159% 2o WAl A= #A e NE/ HE Lt HF7|0E
ZasdEe FAE Rojn ZWs Y=L YSE HAFH oy AP ¢
719l & 04% MgCh9t 0.1% CaCle #H7IAA AsAdsrd Had A9 1%
ascorbic acid2 M A AlRAM i & @S BAF UG < 0.05). 28
I a bt EF ARES FUHste Aol YEtel ascorbic acid2 A28
ANge AAF =7 HolAe ARE Role il €L FNS g&= 53
< B2

e

ffo

9. =43 Az

FEol AL FHx7|de 2o dudy @Yol Fou Ao A3
ol det g4 SFEFFH tEY FRALZ UM 249 APy o]
A3tA ©o}. Table 3-162 Rheometer® ©]4359 d$0le] W& AASFH 7t
o FAHYHNE probeE T3 Smm FHAHE o Hd9 P& hardnessE E A3t
o Z2AZE ST Aol AF 1244 FEE 25 YT A
A FAM dyHer G AAE BAFYEH %7) hardness= 1,140gol A
AZdsEz F=E gUA3d AF 39 4 1,312g, 1,298z AF 6YAE
1,105g, 1,065g AZ 9YAE 917, 965g A A %71 1292 hardnessE= 930g,
938goz Azytd] HlxF A [t oA AZ Futoz AydM &
e A2 E Bolxm Qi A9 B] A A7) FAAgeR 2AFL A3t
g 2E& 8 71 d=dl 2 F 085% NaCl H7FFolAM 1294 hardness=
1,100ge 2 71 Ao go] L& Aoz FAHHUGY. o9 Ao &
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Table 3-15. Changes in color of Agaricus bisporus slices(pileus) during storage
at 4T

Sto time (day)*
Treatments Color rage time (day)

Initial 3 6 9 12
L 7621+520® 7913+085® 75.15+4.16™ 73.12+138° 7285+1.79°
a 195+015®° 161£025%% 07410059 1.69+021°%" 198+0.08
Tap water abed bed " agabed b b
b 1210+1.32%¢ 1152+225%9 11.81+0.99*™ 13.19+£056® 13.62+0.87°
4E - 3.00 163 3.29 369
L 7631+320% 7936+6.35®° 77.77+229° 74001138 73.15%+3.30°
EOWY a  165+0.12°* 121007 201£024°  170£031°* 2.00+0.10°
b 11.21+0.75* 10.19+£1.10° 1379+005° 11.86+0.86™ 13.94+1.04*
JE - 3.25 299 2.40 419
EOW + L 7789350 7651435 7502+589™ 7631+18 74.25+142"
MgCl, 04% a- 175%0.18™%* 1.09+0.10"* 092£009™ 159%0.10°%%" 194+0.07°
g
+ b 11.24+2.14% 1056+£1.25° 12.08+1.15" 13621005 1256+1.54*
CaCl 0.1%  4g - 167 310 2.86 3.88
L  7933+268° 7851%634° 7622%+215® 77.77£1.00° 7456+3.13%
1% i | ijki efgh abed
) a 069+0.31 0.68+0.09 0.99+0.15 1.35+0.22° 1.78+0.21
Ascorbic d g b bed b
acid b 1011+215° 1021+1.10° 1355095 11.22+0.86™ 13.11£1.23
4E - 0.83 465 2.03 5.74
1% L 8156+511° 7559+513" 7589+327° 7419+225" 7211+480°
Ascorbic 1.35+0.20°%"  156+0.09°%% 1 63+0.28" 129+0.12%" 183+0.09"
acid + 12.25+2.30™ 12894088 11.54%121™ 1394090 12.25+1.19"
1% NaClz  4g - 6.01 572 756 9.46

2l Means with the same letter are not significantly different(p < 0.05)
* Means values and standard deviation of 3 replicates.
D Electrolyzed oxidazing(EO) water
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Table 3-16. Changes in hardness of Agaricus bisporus during storage

(Unit : g)
Treatments Storage time (day)*
Initial 3 6 9 12
Tap water 1,440+8.84 1,312+5.90 1,105%£9.62 917+11.25 930%5.00
EOW" 1,440+8.84 1,298+10.23 1,065+ 14.12 965+2.65 938+7.85

+* Citron juice 0.5% 1,440+ 8.84 1,214+11.34 1,112+6.39 1,003£11.50 1,006£8.90
+ NaCl 0.85% 1,440+ 8.84 1,310=14.66 1,268+13.60 1,009£9.52 1,100%+10.56
+ ascorbic acid 0.5% 1,440+ 8.84 1,346+6.98 1,280£9.00 1,140+6.67 1,064+9.65

b Electrolyzed oxidazing water
? Added to electrolyzed oxidizing water.
* | Mean * standard deviation of 3 measurements



F Q%o AERE AALEY ARV mE BE S ¥ RS ¢ F
gl o)= polygalacturonasett pectin methyl esterase®} Z2 pectinase®-&
7} glycosidase®t Z< M¥Y REHiaie L7 IA AFAD 4F 9¥9
74 A F FFFALEN FARLoR A MEY B3I, 239 Azl
ARAHQ 9L & B oY AXY EFS FEANA 47 B¥E A=RE
HALE doyle Rz ¢aA Ao

a8n AAEF Fgo] A glolAE Table 3-17914 He vigize] Fx
AZZ7|5E Ao Zgd wet FAHoz Fide AFES HA
=Y AF 129 Ade %713 46019.64go0A 411~362gTT7HAl Z3F o)
55 AL 2 § Atk 1% NaClhe 1% ascorbic acid® A3t AlgoA 7}
zA 9 Q37 gutsiA dojwten, geR2E 04% MgClh 9 0.1%
CaClE A7MAZ Adistsed HA AR ot FET2 AYE A8
AXE 713 2 =29 437 AN ed 12¢39 e 362+23g2] AAE B
qF At '

B
rr

il
=
T

rlr

ol
N

2}. Total phenolic compounds

of40] WA 9] total phenolic compounds® EAZX ZWuEgA 71AZ A}
£ 50} %=1 polyphenol oxidased] 23} total phenolic compoundst 4F3}HH o
DOPAE AX DOPA quinone®l 3 ol A9 56-quinone-indole-2-
carboxyl acid® A&z, )AL oA i3 - FF #gS AAH HFHe2 &
Z A melanin M4 E A
Polyphenol oxidase® dihydroxyphenylalanine(DOPA), pyrogallol, catechol, e
-hydroxy-benzene 3 Z& phenolic compoundsel] 53] & Z&3thu 3
o] BAA F2 AZHL Y& 7|F2E otv =43 tyrosineL 24 At
2 u &t WAdE oF FRFUnh FFo) HA Y M T wE A7)
7+2 ¢} total phenolic compounds ¥ 3t+= Fig. 3-213 2t}
BEEZHNoZ caffeic acidE AH&3dtd AF{E AE3Aed AFx7|de
146.0 pg/g s TH3t U229 polyphenol oxidased] 71AZ ARHEAN AT
71t} Aol A wat FFe A2HE A B F Ao
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Table 3-17. Changes in firmness in Agaricus bisporus slices during storage

(Unit : g)
Storage time (day)*
Treatments
Initial 3 6 9 12
Tap water 460+ 9.64° 424+4.3%® 384+55"% 415+ 6.2'" 362+2.3
EOW" 4601+9.64° 444+7.4° 477+5.2° 403+9.6™ 380+105*
2) 0,
- Cl‘:gglzo(l);,i‘ 460+£9,64° 45428 435+94% 412+66" 403+2.3"
1% Ascorbic acid 460+9.64° 454+56™ 444+9.2% 445+6.6% 396+5.3"
1% Ascorbic acid 460+9,64° 398+ 135" 415+5.4"® 432+56% 411+1.2%

+ 1% NaClp

*! Means with the same letter are not significantly different(p < 0.05)

D Electrolyzed oxidazing water
? Added to electrolyzed oxidizing water.
* . Mean * standard deviation of 3 measurements



160

150 +
140 -§

C
130 4 8><
—O— Tap water \
—a— EOW"
1204 —4&— + Ascorbic acid 0.5%
° —@— + Citron juice 0.5%

—O— + Lemon juice 0.5%

110 T T . . T |
0 2 4 6 8 10 12

Storage time(day)

Total phenolic compounds{g/g)

Fig. 3-21. Changes in total phenolic compound contents of
Agaricus bisporus during storage time.
b Electrolyzed oxidizing water
+ [ added to electolyzed oxidizing water
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T AMYFoAN Aoz AFY 3YAZAANE S FLE Holgst 39
olFd @A&A FAIA= A& EA 05% FAHF HITAAY total
phenolic compounds2 & AHIAFET 71Z2ZA 713 AHA A28 Aoz &=
AU 34A 14820 pg/go2 A FUETL 6¢AE FAI FAsY
14820 pg/gZ otz ow AF 129A7A vl BHE FA8t9 130.80ug/g
€ Yehlidd. 2 9 FEF HIYTE AYF ZE A FAME A AR
ARE BAFALY 5 HYTE 6Y9A 12690 ug/gl 8 4 22 A
A FutdlE 12230 pg/gl 2 71224 71 Bol ARE 3 Ro =2 Jehd,
@8, ddAd FFol Agd dojME= HF7|tel wal total phenolic
compounds® %< HutH o2 BE XHIFAAN ZAde AFL BAFYU=T
A 12974E 7Ieez A¥ERYE x5 AT 1% NaClz + 1% ascorbic
acidg€ A A gAA 7HF AL 49 total phenolic compounds7t &3 =Y
3 AsfAsF 04% MgCl + 0.1% CaClhg A7FEA A A zdA 7H3
B2 %ol FAHHAHFig. 3-22).

v}l. Polyphenol oxidase(PPO) activity

Fig. 3-239) Yeld vle} o] PPO activitye AA7]|7HE< BE a3
oA F7tsle A &S JUel Ak Total phenolic compounds& ZA 3 A9}
T FA BRBAE B AGrizte]l AHge wel 7)Ao AR5 E
polyphenol oxidase activityt® Z7}8ldth. $£E4¢ A Fo JdojA HA
polyphenol oxidase activityZ7} 713 E%on AA7|7to] Ao Fd wa F&3
A F7HEs AL BAFAYG £ Adsiee YPRsAE e T
AME AF7|He] ZojRd wgt FrHAEH H P v FHE B
o F%t}. Polyphenol oxidasegls &4t FAFo FTFHd gdady o QAo
T4 29 o] Advt A&de 7Y FRE X4 "M di dag. 2
gdx B4l FHE FHET o] T o) od d& gA43H, wgs
Fao)22 JAFES 7IAdn &8A Ak addo JXEF2 AxE A
st A ELS FEol HAYA polyphenol oxidase activityd] A &
of E3& BAFE HL=2 AZdY. 12 o]9d polyphenol oxidase activity$)
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160

Total penolic compounds (ng/qQ)

1204 —@— Tap water E]\
—A— EOW" | .
" —w— EOW + MgCl, 0.4% + CaCl, 0.1%
—O— 1% Ascorbic acid
—&— 1% NaCl + 1% Ascorbic acid
100 y T T T
0 3 6 9 12

Storage time (days)

Fig. 3-22. Changes in total phenolic compounds of Agaricus
bisporus slices during storage at 4T

b Electrolyzed oxidizing water
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PPO activity (unit)

550

—O— Tap water
so0{ —®—EOW’
—&— + Ascorbic acid 0.5%
—&— + Citron juice 0.5%
4504 —O— +Lemon juice 0.5%
400 4 o
L
Q.
. ]
L ]
350 o
300 v : ' , .
0 2 4 6 8 10 12

Storage time (day)

Fig. 3-23. Changes in polyphenol oxidase activity of

Agaricus bisporus during storage at 0T
Y EOW : Electrolyzed oxidizing water
2 4+ : added to electolyzed oxidizing water
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AHAINE ARAZ 2EE q49 FHYYAE AUAA AAFez 7153
i 4L £x71 10T /Mo we BH$EEs o 2u) FUlsle Aoz
d2iA Ao ety B AP E FFo] RS A &Fd sty 0TH
2o AZTe2 FAEHYS A EHY ELF ZAE AHdnz 9=
s At

agxn AdAHG FFel AR AAME, 48 B PPO activitys A7)
et 4 AT BRF Fvbste A%S Jehided 3944 6Y Alo)dlA
FAE F717F goltth. ANty o2 PPO activitys SEFE2 I A &A
718 =Sk 1% ascorbic acid® Agd@ AlgdA 717 ¥ AFAE BRAgFN
H(Fig. 3-24).
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500

4504 .74
'/C]
g $
; 1 e ¢
T 3s0- ><
© ®
© ————
O 3009 o —e— Tap water
a /. —s—eow”
* 250 —¥— EOW + MgCl, 0.4% + CaCl, 0.1%
A —0O— 1% Ascorbic acid
—&— 1% NaCl + 1% Ascorbic acid
200 , : . .
0 3 6 9 12

Storage time (days)

Fig. 3-24. Changes in polyphenol oxidase activities of

Agaricus bisporus slices during storage at 4T

* Unit : 0.001 4 A7s min 'ml
v Electrolyzed oxidizing water
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4. 29%

F&o) WA 2ALF Aeld A% AAFe FAWHE FHAG A, &
Fol B 27] FEIFFES 9200%0M AP 27l RE A FelA 894
7~9067%8HZ ZA=EATG. 05% FAFEF H7FFlAe  total phenolic
compounds< & A TR 7|AZA 7P A ARdE Aoz FAHHUE
d 3UA 14820 pg/go.2 %3t F7h3ttirt 64 A= FAS FAd] 14820 g
/g2 Yotz om AF 129474 vl&d HAE FA8e 130.80ue/ge YEY
Atk ARZF ADY FFol vNe Ax Age LS AR7IRES FLHE
ZAE B9ed A Lrlde 04% MgCle 9 01% CaChg H7MAZ A&t
5o HZYAD A8 1% ascorbic acidZ HEAZ A|BANA ik & F
& BAFEAJHp < 0.05). a, bFS EF A FA S/ FFol YEt=d)
ascorbic acid2 H#E AgE AAHF FE7} Yol ERE BT F=
M3 1% NaCl®t 1% ascorbic acidE A AlgdA 713 239 357}
gotatA ol dad FFoledl Ao PPO activitye AR7IEL 24 A
g7 25 Z7hste A%E YA 394 69 AloldA FA% F7H7t
dojyon] HAWHOF PPO activitys FE=FZ A AR 7HF =x
1% ascorbic acid A7bFolA 7HE @& A#E BAFAT
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Asy EN24 Ao ASAS 9
s HSAIT

A2 A MAYeZ HACCP(Hazard Analysis Critical control point: ] & 8.4
T3 #HAZY AF ¢A4E B E 9T T8 AAZ dFHD Joy, ¢
gy ME A A EFQANAN HACCPAE Algio] AFHoz g3 ¢}
HACCP:= Sl3slaa s FHAYSE Ao] ofde, HllasrE E439 T8 ¢
qerz2 ATEHE RS FLAYAAAN e Adelt HZ o] 94
o At FA =g gobAEA A TAIE FHE A3 FAH, ALH,
ANA RS AR R st Yo 2 - F - 1FHAYY stagHe] a
A FHEAAD. ol 908 258 ARE 2002d] ZE stz F4& &
58 Agoz o fvh FuFAL ga o FAANEE #F3 A
£95te AAdFAH TUIANLL DRAG0A €9 AFHAY =AY 5
R ¥t FA e AFFAY FHZ TIHL At JdF A U 9
AL M3 7R3 BeEL.AE AAR Bolvzy A3 JAFENA BF
#elHojold didelnt. wetA A AFW, A4, AAE, ==, w4, A
3, 259 A JAHNA B oY FTHA 24E AA}I AAKT .
gEde g ARIFA AFF T FIA LI HoiwE AS 2 HEHHR
7t 3de del o g & A e @A HACCPAAM Hdd4 2 8
ag, F4%E7 AEASHANA dH8LrE AP FES Adsod sl
o A LPHEE FAIEA, YdutF o FIARL v A£AFS vl E 99
NAETE 53 F AMTFE ol 13 AFAAUES WY vAETE Y
wateq Ao ASAZAL eSS BIHE LA 3T 2 AP ALE
& A4 pHS ORP7F AR 49 HR3Y dad FFE FUsA
N AR A9 WHHE geste AxsiAh
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1. 9259 A5 A o 27y nlx

HAobgoklfFe 8 F ddsiA £8, 23 97, 2y 2 4F S9
WS A O3 2FE AE wodd. o] 2L AFEL AridEx gu 3
A 2¥A7 ALAE AHE vz H4FHEA Hzg g g3 nAgEoy 3
FTETA LFHJUE BF AR AF dHF9 Yol 8 + v} agjz=z
HaobgokAFe HAS] AFHAAY FEFLdd d22soq HaFo AFY
T JT FHTU HAATY 2LFE HAAACH sy, o] of BE HHA
2 ES AESY 284S 317 Y8t 100~200 ppme] FA2FE Al4E
Atk AU G2AAE AHEE F S AAF AFL 9xo 4F YL AH
BEFEE 45 TYY FF22 FFoFozN A5H ZAL FAAA}L
ot wEbM g2 AFA L AHY SFeo Hasle Yo AHAGSE
AHEEAE W Fagd HEg MR Yo o Fx FAHEAE FAsr] 9
3ol Hlm APt

At AzAl Hazed 9v Fa%ol ddLY AL(ADSY wadgy
Bl 2RE F e £238FE YA A FdGor IAF Haas)
FAZ7NA AR As435(A2)9 AL 2Ested ORPE YAz =
343t (A3), NaClOZ2 Azx¢ F44(Bl) ¥ CalClO)2 AZ§ F424(B2)9
428 E vudd.

AFo oM EReH AEZ AMLEHE Escherichia colis Ztzte] £9 9|
A0S d, ORP7L 71 £2 A3 Aajdstert 302 #o] 25 Alds
T EFE veiiden, Ui Adsitsise zjopd At ko] o 185 ppm
olA™ Ca(ClO); &4 1& Tl A9 v} ApEsY ey, 213 ppm NaClO £
< A 30% o 21%7t Z4E O§ AR SEARA w59 W Ao A
123

ExR oz dd FFo Y5 AF59 A7l H¥E Bacillus cereus
T Bl 92 AJE UniA] LddN =& 302 73~77%S] 3T FAa)
dojxton], A3 Aol 58 AR S o gd AMdsg.

A EA FEHY ol HE Erwinia carotovorak Escherichia coli®t &
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Table 4-1. Inactivation of Escherichia coli by chlorinated water and electrolyzed oxidizing
water(EOW) at 0C
Surviving bacterial population
{log CFU/mL)
Exposure time (min)

Physicochemical property

pH  ORP(mV) HCIO(ppm)

05 1 2 3 ‘4 5
085% saline 9.1 9,16 914 9.15 9.18 9.13
EOW(ALD 170 0° o° 0° 0 o° 251 1143 4362
EOW(A2) 190 0° o o 0 0° 282 1138 72.34
EOW(A3) 0° 0° o° 0 0° 0° 265 1155 16.02
Chiorinated 7.24 712 7.24 7.02 708 693 9.8 335 213.11
water(B1)
Chlorinated 118 <10t <10 o 0° 0 116 511 184.39
water(B2)

# Positive by enrichment.

b Negative by enrichment and no detectable survivors by a direct plating procedure

Al : Electrolyzed oxidizing water produced from GTB-1200(neutral membrane) generator
A2 : Electrolyzed oxidizing water produced from GTB-1200(amphoteric membrane) generator
A3 : Electrolyzed oxidizing water produced from Redox RWF-100 generator

Bl : Chiorinated water(200ppm) was generated by sodium chlorite

B2 : Chlorinated water(200ppm) was generated by calcium chlorite
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Table 4-2. Inactivation of Bacillus cereus by chlorinated water and electrolyzed oxidizing
water(EOW) at 0T

Surviving bacterial population
(log CFU/mL)
Exposure time (min)

Physicochemical property

pH  ORP(mV) HCIO(ppm)

05 1 2 3 4 5

085% saline 914 9,12 9.14 9.15 9.14 9.11
EOW(AL) 2.6 2.13 195 19 185 1.30 252 1145 88.30
EOW(A2) 2.06 1.93 1.85 154 1.30 o° 278 1142 69.50
EOW(A3) 248 204 118 * 0 0° 266 1185 16.02
Chlorinated

onna 6.27 6.38 6.28 630 6.20 6.42 9.25 333 24538
water(B1)
Chlorinated

onna 238 2.42 208 178 1.48 of 11.20 512 189.36
water(B2)

? Positive by enrichment. )

b Negative by enrichment and no detectable survivors by a direct plating procedure

Al : Electrolyzed oxidizing water produced from GTB-1200(neutral membrane) generator
AZ : Electrolyzed oxidizing water produced from GTB-1200(amphoteric membrane) generator
A3 : Electrolyzed oxidizing water produced from Redox RWF-100 generator

Bl : Chlorinated water(200ppm) was generated by sodium chlorite

B2 : Chlorinated water(200ppm) was generated by calcium chlorite
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Table 4-3. Inactivation of Erwinia carotovora subsp. carotovora by chlorinated water and

electrolyzed oxidizing water(EOW) at 0T

Surviving bacterial population
(log CFU/mL)

Physicochemical property

Exposure time {(min)

05 1 2 3 2 5 pH  ORP(mV) HCIO(ppm)
0.85% saline 7.29 7.31 7.27 7.29 7.24 7.22
EOW(AD) 117 <10® <10° 0 0’ o® 245 1145 3440
EOW(A2) <10® 0 0 0° 0 0 268 1140 59.57
EOW(A3) 0 o 0 0 0 0 267 1162 17.02
ii‘:::&:ff 5.2 488 506 5.44 409 523 931 275 189.00
f:;:::gt;f 1.30 1.30 <Le o* 0° o° 1039 472 165.95

@ Positive by enrichment.
b Negative by enrichment and no detectable survivors by a direct plating procedure

Al:
AZ:
A3:
Bl :
B2 :

Electrolyzed oxidizing water produced from Redox RWF-100 generator
Chlorinated water(200ppm) was generated by sodium chlorite
Chlorinated water(200ppm) was generated by calcium chlorite

Electrolyzed oxidizing water produced from GTB-~1200(neutral membrane} generator
Electrolyzed oxidizing water produced from GTB-1200(amphoteric membrane) generator



ALg B3-S Jdehdlo] ORP7F 7HE £ Al9 AsjAg s Qe o A
2 30x7te] Fo] BF AtEEHoH, Unix] Fa4ss 8 Az 158 o),
Ca(ClO); €92 M2 28 %ol A9 Ald=HE 242 Bgoy, AJojdaa &
Fol 7t %9 NaClo £94& 2] 30&%9) 2 Log scaled] ZAE B %
A 5&7A T4 ¥Esh e

o] & ZIA=R HIHIF A7 Fe) dated AR A 82 Fo]
olgaite] FFHEUE L ANV LASORP)ZF e WS AP Q3
< "lIAS ¢ 71 AU AdamsFol A @ ups} Fo] o i st
#E UEA R3te AL olvl: ALEAA Ye FAPE cuticleZ o] &

A HEA FE84 9257t FEI RAER RHEAY AN nigo g3
e v BEd A Fae XNAEFAI Fased o 9o oz B
(Table 4-1, 4-2, 4-3).

i
A
T

2. AYYL G2soq Az A5 FFEH

Az N9 membraneo] wel GQoE AMEEld AR A AbsiSo)
FAHE ARt A AsfAsre AYd AP B xolgaite
gF 2 Ast#YA9(ORP : Oxidation-Reduction Potential)7} 3 A @&z &=
A& ¢ F AUk olgE dzA Az ¥TL& EYsA €3 membrane
< Ud TG AN2ge AFsd, 944 F NaClIORTE Ca(Cl0)e AFE
A7t 8 SR SES FAsA, BHZ AR CaCLE H7tstd dAsa A
o EA4& 48Rt AHA membraned Al4dE AL FE FAugo] A
ol @8Eo] AL "olzee EIALE AAEr] 9%Ad, o] YA
T Adstaz st dA & 288 oYM s Fild ALHo=
HA7E F7PHEA AT HAHE 7)|FTE doj=PoEH RTINS U T
T UAEE QY.

7} R A5 A% VA AaH
£% 2 A 299 MBS A% 454 2A A%d SR B
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e dodle F 890 Ho, o]& X AHFAFNAS o AASHH HF=L 4
oz £ e APAHES ¢ Aot wEA AF ALY B 2dd vAES
AAsGE AL vl$ F8F =2 oo #d F2 A77F IHHL Y. o] 4
PoME 71FFAH T g AAS T3 nAES AAL 5 Jde B¢
& vlAsy] A%tY g, Aidste € 547 AdrE AHEAE He
AFEIHE AHBRY AL & ok E 10059 A 1083 AAS 108
Zp AQEFA g WAE g AY Aoz qAHE FE FHY 1Y
B0 W3 E Z2AdH N Table 4-4). A3tA &L AF9 nlAE & 2
ok WFFZ4 27 1L75X10°, 247x10°22 1 29/t dstgen, £5
F2 12 AH39S Ao % Log &9 sty vivldt] Ao axrt 2A &
gow, Asjitstset FAL A5 S R AAITT ¥ £2E 2
A &gk AHe AHE E37] Y9 E€YE F/18AS W Shakinge
A7Z 9% 1 Log scale =9 #FERE & F7F AUk ol & FFH 9
AaPAe AN A AF FII1SFEA 2RSS B AFH #A
e AsadAde Aordadel F§Fol FA3 Astste © 7d¥ ALz
AeHEE X Yo| ofd F4A T¥A] §&5& JAHNE £ YdE ©E
AYEe 5 Mgt ad Aoz Y4

o o

U4, AT Adse A FFaH

1) CaCh9 A7t ¥5& 235t Azxd 749 A5

Fgx AdEFH

Asdel A7tEE CaChe =l wit AfE FAF AT Aol&
SWRy] Yot Asse BAL SWAT FPANE ALSE] AFAAE ¥
B3P AHZAL 50+1A2 nAFsY AL, AF =} AYLS
80~1037t% WataA}). CaCle ®x9 xojdx EF3tx pH R ORP#L
Hl&d e JetdQed, Aolgaite dF e vt JAAFE FEER
Z73tE AL ¢ F UA AsFe FFEFHAE S AA FEFe AFZE
247 47 1.12x10°, 1.6X10°0 SAANE ZZe] Asisdl 583 AAHAL
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Table 4-4. A3 A $Po @& durld P BE 79 ¥Wl2AYE E5F

Treatments Total cell Coliform cell
T
count{CFU/g) count(CFU/g)
233 1.75% 10° 247x10°
FEE 1.01x10° 4.80%10°
A& arsle 7.25%10* 2.35%10°
FAGAAY Adg 7.20x10° 159% 10°
=1 gl Al A @ 23} A ) )

(shaking A &)

Table 4-5. Microbial count of lettuce immersed at electrolyzed
water(EW) containing different concentration of CaCly

Cell number(CFU/g) Physicochemical property
Coliform  Total viable pH ORP(mV)  HCIO{(ppm)

uT" 16X10°  1.12x10

T 1.0x10'  38x10°
EW7* N.D.” 1.40%x10° 8.18 745 105.7
EW10" N.D. 4.40x10° 8.18 756 1376
EW13” N.D. 3.30x10° 8.30 757 163.1
EW15” N.D. 9.85x10° 8.36 771 216.3

Y Untreated.

? Immersed in tap water.

® Immersed in electrolyzed water containing 700ppm of CaCly
9 Immersed in electrolyzed water containing 1000ppm of CaClz,
9 Immersed in electrolyzed water containing 1300ppm of CaClz,
® Immersed in electrolyzed water containing 1500ppm of CaCls.
™ Not detected.
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i AT TEL EF AMAsigoen, 42 1 Log Scale 3% gtol AAAF)
A 23 FEge vZ/ AAFIFE I A E0) FUksle AEE Hd
1500ppme F7H5tEe W 985x10°0.2 4340%° 2 #AEL YEIRY
(Table 4-5).

2) AANRH® YAFFo) Be A HFEA

WAE A2EHA7 A FA Ve CaClel FE 1500ppmE AHEsH]
Az TAY A AR AAN5FFS 2eRYe We FYR o)
AE HFEIHE Table 4-63 2ok FAY HalsE vdzolt FATe A
23 AsASuT Aol a4 FFo) AL 1009 o4 BT Eek WA
Aot AAEFel A FFS BA ¥t Ao vehen, e 2aw
Aol AR sFo] Bold+E AT ¥RAHI FUso WFFEFY 3
e 587 F43 AFe 1M daldol ANSAS @ TF APate Re
G, E£9 daasece] 4Fde vusde W WFTI4E 242
AYA B Agagol 3759 ¢ ANVRSE o 56%9) F2E P
% RS o 8% HAE B AoldANY FFol NAPFT Y 9
g F& F ARYL FAY F Uk

3) A RE o} AFAo)d BE FFA AFEH

ZA% AN 2dE A AFE 4A, 15A2 AT AXE A+
g} 15A2 Azd AHFE oA @3 15AZ A 28 Hase FAA AT
238 v 2 H(Table 4-7). FAY A5 B4H SAL 4 AF& F8
o AE Adsrt 2YHA FI itz FHAAM Foz wiEH7 g
pHE o 8.0~9.0rt019 & JElU®, ORP E¥ 600~900mVE Qi %
3 @ 2ol Yehr gkech 2o HlE &9 Fo Aolgad FFL O
ATl vt wl§ Eold I AFFY $44E IFY £ UAUT 4R
NETE ALgste wag 47 AgdA &3 7HAM AHEste Wyez
TEEE AASAS "ol E5F AAUNA &4 dBFET S0l AdAFE AS
}HE dolls BF AF - AEEHUSES & F AU, FET BT JABE
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Table 4-6. Sterilization effect of electrolyzed water(EW15) on
lettuce by immersion volume and time

Treatments Immersion Immersion Cell number(CFU/g)
time{min) Volume Coilform Total viable
Untreated 1.3x10° 3.0x10*
1 X5 40%10* 7.2%10°
x10 35%10! 6.8%10%
— 3 x5 55%10" 39x10°
X 10 25%10' 3.7%10%
5 X5 1.9x10' 22%10°
X 10 ND.? 15x10°

Y mmersed in electrolyzed water containing 1500ppm of CaCly
2 Not detected.
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Table 4-7. Sterilization effect of electrolyed water(EW15) on lettuce by
electrolytic frequency and different electric current

Treatments Cell number(CFU/g) Physicochemical property
Coliform Total viable pH ORP(mV) HCIO(ppm)
uTY 45x10 7.1x10°
T 1.0x 10" 28%10°
4AY ND.” 9.1x10° 10.31 645 111.34
15AY N.D. 1.4%10° 8.04 894 397.15
15A-15A" N.D. 6.8x10! 9.06 835 673.74
EOW® N.D. 44X 10° 2.53 1129 355
Y Untreated.

2 Immersed in tap water.

¥ Immersed in electrolyzed water manufactured by electrolysis of 4A.

Y Immersed in electrolyzed water manufactured by electrolysis of 15A.
 Immersed in electrolzed water manufactured by two-stage electrolysis of 15A.
® Immersed in electrolyzed oxdizing water.

” Not detect.



7t ZdAFE O vAE AFER Holud M A AT 44 FEY A
e B9 ok 32%9] F2 &L, 15A FEAY WHAFE F 6% F2Zo F
ZHERT Agd 498 $3d o A7V AFE A B4 A
ol 4Ql 5487%7F Za® ol Hlsd 16AR @A FAY AHFE
68.89%9 A & BYon, 4 Log scaled] ZAHE FHold 47T g
WS A FA% Af,E AAF AR AEE B 2] 4SS A
% = glo] I ARFAEL FANE F g Helgdtn BEEHY, Aotdadt
Fe Asne RE 40 £F Fol AR FTHA ALFAE 2B A
L2 g AT AR AP AAsE SAE AH ALHZ Y A
5 9y FEALTF) 00ppmAEY ReZ Ro} AFE A 3}
oldatt % 200ppmoldtE Az d Hdsre FAF AAd, 2@ Az Ao}
da4t o] 600ppmo]l HE FAL dise As £H 2 JHF Gy
ET AF AHSFeEA 12149 29U 27] UPES A8 + A R
oE Bado.
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3. 343 2 3849 A&AY 2H

B Fe AAA 74 vl AE ARER SRR AR 204 A9 A
g AHgste] AA APl 44 APosH AR viYET o Pt 1
Mo st AHEgich 3F 2008 FTo HAE FulEE FU 43
o oAE Fo g 9o 2 9FS = AVE W A{EUH FREIZY
A715d dAFA L G23E cateringg WAL 2 %o, CaCle 1500ppm<
A7tste Az 2vAE FAY As4e EAHL pH 874, ORP 78mV, o}
HaAh &3 299ppmol A1, 244 FAH A 7HF EAVE He RES 13
ARse a7g v wstg

7t U A 2eA e MPET FAAE

Fubo] mopel o] A3 9L A AFH dlo] Ao dF9
FAE @38E AGoM AHEEHE Evig 22 §759 AL E Fwste AA
oA A AHEHE A7 By BEe] FAF LK) oFoXA ¥& AL
AR AR E coli O157:H7 E£ Listeria monocytogenes? 2922 Q13
AGAA AFEE FLANE & AUch dBAM LA} E. coli O15THTA &
AZE Al B YA a7t FAA EAA =vte FEF AHo] o]FoiA
A B B FAES AZ FIEAV] WELZ dA Ud. o] AN
nAE 9go] kY & REL Eris} A wgoz FF$7 47 39x10°,
322x10°, dIFFEF7E 17x10% 278X 10°2.2, Evte o oJatd @A &
Ao &4 &) 7Uttrt $E3] AASR G JHZ RAHE Fo UAE]
A&ATt g S4E ADA FEFsd uAEd LFHE FEo woH,
A vigtE Fuldy Ul S4E 28719 S48 A A8E 2 1o
A, ZIYAEY BUYRE FAYLR Qe 2go] #old @¥E FEojth
Ztzte]l gl AR FAYL AF+E AL AHINAS o, & ¥
Qo) @2 B& HFIAULAE 7L Evig vigd nAEFt FETE
40x10° 51x10°2.2 2~3 Log scale°] Z4HUon, AT ZFE 25 A
e 2#E 7HA fohH(Table 4-8).
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Table 4-8. @AFTH(FH)o oA AAA] &5

Sample Total count(CFU/g) Coliform(CFU/g)

. 58 3.9x10° 1.7% 10
A2 40%10° ND."

” 732 1.3x10° N.D.
2k 6.0x10' N.D.

3 73 g 8.1x10° ND.
A & 7.0%10" N.D.

4 L EE 3.3x10° N.D.
=k 2.0x10" N.D.

5 738 2.0x 10° ND.
A2 2.4%10 N.D.

6 "-?-ﬁm 3.22x10° 2.78%10°
g 5.1x10° ND.

P Not detected.

*

28 w8 AYF Ao BIEFY. .

* FAYTE dHHA FEE AR ARE F AAAAA JEE RE,
AegTe FAAT A 239 AxTF2 FLAHE A

* 1 =vh 20 42, 3 Ji(<d AF), 4 €7, 5 Jisd, 6 9

* AZF AJezA : 1,500ppm CaCly, 22 AHA2Y
* Az 24

pH ORP(mV) HCIO(ppm)

8.74 783 299
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. dAG LA st AAAE

GAFAL A § RolH FuHAD LA Eo) Ztzte ga} oA F
4 e gAd Bud g7tz Reo Az £uEs] wEd 274 w4
9 2¢0] A& A FET VAE S99 48 27A HH e
FA 5] cell cycleo] & dAFH 2E& AT 348 F40] dojd 5= ¢l
of 7] vlBEY 29E Solv AL vi$ Fasdid g FuEE T ¢
o2 Algstn Qe AAe] BEF €4 AHUdE 783, 759 dF
FEFE7 242 692x10° 456X 10°, BTN ZHz 26X10° 47X10%, ZE
oA 674x10°, 1.35x10°2.2 Hds] tiFFTe 2P0l Asgen o B
Ao g5z A e v BE Fo] AldiEe a9E L{BME;’B}. u} e} A]
B Asfre EF Ao Qo] g A5 AHtoz: A A FAA
€ EF ¢FAE § v A7 A (Table 4-9)

o FRFTENM AFES FANY

FR3Fe EAHE ZE FEF g @AM RE VAES ¥ A
ole] FZFo] Bold @¥ov, TR EAHH EHoE A3y HU FHFAH
A7 FRY 2G5 7o Eo7t MFol A o}l AR AESA Ry n
g 28 4 AT 8ol gor, 2FAAELE 5 Aduez 4F%
o o] WFol 2dE vAEL AT o gl AdE Aot EAE <l
AHo) FAZolgn B2+ NaOH 898 AE3tx 3lo] 43 H3o] &
7Hedte AFEo] AFsA G EAHO] Utk of AP E Fo] vhis o]
L2 Chopperd] #l&3ojA 713 B v Eo] A&HALY, o] £8& &
FRoZE AFHol g&eo] oFojxA &7] HE] AH LS AKRT
2 Q18 617x107°I1UQ o] B &9 FHF7 MA FAE 3 Log scale X9
Zagto] o] S ¥ U EF A& YA dF5E AT vYE A
AEAFHE 2FE DA Ao JEYT 8F HEAE F M & 944
g2 24849 E JeUd £XFFe ASox E¥HE Rk AACl e
@ chopper 8¢ Atz 3FH 275 2F 10 Log CFU/em® wlgte
2 ZAasel Asse nAE ARERI FHoldE #UAE 4 UAUHTable
4-10).

-

ok
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Table 4-9. GAFTHAA AxAA glojxe AFAY &5

Sample Total counts(CFU/g) Coliform(CFU/g)
. A 6.92x 10* 456%10°
A3 N.D" ND
A 2.6% 10" 47x10"
? A ND ND
3 A4 6.74x10° 1.35%10°
A ND N.D
4 A 2.53%x10° 5.26 % 10°
sk 35x% 10" ND
5 43 274 % 10* 151%x10°
A N.D N.D
. 2 1.07x10° 57x10"
sk N.D N.D
. A 2.15x 10° 2.63%10°
A g ND N.D
Y Not detected.

* 23] HHE AYS Ao HFHY. :

* RAPFE 4otz Fule AAZ AHE F A442AH J4Ed RE,
AT FAYT A 2% AxF2 FFEAHE AY.

* 109 $9kg B2 718 Ag(2d A, 3 I £9E F 4 A
5 A4, 6 =9 7 8k,

* AZF JY2RA : 1,500ppm CaCly, 29 As|A| ¢
Azye 4
pH ORP(mV) HCIO(ppm)
8.74 783 299
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Table 4-10. ¥7 373 Az} A oA AAA &4

Sample Total count(CFU/g) Coliform(CFU/g)
. 258 6.17x10 1.19x10°
A8 4.0%10° 6.8x10"
23 3.66x10° 2.1x10°
2 A g 1x10" N.D.”
Sk 2.4x10° 1.2x10°
3 b 2% 10" N.D.
23 5.1x10° 3.7x10°
: 2 1x10' N.D.
238 2.97%10 2.6 %10
° 2B 1x10" N.D.
253 2.2x10° 1.1x10?
6 b 1x10" N.D.
7 Fx43 2.7%10° 9.5% 10
Y Not detected.

« 22 w2 AQE A3e FZFY.
+ 2RYTE QANN @A A4St Ye WHoln,

A2 FE RAYT BN 2% AZFE F4 L B4 ABT R,
1D AR, FARAA Fol B ULE FROIY),

2 7 wAe WET, 3 e gt $71(3HR)

4. 5 H(tray), 5 W79 vid, 6 FF AYE,
7. oA AE e <3 AdAE YAF(EF E¥2).
* AZz4 APz : 1,500ppm CaCly, 2@ Al2H
* Az 84
pH ORP(mV) HCIO(ppm)
8.74 783 299
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2 FHErtAA e AQET FAAH

me AF GANMYE B2 T/ v eddd F§ HF A
A it A4Fez FRd F9Ex dA Ag$rt & 500~2,000/mL 3
E2 <A gley, {7, golZeel, ¥3 93 Fo AFHAAN B AP
o £g°l HY, 53 EFF TX2 o)FAA ARl FH Fo 5 HEo)
ZEst 2GFE0] AAA o} o2 A&kl 1993d 6URE A FSo o
2 TEAE ANt en, d AP AA 19983 79 o|FHE HZFSF 3
T oolstd o 18 A, 102 vigtd of 1§ B, 25% o8 o) 2302 Z7 1L
7 514, 389 10922 A5 AT Yt b FHEstel goix F§7)
o uBE 29 Tk &el LHG 9FE vA T Ut o] APME 7
A HAE 24ge] /M AR Aoz gAHE HR7l9 mojZEQl, uige
A sl AHE3R Qe 25AE AHEE AFY T £ Ads e
ARG Fo vidE F2EE vz 7189 APy ez 15 A &
Zt BE9 29A=E 4% & A AFS EF vl AF¥S9 uigolq shg
BE 28] 295900%E AL ¢ F UAMEd, AHFe HSde 259
HZZF7 4 1.37x10° 17x10°2.2 & R Hldte gYAFFS5e 9
o) 7} AsHA U, FR7] AAZX FH uge FF5Y YAFES
7b 4% 43x10° 65%x10°2 FFF7 M ®A dEgd d3Ee 4FE &
Y#QA E coli OI57HTH Z& ¥ #& Asine B¥ QJANER Al4E
T Hdd7os ERHAE gt AL FRHFIAg go] FAAA )
HAAE d29 FEFA7 B 298 M40l UV R FA47) 4
Mo RE 2FES AANAESASY 22 g9 HEZ YFTFESFE Fa3
A SRS o] 4PN AAFE LSSt 13] AR L BFdG NG B
EE FEAA dATL ¢4 AEsE E3E 293, 23] 9E 4FHQAL o
de FE7HA ZF AbEstE ¢ EHE e AT(Table 4-11).

(]
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Table 4-11. A2¥§7te F {3 A QoA ARAL &5

Sample Total count(CFU/g) Coliform(CFU/g)

2% 331x10° N.D"
1 A2 1 5% 10" N.D
A3 1 2x10" N.D

233 1.37x 10° 1.7x10°
2 22 1 1x10° N.D
A9 1 1x10° N.D

238 9.49%10° 48X 107
3 A1 1x10 N.D
. A0 N.D N.D

233 43x10° 6.5%10°
4 - AY I 54x10° ND
A0 1x10' N.D

P Not detected.

* 28 N E H¥F AFe FAg;.
* FAETE dAAA @A AHEE e o,
AT 1L 7|&gA oz AFn AZXFE 14U AFE Aoy,
HAYFOE 71&F2o2 A3F F Azs=2 290 AT R,
* 10 2§72, 2 AFs, 3 AHE T, 4 YR b

* A|Z4 A ZA: 1,500ppm CaCly, 28 A 2H
* Az EA4
pH ORP(mV) HCIO(ppm)
8.74 783 299
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