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Abstract The optimum sanitization conditions for fresh red pepper were acquired with hot water, ozone water, hydrogen
peroxide and sodium hypochlorite. At this condition, the sanitized red pepper was frozen at —70°C, stored at —30°C for
30 days and then changes of quality in each treatment were measured. Escherichia coli and coliform group were found
to be negative with the conditions of 4 min hot water treatment at 95°C, 6 min ozone water (0.5 ppm) treatment, 12 min
sanitization for 2%-hydrogen peroxide and of 4 min 3%-sodium hypochlorite treatment. Drip loss was generated highest
at the hot water treatment to be 15%. The content of ascorbic acid was less than 40% of the control at all treatments
except ozone water freatment. The content of cartenoids was 124.16-182.87 mg% at ozone water treatment which was
found to be the least loss. The sensory evaluation showed that most treatments except ozone water treatment were
significantly different to the control (» <0.05). Therefore, ozone treatment was evaluated to be the best method for

producing the sanitized fresh red pepper.
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F Saelo] AANA #CIN 12412 PSS F& T F
ANZT AAAE AAT T3 EH] FEE 2422CHA o
N7 B9 AZAA AT 2 WESHD BHe BIE
Az § 13 BAE AAR A%, BAE AANL W
o] HE AAR 2g N2 SHATKIS).

I paoctl

dFAYe FHFE 95°CE FA8tA E coli HI0 407€ H
ZXZ) 2F3E JANI L LEF M LEF7I(OWA-0015-
00-135, Seimyung Techron Co., Bucheon, Korea)= #HAA|Z &
T 05 ppmd] LEF] AEE AANA 4z 28HT AEE
A FHEa e 002, 02, 2%(VVE AZF FE
sl oo QGAT TFE AAAA 3EFT H A&
2 sigon, RoldAMUEF HEe 03, 3%vvE AXTE 2
ol A ANtEFR A ARAZ] I5E 28nlt} F3lo] AER 3}
ack AAT Zzte) AR 10gS BEFHFE 100Y £
Z 4% 3 WAFE ZAEL PenifilmPetifilm™ E coli-
Coliform count, 3M Microbiology Products, St. Louis, MO,
USA)E o]&3ted, 37°ColM 48X17r vl & A8 e AT
sty zr At AFA 2 FEE AU

&34, E. coli, Coliform

A AgzA 4R 9sia 7+ AFigEE 1 A
T R AFAZAN AEE AFA L -70°CIM FEEE s}
o —30°CellA] 309 MRS F FF<, E. coli, coliform®] W3S
Aw okt 245E APHA B (170 @zt plate count agar
2 AMgsle) B uieba o R 37°CHlA 484)7F ¥Rt & colony
2 Ao, WREd WAEEe AFTH get A3t
A TH18).

SR

7} gy Wz QA $ Fesed 3% A% AEE
#CIN 1297 BB BEE =9 2359t =9ed
o A% 9 oY 2ol WE A AlEel g viez 4
SR

Ascorbic acid

Ascorbic acid®] 3E2A L& 2 6-dichlorophenyl indophenol %73
n(19)0 2 BA59r}. A8 5 metaphosphoric acid®} F&
goloz 223 & indophenol FFENOZ HA T AXIEKT.

Carotenoids

Carotenoidsdr3 232 Kim¥ Rhee(20)2] el we} 333t
g}, T37HE 0.1gS 50mL Falcon tubeo] B 40mL WlAle
2 3087 323 AEdS TFSNT, 30mL WS Ix7t
24| A7V 3027 FEsl] F FE54S 100mLE B85
t}, ZE71E wAFzEgRe] FFEE 486 nmolX] UV/VIS spec-
trophotometer(Uvikon933, Kontron Instruments, Vietri Sul Mare,
Italy)s ol&3td F3=E A8

AL

7} AgzAdAN AFstd 30°CAM WE AR AF
SAM A3 e 07 BaPes 2Psgre). 354
Q Ao 39 FAEo s T2e] Az, A% B Ud Holy
20| $4a 202549 tEhd 3098 LR WPl F

i

33)e] Ax FAAL F TeAAE AT

SHEA

RE AFe Hi 43 Ui 243 HFX2 eI, A
B24.2 SAS(Statistical Analytical System) T2 WL ARE-31ed
Duncan®] DAY 2 A 87 #9449 HAAL p<0.05 TF
oAl AABIATH22).
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AFiHy MFA ¥ 5o ¥

FE2 A AYDE A FF2AL AAEY] fskd AF
o] BHod ANEFOE MAH UE E colis HWILE 3o
A4, L2, FAEEa, Al MEF A /1A
Agibd de H3 Aiys AaAzhe 433 Z4Ide Fg
149} Z3iTt

gFAgel] o3 HAY AFAE Golrr] 93t uidy
< AA 7P AR LxEHIL YEhd 95°Colx] 7HEEEA Al
BE 28 B2 A3 E coli%h coliform®] AEFE FHE 2
e Fig 13 Z2okoh olel e AFHE 7|2E se] 95°CoA
487 A7 AR S el ARzPeR Al

QEFA 3 HA AFEAL AR A% & HIA
0 NBE SEF WAVN TAHE 05ppm 2ETE A
slod, 28 TR A8E Fdt E colist coliform®] AETE
238 A= Fig 29 2Uth &L vAE AEHE olFe
AR RS A ATl FFE Fe Aes B¥yd v
2ATH23). Palou 54y E5ol| Monilinia fructicola, Botyrytis
cinerea, Mucor piriformis, Penicillium expansums HE & Fel
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Fig. 1. The change of E. coli and coliform counts in red pepper

during the sanitization by hot water blanching. @-4: coliform,
O-00: E. coli .
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Fig. 2. The change of E. coli and coliform counts in red pepper
during the sanitization in 0.5 ppm ozoned water. @-@: coliform,

O-00: E. coli .
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Fig. 3. The change of E. coli and coliform counts in red pepper
during the sanitization in H,0, solution. ¢-4: 0.02%, -
0.2%, A-A:2%.
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Fig. 4. The change of E. coli and coliform counts in red pepper

during the sanitization in sodium hypochlorite solution, -4
0.3%, (-: 3%.

5°C, 4778, AUEE 90%0A AZFEA dAte] A3 24}
@Aol 03ppme] L&A 8] JAHTT BIsHT). Park
TQ5E HYg 2&5d IR AT A4 AFgY gras
9}, o] A& qAEFAE Es4c) Cho S(26)S BEFols
05ppm X &5 3027 AXHIA-E o 15971R] zol&
veRllA] gl

LEFE A AFANEE 659X E coligt coliforme &
g YeEpIieH, Yn27)] A7 4XTE B wEbA
0.5ppm EFNA 687+ AEshs A& HAY AFAtes A
Attt

sk A 002, 02, 2%V TSk Agol] A)
F5E AXFAEA 38 A2 FH3lA E colid} coliforme] A=
£ ZAS A, 2%vwvelM 128 AT A E colidh
coliforme /438 e SITH(Fig. 3). Venkitanarayanan 5(28)2
FIeFAEE E coli O1STHTS BEASAALH, Chang
TS AAskra AT Hriely fE51%e] /RS By
&1t Lillard®} Thomson(30)= AlS-L WA 0.53%(viv) o+
A MBEPE E coli 75 AYF Uty Bt
A ZAsleAd AT HANT ZAL 2%(wv)e] S9A 12
£ dddhe 2eE Ao

Aot RMEF Ay AHzd 4738 98 03%,

3%(viv) RetFLMIEFERA ARE AAANA 280} F 3}
o E coli® coliform®] BEFE Z4¢ HI= Fig 49 2t
03%(vVPIAE 6271Al E. coli¢t coliforme AZE UL, 3%(v/
v) &0l 48 23 AFEE E colis} coliformoll thale] 24
£ YehlAT}h Weissinger 5-(31) 200 ppm(vAv)e] xjo} 44k
YEFgYoZ X2s A5 EnLENAM Salmonella baildon
ZAHATEL F90n, Peng F(32)2 zolFAAGAE B
cereus?t S BIch wEtd AotgNEE el
HA = 2L AIZHE 3%velA 487 Agshe Aog M3
sttt

oldEe] #st

A FaFe dEges A, LEF, Jseast 2}
SlEAMVERL R A3 7 Ay HE MY HES 52
g AFAIZIA AEE AF AP ol -70°CE F4 4
ol 30°CelA 30 Bt MRS F FHF, E coli, coliform
o] ¥sls ANE A Table 15 2UTH

F3FE 2T S33A87} 206 log, CFU/g, WHETLF
Algoll A 218 logCFU/g7t A& AT €A el <%
AFAEE FIFAFEE 136 logCFUgS] Faol HEHUA
B EIFAFANE HEHA FUTh LEF AFAEE F
ZFA B 076 log CFU/RY Fao] AEHAL THEA| S
A 0.74 log,CFU/g7t AZEAT AolFSMIIEF Aae T8
el ARRT $4E Jelden, ises AFAEE §
AN FANA 043 log, CFU/g, WHEZFAAM 1.62 log,CFU/gO]
HEHUT. 01T AR AolINIEFOE AFF A8}
7V B AERAEAE BUS & F ANTh A g
o 23 Agela Fejo] & Azte] At E AL A7) 9
3 dAEETe o7t A Ao FFgS W] fgEes
Alg €},

FHeE ABANZLE U4 A7 EA9EE Yelle
E. colic HiZToAxe FIFAEANA 3.15 log,CFU/g, WHEL
FME 3 log,CFUR A& 4 A3 A8 RE A
7oA S4E& veo] A4E AFzACdM Aaadit 9
=% #J¥ & AAdh Koivunen?} Heinonen-Tanski(33)= E.
Jaecalis®l ZotE ANIEF] 0.1-3.0 log, CFUML, chlorine
2,69 log CFUMLY] ZAEHAE BYSS HIsc)

Coliform &M F2F A5} HHEIFAIEAAN Zhz}
1.13 log,CFU/g, 1.17 log, CFU/ge] ASHUL LEFE A9t
AT, AlAIIEER, EeA Ao e4e U
Ehflo] dRzANM AFEA) UL FAY 5 ATk

ESLT AYTY A HEZFINA coliformo] 039
log, CFU/GE AZEEHJ oY, £S5 AFME 248 Ads
Uelith wetA Zhzte]l A" Aay ZAM  coliforme]]

Table 1. The changes in total aerobic bacteria, E. coli and coliform counts in red peppers sanitized by various methods (log,,CFU/g)

Species Source cP T-0 T-B T-H T-SC
. ] whole red pepper 2.06 0.76 1.36 043 ND
Total acrobic bacteria halved red pepper 2.18 0.74 ND 1.62 ND
. whole red pepper 3.15 ND ND ND ND

E. coli

halved red pepper 3 ND ND ND ND
Colif whole red pepper 1.13 ND ND ND ND
oltorm halved red pepper 1.17 0.39 ND ND ND

C: Control, T-O: Ozoned water treated, T-B: Blanching treated, T-H: Hydrogen peroxide treated, T-SC: Sodium hypochlorite treated.
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Fig. 5. The changes in drip loss of sanitized whole red pepper

and halved red peppers after 1 month storage at —30°C. H:
whole red pepper, [1: halved red pepper, C: control, T-O: ozoned
water treated, T-B: blanching treated, T-H: hydrogen peroxide
treated, T-SC: sodium hypochlorite treated.
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Fig. 6. The changes in ascorbic acid of sanitized whole red
pepper and halved red peppers after 1 month storage at -30°C.
I: whole red pepper, [1: halved red pepper, C: control, T-O: ozoned
water treated, T-B: blanching treated, T-H: hydrogen peroxide
treated, T-SC: sodium hypochlorite treated.

g AFFAEH7T U AL & AATh

duid oz B2 olgd FAF MH 7MY EAE 7Y
& lout, eAu BB 90% ol ZAEe Jdsle o
Soz AHTDANME G BAF0] ofd AFEHTT e B
zZAe] &3 Moz EF B o odd ALE HUR
gz Adste 4F% A¥E ¥E 5 Atz ddEn.

AlExE| ¥ SEAo|

WezEe 35 A Pste =y<&4 A Fig 59 2ok
T} =Y ZapAel o] &48 doA FAL AT
o2 WEpEdA =gsde A3 J45 e F88 3
7tacle] B}l Bx3 ABMME R/t 06%S EHEES
HYow 9&F Az I A3t ATl 1.14%, 1.94%
9 =4S BT, olgdiERAFT tsradd
Az 77t 27 096%, 0.88%F hET9}F A2 Apolg& UeRdd
o}, SR TEAEY AL Y27} 743%S BRI 0FSF At
3} Fasieaad AT A% 44 10.62%, 1054% SLE
& Uitk ol A EFET AYTE 7.98% =HE
A2 Jehfo] AgAAE F 7 A& EAES BAY. o
9} 7re mE&ale] wAe gz Fo B o3 e
sk, G4 Mg AT Exee] M gten, o
= 1496%2 €452 Uele] E5 A A7 B¢ A
o] 7K Atke AL ¢ 5 ATk Jang F(34)E T Al
23 ATL 99 AFEAS © SHSAES AFLEe} AT
o] WA 6.11-1123% AEE Rt BRI
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Fig. 7. The changes in carotenoids of sanitized whole red peppers

and halved red peppers after 1 month storage at -30°C. H:
whole red pepper, [1: halved red pepper, C: control, T-O: ozoned
water treated, T-B: blanching treated, T-H: hydrogen peroxide
treated, T-SC: sodium hypochlorite treated.

A2 ¥ ascorbic acid EEe] Hsl

_30°ColA 3 27 WEAAS E3%2] ascorbic acidE 2
Fig. 63+ 7t} dwba 22 ascorbic acids &, Akl 7HF 7l
743 Bedsimg Agalgle] o3 ARWslE 443k F
T2 o]{Hr} 0EFE AT vk AN 433 i
Pejo] AR E/ BF 279 of2TaZRA e 40%
T XA a3k FES Jehiddh 53] €548 Mgt 7t
A e &AL BYon, 9FF g 7S 4 wEFH
Az mEoA tE g biste 953 e &4E B
Az, B3] QA EY A hEF vg] 65%] FLaTE
Ehfjo] 714 wre =&AL Btk Hong 535 £33 4
ERA = gx7] 240 71Xs Fekol] it AFolA 71-96°C
oA 70-1802-7+ Bl 71810& w <F 10-40%2] ascorbic acid &
2e Byt ol#g AFE 2F5 AHS AREl &
F39] ascorbic acid £4& sl 5+ UG Ao FrHEU

AMFXE| ¥ carotenoids e H3t

Ay 2 270 wE Fa] digh 9A717 ¥EAT F
% carotenoids el Make-& 2733 A= Fig 7% 2T
E232AFAE 13.8221.22%2] F carotenoids FFE TAE
BYD, METE AEE 60540.86%S] ZAEE BHo TIFA
g9 WstZo] WiEyFA 5 vs] AA Jepsdch dgzad
2 o&& A AB7} BIFA A 182.87 mgh, RREILS
N7 12416 mg%z 2AF o] 7P AL HsES HAT Lee
o} Kim(36)2 21818 carotenoids & 2, IFElA =T
= AL C F Uk P Be HEeg B e TEFH
Aol 2AMIEF AFAEZ 7815 mg%Z 40.86%] TS
Ve A

Choi®} Ha(37)e I2dA 718zx8 5 15 &HoEHZ
carotenoids®l & ZHES-L capsorubin®] 7 BT, 150°CeIA 341
7+ 718 F RE Aie] JEEL 10% Weet B

ABHal W BsHAel Hit

7t gzl Azdel WE ARY AR TP A
& Table 25 ke A3} QBN BE A4 H2@ Aot
Pt wre WrASE Yeisich aesEel 3% das
4 5 @o] Polkx ol o] M3} sle) Wk vl
Ehdeh. SIS AlIANEE 7t A TG AETT %
o Fel5zN FoF Aolg mglou, oFEF AF AT



A TuE Aggyeun 423

Table 2. Sensory evaluation of sanitized whole red peppers and halved red peppers after storage for 1 month at -30°C, evaluated by

rating scale test

Species Source ch T-0 TB T-H T-SC
col whole red peppers 43a£1.17 4.1°£0.78 6.0°+0.86 5.5°4+0.88 5.0°+0.78
oler halved red peppers 38f+1.16 4174130  6.1"£084 4751105  45°+134
A whole red peppers 40a%1.12 4.0°+1.17 5.8°+1.01 43*+135 4.12+1.20
ppearance halved red peppers 454091 44°+1.19 5.68+1.47 474142 5.85+1.01

Mean £ SD (n=30), mean values with different superscripts in the same column are significantly different (p <0.05). Rating scale: 1 (very bad)

to 9 (very good).

PC: control, T-O: ozoned water treated, T-B: blanching treated, T-H: hydrogen peroxide treated, T-SC: sodium hypochlorite treated.

zT7e 93 Aoyt gl Aoz veht #e3 Exwsit
7 e S Ao s HrtEAY FRkEsA A
Aot A E R AElTe 74 sy gao] Ay o
ZT79 {97 Aolg HAE 0ES AF AHalpoA B
9] AL dzTe} o] 943 AAE Vel

LELE AEHY wEt o0& AP, T, 2%, §E 5
9] =1L AAS o 3l ool oy AF ANEARY
e} E2)F widy} Hon, gl ¥ Jae 7X)A] gho} 2=
F A AEls AFY 228 A% 3l3s).

metA] 0.5ppme] LEREZ ¢E7 AF A RS TIE
o A AdgzHez 43 & Jg Ao Algdr)

e of

A FTIFE 7, LEF, RsARY AoldAEFS
2 A Ajsie] AF Aazd s AAske ARE 2o 4
a8 TIAFE -70°CE YF3t -30°ClA 30d Fe AE
F EAH3E 28yt 95°CoA] 487 5 AEES 1
E. coli%} coliforme] £4% YERIeH, &+ A2)E 0.5 ppm
oA 63 A AAE W, Jaskrie 2% £Ao2 12
B2 A2 3498 JeEith oA ES AEE 3%
Sho 2 487 MEHS o A4S Jehiich A4= 2
HzddA g sl WEAE 3 AW E 239 43
, SEPAL G5AT] Al8T) 15%2 7FY =9th Ascorbic acid
FFE 2EF A AEE AYF 02 AYTFEL gRTY
40% = PIAA] Rake S Uehiem, carotenoids FHRS-
2E4 A A7} 124.16-18287 mghE 71 HEe &4L B
Aok WA AF &5 A A EE A% v Agrs
<= W= e] @40 Al dojuz, B3] gy AS Ad
Aol oJa] Fgo] ERM Lol AskAl &3Ee] tzF
e ztol& UERAtHp <0.05).
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