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Abstract

In this study, the effects of gamma irradiation on the microbial, physical characteristics, sensory qualities and
antioxidant activity of Kongnamul Muchim(cooked soybean sprouts) were investigated. Gamma irradiation at 3
kGy inhibited microbial growth until 4 weeks of storange at 4C and until 5 days at and 25°C. The 3 kGy
dose did not significantly affect the hardness of the sprouts; however Hunter's color values for lightness,
redness and yellowness were changed. Low-dose gamma irradiation(up to 2 kGy) did not significantly affect the
antioxidant activity of the Kongnamul Muchim. Also, based on a triangle sensory test, the gamma irradiated
Kongnamul Muchim was not significantly different from the control. From these results, it is suggested that the
applying gamma irradiation to cooked vegetables at doses lower than 3 kGy is recommended to extend
shelf-life and maintain quality characteristics.
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1. BUE 289 =g

AR EA ) AL FUELS PAEZCE YA EvtEA
TFAste] AT FUE 100 g& 7jZo] Aol 2H
gl22d HHlo Yy E 700 g& R JtAHARAY A
EBAA 2087 et 4 FUES Ao BHA 58 A

YA & B 23 47, OF , A uks, ALF,
47182 ¥ & WEHH(Kye SH 5 1995).
2. ZU0M AL S A F

FU=E 73 50 g& nylon filmol IF7)1ZAF T Co-60

Zutd ZARA A(Point source, AECL, IR-79, Nordion Inter-
national Co. Ltd., Owatta, ON, Canada)S ©] &3} A0
A AR 5 kGyo AFEE tQE, Ax g Ags
2 9 3 kGy, 3352 5 kGyhAl F FFAES dxE
SR, 4T 25CTollA 4z AgstEA Ao A3ty

25CAME 79 B¢ ARSAAM Fd3
5 I, 4ColAE 45 E"P AgstdA F
o3 A+ %75!5}%{‘3}. AN EE nylon bagdl FUEFH
10 g3 N % ov) BFFE Yo 723 T AY
Hoz AHEEIATH FF4E Nutrient broth (Difco, USA)
w2, AFTS EMB agar (Difco, USA)IA| oA wfoks}
Atk Azke] wiAe] dAFE A AFAE =@ty
35C =AM 484 wikste] ARE IFS A3
o B ESTE AR 1 gF colony forming unit(CFU)E 1}
Blen AEE A3 A4 AL IAE 10' CFU/g o1
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4. 7|AX =Z|2(Texture)

FUHETIE vEe} 2719 F BEOE Uho] 77
A=t K42 WM3lE Texture analyser(TA/XT2, Microstable
Systems Co. England)E ©]&3le ARE 23 d&¥o=
HAANZAE W oA E force-time curve2HE 2A34
o}, Texture analyser®] Z3271& Table 13 2t}

PAREAT FHE

749 A% F F4 B4 wxe 9% 115

Table 1. Conditions of texture analyzer

Probe o »25 m

Force threshold 1000.0 g 50g
Contact area 490.62 mm’ 3.14 mm®
Contact force 50g 10 g

Pre test speed 5 mm/s 0.5 mm/s
Post test speed 5 mm/s 1.0 mm/s
Test speed 5 mm/s 1.0 mm/s
Strain 50 % 70%
Time 2.0 sec 2.0 sec
Trigger type Auto @ 100 g Auto @ 200 g
5. ME &%

FIHEFH 10 g FF THFTE R blender® &
Al v sl MAA|(Digital color measuring/difference cal-
culation meter, Model ND-1001 DP, Nippon Denshoku Co.
LTD, Japan)E A}83}c] Hunter Lzt(lightness), aZk(redness),
bak(yellownessyS S 3T

6. £ Phenol &3 =3

=4 E7Fo] phosphomolybdic acid®} WHg-3le] A&
Uehfls dA4L o]843 WHOZ Folin-DenisH(Singleton
VL# Rossi JA Jr 1965)° &3] SAI F7F5 2.5 mL
o N&FZ9 0.33 mL, Folin-Denis 0.16 mL%} Na2C03 =z
389 03 mLe Wil dAdA 308 FAAZ F 760
molA FBEE ZAHEYT EEFEOCZE tannic acidS
Ab8-3kA T

7. DPPH 2iC|Z A7 s

A& 0.3 gol methanol 10 mLE ¥& ¥ 523

3,000 rpm @ 2 4T oA 1083+ 44 £23t

A AGHE evaporator® §UlE FEE FEET A
5 50 mg B 1 mL methanol¥ 713} 50 mg/mL
TE9 FEE 8985 AR N §HoF AESIATH
NBEEY 50 pLol 1.5x10-4 mM DPPH(1,1-diphenyl-2-picryl
hydrazyl) € 150 pL& 7} ¥ 308 $o E3I=AE
o] &3t 517 molA FF=E SAPLH GdoE 44
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NEE AY3tEs ANT & 993 2 FEo] 1/30]g
= ZASS FAE SAZAM AA 3 Fo g A
e vty BA3AHAHD 5 2004).

9. SANzE

B2 AL 33 ol e3¢l o, toE= SPSS 12.0
(Statistical Package for Social Sciences. SPSS Inc., Chicago
IL, USA) software package TE2 138 ©]-&3ta] HAL BA
(ANOVAy AAE Aol e A9 Duncand o
7% (Duncan's multiple range test)©.& A|87+ &
oJ2HE A58 EH(Steel RGDS Torrie JH 1960).

‘%}A}* ZAE FUYEFHE 4C ®
27 AgstaA S 4 2 EH E#E Fig 1 2 2
o 2o AT AL % 1 AR Z
A gt FETFE ARLRE WL zg A% vz
AHE 3.0 log CFU/gS YEMIS T, WA ZA} 2 kGy A
gl 7oAl 2.0 log CFU/g, 3 kGy XJEI—MWL a7t
AETA IR AEHAHp<0.05). BIRATE A% 13
° 4.5 log CFU/g, A7 25l 8.6 log CFU/gC.8 7%
7t 43 F7hete R dges #4E YUY
o W, A EAL 2 kGy AP TE AR 27 29 log
CFU/g, A% 450 5.5 log CFU/ge. 2 uts] Zv}stgo
H, 3 kGy AeF& A 259 2.6 log CFU/g, A& 43
oﬂ 3.4 log CFU/g2 HZAT] 28 A% FARE F4
E B UTHp<0.05). AFLE 25CoAE 28 A3 4
ZA}—‘H FT5E 3.0 log CFU/gE YERYR, SAAZ
A3 kGy HETE F457F AEWA o8tz A}w‘ﬂ;’ib}
(p<0.05). BIZAFE A% 1Y Fo] Fd47} 7.7 log CFU/g
HBAHSH F7tetd Bfo et F4E YERL
o AN EA 3 kGy HETFAME AR 1Y Fo 59 log
CFU/ge &2 S7bskda A 39F9 6.3 log CFU/g, A%
599 7.6 log CFU/gC.2 Z7}8td 25°C ] 112 AAA
5 3U7MA ARe] JbestdTh WA 2AR #SS 2
5Co A% Ad= zATE A% 1Y B 225
7} 7.4 log CFU/go. & —7}3 = 2 BgdAe JEd T
AR =AM O] E1E5E FF Zadgnn E
T3ted(Yang YH 5 2007), £ 439 Ao fAsHA Y
EFtTh. whetAd W}L ZAb o3 FUEFA Y nY &

F=AF2YAG3)A] A 249 A 15 (2008)
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Fig. 1. Total microbial and E. coli profiles (log CFU/g) of
gamma-irradiated Kongnamul Muchim during storage
at 4C (@ : Total microbials at 0 kGy, A : Total
microbial at 2 kGy, m : Total microbial at 3 kGy,
<& : E. coli at 0 kGy, A : E. coli at 2 kGy, o
coli at 3 kGy).
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Fig. 2. Total microbial and E. coli profiles (log CFU/g) of
gamma-irradiated Kongnamul Muchim during storage
at 25C (@ : total microbials at 0 kGy, m : total
microbials at 3 kGy, < : E. coli at 0 kGy, o : E.
coli at 3 kGy).
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KGy7HIE TS §o1HQ Fol8 dehiA ggtth A Uil fudth ARLE 4CHA AP BU FUE
AEE 4CAA ARG B¢ FIUERH fgREe o PP wURRe daTs A% 1504 457 4UAel
ZTE A% 3F Fol AEsk f90502 ZaSgEd, ¥ FHOR JAHAEHE<0.05), PAUZRATINE ¥

AP 2AAAAME 27 FAG FEE dEhlo] A% ZAFTSE AR AEE Ueio] A% 1544 45744 7
3F o ZrA3A T A8 A (chewiness)S ¥ AE Fu 239tk Seung TH 52005y HAAg) ] WARAY zALs)
=7 MY 2 V)8R d3Ae] BlzAFe WA A& we] 2A7E S A, JIPAAE ZAPIF]
Z2A A% 2 R 3 kGy AYTL F2H) Ko]E Ko S7hshl Mt Ao R Zadhe AFE U (p<0.05)
A ol ZAMIFE 3 kGyZHAE dETY oA 2ol E B A7 g 298 Bt

Table 2. Changes in hardness of gamma-irradiated Kongnamul Muchim (head and stem) during storage at 4C

0 8382.0%£1164.3  7815.6*£969.8  “57721.8°+642.8  “5251.5%131.0 236.0%+45.4 218.75£35.1
1 N98213.9°4709.0  8025.4%+959.5 6782.4"+930.0 ®165.8°+19.9 *171.9*%439.5 225.254353
2 N35048.55£1078.4  5323.6°+1070.4 5483.74963.2 N5768.5%+41.7 250.35448.6 256.8%£14.8
4 N$5221.1541037.3  5406.8°+670.9 5362.0°+1045.8 272.74431.3 °467.8"£144.0 446.3%£107.3

° Different superscripts within a same row (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.

A Different superscripts within a same column (storage period) are significantly different by Duncan's multiple range test at p<0.05.
NS Not significant at p<0.05.

Table 3. Ch

gnamul Muchim (head and stem) storage at 4C

0 N$4367.4%£1212.4  4009.0%+720.7 3737.2%£407.7 18.7°+5.6 21.8%+7.8 12.2%45.9
1 N54461.5%+778.3  4809.6°+702.2 4473.1%+261.6 13.1%+4.6 14.7°+4.7 18.9%+41.6
2 N54066.7°£1221.1  4584.5%+380.9 3123.0°4322.2 23.3%+5.4 20.35%+11.1 24.1%+104
4 N$3070.6°+1093.4  2791.0°+479.0 2574.3°4389.1 16.7%+5.1 14.1°423.1 17.4°420.3

A \Different superscripts within a same column (storage period) are significantly different by Duncan's multiple range test at p<0.05.
NS Not significant at p<0.05.

Table 4. Changes in hardn

25C

0 *8382.0+1164.3™ ®7721.8642 8N NS951.5431.0M N$918.7+£35.1V
2 7720.4+1050.3 7772.4£575.2 268.0+19.4 270.4+75.0
5 17475.7+1092.1 *6712.3£56.1 243.6+26.8 242 44493

ar Different superscripts within a same row (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
NS Not significant at p<0.05.

Table 5. Changes in chewiness of gamma-irradiated Kongnamul Muchim (head and stem) storage at 25C

0 °4367.4£1212.4™ £3737.2+407.7V 18.745.6" 512244 9N
2 %4287.1+835.0 P3796.0+725.2 ©18.949.5 0.846.5
5 ®4024.8+851.9 ®333.6+480.5 26.5+8.9 ®18.6£10.8

a Different superscripts within a same row (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
NS Not significant at p<0.05.
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Table 6. Changes in Hunter color L, a and b value of gamma-irradiated Kongnamul Muchim during storage at 4C

1 :

0 kGy *71.11%0.30 70.76+£0.12* %69.4120.09 %68.51+0.14"

L-value 2 kGy “70.57+0.33" *69.62+0.23" *67.23+0.68" *69.95+0.26"
3 kGy ®67.99+0.28* *65.75+0.23° ®65.02+0.33" b65.51+0.56°

0 kGy °.0.55+0.16" %0.63+0.14° *.0.22+0.23¢ °1.28+0.16*

a-value 2 kGy %0.49+0.03¢ *1.46+0.14" *1.33+0.39° ®2.16+0.06"
3 kGy %0.38+0.25° 1 36+0.04° *1 31£0.13" ) 60+0.06*

0 kGy *26.68+0.12* 21.09+0.22° *19.63+0.06° 20.83£0.27"

b-value 2 kGy 22.25+0.13* ©18.10+0.12° ®18.67+0.34° ®19.61+0.29°
3 kGy 0.84+0.35% °17.88+0.10° ®18.69+0.17° 519.25+0.30°

? Different superscripts within a same column (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
A Different superscripts within a same row (storage period) are significantly different by Duncan's multiple range test at p<0.05.

Table 7. Changes in Hunter color L, a and b value of gamma-irradiated Kongnamul Muchim during storage at 25°C

L
0 kGy 71.11+0.30" °60.11£0.19" ®54 41+0.06° ®57.59+0.07¢ °60.52+0.20°

L-value 3 kGy P67.99:0.28" %67.7740.16™° %67.25+0.40° %7.2340.53"° %67.91£0.06"
avalue 0 kGy °.0.55+0.16" °.0.17+0.13% °0.41+0.10* *.0.16+0.01% °.0.47+0.06°
3 kGy %0.38+0.25°¢ 3.0.14+0.15° 9.28+0.13* ®1.31+0.13" 21.0240.29"
bovalue 0 kGy *26.68£0.12* 23.16+0.33% #22.13+0.09° #20.03+0.13° *21.73+0.02°
3 kGy ®20.84+0.35* *18.69+0.17° ®18.66+0.12° ®18.41£0.04" ®19.28+0.01°

® Different superscripts within a same column (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
A Different superscripts within a same row (storage period) are significantly different by Duncan's multiple range test at p<0.05.

XW%E 25°Coﬂ/\15 H 2AMRY % A FUETH BAHp<0.05). A 45742 AZ717e] FHESFE fo
o Wy 2 E/EEY HATe AR sYA v zAT Ho7 EL #FE YeATHp<0.05). FHEE Y=
AR 24 ZJEHLMI Tr«lxq QA zel7} itk HEA bt %8 AZ HFAFT}E 26.68, FAARAL 2 kGy A
Ae FUHEFHY HE 2 27RE EFAA BlzARE 2ol A 2225, 3 kGy A TolA 20.84% A0 F
H)3)  FA 2AREO) WA@S.E 2 e JET Na5E Aadhe AEE UEATHp<0.05). ©] 22 2
(p<0.05). =3, FUETZ dEREol HZATS WAL T AAE Y WA A A9 AR A (Seung TH
ZATNA ARFYe] Z/85E Dadts ARS Ueh) 5 2005% EFTh 25ColA AR FUHEFH HEL
A%k FHQ Ao]E HolA Lyt o] L AIYZHE e A 0YNA HIRATIE 7111, WA EA 3 kGy
A ZAAE 3 kGyHAE FUEEHY] Axs 4 ATl A 67.992 HIRANFAA e FHE H I Thp<0.05).

Ao 2 WEE X v e ¢ F A} HATE YehE agh2 A% 0dolA BIZAMTIE -0.55,
HAAZA AY T 038E HIZAFEAA U JEelytth
3. AjAF (p<0.05). FAEE Yehli= bIM e BIZANTE 26.68,

WA 2AME FUE FE9 A4S Hunter's color  CRAMMZERAN HETFI) 20842 BHIRAMPOIA S HPE R
system®.2 233 AdE Table 6 2 73 2ok TUER Hohp<0.05). 4CeF 25T BF %“:(L)owt H] ZA}

o HELHE 28 A vzATFIL 7111, YAKZRA F7} FAZAL HEFRY & A%E YE L, A4
2 kGy AgTAA 7057, 3 kGy AZTFAA 67.992 ZA} S E BAFRT AR Z:A} eSS
Mol F/F8FE 7143HA TH(p<0.05). 7Age Yep)Qot
AZLE 4ToAM AAste ¢ AR 717te] Ag

tet HEe gAsion, x3 HM}*J}_A} Mgo] 27} 4. & Phenol &

STE AT AHp<0.05). AAEE YEE agtd 28 FUE 739 F phenol FH(mg/mL)S Fig. 39 et
215 ¥ ZATL -0.55, HM_&} 2 kGy A7} 0.49, W nps} %01 H) ZAFH0 kGy)yE 0.0015 mg/mL, WAHZ
3 kGy ATt 0382 WAZRA AHE TN £ FE A1, 2,3 25 kGy AETE ZH2 0.0017, 0.0017, 0.0016

=4 F 2 AR A 248 A 1E (2008)



200018 mg/mLE BIZAMES F2F 2Holrt YTt
o] 2& AFE (Lee HI 5 1996)9 Zubdd zA AF 1f
T4 F2A phenols &3Fo] HlZAMZA HE) Zuld ZAb
T& ZAMAFY Z7t9) BEo gad ZAFAS Uehi
Ol sk Aot Aol AFE e ®3 AR 2
FHAE YA ZAFE 5 kGyhAE 2Ty §93
 Aolzt Tk T8 A 4FE 5 kGyd A §9F
o2 92 s YERStp<0.05).

5. DPPH 2lC|gd 2Hs

FuE 739 DPPH uZ &7%9 IC503(DPPH
HzdE 50% A2AA7e8 B83 F5)$ Fig 40 UERY
At B ZARY IC503tS 3.307 mg/mL oo™, WALA
EAH1, 2,3 3 5 kGy ABTFE 42 3.139, 3.599, 3.670
3 3.490 mgmLE A ZFol7l gtk AR7|zre] &
7hetel weh =79 DPPH 2 AA%IC50%0] 7}
sto] FAsts e AR EY o] e AT PARMNZRA
T A% AT SA 2ANFEE 2L o,
A% 27ole AT 1 kGys) 2 kGye FH 2 zHols}
AN B ZARF HlFEE Fasbso] Zastdth =
&, ZAF 3 kGyst 5 kGye FHU Hol7t gido}
Bl ZAM BistelE Aabsbso] dA3 ZAHYTH
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Fig. 3. Changes in total phenol content of gamma-irradiated
Kongnamul Muchim during storage at 4C. * Different
superscripts within a same row(irradiation dose) are signifi-
cantly different by Duncan's multiple range test at p<0.05.
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Fig 4. Changes in DPPH free radical scavenging activity of
gamma-irradiated Kongnamul Muchim during storage
at 4°C. * Different superscripts within a same row(irradiation

dose) are significantly different by Duncan's multiple range
test at p<0.05.

PAAZAE FUE 7Y A% F FY 54 A0 97 119

Table 8. Sensory result of 3 kGy-gamma-irradiated Kongnamul
Muchim by triangle test

3 kGy 24 12 Ns”

U'N.S : Not significantly different

WA ZAHE FUEFAG kGy)d HlZA} 2UELA
o et AMASE Ao|rt JEA dolR7] Hid F
FAQ ZolHA WY Ul 3H AAE % AFE
Table 89 YEMATH. BAHOZ 1%FFAA F2F =
olF EHE F v A ARFE F 1Y Ad = 14
Y & AgAFNA e 1280 onE uzAts) v
AAZAL 3 kGy AETE TSR AolE YEhgRA ¢
utt. wetM FeHA AHE F PAREA 3 kGy A
e FUE FHL vAEsHor A ARALE
A AT 2AAFLE FetEolny,

V. ¢ & Z=

FUE 731& Y& F Nylon film EFA AN &7 =4
o] 2ARE 3 54T, 25C)8 2esty ARsAAM &
ARt 4TCoA A A HZAFAME AF 1559
ol2e] FEFt FHARY e 445 ey
HAIZAL 3 kGy AP FAME ZA AF T4 AEH
2 GSkTh WA AN ZAMF] E AR A
ALAZA Nz 15 M Blgld ZANF 2kGy &
ATE 3F, 3kGy RAMTE 457HA S AAo] 7HsstgT.
a7 e ZE AYFAA AEHA &odth =34
AdEAL 3 kGy AgTe #HE 2 2719 A= 9y
o] hEF¢ FYAYU AolE YeRA %tk A=E 3
T(ML) ¥ FAE(b)#e] HALRATIE BZRATRD Yok
1, AAE(@)ghE BAARATFAA 22 A%E e
o F A=gFe 2AF B2 93U 2olE YE
WA ggtoy, &4tsls(DPPH A-vdZd 27%)e A
AT 2 kGy o)A E HIZAF ¥iEte HAEAET 3
q AAE o]g3te AHEtAQ Ao|ABAAE 3 A3 3
kGy ZAMFE HIZRAMES pol7h gle ALE Yehdth 2
A4 23E B9 vAEY ASS a9HoT AN
22X ARFE7E FEa, H3E £Y F dE FA
ML 3 kGy ol3te HAHFOE RAZT,

A 2
B A7t B1eE 2 aIR1e%0Y A9
ol ANHATATAY S QBOR 2RO 1 AL
o ZA=RYL
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