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Changes of Microbiological and General Quality Characteristics of
Gamma Irradiated Kochujang(Fermented Hot Pepper Paste)
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Cheon-Bae Sohn** and Myung-Woo Byun
Team for Radiation Food Science and Biotechnology, Korea Atomic Energy Research Institute,
*Department of Food Technology, Chungju University,
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The effect of gamma-irradiation on the microbioclogical and general quality changes of the kochujang(Korean hot
pepper paste) was studied. Kochujang was prepared, irradiated at 5, 10 and 20 kGy, and then stored at 25°C
for twelve weeks. The results showed that the Bacillus were decreased by 5 log cycles with dose of 20 kGy with
3.94 kGy of Dy, value. Yeast and Lactobacillus cells were nearly eliminated by 10 kGy. The formation of NH,-nitrogen
and reducing sugar, enzyme activity, acid production and browning were not affected by gamma irradiation. There-
fore, it was considered that the kochujang treated with gamma irradiation maintained better microbial quality than

that of the control with storage.
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Table 1. Ingredient ratio and specifications of raw mixture of
kochujang used this study

Ingredients Ingredient ratio (%)  Water contents (%)
Meju, powder 5.0 132
Soybean, cooked 10.0 58.7
Flour, fermented 320 25.3
Glutinous rice, 100 565
cooked
Hot pepper, powder 11.0 12.6
Salt(NaCl 95%) 9.0 0.0
Water 23.0 100.0
Total 100.0 44.7

ZAbe] TR EA 73

F =398 3549 ethanol 2 sorbic acid7t ZF7 2%,
0.1%7F F5E E33 AS dx AEE FHEgu. AR
o] ZhopAd AR S IAE A4S A9 100,000 Ci, Co-
60 7ruldd ZARAA(AECL, IR-79, Canadaye ol-&38l3om™
ZAPA S AL0M 70 Gy/min®] AZEE 217+ 5, 10, 20
kGy?l & E5AFE AxE ST Auide 2ASE AR
L B2A} thRAIE, ethanol(2%) F7FA]E, sorbic acid(0.1%)
A7 ESF §A 25°ColA 1257 AAslHA 2F HHOR
ke A

O|dE dAt

oS H4A} A8 754 100 B 2B (NaCl, 3%)
90 mLE 78} mixer(Hanil, FM 680T, Korea)*ll 60z7F w}
At 4°ColX 307 wHkste] A|Z3ATE AlEE A%
3| ste] 7z} ujlEe] AHuz]o] 1 mL¥ pour plating®
o2 FA 204 3U7F wigste] A8E colony? FE
colony counter(IPI Inc., Microcount 1008, USA)E A3l
254 1g9 vJAE F(colony forming unit, CFU)E WFERY
et o] wl, &2=47 chloramphenicol(100 mg/L)¥} 10% tar-
taric acid(17 mL/LYS &7}3 potato dextrose agar(Difco) plate
= 25°Cel] Hiokste] AAE colony®, BARF21Y MRS agar
(Difco) plateE 30°Cel #ieFsted WA colony®, Bacillus
=1 dextrose tryptone agar(Difco) plateS 50°C) il s}
wEblo) 38 FA3E colonyR TESIATH

AH

e Qe AgE vAE AAECRE AR AR
E o}3Whatman Paper No. 2)5l9 1 oJ=9-& AME-3I% S
o pHE pH meter(Orion 520A, USA)E, o] =AMd A Ae
Fomol ZAH o2 Zoiny 3lake DNSH®CZE, qid
AL 7 5099 Wy st SAEIT. o] W, A
Bl g A &442 0.5% casein (dissolved in 20 mM acetate
buffer, pH 4.8y 714=Z 3te] AHE tyrosines, A& &3
a4 4L 0.5% soluble starch(dissolved in 20 mM acetate
buffer, pH 4.8)2 7I1A=E 3l A FEATES AEstod
Askslgi o AAAGHESE A 1 unite 13 1 umote®] tyro-
sineS SEATIE §4o] doz ABREIHNEA 1 unitS 17
2 1umole?] glucoseE FFEIAITIE & YOE A
o BEZ7 F 239 2k s v 59| Wy 3l
ojgteie] ERE(OD. at 500 nm)E HIASFHAT
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7S 2AVS 31249 Bacillus(Fig. 1), B2 (Fig. 2), 3
At (Fig. 3)2] AEE3 BRED 59 AHsEE 543
Aok, 2529 Bacilluse BIZAFFANA 107 cellslg 552
o] Mol Wl FARE ANE HHSH 10kGyd ZrupA
ZAFEE 1@ cells/gZHA], 20kGy ZARFRE 10°cells/gZ7hA] T
AFAch AR AigE B]RARFAE o] 59, F F@
o) A} WZ=EHA 10°~10° cells/ig®) BEE R o} 10
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Fig. 1. Changes of the Bacillus cells in gamma irradiated-kochu-~
jang during storage at 25°C for 12 weeks

O : non irradiation, A : 2% ethanol treated, [ : 0.1% sorbic acid treated,
@ : 5kGy, A : 10 kGy, I : 20 kGy
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Fig. 2. Changes of the yeasts in gamma irradiated-kochujang
during storage at 25°C for 12 weeks

O : non irradiation, 2\ ; 2% ethanol treated, [ : 0.1% sotbic acid treated,
@ : 5 kGy

Yeasts were not detected in 10 and 20 kGy irradiated kochujang.

g Hon. 9, I3 EEIE Bacilluse A0 2AL
of thaled °F 394 kGye] D& UERol(Fig. 4) Lutd

¢! Bacillus WAZAS] D, #hez &7 2.5 kGy W@}
WFe] 228 KGy®, BFFe] 178 kGy™el] ste] Al
o2 we gl AP RAT. oleld A Bacillus
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H, ZFAE 10% W9 o
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Fig. 3. Changes of the Lactobacillus cells in gamma irradiated-
kochyjang during storage at 25°C for 12 weeks

O : non irradiation, & : 2% ethanol treated, [] : 0.1% sorbic acid
treated, @ : 5 kGy

Lactobacillus cells were not detected in 10 and 20 kGy irradiated
kochujang.
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Fig. 4. Effect of gamma irradiation on viability of a Bacillus
cells in kochujang

D,, value is the expression of dose of irradiation needed to 10-fold
reduction in the population of microorganisms and calculated by the
equation of survival plot. The equation is (y =-0.2534x+ 7.7634).

slo] FEEA o] WAl A2E 9] s18hE ZAo] A oE
B35 a3ge] 4o J3e B ZoZ S48 & o
HEZZE S0 vAEe AANUstE AHE A3, Bacillus
= BZARE, FAATRE, sorbic acid F7FEO)AE 107~108
cells/g®] FFE, 5kGy FAFEE 10° cells/g®] 52 fA58}
A2 10kGy9l 20kGy A= HE 7|7k Fg
of Wt Ztzt < 1log @9 @AlS A7 BEHAUY. o]
23t Adh= 7 ZAbel Qs 38 B AEAEI B
E717k0] Z 3ol wigt FH Aol geA] Edla I}
APEEE post-irradiation effect®d]] 2%k Aoz HAgEh) 7+
2 759 AP ZARIA 2-3log cycle®] EAF F APER
FE Bl vF FIFFWH e AP go] Bt
FRE, YRARE] AS BE Z7l6E 10 cells/gd] 5
o]el Aol BE 25 Zole 107 cells/gl B2 Z2)3lgon 3
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AA7HE, sorbic acid F7FrllM s BE 7170wt 10'~107
cells/g 02 Mz} 2HasE Ao}, 5kGy RAFEE 2AF
HF- 10° cells/g®] F27bA] @59] Ahgo] o]Fojg ot A
AR7F HEZ| ] Wt 9a; Aaske] 4510 10° cellslg
o2 F2A38I 3R 10kGy9t 20kGy RAFEAIME A B
of A3 Fwrt BEEA| kol HAAHo] o] R
Hryatich
b, HZARPE] 4 BHE 2I|E 10° cells/gd] &
Rol WE 2F T 10° cells/gl 8, BE 125 &
ANe 107 celly/gl 2 AEHHQ] F2)g HYow FAHH |-
1257 & 1log cycle %2 Z71E, sorbic acid 77
2log cycle A%4] Z4aE eI 5kGy 2AFFE &
2o AeAY AL AT 10" cells/ge] 7R Aol o)
Fojg o AE ko] HEZZ) wEt A sl
47 107 cells/go2 F2A3k0h 34 10kGy9}t 20 kGy
9] Zhupal ZAVFME A HEZ|ZN) AR Bakgo] #E
HA Gob ER9} vRRIZIAR ehkdAbgo] ooz Aow
Bryskdet. gHA, 350 Hole gy ik Tl 9
g 7Rl A4 pHel ABH Fo] Fa. alelu® 10kGy
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unit/g2] 7mp ZARE, 4 2 sorbic
acids A71EF AR E Z4agA Ao W) itk
3P T REZI e AR fubd 2ARE
R 723~748%2] TS Ho] b Zatel] ofgh J3kS
flom RE7|ZHe] el w} vlEAlFol s ef ke
27 9 A ZAESE 4 2 sorbic acidE H7F A
HEME wishyh B2EA] eokty, 3, Zdebd v AT
ox Fdgel FeFo] Wzl A& BHEZ|ZF S0 mAE A
o g gol A ufEog FAEh

Protease 24 (Table 3)= HIZAFES} Zubd A 25 0.81
~0.88 unit/ge] L Rl amylasest PRRPIAE Zvbd 2
Aol ol g4 WeE gilen, HEZTRY] A
wheh AR AR B 125 5 094 univgl 2 F71SR)
S ¥ Aokl 2AR 58 2 sorbic acidE A7MEE A&
M ofzhe] A FEHAT A3 SE8E B RS
17 EEH7E A3 se o =AM A A (Table 3)
HE ZI|EE A@FolA] 224~246 mg%] RSold Ao
HE 125 3 H|RAMEE 324 mg%E, 5 kGy FAMEE 302
mg%= 78I 10kGySt 20 kGy A= 270 mg% -
o] ks BAvh FA sobic acidE H7HEE AlFA
%= 10kGy EAHFSF Bl ARe] opveibdd A ok M
& JERRSIT. o]l Ak dvbd ZAbel] 2jste] o]
wabg A o] Ago] AR T RaE Ao s E)

2099} §A}st ARG

N

pH X HHEe
AFge] pHe H|ZARES} Zhbd AR B HEZRT
4.92~4.969] MAE Urhho] Tk Akl ofeh A4
el pHe| WH3hs giid. BE77ke) Aol upel ¥ ZA}
TE BE 125 F pH/) 4672, 5 kGy RAFE 4752 ol
Ak 4, 10kGyet 20kGy ZAFE, F4H 7, sorbic acid
A7t pHe Wsrt Aol 1SAtk(Table 4).
FFEAe] T (Table 4= thERTed 7Hobdd 2AVE, 28]
F3 2 sorbic acidE F7Fe AlETF BF REI| ] u)
2} AA3] ZrtetRom Zh AJEke] & Apole HEEHA|

s}

L

o=

al

Table 2. Changes of amylase activity and total reducing sugar in gamma irradiated-kochujang during storage at 25°C

Storage period (week)

Sample
0 2 4 6 8 10 12
Amylase (unit/g)

0 0.54 0.53 0.59 0.56 0.64 0.62 0.65
Radiation 5 0.58 0.55 0.57 0.53 0.55 051 0.53
dose (kGy) 10 0.53 0.58 0.55 0.52 0.49 0.51 0.55
20 0.54 0.51 0.56 0.53 0.52 0.51 0.50
Ethanol 2% 0.52 0.49 0.54 0.56 0.52 0.52 0.51
Sorbic acid 0.1% 0.55 0.50 0.53 0.52 0.51 0.55 0.54

Reducing sugar (%)
0 7.36 742 7.24 7.10 6.56 6.60 6.44
Radiation 5 7.48 7.39 741 732 7.26 7.22 7.13
dose (kGy) 10 7.29 7.28 7.32 7.25 7.25 7.18 7.21
20 7.34 7.36 7.33 7.38 7.35 725 7.28
Ethanol 2% 7.23 7.30 7.27 7.22 7.24 7.19 7.19
Sorbic acid 0.1% 7.40 731 7.34 7.28 7.27 7.19 7.24
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Table 3. Changes of acidic protease activity and amino nitrogen (NH,-N) in gamma irradiated-kochujang during storage at 25°C

Storage period (week)
Sample
0 2 4 6 8 10 12
Protease (unit/g)
0 0.84 0.83 0.87 0.92 091 0.94 0.94
Radiation 5 0.88 0.82 0.83 0.81 0.84 0.85 0.82
dose (kGy) 10 0.85 0.81 0.81 0.82 0.80 0.79 0.77
20 0.86 0.84 0.80 0.81 0.81 0.89 0.78
Ethanol 2% 0.81 0.75 0.79 0.78 0.76 0.77 0.76
Sorbic acid 0.1% 0.83 0.81 0.78 0.78 0.79 0.76 0.75
NH,-N (ing%)
0 235 266 273 311 313 320 324
Radiation 5 246 253 259 268 284 287 302
dose (kGy) 10 240 238 242 253 262 258 266
20 228 242 239 250 268 265 271
Ethanol 2% 224 227 240 235 240 256 259
Sorbic acid 0.1% 237 228 235 243 258 260 261
Table 4. Changes of pH and browning in gamma irradiated-kochujang during storage at 25°C
‘ Storage period (week)
Sample
0 2 4 6 8 10 12
pH
0 4.96 5.05 4.83 485 4.77 4.69 4.67
Radiation 5 494 5.02 494 491 4.86 4.80 475
dose (kGy) 10 495 5.04 497 499 5.02 5.02 5.03
20 492 5.01 4.89 4.95 497 5.03 499
Ethanol 2% 499 5.12 5.08 5.07 5.09 5.1 5.10
Sorbic acid 0.1% 4.84 4.89 4.78 4.81 4.88 4.90 492
Browning (O.D. at 500 nm)"
0 0.379 0.388 0.405 0.519 0.702 0.737 0.755
Radiation 5 0.352 0.376 0412 0.498 0.671 0.740 0.754
dose (kGy) 10 0.349 0.402 0.398 0.456 0.694 0.729 0.741
20 0.357 0.395 0.427 0518 0.685 0.733 0.762
Ethanol 2% 0.369 0.412 0433 0.506 0.681 0.727 0.747
Sorbic acid 0.1% 0.353 0.377 0.385 0.522 0.694 0.756 0.788

YSamples were extracted by 10-fold of water, filtered, and measured absorbance at 500 nm

oA e Ze] wAEe] 2gPHT=
2bsl, aaRg 53 7+ shehE, AsiEhy
RAew s¥dct H, AxH 7
& sorbic acid® FH7Fsle] AH Feo
@9 Aol FAFEIATH
F2 Ro} IFAe] BEY WIS 9%
A A 10kGy FFLE Az AL
22 2o 83 AMEE A= 7 AR o]
acillus®] A2 EXE 20kGy o9l Aol &
Aog W

4

5!

i)

3|

o o
i —
aEF] vEA S BHo=m I 5, 10, 20 kGy

o] Agog Zupde ZARLL 25°C 12527 RESHA
T3] nAE F AukEd WHEE ZARIY. 1549
Bacilluse 77 FAt] skl 3.94 kGyS] D, #e 2o
Zabdel thEk AaAde] wsten AR Fkde 10 kGy
o] Mol ¢ Alde] yhe ARAHRE BAT 13
BE Zo JurEd Hy} Q49 opiiibgddl, THAY,
protease X amylase 4, pH, Z2¥ =] Wske= 2 AL
o oated PS A Fu). wEh ek 2ARE 2F
o] A0 FFE FA 43 vYETS AdHoT AME
AA AEL] BE-FE B 7FoA nAE AP EHE&
A EkE S8 Uel 2 oz HriEnh

AR =2
B Ave ferlene dxE A dees
sgen, 2 Aol =PI
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