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Physicochemical Characteristics of Gamma Irradiated
Changran Jeotkal during Storage at 10°C

Na Young Lee, Cheorun Jo, Won Dong Lee', Jae Hyun Kim and Myung Woo Byun*

Team for Radiation Food Science and Biotechnology, Korea Atomic Energy Research Institute
'Food Research Center, Hansung Enterprize Co. Ltd.

Changran jeotkal, a Korean traditional fermented seafood, was prepared as a pilot scale using a commercial
method and irradiated at 0, 2.5, 5.0 and 10 kGy by gamma ray to investigate possibilities for further industrial
application. To see the effectiveness and rapid industrialization, hot pepper powder was irradiated at 10 kGy and
manufactured the changran jeotkal (HP-10 kGy) as same method since the hot pepper powder was approved
legally for gamma irradiation in Korea. The content of volatile basic nitrogen and amino nitrogen was
significantly reduced by gamma irradiation in all storage periods. Amino nitrogen contents of 0, 2.5, 5.0, 10 kGy
and HP-10 kGy were 98.9, 98.5, 92.4, 88.0 and 93.1 mg %, respectively after 12 week of storage at 10°C. In total,
8 kinds of biogenic amines were found from the samples, and the contents in the gamma irradiated changran
Jeotkal were lower than those of the control during storage. The sample of HP-10 kGy showed similar
physicochemical characteristics to the sample irradiated at 2.5~5.0 kGy. Results indicated that gamma irradiation
of fermented seafood products such as seasoned changran jeotkal improved quality stability, thus, we recommend

gamma irradiation for industrial application.
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Atk Huetdrt T3 Lee 108 vl ZAPES o]
g3l AP AYPsE o] o o}y HEHAAT 3
do2 Qg #FH VN BAZE sidsrty dsich
olHE AZ] AA|HE ARsEE A7t EFYA olF
o3 ot ofF7EA] FFSH sjAete] miw YR gko}
Adst =4 ok AAgoltpy,

FIETALE JH WS dEE 3 Aew %7 1
AEI Zasgo] Eof Ax7E AYEL 454 AL w
2 o4 §F FdE ¢ deFHe 23129 tgE oY
S 7 A7t 5530 59 BEA0] EA7) HaL UATHY,
AR b Z2ARE o] 8381 Uk Ao} R 1) =
of &g FARA} FEAAAY A B3 Ay Ay
of kot ARG Az Wt SEATE wu)d 2Ao]
o Jo 19 b ZARE o]gdle] Axd kIR n)
AL 9 A5 FAEA N B3 A7l 7hapd 24}
7t A 5714 MRS AAATIE o7 A% ddT
A9 FE5dAAE L MAANAY Y Rusgs, Ae o
|3 5% TE 9EHE /HKE AY FIFSAZ A
ZE 7Fssittal Baslgdnhay,
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FEAZ AxE A% A5 AT 20008 1€9730] &5
=38 o\A oI EH Hel(Therage chalcogramma)d|x E&)st
WEs |55 ste SHAEHCIR0CE e AL 7Y
o ARt WE AEE sliE, A3, FAste) HaZo)
15mmz AAS & AFe] g3l 37 RYss 249,
D-sorbitol, MSG, ®l=, 7, ¥, ZF71F, 48 5& AHE3s
Ak mlEd P fAE AGsA Zdold Akt &
A2 Samyang Genex AFLZ X P (dextrose equiva-
lent, DE)Rto] 40~45%1 443st Bog, Age FAY @@L
Ty, 209 FH E gl AR RAlgE ARES

FYste] A&,

e M=

AL AZAGL ARV 2AS Wy o g A=xs}
At &, FES S T FEE 33 wwk AFale )
BEH ol2dE AAT ¥ AT dBEE %= 23
Al AES AE 95 FH UH] 1292 7leke] 3087+
axrete] AAHE FE254E A ASHL, D-sorbitol 2 monoso-
dium glutamateMSG)S 2}2} 3%sh 5%7} =17 H7ksked 30

N
N,
Rl

= gttt FHE FEALL 30U SAAHeH,
LA 0£2°CE FA39 ).
Jd =

9o, D-sorbitol 5%, MSG 3.2%, 2% 0.5%, "F= 3.3%,
N 42%, AFE7HE 42% 2D F 05%5 A7Fstd 3087 o
el & AE AL E %R A FERTE Axst
of AEAEF 2 S @50 g0 FR, TAE] A
ARSI ol 1Mo BAEIHVE JEHLE AR
FAMAL S8 vl 2AME ZEVPRE HURINE |
Ao mx= ol3std 548 dolH7] 93t 10kGyE
Zobd ZAME IEVIRE ol §% FEATE AR H]

FAAIAZL AFA 23} Zu|o 2ol IETIFEE 2kg
A AgxAste] PR A FA(Dagjeon, Korea) W A
10 i, Co-60 7rubil ZAMAIA(point source AECL, IR-79,
MDS Nordion International Co. Ltd., Ottawa, ON, Canada)
S o83ty A212£1°C)0NH £TF 833Gy AFEE 10
kGy9] & FTAHE dxF AT

Az FEFIAL =3 ol TAAHA 23T Al
B9} e A E ol gsld 77 25, 50 2 10kGy]
F FFAHE AEF A A AAEY. A%
2] #2le galanine dosimeter(S mm, Bruker Instruments,
Rheinstetten, Germany)E AHE-319.31, dosimetry A|&H& =+
ARAEL 7 TAAEAS] A 8ol EZTF F AL83}
Ak & Frawel oxkz 2% ol ek EA 2
47 B8 Tiste] AFY AT NEE upmom
59 AT 25pmo 2 2L 3 ASHOR HAHA
7 #alA 2APE HES sgn. ekl HzAl AR
kGy)y= A ES} e BT =&EA7)7] {3l
mHd AL AR Qe Basiich Zekd A F A
FEELS 10°CE 24" ¥ A4 RBASHEA 1255
Qb 25 Ao R olsEha] B4 HARE AAISSh

rH
0

pH ¥ FEHET(Aw)

AAAZ pH= AE 10g] 579 90mLe ¥ &
71(Diax 900, Heidolph, Schwabach, Germany)Z vlist %
pH meter(Orion 520A, USA)Z AU FEEZ(Aw)
= AR 228 FEZAE &77](Thermoconstanter, Novasina
RA/KA, SwitzerlandyS ©]-8-8}o] =3t

| AT|ENE A (volatile basic nitrogen, VBN)
FaAZe g Grle) A2 Conway unit W
;Yo r ZASGAT AR 10g2 AT F FFF 30
g Jtste #AVIE o83t 287t mREAL 50 mLE
A43 F o33N 99 1 mLE conway 57| 24 ¥
2 U4de] 001N HBO, 1mLE ¥& ¥ 50% K,CO,
I mLE WEA Ao FYstr AT the AHA &
o] Ege & 37°ColA 12087 FASHT. B0 B
71 0.02N H,S0 8% 2 AA3le VBN/IE =430}

oto|:=El E2(amino nitrogen, AN)
olm| g} ZAE Formol AW RE RAsIUTH =,
VBN A&} Zhe wglom sl ZF AlRF sou) 514



el 24} PR D olshetA 54 131
o] 0.1 N NaOHZ 7}3le] pH84E A3 T 24 formalin £ o83l Wy ¢ FE9AES F392m, ANOVA #-4
30mLE E3te] 01N NaOH#E pH 847} & wj7hA] &4 5 Student-Newman-Keul's TFEAAM O T p<0.05914 9] #
rh. A mLE ofvxe] Hio] gFoz AL, o2} HAL s

Biogenic amines(BAs)

AeEA17Ee] biogenic amines(BAs) S Garcia-Garcia 507
3 Hwang 599 WHE st 2433l BAs ®F
Al2FS 2 putrescine(PUT), cadaverine(CAD), tryptamine(TRP),
spermidine(SPD),  spermine(SPM), histamine(HIS), tyramine
(TYR), agmatine(AGM) % B-phenylethylamine(Sigma Chemi-
cal Co., SL, MO, USAYE ZtZ; 1,000 mg% &== A5l
stock solution®.E WY EAstH A AMgsIT. 7k Alg
10goll 5% trichloroacetic acid(TCA) 20 mLE 7}8le] 382-7¢
o472 FAgkEle] £33 5 50mLE A28 o s
Aol AR-SIsiTh BEAIF 3 TCA FEAE 2mLel 2M
NaOH ImL % benzoyl chloride 10uLE 7}sked 30°ColA]
40%-7F benzoylation A7 &, 23} NaCl 2mLE #+-8-S A=A
AlF13L, diethyl ether 3 mLE 7}8ld vortex mixer(G-560, Sci-
entific Industries, Inc., Bohemia, NY, USAYS ©]-&3}o] 357}
A et FEE F 2,500 pmell A 2087 YAREE
stuth AAEES 45 1.5 mLE B3 F N, gasE ol
83l diethyl ether® EF 7AXAIZ] F methyl alcohol 1
mLol| 8383t HPLC system® & 43131 ch

BAs T #HZ=4-S separations module(2690, Waters Co.,
Milford, MA, USA), photodiode detector(996,
Waters), millennium 32 chromatography manager(System
Software, Workstation version 3.0, Waters)Z A% HPLC
systems AME-SI L Columne Symmetry® C18, 3.9X150
mm, particle size; 5SUm column(Waters)S AF8-5F95 2.1,
HPLCS] EA4327& o] 5422 methyl alcohol: water(gradi-
ent composition; 50, 70, 85, 100%)E 0.9 mL/min®] f<0)
HEE 31HTh Injection volume? 20 puL, colume =%+
25°CE st 225 nmellAl BA8190E RE 82 A ¥
B2 33 whEste} Al

array

SR

[y |

BAA = SAS(statistical analysis system)E-7 package’

w2 ohdgeAide] pH Hsk= Table 13 7
pHE 636 YERASH, 0, 2.5,
T AR e pHE RAMS
Al 271 pHell BIs) ofh solsltirh thA
AA717vE
Fo)AE wolx| ke Wbd, 25, 50, 10kGy B IE7IFE
10kGy= FAKHP-10kGy)st 73-9- #4717l W& ol &
WER 2 th(p<0.05). 22 F@daAde] pH M= x4}
AMapol] wpepM s AJEE] 2 2polE HolA] eskth
ordgatA) zhe] R E(Aw)E 0.83~0.862] HlNA
et 0.84810.095 WHEFEOU 7 Aol o3 EE
A5 ol YERFA] &3hth(p>0.05, Data not shown).

e A7 [EEA(volatile basic nitrogen, VBN)2| 3}

AnpA g ol gste] Azg EAZAY AT mE
VBN2] W3l Table 294 Zrh. AA7|bel] whet gl
VBN @ #E8] F7hekl e, BlEAR0KGy) T A%
12FA S 451 mg%= 7FE =2 TS Vet AR
of W2 PdAZde] VBN FHEHsIE AuEw A% 43 o]
ZHRE 25kGyRE ZARE AZNA P v dEe e
Wth 10kGy=E FAME TE7FEE Frisle] Alxd odsl
ZHHP-10kGy)el 75 A7717be) wa} 58] F7kste] A
2 8 2 10FHel ZH7F 374 2 37.5mg%s] RS JERY

Port, of FFE ol sl W2 eIt o= 25

KGy= ZAEH %R ohjel EARE TENRE Mg
Az PIAUE AT F A WAL YBRE NS
S Aee A Foh

Kim 502 49 saswel odo] xoliz Arald
4ew W 477l F7HERE VBN $3e Fvtellch
T nzsgon, Kinthe JEA7AA A% A9 BV

Table 1. pH changes of seasoned changran jeotkal with 8% salt content after irradiation and storage at 10°C

Irradiation (kGy)
Storage (week)

0 25 10 HP-10 kGy" SEM?
0 6.36 6.38" 6.40Y 6.38" 6.36" 0.022
2 6.24 6.28" 6.32° 6.25° 6.25 0.030
4 6.28* 6.26%7 6.33* 6.20" 6.33v 0.034
6 6.34 6.30% 6.35" 6.35Y 6.36" 0.190
8 6.43 6.44* 6.43" 6.45* 6.44* 0.013
12 6.46* 6.45% 6.45" 6.40™ 6.44* 0.012

SEM” 0.160 0.026 0.013 0.022 0.021

*®Different letters within the same row differ significantly (P<0.05).
*Ditferent letters within the same column differ significantly (P<0.05).

PHP-10 kGy means that hot pepper powder was 10 kGy-irradiated and used instead of non-irradiated one for manufacturing the changran jeotkal.

PStandard error (n=10).
YStandard error (n=12).
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Table 2. Content of volatile basic nitrogen of seasoned, irradiated changran jeotkal with 8% salt content during storage at 10°C

Volatile basic nitrogen (mg%)

Storage (week)

0kGy 2.5kGy 5kGy 10kGy HP-10 kGy" SEM?
0 26.97 24.5° 25.7 25.7 25.7* 1.38
2 29.2° 315 304 30.4 327 1.41
4 304° 28.0¢ 29.2* 31.5" 3Ly 119
6 350 32.7" 339" 35.0¢ 33.9% 1.64
8 43.2™ 37.4% 38.5% 39.7% 374 1.07
12 451" 39.2™ 394 40.0™ 37.5% 1.11
SEM? 1.58 0.67 1.26 1.72 1.17

“*Different letters within the same row differ significantly (P<0.05).

*Different letters within the same column differ significantly (P<0.05).

PHP-10 kGy means that hot pepper powder was 10 kGy-irradiated and used instead of non-irradiated one for manufacturing the changran jeotkal.

DStandard error (n=10).
IStandard error (n=12).

Table 3. Content of amino type nitrogen (NH,-N) of seasoned, irradiated changran jeotkal with 8% salt content during storage at

10°C
Amino nitrogen (mg%)
Storage (week) m >

0kGy 2.5 kGy 5kGy 10 kGy HP-10 kGy SEM
0 55.1" 62.5 59.3%= 63.9 66.3% 1.36
2 3.7 70.0” 70.0¢ 70.0 70.5 1.35
4 86.3% 73.7™ 78.9% 77.2% 71.4% 117
6 91.5% 86.5™ 77.9% 77.7% 74.1% 2.10
8 90.5™ 86.3"™ 81.7™ 79.6% 89.6 2.18
12 98.9% 98.5% 92.4> 88.0™ 93.1% 0.76

SEM? 427 3.09 3.00 1.91 3.86

“*Different letters within the same row differ significantly (P<0.05).

“¥Different letters within the same column differ significantly (P<0.05).

PHP-10 kGy means that hot pepper powder was 10 kGy-irradiated and used instead of non-irradiated one for manufacturing the changran jeotkal.

DStandard error (n=10).
HStandard error (n=12).

o) HEFHO) Bt AlA sykeepers 71 7$- VBN
A &3t Yok Hasldth B, Lee SOV 4
T IETIRE 0)8% 2AARD Azl BE AolA 5°C
X BHEINGS W ANAZEY AdF AFINRE ARG
ool Ao A 4 F AP AVHEL P &
UL BIEFAE ol B AFoA 10kGyE FAME 2
Z7FEE FHUhste] A FdAZe] VBN gt falst
AZE Jep ATt

oio|'Ei EA(amino nitrogen, AN)e| Hi5}

Ao onicE] Ao FHL FAEY AEE A
, ot 7 fAEo] Q7] W] dEAF] T3 F
A ARE JAAHT Yo} Tk AL o438 Az
g F Ao otulg] Aio) W= ARGV uE 3
=3 F7HE YERATHTable 3). 2 HIZAE 0 kGy)S] 7
- Ag717ke wek opu) e Aol FaFo] Fvete] 989
mg%=E Aot Blwdd o 7Y 2 FES Uehon,
2.5, 5.0, 10kGy & HP-10kGyS] 7% *A7|7) ojg} &
7¥ste] A 1254 ZH2; 985, 924, 880 H 93.1 mg%E
(B3 i=

Lee 5%& 4

s W g4l A AN xdF

=77t AgsETel visted opmel Ha Aol o=
Atk BIsglen, Kim 578 X7 AFL d¥
b g S ovxd AagRo] v RIS 2
Aol FERBAL S Febd ARl A7) o
opwlice] Hieo] WE AHE A TAMIF] BopEs
5 olnwg) Fie] gk sl ol wael #AH
srieh wlAEe] Apdel ofs £A F oobrl:E) Wi
ago] Zhste Ao® AlgErh %3, Cho $™& WZd
2o dEHA /3L /tedgae] vks Aes QI
87157 WA &1 RRe AFRE, AT Hrt
FHeR A% AT Add, vjgEd o8] d AR g
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Table 4. Content of biogenic amines of seasoned, irradiated changran jeotkal with 8% salt content during storage at 10°C
Storage  Irradiation Biogenic amines contents (mg%)

(week) (kGy) PUT CAD TRP SPD SPM HIS TYR AGM Total

0 14.04 7.84 9.49 345 13.07 23.98 9.50 96.73 178.10

25 12.65 5.02 9.72 3.24 10.90 21.36 6.25 89.70 158.84

0 5 12.33 4.88 9.50 3.55 11.16 2993 10.55 93.60 175.50

10 12.80 5.70 10.00 8.32 10.70 21.20 12.60 92.90 17422

HP-10" 15.60 7.07 21.30 7.06 17.70 27.70 19.50 96.50 21243

0 88.88 10.42 45.84 9.60 36.67 119.95 21.38 318.34 651.08

2.5 82.87 10.17 42.61 8.85 3347 120.90 19.24 223.80 54191

12 5 69.20 7.39 41.06 6.69 28.61 104.80 15.60 200.59 473.94
10 76.58 9.11 3496 7.28 2991 104.62 17.00 200.00 479.46

HP-10 88.27 9.64 40.14 6.21 28.39 109.17 20.84 178.49 481.15

Abbreviation: PUT, putrescine; CAD, cadaverine; TRP, tryptamine; SPD, spermidine; SPM, spermine; HIS, histamine; TYR, tyramine, AGM,

agmatine.

UHP-10 means that hot pepper powder was 10 kGy irradiated and used instead of non-irradiated one for manufacturing the changran jeotkal.

AWM FF0A4e] AAXEEY £ 4 - 7 g9
A z-ol| Aot "5 AR o, AFHFHA AA
A 2 dHAE AF8te AFEE doiAY e UdR
biogenic amine< N-nitrosoamine®} 7S 7123t WtERE
A F e FAPE A dge®,

E ARolM e dEAFe sl Fdde31Ze biogenic
amine®| TS FAFEIASH, 1 A= Table 49 7l
Biogenic amine ¥ AFE719] 178.10 mg%=, 2.5, 5.0

9 10kGyE A E RS zZhzh 158.84, 17550 %
174.22 mg%s JeRdTh A4 1
amines®] -2 A ﬂ7P°P°ﬂ
ol S kgl we} At D}
A R PN 5E e
% TRPYE= 50kGy= AR o
& HEbtom, ARAGA, <+,
f%*Jéx}% 5o o] Y
o= 47l HIS®™=
o) Am 21 20 = L
Wk, T3
A E*ﬂtﬁ 355
Ues oz
Aol M 71 G SRS Vet o] ehe]
T PRGN HEES doT) AL
nitrosoamine®} 7+-& 7}EgE WtER
A& 7L

AE9] biogenic
ThEE AP

o

_ 6*“*3—7} 53 e
98zl TYR®LS 25 2 50kGy=

1

O] -
AT

ok 2}-g)

biogenic amine TS HAMSH
npA ZALS Fzboll A 1 FEfo] 7hAEkdt)
Jo UV Al bS] 7] mAESE 39X 10° CFU/
mLE eI oY 10kGyY FAHE 53 4log cycle®] %
& e, FEAIALE AzEA 25, 50
10kGy Zvpd A & 100ColA 125 B¢ A Adele
ot 77k 3.0, 6.0 % 7.0log cycled] TwEAE 7P o
Z7HEE 10kGy= ZASHe] Alzst FIATAI4= 2log
cycle'] AaasE vebdlth Bastsich w3, B5HA
A3 25 % 5.0kGy 2AME THA 7oA v 2A
o oAl zpol7} glvkal Rasiginh £ AFeAE 10

ar
i
h=q

=,

=
&

g

kGy FAH w57HF5 HArbete] Alx
A7k 25-5.0kGye] v ZAP)ES ©
o] B3t mAESHE QgA

dgesige s gy

i3
=

= 0

S a-

Zrol 375 mgh w2 TS YEpIe
28] e RE A BTNM FE8 FTtst
Tl 0, 2.5, 5.0, 10kGy 2 10kGyZ ZA}
E #7bste] AR AAMHP-10kGy)Sl 7+ 24
924, 88.0 & 93.1mg%E ERARITE Bio-
genic amine®| THFE AR A3} AR A4S HZ2AE
Azl w2 FHEe] A giste Ao® ekt
weba Zbd Zabe FadEslde] Ag717ks A

, Oh=E
c} xﬁz} 125 &

= g3Foly, EER AE Bl shEhA kS
ANFE Zes veldth 3 10kGyE FAMst] Mg E
sh2] obdAS w IFVIRE HUst] AR FdRz
9] o)glsly EAL tixT Hlg] & A#E UERL
om Unkdow PIARAA R T 25~5kGyRE FvH RAL
3 A B9t TUst FAFEE vehlo] FHA HEo] A
=

o
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