J Korean Soc Food Sci Nutr
40(11), 1569~ 1574(2011)

HEREL DR
http://dx.doi.org/10.3746/jkfn.2011.40.11.1569

AN P = 1T

A Rp=m oo EHALM AL O F T E4 o7
HEY 2T - UME - 0 F2
SIRARATE YSYAIMTfBtOI P

Identification of Irradiated Seafood Cooking Drips Using
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Abstract

In this study, the identification of the irradiated seafood cooking drips from Hizikia fusiformis, Enteroctopus
dofleini and Thunnus thynnus was conducted. The physical detection methods used included photo-stimulated
luminescence (PSL) and thermoluminescence (TL), and the chemical detection methods were hydrocarbons
analysis. In the PSL study, all seafood cooking drip samples showed 260~510 photon counts; thus, the PSL
method could not be used for the detection of irradiated seafood cooking drips. The TL method could be used
for the detection of irradiated H. fusiformis and E. dofleini cooking drips. In both cooking drips, the shapes
of the glow curves indicated a specific peak at 150°C ~250°C, which made it possible to identify the irradiated
samples. The hydrocarbons derived by gamma irradiation of 7. thynnus cooking drip were not detected due
to low concentration and inconsistent content of fatty acids in the untreated 7. thynnus cooking drip.
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W (13)0] RiE 1 Qth o]E WHELS WA A
oA wAE & Q= free radical& SA 3= AR~
EX(ESR, electron spin resonance)(14), EX =
(mineral)®] FA=4F(PSL)(15) ¥ ELF(TL) £24(16)
59 £33 WA BAMD 2ALRE & A EHE AR
+3-21% 2] hydrocarbon % 2-alkylcyclobutanone(2-ACB)
4 Y 3 A7)0 o, AR A5 DNA &4
(18), P E F= A3}, oty A} Fo] ¢HAL AUt
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ZopdzAle S AAE AT AR B E AT A (Jeong -
eup, Korea) W A4 11.1 PBq, Co-60 #eFd ZAFAA (point
source AECL, IR-79, MDS Nordion International Co. Ltd.,
Ottawa, Canada)g ©]-8&3fe] A2(22+1°C)oll A A7t 10
kGyol AZFE=E 247} 0,5 2 10 kGyY] T FT4%Fs 2=
2 34t A% el glanine dosimeter(5 mm, Bruker
Instruments, Rheinstetten, Germany)E AF-&3} 5 th Dosi-
metery A|Z~ES FA AR 7] F(TAEA)S] 20 =83}
o XFIS & AR o, T F4AF] oake 2% o]
YAt BIZARE 0 KGyE 5L 22835 A7) A3t
of Zed AR S & F, AL A% ATt 3
4°C Wdare] 7stAtt

k

ZX= 2K (photo-stimulated
=AM
[ |
PSL #2498 CEN W (19) 2 KFDA W11 &35}
] A5 Th PSL S40] AH8H EE AEE Huig Yo

luminescence, PSL)

N

@E Ao BRPSHA cross-contaminations 3] 5}
AetAnt ekd 2AE AsdE AZRAA FES AA
T B FJe 2 2 g¥ #3}o] disposable petridishel] Fo}
PSL system(Glasgow, UK) A& chamber®l %1 PSL pho-
ton countE 33] WHE ZA3}A ) 71719 cycle timee 1%,
cycle 314 60, dark count 24+2.4, light count= 22+1.3
olAtt. =4 Azt #AFo) A lower threshold value® Ti=

e 2 g

AE - ol T

700 counts/min, upper threshold value T»=5000 counts/min
o2 Ty o]8te] e H|ZAF A& (negative control) £, Ts
oAt Zhe HWIALA ZAME A E(positive contro) 2 1 3}

FATH(19,20).

TL(thermoluminescence) £44

TL =44 93 mineral F&& sampleZ%-E water
rinsing, hand picking 59] WH-& ©]&3tA ) A& Aol
Ao Z=FF+E 718l ultrasonic agitatoroll A 587F %2
3t & t}A] A]|ES water rinsing3t™ 125 pm sieveS £33
AlA GBAIE AAAZ F AAES ASAT FAES
test tubed] &7 & & sodium polytungstate solution(2.0
g/mL) 5 mL& 7t8te] f§7188 A AL S/FE AH e
At dukr o7 599 mineralol & carbonateE -3}
L 0™ o] carbonates AEAF F S Al 12} S A9
glow curve peakel] &l S Z#fsl== 1 N HCl 2 mL
< 7l 1027 Aol X B8k carbonate® A A3 AL
1 N NH,OH 2 mL& 7}38] S3A A Y. £3+¥E mineral
FHTE T3] AHT & acetone S 2 F A& A H3 F
AZAN AT AZH mineral 05 mgS TL diskel] A4 ¥
50°C incubatoroll A 3}5%F o A3t & AR TH20,21).

ZH]® mineral®] TL spectra =43-S TL 23 A] 9%
noisedl|] 98 e womz rAzANA = A TL
system(RISO, Roskilde, Denmark)< # %=1 high pure N,
gas(99.9999%) 5 10% J= SHEH & g5 2102 =
AR TH11,21). TL ¥4 2742 2+ preheat temperature
50°C, temperature rate 5°C/sec, maximum temperature
400°C, acquire time 70 sec, anneal temperature 400°C(5
sec)Z AA3A G

Az oA YElYE= glow curve intensity?] normalization
< #8A 13k glow curves SHT § HA] rbd AR
AL o] &3] A2 M AtF A HFE(Gy/sec)Z
1 kGyY & F548S A2 25 23} glow curveS
=3t He 4 Al 42 W4 & TLiolg) st A
ZAF & SASA 73 AF ghs Tt st 1 5 WA
ZAHE A87F Yer = TL glow curve ¥ 99 TL ratio
(TLi/TLy)E 73t ©] ratioE threshold valueZ ©]-&3}H
ZAF A5 FRlo] JhEdith B AdAe A& AlF |
a3l 1 kGyE AZAVSE TL, W3 k& F3haL, TL ratio
Fkol 0.1 o]3tolH BIZALFE, 01 oo ZAMTE AT
SFATHID).

Hydrocarbon &

Asd o] A &5 9380 120 g9 AlF ol NaSO, 140
g 2 n-hexane(Sigma-Aldrich Co., St. Louis, MO, USA)
300 mL< 7Fsted #A3) gk 3 150 rpmeoll A 12413 wRksk
At FE2H oJA-S AAE (10000 rpm, 4°C, 20 min)3}e]
A 3} & rotary vacuum evaporatorg AR&3}od
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35°C°ﬂ A F71 8 E A A AAaTAE JE {718
E &4d3] FLAIA WE AZ3EA ARZ AFE-3FA T
ﬂ A 1 goll AFEAS 93] internal standard=
A 1 mL eicosane 4 pg/mL hexane)S #7}3}] hexane o =
FA31A171 Florisil SPE cartridge(Waters, Milford, MA,
USA)°l 7} & 30 mL n-hexanes &2 & Z 3} hy-
drocarbon® & #2353t} o] &3 %Uﬂt rotary vacuum
evaporators ©]-&3led 2 mL7tA] %38 & 05 mL7kA] &
AR FEF3 GC/MS B47)71& 01%0}@] A
E2)3} hydrocarbon 9] 418 Gas chromatograph mass
selective detector system(Agilent, Waldbronn, Germany)
S AFEE oW, columne DB-5(30 mx0.32 mm ID, 0.25
um film thickness, J&W Scientific, Folsom, CA, USA)E
o] &3}l tt &% program-S 60°Col A 170°C7HA] 25°C/min
9] £ 7 A7), 205°C7HA] 2°C/ming] 28 5838t
For A 10°C/mine] =2 270°C7HA] 2 A1 A Y. In-
jector®} detector &=+ 212} 250°C, 300°Ce]| ¥, carrier gas
+ helium= AFE-3¥ oW, 4L 1.0 mL/min 2 st T
Alge 1 uLE FY3¥ 2, split ratios 1:208 2 3Fe] =
2% Zot splitless A1 AT GC/MS #41Z 7L jonization
voltageZ 70 eVE 3}$3 3L, ion source temperature= 230°C
2 Stk =g BEAE BAE] Mol (m/z)= 40~35022
A st

%7;" EH A

-
BEE AL 33 B gAY e, 4o A5
SPSS software(22)9l] A iilaﬂ o] 98 ANOVA test=
o] g3l FAHEAS 3 & Duncand] HE 9 A4S AAl

3.
ot § 0
PSL 24 §4
A& o] AP AL o7 ES Sjste] 4k A5 3%

of tiate] PSLE A4 74 A5 A S 33 vHE 574
3 23} BE A& Aol A 260~5109] photon countsE YE}
ol HzAL A8 2 15 AtHTable 1)(23). whekA WAL
MZA ARE F187] $% F2kAk& Y 3% 9] PSL 4
& AHE JheAo] B AoE AFZHALL

TL signal A4S 9 AA g GAAA AuAFES
8, & Ao A9 50 mL, & A< °"4 d-F 200 mL«]
A B E water rinsing 3t¢] 1 mg2] PlU|E& F531o =74
sttt 28y FA]) 5K B, HolHoR i A
W Fe3 A9 o] Hol(24), TL HH-e A8 715317
o2 goEo] B AR A ALttt A ] A=

2s A
TE wol7] Sl vivlZe] ZeHgolM AEE FA &2
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Table 1. Phostimulated luminescence (PSL) characteristics
of gamma-irradiated seafood cooking drips

Irradiation dose (kGy)

Sample 0 5 0
Cooking drip from 269+113"7 337+32  283+60
Hizikia firsiformis (=) (=) (=)
Cooking drip from 348£111 40451 510£70
Enteroctopus dofleini (—) (=) (—)
Cooking drip from 260+119 399+79 378+120

Thunnus thynnus (=) (=) (=)
"Mean+SD (n=3).
“Threshold value: T1=700, T»=5000, (-)<Ty, Ti<(M)<T5, (+)>Ts,
z)t positive, irradiated; —, negative, non-irradiated; M, inter-
mediate.

blank testZ 43 8} MDL(minimal detectable integrated
TL intensity level; FAA&3A)S =H3 A7 17829 3
S 9o, 7 A89 Glow 2 W3 gho] MDLS] 108 &
How Fa% dF4A#4= gRlstdt

AA A H o] A Il A AL S7EE o] A 97
w2l bHstthal wols A= 10 kGyE Hal AFos
3te] Aol ALE3HATHD). & F Fo] AFH A FE¢
vy &S ALS-Ete] TLE £33 A9E Fig. 19 Jehi A
o A3 A7 &, Fo] A HZALFAA = 5ol
peakE #ZE F Ao}, 5 2 10 kGy ZAFIA = 150

2000 -
(A) —0kGy

—5kGy

10 kGy
1500 -

1000 +

500 -

50 100 150 200 250 300 350 400
Temperature (°C)
350 -

B) —0kGy
300
250
200
150

100 -

50 4

MN\P'AWW‘MWWWW A

0 T T T T T T |
50 100 150 200 250 300 350 400

Temperature (°C)

Fig. 1. Typical TL glow curves of minerals of gamma-irra—
diated cooking drips of Hizikia fusiformis (A) and cooking
drips of Enteroctopus dofleini (B).
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Table 2. TL ratios (TL1/TL2) of minerals separated from gamma-irradiated Hizikia fusiformis and Enteroctopus dofleini cook-

ing drips
. Trradiation dose (kGy)
Sample TL glow 0 5 m
TL, intensity” 1801.5 25761 38274
Cooking drip from Hizikia fiisiformis TL, intepsitym 19416.5 53176.5 43539.5
TL ratio” 0.093 0.487 0.799
TL, intensity 24075 4351 7998.5
Cooking drip from FEnteroctopus dofleini TL, intensity 23013 22059.5 38169.5
TL ratio 0.105 0.199 0.211
1)Integrated TL: intensity at 150~250°C. 2>Integrated TL: intensity at 150~ 250°C. YT, intensity/TL: intensity.
~250°C Atolol| A ZALE 1T F Ae 5o peak’} e} O}, o] TL glow curve®] 243 YElhvs 2= 9E
U A4S Selsgnh B, 240 %m] 2710l wef signal  Telelel FHH o BT AT w2} ABE BT
intensitys F28] 271 ST Bl A% T SUTh B AT ARHE Fof A%Ae] B TL
= E Asd1 o TL intensity7} @A YeEhE AL <l ratio= 0.1059] g UeElR ey, TL glow curveE 715
& 5 Qe olE AR weh A 2ol zo]QL 7] ] 24} eie] S9lo] heste] £3h £o A%le] A4S
A (mineral)9] FF/<9 &9 zol7t YERE 4= 7] W&ol TL W& ]88 WAMA AL oJ 59 gRle] 7l 7)‘101
3 AZHATH26-28). B AT A AR @}f& Aald]  Bha westach

A 150~250°C H 9ol A EA3E glow curve’} UEFGC
B2 o]E9] M RAL ARE st A8l e
Al O]ﬂ-“! A=)

g Fo] AgAozRE £ vjydo] g glow
curve intensity 2] normalization2 $3}4 13} glow curve
(TLDE A% 5 Al AZAML kGy)E AAIEt 23}
glow curve(TL,) & 43ttt TL ratio(TL/TL)E &3
3t A3 (Table 2), & AgA e B ZATAAE 0.093,
ZAFFA A= 0487 ©]7¢2] TL ratioZ YR o.M, Fof
Ag R e BlEATY 9 0105, ZAFFAIA= 0.199
°]’49] TL ratio® YePH AT TL ratio #ko] 0.18 T} 22
A A ZARREA] & AR 018t & A= W
AP zA " Aoz wasleEd(29), B A Ay E A5
e HIZAFES TL ratioZ} 0.1E. T B¥gton FAE9)
A5 018t =2 kS X9 normalization®] 7}s3H o4
o] A& o] A9 HlZRAMA 01K T =2 01059 Fk

oT,
2 el o] normalization®] 7FssFA &ttt Chung 5

2

Hydrocarbon 24 EM

E 2esdyg Fo] &A=
0] w9~ Yro}A] hydrocarbon 415 O]%@' Ho”\

5 3l Ao e ALttt o)A
oﬂ,] Z A} 3]—\’—'/1:_/] BxAx} zlx] 7(]-—‘.1—_14',] ﬂo%

g 9] FeFo] YEgtoy, £3 Fof Aol x
HEHA ZATHA0). FHA] KA o] Aol palmitic acid,
stearic acid, docosahexaenoic acid(DHA) 52| A|Wito] &
o] frEo] Ak ol g Agtel WAMAE ZAMAIZIH
ZA A carbonyl groupd] a 49 B A 93 01]/\1
Aol oA o] ARt ghAaFrE I(Co) A A
U 270(Coo) AL HA F A SAX o] A2 o] T A
2 7}2 hydrocarbon#7} A B TH24). =, palmitic acid=
-] pentadecane™} 1-tetradecene, stearic acidZ%E hep-

=4

-

tadecane®} 1-hexadecene, oleic acid=%E] 8-heptadecene
3} 1,7-hexadecadiene, linoleic acidZ%- B+ 6,9-heptade-
cadiene¥} 1,7,10-hexadecatriene©] A ¥ t}. ©]# 3 hydro-

(29)2 W3S FUAFS 7% TL ratio”} 01022 FERSE carbonsE A SHA HW Akl 3HtE AFS] WAz
pentadecane
heptadegcane
hexadecane
L Fig. 2. GC/MS chromatogram of gam-—
bt PPV O NS [ |0 v | : ,MA_.OL}[ Al A AN /\LA /- ma-irradiated cooking drip of Thunnus
4.00 5.00 6.00 7.00 8.00 .00 1000 1100 12,00 1300 14.00 thynnus at 10 kGy.

1-hexadecene
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A ARE AT = Aok AP RAM ] A EE hy-
drocarbon® % palmitic acidolA =% pentadecane®
stearic acidol A =¥ heptadecanee 71425 E &
A & A5 B3, S AFFTHAHAAME 2K T
7% oleic acidellA 2l ¥ 8-heptadecene(Ciz1), 1,7-he-
xadecadiene(Cig2), 28] 22 HE2] 49 1,7-hexadecadiene
(Cis2)RFo] WA ZAL AR E S wpAZHN AHEHETHED).
Fig. 20149 Zo] FA A&de] 10 kGy ZAFFAAE
pentadecane(Cis9), hexadecane(Ciso) 2 heptadecane(Ciz:)
ol AEH Yo, AHrA <l 8-heptadecene(Cizi), 1,7-
hexadecadiene(Cis)2 Q1= A 2%t Lee 5(32)2 A
A&l o gk FEE2] AWt 248 myristic acid(8.03%),
palmitoleic acid(3.00%), palmitic acid(53.29%), vaccenic
acid(10.06%), stearic acid(22.32%) % docosahexaenoic
acid(5.30%) 83 B3t AT oleic acide &%10] F
A grgkom o] ZRE] WAL ZALY BHEE 95 BolHQ]
hydrocarbon{] 8-heptadecene(Ci71), 1,7-hexadecadiene
(Cip) AAEA G2 A= AR HT} o]2lg AHZFH
A AR b AL &1 W 0 24 hydrocarbon
A& 713t A ftha AFEEATH

o ok
i) =

FoF A& A o] A AR W] 3] £ A (PSL,
TL) & 8183 (hydrocarbon #4) A A1E-& Y3} T
10 kKGy7hA1 9] ek 2AE A 89 A449S PSLH O 2
ZA59S u, ZE A& YA 260~5102] photon counts
5 UEtd o] A& o] WA AL o F9] ] HhH O 2 A
PSLS A& 7beAo] ol AR H AT F4F A
TLHS 288 27 & 2 Fo] A5 F5
3t Apaz Aol A 150~250°C Y AN A EA3 glow curve’}
e o B3 PAM AL RS 1t &) 75
g Aolgta Atz Eth FA AHHe
ol&] f# & +E hydrocarbone AEH A Fsret), o= I
2 74goA FaE R oA e A& vhe Ak ke
T As FA ] e o g A4t 230l BIESE Aol
a1 AR E T
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