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Analysis of Radiolytic Compounds of Lipids for the Detection of
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Abstract

Radiolytic compounds of lipids, as hydrocarbons and 2-alkylcyclobutanones, were determined to detect the irra—
diated dried Mytilus coruscus. The detection methods were composed of fat extraction by Soxtec apparatus from
dried Mytilus coruscus, isolation of hydrocarbons and 2-alkylcyclobutanones with a florisil column chroma-
tography and identification of GC/MS. Concentrations of the radiation-induced hydrocarbons and 2-alkylcyclobutanones
increased with the irradiation dose. The major hydrocarbons in irradiated Mytilus coruscus were pentadecane and
1-tetradecene originated from palmitic acid, and heptadecane and 1-hexadecene originated from stearic acid.
2-(5'-Tetradecenyl)cyclobutanone of 2-alkylcyclobutanones was high relatively. The radiation-induced hydrocar—
bons and 2-alkylcyclobutanones from dried Mytilus coruscus were detected at 0.5 kGy over and not detected at

the non-irradiated.

Key words: Mytilus coruscus, hydrocarbons, 2-alkylcyclobutanones, florisil, GC/MS

M oE

WA Zabs AlES] A2 At A4S
7171 13 Atd A 71e = A =gl e w, 3} ethylene oxide,
methyl bromide, ethylene dibromide, phosphine S-3} 72 A
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U Adfas 2362 9l AlEd &3 radical s 4 3=

electron spin resonance(ESR)¥HH (13-16), Al 8 7 FokA)
T 5ol &= 7714 E o438 thermoluminescence( TL)H
H(17-19)9) o], 8] DNA comet assay(20) =3 -2
g So] odtE gl

A Fe) A ZAR FERE F8 AEAE F hy-
drocarboni % 27a1kylcyclobutanone-?r—‘:— Nawar(21)¢} Le-
Tellier 5(22)°] WA 2AHE Aol A Aok Bogh
o] F, ool gt A-F-Eo] Al A= 1 gl.2m 53] o] 5 A
sy 240 k93 2E3E F5he] WA ZAME
o2 gg3by] g A5l A= AUTh23,
uh-g- 5l Q)= §-7(25,26)
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B A A48 A2 Az E3to 2 T YAl
W A 10% Ciel ¥Co 2ol ZAMA AL o]g3te] A7}
25kGy Al#&= 7471 05,1, 3,5 2 10 kGy?] & F5A13S
HEE 2Abslgl on, Fpalgke] 3 £0.02 kGyol At}
o] & ¥ 2 A 89} Pl -18°CR WE AAshaA] A
o} ARg-hsdc}

Alek

B Aol AHERE BE Aok 2 A pEef4kE4Ql hydro-
carbon§-2} 2-alkylcyclobutanone#¢} standard= 7= Sig-
marte}l 5 TeLAAREHE] )8} onf, 2]9h5% 2 chro-
matographyl| Al-4-& n-hexane % -#7]-8-7]= HPLC grade
402 F938}4], o] F 2] wire spiral packed double dis-
tilling(Normschliff Geratebau, Germany) A2 . 2} 283} 7]
& AH8-3F9dt). Florisii(60~100 mesh)-2 Fisher Scientific
(USA) AEF& F-3i3ked 550°C 33tz oA 31531 ef-g 5
desiccatorell 4 W& ¥ hydrocarbon®& 22| 5}7] ¢35}
3% &%, 18 7 2-alkylcyclobutanoneH-2 28] 5}7] 338}
20% &= 713t 20+ F3F TASSET 124]7F oAb wbA] &
EEASAA FAAZ ALLsigict

Soxtec 7|7|& 0|83t WA ZTALE E8tol X|utx=

ZAMAEE A8 5 g3 NaxSOs5 E38ted o}-2A thimble
o] Y ¥ Soxtec HT2 #2|(Foss, France)o}A] 9F 50 mLe) &=
Z-8vl n-hexane2 extraction cup®l| 7}8}1 extraction unit
o ol Auk-g F&slgdn} A rE22 rinsing ¥ boiling
SAS 252 2 1A 8}, solvent recovery7hA| 458-0] 4
L= %492 rotary vacuum evaporator(Biichi,
Switzerland)2} Ny gasE o]-4-3led 553 3 JEX| A3}
Ay Aag Ahgsigc

Hydrocarboni=2| £2|

E244 31417 florisil 25 g2 200X 20 mm chromatography
columnel] FA g ¥, 323 2|4} | goll A =kEA-2 ¢ inter-
nal standard®4] 1 mL n-eicosane(4 pg/mL n-hexane)& 3
7}t columnell 7}&+ 5 60 mL n-hexane & 48] 40 2 3}
hydrocarboni-& &2 3}it}. o] £-2]-8-v)+= 335 mBare} 40°C
Z713} A rotary vacuum evaporator3 ©] 43} 2 mL7HA]
F5 F 05 mL7HA] AR FEsle] GC/MS £47]715
o]-8-3}e] EAMstgict

2-Alkylcyclobutanone®e| 22|
E8A 3] florisil 30 g-& 200X 20 mm chromatography

A LR T EREE S

columnell 438 ¥, 53 AW 0.2 gofl HFEA L 93
internal standard24] 1 ml 2-cyclohexyleyclohexanone(l ng/
mL n-hexane)& A7}sted columne] 713 ¥ 150 mL n-
hexane €2 £-2]%F 3 120 mL 2% diethylether/n-hexane
£ g-a]-4v] 23} 2-alkylcyclobutanone®= #2] 3ttt of
£2]-8vl 3= 335 mBar2} 40°C Z7A 8}l A] rotary vacuum evap-
oratorg °|8-3l9 2 mL7HA F&5 F 02 mL7tA Aa2
53t GC/MS 471718 ol-&8le] £ sbsich

Hydrocarbon®2| GC/MS &4

AZFEA o A}2-3 GC/MS #47]7]+ Shimadzu GC/MS
QP-5050(Japan)& AHS-8}91 2.9 ] 8.9 o] 23}= electron im-
pact ionization(ED) WHH e 2 st} GC/MS #2414
ionization voltages 70 eVE 3}9 3L ion source temperature
= 250°CE shgivh =3 B8 Ex13ke] WSl (m/2)& 40~
35022 dAstgd el Capillary column- DB-5(30 mx0.32
mm i.d, 0.25 um film thickness, J&W, USA)E o]&-3}sit}.
&% program-< 60°Co|A] 170°C7+A] 25°C/min £ 52, 205
C7HA 2°C/min =2 5247|134 10°C/min £ 2
270°C7hA] =2 A7t} Carrier gast heliums AH&-3}5 2
f4-2 1.0 mL/min. 2 341t} Hydrocarbon® #4123 $13)
A A8 1 uLE F93LT split ratio= 1: 2022 3}o] X-&
2% E9F splitless 3t

Hydrocarbon$+ total ionization chromatogramel] #&| %
7t peak ] A8 B4 Astel FFEEA ¢l 1-tetradecene(Cian),
pentadecane(Cis0), 1-hexadecene(Cig), 1,7-hexadecadiene
(Cis2), 1,7,10-hexadecatriene(Cie:3), heptadecane(Cizo), 8-
heptadecene(Ci71), 6,9-heptadecadiene(Ci72)8] Ao £JgH
mass spectrum % retention time-& ¥] ®3to] Zlslg] on
internal standard2 %7}l n-eicosane-$ o-8-afo] A =fsldct.

2-Alkylcyclobutanone® <l GC/MS 24

Az EA ol A8 GC/MS #41717]+ hydrocarbonF- &
A3t 2olsly jon source temperature: 270°CE st
2% program-2 120°Cell 4] 1 &<} #7313 15°C/min 4%
2 160°C7HA), 05°C/min 4 %2 175°C7HA], 30°C/min £ =&
290°C7HA] &A1 7150 108-7F -2 8t ¢d k. Carrier gas+ he-
liums AMS-sFH o, §4-2 1.0 mL/minZ 3}t Al8e 2
ILE F4)3}5 2 split ratior 1:2200.2 3] A8 18 54t
splitless 3l3ct.

2-Alkylcyclobutanonefe o2 2A3l7] 93t
GC/MS2] selected ion monitoring(SIM) ¥ o] &-3sich.
2-Dodecylcyclobutanone(DCB), 2-tetradecylcyclobutanone
(TCB), 2-(5’-tetradecenyl)cyclobutanone(TECB)3} 22 &
FE-% 0.1~10 ppm(pg/mL n-hexane) 2. & ZA| 38} inter—
nal standardq! 2-cyclohexylcyclohexanone2- 1 ppm %7}
HEE st 2F AFAE A3 ch

2-Dodecylcyclobutanone} 2—tetradecyléyclobutanone%
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lon m/z 98, 112&, 2—-(5'-tetra- decenyl)cyclobutanone-& ion
m/z 67, 81, L2} 1 internal standard+ ion m/z 98, 70, 832
A st 5B 319] retention time#} ion ratioE W&, &
qlsle] A =kalgdnt o1 E 2-alkyleyclobutanone 2] mass spec-
trum GC/MS9] full scan mode®. £4jsto] 2halslglct.
R EY

ZAz% F3re] A)utell= palmitic acid, stearic acid, oleic
acid, linoleic acid, eicosapentaenoic acid(EPA), docosahexaenoic
acid(DHA) 5-0] %o] &5 ¢] slct. o]=]qt A uhakel] wbabAl
& A, S A9 carbonyl group?] o BH4 o) pEkA
Aol A Aol BolA el AutatE ) ka7t 17H(Chnt)
AAY, 270 (Cop) A oA A HA &F4 9 2] of] 28 0] 5A
& 7B hydrocarbonirt A =9 (21), cyclic 385
2-alkylcyclobutanone 7} Al ¥4ko) v} triglyceride® carbonyl
7)ol EA s At ZRE] Az} £Ao] doid H, = 2 Ak
FA F2FE 7R G $ A o alkylZ | S 744 St e R
A= eH22). Palmitic acid®4#-€] pentadecane(Ciso) 3 1-tet-
radecene(Ci41), stearic acidZF¥] heptadecane(Ci70)3 1-
hexadecene(Cie1), oleic acidZ%E] 8-heptadecene(Ci7:)3
1,7-hexadecadiene(Cisz), linoleic acidZ¥-¥ 6,9-heptade-
cadiene(Ci72)3} 1,7,10-hexadecatriene(Cigs)e] XA Ho] &l
% ¢ler, EPA®} DHACIA 43 =)+ hydrocarbon$-& stan-
dard B 2] FA & Qste] FA L 5 §AA o] 5 9]ol o}
hydrocarbon-2} & wlastr] ¢4 2k A| &=t} 0~10 kGy
7hA] AL -E 2ARAA 1 ok A Bkl 2-Alkyleyclo-
butanonef+= palmitic acidZ¥-8] 2-dodecylcyclobutanone,
stearic acid2-E] 2-tetradecylcyclobutanone, oleic acid = %-
€] 2-(5'-tetradecenyl)cyclobutanonec] A= =d] o5&
137t 98kl GC/MS full scan mode?) total ion chro-
matogram(TIC) el 4] 942 mass spectrumS H) 3L3}4] o™, SIM
modeell 4] 2t g Al o] 8310 Auksle] wjmalgict.

2

bon®

$3-2 o}eke] EPA2} DHA 9| el palmitic acid”} e}2F 244
237, 17 9 oleic acid, linoleic acid®} stearic acid7} 8] <=
Fef o 2 ghfrmlo} gt o] 9} 7+ B3] Aukil Ao
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o)3}ed 7}7+9] hydrocarbon®7h A& st Fig.
2 vjzAL g 10 kGy 24 Fgoll A A4 =R hydrocarbon
2] chromatogram-$ vebifl Atk Nawar(21) ol 2] sl A A= v}
AL Zatel] 97 A M3 pattern® 5L 3HA] B2 hydro-
carbon®7} AEEglow, Watal AR e o2t hydro-
carbon$+-2] ofeo] Z7}slivH(Table 1). 221} XA 24 A}
o] ¢l 7] alsle] B AP BA A2 ZF7+9] hydrocarbon$F
9 ke e A A ol 2wl x|, Havl
0] $5(28), A 5.(29), 22 3 o] 7FA] o} & A1 F(26,27,
30)ell A = #Hele <= glde}. Co-r hydrocarbon$7}t Ca-z hy-
drocarbonF B e} o] £& ko z YA =gl o, o] e
A2 HE] XAk o -'hA: )] ol o] AAdEo] p-'EA 9]
Ao duch A Jebdg & = s
1-Tetradecene, pentadecane, 1-hexadecene, 1,7-hexade-
cadiene, 1,7,10-hexadecatriene, heptadecane, 8-heptadecene,
6,9-heptadecadiene= 0.5 kGy ©|At ZA1E E3AI 504 =
T A% ksl o, vlEA ARl Ae glEA] et
Palmitic acid=+¥] A% pentadecane®} 1-tetradecened
8] 223}91 & u), pentadecane®] ¥]2A F2 FaFg vehi
o1 Co/Co-22] ratios H 1453 1, o2 x]dk4kell A A
=& hydrocarbonfoll Bisled 2 g XA et
Pentadecane} 1-tetradecene> ZAMd 3ol wha} Z7}she] o
| linear regression®] r= 2+7+ 0.8037} 0.883¢1 1 t}. Stearic
acidollA] 8-2&t heptadecane™ 1-hexadecene %3} hepta-
decane¢] ¥]2# =& kS 21x]3}4] .09, palmitic acidel]
A} A4 51 hydrocarbon-2} ¥l5e& §=k8 eblisieh Hepta-

H
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Fig. 1. Chromatograms of radiation~induced hydrocarbons in
non-irradiated and 10 kGy irradiated dried Mytilus coruscus.

Table 1. Effect of irradiation dose on radiation-induced hydrocarbons in dried Mytilus coruscus (ng/g fat)
Irradl(akté);) dose Cia1 Ciso Cis1 Cis2 Cie3 Cizo Ci71 Cirz

O - — _ — - - _ _

05 02510057 0.42%0.03 0.25£0.03 0.15x0.02 0.16x=0.03 0.40x0.03 0.34%£0.03 0.22+0.03

1 0.58*0.04 0.77£0.04 0.39£0.03 0.21£0.02 0.21+0.02 056£0.04 0.49+0.07 0.38£0.04

3 0.72+0.03 1.04£0.04 0.61£0.03 0.30£0.02 0.36%0.02 0.87+0.03 0.59%0.03 0.55%0.03

5 1.00x£0.06 1.34+0.03 0.84%+0.02 0.35%+0.03 0.47%0.02 1.14£0.03 0.89%0.05 0.88%=0.05

10 1.394+0.08 1.62+0.06 1.05%0.04 0.52%+0.02 0.66=0.04 1.66%+0.05 1.20£0.06 1.19+0.05

UMean+SD.
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decane-& pentadecane™} A1 &Hekg vef|3] 29, 1-he-
xadecene<- 1-tetradecene ®.th 2F7t A &= At Hep-
tadecane/1-hexadecene®] ratios 3t 1.482 Cn-1°] Co2 hy-
drocarbonF-2.t} %A Jelytrh Heptadecane®} 1-hexade-
cene?| linear regressiond] r’= 0.9159} 0.866.2.2 whalAl 2
AR ko] Frhgtell wat 2b7h Ao Axdew AAES o
% 9J9dt} Oleic acid=5F A4 =+ 8-heptadecene®} 1,7-
hexadecadiene2 Cu-1/Cn-2 ratios Ha 2282 Cp1 hydro-
carbon®7} S Vet o, 1 7-hexadecadiene”} v] 24
& gepo 2 gl o)A Cpoi/Co ratio?} thE Al AT R T} 32
A Vdebdg o 5= 9l9lr}l. 8-Heptadecene® 1,7-hexade-
cadiene®) linear regression®] r’& 77} 0.883% 0.8762.2 %
AP 2kel) whe} 2718kl ek, Linoleic acid 258 AA = &= 6,9-
heptadecadiene®} 1,7,10-hexadecatriene2 oleic acidell 4] A
43 =) & hydrocarbonF-9} 8] 528 ek o2 Fal= o e, G/
Cae ratior 37 1.68-& Yelo] o] & =38 Coi0] Coz hy-
drocarbon -2t} ¥ kS AR 3pg]on, A o
2 A3k linear regression®] r'E 7H2} 0.925, 09122 712
Ao g Zrhgte] gl At

A o2 T3 WA A7 S W A == hydro-
carbon¥ ZF7F WAL ZAL oA 4-F 0 # 3l marker
24 F84go] F AR AAHt

H=Z ZgtollA] AL Al 2lsl| MMEE= 2-
alkylcyclobutanone®

AL A4S AR B¢ o 2 RE §- 53 2-alkyleyclobu-
tanone-5 SIM Hh of] 28l A= 2443k A= Table 2o et
W3, vzl B 10 kGy 2 24H A= 339 chromatogram
2 Fig. 2¢l) vehfioleh. LeTelliere} Nawar(22)ell ol #5131
2-alkylcyclobutanone & B8+ WAL ALl o) 8 =€ hyd-
rocarbonFe} Zo] FAM =k wle} d=F WskE Bl

71z 289] palmitic acid, stearic acid®} oleic acidell 4] 2§
A=l 2-dodecylcyclobutanone, 2-tetradecylcyclobutanone ~
8] 7 2-(5' -tetradecenyl)cyclobutanone2 7<) B4’ &=
o2 A&= Q) 1 kGy oA FAF Al BoljA] 2-tetradecyl-
cyclobutanoneo] 8] %A o2 eks ARzl o, 2-(5'-

Table 2. Effect of irradiation dose on radiation-induced 2-
alkylcyclobutanones in dried Mytilus coruscus (ug/g of fat)

tiTnacjilgse 2-Dodecyl-  2-Tetradecyl- 2-(5'-Tetradecenyl)~
(kGv) cyclobutanone cyclobutanone cyclobutanone
y
0 — - .
05  001620.004" 0.019t0.005 0.014£0.002
1 0.026+0.005  0.023=0.003 0.048+0.004
3 0.04610.003  0.041=0.004 0.069+0.008
) 0.056+0.004  0.075%0.004 0.080£0.007
10 010410006  0.096+0.005 0.121£0.010

"Mean=* SD.
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Fig. 2. Chromatograms of radiation-induced 2-alkylcyclo-
butanones in non-irradiated and 10 kGy irradiated drid Mytilus

coruscus.

tetradecenyl)cyclobutanoneo] ©j3-# =4 el 2-
Dodecylcyclobutanone, 2-tetradecylcyclobutanone o A=11A
2-(5'-tetradecenyl)cyclobutanone-&- BFAMA ZAFAL ko] F7}
goll whel Freko] ¥ vhehtar 91w, 742 linear regres-
sion?] 4= 0.970, 0924 12| 3. 0.880.2.2 7 o] A AAFe] 4]
F B3 itk

A% T3 A 242 o A4 S 2-alkyleyclo-
butanone& & 2-dodecyl- cyclobutanone, 2-tetradecylcyclo—
butanone® 2-(5'-tetradecenyl)cyclobutanones- 0.5 kGy ©]
A 2AAZ) AR A% PSR, HEAL ARAAE

se157) sk
2 o

AzE Ege v A A AAIE hydrocarbonf5
22517 $)8le] Soxtec 71718 o] &3te] Auks FE3 H,
florisil column chromatography3ti-2-m, GC/MS #4717 =
AE-& glsladct 05~10 kGye AsPEE AR A2
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o = kARl ZAbel &3] A4 hydrocarbon ZH7+e] ek
o] th=A Ak odch AxH 3t whalAl 2Ale) o & A
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