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ABSTRACT

Analysis of Gamma-Irradiation Induced Hydrocarbons

in Dried Marine Products

Choi, Sung Hwa
Advisor: Prof. Kim, Kyong Su, Ph.D
Graduate School of Natural Sciences

Department of Food and Nutrition, Chosun University

This study was aimed at analyzing the hydrocarbons induced by gamma
irradiation of dried marine products (mussels, filefishes, shrimps). The samples were
irradiated at 1, 3, 5, 7, 10 kGy doses of gamma-rays.

The fat content was extracted with n-hexane and the hydrocarbons were separated
by both solid phase extraction and florisil packed column, and identified by gas
chromatography-mass spectrometery (GC/MS).

When triglycerides were irradiated, hydrocarbons formed from each fatty acid. Two
types radiation—-induced hydrocarbons was detected from dried marine products. First
hydrocarbon type had one carbon less than parent fatty acid (C,-1). Second types of
hydrocarbons were having two carbons less than parent fatty acid and additional
double bond formed at first carbon position (Cp-s).

The major detected hydrocarbons from all types of dried marine products analyzed
were pentadecane (Cis) and 1-tetradecene (Cys1) from the parent palmitic acid they
contained. The ratio of hydrocarbons separated by florisil packed column was high
compared to that by solid phase extraction cartridge. The concentration of C,
hydrocarbons products were found high than C,-» hydrocarbons. Therefore, it was
concluded that the detected hydrocarbons could be good marker compounds to

determine the irradiated and non-irradiated dried marine products.
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Table 1. List of food items permitted to irradiation across the world

Country Food item No. Country Food item No.
Belgium 10 Turkey 92
Brazil 16 Syria 16
Canada 7 Thailand 26
Chile 18 Russia 52
China 22 Argentina 13

Denmark 2 England 51
France 38 USA o6
Hungary 13 Yugoslavia 23
Czech 2 Japan 1
India 23 Vietnam 5)
Israel 42 Bulgaria 18
Italy 2 Indonesia 22
Mexico 102 Philippines 3
Netherlands 20 Spain 2
South Africa 80 Korea 26




Table 2. Approved irradiation dose limits for wvarious food items in

Korea
Food/Product Dose max.(kGy)
Potatoes, onions and garlic 0.15
Chestnuts 0.25
Fresh and dried mushrooms 1
Starch for spiced food 5
Dried meat, fish and shellfish powder for
processed food ingredients !
Soybean paste powder, red pepper paste
powder and soy sauce powder !
Dried vegetables for processed food
ingredients !
Yeast powder and enzyme preparations 7
Aloe powder 7
Ginseng products 7
Sterile meals for hospital patients 10
Spices and dried vegetable seasonings 10
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NBE 1A% &3 (Mytilus coruscus), A% F X (Thread sail
filefish), A% M-¢ (Penaeus aztecus)®X, &iHs & x A 97, oF, #4+

H
S ogoR JbY 2vt Be HFS Heste] AR AEFAT

w AR A

ot

Algel AHER Azt B F9A debeel AAR weite eEAEelA
_‘|

T FAskel gvhd AL F A @l A
R

Aol A AxFAES AS FFUAE AT A FEA A4 “Co
A ZARA A (A 109 Ci, IR-79, Nordion International Ltd., Ontario, Canada,
100 kCi)-& o]&3le] At 25 kGy-/] AFEZ 2472+ 1, 3,5 7 2 10 kGy-J
FrAdEe] HEE Ao FFAEe] o= £ 002 kGyolAth oW &
A &2 Cellulose triacetate(CTA) dosimeter® Q1 & Ao AL-83}9 0}



B AFg3 BE A9k 2 hydrocarboni 9] standardi: W= Sigmail$}
54U TeLAAZFEH  FYstden, AW5F= 9 chromatographyel] A3k
n-hexanes 7|8l HPLC gradeg8 o2 F3slo], ©o]& UvHA] wire spiral
packed double distilling (Normschliff Geragtebau, Germany) & * 2 A 5F3 A&
AFS-3F . Florisil (60~100 mesh)2 Fisher Scientific(USA) A% T Y3t 55
0cC ﬂﬁiﬂ]/ﬂ 3EAY ¥ F desiccatoroll A WY & 3% =2 7}ste] 124]
b ool WA F B2t AA AR ARSI

m10 mlo

3. ¥£47]7]

7b w24 dEdaE AT a O YCo Zub A
A SH7*] ¢ Wire spiral packed double distilling apparatus
(Normschliff, Wertheim, Germany)
t}. Soxhlet
2}. Centrifuge : Centrikon T-324 (Kontron Instrument, Italy)
v}, Evaporator : Rotary vacumn evaporator (Biichi)
v}, Gas chromatography/Mass spectrometer :@ Shimadzu GC/MS QP-5050
equipped (Shimadzu, Japan)
A}, Capillary column : DB-5
(J&W, 30 m x0.32 mm i.d., 0.25 gm film thickness, Folsom, CA)



A2 d AFEH
1. vk A A8 AW F2

7}, Soxhlet 71718 ol @ Aok TAFR Az SR AMERE
ZAAFHZ A7 10 g NagSOsE EF3ste] th3A thimbledl Y3l soxhlet™
2ol A oF 50 mLel FE-Ev n-hexanes 7}etd] AWE FEHUT FEEALS

rotary vacuum evaporatorg °©]83sto] FHAIZ H Ny gasgE ©| 83t ThA|SHA

=T F -18Tl Aol A4F Alg= AFEEH3
2. ZAmtA ZAbe 9 & AMAE hydrocarboni 9 #3
7}. Florisil packed column®l ¢]3%F hydrocarbon# ¢ 2
(1) Florisile] &</ 3}

e 2=AbE A BolA FE8 Ao ® BE hydrocarboniE HElet7] 9]8ko]

florisil packed column chromatography & <33}l

Florisil 550C 3]stz A 374 3|stAA d&ES AAstL AMEst7] A
130 Col A 5AIZF o] thA] &4=3}9] dessicatoroll A Wt & hydrocarboniF & #
gtz f18l 3% (w/w)e SFTE 7hete] d A3 F dael 12A17F WA st &

g std florisils FAZ AFE3HS
(2) Hydrocarbon<] &2
3% STz 2ZA4IANZ florisil 25 g& 200 x 20 mm chromatography
=

, A5F3 n-hexanes &8 8vZ 35l 3 mL/min® F&5o=

A ROA FEE A 1 gol AFEAS 96
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internal standard® n-eicosane (4 ug/mL n-hexane) 1 mLS 7FgF & 30 mL
n-hexaneg €882 3t 3 ml/min® §% 22 hydrocarbonF& #7359t}
4241l rotary vacuum evaporatorg ©]€3to] 2 mL7MA] F%3 T N, gas”]

F ol 05 mL7HA sE38tel GC/MS B4 A 82 A&l
L}, Solid phase extraction cartridgeE ©]-8-3+ hydrocarboni+2] +

Florisil 10 go] <% % solid phase extraction cartridgeol] 32} <33 n-hexane

50 mL % conditioning 3+ ¥, internal standard n-eicosane 4 ppm %2 1 mLe}

FET AT 1 g9 TFEAE FAeA 2187 n-hexane 30 mLE 23 &

il

evaporatorl A 2 mL7}A €S A At Ny gas 71 F stell A 05 mL7bA] 53

- GC/MS 71719 &4 7= AFESFATHES).



3. ZAmtA ZALe 9 & A E hydrocarboni & #4

7F. GC/MSol 2] 3+ hydrocarboni2] 4

Hydrocarbon# ¢ A #EA o] Alg3F 7|7]+= Shimadzurl GC/MS QP-5050<& A}
gt om, A 2o o]23}+= electron impact ionization(El) WOz #&Sch.
GC/MS £21%712 ionization voltageE 70 eVZ 3} 3L, capillary column< DB-5
(30 m x 0.32 mm id., 0.25 um film thickness)Z ©] &3ttt &% program< 60T
ol 170C7HA] 25C/min =2, 2056C7HA 2C/min $E2 & A]7]a tA] 10T
/min £E5%2 2710C7HA] 5 A#HA S, injector®t detector?] &=+ Z+Z} 2507C,
200C ©]At}t. Carrier gas= helium= AFE3t9 3, 52 20 mL/min® 2 3fo &
Atk AEE 1 wWE FYSAaL split ratiors 12022 ko] A& 28
splitless3} 91 tF. Hydrocarbon+ total ionization chromatogram(TIC)o] &% Z}
peak¥} standard® Z 9] retention time ¥ mass spectrum< B ul&}e] FQlale] o,

internal standardZ ©]-&3}to] hydrocarboni+¢] A =S A akslct.
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Table 3. GC/MS operating conditions for identification of radiation-induced

hydrocarbons
Column DB-5(30 m x 0.32 mm i.d., 0.25 um filmthickness)
Carrier gas Helium(2.0 mL/min)

Temp. program 60C-25C/min-170C-2C/min-205C-10C/min-270C

Injector 250C, split ratio 1:20(0~2 min splitless)
Temperature Ion source and interface 250C
Ionization Electron impact ionization(EI)

Ionization voltage 70 eV
Mass range(m/z) 40~350

Injection volume  1uf

Y. Hydrocarbon#2| =%

Total ionization chromatogram(TIC)e] E&]¥ 2z} peake AHEEA LS mass

]

spectrum ¥} 2] dx 2 =242 1-dodecene(Ciz1)  1-tetradecene(Cis1),
pentadecane(Cis0), 1-hexadecene(Cis1), 1,7-hexadecadiene(Cis2), hexadecane(Cigo),
8-heptadecene(Ci7:1), heptadecane(Ci70)2] mass spectrum % retention timeS H| Xl
sle] sHelslel o™, internal standard=4] H7FE n-eicosanes o] £3te] A a4

.
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Table 4. Fatty acids and their product hydrocarbons by irradiation

Hydrocarbons
Fatty acids
Cn—l Cn—Z
Myristic acid Tridecane (Ciso) 1-Dodecene (Ci21)
Palmitic acid Pentadecane (Ciso) 1-Tetradecene (Cis1)
Stearic acid Heptadecane (Ci7o) 1-Hexadecene (Cig1)
Oleic acid 8-Heptadecene (Ci7:1) 1,7-Hexadecadiene(Cig:2)

t}. Hydrocarbon#¢] Validation
(1) Hydrocarbon®9] 7 =2 2 AaAA 4

Ao Akl e} fi®l  hydrocarboniiel AHFEAME  fdte] wEEA
1-dodecene(Ci21), 1-tetradecene(Cis1), pentadecane(Ciso), 1,7-hexadecadiene(Cis:2),
1-hexadecene(Cig1), hexadecane(Cigg), 8-heptadecene (Ci7:1), heptadecane(Ci7)S 0.1,
05 1, 2,5 283l 10 pg/gd s== AZFNS A, 474 -4 A4%

AL = S
#A5E 459
(2) LOD, LOQ ¥ 34& XA}
EEEE o]g3sty AE3IANOD)S AZEFIANOQY)E =A%t LOD= 103

N Zgstel EEAAE 3 oo ol LOD ¢S TEEOM, LOQE E

Aol 209 o3, ATAo] 80~120%2) £AL W=

Q- = hES
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Dried marine products
|

Irradiation

-Gamma beam at a dose of 1-10 kGy

Fat extraction

Isolation by Isolation by
Florisil packed column Solid phase extraction
- Conditioning of florisil packed column with

n-hexane

- Loading of 1 g fat in 1 mLLS. (n-eicosane
4 ug/mL hexane) to LC packed column
chromatography

- Isolation of hydrocarbons with n-hexane

- Conditioning of solid phase florisil cartridge

with n-hexane

- Loading of 1 g fat in 1 mL LS. (n-eicosane

4 ug/mL hexane) to solid phase florisil

- Isolation of hydrocarbons with n-hexane

Concentration

- Concentration to 0.5 mL by rotary
vacuum evaporator and N, gas

GC/MS

Fig. 2. Analysis scheme for radiation-induced hydrocarbons in irradiated

dried marine products.

_14_



4. FA A=

AT o+ TR YER L, TAH f94
2] (one-way analysis of cariance)= 3 & p<0.05 FFolA]

sto] = AAs

_15_



A3FAIEyY H 23

1. Hydrocarbon®# EF&E329 GC/MS 4
7F. GC/MSoll 93 hydrocarbon® E+%72 4

Azxgbze] #Avbd FAbel o8 AAH®  hydrocarbon s <18t ¢35t
myristic acidZ2%8 F%%¥ 1-dodecene(Ciz1), oleic acid(Cigp)ZFH HFEH=
8-hetadecene(Cy71), 1,7-hexadecadiene(Cis2), palmitic acid(Cigo) ZFH FE3+=
pentadecane(Ciso),  l-tetradecene(Cis1),  stearic  acid(Cigo) Z4H-H Sry=
hetadecane(Ci7.0), 1-hexadecene(Cis1), heptadecane(Ci70)el X+=EHS AHAH

n-hexane®l| £33t A3 & GC/MSZE &4 tH(Fig. 3).
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Fig. 3. Total ion chromatograms of hydrocarbon standard mixtures by
GC/MS analysis.

Table 5. Retention time of hydrocarbons by GC/MS analysis

Peak No. RTY MF? Compounds name
1 4.36 Ci2101) 1-Dodecene
2 5.65 Cra1 1-Tetradecene
3 6.58 Cis0 Pentadecane
4 7.42 Cis2a,7) 1,7-Hexadecadiene
5 7.60 Cig101) 1-Hexadecene
6 7.63 Ci60 Hexadecane
7 9.20 Cima 8-Heptadecene
8 9.41 Ciro Heptadecane
LS 16.18 C200 Eicosane

1 . .
) Retention time

2 Molecular fomular

_17_
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Fig. 4. Mass fragments of standard hydrocarbons by GC/MS analysis.
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%

we 4 P
750§
500§

plt

Gl L

o

b

Hexadecane

%

1000] &
7504

] 7
86

0]

QGE I. I..l!l .'I

B 10 18 1

500

¥

B0 M0

1-Heptadecene

%
10, ¥
7 7
5)
5
0 |I I.IﬁlI ."l.ll
500

Eicosane

750

%
10, ¥
& I
5
X5
0 I DU AU EUUE
50

1000

;o
i 1

h 1'.55. )

197 20

1250 1500

B0 Mo

Fig. 4. continue.

_19_




2. Hydrocarbon#® 2] EFA %A A 9 3JAEY

7Zhabd A e 98] % %E hydrocarbon$ o A HEHEAS sl FEEF
1-dodecene(Ci21), 1-tetradecene(Cis1), pentadecane(Ciso), 1,7-hexadecadiene(Cig:2),
1-hexadecene(cie:1), hexadecane(Cigo), heptadecane(Ci7o), 8-heptadecene (Ci71)< 0.1,
05 1, 2, 5 283 10 pg/gs 22 florisil packed columne] 1 mL& n-hexane 30
mLE &3 % evaporatorol Al 2 mL7FA] &S Al Ast N, gas 7] 5F dholl A
05 mL7HA s5sto] GC/MS &A41ste] ddd 2Adstia 247 =4 244
HAGFE Table 691 LFEFHQITE Regression coefficient (R)E 097 o] 4o & %o
SRS HER Sl

Table 6. Regression analysis of hydrocarbons in gamma irradiated dry

marine products

Hydrocarbons Linear regression equation RV
Ci2i1 y” = 0264 x” + 0354 0.99
Cian y = 0.762 x + 0.353 0.93
Cis0 y =038 x + 0.157 0.99
Cien y = 0.051 x + 0.059 0.97
Ciez y = 0.636 x + 0.159 0.99
Ciso y = 0.093 x + 0.048 0.99
Cim y = 0.645 x + 0.170 0.99
Ciro y = 0.741 x + 0.343 0.98

YRegression coefficient
?Concentration of hydrocarbons (ug/g fat)
Irradiation dose (kGy)



3. Hydrocarbon ¢ LOD, LOQ ¥ 34§ £4

7}. LOD, LOQ

=5
AN
o
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=
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)
rir
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O
tot
rE

Al
& AL A AR TFEES HUEsE & A5
Aok ZAe] o] f-E¥ hydrocarbonit & 2413817 918t UElH FEEH 9

LOD¢t LOQ+ Table 73 %t}

Table 7. LOD and LOQ of hydrocarbon standard mixture

Compounds LOD (ug/g) LOQ (ug/g)
1-Tetradecene (Cis1) 0.01 0.03
Pentadecane  (Cisy) 0.01 0.03
1-Hexadecene (Cis:1) 0.05 0.15
1,7-Hexadecadiene (Cig2) 0.02 0.06
Hexadecane (Ciso) 0.01 0.03
8-Heptadecene (Ci7:1) 0.01 0.03
Heptadecane (Ci79) 0.02 0.06

Y S/N Ratio: signal to noise ratio.

b AR Az ARl Ak AR AS 918k hydrocarboni T &2
= e 2l

1213}l t}. Florisil packed



columns ©] &% g 91% o] =2 3+&S Yl en, solid phase
extraction cartridge® °©]&3F 4Rt} t] %2 34&S YERUIT. A3 += Table

8ol FERH AT

Table 8. Recovery of spiking standard hydrocarbon mixture (10 ug/g) following

separation by florisil packed column and solid phase extraction

(Unit © %)
Florisil packed column Solid phase extraction
Cua1 9364 + 271" 89.15 + 3.14
Ciso 96.53 + 3.89 81.84 = 2.78
Cis2 95.39 + 2.15 9347 + 4.54
Cis1 91.67 + 2.43 89.98 + 3.14
Ciso 94.64 + 3.67 91.42 + 3.59
Ciza 94.23 + 3.67 93.32 = 3.29
Cizo 95.11 + 4.66 3559 + 4.14

"Mean+SD (n = 5).
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4. Hydrocarbon# ¢ A2 E 2 A= A

3% hydorocarbon® EAIMMHO AWl AIEE  =AHslr] 9 5td]
n-eicosane?] FEoA A FEo HigtS 7[A 9 FEE i vlo] WEEE

dehon, guEe

1) S bR oig WHolAFRE xS T Florisil
packed columns ©]&3 7

7} solid phase extraction cartridgeE ©|&3F 74-$¢K

oo e AExs AgeS Jgyglen, 1 A3t Table 99 VeI

f

Table 9. Accuracy and precision by GC/MS

(Unit: %)
Analyte Precision (CV) Accuracy
Florisil packed column 04 + 03" 98.7 + 254
Solid phase extraction 1.2 £ 06 924 £ 431

YStandard deviation(n = 5)
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A2 A Az FAEY Aepd zAG o3 A"

hydrocarbon¥

1. Florisil packed column¥ solid phase extraction cartridge

2= H

#wupd AR 4z 23He] hydrocarboni 4S5 913+ florisil packed column
7} solid phase extraction cartridge® ©|&3le] E8 & H| &S

5 kGy2 ZA3E Azx 535 florisil packed columne o] &3l Eaad H$ &
ste]  FQ  AWAkel palmitic  acid2H%EH 0 5% Chi hydrocarbon¢l
pentadecane(Cis0) % Cn2 hydrocarbong! 1-tetradecene(Cisi)©] 7.18, 296 ug/gl =
gelx 9l o, solid phase extractionE ©]-&38te] E3A S 4-¢ 410, 1.38 ug/g
o7 Foly el =3 florisil packed columns ©]€3t hydrocarboni & #2]3h
A% oleic acid2%¥ 5% C,; hydrocarbon?! 8-heptadecene(Ciz:1)¥ Cnos
hydrocarbon¢! 1,7-hexadecadiene(Cis2)= 1.27, 1.39 ug/go= Q1% oW stearic
acid2 58 5% C,1 hydrocarboni# ¢l heptadecane(Ci7:0)3 Cu-o hydrocarbon+t 2l
1-hexadecene(Cia1) 5.67, 2.82 ug/g= 1=t Solid phase extractiong ©]-§
3te] hydrocarboniE 83 A9 oleic acid2% ¥ F%E% C,1 hydrocarbon?l
8-heptadecene(Ci7:1)# Cn-2 hydrocarbon®! 1,7-hexadecadiene(Cig2)= 1.35, 1.22
ug/go. 2 FelEglom stearic acidZ2HH X%  Cyi1 hydrocarbon¢!
heptadecane(Ci7.0)3% Cn-» hydrocarboni+¢! 1-hexadecene(Cig1)e 4.30, 2.63 ug/go-
2 AT

A A o2 Fig. 69 29| florisil packed columng ©]%3}°] hydrocarboni®& #
23k A o] solid phase extraction cartridgeE ©]&3dto] H23 AR ¢ & 3
9] hydrocarbon7} #£A4EQith o] A WAS 2 K E hydrocarboni #2] W ol
& 3ol o A3z Alsd

web A ek 24 S A% &%) hydrocarbond 418 9sto] A balo & RLE
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hydrocarbon #2]A] solid phase extraction cartridge® t} florisil packed column
< ol &3t FEste Aol ¥ #8&F oE dAdE
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Fig. 5. Comparison of chromatograms of hydrocarbons induced by b5
kGy gamma irradiation of dry mussel following florisil packed

column and solid phase extraction.

Table 10. Comparison of concentrations of hydrocarbons induced by 5 kGy
gamma irradiation of dry mussel following florisil packed column and solid

phase extraction
(Unit : pg/g)

Palmitic  acid Oleic  acid Stearic acid

(C16:0) (Cl&l) (C18:0)

Irradiatio

n dose

(5 kGy) Ciso Cua Ci71 Cie2 Cizo Cis1

Florisil
packed 7.18 2.96 1.27 1.39 5.67 2.82

column
Solid

phase 4.10 1.38 1.35 1.22 4.30 2.63

extraction
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Fig. 6. Graph showing comparison of hydrocarbons induced

by 5 kGy

gamma irradiation of dry mussel by florisil packed column and solid phase

extraction.
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b AR 32 FH A9 hydrocarboni 4S5 913+ florisil packed column
3} solid phase extraction cartridgeZ ©| 83t == v 3t}

5 kGy® FAer dx% FHAE florisil packed columns o] g&3sle] g
palmitic acidZ2%8 F%=%¥ C,1 hydrocarbon?! pentadecane(Ci50)3  Cno
hydrocarbon?! 1-tetradecene(Cis1)©] 39.65, 4.26 ug/gl 2 Q¥ om  solid
phase extractionE ©|-&3te] TS A-F 2340, 256 ug/g o2 SIS =

, florisil packed column< ©] &3] hydrocarbonHF S #23 29 oleic acid=%
B H%% C,: hydrocarbon¢l 8-heptadecene(Ciz1)¥ Cn hydrocarbon?l
1,7-hexadecadiene(Cig2)= 4.21, 143 ug/go 2 &A% o, stearic acid=5E +
=%  Cp1  hydrocarboni ¢!  heptadecane(Ci79)¥  Cn2  hydrocarbon¥ ¢!
1-hexadecene(Cia1) 18.35, 4.01 ug/g= &A= At} Solid phase extractionE ©]-§
3te] hydrocarbon® & &3 4% oleic acid2%¥ %% C,; hydrocarbon?!
8-heptadecene(Ci7:1)¥ Cn-2 hydrocarbon®! 1, 7-hexadecadiene(Cigo)= 2.14, 1.34
ug/go. 2 FelEglom stearic acid=2HH X% Cyi1 hydrocarbon¢!
heptadecane(Ci7.0)3% C,-2» hydrocarboni+$! 1-hexadecene(Cig1)= 11.31, 3.97 ug/g®.
2 A AT} o= Kim 5(42)9] WA ZAMeE AFo] g3 At AT
AR A3E YER AT

$19] 7mbA F=AEE S8t A9l o] HAZOE Fig. 89 #o] florisil packed
columns ©]&3te] hydrocarbon®& #3333+ Z o] solid phase extraction cartridge
E o] g3lo] 2e AT v =& &2 hydrocarbonF /b EAEow o=
WA O 2 B E] hydrocarbonf 32 Wiol wE 34 o A3= AlzHY.

web A ek 24 AF A X9 hydrocarbond 418 9ste] A balo 2 BLE
hydrocarbon #32] A] solid phase extraction cartridgeX .t} florisil packed column
= o83t Eedte= Zlo]l ¥ 8% Aew dAdHEh
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Fig. 7. Comparison of chromatograms of hydrocarbons induced by b5
kGy gamma irradiation of dry filefish following florisil packed

column and solid phase extraction.

Table 11. Comparison of concentrations of hydrocarbons induced by 5 kGy
gamma irradiation of dry filefish following florisil packed column and solid

phase extraction
(Unit : pg/g)

Palmitic  acid Oleic  acid Stearic acid

(C16:0) (Cl&l) (CI&O)

Irradiatio
n dose
5 kGy) Ciso Cra Ciza Cis2 Cizo Cie1

Florisil
packed 39.65 4.26 421 143 18.35 4.01

column
Solid

phase 23.40 2.56 2.14 1.34 11.31 3.97

extraction
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Fig. 8. Graph showing comparison of hydrocarbons induced

by 5 kGy

gamma irradiation of dry filefish by florisil packed column and solid phase

extraction.
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t}. Florisil packed column¥} solid phase extraction cartridge ¢ %=

H]_Tﬂ_

7ZrakA A A% AR A 9] hydrocarbonF S BA4187] ¢8ke]  florisil

packed column¥} solid phase extraction cartridgeE ©]&3to] 283 & GC/MSE

Az g3 Az HAA9 A$ florisil packed columns ©]-83}¢] hydrocarboni
2 B839S % solid phase extraction cartridges o] &3] 3 AKX ¢
£ g9 hydrocarboniF7F HEE AT o]+ florisil packed column¥} solid

phase extraction cartridgeE °]83to] 348 A3 23} florisil packed column<

o] &3&to] A% 3 A9 solid phase extraction cartridgeZ o] -&3te] A ¥ &S uj
Bt} 28 ghako] 3|4=8o] Fou o] florisil packed columns o]&3le] &3k

hydrocarbon¥ &t
webA, Ax T8 A% #AA9 29 solid phase extraction cartridgeES ©] &3}
o]  hydrocarbonFE E@dli= ZAXY  florisil packed columns  ©] &3}
Q.
[¢)

%
hydrocarbon®& &#3t= Zo] ¢ 8 Aoz dAddA
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2. Florisil packed columns ©]€3F hydrocarboni 4]

RS
S-3tol| = palmitic acid’} 33.33%, palmitoleic acid”} 10.28%, oleic acid®} stearic
acid7b Z+zt 841, 748%= 3$ oI UTH35). Palmitoleic acidelA  FE=H
hydrocarboni++ Xw#9 FAZ AHFT = ATt

N ZAL Az 5383 5 10 kGy®E FAFS A% 5389 chromatograme Fig. 9¢l
Y ERN 13, hydrocarbon ¢ & #-2 Table 120 e ST

Palmitic acid24%8 F%=% C,1 hydrocarbon?l pentadecane(Ciso)@ Cpo
hydrocarbon?l 1-tetradecene(Cis1)2 ™WE hydrocarbonf Xt} Atjd o=z e 3
Zro] olx el o pentadecane(Ciso) @ 1-tetradecene(Cis1)e] H] = 2587 FFolx 9]
t}. Pentadecane(Ciso) @ 1-tetradecene(Cis1)2] regression coefficient (R 0.88,
0.82%2 yelyton ZnbA FARA o] ZF7184=E hydrocarboni 9] AA #Fo] o
Hog ZF7heS #9ls it} Palmitic acid th2 22 stearic acid25-E F=% Cug
hydrocarbon€] heptadecane(Ci7:0)3 Cn-2 hydrocarbon¢! 1-hexadecene(Cig1)©] B2
steF A==,  heptadecane(Cizo) ¥ 1-hexadecene(Cig1)9]  regression
coefficient (R)7F 747} 0.90, 0.85% grelxlo] ZA} A @9 hydrocarbond A4 2o
7 et AE¢S B9 Heptadecane(Ci79)¥ 1-hexadecene(Cig) ¥l &= 2.000] S
t}. Oleic acid24% 8 F%E% C,1 hydrocarbon¢! 8-heptadecene(Ci7:1)3 Cuos
hydrocarbon?! 1,7- hexadecadiene(Cig2)2] regression coefficient (R*)+= Z+zt 0.93,
0942 glE o ghupd AP Mol F7F 45 hydrocarbonf A %
Hog F713rs geldtdtl. 8-heptadecene(Ciz)3 1,7-hexadecadiene(Cigo) 2] ¥l
1.00o.2 Hs=2% o= A5 A

AAA oz ghupd 2AgE Az 89 9 C,1/Chz hydrocarbon H| 7} 1.862
2 Cy1 hydrocarbon® A4 #o] C,» hydrocarbon® A HFHT =55 2213t
ot AL A% hydrocarboni A el o2 A2 Lee 5(36)9 1z 39
WARA AL f 5 #H S 913 hydrocarbont A2 3ke} FAS AadS ®A)

7k 2=AEE A% £3S palmitic acid2HE %% pentadecane(Ciso) 3

1-tetradecene(Cis1)0] 7F3 =& sk @elx oy,  palmitic acid28%EH F=4

Lo

i
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1-tetradecene(Ci41)9] A% 5, 7 kGyolA w3 stgkor fHEw o], 7hapd ZAL
A mpARE o] go] Jhea ARt S FHE AT WHOEE oleic acidZE -
B %% C,1 hydrocarbon®! 8-heptadecene(Ci7:1)3¥ Cyn2 hydrocarbon®l 1,7-
hexadecadiene(Cig2) S ©]-&3ro] EfRatttal Als gt abd AR 7z 3319
hydrocarbonf & H|ZAF AR E HEFH A &kom 1 kGy ooz ZAME &

= A5 oA hydrocarbon 7} 7% At}

oL

B

1.264

Mussel Control (florisil)

1.00-

0.75 15

Mussel G10 kGy (florisil)

LS

— T R
10.0 125 15.0 17.e

Fig. 9. Comparison of hydrocarbons from control, 5 and 10 kGy gamma

ray irradiated dry mussel samples following florisil extraction.
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Table 12. Concentrations of radiation-induced hydrocarbons by gamma

irradiation of dry mussel following florisil extraction

(Unit : ug/g)
Trradiation Palmitic  acid Oleic  acid Stearic acid
dose (Ci60) (Cis1) (Cis0)
(kGy) Cis0 Cra Cim Cie2 Ciro Cis
0 0.00" 0.00° 0.00° 0.00° 0.00° 0.00°
1 413+07° 187 004 073 008 066 00 318 +00F 171 + 0
3 563 £ 004 243 +006 0HA +004 102 +008 462 +0067 24 + 0B

5 718 + 006" 296 + 008" 127 + 04" 139 =0 567 0B 28 + 00
7 983 + 005 306 004 191 £005 1.8 +00Ff 715 =00F 344 +00F

10 102300 402 £01F 212 =008 211 +002 837 + 08 401 00

Vatyalues with different letters within a column differ significantly (P < 0.05).
“Mean +standard deviation (n = 3)
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Fig. 10. Graphical view of radiation-induced hydrocarbons by gamma

irradiation of dry mussel following florisil extraction.
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A= v=Fe] DHAR28.0%)¢+ EPA10.1%)7F &%l <Aom, palmitic
acid(18.9%) ¢} oleic acid(8.16%) 5] ¥ = o] ATH37).

H A A8 A% #AX 9 5, 10 kGyE ZAE A% A X9 chromatogram< Fig.
119 YebH 3L, hydrocarboni+2] 2 Table 139 YWERH AT

Palmitic acid=%H F%=% C,1 hydrocarbon?®l pentadecane(Cis0)@ Cuo
hydrocarbon$! 1-tetradecene(Cis41)> T2 hydrocarbonf H U Ao o=z @ 3
@ro] 2elE ) o™ pentadecane(Cisg) T 1-tetradecen(Cis)e2] W& 10260 =2 29l
Fo]  pentadecane(Cis0)el =2 FHFS &5t Pentadecane(Ciso) 3
1-tetradecene(Ci41)2] regression coefficient (R 0.95, 0.922 el om, 7iupa
AP #Fo] 5785 hydrocarbon® o A/d#Fo] FoA o2 F7hshs &Sttt
Stearic  acidZ2%H %% C,1 hydrocarbon®l heptadecane(Ci79)3  Cno
hydrocarbon®! 1-hexadecene(Cig1) SA] B2 staF =% 20 +=4l, heptadecane(Ciro)
7} 1-hexadecene(Cis1)2] regression coefficient (R*)7F ZHzF 0.86, 0.960.2 32l ¥ o]
ZAF A #E hydrocarbont A #Fo] Z71stE A S H Yl Heptadecane(Cizo) 3
1-hexadecene(Cig1) e H]E= 4.440]1%1th Oleic acid2% €8 %49 C,, hydrocarbon¢!
S8-heptadecene(Ci7:1)¥ Cn» hydrocarbon¢! 1,7-hexadecadiene(Cig2) 2] regression
coefficient (R®)= Z+zb 0.84, 0.86= &l H o 7Zuld ZA} MeFo] Z7} 4=
hydrocarbonf AAZE FogHoz Z7138S sy, 8-heptadecene(Cizi) 3
1,7-hexadecadiene(Cis2) 2] Hl &= 2.272 1= At

bl z2ARRE Az HAA e B9 Co/Chz hydrocarbon HI7F 63792 Chy
hydrocarboni A4 #o] C,» hydrocarbon® A ZHT} &S Folsnh o9
e A EAUR o3 AR WA A 5 WES 919 hydrocarbon
A= Kwan 5(38)¢ ZA¥et FARE 43S el AT

7k Z=AEE A% A A= palmitic acid2FE 59 pentadecane(Ciso) 3
1-tetradecene(Cig1) ] 7Hg =2 3 gy dom, ZAF A% hydrocarbon 2
Aol ol om Frbete AEes UEuol ek A oF #EE 28 &
F A" FHol 7ted Aoz AdHth 1Ey oleic acid2HH fFEEH Cho

hydrocarbon¢! 8-heptadecene(Ci7:1)& 5, 7 kGyollA #AFeE 4259 hydrocarbon$t
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Fol A&HUom, Cyy hydrocarbon?! 1,7-hexadecadiene(Cig2) 1, 3, 5, 7 kGy®l

A frARSE hydrocarbon¥ E#FS e O] oleic acid®FH #%¥ hydrocarbon

fArbd 24 BE v RE olgo] JbedstANt FeAYE FAS fT WHes

= fr8ekAl erral R ebd 2ARE A2 FHA]9] hydrocarbon i Ml &=

Ab A BolAE HEHA @gton 1 kGy oMo ® FAE RE A RIA
%]

hydrocarbon7} 7%
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Fig. 11. Comparison of hydrocarbons from control, 5 and 10 kGy

gamma ray irradiated dry filefish samples following florisil extraction.
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Table 13. Concentrations of radiation-induced hydrocarbons by gamma

irradiation of dry filefish following florisil extraction

(Unit : ug/g)
Trradiation Palmitic  acid Oleic  acid Stearic acid
dose (Cig0) (Cig1) (Cis0)
(kGy) Ciso Cia Ciza Ciez Cizo Cie
0 0.00V4 0.00° 0.00° 0.00° 0.00° 0.00°
1 UB+15"° 084 +001° 18 00 11500 730 001" 277 + 003
3 BR 20 261 + 0065 330 +004£ 16 +00° UR 0 364 + 00
5 DG 197 46 0057 421 + 0067 143 + 004 18H+004 401 = 004
7 L37+1B 40 +006 450 + 0050 1B+ 00 DB +0F 463 + 006°
10 FR+216 540 + 006 5000 249 + 118 28+06 590 + 003

V3 Y alues with different letters within a column differ significantly (P < 0.05).

“Mean +standard deviation (n = 3)
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Fig. 12. Graphical view of radiation-induced hydrocarbons by gamma

irradiation of dry filefish following florisil extraction.
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A §-oll = oFEFe] palmitoleic acid(26.3%), EPA(15.6%)¢F DHA(11.7%)7} &= <
1 o™ palmitic acid(6.0%)¢} oleic acid(3.5%), stearic acid(0.5%) S| & o3
t}(39).

H ZAeE AZF A9 5, 10 kGyE ZAFE A% A 99 chromatogram< Fig. 13
of Yel AL, hydrocarboni+2] g2 Table 149 EMHATE

Palmitic acid24%8 F%=%¥ C,1 hydrocarbon?l pentadecane(Cis0)@ Cpo
hydrocarbon®l 1-tetradecene(Cis1)= WS hydrocarboni+ Ht} Aty o=z @2 3
Zro] o1y o pentadecane(Cis0) 3 1-tetradecene(Ciy)e] B]&= 7470 2 &Holy]
o] pentadecane(Cis) =2 sheks gkol3litl.  Pentadecane(Ciso) 3}
1-tetradecene(Ci41)2] regression coefficient (R 0.96, 0.900.2 Eeyow 7hal
A ZAPA ROl S7FE & hydrocarbon o] A ol FoAow FUHEHE 9
At} Stearic acid2%EH HF%%H C,i hydrocarbon®l heptadecane(Ciz:0)3 Ci
hydrocarbon?! 1-hexadecene(Cig1)9] regression coefficient (R Z+zF 0.98, 0.97.2
2 Fgoaxol XAl M#FWH  hydrocarboni A #o|l E7tEe=E A Eﬁiﬁ‘r
Heptadecane(Ci79)3 1-hexadecene(Cis1)2] Hl= 1.97¢]0t} Oleic acid=25FH %
# Cn hydrocarbon ¢l 8-heptadecene(Cy7:1) 3} Cno hydrocarbon ¢l
1,7-hexadecadiene(Cis2)2] regression coefficient (R*):= 0.98, 0.962 3+Qls] 9o
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AeF FAHo] 7tsd Aoz AHdEHY oleic acidZ2HE F =¥ 8-heptadecene(Ci7y)
3} 1,7-hexadecadiene(Cig2), stearic acidZ%E FE%  heptadecane(Ciz) 3}
1-hexadecene(Cig1) GA] #Hupd AP F #AHS B2 5 A% F4% 75T

Aoz Addv, gvpd 243 A2 A9 hydrocarbonii= Bl AR AR oAM=

AEHA ggor 1 kGy ooz xAld BE A B4 hydrocarbonF 7} =5
At
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Fig. 13. Comparison of hydrocarbons from control, 5 and 10 kGy

gamma ray irradiated dry shrimp samples following florisil extraction.
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Table 14. Concentrations of radiation-induced hydrocarbons by gamma

irradiation of dry shrimp following florisil extraction

(Unit : ug/g)
Trradiation Palmitic  acid Oleic  acid Stearic acid

dose (Ci60) (Cig1) (Cis0)

(kGy) Cis0 Cra1 Cim Cie2 Cizo Cie
0 0.00"4 0.00" 0.00° 0.00* 0.00" 0.00"
1 A2+ 004" 260 £ 002 100 £ 005> 09 + 002 220 = 002P 04 +001°
3 641 + 005 381 + 008 291 + 004 210 = 00F 311 + 008 232 + 0.0
5 771 £ 008" 461 + 008 411 + 00" 357+ 00 4% =0 261 + 00
7 1051 + 008 55 + 004 616 = 005 415+ 00%F 75 =00 35 +001°
10 BEB+0B 60 +006 730 +00 501 +002 10W+0 500 + 005

Vatyalues with different letters within a column differ significantly (P < 0.05).

“Mean +standard deviation (n = 3)
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Fig. 14. Graphical view of radiation-induced hydrocarbons by gamma

irradiation of dry shrimp following florisil extraction.
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