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Analysis of Radiolytically Produced Hydrocarbons and 2-Alkylcyclobutanones
from Irradiated Pinenut

Hae-Jung Lee and Kyong-Su Kim'
Dept. of Food and Nutrition, Chosun University, Kwangju 501-759, Korea

Abstract

Pinenut was irradiated with the dose of 0.5~10 kGy. Radiation-induced hydrocarbons and 2-alkylcyclobutanones
were extracted from pinenut, separated by florisil column chromatography and identified with GC/MS method.
Concentrations of hydrocarbons and 2-alkylcyclobutanones were increased with the increase of irradiation dose
and the composition of fatty acids in pinenut affected on products detected. The major hydrocarbons in irradiated
pinenut were 8-heptadecene and 1,7-hexadecadiene originated from oleic acid and 6,9-heptadecadiene and
1,7,10-hexadecatriene originated from linoleic acid. 2-(5’~Tetradecenyl)cyclobutanone originated from oleic
acid was highest in the irradiated pinenut. Radiation-induced hydrocarbons and 2-alkylcyclobutanones in pinenut
were detected at 0.5 kGy and over, but not detected in the unirradiated samples.
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£ Ao A18-3 ZE AL EFAIGL 2 v5 Sigma
Abel| A, 2 ¥} 25 4591 hydrocarbon$-$} 2-alkyleyclobu-
tanone 9 standardi 5 TeLAALZHE] F43t o,
2% 2 chromatography®l] A-8-% n-hexane, diethyl
ether 5 7]4-v]+= HPLC grade® 73}, o]& t}A] wire
spiral packed double distilling %2 (Normschliff Geratebau,
Wertheim, Germany) 2 A Z5-3 A& AH4-35t4 o}, Florisil
(60~ 100 mesh, Fisher Scientific, Pittsburgh, USA)- 550
°C 332 eA sFAY B2 F s ctrt /‘}—9-7‘4 130
°Coll ] 5X17} o)A} &43led desiceatorell 4] A3 ¥, hydro-
carbon-;r B-2]& 93 3% &8 713}, 2-alkylcyclobutanone

FE £e187] A3t 20% &5 7hste] A7t 208 Fot #A
shsla 124174 o)Ak whA|ste] BgAE A7 F, FAA R
AL-g-3hod o).

AR ZF_AMIE°I x|

x5
2 8 At A& 30 goll /=73 n-hexane 30
mLE éﬂﬁ}“] Ultra Turrax(IKA Labortechnik, Staufen,
Germany)& 2] ¥ FAgslsio). ¥R A 5= 1500
XgZ 2087 QA FAA T A59S w2 F 3
2E AL AT B3 F71-401F2 1/38 vhAl H7eted
ANFEsla ol & A FE s F5AE A HA 454
33t & rotary vacuum evaporator(Biichi, Flawil, Switzer—
land) & AH8-8te] 7180l & A Atz AAE AHEsle] A
E/71895 A7 F Ak Aste Ug A3ty
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Hydrocarbonf2l &2|

234334471 florisil 25 g 200X 20 mm chromatography
columnell 31471, A ZEHF n-hexanee 3 mL/min®|
f%.2 2 conditioning® ¥, &I AW 1 goll AFEAS
£ 3} internal standard &4] 1 mL eicosane(4 ug/mlL n-hex-
ane)% 2 7}8} florisil columnol 7}& H 60 mL n-hexane

< 22l 49 2 3} hydrocarbond& 28 stgdct. o] &2

-1 & rotary vacuum evaporator—* o] &3t 2 mL7HA] &
&g ¥ ohA 05 mL7HA]l A2 F53te GC/MS #4471
71& o] &8t EAstch

2-Alkylcyclobutanone2| 22|

E8A1 31217 florisil 30 g2 200X 20 mm chromatography
columnel] 3318+ ¥, &3 AW = 0.2 goll internal stan-
dardql 1 mL 2-cyclohexylcyclohexanone(1l pg/mlL n-hexane)

4 A 71519 columndl ZF8lE el 3 mL/min f4 2% 150 mL
n-hexaneg €23} AAZ F, 2% diethyl ether/n-hex-

A%

ane &34l (v/v) 120 mLg &2 &uf& s}l 2-alkylcy-
clobutanone {2 ¥ 3}gic}. o] £-2l4v+= rotary vacuum
evaporatorg ©] €3l 2 mL7A] 53l A2l g ol
4-38te 0.2 mL7HA| 5353 F GC/MS £447171 5 o] 8314
2433k o}

Hydrocarbonf2l GC/MS &4

7 8- o] ARS8 GC/MS #47]7]+= Shimadzu GC/MS
QP-5050(Kyoto, Japan)-& AH4-slglon] A 59 o] 23}=
2 2 Pt GC/MS
B4 2718 jonization voltages 70 eV.2 312, ion source
2} injector 2E+& 77 250°C=E 3¢l 2, carrier gas+
helium<- AH-4-3k9 29, 42 1.0 mL/min®. 2 3}ich &=
T FAT A W9 (m/2)= 30~35022 A A E it
Capillary column-2 DB-5(30 m X 0.32 mm i.d., 0.25 um film
thickness, J&W Scientific, Folsom, USA)E o] &3} c} &
% program< 60°CellA4] 25°C/min X8 170°C7HA), 2
°C/min % 2 205°C7}A], 10°C/min 422 270°C7}A] &
Al 7t} Hydrocarbonf ¥4 & $8l4le A& L uLE 54
3} 2 split ratiox 1:202 2 8o 2]-& 28-%F-<} splitlessAl At}

HydrocarbonF3= total ionization chromatogram(TIC)o
2] ¥ 7} peaks} standard €% (1-tetradecene(Cia1), pen-
tadecane(Ciso), 1-hexadecene(Ciga), 1,7-hexadecadiene(Cis2),
1,7,10-hexadecatriene(Cis:3), heptadecane(Ciro), 8-heptad-
ecene(Cir1), 6,9-heptadecadiene(Ci7:2))2} retention time %
mass spectrum-% B wsle] #413}¢] 27, internal standard
£ o]-23le] hydrocarbon®S MAH-E& A Fstch

electron impact ionization(EI) H}

2-Alkylcyclobutanone®2| GC/MS £4

A gk o] AR8-3F GC/MS #437]7]+= Shimadzu GC/MS
QP-5050 A-4-3}9] 0w A] 72| o]-23}+= electron impact
ionization(ED) ¥} o .2 8)3}¢l ). &% program-a 120°Cell
A 1829 74 ‘6]-.1_ 15°C/min %2 160°C7+A], 0.5°C/min
222 175°C7HA], 30°C/min 52 290°C7HA] 441 7] 3
1087 421319932, AlEE 2 pLE F4 3k, split ratio=
1:2202.2 sle] A& 1854k splitlessA g} b & 4 =4
£ hydrocarbon® #4134 Fd3A s}

2-Alkyleyclobutanonef- A ZH o2 B4317] $3to
selected ion monitoring (SIM) #H¥-&- o] &-3tsi vl A FE-A
£ 9)5}e] 2-alkylcyclobutanoneF2] standards! 2-dodecyl-
cyclobutanone(DCB), 2-tetradecylcyclobutanone(TCB) L
2] 2 2-(5' -tetradecenyl)eyclobutanone( TECB)3} internal
standard®! 2-cyclohexylcyclohexanoneS 0.1 ~5 ppm A
3lo] o] & 892 2-alkylcyclobutanone -5 ¥2] 8f+= Wy
o2 ZsiA Agsledon SIM P oR X3t FE
7 ekAd-& 248kl el. 2-Alkyleyclobutanone® A &2
% 7)=A1 7} internal standard & ©1-8-3le] A =F3tsict. DCB
9} TCBE ion m/z 98, 112%, TECB< ion m/z 67, 81, 98,
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standard &3 7}9] retention time™} ion ratio® ¥, &<l
std ). o] 5 2-alkyleyclobutanone®2] mass spectrum-=
GC/MS®] full scan mode® #43}ed #alslgich
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A ukg wkAbAd 24 719 271A] 8 e 9] hydrocarbon-
7} A==, ©] = Cuo hydrocarbon$#F Ca-2 hydrocar-
bon&-2A Z+7Z} carbonyl group?] a B4ao} PEEA$] 2] ol A
Aol ¥l L) A ubat vt gk a7} 1) A A 274
Ao A A g 2 o] FAHE 71 B
Eo] AAFTH1L). o1& A #-3) 2]l 2l &) palmitic acid
22¥] pentadecane(Ciso)3 1-tetradecene(Cisy), stearic
acid2%-¥] heptadecane(Ci70)3¥ 1-hexadecene(Cie:1), oleic
acid=4%¥] 8-heptadecene(Ci71)3} 1,7-hexadecadiene(Cis:2),
linoleic acidZ %€ 6,9-heptadecadiene(Ci72)3} 1,7,10-hex-
adecatriene(Ciea)o] A== Aol Ut

A& bkl oleic acid®} linoleic acid® /33 U,
A9 palmitic acid¢} stearic acidg -3t 2t} Oleic
acid®} linoleic acid+= 26.29%, 46.70%& et gl ©.9, pal-
mitic acid®} stearic acidE 4.94%, 1.98%9] =A-& el
A tH(26). o] &} 7H-L 2kl X HFAE Z A o] 2] 3] oleic acidE
2E $5% CimaT Ciso, linoleic acid2%-8 F=% Cire8}
Cigso] WARA A5 Abe] 38 hydrocarbon® 4 & A 5%
4= 9lt}. Fig. 1-& v]2ALE Al &9} 10 kGy ZARAI R 3bel A
A4 hydrocarbon$-2] chromatogram2 }eliglc}. Nawar
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(11)9l] o] s} A = WA 2 Aol 2} & 24} #-8] pattern¥}
2354 22 hydrocarbonf7t A &= o0, vhabAl A}
A 2fel] w2} hydrocarbon® 2] oFe] 718l th(Table 1). 2
2l A ubak 24 2lolel] 71QlEte] B AN F A=
7}7}8] hydrocarbon® @2 chz2A A =H A ol &7
(27), ZA7H5(28), FAR.(22) 28] 2 7] 7} 4 E(9,25,29)
o 4] &= &3 4= 9lgle} Cuo hydrocarbonF7F Co-2 hydro-
carbonE 8t} 0] H& ko g A E, o]+ BepA
Z3te o2 A5 e Aok 30).

Cis1, Ciso, Cis1, Cisa, Cisz, Cizo, Ci71, Cizze 0.5 kGy ©1 4
A1 Aol A 2% A2 E 9 o), vl 2L A Bl A = #al
= %] ¢skr}. Palmitic acid2 %€ A4 = Ciso¥ Crand ¥ AL
&1l S o, Cisoo] 2 A S Yehlislch F8 234t e
3} B aEked Cisodt Ciand] 3 AR 22 gsich Ciro
3} Cig12 stearic acid2 3-8 A = = hydrocarbonF ZA]
2wk ol = ginh, o]+ Aol A WA 24 F palmitic acid9}
stearic acid7} 4% ZA §el| 7] Q18he] wf - A& <Fof 3
EE5o] A= A w, w2 AR el whe} F718lsd o)
w}eba] #ke] 79, o] & hydrocarbonfi WA A &
737 8=l marker24 &4 7bsAe] Y& Ao Atgd
o}, #boll vlaF 385 o] 9] = oleic acidZ2F-E 23 Cin
Cient E2 g2 vYehllglz, 53] Cirrol v #2154
t}. Ciz29 Cios B8F 2 2]HF4ES) linoleic acid7} 3te] 2]}
cheF gEe] e Aol 71Qlsle] & ko] UL
™, Ciz27} Ciesrh Bl 24 £ IS AA 3 29
A ubab 24 3 B 713 EW R slo] whatal zatel] 2 &)
AAE 8 hydrocarbonf Cies, Ciea, Ciz1, Cir22 84l
5 gi}. o] hydrocarbonf= &9 WAL AL 9 F-E A

TIC*10 15,000,000
10 0 kGy
h 1S.
0 Ak J A
5 10 15
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Fig. 1. Chromatograms of hydrocarbons from unirradiated and 10 kGy irradiated pinenut.
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Table 1. Concentrations of radiation-induced hydrocarbons from pinenut (ug/g fat)
Irradiati
Tal (Zikt(I:(Y);I) dose Cian Ciso Cis Cis2 Cies Ci7o Cia Cra
O — — — _ — — — —
05 0.056+£0.036" 05050085 0.120+0.029 0.061£0.009 0.081+0.007 0.065+0.005 0.420=0.030 0.049+0.007
1 0.151£0.032 1.380%+0.115 0.142+0.030 0.125%0.017 0.166£0.009 0.302+£0.035 1.982x0.178 0.087=0.005
3 0.241%£0.028 241010200 0.180%0.024 0.781+£0.062 1.026*£0.066 0505%£0.020 3.987+0.151 1.098%0.002
5 0.268+0.028 2.924%=0.180 0.198+0.016 1.085+0.129 1.347+0.053 0.581+0.050 5.457+0.318 1.991%0.089
10 05761£0.069 358010402 0.29610.024 2967+0317 3.773£0306 0.74510.020 6.793£0.591 5.539+0.511

YMean * Standard deviation.

21& 4 3= marker2419] 4 JHsAel & Ao A
E5}

LA ZAlof olall RollA MAE 2-alkylcyclobuta-
nonef

A uhg WAL ZAFA 7]H A ubitelv} triglyceride®] car-
bonyl7] o] EA8le AFARYE HAp 4] dejd H, =
2 ukabst Fl g A g-E 7R HA Cp $1 4 ol alkylZ] & 7H4
cyclic 3§HE4l 2-alkylcyclobutanone®~7} A " ch(12).
o] H & EdiR 3}tod, 3o Aubel] ol FfrH ol

Table 2. Concentrations of radiation-induced 2-alkylcyclobutanones from pinenut

oleic acid®} linoleic acid®¥¥ 47 2-(5'-tetradecenyl)
cyclobutanone(TECB)2} 2-(5',8' -tetradecadienyl)cyclobu—
tanone®] A=, Ak -5 o] 9l palmitic acid} ste-
aric acid2%¥ 7z}7z} 2-dodecyleyclobutanone(DCB)$} 2-
tetradecyleyclobutanone(TCB)7} QA €l v}, 28]} linoleic
acidZ2%¥ -+%% 2-alkylcyclobutanone$f 3H3H&-2 standard
EA9 HA=Z qlste] #eld 4 ¢4t Linoleic acid =2 %€
=3 33E-L A 93 2-alkyleyclobutanone®-& selected
ion monitoring (SIM) ¥ ol 2| 8}o} A 3F3}ted Table 2 v}
et Fig. 2+ v 2AFE ALR 9} 10 kGy 2AFA 7] 3ol A

(ug/g fat)

Irradiation dose (kGy) 2-Dodecyl-cyclobutanone

2-Tetradecyl-cyclobutanone

2~(5'-Tetradecenyl)-cyclobutanone

0 - - _
05 0.037+0.008" tr? 0.181 £0.026
1 0.110%0.005 0.031£0.005 0.430£0.023
3 0.127x0.017 0.063£0.008 1.407+0.105
5 0.138£0.023 0.216%0.041 2.330£0.167
10 0.437£0.055 0.499£0.049 6.372+0.298
YMean * standard deviation.
O Trace.
90,000
1S.
0 kGy
50..
0 - A '\,_/\__W,_f_._,j\,_‘,_,\__
10 2 )
70,000
LS. 10 kGy
TECB
5[]-
DCB
\ A U
ST
o) . M
10 2 ')

Fig. 2. Chromatograms of 2-alkylcyclobutanones from unirradiated and 10 kGy irradiated pinenut.
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A H 2-alkyleyclobutanone#2l chromatogramS- et
At

Ae] vlapal ZAbe] o] 3 A A" 2-alkyleyclobutanone
Z oleic acid2 %8 5% TECB7} 7} =& ¢3& nal
whl DCBe} TCBE #te) Aupak 244 o 23] wh§- 2
FekS vehiiglict 2APAd sk A 2-alkyleyclobutanone
ol TAE B A o] F7hEtel w2} 2-alkyleyclo-
butanone®2| o] Friatsirt. 2AF A% w2} DCB,
TCB, TECB® 0.5 kGy o144 £A18 A RoliA & 7153

A7), TCBS 7% 05 kGyol A wiad EAjstad L, vlzAt
Agel e =5 gelsx) dgteh
A Z7LA) 8] ADE s B, oA WA BALR H

%9 hydrocarbon$-2} 2-alkylcyclobutanonef-+= ZAMAT =
off mhe} vl A o2 F718}el 0.9, hydrocarbonf-2} 2-alkyl-
cyclobutanone®= 0.5 kGy o)A 2418 atejA A& 4
A 2w, o] Fo] HhAlA 2A} AR W ol #4-9 4 gleze}
AzvElny | B8] 7% hydrocarboniF2 &€ Ciso, Cisa,
Ci71, Ci7:2¢} 2-alkyleyclobutanone % TECB7} Ate] vbA}
A 2L o5 A 3l o] & kAol wl-g- F Aeleta
b 2y AR 5 g 7|2k e 2AES) Qg 7
& W 2k ol oy o AR FFMRE o B2
AF7t w3y elok & Aot

2 o

A& 05~10 kGy Ao & whatxl 2AA1A B4 = hy-
drocarbon¥-¢} 2- alkylcyclobutanonevra 22, gzt
t}. A4he n-hexaned AHE-dt &% F 24
florisil® 321§ column chromatography & hydrocarbon¥+
¢} 2-alkyleyclobutanone®3 #zjdtd oo, GC/MSE &
alstsde). AtellA] WAkl Zalel] o ¥ 2h2ke] hydro-
carbon¥+2} 2-alkyleyclobutanonef #&-2 FAFA gl o}
2} Z7}3tg v}, Hydrocarbon+= oleic acid$} linoleic acid
23E $5%9 Ciz, Ciss, Ci71, Crr27}t Bol Ao, 2-
alkylcyclobutanone® %% oleic acid2%¥ =% TECB
7} 7H3 =& g Jehdigln o] & 3 gHE] ate] whakAd
ZAL AR g T A4S 93 marker2A o] 4% &
& Aolth. &AM 2ol ubel A E hydrocarbonit-2F 2-
alkylcyclobutanonef+£ 0.5 kGy ©] A FALE & A 8|4
AEE 7 Ao, A AR E =] wsgheh

UAtel 2

B ATE Her)$ o) A ATNEAY Y ARz
SaEgon 2 Aol A=,

= &
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