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Abstract

This study was conducted to analyze the hydrocarbons and 2-alkylcyclobutanones as marker compounds in walnuts
after the walnuts’ exposure to y imadiation. The samples were imadiated with gamma rays at 0, 1, 3, 5, 7, and
10 kGy doses. The lipids were extracted via soxhlet extraction using hexane, and were separated by florisil column
and identified via gas chromatography / mass spectrometry (GC/MS). The hydrocarbons that were detected were
8-heptadecene (Ci7) and 1,7-hexadecadiene (Cis2) from oleic acid and 8,11-heptadecadiene (Ci72) and
1,7,10-hexadecatriene (Cis:3) from linoleic acid. The 2-alkylcyclobutanones that were detected were 2-
dodecylcyclobutanone (DCB) from palmitic acid, 2-tetradecylcyclobutanone (TCB) from stearic acid, 2-

(S*-tetradecenyl)cyclobutanone (TECB) from oleic acid, and 2-(5',

“tetradecadienyl)cyclobutanone (5'.8-TCB) from

linoleic acid. The correlation between the inadiation dose and the concentrations of the hydrocarbons and 2-
alkylcyclobutanones in the walnuts was found to be linear. The radio-induced hydrocarbons and 2-alkylcyclobutanones
were cleady detected in the imadiated walnuts at 1 kGy and above, but not in the non-inadiated ones. The major
hydrocarbons obtained after imradiation were 8-heptadecene from oleic acid and 8,11-heptadecadiene and
1,7,10-hexadecatriene from linoleic acid, and the major 2-alkylcyclobutanones were TECB from oleic acid and
5'8-TCB from linoleic acid. Therefore, these major compounds were concluded to be the marker compounds for

determining the imadiated and non-irradiated samples.
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B} doke U89 FAE 5831 TH6). S (Juglans
nigra)= OFZE U202 An|Fgo] & AFRFNEA
linoleic acid®} oleic acid 52 £ 3}X|W4to] TheF -5
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2491 109+ Cie] “Co ZHH ZAMA o)A A17FE 2.5 kGy
AFER 24711, 3,57 R 0kGy & 74032 4=5
EAFSIATE FAFe] LA 4002 kGy °la, ©E HIZ
A AlE e g7 18Tl A3t Aol ARg-sHit
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A} (St. Louis, MO, USA)oll A 913193, AiH-afl 224l
hydrocarbon £} 2-alkylcyclobutanone 2] standard= =

Nl

TeLAAHKarlsruhe, Germany) 2 5-8] 43} th A W52
2 chromatography®l] AF8-3F n-hexane 52| #7]8ul=
Fisher Scientific (Pittsburgh, PA, USA)°| 4] HPLC gradeS
T43te] o]E wire spiral packed double distilling 7%]
(Normschliff Geratebau, Germany) 2 |5/l AFH8-31%
t}. Florisil(60-100 mesh, Fisher Scientific) 550°C 3|3} = 9]
A 3R B2 F desiccatoroll A 2131 & hydrocarbon
9} 2-alkylcyclobutanone i+ w2 E €13l 27} 3%<}F 20% <
FE 7184 ©]= evaporatorE ©]-8-35ke] FE3]) A&
slatar 124171 o)/ WA|ste] E&/d38) A7 £ column
FRAZ AR

=

TH7IE ol8-38te] TAse AR 30 g& NaxSOs9F I
Thimble filter(Whatman, 26 mmx10 mm)l| %3 2J =535+
hexane 100 mL3} 37| soxhlet |04 1047k 0|4} F5
3}t =81l rotary vacuum evaporator(Biichi, Flawil,
Switzerland) 2} N, gasE ©]-83t] ZER7]EME 2T A
Astal WEs RISt AFPAEE AHESHAT
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RO Ak 24 A& 98] AFEHe) F3l
BF;-MeOHO©l| 2|3} methyl esterd} *HH-S o] &3l &
= ZAM oF 25 mgoll 05 N NaOH 1.5 mLE 7}3le] £33t
F 100ColA 587+ 71gsidr) o] Wkslo] BFMeOH
gl 2 mLE 7}15k9a, oA 100C A 3057 718
methyl esters} 3F$AT} ©]©] isooctane 1 mLE 7}Fate] algk
3931 E3}F NaCl 89 5 mLE 7Fske] £3F & W3tk
Isooctane F= F2|3t F4= Na,SO.Z 55 A AskaL
A7 F N, gas 717 Sl wEalel B

Hydrocarbon® &2|

2893149 florisil 25 g2 200x20 mm chromatography
column®l] FRAA|7)| AEF3F n-hexane 60 mLE 3
mL/min®] 422 conditioningdt & FEXW 1 gol
internal standard 2 n-eicosane(4 ng/mL, n-hexane) 1 mLE
A7Vl columndl] 22 5 30 mL n-hexaneS £ 8m =
3} hydrocarbonfF& £l o] &8 81)E rotary
vaccum evaporatorZ °F 5 mL7}A] F5A|7|2 N, gasZE
0.5 mL7bA] A A3 &5kt

2-Alkylcyclobutanone’® £2|

E24J3}% florisil 30 g2 20020 mm chromatography
column®l| FZA|7]3L AZF3F n-hexane 150 mLE 3
mL/min®] F32F conditioningdt & FEAW 0.2 goll
internal standard=. 2-chclohexylcyclohexanone(l pg/mL,
n-hexane) 1 mLE 718t columnd] ¥& FH 2%
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diehtylether/ n-hexane Z3-&-1li(v/v) 120 mL & &2 8=
3o 2-alkylcyclobutanone 75 E&3tHth ©] &2 8vE
rotary vaccum evaporator= °F 5 mL7}A] F3A]7]3 N,
gas®Z 0.5 mL7HA] AA3] F53k3inh

Hydrocarbonf®2| GC/MS 24

2] % hydrocarbonF 43¢ ARE-SF GC/MS &4 717]
+ Thermo Polaris Q(Thermo Finnigan, Austin, TX, USA)Z
BE35190H, A7 9] o]23= El(electron impact ionization)
modeZ A5Gk AHE-3F column DB-5(30 mx0.32 mm
id., 0.25 um, J&W Scientific, Folsom, CA, USA)°|H,
ionization voltage™= 70 eV 2 3} 11, injector} ion source
SE 27} 2500 AP, AR BAe] W)
(m/z)= 40~3502-% 3t} 2% program 60 CellA 17
0C7HA] 25C/min $E2, 205C7HA] 2C/min $E2 &
A7 Al 10C/min £=2 270 C7HA] S2AI AT
Carrier gast= heliumS AMS-3151 0.1, fr4-2 1.0 mL/min©.
2 39t} Hydrocarboni 242 98| = A8 1 uLE
F43kaL split ratio= Z 7190 splitless, 2% ©]% split 1 :
2002 ¥ EEE AR &9l total ionization
chromatogramol] 2] ¥ 7} peak®] AEw4 AHet BFE
91 1-tetradecene(Cia.r), pentadecane(Ciso), 1-hexadecene(Cie.1),
1,7—hexadecadiene (Cls;z), 1,7, 10hexadecaﬂieIE(C16;3), heptadecane
(Ci70), 8-heptadecene(Ci7.1), 6,9-heptadecadiene(Ci7.2)(Sigma
Aldrich) ] #290] 2]3} mass spectrum 2 retention time=-
Hlw3dte] 3215190 2™, internal standardE  H7}3EE
n-eicosane 0. = F 3 AL 33] wHESI] SA3S
o PJk + FFAAE AHE YERHATE

2-Alkylcyclobutanone®2| GC/MS E4
2-Alkylcyclobutanone ¥+ 43¢l AH-8-3F GC/MS #417]7]
& Shimadzu QP-5050(Shimadzu, Tokyo, Japan)2- A}-8-5}%1
o Alge] o] 23l= EI WHo =z 33ttt Full scan
mode® FAEAS AL, AFEAS #18 GCMSY
SIM(selected ion monitoring) 'HS ©]-&3}H T AlR=
2 ILE FY3FH AL split ratio= 1 : 2022 3} 2 18
&<t splitless 3} T}, Ion source temperature= 270 CZ 3}
Ao, Bl H 9} column FF+= hydrocarbonTt 4]
3 FY3A Y. &% program 120Co A 138 F<t
A8k 15C/min $EZ 160C7HA], 0.5 C/min =2 17
5C7HA, 30C/min =2 290C7HA] 5&A1A 1027t 74
3}ST}. Carrier gas= heliumS AFE3IE oM, 5458 1.0
mL/minZ st EFEZL 2-Dodecylcyclobutanone
(DCB), 2-tetradecylcyclobutanone(TCB) 2-(5’-tetradecenyl)
cyclobutanone(TECB) 2! 2-(5°,8’-tetradecadienyl)cyclobutanone
(5°,8-TCB)S 0.1~10 ppm (ug/mL n-hexane)©. 2 ZA4|3H5]
31, internal standard$] 2-cyclohexylcyclohexanone2 1 ppm

SEUb Hes ot EAEAS AT DCBet
TCBE ion mjz 98, 112, TECBS} 5°,8'-TCBE ion mjz
67, 81, 98 3 1095 AAst] AgolM Ed 2-
alkylcyclobutanone 72} 352 9] retention time¥} ion
ratioS Hlu, F<15ke] st

Z
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5o AEE B2 100 g9 62.18 g9 FAWo]
FHrEo] AL, AL 653 g, BESAAF 5068
g0 2 AZEt(Table 1). 59 AHF 24 B4
+ linoleic acidE H1E3t] F 8F°] AU 1 F
linoleic acid7} 53.7%2 &5 A4k tlF-2-S 2pA|8laL
AR 0™, oleic acid(17.7%), linolenic acid(9.7%), palmitic
acid(6.7%) <] ¥r&Fo] 1 thS-0 2 =tt}. Hydrocarbont}
2-alkylcyclobutanoneF+= ©]2] 3k A|Wakol] WIALA ZALS
Ao g2A dAg Fal71ds T3l s stEEolth
Z, hydrocarbon+= Z /3 A%¢] carbonyl 719] o- % B-8hA
o] Yol Aol BAA Cu & G TS =0 B4
%™, 2-alkylcyclobutanoneF+ C 9] alkyl7]E 7}
cyclic 3H§HEo] A= Aoz d&A Ach27).

Table 1. Fatty acids compositions of walnut (Juglans nigra)

Fatty acid g/100 g %

Myristic acid (Cig0) 0.56 09
Palmitic acid (Ci60) 417 6.7
Stearic acid (Ciso) 1.43 23
Arachidic acid (Caoo) 037 0.6
Palmitoleic acid (Cie) 025 04
Oleic acid (Cis) 11.01 17.7
Linoleic acid (Cis2) 33.39 53.7
Linolenic acid (Ciga) 6.03 9.7
Others 497 8.0

Total 62.18 100
TSFA" 653 1050
TUSFA” 50.68 8150

"Total saturated fatty acid
Total unsaturated fatty acid

S5Fo|M MMEl hydrocarbon &

N Z2AtE S5 E3E F59 hydrocarbonF2 &
Xt 275 Table 20 YRR, HIZAF 2 10
ZAFE AF29] chromatogram- Fig. 19 YR ATh
A 2218 5504 72ZE % hydrocarbon$ 9] FES
Bl SFe) At 2404 7P e S 2|8t
AL 31+ linoleic acidoll A =% 8,11-heptadecadiene(Ci72)



o

862 S A FAAFE 3] A A21 A6T (2014)

o] Aol 7 =%,
8- heptadecene(Cn 1)/] 6]'3]:0] l':7']
T-o] 4 A7) AGAE 24 «]fﬂ' AE B,
02 AFE17-25X % olelgt frelide] g<le b Q)
t}. Palmitic acid®l A 5% hydrocarbon+ pentadecane
(Ci50)°] 1-tetradecene(Cis ) ETF T =4 HAESE 3L stearic
acidolA] =% hydrocarbon heptadecane(Ci70)©] 1-
hexadecene(Cie1) E-OF A E21= Tk &3t oleic acidol] A
swd hydrocarbon%?_l 8-heptadecene(Cry.)©] 1,7-hexadecadiene
Ci) B =& 3o 2 AZEH A, linoleic acidoll A #

20 i oleic acido| A =%
il

A=A ol= &

=% 8,11-heptadecadiene(Ci72)©] 1,7,10-hexadecatriene
(Cie) B =4 HE5°] Gy hydrocarbon 9] & 44
59 a9t old @ AT ST WA 2AE 8
™ hydrocarbon7} XA B8R Y HUb= a8 91A]
A o ol AHES & F ATk *ﬁ“ﬂ hydrocarbon
= 1 kGy o302 A AlgolX BF AEH o] WA
7\/\},] o A= :o:]-o]aﬂ— 2= o]o% a, ﬁ%ktg _/]M oleic
acidol| A -rrE% 8-heptadecene(Cy7.1) 9} linoleic acido| A
=% 8,11-heptadecadiene(Ci72) % 1,7,10-hexadecatriene
(Cis)°] ZAPA L A4 2] linear regression A1) 7}

Table 2. Concentration of radiation-induced hydrocarbons from walnut (Juglans nigra)

(uglg oil)
- Palmitic acid Stearic acid Oleic acid Linoleic acid
Irradiation dose (kGy) 5
CIS:O Cl4:l Cl7:0 C16:1 C17:1 C16:2 Cl7:2 C16:3
0 2 - - - - - - -
1 085" +009° 006" + 001 029" £ 008 010" £+ 003 133 £005 0137 007 105 +005 0.12° £ 007
3 20" + 02 027 + 003 089”006 0.7 003 164" £ 007 044” +0.01 129”008  0.54” + 0.08
5 2519+ 017 0479 +009 101”005 021™ 002 2009 +015 0777 +004 1927 007  096° £ 0.14
7 280 +010 0539 +020 1259 +009 0259002 335 +011 0807 +003 390" 012 136”005
10 308 £ 007 0599 £012 1580 £ 011 0287 003 4737 014 089 + 004 5907 £ 008 1957  0.07
"Radiation-induced hydrocarbons
INot detected
¥Concentrations with different superscripts in the same column are significantly different (p<0.05)
“Mean-standard deviation(n=3).
Control
1S
.00 g.ho 1000 12'00 14100 1600 18100
C 1
] Cl17:2
¥ 10 kGy
C15:0
S
Cle6:1
c15:2!| C16:0
\ e ’L»‘-. e -~ e s ok n
EII'III i ’ ) £ 00 "’ ) ) i 1o i i ) i ]?[I’Ij ) ' ) ) 1u'nr ) IFulﬂl'l ) ) 1FIII'III

Fig. 1. Chromatograms of hydrocarbones from non-irradiated and 10 kGy-irradiated walnut.
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oMM =AME SF0AM MAEl 2-Alkylcyclobutanone®

vl ZAE 35 ZHE F T3 2-alkylcyclobutanone
5 SIM "ol oa] HeRtA gt Aa= Table 30 YERH
A3, ¥ Z=AF 210 kGy= ZAHE A1 5.9] chromatogram-2
Fig. 2l Ve ST} 2-Alkylcyclobutanone i H=3F 7HuXA
ZAtoll 93l F =% hydrocarbon-9} o] AR o]l u}
2} &=k W3S Bt SRS vlwsiRE S5 A
o] g5 o] Q= linoleic acidZ2HE #=% 2-(5,8'-
tetradecadienyl)cyclobutanone(5°,8’-TCB)7} 717 Zo] 221

o -

863

HQ, oleic acidZHE FEF 2-(5-tetradecenyl)
cyclobutanone(TECB), acidolld] =¥ 2-
tetradecylcyclobutanone(TCB), palmitic acidolX =%
2-dodecylcyclobutanone(DCB) 7} <=M thZ =4 2% A
o AR ZAME S50l =¥ 2-alkylcyclobutanone
+ linoleic acid$} oleic acidZ2%E F =% 5°,8-TCB %
TECB7} 713 o] Belslo] o] At 2409 ole 23t
= WA, WAL 2l 913 DCB, TCB,
TECB, % 5°,8-TCBE= 1 kGy ©]% Si ZALE A BollA
5 AEsel WLAEAS $578 4918 5 Adch =
APdRo] 71l wet FrEsgtE ke S g8t
om, 53] 5°,8-TCBS} TECBE linear regression (")
7} 0.95 ol o 2 ZAPA ) = ATAL BoFTh

stearic

R
o
TEE

Table 3. Concentration of radiation-induced 2-alkylcyclobutanones from walnut (Juglans nigra)

(ngfg oil)

Irradiation dose Palmitic acid Stearic acid

Oleic acid Linoleic acid

(kGy) 2-dodecyleyclobutanone”  2-tetradecyleyclobutanone 2-(5’-tetradecenyl)cyclobutanone 2-(5,8’-tetradecadienyl)cyclobutanone
0 2 - - -
1 012 + 0.04” 005" + 0.02 019" + 005 025" + 0,04
3 021” + 0,01 008" + 0.02 094" + 0.04 118" + 0.10
5 0329 + 0.04 015" + 0.01 1787 £ 0.09 2359 + 003
7 040° + 0.02 024° + 0,03 327% + 0.04 409 + 0.08
10 0519 + 0.03 038Y + 0.04 468 + 002 6.88% + 0.05
"Radiation-induced 2-alkylcyclobutanones
INot detected
¥Concentrations with different superscripts in the same column are significantly different (p<0.05)
“Mean-standard deviation(n=3).
70,000
Control
IS
50
10 0 0
70,0001
10 kGy
LS
5°.,8°-TCB
501 TECB
\\ Bl TCB
oy l\ Ka_ﬂ e
10 20 0

Fig. 2. Chromatograms of 2-alkylcyclobutanone from non-irradiated and 10 kGy -irradiated walnut.
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w}2kA] o] & E3) 2-cyclobutanoneF % linoleic acid$} oleic
acidollA] f+=9 5°,8’-TCB & TECB7} 1 kGyo|4 A
ZAHE S ZARE B4 F e Q) npARA]
48 7ol =& Aoz ATFHIAT

o OF
el =

B ATE 355 o 7rhdE 110 kGy Ao =
AMAA A E hydrocarbon-2} 2-alkylcyclobutanone
3l AR AL RS RIS T A2 soxhlet™d
© 2 phexaned FELv| 2 AFESF A florisilo] 37
H column®.Z ¥E2]3}e] gas chromatography / mass
spectrometry(GC/MS)Z BRIt vl ZAFE S50
A #HZ%F 2 hydrocarbonF+E oleic acidolA] =%
8-heptadecene ™} linoleic acido|A] =% 8,11-Heptadecadiene,
1,7,10-Hexadecatriene®] 2131, 71E&¥ 58 2-alkylcyclobutanone
F< linoleic acid®} oleic acidolA = 2-(5°.8-
tetradecadienyl)cyclobutanone(5’,8’-TCB), 2-(5’-tetradecenyl)
cyclobutanone(TECB)7} 7} =2 oz SRlxQlh
ZARE T4 A4 hydrocarbonF-$} 2-alkylcyclobutanone
Fo] A Aol vlglste 718kl on, o sgE
£ 1 kGy °|4 AR AlgolA et Yelom vl ZA}L
Aol e gR1EA] et meba] AR Ao Ss)
oleic acid¥} linoleic acidlX] =¥ hydrocarbonf %
8-heptadecene, 8,11-Heptadecadiene %! 1,7,10-Hexadecatriene,
2-alkylcyclobutanone i & 5°,8’-TCB % TECB+= 7vhAil
A} o] BR1S 913 marker2A] E-8715Ad 0] EA

e,

o PN
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