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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 iradiation. 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 (C;7;) and 1,7-hexadecadiene (Cis2) from oleic acid and 8,11-heptadecadiene (C;72) and

1,7,10-hexadecatriene (Ci;3) from linoleic acid. The

2-alkylcyclobutanones that were detected were 2-

dodecylcyclobutanone (DCB) from palmitic acid, 2-tetradecylcyclobutanone (TCB) from stearic acid, 2-
(5'-tetradecenyl)cyclobutanone (TECB) from oleic acid, and 2-(5',8'-tetradecadienyl)cyclobutanone (5',8'-TCB) from
linoleic acid. The correlation between the iradiation 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 clearly detected in the imradiated walnuts at 1 kGy and above, but not in the non-irradiated ones. The major
hydrocarbons obtained after imadiation 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-imadiated samples.
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Aol ARESE BE Aok EFAIFCE 1= Sigma
A} (St. Louis, MO, USA)°llA T3] 3L, A-Ea4k=<l
hydrocarbon £} 2-alkylcyclobutanone+2] standard+= 54

TeLAA}H(Karlsruhe, Germany) Z %8 4319t} AWk
9! chromatography©l| AF-8-3F n-hexane 52| 78wl
Fisher Scientific (Pittsburgh, PA, USA)°l| 4] HPLC grade&
T3kl ©| & wire spiral packed double distilling %]
(Normschliff Geratebau, Germany) 2 A 5-F-3Fo] A3}
t}. Florisil(60-100 mesh, Fisher Scientific) 550°C &] 3} Zd|
A 3F2AY HlE F desiccatorell Al 2181 F hydrocarbon T+
o} 2-alkylcyclobutanone 7+ #2]& 8l 242t 3% 9} 20% <
FTE 718k H. ©|E evaporatorE ©]| &3] FE3| 1
shata 12413t o] WA st B8t A7 ¥ column
FRAZ AFESHA T

e e

ALF=

Bl
Thimble filter(Whatman, 26 mmx10 mm)°ll ¥ 31 #5573
hexane 100 mL¥} 3] soxhlet 2|4 1047t o) F&
819t} %81 & rotary vacuum evaporator(Biichi, Flawil,
Switzerland) 2} N, gasE ©]-&-3to] &RV vllE 25 Al
Asta YerAste] APAAER AHESHATh

R|rar 24

S A 24 A 98 A FFA e Fatod
BF:-MeOHOl| 9] 3} methyl ester3} WH S o] &3t} +5
H 224 oF 25 mgoll 05 N NaOH 1.5 mLE 7}sle] £33k
B 100°CAA] 557t 714381t o] W2ztsle] BF:-MeOH
£ 2 mLE 7Fele 3, ThA] 100°CollA] 3087t 71 &)
methyl esters} 31t} ©]©] isooctane 1 mLE 7}ske] nHt
3l 23} NaCl €9 5 mLE 7lsle] &3 & W8k
Isooctane T 8|5t FF Na,SO,= &= Al A3t
g F N, gas 71 stollA FFsto] A8k

Hydrocarbonf 22

E24d 314 florisil 25 g= 200x20 mm chromatography
column®l| ZZA|7]12 AZEF3 n-hexane 60 mLE 3
mL/min®] %S % conditioningdt ¥ FEA|W 1 gol
internal standard 2 n-eicosane(4 ng/mL, n-hexane) 1 mLE
718l columnol] ¥ % 30 mL n-hexanes £ $v 2
3l hydrocarbonf& w2l3t3T). o] &28mE rotary
vaccum evaporator® °F 5 mL7bA] FFA|7|2L N, gasZE
0.5 mL7kA] A A8] E3akqitt.

2-Alkylcyclobutanonef® &2]

2244314 florisil 30 g2 200x20 mm chromatography
column®| FZA]7]31 #}Z5F3+ n-hexane 150 mLE 3
mL/min®] f%°=Z conditioningdt & FEAW 0.2 goll
internal standard=  2-chclohexylcyclohexanone(1 pg/mL,
n-hexane) 1 mLE #H7}8te] columno] ¥S I 2%
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diehtylether/ n-hexane Z3H-&-m(v/v) 120 mL & &2]&rj=
8}Fo 2-alkylcyclobutanone & #2]3}3i T} o] &2 ﬁuﬁg
rotary vaccum evaporator= F 5 mL7}A] F3A17] 1L
gas® 05 mL7] A BE59T

Hydrocarbon®2 GC/MS &4
2] hydrocarboniF #2419 Al8-3F GC/MS £417]7]
+ Thermo Polaris Q(Thermo Finnigan, Austin, TX, USA)=
B350, Al59] o] 23} El(electron impact ionization)
mode2 A A|3FSA T} A}-8-8 columnS DB-5(30 mx0.32 mm
id., 0.25 um, J&W Scientific, Folsom, CA, USA)°|H,
ionization voltage:= 70 eV 2 3}9] 1L, injector<} ion source
e 47} 250 CE AAstlth A48 £k W
(m/z)= 40~350°.Z 3} T} 2% program 60ColA] 17
0C7HA] 25C/min =2, 205C7HA] 2C/min $E2 52
Al71a B2l 10C/min $E2 270C7HA] S2A T
Carrier gast helium= A8} 91, 42 1.0 mL/min®
2 399tk Hydrocarbonf 42 ¢l & A& 1 LS
A3} split ratios Z=7]l splitless, 2% ©] 3 split 1 :
2002 sttt EElE AAES &1 total ionization
chromatogram®l| 2] 7t peak®] AEEA 29} FT+E
A9l 1-tetradecene(Ci4.1), pentadecane(Cs,), 1-hexadecene(Cie.1),
1,7-hexadecadiene (Cis2), 1,7,10-hexadecatriene(Ciq3), heptadecane
(Ci7.0), 8-heptadecene(C,7.1), 6,9- heptadecadiene(Cn 2)(Sigma
Aldrich)®] #A19] 2|3} mass spectrum 3! retention time-S
Hlwste] Q15+ o™, internal standard® 7}
n-eicosane 0.2 %A 3t} AL 33 utEsle] =451
onl By + EEANR 7S Vehich

2-Alkylcyclobutanonef2| GC/MS &4
2-Alkylcyclobutanone - 23l A8-3F GC/MS £44717]
= Shimadzu QP-5050(Shimadzu, Tokyo, Japan)< AF8-3}+9]
o, Alge] o]esl= El WH o2 33t t) Full scan
mode® A S a3, FFEAS A8 GOMSE]
SIM(selected ion monitoring) -2 ©] &3l Th AlR2=
2 ILE Y3 AL split ratio= 1 : 20°.2 st A& 13-
52t splitless 31T} Ton source temperature= 270 C = 3}
Aom, FxaF He e} column £/ hydrocarbon -4
I} FLH SFHTE % program 120 CollA] 18 &<t
SAE 15C/min SEE 160C7H4], 0.5C/min SEE 17
5C7HA), 30Cmin S =2 290 C7HA] 5-2A1# 1087 4]
3T}, Carrier gast helium< AHE-8F o1, §452 1.0
mL/min= 3%t EFTEZ-LS 2-Dodecylcyclobutanone
(DCB), 2-tetradecylcyclobutanone(TCB) 2-(5’-tetradecenyl)
cyclobutanone(TECB) %! 2-(5°,8’-tetradecadienyl)cyclobutanone
(5,8"-TCB)< 0.1~10 ppm (1ig/mL n-hexane) &2 24315
11, internal standard?] 2-cyclohexylcyclohexanone 1 ppm

SE7b e ok g8ttt DCB<
TCB< ion m/z 98, 112&, TECB} 5°,8°-TCB+ ion m/z
67, 81, 98 B 1095 AHsto] AgolA Eeld 2-
alkylcyclobutanone 7} 52 79 retention time®} ion
ratios Pla, Flate] g &Fatd

3L o
FeHFAE

Zda o nE
TFO AWEFE B4 100 g9 62.18 g9 ZAWo]
FHrElo] AU, ESAARE 653 g, BESAAE 5068
g% HEHITH(Table 1). T3] A 24 243
£ linoleic acidE H]E3dle] & 8Fo] &AQIHULE 1 5
linoleic acid”} 53.7%% &5 A|W4ke] t)F-E-2 ApA| sl
I o™, oleic acid(17.7%), linolenic acid(9.7%), palmitic
acid(6.7%)2] ol 1 th52 2 =S9kth HydrocarbonF-<}
2-alkylcyclobutanone = ©| 23k X W4kel] HIALA ZALE:
Ao z=A dA g Fal71A S B3l A= sgtEelth
%, hydrocarbonf= /3 A1W2] carbonyl”]9] o- 2 (-84
o] §1X|el] Agte] oA Co F Cor FE9] 330l A4
%™, 2-alkylcyclobutanone 7+ C, 1]l alkyl”] & 7}
cyclic 3}3t&Eo] A= Aoz LA Uoh27).

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

Fatty acid g/100 g %
Myristic acid (Cia0) 0.56 09
Palmitic acid (Cig0) 417 6.7
Stearic acid (Ciso) 1.43 23
Arachidic acid (Caoo) 037 0.6
Palmitoleic acid (Cie) 025 04
Oleic acid (Cisa) 11.01 177
Linoleic acid (Cis2) 3339 537
Linolenic acid (Cis3) 6.03 9.7
Others 497 8.0
Total 62.18 100
TSFA" 6.53 1050
TUSFA? 50.68 81.50

Total saturated fatty acid
Total unsaturated fatty acid

FollM 4ME hydrocarbon &
TTFEEYH
FJ, A% @J%E Table 20 Ve 3, H]ZAF 2 10
kGy= ZAHE Al&2] chromatogram=- Fig. 1] YERAATE
epd z2AE 5504 &% hydrocarbonfo] kS
H wal| B S50] 2k 24604 7 e e AFAIst
11 9J+= linoleic acidol|A] =% 8,11-heptadecadiene(Ci7.)

F=% hydrocarbon 75
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o] Ageo] 714 ka1, B2 2 oleic acidoll A F=¥
8-heptadecene(Cy71)2] Trigo] =4 AFT) ol & A
To B4 Al AL 246 o) Aot Hox|u,
o2 ATFE1725)1M = o33 FejAe] Eele u} 9l
t}. Palmitic acidl| 4] =% hydrocarbon = pentadecane
(Cis0)©] 1-tetradecene(Ciu) BT} B A HET 1L stearic
acidoll 4] =% hydrocarbon heptadecane(C70)°] 1-
hexadecene(Cie.) B0} =4 ERIFATE E3F oleic acidol| A
=9 hydrocarbon 9] 8-heptadecene(Cr7.)©] 1,7-hexadecadiene
(Cisn) BT} =& 3o 2 AZ% 1, linoleic acido A F

T2 ZAA-FEE A A21HE A6E (2014)

=% 8,11-heptadecadiene(Cy72)©]  1,7,10-hexadecatriene
(Cisn)Et} =4 HZ5°] C,, hydrocarbon 72| F& A4
B ZRIsth olgdt Antz 5o AR ZALE 3t
™A hydrocarbon 7} A WAE B84 91X Hohs o-Fhar 914
A o Bol AFES & F AATh BAE hydrocarbon -
© 1 kGy °)d o2 A AlgolA] 5 HEw o] WAL
AR 5 EAE F e, AE F9492 oleic
acidol A =% 8-heptadecene(Cy7.) <} linoleic acidol| A
%% 8 11-heptadecadiene(Ci7,) % 1,7,10-hexadecatriene
(Cisn)0] AP ZF2t A 2] linear regression J5=(1%)7}

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

(ng/g oil)
. Palmitic acid Stearic acid Oleic acid Linoleic acid
Irradiation dose (kGy) 5
C15:0 C14:1 C17:[) C16:1 C17:1 C16:2 C17:2 C16:3
0 2 - - - - - -
1 085" + 009 006" £ 001  029° £ 008  0.10° + 003 133 £ 005 0137 £007 105° £+ 005 0127 + 007
3 209 £ 012 027 £003  089Y £ 006 017 £003 1647 £007 044 £ 011 129Y £ 008  054Y £ 008
5 2519 017 0470 +009 101Y £005 021® £002 2099 +015 077 £004 1929 +007 09¢” + 0.14
7 2829 £0.10 053 +020 1259 £009 025 +002 335 £ 011 0807 £003 390% £ 012  1.36Y + 005
10 3089 £007 0599 £ 012 158° £ 011 0287 £003 473 014 0899 £ 004 5909 £ 008 195 + 007
YRadiation-induced hydrocarbons
INot detected
I<Concentrations with different superscripts in the same column are significantly different (p<0.05)
“Meantstandard deviation(n=3).
Control
1S
S T ghe 0 Tghe T T o "o 140 1goo 1800
" 1
] C17:2
: 10 kGy
1 c17:1
§ C15:0
S
1 c16:1
c15:2!| !515:"
ctkoniscn Mhomrly : - sty A byt latsinod
B II'II'I A 00 1o l?[l’l'l 1u'nr- IRIITI m‘u

Fig. 1. Chromatograms of hydrocarbones from non-irradiated and 10 kGy-irradiated walnut.
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003 o]0 & JYL LEelrh wheb ol @
A 1 KGy ol AR ZARE BRG] 2AIRE BAG
F Qe wRA B8 7Fedol ¥ Ao BuEdh

Zord =AFE EFollM MAME 2-Alkylcyclobutanonef®

A Z2AME 5F25E {E% 2-alkylcyclobutanone
= SIM ol el g A g A3h= Table 3 UEh
o, v]Z2AF 2 10 kGyZ ZAE Al 59 chromatogram-2
Fig. 29| YER AT} 2-Alkylcyclobutanone 7 B3+ #ul4d
ZAbl ©]ell f- %% hydrocarbon o} #o] AR ol w}
2} 3 WSS Bt e Hws| B 5o Ao
Zo] g-fEo] & linoleic acidZ5F-E F=H 2-(5°,8'-
tetradecadienyl)cyclobutanone(5°,8’-TCB) 7} 717 o] &<l

BN

A, oleic acidZ2HE HFEE 2-(5-tetradecenyl)
cyclobutanone(TECB), acidelldl =" 2-
tetradecylcyclobutanone(TCB), palmitic acidol|lA] =%
2-dodecylcyclobutanone(DCB)7} =M th 2 =7 &2l %
o} WARA A 5o f- 2% 2-alkyleyclobutanone F
£ linoleic acid®} oleic acidZ25H F=¥ 5,8-TCB %
TECB} 744 ol Si<lsle] ol At 246l <J3 22}
2 gebstaich WA ZAR gJE] =¥ DCB, TCB,
TECB, 2 5°,8"-TCBE 1 kGy o402 2Abd Al 2ol A]
BT HEE o] AR AR §5-E ER1E Al =
APd o] F7hstel whet frEsigtE el S ERlst
Fom, E3] 5°,8-TCBS} TECBE linear regression /<=1
7F0.95 oo m AN =& A S BoFnh

stearic

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-dodecylcyclobutanone”  2-tetradecylcyclobutanone

2-(5’-tetradecenyl)cyclobutanone

2-(5,8’-tetradecadienyl)cyclobutanone

0 =
1 0.12 + 004" 005" + 0.02 0.19” + 0.05 025" + 0.04
3 021% + 001 0.08” + 0.02 094" + 0.04 1.18Y + 0.10
5 0329 + 0.04 0.15" £ 0.01 1789 + 0.09 2359 + 0,03
7 040° £ 0.02 0249 + 0.03 3279 + 004 4099 £ 0.08
10 0519 + 0.03 0389 + 0.04 4687 + 0.02 6887 + 0.05
"Radiation-induced 2-alkylcyclobutanones
INot detected
9<Concentrations with different superscripts in the same column are significantly different (p<0.05)
“Meanzstandard deviation(n=3).
70,000
Control
LS
50
10 20 0
70,000/
10 kGy
LS
5°.,8°-TCB
501 TECB
\ beE TCB
of A L_ﬂ I
10 20 0

Fig. 2. Chromatograms of 2-alkylcyclobutanone from non-irradiated and 10 kGy -irradiated walnut.
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mEhx o] & F3l 2-cyclobutanoneF % linoleic acid$} oleic
acidell Al =¥ 5°,8-TCB & TECB7} 1 kGy©]d HAA
A ST A RS BAE & e E] nAEA
&g 7ol =5 Aoz ATFH

2 <%

2 AT 358 UdeE Id S 110 kGy AFe =
ZAMAA A7 ¥ hydrocarbonF<} 2-alkylcyclobutanone
£ Sl WA At RE FRISHA T A soxhlet™
WO 7 phexanes FEEME AL T florisile] &3]
H columnSZ #2]3}o] gas chromatography / mass
spectrometry(GC/MS) 2 &1t} nbd ZAbE S5
A HAZ¥ F8 hydrocarbonF+= oleic acidolA] F=¥
8-heptadecene} linoleic acidoll~] =% 8,11-Heptadecadiene,
1,7,10-Hexadecatriene®] 1 12, HE%E 2. 2-alkylcyclobutanone
F= linoleic acid®} oleic acidolA] HF=E 2-(5,8-
tetradecadienyl)cyclobutanone(5’,8’-TCB), 2-(5’-tetradecenyl)
cyclobutanone(TECB)7} 71 & fHFo = 2l Qi)
21 S50l A A% hydrocarbon £} 2-alkylcyclobutanone
T A FE Aol vlelste] Srteten, o] shgE
52 1 kGy o7 AR Al Sl Rt UEpom B ZAL
A5l e glEA] egtet whaba] WA ZAbel] os)
oleic acid®} linoleic acidlA] =% hydrocarbonf %
8-heptadecene, 8,11-Heptadecadiene 2! 1,7,10-Hexadecatriene,
2-alkylcyclobutanone i % 5°,8’-TCB % TECB& #vhAd
ZAE o 59] g9l 918 marker2A] E-87F5/d0] EA

Jepgte.
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