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Detection of Hydrocarbons Induced by Electron Beam Irradiation of
Almond (Prunus amygosalus L.) and Peanut (Arachis hypogaea)
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Asbstract Food irradiation has recently become one of the most successful techniques to preserve food with increased
shelf life. This study aims to analyze hydrocarbons in almonds (Prunus amygosalus L.) and peanuts (Arachis hypogaea)
induced by electron beam irradiation. The samples were irradiated at 0, 1, 3, 5 and 10 kGy by e-beam and using florisil
column chromatography fat, and content was extracted. The induced hydrocarbons were identified using gas
chromatography-mass spectrometry (GC/MS). The major hydrocarbons in both irradiated samples were 1,7-hexadecadiene
(Cys2) and 8-heptadecene (C,,,) from oleic acid, 1,7,10-hexadecatriene (C,;) and 6,9-heptadecadiene (C,,,) from linoleic
acid and I-tetradecene (C,,,) and pentadecane (C,s,) from palmitic acid. Concentrations of the hydrocarbons produced by
e-beam were found to be depended upon the composition of fatty acid in both almonds and peanuts. The C,, compound
was found to be higher than C , compound in oleic acid and palmitic acid, while in case of linoleic acid, C, ; compound
was higher than C,_, compound. The radiation induced hydrocarbons were detected only in irradiated samples, with 1 kGy
or above, and not in the non-irradiated ones. The production of 1,7-hexadecadiene (C,4,), 8-heptadecene (C,,,), 1,7,10-
hexadecatriene (C,q;) and 6,9-heptadecadiene (C,,,), in high concentration gave enough information to suggest that these
may be the possible marker compounds of electron beam irradiation in almonds and peanuts.
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oA fFEIHe =8 AWENIHERE hydrocarbonf} 2-alkylcy-
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of WEH AEF7|IFE W FAN WARIZAPTE HEFRAPE &
o7} MAECE A F AL o] 22 UgS T2 AF
9 H7bE Ve B A R8s Bl AR 2APIEE A
FXRAAE 72 WAS RSk 7B Aldstal Al 2
FXAAE AF ARAE FT18I oldl AR 2AF 712
S AEA wEEH, A8 0R HAFEAE g el AEX
A E S8atH, AERAAE &5 ol9d AERALE AR
k= g Algshs &= o] ol arskth(13).

o|¢} o] ARAFOE Au|FH HEY 1 FYFE F7Ist
I Qe ofRTe) W AERAMATOR s8H £ x
AFste] hydrocarbon9] A AFE ERlety A=A vlwet &
9 markers 47938t} SFAAT

Tz % e

AlE

2 A A3 AEE A8 A dE mREo A Fste]
SR AFao) e AR ZARAA electron-beam accel-
erator(model ELV-4, 2.5MeV, EB-Tech.,, Ltd., Daejeon, Korea)E
o] €3l beam current 0.47 mA(0.25 kGy), 1.3 mA(0.5kGy), 2.96
mA(1 kGy) 2 3.7mAB kGy), velocity 20 m/min(0.25, 0.5, 1kGy)
2 10m/min 3kGy) AFEZ Ao T4l 1, 3, 5,
2 10kGy’t H=5 AT ojw] §41%-2 cellulose triac-
etate(CTA) dosimeter®= 2Rl & W& Bkl Ay AM&-3lt.

of
B Ao ARggE Aleke vl Sigma(St. Louis, MO, USA)A}F
o] EFAIkS sl AREsISl e, AWEsARE?] hydrocarbon
9] standard®] YL =L TeLAAHKarlsruhe, Germany)Z%-
B 7959k A & 2 chromatographyol] AM8-3F n-hexane,
diethylether 52| 7] &vli= Fisher Scientific(Waltham, MA,
USA)°IX HPLC gradeE 743t ©]& THA] wire spiral packed
double distilling "X (Normschliff, Geratebau, Germany)Z |55
sto] ARE-SFAATE

il

XM =Abst Al2e| XY F&

HIZAL A5} ZAMATE AR 10gS nhexanel 2 F& 5
A1 (3400 rppm)ste] FEAS FHdl F5 Na,SOE TES Al
713t & rotary vacuum evaporator (Biichi R-215, Flawil, Swit-
zerland)?t N, gas® FZ8WE A|Ast WEAgeH AdAA R
2 3o

X|ehrl =M 24

ol g o] XAk 24S A5 95t BF,-MeOH
o 2] methlyesterst W< o] &3kt F& AW 25 meell 0.5
N NaOH 1.5mLE 718l 100°CollA 538-7F 71Este] 714=5s)
g % 2mL BF,-MeOH &4& 7Fsto] thA] 100°CellA 3027k
718 3ke] methylesterdt &3t} o17]9) isooctane 1 mLE 7}5}ke]
DRFEIR S 23} NaCl €9 SmLE 71ste] £33 & W13
o™ isooctane T B3t T Na,SO= G2 AASIAL o
3t T N, gas 7IFstolA FE3k] AT
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Florisil E&5}
ZAFANA FE2e AW ZRE AR AR o8] A
B xRS 2E9] hydrocarbonFE #2317 $15ke] florisil

column chromatographyE <=3 3} th. Florisil (Waltham, MA,
USA)S T4 ¥ 550°C 3]3}=Z(Thermolyne F-48000, Dubuque,
lowa, USA)AIA A HIY S@ES AlAsa 9% A4}
ST}, Chromatographyol] AFE-3}7] $18ted A74E florisil S 54
ZF o’ 130°Coll A Epste] d2olA 28l F hydrocarbonfr&
2] A8l 3% &5 7hste] #Esketal 12417 At
EZYA TIAR ARSI

HydrocarbonfFe| &2

E2A3A1Z] florisil 25 g2 200%20 mm  chromatography col-
umnol] S8 & ASFS n-hexanes ©]-8-5+] 3 mL/min®]
%92 conditioning 3} TF =3 A% 0.5 gl internal standard
n-eicosane(4 pg/mL n-hexane) 1 mLS #71310] columnol] 713 H
60mL n-hexane2 &8 235} hydrocarbonFE #2513 Th
o] 828Vl 335 mBar®} 40°C 7154 rotary vacuum evap-
oratorg °©|-§3te] 2mL7HA] 5% § Al N, gas® 0.5 mL7}
A 5] GOMSE EA5k T

Hydrocarbon®2| GC/MS &4

GC/MS £247]71% QP-5050(Shimadzu, Tokyo, Japan)2 ARE-3}
Ao A7l o]L3= electron impact ionization(E)HH o2 3}
k. GCMS 4] 272 ionization voltageE 70 eVZE 313, ion
source®} injector 2=+ Z}Z} 250°CE 3}SIth. Carrier gase
helium$ AHE3H] 42 1.0mL/min® & &tk gk 48
2] Wol(m/z)e 40-350°C2 3319t} Capillary column
< DB-5(30mx0.32mm id., 0.25um film thickness, J&W Sci-
entific, Santa Clara, CA, USA)E ©]&3I313, 2% L2292
60°CllA 170°C7HA] 25°C/min 52, 205°C7HA] 2°C/min =2
S2A712, TA] 270°C7HA] 10°C/min S22 52417t} Hydro-
carbonf 418 98l AR 1 uLE FYSIAL split ratio= 20:12
2 st

Hydrocarbonf+ total ion chromatogram®] #2]¥ Z} peak]
AN Aol EFEEQ] 1-tetradecene(C,,,), pentadecane
(Ciso), 1-hexadecene(C,q,), 1,7-hexadecadiene(C,,), 1,7,10-hexade-
catriene(C,4;), heptadecane(C,,,), 8-heptadecene(C,,,)) 2 6,9-hep-
tadecadiene(C ,,)¢ Al ©§ GC/MS full scan mode mass
spectrumS- H]w&ke] 21519 01 internal standard® F7HE n-
eicosane(4 ug/mL n-hexane)S ©|-8-3le] &3St

2o g

A4S A ZAAZIE, S/9XW<] carbonyl group2] o
Aol e YR AFe] BojA dje] AAtET ©Aig
7F VA(C,,) BAAY, 2H(C,,) AomA A WA 89X =
% °o]54%2 712 hydrocarbonf7t A€ T} €Al Nawar(14)
of ozl AAIE HAA At o3 Mk ol o] ol
o} BFol hydrocarbonf7F AHEES Rt ol& HA, &
FHo R FAsqrh ofErel I A 2R Ade

Table 19 YERNATH

A =ALE OF2E=0IM MM El hydrocarbonf

ofE=29] F XA ZA L oleic acid(71.2%), linoleic acid
(19.2%), palmitic acid(6.4%)Z oleic acid®] o] 7P Eko
AL 1, 3, 5, 10kGy2] AR ZA18Fe] hydrocarbon2]
A S ERISHATE H2AF A5t 10kGye] o= A
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Table 1. Total fatty acid of almond (Prunus amygosalus L.) and
peanut (Arachis hypogaea)

Almond Peanut
Fatty acid

/100 g % g/100 g %

Myristic acid 0.12 0.23 - -
Palmitic acid 3.28 6.40 5.07 11.68
Stearic acid 0.97 1.87 1.25 2.88
Arachidic acid 0.12 0.23 0.58 1.33

Palmitoleic acid 0.27 0.53 - -
Oleic acid 36.45 71.94 22.10 51.91
Linoleic acid 9.87 19.21 13.86 31.93
Linolenic acid 0.31 0.60 0.55 1.27
Total 51.38 100 4341 100

A& Z}ZF9] chromatogram Fig. 19 YERSIE A4 ¥ hydro-
carbonF-9} A TS Table 23} 30 YJERASITE

AN EASEA A 45 A A 15 013)

AR ZALel 9Jd) oFE=ollA F=E hydrocarbonFe A}
Aol wet Frtetslen 9 d@dFew zAEASATE
hydrocarbonf 3t&Fo] ztzt th2A] SAHEoH o]E ofRE ]
Agat 22 afolel] eJgt Aojgk A, AR A o=
9] hydrocarbonfQ!  1-tetradecene(C,,,), pentadecane(C,s,), 1,7-
hexadecadiene(C,4,), 8-heptadecene(C,,,), 1,7,10-hexadecatriene(C,,),
6,9-heptadecadiene(C ;)= RIS ZALSH AlFe] BE HolA
gl Hth ole el Zubds 2ARsle] A& AL Zalit
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Fig. 1. GC/MS chromatograms of radiation-induced hydrocarbons in non- and 10 kGy irradiated almond (Prunus amygosalus L.) and
peanut (Arachis hypogaea). a. almond control, b. almond electron-beam 10 kGy, c. peanut control, d. peanut electron-beam 10 kGy
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Table 2. Parameters of regression analysis of hydrocarbons in irradiated almond (Prunus amygosalus L.) and peanut (Arachis

hypogaea)
Hydrocarbons Linear regression equation e
1,7-hexadecadiene (C,4,,) y=3E""x-987328 0.9915
Almond 8-heptadecene (C,,,) y=3E"%x-3E+06 0.9548
(Prunus amygosalus L.) 1,7,10-hexadecatriene (C;) y=358872x+56230 0.9719
6,9-heptadecadiene (C,,.,) y=1E"%x-953551 0.9620
1,7-hexadecadiene (C,,) y=0.6368x—-0.3148 0.9890
Peanut 8-heptadecene (C,,.)) y=0.5904x—-0.4764 0.9726
(Arachis hypogaea) 1,7,10-hexadecatriene (C,, ;) y=6.904x-10.022 0.9345
6,9-heptadecadiene (C,,.,) y=1.732x-1.706 0.9849

YRegression coefficient

Table 3. Concentrations of Radiation-induced Hydrocarbons in Almond (Prunus amygosalus L.) and Peanut (Arachis hypogaea) using

LC column (mg/kg fat)
o Oleic acid Linoleic acid Palmitic acid
Irradiation dose (kGy) 5
C]7:l C]6:2 C17:2 Cl6:3 C]4:l
0 - - - - -
1 1.57 6.79 1.32 1.82 1.81
Almond 3 6.58 18.27 3.95 1.84 3.40
(Prunus amygosalus L.)
5 19.86 32.56 9.29 3.84 4.64
10 47.53 61.63 21.96 6.76 7.90
0 - - - - -
P 1 0.84 3.46 2.32 2.06 2.66
eanut
3 3.21 9.27 7.012 3.32 5.30
Arachi
(drachis hypogaea) 5 10.01 16.72 16.88 4.76 7.83
10 25.54 40.15 27.24 7.31 1141

YRadiation-induced hydrocarbon

1-Tetradecene(C,,,) % pentadecane(C,s.) palmitic acid=El
A El= F8 hydrocarbonfFZA] APl wE} Hlwd -2
TEOR FIFIIAIN, olEEe] At 24 F 4o% SAEIE
2 olo] 7]Qlste] AL o] sgrEEol AAHJAL 53], pen-
tadecane 73-¢- §ie] 7He] e Aow AdEnl ofZse] o
23t hydrocarbonF= A ZANRE AAsl=dl A EsIA
st} olE=e] At 24 F P w8 IS AAEaAL §)
= oleic acid2HE AR ZAbe] o9& AAE 1,7-hexadecadi-
ene(C,,)°l T+ AZH AL hydrocarbon® A4 2] regression
Fr)E 0992 7 =74 UEldth Linoleic acid25E X
# 6,9-heptadecadiene(C,,.,)3 1,7,10-hexadecatriene(C,;) =g+ =
A2EL linoleic acid7} oF2=2] Aol thF gHtElo] = A
o 71Qlste] =2 FHgo] EIEHASH C,, =2 6,9-hepta-
decadiene(C,,,)°] C,, SF=2%1 1,7,10-hexadecatriene(C ;) ETF H]
A =2 TFEFES AASUTH

opZ o] At 243 A ARl o3k Ral71de B
Z sl HARPA AL 23] AAdE 2 hydrocarbonf= 8-
heptadecene(C,..,), 1,7-hexadecadiene(C,,,), 6,9-heptadecadiene(C,,,)
3} 1,7,10-hexadecatriene(C, ;)1 A Th.

AAA Z2AHE oRE=oA AAE hydrocarbonFo] e =
APl met Sreklem 53] olEe] FE A oleic
acido| Al =% 1,7-hexadecadiene(C,,,) 2 8-heptadecene(C,,,)°]
BE ARA 7T wol ERlFe] AR At E Add &
JE Aoz ARE A 2ARIER AT regression
FE)E 096 oFoE w2 WIS UEPATHTable 2).

webd 0, 1, 3, 5 2 10kGyZE AAA AR o}lEZ =g
hydrocarbon & GC/MSZ #4438l $&¢ of2=9] A %
At H-E Bl 73kt

X =ALE H30|M WM E hydrocarbonf®

gFol F A A4S oleic acid(51.0%), linoleic acid
(32.0%), palmitic acid(11.7%)Z oleic acid®] F&o] 7} Eo} o}
2ol ke A4S BT 1, 3, 5, 10kGye] Aoz A=A
< ZA1381Y] hydrocarbon2] A3 FS SRISIATE H|ZAL AR
2} 10kGyS] AFoz zAE A8 ZF7Fe] chromatograme Fig.
1ol JeERARIZ AAE hydrocarboni-oF A4 S Table 29} 390
el At

FFoA =% hydrocarbonf AP Z wet S8
w gge] Akt 2AdRtole] o) FUAHIAZRE hydrocarbon
o o] bg=A FHHATE AR AR HF9] hydrocarbon
<1 1-tetradecene(C,,,), pentadecane(C,s,), 1,7-hexadecadiene(C,g,),
8-heptadecene(C,,,), 1,7,10-hexadecatriene(C,,;), 6,9-heptadecadiene
(C e RS A1 AR BE AFolA el HAU o]
= B3l AvhdS 2ARE de At ajibEd e A
5 e SITH(16,17).

BF2] F8 hydrocarbonF= oleic acidollA] F=¥ 1,7-hexa-
decadiene(C, )3} 8-heptadecene(C,,,)°I 2™ C,_, hydrocarbon
Bt} C,, hydrocarbon®7t ¥ #2 S YERAITE Linoleic
acid2FE =9 hydrocarbon<1 1,7,10-hexadecatriene(C, ;)3
6,9-heptadecadiene(C,,,)> C,, hydrocarbon2] =2 A& &

n-1
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Q1513 T, Palmitic acidoll4] f%% hydrocarbon = 1-tetradecene
(C,y)) 2 pentadecane(C ;)22 C, BT C,, SIgEo] =2 &
< YRR oleic acidet HlIs=dt AFS BT

Palmitic acidZ2%¥ A== 52 hydrocarbonfQl  1-tet-
radecene(C,,,) & pentadecane(C,s ) ZAMIZol| w2} 718k
Ak, o} ZES} o] e At 2 T A% TABIERE o]
of 7I1ste] A2 Fe] sigEEe] RI=UL 53] pentadecane
(Cisp8l 75 &me] THHe 2 Rla] AR ZAAFE A8t
=d A 2 o= AdEHAT BFF At 24 F
7P 2 oleic acidZHFE AR Al ofs) APH 1,7-
hexadecadiene(C,,)2] regression “3(Py= 0.982 7FF =7 UE}
3TH(Table 2). Linoleic acid2FE fx=% 6,9-heptadecadiene(C,,.,)
3} 1,7,10-hexadecatriene(C ;) B3 =2 FaFo] RIS C |
S}3HE2 6,9-heptadecadiene(C,,,)°] C,, =<2 1,7,10-hexadec-
atriene(C,,)2.CF Plud =2 7S A4

gFo] Az ZA] o8] AAdE F2 hydrocarbonfis 8-
heptadecene(C,,,,), 1,7-hexadecadiene(C,q,), 6,9-heptadecadiene(C,,,)
3} 1,7,10-hexadecatriene(C, ) 2= 0, 1, 3, 5, 10kGy=Z A4
ZAMZ] ol 8kEhA IHEHQI hydrocarbonFE ©]8-3F GC/
MS EA4Wo] A& 7hsslal Y B AR AlR
T3 8l 7Hsakich.

o ok
S =

o=l Fe] HIZAF ARG 1, 3, 5, 10kGy= IS =
AFgE AlEA R EE hydrocarbon?o] A HS A7) 95t
o] A2 phexaneZ FE31e] florisil columno 2 ¥ o
GOMSE EA AT A A ol =s) WgolM frefdt
hydrocarbonF= oleic acidol|l*4] 1,7-hexadecadiene(C,,,)* 8-hepta-
decene(C,,,), linoleic acidolA] 1,7,10-hexadecatriene(C,,)3 6,9-
heptadecadiene(C,,,), 8|3 palmitic acid®llA] 1-tetradecene(C,,,)
9 pentadecane(C,5,) 8313, oleic acid?} palmitic acidollX=
C,, linoleic acidX= C,, SIgHE<] Bl o &4 A=A
RS 1, 3,5, 10 kGye] AFERE AR Al5dAM A"
hydrocarbonf9] #&rE AP we} F7FeFAal H|Z=AL Al
FoME ERIEA] ekott. E3], oleic acid®} linoleic acidolA]
2 g+ 1,7-hexadecadiene(C,,,), 8-heptadecene(C,, )2 1,7,10-hexa-
decatriene(C ;) 2 6,9-heptadecadiene(C,,,)°] 739~ oR2 =9} B
RFolA ©h2 hydrocarbonFoll B3] Az ZAbel| o]st AJAEF
o] A uepdut AR AT W maker® AR 7SS
< RIS
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