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ⅠⅠⅠ

Plantsbelongingtogenus suchasgarlic,onions,welshonions,and
leeks,havebeenusedasfoodandmedicinalherbinmanydifferentcultures
oftheworld sinceancienttimes(1).Taxonomically,thegenus is
includedinthefamilyLiliceaeanditsspeciesgrow wildacrossawiderange
oflatitudesandaltitudesinEurope,Asia,NorthAmericaandAfrica.
plantsareknowntoaccumulatesulfurcontainingsecondarycompoundsthat
arederived from cysteine(2).Theseflavorsubstancesareformed during
discruptionofplantmaterialbytheactionofallinase(EC4.4.1.4)oncysteine
derivatives(3).
Leek( R.),locallycalledBu-chuinKorea,isanaromatic

herbpossessesacharacteristicandlong-lastingodorresemblingtheflavorof
onionandgarlic.ThisplantisthemajoringredientforleekKim-chi,andhas
beenusedforalongtimeasafolkremedyforthetreatmentofabdominal
pain,diarrhea,hematemesis,snakebiteandasthma(4).Itisrichinvitamin,
fiber,minerals,andsulfurcompoundsthathaveantibioticproperties(5).This
plantisasourceofnitratesaswellassulfurvolatileslikethiopropanal
S-oxide, thiosulfinates and minor quantities of related compounds
(zwiebelanes,capaenes)thatcontributetotheleeksdistinctiveflavor(6,7).On
theotherhand somesecondary metabolitesareendowed with interesting
biologicalactivities.Flavonolglycosideshaveanantioxdantactivityand an
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inhibitory activity on human plateletaggregation and atherosclerosis (8).
plantsalso possesschitinaseswith antifungalactivity (9,10).These

plantsalsocontainhighlevelsofinulin-typefructanswithbeneficialeffects
onserum lipids,bloodglucoseandthehumangastro-intestinaltract(11).
Currently,spicesareirradiatedworldwideonasignificantscale.Spicesare

commercially valued due to theirflavor,butthere are majorproblems
associated with theirstorage and export.Heavy microbialcontamination,
insectinfestation,andsproutingcanresultinqualitydeteriorationsandlower
market acceptability (12).Contamination by microorganisms,especially heat-
resistantbacteriaandmolds,hasfrequentlycausedseriousproblemsinthe
food industries.Mostspices grown in the tropics underthe prevailing
production methodscontain alargenumberofmicroorganisms,capableof
causing food spoilageoreven diseasesin someinstances.Untilrecently,
fumigationwithethyleneoxidehasbeenusedformicrobialdecontamination
ofspicesindifferentcountries.However,theuseofthisfumiganthasbeen
banned in severalregionsincluding theEuropean Union and Japan was
phased out by year 2000 in USA because of its toxic residues and
occupationalhealthhazardsforworkers(13).Therehavebeenmanyreports
thatradiation treatmentofspicesisasuitablemethod forinactivation of
microorganisms (14,15).Commercialscale use ofradiation processing for
spicesandotherfoodproductshasbeensuccessfulinmorethan20countries
inrecentyears(16,17).
Themajoradvantageoffoodirradiationisthatmostfoodcanbeirradiated

successfullyinthefinalstageofpackaging.Thequalityofirradiatedfoodis
graduallyincreasedwithoutchangingtheflavorandothercharacteristics(18).
Extensiveresearchhasproventhatirradiationisasafeandreliableprocess,
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andithasbeenapprovedbytheFoodandDrugAdministration(FDA),the
American MedicalAssociation (AMA),and theWorld Health Organization
(WHO)(16).TheWHO encouragestheuseoftheirradiationprocess,which
isdescribedas"atechniqueforpreservingandimprovingthesafetyoffood"
(19).TheresultsobtainedintheInternationalProjectandinnationaltesting
programswererepeatedlyevaluated bytheJointFAO/IAEA/WHO Expert
CommitteeontheWholesomenessofIrradiatedFood(JECFI).Thiscommittee
concluded in 1980thattheirradiation ofany food commodity up to an
overallaveragedoseof10kGypresented notoxicologicalhazard and no
specialnutritionalormicrobiologicalproblems(20).γ-Irradiation formicrobial
decontaminationofwholespicesand spicepowdersislegallypermitted in
some34countriesworld wideand 23countriesareusingthistechnology
commercially(21,22).
Thecompletevolatilecompoundprofileforirradiateddriedleekhasnot

been clearly described in the literature and itcould be an important
parametertoevaluatethequalityofirradiated samples.Consequently,the
objectiveofthisstudywastoevaluatetheprofileofvolatilecompoundsin
irradiatedandnon-irradiateddriedleekslearnabouttheeffectsofγ-irradiation
treatmentonsubstancesresponsibleforthecharacteristicflavorofleek.The
presentstudy wastherefore,conducted toassessthequality ofirradiated
spiceswithrespecttotheiraromaticconstituents.
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ⅡⅡⅡ

Freshleeks( R.)werepurchasedfromalocalsupermarketand
freezedryingwasperformedinthelaboratory.Driedleekwasirradiatedwiththe
doseof10kGyat12±1℃ usingaCo-60γ-irradiatorattheKoreaAtomicEnergy
ResearchInstitute.Thedoseratewas2.5kGy/hwithadoserateerrorof±0.02
kGy.Thenon-irradiatedleekwasconsideredasacontrolandbothsampleswere
storedat-18℃ untilrequiredfortheexperiments.

AllthereagentsusedintheexperimentswerepurchasedfromSigmaCo.(USA)
andFisherScientific(USA).Theorganicsolventsusedfortheextractionandthe
chromatographywereredistilledusingawirespiralpackeddoubledistilling
apparatus(NormschliffGeratebau,Wertheim,Germany)andMilli-Qwaterthat
wasgeneratedwithawaterpurificationsystem(MilleporeCorporation,Bedford,
USA).
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a.Irradiator:Cobalt-60γ-irradiator
(attheKoreaAtomicEnergyResearchInstitute)

b.Freezedryer:Labconco7754500(Labconco,Kansas,USA)
c.Distillingapparatus:Wirespiralpackeddoubledistillingapparatus

(NormschliffGeratebau,Germany)
d.Blender:Multimixer(BraunMR550CA,Braun,Spain)
e.pH meter:pH/ION meter(DMS,Korea)
f.Extraction apparatus(Simultaneoussteam distillation and extraction,

SDE):Likens&Nickersontypesimultaneoussteam distillation
& extractionapparatus,(Normschliff,Wertheim,Germany)

g.Concentrationcolumn:Vigreuxcolumn(250mLNormschliff,Wertheim,
Germany)

h.Gaschromatograph:HewlettPackard5890IIPlusgaschromatograph
equippedwithFIDandHPChemstation1050Datasystem

i.Gaschromatography/massspectrometer:ShimadzuGC/MSQP-5000
equippedwithmassspectrum libraryWILEY139,NIST62,
NIST12(Shimadzu,Japan)

j.Capillarycolumn:DB-WAX(60m ×0.25mm i.d.,0.25μm film thickness,
J&W,USA)
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20gofsampleshomogenizedinablender(MR350CA,Braun,Spain)and
mixedwith1Lofdistilledwater.TheresultantslurrywithmaintainingpH
6.5wasusedforthequantitativeanalysiswith1μLofn-butylbenzeneadded
asaninternalstandard.Thevolatilecompoundswereextractedfor2hrwith
200mLofaredistilledn-pentane/diethylether(1:1,v/v)mixture,usinga
simultaneoussteam distillationandextraction(SDE,Likens& Nickersontype)
apparatus(23),asmodifiedbySchultz (24),underatmosphericpressure
(Fig.1).Theextractwasdehydratedovernightanhydroussodium sulfateand
concentrated to approximately 1mL using aVigreuxcolumn.The1mL
samplewasfollowedbyfurtherconcentrationtofinalvolume0.2mL,under
the stream ofnitrogen.The finalsample was then used for the gas
chromatograph/massspectrometry(GC/MS)analysis(Fig.2).
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Kovats(25)suggestedRI(retentionindexorKovatsindex)asasuitable
indicationruleforretentionindicationwhichwasindicatedbythesamespice
orcompoundtoretentiontimeforstandardalkane.
Retentionindexasaparameterusedforcheckingasolutefrom chromatogram

bycomparingtheretentiontimeofbothalkanethatappearedtheaboveand
below ofthesolute.

RIi=100Z+100 {
LogVR(i) - LogVR(Z)

}
LogVR(Z+1) - LogVR(Z)

RIi:Retentionindexofcompoundi
VR(i),VR(Z),VR(Z+1):EachspacerevisiontimeofalkaneofcompoundI,

carboneachnumberZ,Z+1

Accordingtodefinition,retentiontimeofalkanehasthevalueasmultiplying
carbonnumberthatthecompound hastobeunrelated withcolumnsolid
phase,thetemperatureofseparationandrequirementsofotherchromatography.
Therefore,n-alkanewasindicatedasastandardindexforCH4(RI=100),C2H6
(RI=200)… CnH2n+2(RI=100n),andevenanythinginanalysiscolumn(26).
Forretentionindex,thedilutionmixtureofn-alkane;mixtureI(C7～C17)and

mixtureII(C13～ C23),wasusedasainternalstandard.1µLmixturewasanalyzed
todeterminetheretentiontimeoftheinternalstandardbyGC-FID underthe
conditionofTable1.RIofeachpeakwasestablishedbyabasicprogram that
substitutedtheRTofeachpeakofn-alkaneconfirmedatGCchromatogram.
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a.Analysisofgaschromatograph/massspectrometer(GC/MS)

ShimadzuGC/MSQP-5000(Kyoto,Japan)intheEI(electronimpact)modewas
usedforthequantitativeanalysis.Theionizationvoltageandtemperatureof
injectorandionsourcewere70eV,250℃ and230℃ respectively.Themass
spectrometerscannedfrom41to350 .ADB-WAXcapillarycolumn(60m×0.25
mmi.d.,0.25μmfilmthickness,J&W,USA)wasusedfortheseparation.Theoven
temperaturewasprogrammedas:40℃ (isothermalfor3min)whichwasramped
to150℃ at2℃/minandthento210℃ at4℃/min.Heliumwasusedasthecarrier
gasataflowrateof1.0mL/minwithaninjectorvolumeof1μLusinga1:20split
ratio(Table2).
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GC
Column
Detector
Carriergas
Makeupgas
Temp.program
Detectortemp.
Injectortemp.
Injectionvolume

Hewlett-Packard5890seriesⅡ Plus
DB-Wax(60m ×0.25mm I.D.,0.25µm film thickness,J&W)
FID
He(1.0mL/min)
N2(30mL/min)
40℃(3min)-2℃/min-150℃-4℃/min-220℃(5min)
300℃
250℃
1µL

GC/MS
Column
Carriergas
Temp.program
Injector
Ionsourceand
interfacetemp.
Ionization
Ionizationvoltage
Massrange(m/z)
Injectionvolume

ShimadzuGC/MSQP-5000
DB-Wax(60m ×0.25mm I.D.,0.25µm film thickness,J&W)
Helium(1.0mL/min)
40℃(3min)-2℃/min-150℃-4℃/min-210℃(5min)
250℃
230℃

electronimpactionization(EI)
70eV
40～350
1µL
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b.Identificationandquantitativeanalysisofvolatilecompounds

Massspectrawereidentifiedwiththeaidofourownmassspectraldata
andthosecontainedwithintheWILEY 139,NIST62andNIST12libraries
and massspectraldata books(27,28)aswellasby the comparison of
retentionindicestoreferencedata(29,30).Thefollowingformulawasused
forquantitativeanalysisofvolatilecompounds.

CompoundsContent(mg/kgofdriedleek) =
C% × 1000g

A% × Bg

A% :Peakarea% ofeachsampleofinternalstandard
B% :Amountofsample
C% :Peakarea% ofeachcompoundsinsample
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-γ irradiationat10kGy

-Add1LofMilliQ water

-Bysolventmixtureofn-pentane/diethylether
(1:1,v/v)200mL,for2hour

-AddingNa2So4forovernight
-Filtering

-Concentrateto0.2mLbyVigreuxcolumn
andN2gas

-DB-WAX(60m ×0.32mm,0.25μm)
-40℃(3min)to150℃at2℃/minand
210℃(5min)at4℃/min
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ⅢⅢⅢ

Thestandard valueofretention indexwasdetermined by twodifferent
mixtureofn-alkane,mixtureI(C7～C17),mixtureII(C13～ C23)consideringas
aninternalstandard.1µL mixtureofalkanewasanalyzed tofind outthe
retentiontimeofinternalstandardbyGC-FID (Fig.3).RIofeachpeakwas
established by abasicprogram thatsubstituted theRT ofeach peak of
n-alkaneconfirmedatGCchromatogram (Table3).

Alkanes Retentiontime Alkanes Retentiontime Alkanes Retentiontime
C7:0 4.957 C13:0 30.089 C19:0 65.966
C8:0 6.119 C14:0 36.936 C20:0 69.635
C9:0 8.289 C15:0 43.463 C21:0 73.082
C10:0 11.598 C16:0 49.961 C22:0 75.762
C11:0 16.858 C17:0 56.047 C23:0 78.778
C12:0 23.25 C18:0 61.56
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ⅠⅠⅠⅠ ⅡⅡⅡⅡ



- 15 -

ExtractionmethodusingSDE apparatus was suggested as an effective
methodforvolatileflavorcompoundsinfoods(23,24).

ShimadzuGC/MSQP5000(Kyoto,Japan)intheEI(electronimpact)mode
wasusedforthequantitativeanalysis.Theionizationvoltageandionsource
temperature were 70 eV and 230℃,respectively.The mass spectrometer
scannedfrom 40to350m/z.A DB-WAXcapillarycolumn(60m ×0.25mm
i.d.,0.25 μm film thickness,J&W,USA)wasused fortheseparation.The
oventemperaturewasprogrammedas:40℃ (isothermalfor3min)which
wasrampedto150℃ at2℃/min,andthento210℃ at4℃/min.Theinjector
andinterfacetemperatureswere230℃ respectively.Helium wasusedasthe
carriergasataflow rateof1.0mL/minwithaninjectorvolumeof1 μL
usinga1:20splitratio.
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TheGC/MSchromatogramsarepresentedinFig.3,andthevolatileflavor
compoundsfrom GC/MSanalysisand theirrelativecontentareshown in
Tables4-5.
A totalof41compoundsweredetectedandidentifiedinthecontrolwhilea

42compoundsweredetected in theirradiated samples.In controlleeks,the
flavorcompoundsconsistedof7alcohols,9aldehydes,2esters,20S-containing
compounds,2N-containingcompoundsand1miscellaneouscompound(Table7).
Qualitativeandquantitativeanalysisofvolatileflavorcompoundsshowed

thatS-containingcompoundswerecharacterizedasthemainvolatileflavor
compoundsinthecontrol.Thiswasinaccordancewithpreviousfindingthat
theS-containing compoundsaretheprimary volatileflavorcompoundsin

species (33-35).Yu (31,32)reported thatduring the steam
distillationof specieshomogenatesmostofthealk(en)yl-thiosulfinates
decomposed tosulfides.Themajorvolatilecompoundsweremonosulfides,
disulfides,andtrisulfide.TheS-containingcompoundswerefoundtobethe
majorflavorcompoundsoffreshleeks,especiallydimethyldisulfide,dimethyl
trisulfide,()-methyl-1-propenyltrisulfideand ()-propenylmethyldisulfide
(36).Bernhard(37)andLopes .(38)notedthatthemaincomponentsof
theessentialoilofleek wereallylmethyldisulfide,diallyldisulfideand
dimethyldisulfide.Ourresults,whichwereconsistentwithpreviousfinding,
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areshowninTable4.Thecompounddimethyltrisulfide(314.88mg/kg)was
themajorcompound.Thesubstances(Z)-methyl-1-propenyltrisulfide(155.15
mg/kg),dimethyldisulfide(120.33mg/kg)and()-prepenylmethyldisulfide
(103.44mg/kg)werealsodetectedinlargeamounts.Methylallyldisulfide
(73.48mg/kg),3-ethyl-1,2-dithi-5-ene(49.39mg/kg)and()-propenylmethyl
disulfide(38.80mg/kg)werealsotheothermajorcompounds(Table4).Mass
spectrawithstructuresofmajorcompoundsindriedleeksarepresentedin
Fig.4.
Compositionofvolatilecompoundsfrom leeksirradiatedat10kGywere

similartothoseofnon-irradiatedleeks,butintensitiesatpeakswereobviously
differentinirradiatedsamples.Indriedleeksirradiatedwith10-kGydosesof
radiation,theflavorcompoundsconsistedof6alcohols,9aldehydes,2esters,
21S-containingcompounds,2N-containingcompounds,and2miscellaneous
compounds (Table 7). The S-containing compounds featured dimethyl
disulfide,()-propenylmaethyldisulfide,methylallyldisulfide,()-propenyl
methyldisulfide,dimethyltrisulfide,3-ethyl-1,2-dithi-5-ene,methyl-()-1-propenyl
trisulfideandmethyl-()-1-propenyltrisulfideasmajorcomponents.Amongthese
compounds,dimethyltrisulfide (217.63 mg/kg)was the major compound.
Compoundssuchasdimethyldisulfide(92.67mg/kg),methyl-()-1-propenyl
trisulfide(91.62mg/kg),()-propenylmethyldisulfide(81.84mg/kg),methyl
allyldisulfide(73.48m/kg)and()-propenylmethyldisulfide(30.06mg/kg)
werealsodetectedinlargeamounts(Table5).
Accordingtotheresults,theS-containingcompoundswerecharacteristically

detectedinbothnon-irradiatedandirradiatedsamples.Thereforeweconclude
that S-containing compounds were the dominant group of compounds
responsiblefortheflavorofdriedleek.
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1 6.35 813 Ethylformate C3H6O2 74 0.87 0.09
2 6.73 832 2-Propenal C3H4O 56 0.05 0.01
3 7.65 874 Ethylacetate C4H8O2 88 2.90 0.30
4 9.18 930 Ethanol C2H6O 46 2.00 0.20
5 9.78 949 Diallylmethylsulfide C4H8S 88 1.56 0.16
6 10.64 974 Pentanal C5H10O 86 0.37 0.04
7 15.21 1073 Dimethyldisulfide C2H6S2 94 120.33 12.29
8 15.67 1081 Hexanal C6H12O 100 0.60 0.06
9 17.56 1113 2-Propenol C3H6O 58 1.44 0.15
10 18.95 1137 2-Methyl-4-pentenal C6H10O 98 0.32 0.03
11 20.30 1158 2-Methyl-2-pentenal C6H10O 98 0.64 0.07
12 22.06 1184 Pyridine C5H5N 79 0.90 0.09
13 23.07 1198 Heptanal C7H14O 114 0.76 0.08
14 24.23 1216 ()-2-Hexenal C6H10O 98 11.09 1.13
15 25.17 1231 Methylpropyldisulfide C4H10S2 122 0.99 0.10
16 26.59 1252 2,4-Dimethylthiophene C6H8S 112 0.96 0.10
17 26.74 1254 Pentanol C5H12O 88 0.21 0.02
18 27.37 1263 ()-Propenylmethyldisulfide C4H8S2 120 38.80 3.96
19 28.57 1280 Methylallyldisulfide C4H8S2 120 73.48 7.50
20 29.13 1288 ()-Propenylmethyldisulfide C4H8S2 120 103.44 10.56
I.S5) 30.77 1311 C10H14 134 - -
21 35.51 1381 Dimethyltrisulfide C2H6S3 126 314.88 32.15
22 35.90 1386 ()-3-Hexenol C6H12O 100 0.56 0.06
23 36.33 1392 Nonanal C9H18O 142 1.07 0.11
24 38.72 1429 ()-Propenylpropyldisulfide C6H12S2 148 0.21 0.02
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25 40.36 1455 Methional C4H8OS 104 8.30 0.85
26 40.91 1463 Furfural C5H4O2 96 0.44 0.04
27 41.14 1466 3-Ethyl-1,2-dithi-4-ene C6H10S2 146 15.17 1.55
28 42.15 1481 Diallyldisulfide C6H10S2 146 17.32 1.77
29 42.57 1487 3-Ethyl-1,2-dithi-5-ene C6H10S2 146 49.39 5.04
30 42.99 1493 2-Ethylhexanol C8H18O 130 0.41 0.04
31 45.06 1526 N,N-dimethylthioacetamaide C4H9NS 103 1.14 0.12
32 45.35 1531 Methylpropyltrisulfide C4H10S3 154 1.06 0.11
33 46.63 1551 Linalool C10H18O 154 0.74 0.08
34 49.42 1592 ()-Methyl-1-propenyltrisulfide C4H8S3 152 155.15 15.84
35 49.83 1598 ()-Methyl-1-propenyltrisulfide C4H8S3 152 34.07 3.48
36 54.48 1675 S-MethylmethylthiosulphonateC2H6O2S2 126 1.19 0.12
37 54.84 1681 2-Butyl-4-methylthiazole C8H13NS 155 0.34 0.03
38 55.35 1689 Cyclohexylmethylsulfide C7H14S 130 3.83 0.39
39 61.08 1792 Diallytrisulfide C6H10S3 178 9.62 0.98
40 62.92 1832 Hexanoicacid C6H12O2 116 1.18 0.12
41 68.70 1975 1-Phenyl-1-butanol C10H14O 150 1.59 0.16

Total 979.37 100.00
R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,M.W.4):Moleculeweight,I.S.5):
Internalstandard.
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1 6.33 812 Ethylformate C3H6O2 74 3.60 0.53
2 6.70 830 2-Propenal C3H4O 56 0.91 0.13
3 7.63 873 Ethylacetate C4H8O2 88 7.68 1.12
4 9.16 930 Ethanol C2H6O 46 1.34 0.20
5 9.66 946 2-Ethylfuran C6H8O 96 0.15 0.02
6 9.76 949 Diallylmethylsulfide C4H8S 88 1.55 0.23
7 12.43 1019 Pentanal C5H10O 86 0.10 0.01
8 15.18 1072 Dimethyldisulfide C2H6S2 94 92.67 13.55
9 15.65 1080 Hexanal C6H12O 100 0.40 0.06
10 17.54 1112 2-Propenol C3H6O 58 3.08 0.45
11 19.41 1144 Methylethyldisulfide C3H8S2 103 0.09 0.01
12 20.26 1157 2-Methyl-2-pentenal C6H10O 98 0.58 0.08
13 22.05 1184 Pyridine C5H5N 79 0.72 0.11
14 23.08 1198 Heptanal C7H14O 114 0.35 0.05
15 24.19 1215 ()-2-Hexenal C6H10O 98 4.10 0.60
16 25.15 1231 Methylpropyldisulfide C4H10S 122 0.75 0.11
17 26.56 1252 2,4-Dimethylthiophene C6H8S 112 0.97 0.14
18 26.99 1258 Pentanol C5H12O 88 0.48 0.07
19 27.34 1263 ()-Propenylmethyldisulfide C4H8S2 120 30.06 4.40
20 28.52 1279 Methylallyldisulfide C4H8S2 120 43.43 6.35
21 29.09 1287 ()-Propenylmethyldisulfide C4H8S2 120 81.84 11.97
I.S5) 30.74 1311 C10H14 134 - -
22 35.45 1380 Dimethyltrisulfide C2H6S3 126 217.63 31.83
23 35.88 1386 ()-3-Hexenol C6H12O 100 0.65 0.09
24 36.28 1391 Nonanal C9H18O 142 0.82 0.12
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25 38.58 1427 ()-Propenylpropyldisulfide C6H12S2 148 0.60 0.09
26 40.33 1454 Methional C4H8OS 104 3.69 0.54
27 40.89 1463 Furfural C5H4O2 96 1.39 0.20
28 41.10 1466 3-Ethyl-1,2-dithi-4-ene C6H10S2 146 9.52 1.39
29 42.11 1481 Diallyldisulfide C6H10S2 146 8.85 1.29
30 42.52 1487 3-Ethyl-1,2-dithi-5-ene C6H10S2 146 32.20 4.71
31 44.84 1523 Benzaldehyde C7H6O 106 0.60 0.09
32 45.01 1525 N,N-dimethylacetamaide C4H9NS 104 1.43 0.21
33 45.33 1530 Methylpropyltrisulfide C4H10S3 154 1.08 0.16
34 46.62 1550 Linalool C10H18O 154 0.87 0.13
35 48.79 1583 Dimethylsulfoxide C2H6OS 78 0.41 0.06
36 49.35 1591 ()-Methyl-1-propenyltrisulfide C4H8S3 152 91.62 13.40
37 49.94 1600 ()-Methyl-1-propenyltrisulfide C4H8S3 152 28.04 4.10
38 54.37 1674 S-MethylmethylthiosulphonateC2H6O2S2 126 0.46 0.07
39 55.31 1689 Cyclohexylmethylsulfide C7H14S 130 2.81 0.41
40 61.03 1791 Diallyltrisulfide C6H10S3 178 4.23 0.62
41 62.89 1831 Hexanoicacid C6H12O2 116 1.01 0.15
42 68.67 1974 1-Phenyl-1-butanol C10H14O 150 0.93 0.14

683.69 100.00
R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,M.W.4):Moleculeweight,I.S.5):
Internalstandard.
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Sinceancienttimes,garlic( ),onion( andrelated
speciesoftheleekfamily( )havebeenused asfoods,spices,and
herbalremediesinmanypartsofworld.Volatilesulfur-containingcompounds
are responsibleforthe characteristicsmelland tasteofmembersofthe

.Thesecompoundsarealk(en)yl-thiosulfinatesformedbytheactionof
allinase(EC 4.4.1.4)onodorlessandnon-volatilecysteinederivedsubstances
-alk(en)yl-L-cysteinesulfoxides.Thesereactantsarereleasedbyplantmaterial
disruption (Fig.5)(39-41).Allinase hasbeen preliminary reported to be
localizedinthebundlesheathscellsofgarlicclove( )(42)and
infoliageleavesof (43).Thereactionofallinasetakesplace
extremelyrapidly,ascanbeobservedwiththeinstantaneousappearanceof
garlic'stypicalodorwhenoncrush.
-alk(en)yl-L-cysteinesulfoxidesareconsidered to beimportantin sulfur

metabolism,acting asasolublepoolfororganicsulfur(44).Thegeneral
structure ofthe alk(en)yl-L-cysteinesulfoxidesisshown in Fig.5.Five
-alk(en)yl-L-cysteinesulfoxidesdifferinginR-sidegrouphavebeendescribed.
Fourofthesehavebeenfoundin .Theamountsofthefourvarieties
ofR-side group of -alk(en)yl-L-cysteine sulfoxides found in sp.
plants are presented in Table 6. Intact garlic bulbs contain mostly
(+)--(2-propenyl)-L-cysteinesulfoxide(alliin)withsome(+)--methyl-L-cysteine
sulfoxied (methiin).Onions contain (+)--(1-propenyl)-L-cysteine (isoalliim),
while (+)--propyl-L-cysteine sulfoxide (propiin)the volatile S-containing
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compoundfoundinleeks(14,39-41).
The aroma compounds of species are pharmacologically active

substancesthatexhibitantibiotic,antioxidantandantitumoractivities.Theyare
alsoinvolved ininhibition ofthrombocyteaggregationlipid-loweringeffects.
Additionally,epidemiologicalstudieshaveshownthatregularconsumptionof
onion and garlicmay preventstomach cancer(39,45-47).Sulfur-containing
substanceswithoneormoreallylresidues(e.g.,allicin,diallylsulfide,and
diallyltrisulfide)havetumorpreventativeeffects(48,49).
Furthermore, oilsproduced from onion,garlic,orleek by steam

distillationarewidelyusedforflavoringfood.Breedingexperimentsinvolving
wild specieswithonionshavethepotentialtoincreaseyieldsofthese
volatilesulfursubstances.

methyl
garlic,elephantgarlic,wildgarlic,onion,leek,
scallion,shallot,leek

propyl onion,leek,scallion,shallot,chive

propenyl
garlic,elephantgarlic,wildgarlic,onion,leek,
scallion,shallot,leek,chive

allyl garlic,elephantgarlic,wildgarlic,leek

from Block .(50).
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Table6givesthequantitativedistributionofthemajorconstituentsofthe
volatilecompoundsisolated from controland 10kGy-irradiated dried leek
samples.AsseeninFig.3,GC/MSchromatographicprofilesofvolatileflavor
compoundsofcontrolandirradiatedsamplesshowedthesimilarityintheir
constituents.However,quantitativedifferencesinthevolatileflavorcompounds
betweennon-irradiatedandirradiatedsamplewereobservedinthepresent
study.Thecharacteristicvolatileflavorcompoundsofirradiateddriedleeks
weresimilarto thoseofnon-irradiated samplesbuttheintensitiesofthe
peaksforthesesubstanceswereobviouslydifferentinirradiatedsamples.
The totalvolatile flavorcompoundsin non-irradiated dried leekswere

approximately979.37mg/kgwhilesamplesirradiatedat10kGyyeildedonly
683.69mg/kg.Thetotalamountofvolatileflavorcompoundswasdecreased
afterirradiation.Theclassificationsofvolatileflavorcompoundsbyfunctional
groupsareshowninTable7.Innon-irradiateddriedleekstherelativeareas
obtained foreach functionalgroup ofvolatileflavorcompoundswere,in
descendingorder:S-containingcompounds(97.00%),aldehydes(1.57%),alcohols
(0.71%),esters(0.39%),N-containing compounds(0.21%)and miscellaneous
compounds(0.12%).In dried leeksirradiated at10kGytherelativeareas
obtained foreach functionalgroup ofvolatileflavorcompoundswereas
follows:S-containingcompounds(95.20%),esters(1.65%),aldehydes(1.34%),
alcohols (1.08%), N-containing compounds (0.32%), and miscellaneous
substances(0.17%).



- 29 -

Afterirradiation,afew compoundssuch as2-ethylfuran,methylethyl
disulfide,benzaldehydeanddimethylsulfoxideappeared.However,concentrations
ofthesecompoundswereextremelylow,whichdidnotchangetheflavorofdried
leeks.
Although significantdifferencesin the levelsofindividualS-containing

compoundsweredetectedbetweennon-irradiatedandirradiatedsamples,the
totalproportion ofthese compounds was notdramatically changed by
irradiation(from 97.00% to96.20%).However,therelativepercentageofesters
wasincreasedalmost4-fold(from 0.39% to1.34%)afterirradiationat10kGy.
Aldehydesas()-2-hexenalofexceptionS-containingcompoundswerelarge
proportionweremarkedlydecreased afterirradiation from 11.09mg/kgto
4.10mg/kg.Thiscompoundwasknownasagreennote,andpolyunsaturated
fattyacidsofprincipalingredientsinthecellwallweredissolvedlipoxygenase
andhydroperoxidelyase,aflavorcompoundoftealeavesandfruitss(51,52)
MostoftheothercompoundswerealsosimilarmajorS-containingcompounds.

TheindividualconstituentsoftheS-containingcompoundsconstituentsbetween
controland irradiated sample.Contentsofdimethyldisulfide,()-propenyl
methyl disulfide, methyl allyl disulfide, ()-porpenyl methly disulfide,
dimethyltrisulfide,3-ethyl-1,2-dithi-5-ene,()-methylpropenyltrisulfideand
()-methly propenyltrisulfide before irradiation were 120.33,38.80,73.48,
103.44,314.88,49.39,155.15and34.07mg/kg,respectively.Afterirradiationat
10 kGy,the amounts ofdimethyldisulfide (92.67 mg/kg),()-propenyl
methyl disulfide (30.06 mg/kg), methyl allyl disulfide (43.43 mg/kg),
()-porpenyl methly disulfide (81.84 mg/kg),dimethyl trisulfide (217.63
mg/kg),3-ethyl-1,2-dithi-5-ene(32.20mg/kg),()-methylpropenyltrisulfide
(91.62mg/kg)and()-methlypropenyltrisulfide(28.04mg/kg)(Fig.7)were
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decreased.Yang (53)also reported thattheamountofS-containing
compoundsindriedshiitakemushroomsweredecreasedduringirradiationat
dosesof1-2kGy(54).Similarstudiesondryshiitakemushroomsthatlevels
ofS-containingcompoundsin non-irradiated mushroomswereconsiderably
higherthaninthoseirradiatedat1-10kGy.Gyawali (55)reportedthat,
S-containingcompoundsindriedwelshonionswerereducedbyirradiationat
10kGy and 20kGy.However,dimethyldisulfideand dimethyltrisulfide
wereincreasedbyirradiationat10kGy,whichisnotinaccordancewiththe
presentstudy.
Accordingtothepreviousstudies,levelsofvolatilecompoundswereincreased

byanoptimaldoseofirradiationbutdecreasedbyhighdoses. Woods
(56)whoreportedthatwhenmoleculesabsorbionizingenergytheybecome
reactiveand form ionsorfreeradicalsthatreacttoform stableradiolysis
products.Kim (57)reported thatvolatilecompoundsofsalted and
fermentedanchovysaucewereincreasedsignificantlybyirradiationat5and
7.5kGy,butwereslightlydecreasedbyhighdosesofirradiationat10kGy.
Theessentialoilofblackpepperalsoshowedafew changesduetoradiation
(58).Wu (59)noted thatdiallyldisulfidewasdecreasedafterradiation
treatment.Diallyldisulfidecontributesmostofharsh,pungent,and"garlic-like"
flavorofgarlic(60,61).
On thecontrary,Variyar (62)noted thatno majorqualitativeor

quantitativechangewasobservedintheessentialoilsofcloveandcardamom
irradiatedat10kGy.Chatterjee (63)reportedthatnodetectabledifference
wasobservedinthearomaimpactcompoundsoftheirradiatedturmeric.
In conclusion,thelevelsofS-containingcompoundsindried leekswere

considerablyloweredwhenirradiatedatadoseof10kGy.Thisinvestigation
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indicatesthatradiationincreasedthenumbersofdifferentvolatilecompounds
inthedriedleeks,butdecreasedthequantitiesofmajorvolatilecompounds.
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1 6.35 813 Ethylformate C3H6O2 74 0.87 3.60
2 6.73 832 2-Propenal C3H4O 56 0.05 0.91
3 7.65 874 Ethylacetate C4H8O2 88 2.90 7.68
4 9.18 930 Ethanol C2H6O 46 2.00 1.34
5 9.66 946 2-Ethylfuran C6H8O 96 - 0.15
6 9.78 949 Diallylmethylsulfide C4H8S 88 1.56 1.55
7 10.64 974 Pentanal C5H10O 86 0.37 0.10
8 15.21 1073 Dimethyldisulfide C2H6S2 94 120.33 92.67
9 15.67 1081 n-Hexanal C6H12O 100 0.60 0.40
10 17.56 1113 2-Propenol C3H6O 58 1.44 3.08
11 18.95 1137 2-Methyl-4-pentenal C6H10O 98 0.32 -
12 19.41 1144 Methylethyldisulfide C3H8S2 103 - 0.09
13 20.30 1158 2-Methyl-2-pentenal C6H10O 98 0.64 0.58
14 22.06 1184 Pyridine C5H5N 79 0.90 0.72
15 23.07 1198 Heptanal C7H14O 114 0.76 0.35
16 24.23 1216 ()-2-Hexenal C6H10O 98 11.09 4.10
17 25.17 1231 Methylpropyldisulfide C4H10S2 122 0.99 0.75
18 26.59 1252 2,4-Dimethylthiophene C6H8S 112 0.96 0.97
19 26.74 1254 n-Pentanol C5H12O 88 0.21 0.48
20 27.37 1263 ()-Propenylmethyldisulfide C4H8S2 120 38.80 30.06
21 28.57 1280 Methylallyldisulfide C4H8S2 120 73.48 43.43
22 29.13 1288 ()-Propenylmethyldisulfide C4H8S2 120 103.44 81.84
I.S5) 30.77 1311 C10H14 134 - -
23 35.51 1381 Dimethyltrisulfide C2H6S3 126 314.88 217.63
24 35.90 1386 ()-3-Hexenol C6H12O 100 0.56 0.65
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25 36.33 1392 Nonanal C9H18O 142 1.07 0.82
26 38.72 1429 ()-Propenylpropyldisulfide C6H12S2 148 0.21 0.60
27 40.36 1455 Methional C4H8OS 104 8.30 3.69
28 40.91 1463 Furfural C5H4O2 96 0.44 1.39
29 41.14 1466 3-Ethyl-1,2-dithi-4-ene C6H10S2 146 15.17 9.52
30 42.15 1481 Diallyldisulfide C6H10S2 146 17.32 8.85
31 42.57 1487 3-Ethyl-1,2-dithi-5-ene C6H10S2 146 49.39 32.20
32 42.99 1493 2-Ethylhexanol C8H18O 130 0.41 -
33 44.84 1523 Benzaldehyde C7H6O 106 - 0.60
34 45.06 1526 N,N-dimethylthioacetamaide C4H9NS 103 1.14 1.43
35 45.35 1531 Methylpropyltrisulfide C4H10S3 154 1.06 1.08
36 46.63 1551 Linalool C10H18O 154 0.74 0.87
37 48.79 1583 Dimethylsulfoxide C2H6OS 78 - 0.41
38 49.42 1592 ()-Methylpropenyltrisulfide C4H8S3 152 155.15 91.62
39 49.83 1598 ()-Methylpropenyltrisulfide C4H8S3 152 34.07 28.04
40 54.48 1675 S-MethylmethylthiosulphonateC2H6O2S2 126 1.19 0.46
41 54.84 1681 2-Butyl-4-methylthiazole C8H13NS 155 0.34 -
42 55.35 1689 Cyclohexylmethylsulfide C7H14S 130 3.83 2.81
43 61.08 1792 Diallytrisulfide C6H10S3 178 9.62 4.23
44 62.92 1832 Hexanoicacid C6H12O2 116 1.18 1.01
45 68.70 1975 1-Phenyl-1-butanol C10H14O 150 1.59 0.93

Total 979.37 683.69

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,M.W.4):Moleculeweight,I.S.5):
Internalstandard.
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Alcohols 7 0.71 6 1.08
Aldehydes 9 1.57 9 1.34
Esters 2 0.39 2 1.65
S-containingcompounds 20 97.00 21 95.20
N-containingcompounds 2 0.21 2 0.32
Miscellaneous 1 0.12 2 0.17
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ⅣⅣⅣ

The totalcontentvolatile compound dried leeks was decreased after
irradiation at10 kGy in comparison with control.Although significant
differencesinthecontentsofS-containingcompoundsbetweennon-irradiated
andirradiated driedleeksweredetected,theproportionofthesecompounds
in thetotalvolatileflavorcompoundswasnotdramatically changed after
irradiation.S-containingcompoundswerefoundasdominantcompoundsin
bothsamplesbuttheiramountsweredecreased after γ-irradiation.Among
S-compounds,dimethyldisulfide,()-propenylmaethyldisulfide,methylallyl
disulfide, )-propenylmethyldisulfide,dimethyltrisulfide,3-ethyl-1,2-dithi-5-ene,
()-methyl propenyl trisulfide and ()-methyl propenyl trisulfide were
dramatically decreased asby 10kGy irradiation.An aldehydecompound,
()-2-hexenal,was highly effected to other members of aldehyde and
decreased from 11.09mg/kg to 4.10mg/kg at10kGy,which thesame
pattern with S-containing compound. The content of the S-containing
compoundsindriedleekswithoutirradiationwasconsiderablyhigherthan
thatofirradiatedat10kGy.Thisinvestigationindicatesthatthenumbersof
volatile compounds in the irradiated dried leeks were increased after
irradiation.Thequantitiesofthemajorvolatilecompoundsweredecreasedby
irradiation.
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ⅤⅤⅤ

요요요 약약약

본 연구는 방사선 조사에 의한 건부추의 휘발성 유기성분의 변화를 관찰하기
위하여 수행되었다.건부추를 10kGy의 선량으로 조사하고 조사하지 않은 건부
추를 control로 하여 SDE방법으로 유기성분을 추출한 후 정유를 GC/MS로 분석
하였다.비조사 시료와 조사시료에서 각각 41종,42종의 화합물이 분리 동정되었
으며,alcohol류,aldehyde류,ester류,함황화합물,함질소화합물을 포함하고 있
는 것이 확인되었다.조사된 부추에 함유된 특징적인 휘발성 유기성분은 조사되
지 않은 부추에서의 결과와 유사하였으나,그 농도에 있어서는 눈에 띄는 차이
를 보였다.두 시료 모두에서 함황화합물이 다량 검출되어 주요 화합물임을 알
수 있었으며,성분들 중에서 다량의 dimethyltrisulfide,()-methylpropenyl
trisulfide및 dimethyldisulfide가 함황화합물의 상대적 농도에 크게 기여하는
것으로 확인되었다.그 외 ()-porpenylmethyldisulfide,methylallyldisulfide,
()-propenyl methly disulfide, 3-ethyl-1,2-dithi-5-ene, ()-methyl propenyl
trisulfide와 ()-methlypropenyltrisulfide도 휘발성 유기성분의 조성에 큰 비중
을 차지하였다.이들 주요 함황화합물들은 10kGy로 조사된 후 그 함량이 크게
감소된 것이 확인 되었으며,함황화합물을 제외한 화합물중 가장 많은 양을 차
지한 ()-2-hexanal역시 조사 후 그 양이 현저히 감소함을 보였다.본 연구는 건
부추에 대한 방사선 조사가 휘발성 향기성분에 미치는 영향을 확인하기 위해 수
행되었으며,방사선 조사된 후 총 함량 및 주된 화합물인 함황화합물들이 상당
량 감소됨을 확인하였다.본 연구의 결과는 감마선 조사에 의한 건조 향신료의
그 영향을 보여주고 있으며,현재 활발히 진행되고 있는 감마선 조사식품에 대
한 여러 연구들에 대한 기초 자료로 활용될 수 있을 것으로 판단된다.
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