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Thisstudywasperformedtoexaminetheeffectof γ-irradiationonthe
volatileorganiccompoundsin Thunb..Volatilecompounds
from samples were extracted using an SDE apparatus,and
analyzedbyGC/MS.Totalcomponentsof83,85,84,84,85and84were
detectedinthecontrolandthe1,3,5,10and20kGy irradiationdoses,
respectively.Themajorfunctionalgroupsinthevolatileorganiccompounds
of werealcoholsand ketones.Theprofileofvolatileorganic
compounds was same in unirradiated and irradiated samples. And,
hexahydrofarnesylacetone,phytol,decanoicacid,dodecanoicacid,octadecanol,
caryophylleneoxide,2-undecanoneandmentholweredetectedasdominant
compounds.Alsohouttuynum,whichischaracteristiccompoundof
wasanalyzedaslow amount.Thetotalcontentsofvolatilecompoundswas
increasedafterirradiation,andthelevelofirradiatedsampleat5kGywas



moregreaterthanotherirradiatedsamples.However,thetendencywasnot
significant with irradiation doses.Consequently,irradiation may be an
effectivesanitationprocesswithenergyandextractionefficiency,aswellas
desirableaspectsforcomponents,whichwillprovebeneficialfor .
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IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Medicinalherbsareimportantfoodmaterialbeenusing asfoodwellas
medicines.Recently,medicinalherbconsumptionisincreasedbecausenational
interestedinhealth.Specially,amongthemedicinalherbs,
Thunbhavebeenwidelyusedastheraw materialsofthefunctionalfood
anddietary supplement(1).But,ithasmany problemsonduring theall
stageofdistributionfrom aspectofmedicinalherbs.
Recently dataaboutmedicinalherb consumption is67,240M/T in 2003.
Productionofmedicinalherbsincreasedfrom 2000to2005,andtheamount
wasfrom 23,414 to 44,844 M/T in Korea (2).In the caseofthetotal
importedmedicinalherbs,therelativepercentagesofcostforimportsare
56.4% (39.83millionsofdollars)from China(3).However,in contrastto
increaseofdistribution,medicinalherbsofdomesticandimportedproducts
weresoldinP.Pnetandsackwithoutanypackingstandardsoftradeunit.
Soweneedproperstoragetechniqueforthemedicinalherbs(4).
Medicinalherbsaremainlycomprisedoforganicmatter,andarehighin
moisture and abundantin nutrients,making them highly susceptible to
microbial growth.Also,during production,processing,distribution,and
storage,medicinalherbs are subjectto deterioration from chemicaland
microbialprocesses.Thereareseveralmethodtoprotectthemedicinalherb,
such as methylbromide (MB),ethylene dibromide (EB),ethylene oxide
(ETO)etc.(5).Thecommonmethodofdecontaminationhasbeenfumigation
with sulfurdioxide,which isaprocessthatisprohibited orincreasingly
restrictedtolessthan10ppm inmanycountriesduetotheassociatedhealth
hazards(6,7).Inaddition,sulfitehasbeenchangedtosulfatebyoxidationin
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vivo.Sulfatethen becomesisolated sulfurousacid thatcan stimulatethe
stomach,andisveryharmfultohumans.Forexample,astudyreportedthat
sulfurousacidcausedhypersensitivenessreactionsinasthmaticandsensitive
normal men. In addition, it may cause organ contraction, headache,
stomachache,nausea,vertigo,vomiting,andevendeath(8).
Consequently,safealternativehygienictechnologiesformedicinalherbsare
indemand.Variousdisinfectanttechnologieshavebeensuggestedandinclude
electromagneticradiation,photo-dynamicpulsing,ultrahighpressure,andCO2
treatment (9).The greatest expectations,however,are placed on the
developmentsofirradiationasthenew foodsanitationandprocessingmethod
forimprovingfoodquality,variety,andsafety.Additionalaimsincludethe
preventionofmicrobialdeteriorationandtheexterminationofvermin(10).In
1981, the JECFI (WHO/FAO/IAEA Joint Expert Committee on the
WholesomenessofFoodIrradiation)statedthat"theirradiationofanyfood
commodity, up to an overall average dose of 10 kGy,presents no
toxicologicalhazard,andintroducesnospecialnutritionalormicrobiological
problems"(11).Thetreatmentoffoodwithionizingradiationisoneofthe
most thoroughly researched methods available to the food processing
industry,andiscurrentlypermittedin55countriesforthe approximately
250 kinds offood products (12).Especially,including France,Belgium,
Denmark,andtheNetherlandsets.totalof8countriespermittedtotreatfor
theinsecticideandsterilizationofherbs.InKorea,however,irradiationfor
themedicinalherbsarenotpermittedyet(13)(Table1).
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TTTaaabbbllleee111...PPPeeerrrmmmiiitttttteeedddiiirrrrrraaadddiiiaaatttiiiooonnndddooossseee,,,iiittteeemmm,,,pppuuurrrpppooossseeeiiinnnKKKooorrreeeaaa...

Thunb.(Saururaceae)is a perennialherb native to
SoutheastAsia(Korea,Japan,China,Himalayas,andJava).Ithasathin
stalkandheart-likeleaf.Theleavesareatanalternatephyllotaxisposition
withlongleafstalks,andare3-8cm longand3-6cm wide.Theyhave5
distinctveins,amildgreencolor,aresharpattheend,andtheedgeofthe
leafisnon-saw tooth.Theherbgrowsto20-50cm highinmoistlocations,
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withanindefinitespreadasacreepingrhizome(14).Twospeciesarenative
toKorea: Baill.and Thunb.Previous
studieshavereportedthat isdistributedontheeasternmarshof
Jeju,and growsonUlleung Islandandinthecentraldistricts
(15).

possesesacharacteristicfishysmell,andhasdetoxificationand
diuresis effects.Itis also known formitigating symptoms ofpertussis,
bronchialproblems,hepatitis,pneumonia,etc. hasavariety of
prescriptionnamessuchas"Jicai"and"Yuxingcao"inChina,"Dokudami"
inJapan,"Diepca"inVietnam,and"E sung cho"and"Yakmomil"in
Korea.The name "E sung cho"originates from the fishy smellof

.InancientChina, wasthesmellofsaltedfish,soitwas
called"Jicai".InthecaseofJapan,itwascalled"sibyak"becauseithas
efficacyfor10uses,includingtheexcretionoftoxinsinvivo,cleaningthe
blood,variouskindsofdermatosis,thetreatmentofconstipation,etc.(16).
According tothe"bonchogangmok," iseffectiveasafever
reducer,detoxifier,diuretic,suppurate,and anti-inflammatory.Also,ithas
beenusedforchronicdermatosisanddiuresis,andasananti-inflammatory
intraditionalOrientalmedicine(17).Especially,H.cordatahasbeenusingas
treatmentforskindiseases,suchasatopyandallergicsymptoms.Recently,
also, increasedtouseitashealthassistancefood.
Studiesof haveinvestigateditspropertiesrelativetoessential
oils(18,19),steroids(20),alkaloids(21),flavonoids(22,23),etc.Inaddition,it
providesawiderangeofpharmacologicalactivities,including antioxidative
(24,29),antimicrobial(31),anticancer(25,31),antileukemic(26),andanti-high
cholesterolactivities (27),as wellas effects against cadmium-induced
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cytotoxicity(28),anti-anaphylaxis,andprotectiveeffectstohepatotoxicity(30).
Itwasalsorecentlystudiedasaredtideinhibitor(32).
Aswehaveseen,alargeamountofresearchconfirmstheeffectsof

.Butourstudyisthefirstonthechangesinitsvolatileorganic
compoundsby γ-irradiation.Moreover,wemustaddressaspectsofMedicinal
herb related to sanitation and preservation during distribution.Although
numerous studies have been performed on these problems,there is no
effective solution.In this study,we used γ-irradiation as a method for
improvingeatingsafetyandforminimizingharm from insectmultiplication
and microbialgrowth.Wealso identified changesin thevolatileorganic
compoundsafterirradiationat1,3,5,10,and20kGydosesusingaGC/MS.
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MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDDMMMEEETTTHHHOOODDDSSS

AAA...MMMaaattteeerrriiiaaalllsssaaannndddaaannnaaalllyyytttiiicccaaappppppaaarrraaatttuuusss

111...MMMaaattteeerrriiiaaalllsss

( Thumb.)were purchased from a local
medicinalherbmarketinHawsunofJeonnam province.Theywereirradiated
atdosesof1,3,5,10and20kGyat12±1℃ usingaCo-60 γ-irradiatorat
theKoreaAtomicEnergyResearchInstitute.Thedoseratewas2.5kGy/h
with adoserateerrorof± 0.02kGy.Theunirradiated was
consideredasacontrolandbothirradiatedandunirradiated swere
storedat-18℃ untilrequiredfortheexperiments.

222...RRReeeaaagggeeennntttsss

Thereagentsusedinexperimentswerepurchasedfrom SigmaCo.(USA)
and Fisher Scientific (Pittsburg USA).The organic solvents used for
extractionand chromatographywereredistilledusingawirespiralpacked
doubledistillingapparatus(Germany)andMilli-Q waterthatwasgenerated
withawaterpurificationsystem (MilleporeCorporation,Bedford,USA).
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333...AAAnnnaaalllyyytttiiicccaaappppppaaarrraaatttuuusss

a.Irradiator:Cobalt-60γ-irradiator
(attheKoreaAtomicEnergyResearchInstitute)

b.Distillingapparatus:Wirespiralpackeddoubledistillingapparatus
(NormschliffGeratebau,Germany)

c.Blender:Multimixer(BraunMR550CA,Braun,Spain)
d.pH meter:pH/ION meter(Pinnacle530P,NovaAnalyticsCorporation,

woburn,USA)
e.Extractionapparatus:Likens& Nickersontypesimultaneoussteam

ditillation& extractionapparatus,(SDE,Normschliff,
Wertheim,Germany)

f. Concentration column : Vigreux column (250 mL Normschliff,
Wertheim,Germany)

g.Gaschromatograph/massspectrometer:Shimadzu GC/MS QP-5000
equipped with massspectrum library WILEY 139,NIST
62,NIST 12(Shimadzu,Japan)

h.Capillarycolumn:DB-Wax(60m ×0.25mm i.d.,0.25μm film
thickness,J&W,USA)
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BBB...MMMeeettthhhooodddsss

111...EEExxxtttrrraaaccctttiiiooonnnooofffvvvooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsss

Each 30 g sample was taken,homogenized in a blender(MR 350CA,
Braun,Spain)andmixedwith500mLdistilledwater.BymaintainingthepH
at6.5,1mgofn-butylbenzenewasaddedasaninternalstandardandthe
resultant slurry was used for the quantitative analysis. The volatile
compounds were extracted for 2 hours with 200 mL redistilled
n-pentane/diethylether (1:1, v/v) mixture using a simultaneous steam
distillation and extraction (SDE,Likens & Nickerson type)apparatus as
modifiedbySchultz (33,34)underatmosphericpressure(Figure1).
Theextractwasdehydratedfor12hourswithanhydroussodium sulfate
andwasconcentratedtofinalvolumeapproximately1mL usingavigreux
column.ThissamplewasfinallyusedfortheGC/MSanalysis.

FFFiiiggguuurrreee111...AAAppppppaaarrraaatttuuusssfffooorrrLLLiiikkkeeennnsssaaannndddNNNiiiccckkkeeerrrsssooonnnsssiiimmmuuullltttaaannneeeooouuusssdddiiissstttiiillllllaaatttiiiooonnn
aaannndddeeexxxtttrrraaaccctttiiiooonnn(((SSSDDDEEE)))ooofffvvvooolllaaatttiiillleeecccooommmpppooouuunnndddsss...
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222...EEEssstttaaabbbllliiissshhhmmmeeennntttooofffrrreeettteeennntttiiiooonnniiinnndddeeexxx

Kovats(35)suggestedRI(retentionindexorKovatsindex)asasuitable
rule forretention indication which was indicated by the same spice or
compoundtoretentiontimeforstandardalkane.
Retention index as a parameter used for checking a solute from

chromatogram bycomparingtheretentiontimeofbothalkanesthatappeared
theaboveandbelow ofthesolute.

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

LogVR(Z+1)-LogVR(Z)

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

carboneachnumberZ,Z+1

According to definition,retention time of alkane has the value as
multiplying carbon numberthatthe compound has to be unrelated with
columnsolidphase,thetemperatureofseparationandrequirementsofother
chromatography.Therefore,n-alkanewasindicatedasastandardindexfor
CH4 (RI=100),C2H6 (RI=200)… CnH2n+2 (RI=100n),and even anything in
analysiscolumn(36).
Forretentionindex,thedilutionmixtureofn-alkane;I(C7～C17)andII

(C13～ C23),wasusedasaninternalstandard.1µLmixturewasanalysedto
findouttheretentiontimeoftheinternalstandardby GC/MS underthe
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conditionofTable2.RIofeachpeakwasestablishedbyabasicprogram
that substituted the RT of each peak of n-alkane confirmed at GC
chromatogram.

333...AAAnnnaaalllyyysssiiisssaaannndddiiidddeeennntttiiifffiiicccaaatttiiiooonnnooofffvvvooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsss

aaa...AAAnnnaaalllyyysssiiisssooofffgggaaasssccchhhrrrooommmaaatttooogggrrraaappphhh///mmmaaassssssssspppeeeccctttrrrooommmeeettteeerrr(((GGGCCC///MMMSSS)))

Shimadzu GC/MS QP-5000 (Kyoto,Japan)in the EI(electron impact)
modewasusedfortheanalysisofvolatilecompoundsin s.The
ionizationvoltageandtemperatureofinjectorandionsourcewere70eV,25
0℃ and230℃ respectively.Themassspectrometerscannedfrom 41to450
.A DB-WAX capillary column (60m × 0.25mm i.d.,0.25 μm film

thickness,J&W,USA)wasusedfortheseparation.Theoventemperature
wasprogramedat40℃ (isothermalfor3min)whichwasrampedto100℃ at
2℃/minto150℃ at3℃/min(10min)andfinally210℃ at4℃/min(5min).
Helium wasusedasthecarriergasataflow rateof1.0mL/minwithan
injectorvolumeof1μLusinga1:10splitratio(Table2).
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TTTaaabbbllleee222...GGGCCC///MMMSSScccooonnndddiiitttiiiooonnnsssfffooorrriiidddeeennntttiiifffiiicccaaatttiiiooonnnooofffvvvooolllaaatttiiillleeecccooommmpppooouuunnndddsss

GC/MS
Column
Carriergas
Temp.program

Injector
Ionsourceand
interfacetemp.
Ionization
Ionizationvoltage
Massrange(m/z)
Injectionvolume

ShimadzuGC/MSQP-5000
DB-Wax(60m×0.25mmI.D.,0.25µmfilmthickness,J&W)
Helium(1.0mL/min)
40℃(3 min)-3℃/min-100℃-2℃/min-150℃(10 min)-
3℃/min-210℃(5min)
250℃
230℃

Electronimpactionization(EI)
70eV
41～450
1µL
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bbb...IIIdddeeennntttiiifffiiicccaaatttiiiooonnnaaannndddqqquuuaaannntttiiitttaaatttiiivvveeeaaannnaaalllyyysssiiisssooofffvvvooolllaaatttiiillleeecccooommmpppooouuunnndddsss

Massspectrawereidentifiedwiththeaidofourownmassspectraldata
andthosecontainedwithintheWILEY 139,NIST 62andNIST 12libraries
and mass spectraldata books (37,38)as wellas by the comparison of
retentionindicestoreferencedata(39,40).Theresultantslurrywasusedfor
thequantitativeanalysiswith1mgofn-butylbenzeneaddedasaninternal
standard.

C
ContentofComponent (mg/kg)= ������������� ×1000g

A × Bg

A :Peakareaofeachsampleofinternalstandard
B:Amountofsample
C:Peakareaofeachcomponentinsample
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IIIrrrrrraaadddiiiaaatttiiiooonnn
- γ-Irradiationatadoseof
1,3,5,10and20kGy

BBBllleeennndddiiinnnggg
-Add1LofMilliQwater

SSSDDDEEE(((SSSiiimmmuuullltttaaannneeeooouuussssssttteeeaaammm dddiiissstttiiillllllaaatttiiiooonnn
&&& eeexxxtttrrraaaccctttiiiooonnnaaappppppaaarrraaatttuuusss)))

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

-Add1㎎ n-butylbenzendas
internalstandard

-For2hrs

DDDeeehhhyyydddrrraaatttiiiooonnn
-AddingNa2SO4forovernight
-Filtering

CCCooonnnccceeennntttrrraaatttiiiooonnn
-Concentratedto1.0mlby
VigreuxcolumnandN2

GGGCCC///MMMSSSAAAnnnaaalllyyysssiiisss
-DB-Wax(60m×0.25mm,i.d.
0.25μm film thickness)
-40℃(3min)to100℃ at3℃/min
to150℃(10min)at2℃/minand
finally210℃(5min)at3℃/min

FFFiiiggguuurrreee 222...SSSccchhheeemmmeee fffooorrr aaannnaaalllyyysssiiisss ooofff vvvooolllaaatttiiillleee ooorrrgggaaannniiiccc cccooommmpppooouuunnndddsss ooofff
uuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddd sss...
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RRREEESSSUUULLLTTTSSSAAANNNDDD DDDIIISSSCCCUUUSSSSSSIIIOOONNN

AAA...AAAnnnaaalllyyysssiiisssooofffvvvooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnn sss

111...EEExxxtttrrraaaccctttiiiooonnnooofffvvvooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnn sss

Extraction method using SDE apparatuswassuggested asan effective
method for volatile organic compounds in foods (33,34).Therefore,this
methodwasusedtoextractthevolatileorganiccompounds.

222...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnn sssbbbyyyGGGCCC///MMMSSSaaannnaaalllyyysssiiisss

Shimadzu GC/MS QP-5000 (Kyoto,Japan)in the EI(electron impact)
modewasusedfortheanalysisofvolatilecompoundsin s.And
theconditionsofGC/MSwerethesameasTable2.

333...RRReeettteeennntttiiiooonnniiinnndddeeexxxooofffnnn---aaalllkkkaaannneee

Thestandardvalueofretentionindex wasdeterminedby twodifferent
mixtureofn-alkane,mixtureI(C7～C17),mixtureII(C13～C23)consideringas
aninternalstandard.1µLmixtureofn-alkanesamplewasanalysedtofind
outtheretentiontimeofinternalstandardbyGC/MS(Figure3).RIofeach
peakwasestablishedbyabasicprogram thatsubstitutedtheRT ofeach
peakofn-alkaneconfirmedatGCchromatogram (Table3).



- 15 -

TTTaaabbbllleee333...RRReeettteeennntttiiiooonnntttiiimmmeeeooofffnnn---aaalllkkkaaannneeemmmiiixxxtttuuurrreeefffooorrrgggaaasssccchhhrrrooommmaaatttooogggrrraaappphhhiiiccc
rrreeettteeennntttiiiooonnniiinnndddeeexxx

AAAlllkkkaaannneeesss RRR...TTT...111))) AAAlllkkkaaannneeesss RRR...TTT... AAAlllkkkaaannneeesss RRR...TTT...

C7:0 4.957 C13:0 24.7 C19:0 60.167
C8:0 6.119 C14:0 29.875 C20:0 66.583
C9:0 8.289 C15:0 35.008 C21:0 72.742
C10:0 10.908 C16:0 40.908 C22:0 76.392
C11:0 15.033 C17:0 46.525 C23:0 80.75
C12:0 19.808 C18:0 52.542

R.T.1):Retentiontime

FFFiiiggguuurrreee333...GGGCCCccchhhrrrooommmaaatttooogggrrraaammmsssooofffnnn---aaalllkkkaaannneeessstttaaannndddaaarrrdddmmmiiixxxtttuuurrreeeⅠⅠⅠaaannndddⅡⅡⅡ...
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BBB...QQQuuuaaannntttiiitttaaatttiiivvveeeaaannnaaalllyyysssiiisssooofffvvvooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnn
uuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeedddHHH...cccooorrrdddaaatttaaasss

111...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeeddd

Thetotalion chromatogram (TIC)ofvolatileorganiccompoundsof
isshowninFigure6,andtheconcentrationsofthesecompoundsare

listedinTable4.A totalof83volatileorganiccompoundswereidentifiedin
the control:5acids(15.17%),21alcohols(26.59%),12aldehydes
(8.03%),7esters(8.44%),3ethers(0.86%),18hydrocarbons(13.53%),10
ketones (21.03%),2 nitrogenous compounds (1.16%)and 5 miscellaneous
(5.19%),respectively(Table11).Specifically,thedominantcompoundswere
hexahydrofarnesylacetone(12.81%),phytol(8.91%),dodecanoicacid(8.10%),
decanoicacid(5.46%),caryophylleneoxide(4.58%),octadecanol(4.55%),ethyl
acetate (4.41%),menthol(4.17%) and 2-undecanone (3.80%).The total
contentofthesecompoundswas52.99%.Moreoverthatcompounds, -β
-caryophyllene,β-pinene,β-myrcene,bonylacetate,nonanol,α-pinene,ρ-menthone,
4-terpineol,undecanol,α-copaeneweredetectedasasignificantmeterialinthe
control. hexahydrofarnesyl acetone (6,10,14-trimethyl-2-pentadecanone) was
detectedasaprimaryvolatileorganiccompound.Inpreviousinvestigationsit
wasreportedasthemostabundantcompoundindriedredpepper(41),as
themajorcompoundofredclover,andasaphytoldegradationproductand
biomarkerinchlorophyll(42).Mau,J.L. (43)reportedithadaslightly
fattyaromaandhadthethirdhighestconcentrationin
leaves.However,thiscompoundwasnotconsideredimportanttoleafaroma
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becauseofitsinsignificantodourinGCsniffinganalysis.Inthecaseofthis
experiment,the contentofhexahydrofarnesylacetone was relatively high
(12.81%).Butthefishysmellof wasderivedfrom houttuynum
(44).So hexahydrofarnesylacetone was notconsidered importantto

Thesecond largestconstituentwasidentified asphytol,which existin
chlorophyllasthegreen pigmentofplanttissueandishydrolyzedwhen
planttissueisbrokendown.Itisalsopresentinmanyplanttissuesasthe
alcoholportion ofthechlorophyllesterside-chain,and isthevegetability
alcoholcomponentformakevitamineE(45).
Thenextlargestconstituentwereidentifiedasdodecanoicanddecanoic
acid.According tothereportofCho (46),decanoicacidhad been
detectedastheprimarycompounds,andthenexthighestcompoundswere
2-tridecanone,decanalanddodecanoicacidin .Allthecompounds
werederivativesofdecanoicacid,whichisconsistentwiththisstudy.
Shim (47) reported that houttuynum (decanoyl acetaldehyde),
methyl-n-nonylketone,myrcene,lauricaldehyde and capricaldehyde were
identified asthemajorvolatilecomponentof .Yooetal.(48)
reported β-myrcene,3,7-dimethyl-1,3,6-octatriene,2-ethyl-1-hexanol,decanol,
2-undecanone, β-caryophyllene and nonanolas dominantcompounds,and
Liang,M. .(44),Qi,M. .(49) reported 2-undecanone and
houttuynum asthedominantcompoundsin .Similarresultswere
observedinourresearch.Inthisstudy,thecontentsof2-undecanoneand
houttuynum (decanoylacetaldehyde)(the compound forthe characteristic
fishy smellof ) were identified at 12.54 and 2.36 mg/kg,
respectively(Table10).Houttuynum performedsimilartoa40,000-foldtiter
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ofsulfaminesystem antibiotics,soitwascalledanaturalantibioticwitha
characteristic fishy smell (44,47,48). Houttuynum is converted into
2-undecanoneviabothoxydationanddecarboxylationasFigure4.Eachof
themassspectrum isshowninFigure5.
Previousinvestigationshavereportedthemajorterpenecompoundsfrom

as ()-β-caryophyllene, β-myrcene, β-ocimene, decanol,
caryophyllene oxide, α-humulene, α-pinene, β-pinene, limonene, linalool,
geraniol,decanal,dodecanal,borneol,perillenandbonylacetate(15,44,45,50).
Inourresultsforthecontrol,atotalof46terpeneswereidentified,andtheir
totalamountofthesewere193.35mg/kg(58.57%).
Terpenecompoundswereclassifiedasmono-,sesqui-,andditerpenes,and
derivatives.Amongthe46terpenes,32 monoterpenes:α-pinene,β-pinene,β

-myrcene, limonene, ()-β-ocimene, -terpinene, ρ-cymene,
3,4-dimethyl-2,4,6-octatriene, perillen, -menthone, decanal, linalool,
()--2-menthen-1-ol, menthyl acetate, bonyl acetate, 4-terpineol, β

-cyclocitral,menthol,pulegone,terpinylacetate,estragole,α-terpineol,borneol,
piperitone,geranylacetate,decanol,houttuynum,β-damascenone,()-geraniol,
safrole,perilla alcohol,and myristicin 13 sesquiterpenes: α-humulene, α

-copaene, γ-elemene, ()-β-caryophyllene, α-guaiene, δ-cadinene, α

-curcumene,calamenene,citronellylvalerate,caryophylleneoxide,nerolidol,
hexahydrofarnesylacetone,andpatchoulialcoholandonediterpene,phytol,
wereidentified.
Terpenoidsoriginatefrom terpentine,whichiscalledterpene.Terpeneis
the starting material, which comes from synthesized glucose by
photosynthesisin theplantsystem.Glucoseviatheglycolysisprocessis
inducedtoacetyl-CoA,whichissynthesizedtomevalonicacid.Afterbeing
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synthesized,3ATParerequiredtophosphorlyatemevalonicacid,andaCO2
is emitted at the same time that isopentenylpyrophosphate (IPPP) and
dimethylallylpyrophosphate (DMAPP) are generated. The isoprene is
synthesizedby theinteraction ofboth ofthesecompounds.Thisisoprene
synthesizesahighmolecularterpeneafterseveralstages(51).
Whenlookingatthebioactivityofterpenoids,themonoterpeneswerefirst
detectedfrom animalsandmicrobials;however,theyaremainlyidentifiedas
volatileorganiccompoundsofherbals,andaregenerallyusedinperfumes.In
additiontheyhaveantiphlogistic,depressant,expectorant,stomachic,diuretic,
antiseptic,and insecticidefunctions.Sesquiterpenes aregenerally used as
medicinesfortheiranifungal,anticancer,antiphlogistic,and anti-asthmatic
properties.Finally,thediterpenesaremajorcomponentsofresinandhave
functionsforcarcinogenecity,hinderbitinginsects,sweetness,skinirritability,
andplanthormones(52,53).
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TTTaaabbbllleee444...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnnuuunnniiirrrrrraaadddiiiaaattteeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkggg AAArrreeeaaa%%%

1 7.745 878 Ethylacetate C4H8O2 88 14.56 4.41
2 11.664 1021 α-Pinene C10H16 136 4.83 1.46
3 15.256 1105 β-Pinene C10H16 136 8.44 2.56
4 17.815 1162 β-Myrcene C10H16 136 7.22 2.19
5 19.53 1195 Limonene C10H16 136 1.34 0.41
6 20.472 1215 []-2-Hexenal C6H10O 98 2.37 0.72
7 21.042 1227 2-Pentylfuran C9H14O 138 0.35 0.11
8 21.21 1231 [Z]-β-Ocimene C10H16 136 0.89 0.27
9 21.83 1244 -Terpinene C10H16 136 0.79 0.24
10 22.367 1255 2,6-Dimethylpyridine C7H9N 107 1.20 0.36
11 23.008 1268 ρ-Cymene C10H14 134 0.79 0.24
12 23.942 1286 Octanal C8H16O 128 0.18 0.05
13 24.497 1296 5-Butylnonane C13H28 184 0.63 0.19
I.S5) 25.231 1311 Butylbenzen C10H14 134 - -
14 28.135 1368 3,4-Dimethyl-2,4,6-octatriene C10H16 136 0.51 0.15
15 29.1 1386 2-Nonanone C9H18O 142 0.25 0.08
16 29.322 1390 Nonanal C9H18O 142 1.70 0.52
17 29.6 1395 5-Butyldecane C14H30 198 0.88 0.27
18 29.906 1401 2-Butoxyethanol C6H14O2 118 0.25 0.07
19 30.563 1414 Perillen C10H14O 150 0.52 0.16
20 32.096 1445 Aceticacid C2H4O2 60 1.95 0.59
21 32.325 1450 1-Octen-3-ol C8H16O 128 0.20 0.06
22 32.724 1457 ()-2-Octenal C8H14O 126 0.32 0.10
23 32.912 1461 Furfural C5H4O2 96 2.45 0.74
24 33.366 1470 -Menthone C10H18O 154 4.99 1.51

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight,5)Internalstandard.



- 21 -

TTTaaabbbllleee444...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

25 34.89 1498 α-Copaene C15H24 204 3.36 1.02
26 35.069 1501 Decanal C10H20O 156 6.51 1.97
27 36.363 1524 Benzaldehyde C7H6O 106 3.66 1.11
28 37.643 1547 Linalool C10H18O 154 0.82 0.25
29 38.028 1553 ()--2-Menthen-1-ol C10H18O 154 0.37 0.11
30 38.711 1565 Menthylacetate C12H22O2 198 0.49 0.15
31 39.084 1571 5-Methylfurfural C6H6O2 110 0.46 0.14
32 39.81 1583 Bonylacetate C12H20O2 196 7.23 2.19
33 40.71 1597 2-Undecanone C11H22O 170 12.54 3.80
34 40.804 1598 ()-β-Caryophyllene C15H24 204 5.03 1.52
35 41.006 1602 4-Terpineol C10H18O 154 3.40 1.03
36 42.029 1621 β-Cyclocitral C10H16O 152 0.61 0.19
37 42.882 1637 γ-Elemene C15H24 204 3.12 0.94
38 43.136 1641 Menthol C10H20O 156 13.75 4.17
39 43.595 1649 Pulegone C10H16O 152 2.97 0.90
40 44.128 1659 Nonanol C9H20O 144 7.22 2.19
41 44.365 1663 Terpinylacetate C12H20O2 196 0.32 0.10
42 44.515 1666 Estragole C10H12O 148 0.39 0.12
43 44.797 1671 α-Humulene C15H24 204 0.96 0.29
44 46.255 1695 α-Terpineol C10H18O 154 0.44 0.13
45 46.593 1701 Borneol C10H18O 154 2.09 0.63
46 46.845 1706 Dodecanal C12H24O 184 2.40 0.73
47 47.844 1723 α-Guaiene C15H24 204 1.46 0.44
48 48.107 1727 Piperitone C10H16O 152 2.34 0.71
49 49.365 1749 Geranylacetate C12H20O2 196 2.14 0.65
50 49.583 1752 δ-Cadinene C15H24 204 2.12 0.64

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee444...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

51 49.858 1757 Decanol C10H22O 158 1.44 0.44
52 50.412 1766 α-curcumene C15H22 202 0.64 0.19
53 51.915 1790 Butyrophenone C10H12O 148 0.77 0.23
54 52.839 1804 Houttuynum C12H22O2 198 2.36 0.72
55 53.758 1817 β-Damascenone C13H18O 190 1.10 0.33
56 54.529 1827 Calamenene C15H22 202 1.68 0.51
57 55.574 1841 ()-Geraniol C10H18O 154 1.11 0.34
58 57.047 1861 Undecanol C11H24O 172 3.65 1.11
59 57.438 1866 Safrole C10H10O2 162 0.53 0.16
60 57.755 1870 Benzylalcohol C7H8O 108 0.82 0.25
61 60.541 1906 Phenethylalcohol C8H10O 122 1.78 0.54
62 61.469 1921 Citronellylvalerate C15H28O2 240 2.26 0.69
63 65.629 1986 Caryophylleneoxide C15H24O 220 15.13 4.58
64 66.76 2003 Perillaalcohol C10H16O 152 0.77 0.23
65 66.949 2006 Methyleugenol C11H14O2 178 1.30 0.39
66 67.955 2023 γ-Nonalacton C9H16O2 156 0.51 0.16
67 68.411 2030 Cinnamaldehyde C9H8O 132 3.50 1.06
68 68.625 2034 Nerolidol C15H26O 222 0.48 0.15
69 70.326 2062 Tridecanol C13H28O 200 0.80 0.24
70 73.183 2112 Hexahydrofarnesylacetone C18H36O 268 42.28 12.81
71 73.437 2119 1,2-Epoxyoctadecane C18H36O 268 0.62 0.19
72 73.853 2131 γ-Decalactone C10H18O2 170 1.67 0.51
73 75.622 2179 Patchoulialcohol C15H26O 222 2.79 0.85
74 76.997 2214 MethylHexadecanoate C17H34O2 270 0.86 0.26
75 78.845 2257 Myristicin C11H12O3 192 1.13 0.34

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee444...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

76 79.213 2265 Decanoicacid C10H20O2 172 18.02 5.46
77 79.443 2271 Pentadecanol C15H32O 228 1.15 0.35
78 83.948 2362 Undecanoicacid C11H22O2 186 3.21 0.97
79 87.01 2425 1H-Indole C8H7N 117 2.62 0.79
80 88.788 2465 Dodecanoicacid C12H24O2 200 26.74 8.10
81 93.327 2569 Octadecanol C18H38O 270 15.01 4.55
82 93.458 2572 Tridecanoicacid C13H26O2 214 0.18 0.05
83 94.615 2598 Phytol C20H40O 296 29.42 8.91

TTToootttaaalll 333333000...111222 111000000
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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FFFiiiggguuurrreee 444...TTThhheee hhhooouuuttttttuuuyyynnnuuummm (((dddeeecccaaannnoooyyylllaaaccceeetttaaallldddeeehhhyyydddeee))) cccooonnnvvveeerrrttteeeddd iiinnntttooo
222---uuunnndddeeecccaaannnooonnneeevvviiiaaabbbooottthhhoooxxxiiidddaaatttiiiooonnnaaannnddddddeeecccaaarrrbbboooxxxyyylllaaatttiiiooonnn...

(a)

(b)

FFFiiiggguuurrreee555...MMMaaassssssssspppeeeccctttrrruuummm ooofff(((aaa)))hhhooouuuttttttuuuyyynnnuuummm aaannnddd(((bbb)))222---uuunnndddeeecccaaannnooonnneee...
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222...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnniiirrrrrraaadddiiiaaattteeeddd sss

Thetotalionchromatogram forthevolatilecompoundsfrom theirradiated
isshown in Figure6,and theirconcentrationsaregiven in

Tables5-9.Thetypesofvolatilecompoundsinirradiated s(at1,
3,5,10and20kGy)weresimilartothoseoftheunirradiatedsamples,but
theconcentrationsofthesecompoundsdifferedbetweentreatments(Table11).
A totalof85 volatile organic compounds were identified in
irradiatedat1kGy,andtheirconcentrationwas421.94mg/kg.Themajor
volatileorganiccompoundsinthesampleirradiatedat1kGywerephytol
(41.41 mg/kg),hexahydrofarnesylacetone (41.37 mg/kg),dodecanoic acid
(34.37mg/kg),octadecanol(25.61mg/kg),2-undecanone(20.88mg/kg)and
decanoicacid(20.44mg/kg).Therelativearea% ofthetotalcompoundswas
detected as43.63%,encompassing mostofthecompounds.In comparison
withcontrol,itshowedsimilarresult.A totalof84(427.20mg/kg)organic
compoundswereidentifiedinthe irradiatedat3kGy.Themajor
volatile organic compounds in the sample were phytol(43.32 mg/kg),
hexahydrofarnesylacetone (40.56 mg/kg),dodecanoic acid (30.20 mg/kg),
caryophylleneoxide(22.77mg/kg)andoctadecanol(21.44mg/kg).Inthe

irradiatedat5kGy,atotalof84(517.32mg/kg)compoundswere
identified.The majorcompounds detected at5 kGy were phytol(46.38
mg/kg),hexahydrofarnesylacetone (44.56 mg/kg),dodecanoic acid (28.27
mg/kg),caryophyllene oxide (26.70 mg/kg),nonanol(24.77 mg/kg),and
octadecanol(22.35 mg/kg).Next,a totalof85 (376.80 mg/kg)organic
compounds were identified in the irradiated at10 kGy.The
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predominantorganiccompoundswereidentifiedashexahydrofarnesylacetone
(41.84 mg/kg), phytol (40.68 mg/kg), dodecanoic acid (32.67 mg/kg),
octadecanol(21.39mg/kg),andcaryophylleneoxide(20.18mg/kg).Finally,a
totalof84 (376.13 mg/kg)organic compoundswereidentified in the

irradiatedat20kGy.Themajorvolatileorganiccompoundswere
hexahydrofarnesylacetone(54.22mg/kg),phytol(36.32mg/kg),dodecanoic
acid(28.80mg/kg),octadecanol(24.52mg/kg),andcaryophylleneoxide(18.85
mg/kg).Theratiosofindividualchemicalcompoundsweredifferentamong
thetreatments.However,each compound wasnotshown acharacteristic
behavior upon irradiation. They have a some different of identified
compounds,because of lostduring the experimentmay be.Especially,
houttuynum;characteristicsmellof wasidentifiedas3.55,3.54,
3.61,3.57and2.94mg/kg,withthedifferentdosesofradiationat1,3,5,10
and 20 kGy,respectively (Table 10).A totalof47,46,46,47 and 46
compoundswereidentifiedin astheterpenecomponentswith
bioactivity.Theyhaveimportantmedicalactionin Theamount
wereidentifiedas239.64(56.80%),245.16(57.39%),315.92(61.07%),213.52
(56.67%)and 217.03(57.70%)mg/kg (Table13).According to theresults,
alcoholsandketonesoccurredathighlevelsinboththeunirradiatedand
irradiated samples.Phytol,octadecanolandnonanolwereidentified
as the dominantcompounds among the alcohols,and hexahydrofarnesyl
acetoneand2-undecanonewerethemajorcompoundsamong theketones.
Overall,thevolatileorganiccompoundsfoundintheirradiated s
weresimilartothoseinthecontrol,buttheproportionsofthesecompounds
weredifferent.
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TTTaaabbbllleee555...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddd
aaattt111kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkggg AAArrreeeaaa%%%

1 7.642 873 Ethylacetate C4H8O2 88 15.32 3.63
2 11.642 1020 α-Pinene C10H16 136 4.50 1.07
3 13.417 1065 Camphene C10H16 136 1.88 0.44
4 14.083 1080 Hexanal C6H12O 100 0.61 0.15
5 15.244 1105 β-Pinene C10H16 136 5.89 1.40
6 17.813 1162 β-Myrcene C10H16 136 15.94 3.78
7 19.527 1195 Limonene C10H16 136 1.49 0.35
8 20.452 1214 []-2-Hexenal C6H10O 98 1.90 0.45
9 21.025 1227 2-Pentylfuran C9H14O 138 0.47 0.11
10 21.195 1231 []-β-Ocimene C10H16 136 2.71 0.64
11 21.81 1244 -Terpinene C10H16 136 0.80 0.19
12 22.347 1255 2,6-Dimethylpyridine C7H9N 107 0.22 0.05
13 22.975 1267 ρ-Cymene C10H14 134 0.75 0.18
14 23.942 1286 Octanal C8H16O 128 0.23 0.05
15 24.487 1296 5-Butylnonane C13H28 212 0.50 0.12
I.S5) 25.223 1311 Butylbenzen C10H14 134 - -
16 28.113 1368 3,4-Dimethyl-2,4,6-octatriene C10H16 136 1.40 0.33
17 29.083 1386 2-Nonanone C9H18O 142 0.31 0.07
18 29.306 1390 Nonanal C9H18O 142 2.66 0.63
19 29.596 1395 5-Butyldecane C14H30 198 1.26 0.30
20 29.893 1400 2-Butoxyethanol C6H14O2 118 1.24 0.29
21 30.543 1414 Perillen C10H14O 150 0.98 0.23
22 31.706 1438 4,8-Dimethylundecane C13H28 184 0.34 0.08
23 32.073 1445 Aceticacid C2H4O2 60 1.60 0.38
24 32.292 1449 1-Octen-3-ol C8H16O 128 0.23 0.05

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight,5)Internalstandard.
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TTTaaabbbllleee555...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

25 32.708 1457 ()-2-Octenal C8H14O 126 0.37 0.09
26 32.887 1461 Furfural C5H4O2 96 1.39 0.33
27 33.331 1469 -Menthone C10H18O 154 3.54 0.84
28 34.872 1498 α-Copaene C15H24 204 2.68 0.63
29 35.11 1502 Decanal C10H20O 156 17.91 4.25
30 36.337 1524 Benzaldehyde C7H6O 106 2.32 0.55
31 37.627 1546 Linalool C10H18O 154 0.91 0.22
32 38.008 1553 ()--2-Menthen-1-ol C10H18O 154 0.65 0.15
33 38.694 1564 Menthylacetate C6H6O2 110 0.42 0.10
34 39.052 1570 5-Methylfurfural C6H6O2 110 0.34 0.08
35 39.814 1583 Bonylacetate C12H20O2 196 11.86 2.81
36 40.739 1597 2-Undecanone C11H22O 170 20.88 4.95
37 40.81 1598 ()-β-Caryophyllene C15H24 204 4.51 1.07
38 40.99 1602 4-Terpineol C10H18O 154 4.91 1.16
39 42.042 1621 β-Cyclocitral C10H16O 152 0.47 0.11
40 42.87 1636 γ-Elemene C15H24 204 3.27 0.78
41 43.099 1641 Menthol C10H20O 156 9.42 2.23
42 43.573 1649 Pulegone C10H16O 152 2.69 0.64
43 44.152 1659 Nonanol C9H20O 144 13.14 3.11
44 44.349 1663 Terpinylacetate C12H20O2 196 0.63 0.15
45 44.515 1666 Estragole C10H12O 148 0.26 0.06
46 44.786 1670 α-Humulene C15H24 204 1.16 0.28
47 46.238 1695 α-Terpineol C10H18O 154 0.41 0.10
48 46.528 1700 Borneol C10H18O 154 2.75 0.65
49 47.025 1709 Dodecanal C12H24O 184 1.91 0.45
50 47.837 1723 α-Guaiene C15H24 204 2.13 0.51

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee555...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

51 48.075 1727 Piperitone C10H16O 2.08 0.49 0.48
52 49.374 1749 Geranylacetate C12H20O2 6.47 1.53 1.49
53 49.572 1752 δ-Cadinene C15H24 1.60 0.38 0.37
54 49.84 1757 Decanol C10H22O 2.22 0.53 0.51
55 50.394 1766 α-curcumene C15H22 0.51 0.12 0.12
56 51.888 1790 Butyrophenone C10H12O 0.88 0.21 0.20
57 52.828 1804 houttuynum C12H22O2 3.55 0.84 0.82
58 53.741 1817 β-Damascenone C13H18O 0.86 0.20 0.20
59 54.496 1827 Calamenene C15H22 1.59 0.38 0.36
60 55.541 1841 ()-Geraniol C10H18O 1.72 0.41 0.40
61 57.05 1861 Undecanol C11H24O 5.90 1.40 1.35
62 57.395 1865 Safrole C10H10O2 0.60 0.14 0.14
63 57.711 1869 Benzylalcohol C7H8O 1.05 0.25 0.24
64 60.397 1904 Phenethylalcohol C8H10O 4.63 1.10 1.06
65 61.456 1921 Citronellylvalerate C15H28O2 2.96 0.70 0.68
66 65.649 1986 Caryophylleneoxide C15H24O 19.88 4.71 5.07
67 66.72 2002 Perillaalcohol C10H16O 1.24 0.29 0.29
68 66.914 2006 Methyleugenol C11H14O2 1.62 0.38 0.37
69 67.94 2023 γ-Nonalacton C9H16O2 0.98 0.23 0.23
70 68.387 2030 Cinnamaldehyde C9H8O 4.20 0.99 0.96
71 68.604 2034 Nerolidol C15H26O 0.56 0.13 0.13
72 70.308 2062 Tridecanol C13H28O 1.69 0.40 0.39
73 73.209 2113 Hexahydrofarnesylacetone C18H36O 41.37 9.80 11.88
74 73.436 2119 1,2-Epoxyoctadecane C18H36O 1.05 0.25 0.24
75 73.848 2131 γ-Decalactone C10H18O2 2.66 0.63 0.61

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight



- 30 -

TTTaaabbbllleee555...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

76 75.613 2179 Patchoulialcohol C15H26O 222 3.17 0.75
77 76.984 2214 MethylHexadecanoate C17H34O2 270 1.72 0.41
78 78.828 2257 Myristicin C11H12O3 192 0.92 0.22
79 79.191 2265 Decanoicacid C10H20O2 172 20.44 4.85
80 79.424 2270 Pentadecanol C15H32O 228 1.58 0.38
81 83.927 2362 Undecanoicacid C11H22O2 186 4.02 0.95
82 86.985 2424 1H-Indole C8H7N 117 2.66 0.63
83 88.795 2465 Dodecanoicacid C12H24O2 200 34.37 8.15
84 93.366 2569 Octadecanol C18H38O 270 25.61 6.07
85 94.657 2598 Phytol C20H40O 296 41.41 9.81

TTToootttaaalll 444222111...999444 111000000
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee666...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddd
aaattt333kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkggg AAArrreeeaaa%%%

1 7.629 876 Ethylacetate C4H8O2 88 13.61 3.18
2 11.637 1020 α-Pinene C10H16 136 4.43 1.04
3 13.349 1063 Camphene C10H16 136 1.11 0.26
4 14.083 1080 Hexanal C6H12O 100 0.75 0.18
5 15.207 1104 β-Pinene C10H16 136 6.48 1.52
6 17.809 1161 β-Myrcene C10H16 136 18.36 4.30
7 19.52 1195 Limonene C10H16 136 1.72 0.40
8 20.441 1214 []-2-Hexenal C6H10O 98 2.70 0.63
9 21.017 1227 2-Pentylfuran C9H14O 138 0.60 0.14
10 21.188 1231 []-β-Ocimene C10H16 136 3.62 0.85
11 21.787 1243 -Terpinene C10H16 136 1.26 0.30
12 22.318 1254 2,6-Dimethylpyridine C7H9N 107 0.53 0.12
13 22.949 1267 ρ-Cymene C10H14 134 1.01 0.24
14 23.896 1285 Octanal C8H16O 128 0.24 0.06
15 24.48 1296 5-Butylnonane C13H28 184 0.72 0.17
I.S5) 25.242 1311 Butylbenzen C10H14 134 - -
16 28.098 1368 3,4-Dimethyl-2,4,6-octatriene C10H16 136 1.63 0.38
17 29.068 1386 2-Nonanone C9H18O 142 0.33 0.08
18 29.295 1390 Nonanal C9H18O 142 2.91 0.68
19 29.587 1395 5-Butyldecane C14H30 198 1.35 0.32
20 29.875 1400 2-Butoxyethanol C6H14O2 118 1.80 0.42
21 30.527 1414 Perillen C10H14O 150 1.17 0.27
22 31.708 1439 4,8-Dimethylundecane C13H28 184 0.45 0.10
23 32.011 1444 Aceticacid C2H4O2 60 2.38 0.56
24 32.275 1449 1-Octen-3-ol C8H16O 128 0.22 0.05
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight,5)Internalstandard.
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TTTaaabbbllleee666...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

25 32.68 1457 ()-2-Octenal C8H14O 126 0.40 0.09
26 32.867 1460 Furfural C5H4O2 96 1.49 0.35
27 33.324 1469 -Menthone C10H18O 154 3.65 0.86
28 34.868 1497 α-Copaene C15H24 204 2.32 0.54
29 35.125 1502 Decanal C10H20O 156 14.29 3.35
30 36.318 1524 Benzaldehyde C7H6O 106 3.26 0.76
31 37.6 1546 Linalool C10H18O 154 0.97 0.23
32 37.989 1552 ()--2-Menthen-1-ol C10H18O 154 0.81 0.19
33 38.681 1564 Menthylacetate C6H6O2 110 0.71 0.17
34 39.035 1570 5-Methylfurfural C6H6O2 110 0.44 0.10
35 39.814 1583 Bonylacetate C12H20O2 196 11.68 2.73
36 40.743 1597 2-Undecanone C11H22O 170 19.65 4.60
37 40.818 1599 ()-β-Caryophyllene C15H24 204 4.47 1.05
38 40.977 1601 4-Terpineol C10H18O 154 5.23 1.22
39 42.005 1621 β-Cyclocitral C10H16O 152 0.53 0.12
40 42.853 1636 γ-Elemene C15H24 204 3.14 0.74
41 43.095 1640 Menthol C10H20O 156 9.19 2.15
42 43.557 1649 Pulegone C10H16O 152 2.59 0.61
43 44.16 1659 Nonanol C9H20O 144 13.97 3.27
44 44.334 1663 Terpinylacetate C12H20O2 196 0.65 0.15
45 44.766 1670 α-Humulene C15H24 204 0.99 0.23
46 46.224 1695 α-Terpineol C10H18O 154 0.43 0.10
47 46.53 1700 Borneol C10H18O 154 2.90 0.68
48 46.844 1706 Dodecanal C12H24O 184 5.95 1.39
49 47.844 1723 α-Guaiene C15H24 204 2.20 0.51
50 48.057 1727 Piperitone C10H16O 152 1.91 0.45

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee666...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

51 49.373 1749 Geranylacetate C12H20O2 196 7.06 1.65
52 49.562 1752 δ-Cadinene C15H24 204 1.36 0.32
53 49.828 1756 Decanol C10H22O 158 2.37 0.56
54 50.38 1765 α-curcumene C15H22 202 0.58 0.14
55 51.867 1789 Butyrophenone C10H12O 148 0.95 0.22
56 52.824 1804 houttuynum C12H22O2 198 3.54 0.83
57 53.721 1816 β-Damascenone C13H18O 190 1.25 0.29
58 54.48 1827 Calamenene C15H22 202 1.37 0.32
59 55.532 1841 ()-Geraniol C10H18O 154 1.82 0.43
60 57.051 1861 Undecanol C11H24O 172 6.64 1.56
61 57.381 1865 Safrole C10H10O2 162 0.61 0.14
62 57.694 1869 Benzylalcohol C7H8O 108 1.45 0.34
63 60.482 1905 Phenethylalcohol C8H10O 122 3.08 0.72
64 61.457 1921 Citronellylvalerate C15H28O2 240 2.69 0.63
65 65.658 1986 Caryophylleneoxide C15H24O 220 22.77 5.33
66 66.699 2002 Perillaalcohol C10H16O 152 1.23 0.29
67 66.883 2005 Methyleugenol C11H14O2 178 1.56 0.37
68 67.935 2023 γ-Nonalacton C9H16O2 156 1.12 0.26
69 68.364 2030 Cinnamaldehyde C9H8O 132 4.12 0.96
70 68.575 2033 Nerolidol C15H26O 222 0.69 0.16
71 70.302 2061 Tridecanol C13H28O 200 1.77 0.41
72 73.252 2114 Hexahydrofarnesylacetone C18H36O 268 40.56 9.49
73 73.468 2120 1,2-Epoxyoctadecane C18H36O 268 1.11 0.26
74 73.845 2131 γ-Decalactone C10H18O2 170 2.63 0.62
75 75.599 2179 Patchoulialcohol C15H26O 222 3.46 0.81

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight



- 34 -

TTTaaabbbllleee666...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

76 76.978 2214 MethylHexadecanoate C17H34O2 270 1.41 0.33
77 78.808 2256 Myristicin C11H12O3 192 0.99 0.23
78 79.183 2265 Decanoicacid C10H20O2 172 21.36 5.00
79 79.422 2270 Pentadecanol C15H32O 228 2.11 0.49
80 83.901 2361 Undecanoicacid C11H22O2 186 4.21 0.99
81 86.964 2424 1H-Indole C8H7N 117 3.12 0.73
82 88.791 2465 Dodecanoicacid C12H24O2 200 30.20 7.07
83 93.413 2571 Octadecanol C18H38O 270 21.44 5.02
84 94.688 2599 Phytol C20H40O 296 43.32 10.14

TTToootttaaalll 444222777...222000 111000000
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee777...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddd
aaattt555kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkggg AAArrreeeaaa%%%

1 7.695 876 Ethylacetate C4H8O2 88 10.67 2.09
2 11.663 1021 α-Pinene C10H16 136 6.33 1.24
3 13.375 1064 Camphene C10H16 136 2.36 0.46
4 14.042 1079 Hexanal C6H12O 100 1.23 0.24
5 15.228 1105 β-Pinene C10H16 136 9.56 1.87
6 17.817 1162 β-Myrcene C10H16 136 23.33 4.57
7 19.521 1195 Limonene C10H16 136 2.16 0.42
8 20.446 1214 []-2-Hexenal C6H10O 98 3.53 0.69
9 21.017 1227 2-Pentylfuran C9H14O 138 0.71 0.14
10 21.182 1230 []-β-Ocimene C10H16 136 3.17 0.62
11 21.8 1243 -Terpinene C10H16 136 1.61 0.31
12 22.337 1254 2,6-Dimethylpyridine C7H9N 107 0.82 0.16
13 22.955 1267 ρ-Cymene C10H14 134 1.02 0.20
14 23.888 1285 Octanal C8H16O 128 0.21 0.04
15 24.493 1296 5-Butylnonane C13H28 184 1.07 0.21
I.S5) 25.216 1311 Butylbenzen C10H14 134 - 0.00
16 28.106 1368 3,4-Dimethyl-2,4,6-octatriene C10H16 136 1.92 0.38
17 29.064 1386 2-Nonanone C9H18O 142 0.32 0.06
18 29.318 1390 Nonanal C9H18O 142 3.96 0.78
19 29.654 1396 5-Butyldecane C14H30 198 2.27 0.44
20 29.887 1400 2-Butoxyethanol C6H14O2 118 1.78 0.35
21 30.529 1414 Perillen C10H14O 150 0.84 0.16
22 31.786 1439 4,8-Dimethylundecane C13H28 184 0.46 0.09
23 31.971 1443 Acetic C2H4O2 60 1.02 0.20
24 32.292 1449 1-Octen-3-ol C8H16O 128 0.29 0.06

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight,5)Internalstandard.
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TTTaaabbbllleee777...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

25 32.694 1457 (E)-2-Octenal C8H14O 126 0.58 0.11
26 32.877 1460 Furfural C5H4O2 96 1.75 0.34
27 33.338 1469 -Menthone C10H18O 154 3.87 0.76
28 34.908 1497 α-Copaene C15H24 204 2.66 0.52
29 35.218 1504 Decanal C10H20O 156 20.38 3.99
30 36.313 1523 Benzaldehyde C7H6O 106 3.09 0.61
31 37.619 1546 Linalool C10H18O 154 1.42 0.28
32 38.002 1553 ()--2-Menthen-1-ol C10H18O 154 1.53 0.30
33 38.699 1564 Menthylacetate C6H6O2 110 1.11 0.22
34 39.044 1570 5-Methylfurfural C6H6O2 110 0.63 0.12
35 39.838 1583 Bonylacetate C12H20O2 196 15.40 3.02
36 40.802 1598 2-Undecanone C11H22O 170 21.35 4.13
37 40.875 1599 ()-β-Caryophyllene C15H24 204 5.22 1.02
38 40.995 1602 4-Terpineol C10H18O 154 7.04 1.38
39 42.02 1621 β-Cyclocitral C10H16O 152 0.99 0.19
40 42.889 1637 γ-Elemene C15H24 204 5.78 1.13
41 43.133 1641 Menthol C10H20O 156 16.61 3.25
42 43.59 1649 Pulegone C10H16O 152 2.53 0.50
43 44.212 1660 Nonanol C9H20O 144 24.77 4.85
44 44.341 1663 Terpinylacetate C12H20O2 196 3.06 0.60
45 44.817 1671 α-Humulene C15H24 204 1.02 0.20
46 46.22 1695 α-Terpineol C10H18O 154 1.21 0.24
47 46.531 1700 Borneol C10H18O 154 2.72 0.53
48 46.902 1707 Dodecanal C12H24O 184 7.52 1.47
49 47.885 1724 α-Guaiene C15H24 204 3.02 0.59
50 48.091 1727 Piperitone C10H16O 152 3.02 0.59

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee777...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

51 49.412 1750 Geranylacetate C12H20O2 196 12.82 2.51
52 49.592 1752 δ-Cadinene C15H24 204 2.54 0.50
53 49.853 1757 Decanol C10H22O 158 2.65 0.52
54 50.414 1766 α-curcumene C15H22 202 1.29 0.25
55 51.867 1789 Butyrophenone C10H12O 148 1.11 0.22
56 52.863 1804 houttuynum C12H22O2 198 3.61 0.70
57 53.742 1817 β-Damascenone C13H18O 190 1.32 0.26
58 54.505 1827 Calamenene C15H22 202 3.16 0.62
59 55.53 1841 (E)-Geraniol C10H18O 154 3.01 0.59
60 57.111 1862 Undecanol C11H24O 172 8.72 1.71
61 57.375 1865 Safrole C10H10O2 162 0.88 0.17
62 57.684 1869 Benzylalcohol C7H8O 108 2.52 0.49
63 60.48 1905 Phenethylalcohol C8H10O 122 5.06 0.99
64 61.515 1922 Citronellylvalerate C15H28O2 240 4.94 0.97
65 65.747 1988 Caryophylleneoxide C15H24O 220 26.70 5.23
66 66.713 2002 Perillaalcohol C10H16O 152 2.09 0.41
67 66.901 2005 Methyleugenol C11H14O2 178 2.34 0.46
68 67.942 2023 γ-Nonalacton C9H16O2 156 1.21 0.24
69 68.376 2030 Cinnamaldehyde C9H8O 132 5.09 1.00
70 68.584 2033 Nerolidol C15H26O 222 1.03 0.20
71 70.313 2062 Tridecanol C13H28O 200 3.07 0.60
72 73.378 2118 Hexahydrofarnesylacetone C18H36O 268 44.56 8.73
73 73.56 2123 1,2-Epoxyoctadecane C18H36O 268 2.47 0.48
74 73.921 2133 γ-Decalactone C10H18O2 170 2.72 0.53
75 75.616 2179 Patchoulialcohol C15H26O 222 6.22 1.22

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee777...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

76 77.015 2215 MethylHexadecanoate C17H34O2 270 2.21 0.43
77 78.806 2256 Myristicin C11H12O3 192 1.83 0.36
78 79.221 2266 Decanoicacid C10H20O2 172 17.39 3.41
79 79.443 2271 Pentadecanol C15H32O 228 3.10 0.61
80 83.896 2361 Undecanoicacid C11H22O2 186 3.57 0.70
81 86.947 2423 1H-Indole C8H7N 117 2.18 0.43
82 88.859 2467 Dodecanoicacid C12H24O2 200 28.27 5.54
83 93.473 2572 Octadecanol C18H38O 270 22.35 4.38
84 94.785 2599 Phytol C20H40O 296 46.38 9.08

TTToootttaaalll 555111777...333222 111000000
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight
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TTTaaabbbllleee888...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddd
aaattt111000kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkggg AAArrreeeaaa%%%

1 7.745 878 Ethylacetate C4H8O2 88 12.46 3.31
2 11.642 1020 α-Pinene C10H16 136 5.01 1.33
3 13.4 1064 Camphene C10H16 136 0.99 0.26
4 14.067 1079 Hexanal C6H12O 100 0.60 0.16
5 15.226 1105 β-Pinene C10H16 136 8.18 2.17
6 17.783 1161 β-Myrcene C10H16 136 4.59 1.22
7 19.495 1194 Limonene C10H16 136 1.19 0.32
8 20.43 1214 []-2-Hexenal C6H10O 98 1.22 0.32
9 21.008 1227 2-Pentylfuran C9H14O 138 0.39 0.10
10 21.15 1230 []-β-Ocimene C10H16 136 0.81 0.21
11 21.784 1243 -Terpinene C10H16 136 0.53 0.14
12 22.342 1255 2,6-Dimethylpyridine C7H9N 107 0.43 0.11
13 22.956 1267 ρ-Cymene C10H14 134 0.45 0.12
14 23.899 1285 Octanal C8H16O 128 0.22 0.06
15 24.494 1296 5-Butylnonane C13H28 184 0.55 0.15
I.S5) 25.238 1311 Butylbenzen C10H14 134 - -
16 28.104 1368 3,4-Dimethyl-2,4,6-octatriene C10H16 136 0.26 0.07
17 29.05 1386 2-Nonanone C9H18O 142 0.19 0.05
18 29.289 1390 Nonanal C9H18O 142 1.99 0.53
19 29.587 1395 5-Butyldecane C14H30 198 0.76 0.20
20 29.867 1400 2-Butoxyethanol C6H14O2 118 0.32 0.08
21 30.517 1413 Perillen C10H14O 150 0.44 0.12
22 31.698 1439 4,8-Dimethylundecane C13H28 184 0.31 0.08
23 31.98 1443 Aceticacid C2H4O2 60 2.81 0.75
24 32.292 1449 1-Octen-3-ol C8H16O 128 0.14 0.04

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight,5)Internalstandard.
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TTTaaabbbllleee888...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

25 32.687 1457 ()-2-Octenal C8H14O 126 0.17 0.04
26 32.866 1460 Furfural C5H4O2 96 1.30 0.35
27 33.338 1469 -Menthone C10H18O 154 4.27 1.13
28 34.872 1498 α-Copaene C15H24 204 2.60 0.69
29 35.085 1501 Decanal C10H20O 156 7.99 2.12
30 36.307 1523 Benzaldehyde C7H6O 106 2.96 0.79
31 37.604 1546 Linalool C10H18O 154 0.34 0.09
32 37.992 1553 ()--2-Menthen-1-ol C10H18O 154 0.41 0.11
33 38.676 1564 Menthylacetate C6H6O2 110 0.81 0.21
34 39.039 1570 5-Methylfurfural C6H6O2 110 0.49 0.13
35 39.798 1582 Bonylacetate C12H20O2 196 9.24 2.45
36 40.732 1597 2-Undecanone C11H22O 170 19.21 5.10
37 40.792 1598 ()-β-Caryophyllene C15H24 204 2.25 0.60
38 40.964 1601 4-Terpineol C10H18O 154 3.78 1.00
39 42.005 1621 β-Cyclocitral C10H16O 152 0.41 0.11
40 42.859 1636 γ-Elemene C15H24 204 3.06 0.81
41 43.12 1641 Menthol C10H20O 156 15.96 4.23
42 43.57 1649 Pulegone C10H16O 152 3.90 1.04
43 44.109 1659 Nonanol C9H20O 144 8.17 2.17
44 44.334 1663 Terpinylacetate C12H20O2 196 0.76 0.20
45 44.517 1666 Estragole C10H12O 148 0.32 0.08
46 44.771 1670 α-Humulene C15H24 204 1.18 0.31
47 46.204 1695 α-Terpineol C10H18O 154 0.48 0.13
48 46.524 1700 Borneol C10H18O 154 2.54 0.68
49 46.827 1705 Dodecanal C12H24O 184 3.67 0.97
50 47.821 1723 α-Guaiene C15H24 204 1.38 0.37

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight.
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TTTaaabbbllleee888...CCCooonnntttiiinnnuuueeeddd

PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

51 48.07 1727 Piperitone C10H16O 152 2.94 0.78
52 49.327 1748 Geranylacetate C12H20O2 196 2.73 0.73
53 49.546 1752 δ-Cadinene C15H24 204 1.67 0.44
54 49.809 1756 Decanol C10H22O 158 1.73 0.46
55 50.364 1765 α-curcumene C15H22 202 0.62 0.16
56 51.848 1789 Butyrophenone C10H12O 148 1.08 0.29
57 52.816 1804 houttuynum C12H22O2 198 3.57 0.95
58 53.704 1816 β-Damascenone C13H18O 190 1.34 0.36
59 54.459 1826 Calamenene C15H22 202 1.38 0.37
60 55.503 1840 ()-Geraniol C10H18O 154 1.23 0.33
61 57.019 1860 Undecanol C11H24O 172 4.84 1.29
62 57.359 1865 Safrole C10H10O2 162 0.47 0.13
63 57.676 1869 Benzylalcohol C7H8O 108 0.80 0.21
64 60.46 1905 Phenethylalcohol C8H10O 122 1.96 0.52
65 61.438 1921 Citronellylvalerate C15H28O2 240 2.23 0.59
66 65.647 1986 Caryophylleneoxide C15H24O 220 20.18 5.36
67 66.687 2002 Perillaalcohol C10H16O 152 0.90 0.24
68 66.882 2005 Methyleugenol C11H14O2 178 1.66 0.44
69 67.911 2022 γ-Nonalacton C9H16O2 156 1.08 0.29
70 68.348 2030 Cinnamaldehyde C9H8O 132 3.94 1.05
71 68.567 2033 Nerolidol C15H26O 222 0.76 0.20
72 70.29 2061 Tridecanol C13H28O 200 1.65 0.44
73 73.285 2115 Hexahydrofarnesylacetone C18H36O 268 41.85 11.11
74 73.489 2121 1,2-Epoxyoctadecane C18H36O 268 0.76 0.20
75 73.846 2131 γ-Decalactone C10H18O2 170 2.22 0.59

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight.
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TTTaaabbbllleee888...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

76 75.59 2178 Patchoulialcohol C15H26O 222 4.03 1.07
77 76.981 2214 MethylHexadecanoate C17H34O2 270 1.67 0.44
78 78.786 2256 Myristicin C11H12O3 192 1.11 0.29
79 79.178 2265 Decanoicacid C10H20O2 172 19.43 5.16
80 79.419 2270 Pentadecanol C15H32O 228 1.80 0.48
81 83.891 2361 Undecanoicacid C11H22O2 186 4.35 1.15
82 86.947 2423 1H-Indole C8H7N 117 3.61 0.96
83 88.797 2465 Dodecanoicacid C12H24O2 200 32.67 8.67
84 93.371 2570 Octadecanol C18H38O 270 21.39 5.68
85 94.681 2599 Phytol C20H40O 296 40.68 10.80

TTToootttaaalll 333777666...888000 111000000
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight.



- 43 -

TTTaaabbbllleee999...VVVooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddd
aaattt222000kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkggg AAArrreeeaaa%%%
1 7.7 876 Ethylacetate C4H8O2 88 16.83 4.47
2 11.662 1021 α-Pinene C10H16 136 3.89 1.03
3 13.342 1063 Camphene C10H16 136 0.62 0.16
4 14.05 1079 Hexanal C6H12O 100 0.54 0.14
5 15.228 1105 β-Pinene C10H16 136 5.59 1.49
6 17.781 1161 β-Myrcene C10H16 136 9.91 2.64
7 19.525 1195 Limonene C10H16 136 1.07 0.28
8 20.445 1214 []-2-Hexenal C6H10O 98 1.92 0.51
9 21.008 1227 2-Pentylfuran C9H14O 138 0.48 0.13
10 21.185 1230 []-β-Ocimene C10H16 136 1.90 0.50
11 21.78 1243 -Terpinene C10H16 136 0.64 0.17
12 22.337 1255 2,6-Dimethylpyridine C7H9N 107 0.46 0.12
13 22.95 1267 ρ-Cymene C10H14 134 0.72 0.19
14 23.892 1286 Octanal C8H16O 128 0.27 0.07
15 24.47 1296 5-Butylnonane C13H28 184 0.70 0.19
I.S5) 25.203 1311 Butylbenzen C10H14 134 -
16 28.1 1368 3,4-Dimethyl-2,4,6-octatriene C10H16 136 0.79 0.21
17 29.083 1386 2-Nonanone C9H18O 142 0.15 0.04
18 29.286 1390 Nonanal C9H18O 142 2.23 0.59
19 29.578 1395 5-Butyldecane C14H30 198 1.06 0.28
20 29.867 1400 2-Butoxyethanol C6H14O2 118 0.61 0.16
21 30.515 1413 Perillen C10H14O 150 0.67 0.18
22 31.681 1439 4,8-Dimethylundecane C13H28 184 0.44 0.12
23 32.013 1444 Aceticacid C2H4O2 60 2.40 0.64
24 32.325 1449 1-Octen-3-ol C8H16O 128 0.40 0.11

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight,5)Internalstandard.
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TTTaaabbbllleee999...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

25 32.693 1457 ()-2-Octenal C8H14O 126 0.23 0.06
26 32.862 1460 Furfural C5H4O2 96 1.43 0.38
27 33.325 1469 -Menthone C10H18O 154 3.67 0.97
28 34.848 1497 α-Copaene C15H24 204 2.53 0.67
29 35.067 1501 Decanal C10H20O 156 9.28 2.47
30 36.308 1523 Benzaldehyde C7H6O 106 3.18 0.85
31 37.603 1546 Linalool C10H18O 154 0.68 0.18
32 37.982 1552 ()--2-Menthen-1-ol C10H18O 154 0.55 0.15
33 38.675 1564 Menthylacetate C6H6O2 110 0.53 0.14
34 39.03 1570 5-Methylfurfural C6H6O2 110 0.46 0.12
35 39.774 1582 Bonylacetate C12H20O2 196 7.92 2.11
36 40.684 1596 2-Undecanone C11H22O 170 13.90 3.69
37 40.764 1598 ()-β-Caryophyllene C15H24 204 4.53 1.21
38 40.967 1601 4-Terpineol C10H18O 154 3.99 1.06
39 41.963 1620 β-Cyclocitral C10H16O 152 0.61 0.16
40 42.842 1636 γ-Elemene C15H24 204 2.71 0.72
41 43.079 1640 Menthol C10H20O 156 11.71 3.11
42 43.555 1649 Pulegone C10H16O 152 2.62 0.70
43 44.099 1658 Nonanol C9H20O 144 8.52 2.26
44 44.321 1662 Terpinylacetate C12H20O2 196 0.36 0.10
45 44.744 1670 α-Humulene C15H24 204 0.84 0.22
46 46.119 1693 α-Terpineol C10H18O 154 0.83 0.22
47 46.518 1700 Borneol C10H18O 154 2.29 0.61
48 46.813 1705 Dodecanal C12H24O 184 3.35 0.89
49 47.806 1722 α-Guaiene C15H24 204 1.76 0.47
50 48.051 1727 Piperitone C10H16O 152 1.90 0.51

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight.
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TTTaaabbbllleee999...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

51 49.324 1748 Geranylacetate C12H20O2 196 3.97 1.05
52 49.531 1751 δ-Cadinene C15H24 204 1.43 0.38
53 49.804 1756 Decanol C10H22O 158 1.81 0.48
54 50.357 1765 α-curcumene C15H22 202 0.55 0.15
55 51.848 1789 Butyrophenone C10H12O 148 0.77 0.21
56 52.793 1804 houttuynum C12H22O2 198 2.94 0.78
57 53.703 1816 β-Damascenone C13H18O 190 1.22 0.33
58 54.447 1826 Calamenene C15H22 202 1.23 0.33
59 55.499 1840 ()-Geraniol C10H18O 154 0.95 0.25
60 56.996 1860 Undecanol C11H24O 172 5.05 1.34
61 57.34 1865 Safrole C10H10O2 162 0.46 0.12
62 57.656 1869 Benzylalcohol C7H8O 108 0.84 0.22
63 60.455 1905 Phenethylalcohol C8H10O 122 1.61 0.43
64 61.404 1920 Citronellylvalerate C15H28O2 240 2.03 0.54
65 65.598 1985 Caryophylleneoxide C15H24O 220 18.85 5.01
66 66.686 2002 Perillaalcohol C10H16O 152 0.84 0.22
67 66.872 2005 Methyleugenol C11H14O2 178 1.46 0.39
68 67.905 2022 γ-Nonalacton C9H16O2 156 1.03 0.27
69 68.338 2029 Cinnamaldehyde C9H8O 132 3.29 0.87
70 68.558 2033 Nerolidol C15H26O 222 0.56 0.15
71 70.285 2061 Tridecanol C13H28O 200 1.52 0.40
72 73.198 2113 Hexahydrofarnesylacetone C18H36O 268 54.22 14.42
73 73.575 2123 1,2-Epoxyoctadecane C18H36O 268 0.56 0.15
74 73.82 2130 γ-Decalactone C10H18O2 170 2.51 0.67
75 75.585 2178 Patchoulialcohol C15H26O 222 3.48 0.92

1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight.
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TTTaaabbbllleee999...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddNNNaaammmeee MMM...FFF...333))) FFF...WWW...444)))mmmggg///kkkgggAAArrreeeaaa%%%

76 76.961 2213 MethylHexadecanoate C17H34O2 270 1.50 0.40
77 78.795 2256 Myristicin C11H12O3 192 1.02 0.27
78 79.16 2264 Decanoicacid C10H20O2 172 17.82 4.74
79 79.399 2270 Pentadecanol C15H32O 228 1.76 0.47
80 83.896 2361 Undecanoicacid C11H22O2 186 3.76 1.00
81 86.945 2423 1H-Indole C8H7N 117 2.73 0.73
82 88.755 2464 Dodecanoicacid C12H24O2 200 28.80 7.66
83 93.335 2569 Octadecanol C18H38O 270 24.53 6.52
84 94.598 2597 Phytol C20H40O 296 36.32 9.l6

TTToootttaaalll 333777666...111333 111000000
1)Retentiontime,2)Retentionindex,3)Moleculeformula,4)Formulaweight.

TTTaaabbbllleee 111000... RRReeelllaaatttiiivvveee cccooonnnttteeennnttt ooofff 222---uuunnndddeeecccaaannnooonnneee aaannnddd hhhooouuuttttttuuuyyynnnuuummm iiinnn
iiidddeeennntttiiifffiiieeedddvvvooolllaaatttiiillleeeooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddd

aaattt111,,,333,,,555,,,111000aaannnddd222000kkkGGGyyy
(unit:mg/kg)

CCCooommmpppooouuunnnddd
IIIrrrrrraaadddiiiaaatttiiiooonnndddooossseee(((kkkGGGyyy)))

000 111 333 555 111000 222000

2-Undecanone 12.54 20.88 19.65 21.35 19.21 13.90

Houttuynum 2.36 3.55 3.54 3.61 3.57 2.94
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333...CCCooommmpppaaarrriiisssooonnn ooofff vvvooolllaaatttiiillleee ooorrrgggaaannniiiccc cccooommmpppooouuunnndddsss bbbeeetttwwweeeeeennn
uuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeedddsssaaammmpppllleeesss

Thecharacteristicorganiccompounds,includingGC/MS profileofvolatile
compoundsinirradiated samples,weresimilartothoseinthe
control.However,therelativecontentsofthesecompoundswerechangedby
irradiation.These changes in the proportions ofvolatile compounds are
showninTable11.
The totalvolatile compound contentofthe controlwas approximately
330.12mg/kgwhileirradiatedsamplesat1,3,5,10and20kGywere421.94,
427.20,517.32,376.80and376.13mg/kg,respectively.Thetotalcontentof
volatilecompoundsincreased afterirradiation,buttheratiosofindividual
substances varied with differentdoses ofradiation.The changes in the
amountsofvolatilecompoundsareshowninFigure7.Thetotallevelsof
volatilecompounds were increased atirradiation dosesof5 kGy (517.32
mg/kg).Thesechangeswereidentifiedbyincreasesanddecreases,without
offormationordisappearanceofcompounds.
Theoforganiccompoundsclassificationsbyfunctionalgroupareshownin
Table12,andtheterpenescontentoftheyareshowninTable13.Inthe
unirradiated theorganiccompoundsconsistedof5acids(15.17%),
21 alcohols (26.59%),12 aldehydes (8.03%),7 esters (8.44%),3 ethers
(0.86%),20 hydrocarbones (13.53%),10 ketones (21.03%),2 nitrogenous
compounds (1.16%)and5miscellaneouscompounds(5.19%).Inthecaseof
theterpenes,atotalof46(193.35mg/kg)compoundswereidentified:32at
monoterpenes(82.61mg/kg),13 atsesquiterpenes(81.32mg/kg)and one
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diterpenes(29.42mg/kg).Theamountofhouttuynum [thecharacteristicsmell
of (44)]wasidentified as2.36mg/kg (0.72%)in thecontrol
(Table10).Inthe1kGyirradiated sample,thevolatileorganic
compoundsconsistedof4acids(14.32%),21alcohols(29.49%),13aldehydes
(8.97%),7esters(9.33%),3ethers(0.66%),20hydrocarbones(13.02%),10
ketones (18.07%),2 nitrogenous compounds (0.68%)and 5 miscellaneous
compounds(5.44%)(Table12).Inthissample,theterpenecontenthadan
additionalcompound,campene,sotherewereatotalof47(239.64mg/kg)
detected(Table13).However,wesuggestthiswasn'tacreatedcompound,
butmayhavebeenlostduringextractionorbythelow amountofdetection.
Hexanalwasdetectedinallthesamples,butitwasnotdetectedin the
control.Hexanal was identified as a green note (54) from C6 lipid
peroxidation products that are released when samples were pulverized.
Moreover,neithertridecanoic acid norhexanalappeared in the irradiated
samples.In the irradiated at3 kGy,the organic compounds
consistedof4acids(13.61%),21alcohols(29.24%),13aldehydes(9.51%),7
esters (8.85%),2 ethers (0.60%),20 hydrocarbons (13.71%),10 ketones
(17.47%),2mitrogenouscompounds(0.85%)and5miscellaneouscompounds
(6.15%).Totalof46(245.16mg/kg)wereanalysedasterpenes,andthey
weredetected similartoallsamples.In irradiated at5kGy,
chemicalclasseswerethesameasin samplesirradiated at3kGy.The
relativeareasobtainedforeachfunctionalgroupwereacids(9.71%),alcohols
(31.62%),aldehydes(10.16%),esters(9.70%),ethers(0.81%),hydrocarbones
(15.45%),ketones(15.85%),nitrogenouscompounds(0.58%)andmiscellaneous
compounds(6.11%).Totalof46(315.92mg/kg)terpenesweredetected.In

irradiatedat10kGy,chemicalclasseswerethesameasinsamples
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irradiatedat1kGy.Therelativeareasobtainedforeachfunctionalgroup
wereacids(15.73%),alcohols(30.23%),aldehydes(7.57%),esters(7.94%),
ethers (0.82%), hydrocarbones (10.02%), ketones (20.72%), nitrogenous
compounds(1.07%)andmiscellaneouscompounds(5.90%).Totalof47(213.52
mg/kg)terpenes weredetected.In ofirradiated 20 kGy,the
relativeareasobtainedforeachfunctionalgroupwere4acids(14.03%),21
alcohols(28.94%),13aldehydes(7.91%),7esters(8.81%),2ethers(0.66%),
20hydrocarbones(11.41%),10ketones(21.80%),2nitrogenouscompounds
(0.85%)and5miscellaneouscompounds(5.59%).Also46terpenes(217.03
mg/kg)wereidentified.Thedominantcomponentsandterpenesofboththe
unirradiatedandirradiated samplesdidnotshow specificchanges.
Thisresultwassimilarforthemonoterpenes,sesquiterpenesandditerpenes.
Inallthesamples,themajorfunctionalgroupwasalcoholsandketones.The
terpenswerethedominantgroupcontaining moredetailedchemicaltypes.
Terpene is the generic name fora group ofnaturalproducts thatare
structurallybasedonisoprene(isopentenyl)units.Theterm mayalsorefer
totheoxygenderivativesofthesecompounds,alsoknownasterpenoids(55).
Ingeneralterms,inthisstudy,alcoholsandketonesweredetectedasthe
major volatile chemicalclasses in the unirradiated and in the samples
irradiatedat1,3,5,10and20kGy.Amongthevolatileorganiccompounds
of s,theterpenesarealargeconstituent.Thechangesin the
contentsofterpenesareshowninFigure8.
Whenlooking atthebioactivityofterpenoids,Kang .(50)reported
thatthegrowthsofnineGramenegativebacteriawereinhibitedobviously
when treated with and fraction including 2-undecanone, β-myrcene,
β-ocimene, decanol and houttuynum, and fraction including decanal,
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endobornylacetate,fencheneanddecanoicacid,respectively.
Also,Nomutagenicitywasdetectedinthetwoassayswithorwithout
metabolic activation.From these results,the safety ofthe
irradiated withgamma-raysatpracticaldosecould berevealed in further
testsofgenotoxicityinvivo,chronicandreproductivetoxicity(56).
The relative percentages of 2-Undecanone and houttuynum, the
characteristiccompoundsof ,weresimilarinalltheirradiation
dose samples.As a result,allmost allthe compounds did not show
significantchanges afterirradiation.However,in the sample
irradiatiedat5kGy(517.32mg/kg),theirtotalamountwaslargerthanin
theothersamples.Allcompoundsshowedan incerasing pattern from the
controltothe5kGysample,andthereafterdecreaseduptothe20kGy
dose.
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TTTaaabbbllleee 111111...CCCooommmpppaaarrriiisssooonnn ooofff vvvooolllaaatttiiillleee ooorrrgggaaannniiiccc cccooommmpppooouuunnndddsss iiidddeeennntttiiifffiiieeeddd iiinnn
uuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddd sssaaattt111,,,333,,,555,,,111000aaannnddd222000kkkGGGyyy

(unit:mg/kg)
PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
IIIrrrrrraaadddiiiaaatttiiiooonnndddooossseee(((kkkGGGyyy)))

000 111 333 555 111000 222000
1 7.745 878 Ethylacetate 14.56 15.32 13.61 10.67 12.46 16.83
2 11.664 1021 α-Pinene 4.83 4.50 4.43 6.33 5.01 3.89
3 13.417 1065 Camphene - 1.88 1.11 2.36 0.99 0.62
4 14.083 1080 Hexanal - 0.61 0.75 1.23 0.60 0.54
5 15.256 1105 β-Pinene 8.44 5.89 6.48 9.56 8.18 5.59
6 17.815 1162 β-Myrcene 7.22 15.94 18.36 23.33 4.59 9.91
7 19.53 1195 Limonene 1.34 1.49 1.72 2.16 1.19 1.07
8 20.472 1215 []-2-Hexenal 2.37 1.90 2.70 3.53 1.22 1.92
9 21.042 1227 2-Pentylfuran 0.35 0.47 0.60 0.71 0.39 0.48
10 21.21 1231 []-β-Ocimene 0.89 2.71 3.62 3.17 0.81 1.90
11 21.83 1244 -Terpinene 0.79 0.80 1.26 1.61 0.53 0.64
12 22.367 1255 2,6-Dimethylpyridine 1.20 0.22 0.53 0.82 0.43 0.46
13 23.008 1268 ρ-Cymene 0.79 0.75 1.01 1.02 0.45 0.72
14 23.942 1286 Octanal 0.18 0.23 0.24 0.21 0.22 0.27
15 24.497 1296 5-Butylnonane 0.63 0.50 0.72 1.07 0.55 0.70
I.S3) 25.231 1311 Butylbenzen - - - - - -
16 28.135 1368 3,4-Dimethyl-2,4,6-octatriene 0.51 1.40 1.63 1.92 0.26 0.79
17 29.1 1386 2-Nonanone 0.25 0.31 0.32 0.32 0.19 0.15
18 29.322 1390 Nonanal 1.70 2.66 2.91 3.96 1.99 2.23
19 29.6 1395 5-Butyldecane 0.88 1.26 1.35 2.27 0.76 1.06
20 29.906 1401 2-Butoxyethanol 0.25 1.24 1.80 1.78 0.32 0.61
21 30.563 1414 Perillen 0.52 0.98 1.17 0.84 0.44 0.67
22 31.706 1438 4,8-Dimethylundecane - 0.34 0.45 0.46 0.31 0.44
23 32.096 1445 Aceticacid 1.95 1.60 2.38 1.02 2.81 2.40
24 32.325 1450 1-Octen-3-ol 0.20 0.23 0.22 0.29 0.14 0.40

1)Retentiontime,2)Retentionindex,3)Internalstandard.
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TTTaaabbbllleee111111...CCCooonnntttiiinnnuuueeeddd
(unit:mg/kg)

PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
IIIrrrrrraaadddiiiaaatttiiiooonnndddooossseee(((kkkGGGyyy)))

000 111 333 555 111000 222000
25 32.724 1457 ()-2-Octenal 0.32 0.37 0.40 0.58 0.17 0.23
26 32.912 1461 Furfural 2.45 1.39 1.49 1.75 1.30 1.43
27 33.366 1470 -Menthone 4.99 3.54 3.65 3.87 4.27 3.67
28 34.89 1498 α-Copaene 3.36 2.68 2.32 2.66 2.60 2.53
29 35.069 1501 Decanal 6.51 17.91 14.29 20.38 7.99 9.28
30 36.363 1524 Benzaldehyde 3.66 2.32 3.26 3.09 2.96 3.18
31 37.643 1547 Linalool 0.82 0.91 0.97 1.42 0.34 0.68
32 38.028 1553 ()--2-Menthen-1-ol 0.37 0.65 0.81 1.53 0.41 0.55
33 38.711 1565 Menthylacetate 0.49 0.42 0.71 1.11 0.81 0.53
34 39.084 1571 5-Methylfurfural 0.46 0.34 0.44 0.63 0.49 0.46
35 39.81 1583 Bornylacetate 7.23 11.86 11.68 15.40 9.24 7.92
36 40.71 1597 2-Undecanone 12.54 20.88 19.65 21.35 19.21 13.90
37 40.804 1598 ()-β-Caryophyllene 5.03 4.51 4.47 5.22 2.25 4.53
38 41.006 1602 4-Terpineol 3.40 4.91 5.23 7.04 3.78 3.99
39 42.029 1621 β-Cyclocitral 0.61 0.47 0.53 0.99 0.41 0.61
40 42.882 1637 γ-Elemene 3.12 3.27 3.14 5.78 3.06 2.71
41 43.136 1641 Menthol 13.75 9.42 9.19 16.61 15.96 11.71
42 43.595 1649 Pulegone 2.97 2.69 2.59 2.53 3.90 2.62
43 44.128 1659 Nonanol 7.22 13.14 13.97 24.77 8.17 8.52
44 44.365 1663 Terpinylacetate 0.32 0.63 0.65 3.06 0.76 0.36
45 44.515 1666 Estragole 0.39 0.26 - - 0.32 -
46 44.797 1671 α-Humulene 0.96 1.16 0.99 1.02 1.18 0.84
47 46.255 1695 α-Terpineol 0.44 0.41 0.43 1.21 0.48 0.83
48 46.593 1701 Borneol 2.09 2.75 2.90 2.72 2.54 2.29
49 46.845 1706 Dodecanal 2.40 1.91 5.95 7.52 3.67 3.35
50 47.844 1723 α-Guaiene 1.46 2.13 2.20 3.02 1.38 1.76

1)Retentiontime,2)Retentionindex
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TTTaaabbbllleee111111...CCCooonnntttiiinnnuuueeeddd
(unit:mg/kg)

PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
IIIrrrrrraaadddiiiaaatttiiiooonnndddooossseee(((kkkGGGyyy)))

000 111 333 555 111000 222000
51 48.107 1727 Piperitone 2.34 2.08 1.91 3.02 2.94 1.90
52 49.365 1749 Geranylacetate 2.14 6.47 7.06 12.82 2.73 3.97
53 49.583 1752 δ-Cadinene 2.12 1.60 1.36 2.54 1.67 1.43
54 49.858 1757 Decanol 1.44 2.22 2.37 2.65 1.73 1.81
55 50.412 1766 α-Curcumene 0.64 0.51 0.58 1.29 0.62 0.55
56 51.915 1790 Butyrophenone 0.77 0.88 0.95 1.11 1.08 0.77
57 52.839 1804 Houttuynum 2.36 3.55 3.54 3.61 3.57 2.94
58 53.758 1817 β-Damascenone 1.10 0.86 1.25 1.32 1.34 1.22
59 54.529 1827 Calamenene 1.68 1.59 1.37 3.16 1.38 1.23
60 55.574 1841 ()-Geraniol 1.11 1.72 1.82 3.01 1.23 0.95
61 57.047 1861 Undecanol 3.65 5.90 6.64 8.72 4.84 5.05
62 57.438 1866 Safrole 0.53 0.60 0.61 0.88 0.47 0.46
63 57.755 1870 Benzylalcohol 0.82 1.05 1.45 2.52 0.80 0.84
64 60.541 1906 Phenethylalcohol 1.78 4.63 3.08 5.06 1.96 1.61
65 61.469 1921 Citronellylvalerate 2.26 2.96 2.69 4.94 2.23 2.03
66 65.629 1986 Caryophylleneoxide 15.13 19.88 22.77 26.70 20.18 18.85
67 66.76 2003 Perillaalcohol 0.77 1.24 1.23 2.09 0.90 0.84
68 66.949 2006 Methyleugenol 1.30 1.62 1.56 2.34 1.66 1.46
69 67.955 2023 γ-Nonalacton 0.51 0.98 1.12 1.21 1.08 1.03
70 68.411 2030 Cinnamaldehyde 3.50 4.20 4.12 5.09 3.94 3.29
71 68.625 2034 Nerolidol 0.48 0.56 0.69 1.03 0.76 0.56
72 70.326 2062 Tridecanol 0.80 1.69 1.77 3.07 1.65 1.52
73 73.183 2112 Hexahydrofarnesylacetone 42.28 41.37 40.56 44.56 41.85 54.22
74 73.437 2119 1,2-Epoxyoctadecane 0.62 1.05 1.11 2.47 0.76 0.56
75 73.853 2131 γ-Decalactone 1.67 2.66 2.63 2.72 2.22 2.51

1)Retentiontime,2)Retentionindex
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TTTaaabbbllleee111111...CCCooonnntttiiinnnuuueeeddd
(unit:mg/kg)

PPPeeeaaakkk
NNNooo...RRR...TTT...

111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
IIIrrrrrraaadddiiiaaatttiiiooonnndddooossseee(((kkkGGGyyy)))

000 111 333 555 111000 222000
76 75.6222179 Patchoulialcohol 2.79 3.17 3.46 6.22 4.03 3.48
77 76.9972214 MethylHexadecanoate 0.86 1.72 1.41 2.21 1.67 1.50
78 78.8452257 Myristicin 1.13 0.92 0.99 1.83 1.11 1.02
79 79.2132265 Decanoicacid 18.02 20.44 21.36 17.39 19.43 17.82
80 79.4432271 Pentadecanol 1.15 1.58 2.11 3.10 1.80 1.76
81 83.9482362 Undecanoicacid 3.21 4.02 4.21 3.57 4.35 3.76
82 87.01 2425 1H-Indole 2.62 2.66 3.12 2.18 3.61 2.73
83 88.7882465 Dodecanoicacid 26.74 34.37 30.20 28.27 32.67 28.80
84 93.3272569 Octadecanol 15.01 25.61 21.44 22.35 21.39 24.53
85 93.4582572 Tridecanoicacid 0.18 - - - - -
86 94.6152598 Phytol 29.42 41.41 43.32 46.38 40.68 36.32

TTToootttaaalll 333333000...111222444222111...999444444222777...222000555111777...333222333777666...888000333777666...111222
1)Retentiontime,2)Retentionindex
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TTTaaabbbllleee111222...RRReeelllaaatttiiivvveeecccooonnnttteeennntttoooffffffuuunnnccctttiiiooonnnaaalllgggrrrooouuupppsssiiinnn iiidddeeennntttiiifffiiieeeddd vvvooolllaaatttiiillleee
ooorrrgggaaannniiiccccccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddd aaattt111,,,333,,,555,,,
111000aaannnddd222000kkkGGGyyy

Functional
groups

0 1 3 5 10 20

C1) mg/kg C mg/kg C mg/kg C mg/kg C mg/kg C mg/kg

Acids 5 50.09 4 60.44 4 58.16 4 50.25 4 59.26 4 52.78
Alcohols 21 87.77 21 124.44 21 124.91 21 163.58 21 113.92 21 108.85
Aldehydes 12 26.52 13 37.86 13 40.62 13 52.57 13 28.52 13 29.73
Esters 7 27.86 7 39.39 7 37.81 7 50.21 7 29.91 7 33.13
Ethers 3 2.82 3 2.80 2 2.55 2 4.17 3 3.09 2 2.48
Hydrocarbons 18 44.68 20 54.92 20 58.59 20 79.94 20 37.76 20 42.93
Ketones 10 69.42 10 76.24 10 74.65 10 82.01 10 78.07 10 82.00
N-Compounds 2 3.82 2 2.89 2 3.65 2 3.00 2 4.04 2 3.19
Miscellaneous 5 17.14 5 22.97 5 26.26 5 31.60 5 22.24 5 21.03
TTToootttaaalll 888333333333000...111222888555444222111...999444888444444222777...222000888444555111777...333222888555333777666...888000888444333777666...111333

1)NumberofCompounds.
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FFFiiiggguuurrreee 666...GGGCCC///MMMSSS tttoootttaaallliiiooonnn ccchhhrrrooommmaaatttooogggrrraaammmsss ooofffttthhheee vvvooolllaaatttiiillleee ooorrrgggaaannniiiccc
cccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddd sssaaattt555kkkGGGyyy...
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TTTaaabbbllleee 111333...RRReeelllaaatttiiivvveeecccooonnnttteeennntttooofffttteeerrrpppeeennneeesss iiinnn iiidddeeennntttiiifffiiieeeddd vvvooolllaaatttiiillleee ooorrrgggaaannniiiccc
cccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddd aaattt111,,,333,,,555,,,111000aaannnddd
222000kkkGGGyyy

Terpenes
0 1 3 5 10 20

C1) mg/kg C mg/kg C mg/kg C mg/kg C mg/kg C mg/kg

Monoterpenes 32 82.61 33 112.84 32 115.22 32 161.40 33 89.69 32 85.99

Sesquiterpenes 13 81.32 13 85.39 13 86.62 13 108.15 13 83.16 13 94.73

Diterpenes 1 29.42 1 41.41 1 43.32 1 46.38 1 40.68 1 36.32

TTToootttaaalll 444666 111999333...333555 444777 222333999...666444 444666 222444555...111666 444666 333111555...999222 444777 222111333...555222 444666 222111777...000333
1)NumberofCompounds.
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FFFiiiggguuurrreee 777...EEEffffffeeeccctttoooffftttoootttaaalllcccooonnnttteeennntttiiinnn uuunnniiirrrrrraaadddiiiaaattteeeddd aaannnddd iiirrrrrraaadddiiiaaattteeeddd
...

FFFiiiggguuurrreee888...EEEffffffeeeccctttooofffttteeerrrpppeeennnoooiiidddcccooonnnttteeennntttsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeedddHHH...
cccooorrrdddaaatttaaa...
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CCCOOONNNCCCLLLUUUSSSIIIOOONNN

Thisstudy wasperformedtoexaminetheeffectof γ-irradiation onthe
volatileorganiccompoundsin Thunb..Volatilecompounds
from samples were extracted using an SDE apparatus,and
analyzedbyGC/MS.Totalcomponentsof83,85,84,84,85and84were
detectedinthecontrolandthe1,3,5,10and20kGy irradiationdoses,
respectively.Themajorfunctionalgroupsinthevolatileorganiccompounds
of werealcoholsand ketones.Theprofileofvolatileorganic
compounds was same in unirradiated and irradiated samples. And,
hexahydrofarnesylacetone,phytol,decanoicacid,dodecanoicacid,octadecanol,
caryophylleneoxide,2-undecanoneandmentholweredetectedasdominant
compounds.Alsohouttuynum,whichischaracteristiccompoundof
wasanalyzedaslow amount.Thetotalcontentsofvolatilecompoundswas
increasedafterirradiation,andthelevelofirradiatedsampleat5kGywas
moregreaterthanotherirradiatedsamples.However,thetendencywasnot
significant with irradiation doses.Consequently,irradiation may be an
effectivesanitationprocesswithenergyandextractionefficiency,aswellas
desirableaspectsforcomponents,whichwillprovebeneficialfor .
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요요요 약약약

본 연구에서는 현재 우리나라에서 그 소비량이 증가하고 있고,여러 가지 효
능이 확인되고 있는 한약재 중의 하나인 어성초의 휘발성 유기성분을 각 선량별
로 방사선 조사된 어성초와 비교하였다.n-Pentane과 diethylether혼합용매를
추출용매로 사용하여 연속증류추출장치로 추출하고 이를 GC/MS로 사용하여 분
석․확인하였다.비 조사 시료에서 확인된 성분은 83종,1,3,5,10및 20kGy의
선량으로 방사선 조사된 어성초에서 확인된 성분은 85,84,84,85그리고 84종
이 확인되었다.전체적인 관능기별 함량으로는 alcohol류와 ketone류가 두드러지
는 경향을 보여 어성초의 주요 휘발성 유기화합물에 크게 영향을 미치는 것으로
판단되었다. 어성초의 대표적인 휘발성 유기화합물로는 hexahydrofarnesyl
acetone,phytol,decanoic acid,dodecanoic acid,octadecanol,caryophyllene
oxide,2-undecanone및 menthol등이었다.특히 houttuynum은 그 함량이 다른
주요화합물보다 상대적으로 낮게 확인되었으나,어성초의 특징적인 비린내 성분
을 부여하는 화합물로 확인되었다.또한,어성초의 주요 생리활성 성분 이라고
할 수 있고,항균,항진균,항생물,항염증 및 항종양등의 여러 가지 효능이 입증
되고 있는 terpene류의 상대적인 함량도 크게 확인되었다.조사 선량에 따른 함
량의 변화는 거의 모든 시료에서 비슷하였으나 5kGy로 조사된 시료에서 상대
적으로 많은 함량의 증가를 보였다.따라서,어성초의 위생화 처리 효과,에너지
효율 및 유용성분의 추출효율을 고려할 때 최대 적정 조사선량은 5kGy가 적절
할 것으로 사료된다.본 연구의 결과는 한약재에 대한 방사선 조사에 영향을 보
여주고 있으며,한약재의 위생화 방안과 현재 활발히 진행되고 있는 방사선 조
사식품에 대한 여러 연구들에 대한 기초 자료로 활용될 수 있을 것으로 판단된
다.
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