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IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Foodirradiationisaphysicalprocessinwhichhighenergyionizingradiation
passes through food sample. This radiation is capable of damaging
microorganismsthatcontaminatefoodorcausefoodspoilageanddeterioration.
Itisgaining widerrecognition and acceptancethroughouttheworld asan
effectivemethodoffoodpreservationbythefoodindustry,governmentsand
consumers (1).The application ofionizing irradiation to controlspoilage
microorganismscanincreasestheshelflifeofstrawberries,lettuce,onionsand
carrots (2). This technology can contribute siginificantly to eliminating
biologicalhazards,increasingtheshelflifeoffood,alleviatingthefoodloss.
Severalstudiesontheeffectofirradiationonprocessingcharacteristicsand
physicochemicalproperties ofirradiated products have been reported (3).
Irradiationhasseveraladvantagesovertradiationalpost-harvestfumigantsas
it is a sustainable and environment-friendly technology. Normal heat
treatmentisnotsuitableforsterilizationofspicesbecauseofitseffecton
theirflavorproperties.Similarly,fumigationhasseveraldisadvantagessuch
astoxicresiduesandchangesintheorganolepticpropertiesofspices(4).
Althoughexemptionsallowing theuseofmethylbromideforpost-harvest
treatmentshavebeengranted,itisexpectedtobephasedoutbytheyear
2010indevelopedcountries(5).
In 1981,the JECFI(FAO/IAEA/WHO JointExpertCommittee on the

Wholesomeness ofFood Irradiation)stated "the irradiation ofany food
commodityuptoanoverallaveragedoseof10kGypresentsnotoxicological
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hazards"and"Introducesnospecialnutritionalormicrobiologicalproblems".
Ithasbeenrecentlyreportedthatfoodirradiatedtoanydoseappropriateto
achieve technically satisfactiory results is safe to consume and is
nutritionallyadequate(6).Thetreatmentoffoodwithionizingradiationis
oneofthemostthoroughlyverifiedtechniquesavailableforfoodprocessing.
Its use is currently permitted in 52 countries for the treatment of
approximately250foodproducts(7).Therefore,ever-increasingnumbersof
countrieshaveapproved many irradiated food items;spices,grains,fruit,
vegetables,meats,poultryandseafoods(8).Duetotheirnaturalsourceof
origin,spicesusuallysufferfrom highmicrobiologicalcontamination,requiring
them tobeirradiatedimmediately.
Redpeppercomesfrom theplant Solanaceaefamily)
andiswidelyusedforvegetables,spices,pickles,pastesandsauces.Itisa
goodsourceofvitaminsA andC,whichareimportantantioxidants.Red
pepperpowderofispreparedby drying and pulverizing perfectly ripened
pepperandisusedasaspiceandflavoringingredientinthefoodindustry.
Bosland,reportedthatredpepperhasawiderangeofmedicalapplications,
from increasingappetite,torelievingpainassociatedwitharthritis(9).Red
pepperisoneofthemainagriculturalproductsinKorea.Um (10)
reportedthatredpepperfibercanbeusedasashortfiberforspecialuses.
Red peppers are harvested from early Augustto early October.After
harvesting,itisdifficulttostorethem foralongtimeduetoenvironmental
conditionsandmicrobialcontamination.Alternativedryingmethodshavebeen
used for long periods ofstorage,butthere have been problems with
microbialandinsectcontamination.
Although numerous studies have been performed on unirradiated and
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irradiatedsamples,theeffectsofirradiationonvolatileorganiccompounds
havenotbeenstudiedindetail.Theaim ofthepresentworkis,therefore,to
studytheeffectsofirradiationonflavorcompoundsindriedredpeppers.
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MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

AAA...MMMaaattteeerrriiiaaalllsssaaannndddaaannnaaalllyyytttiiicccaaappppppaaarrraaatttuuusss

111...MMMaaattteeerrriiiaaalllsss

Dried red peppers ( L.)were purchased from a local
supermarket.Theywereirradiatedatdosesof1kGy,3kGy,5kGy,10kGy
and20kGyat12± 1℃ usingaCo-60 γ-irradiatorattheKoreaAtomic
EnergyResearchInstitute.Thedoseratewas2.5kGy/hwithadoserate
errorof±0.02kGy.Theunirradiateddriedredpepperwasconsideredasa
controlandbothirradiatedandunirradiateddriedredpepperswerestoredat
-18℃ untilrequiredfortheexperiments.

222...RRReeeaaagggeeennntttsss

Thereagentsusedinexperimentswerepurchasedfrom SigmaCo.(USA)
andFisherScientific(USA).Theorganicsolventsusedforextractionand
chromatographywereredistilledusingawirespiralpackeddoubledistilling
apparatus(Germany)andMilli-Q waterthatwasgeneratedwithawater
purificationsystem (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(DMS,Korea)
e.Extractionapparatus:Likens& Nickersontypesimultaneoussteam

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

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

g.Gaschromatography/massspectrometer:ShimadzuGC/MSQP-5000
equippedwithmassspectrum libraryWILEY139,NIST62,
NIST12(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...EEExxxtttrrraaaccctttiiiooonnnooofffvvvooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsss

Each 50 g sample was taken,homogenized in a blender(MR 350CA,
Braun,Spain)andmixedwith500mLdistilledwater.BymaintainingthepH
at6.5,1μL ofn-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 (11,12)underatmosphericpressure(Figure1).
Theextractwasdehydratedfor12hourswithanhydroussodium sulfateand
concentratedtofinalvolumeapproximately1mL using avigreuxcolumn.
ThissamplewasfinallyusedfortheGC/MSanalysis.

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

Kovats(13)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
column solidphase,thetemperatureofseparationandrequirementsofother
chromatography.Therefore,n-alkanewasindicatedasastandardindexforCH4
(RI=100),C2H6(RI=200)… CnH2n+2(RI=100n),andevenanythinginanalysis
column(14).
Forretentionindex,thedilutionmixtureofn-alkane;I(C7～C17)andII

(C13～ C23),wasusedasaninternalstandard.1µLmixturewasanalysedto
findouttheretentiontimeoftheinternalstandardbyGC-FID underthe
conditionofTable1.RIofeachpeakwasestablishedbyabasicprogram
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that substituted the RT of each peak of n-alkane confirmed at GC
chromatogram.

333...AAAnnnaaalllyyysssiiisssaaannndddiiidddeeennntttiiifffiiicccaaatttiiiooonnnooofffvvvooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsss

a.Analysisofgaschromatography/massspectrometer(GC/MS)

Shimadzu GC/MS QP-5000 (Kyoto,Japan)in the EI(electron impact)
modewasusedfortheanalysisofvolatilecompoundsindriedredpeppers.
Theionizationvoltageandtemperatureofinjectorandionsourcewere70
eV,250℃ and230℃ respectively.Themassspectrometerscannedfrom 41to
450 .A DB-WAX capillarycolumn(60m ×0.25mm i.d.,0.25 μm film
thickness,J&W,USA)wasusedfortheseparation.Theoventemperature
wasprogramedat40℃ (isothermalfor3min)whichwasrampedto150℃ at
2℃/minandthento210℃ at4℃/min.Helium wasusedasthecarriergas
ataflow rateof1.0mL/minwithaninjectorvolumeof1 μLusinga1:20
splitratio(Table2).
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TTTaaabbbllleee111...GGGCCCcccooonnndddiiitttiiiooonnnsssfffooorrriiidddeeennntttiiifffiiicccaaatttiiiooonnnooofffvvvooolllaaatttiiillleeecccooommmpppooouuunnndddsss
GC
Column
Detector
Carriergas
Makeupgas
Temp.program
Detectortemp.
Injectortemp.
Injectionvolume

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

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℃(3min)-2℃/min-150℃-4℃/min-210℃(5min)
250℃
230℃

Electronimpactionization(EI)
70eV
41～450
1µL
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b.Identificationandquantitativeanalysisofvolatilecompounds

Massspectrawereidentifiedwiththeaidofourownmassspectraldata
andthosecontainedwithintheWILEY 139,NIST 62andNIST 12libraries
and massspectraldatabooks(15,16)aswellasby thecomparison of
retentionindicestoreferencedata(17,18).Theresultantslurrywasusedfor
thequantitativeanalysiswith1μLofn-butylbenzeneaddedasaninternal
standard.

C% ×1000g
ContentofComponent (mg/kgofsample)= ���������������

A% × Bg

A% :Peakarea% ofeachsampleofinternalstandard
B :Amountofsample
C% :Peakarea% ofeachcomponentinsample

c.Identificationofmarkercompound

Irradiation induced markercompound,1,3-bis[1,1-dimethylethyl]-benzene
(1,3-di- -butylbenzene)from irradiateddriedredpepperwasconformed
bycomparisonofitsspectrum withstandardsample.Standardsampleofthis
compoundwaspreparedto500ppm bymixingwithredistilledn-pentane/
diethylether(1:1,v/v)usedforGC/MSanalysis.
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DDDrrriiieeedddrrreeedddpppeeeppppppeeerrrsss

IIIrrrrrraaadddiiiaaatttiiiooonnn
-Gammairradiationatadoseof
1,3,5,10and20kGy
BBBllleeennndddiiinnnggg
-Add500mLofMilliQwater

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

-Bysolventmixtureofn-pentane
/diethylether(1:1,v/v)200ml
-Addn-butylbenzendasinteranal
standard

-For2hrs
DDDeeehhhyyydddrrraaatttiiiooonnn
-AddingNa2SO4forovernight
-Filtering

CCCooonnnccceeennntttrrraaatttiiiooonnn
-Concentratedto1.0mlby
VigreuxcolumnandN2

GGGCCC///MMMSSSAAAnnnaaalllyyysssiiisss
-DB-Wax(60m×0.25mm,i.d.
0.25μm film thickness)
-40℃(3min)to150℃ at2℃/min
and210℃(5min)at4℃/min

FFFiiiggguuurrreee 222... EEExxxtttrrraaaccctttiiiooonnn,,, cccooonnnccceeennntttrrraaatttiiiooonnn aaannnddd iiidddeeennntttiiifffiiicccaaatttiiiooonnn ooofff vvvooolllaaatttiiillleee
cccooommmpppooouuunnndddsssfffrrrooommm uuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrrsss...
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RRREEESSSUUULLLTTTSSSAAANNNDDD DDDIIISSSCCCUUUSSSSSSIIIOOONNN

AAA...AAAnnnaaalllyyysssiiisssooofffvvvooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiinnndddrrriiieeedddrrreeedddpppeeeppppppeeerrrsss

111...EEExxxtttrrraaaccctttiiiooonnnooofffvvvooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiinnndddrrriiieeedddrrreeedddpppeeeppppppeeerrrsss

Extraction method using SDE apparatuswassuggested asan effective
method forvolatile flavorcompounds in foods (11,12).Therefore,this
methodwasusedtoextractthevolatileflavorcompounds.

222...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiinnndddrrriiieeedddrrreeedddpppeeeppppppeeerrrsssbbbyyyGGGCCC///MMMSSSaaannnaaalllyyysssiiisss

Shimadzu GC/MS QP-5000 (Kyoto,Japan)in the EI(electron impact)
modewasusedforthequantitativeanalysis.Theionizationvoltagewas70
eV.The mass spectrometerscanned from 40 to 350 m/z.A DB-WAX
capillarycolumn(60m ×0.25mm i.d.,0.25 μm film thickness,J&W,USA)
wasusedfortheseparation.Theoventemperaturewasprogramedat40℃
(isothermalfor3min)whichwasrampedto150℃ at2℃/min,andthento
210℃ at4℃/min.Theinjectorand ion sourcetemperaturewere230 ℃
respectively.Helium wasused asthecarriergasata flow rateof1.0
mL/minwithaninjectorvolumeof1μLusinga1:20splitratio.
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333...RRReeettteeennntttiiiooonnniiinnndddeeexxxooofffnnn---aaalllkkkaaannneee

Thestandardvalueofretentionindex wasdeterminedby twodifferent
mixtureofn-alkane,mixtureI(C7～C17),mixtureII(C13～ C23)considering
asaninternalstandard.1µL mixtureofn-alkanesamplewasanalysedto
findouttheretentiontimeofinternalstandardbyGC-FID (Figure2).RIof
eachpeakwasestablishedbyabasicprogram thatsubstitutedtheRT of
eachpeakofn-alkaneconfirmedatGCchromatogram (Table3).

TTTaaabbbllleee333...RRReeettteeennntttiiiooonnntttiiimmmeeeooofffnnn---aaalllkkkaaannneeemmmiiixxxtttuuurrreeefffooorrrgggaaasssccchhhrrrooommmaaatttooogggrrraaappphhhiiiccc
rrreeettteeennntttiiiooonnniiinnndddeeexxx

Alkanes Retentiontime Alkanes Retentiontime Alkanes Retentiontime

C7:0 5.153 C13:0 30.446 C19:0 66.439

C8:0 6.141 C14:0 37.341 C20:0 70.156

C9:0 8.194 C15:0 44.079 C21:0 73.446

C10:0 11.828 C16:0 50.509 C22:0 76.548

C11:0 17.136 C17:0 56.629 C23:0 79.183

C12:0 23.57 C18:0 62.005
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FFFiiiggguuurrreee333...GGGCCCccchhhrrrooommmaaatttooogggrrraaammmsssooofffnnn---aaalllkkkaaannneeessstttaaannndddaaarrrdddmmmiiixxxtttuuurrreeeⅠⅠⅠaaannndddⅡⅡⅡ...
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BBB...QQQuuuaaannntttiiitttaaatttiiivvveeeaaannnaaalllyyysssiiisssooofffvvvooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiinnn uuunnniiirrrrrraaadddiiiaaattteeeddd
aaannndddiiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrrsss

111...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrrsss

Thetotalionchromatogramsofvolatilecompoundsofunirradiateddried
redpepperisshowninFigure4andtheconcentrationsofthesecompounds
arelisted in Table4.A totalof61flavorcompoundswereidentified in
unirradiateddriedredpepper;6alcohols(3.40%),13aldehydes(28.94%),2
esters(4.65%),6furans(3.05%),3hydrocarbons(4.72%),7ketones(7.45%),
4N-containingcompounds(3.65%),18terpenes(41.42%)and2miscellaneous
(2.72%). Specifically, the major compounds were furfural (7.73%),
benzaldehyde (6.10%),nerolidol(5.43%),4-Hydroxy-β-ionone (5.08%), α

-curcumene (5.00%), linalool (4.46%), 3-methyl butanal (4.22%) and
longiborneol(4.02%).
Previousinvestigationsontheflavorqualityofdriedpeppersrevealedthe

presenceofhexanal,ethylacetate,α-iononeandβ-ionone(19).Similarresults
wereobservedinourstudy.Thecompoundfurfural(7.73%)accountedfor
thelargestportionandwasdetectedasaprimeconstituent.Mateo
(20)reported furfuralwas attributable to Maillard reactions.The second
largestconstituentwasidentifiedasbenzaldehydewhichputsoutasweet
fragrance from cherries,apricots and peaches (21).2-Methylbutanaland
3-methylbutanalwerealso detected in a largeamounts.Methyl-branched
aldehydes were probably generated by enzymatic catabolism orStrecker
reaction,andtheircorrespondingacidsmayhavebeenproducedbyoxidation
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ofaldehydes(20).Furthermore,hexanalwasdetectedasagreennote(22)
from C6lipidperoxidationproductsreleasedwhensampleswerepulverized.
Somealcoholssuchasethanol,pentanol,phenetylalcohol,furfurylalcohol,

4-methylpentanoland octanolwere identified in unirradiated dried red
pepper.Luning (23) suggested C5 - C6 alcohols are primarily
characteristicofthefreshnoteofgreenbellpeppers.A totalof5furan
compounds were detected;2-acetylfuran and 2-pentylfuran,have been
foundinbellpeppersandpepperpaste(24,25).
A totalof3hydrocarbon compoundsweredetected,including ο-xylene,

toluene and 4-ethyl undecane. 4-Hydroxy-3-methylacetophenone and
2,3-butanedione were identified as the major ketones present, with
concentrationsof0.561 mg/kg and 0.219mg/kg in unirradiated dried red
pepper.
Terpeneswerethebiggestclassofsubstancesindriedredpepper,which

contained18ofthesecompounds;(E)-β-ocimene,safranal,linalool,isoborneol,
β-himachalene,terpinylacetate, α-zingibirene, α-ylangene, α-curcumene, α

-ionone,longiborneol, β-ionone, β-ionone epoxide,nerolidol,4-hydroxy-β
-ionone,geranylacetone,geranylpropionateandhexahydrofarnesylacetone.
Compoundssuchaslinalool,nerolidolandthe"floweroil"α-curcumenewere
themajorterpenecompoundsidentifiedindriedredpeppers.Pyrazinesand
pyrrolewereidentifiedastheN-containingcompoundsofdriedredpeppers.
Pyrazines can be produced by Strecker degradation, which involves
interaction of N-containing molecules with dicarbonyls resulting from
carbohydratedecompositioninaclassicMaillardreaction.
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222...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrrsss

Thetotalionchromatogram ofvolatilecompoundsfrom irradiateddried
redpepperisshowninFigure4andtheirconcentrationsaregiveninTables
5-9.Thetypesofvolatilecompoundsinirradiateddriedredpeppers(at1,3,
5,10and20kGy)weresimilartothoseofunirradiatedsamplesbutthe
concentrationsofthesecompoundsdifferedbetweentreatments.A totalof62
flavorcompoundswereidentifiedindriedredpepperirradiatedat1kGy.
Themajorvolatileorganiccompoundsinsampleirradiatedat1kGywere α

-zingibirene (3.785 mg/kg), α-curcumene (1.893 mg/kg),furfural (1.889
mg/kg)andlinalool(1.491mg/kg).Interestingly,anew compoundappeared
afterirradiation.Itwas1,3-bis[1,1-dimethylethyl]-benzene(0.100mg/kg),
whichwasnotdetectedinunirradiateddriedredpepper.A totalof61flavor
compounds were identified in dried red pepperirradiated at3 kGy.No
2-ethylfuranwasdetectedinsampleirradiatedat3kGy.Initiallevelsof
thischemicalmayhavebeenlow orsomemayhavebeenlostduringthe
experiment.Anothercompound,α-zingibirene(4.960mg/kg)wasdetectedas
amajorcompoundindriedredpepperirradiatedat3kGy.Jun (26)
reported α-zingibirenewasdetectedinMexicanredpepper,butthecontent
was different from that seen in the present study.The content of
4-hydroxy-β-iononewasincreasedby3kGydosesofradiation.β-ionone
(0.783mg/kg)anditsderivative,4-hydroxy-β-ionone(2.065mg/kg),were
reportedtobederivedfrom β-carotene,whereasα-ionone(0.006mg/kg)was
knowntobederivedfrom α-carotene(27,28).A totalof62compoundswere
identifiedindriedredpepperirradiatedat5kGy.Majorcompoundsdetected
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at 5 kGy irradiated samples were α-zingibirene, furfural and
2-formyl-5-methylthiophenewithconcentrationof2.830mg/kg,1.310mg/kg
and1.218mg/kg,respectively.
A totalof62flavorcompoundswereidentifiedindriedredpepperirradiated
at10kGy.Thepredominantflavorcompoundwasidentifiedas α-curcumene,
withtheconcentrationof2.082mg/kgandfollowedindescendingorderof
concentrationbyfurfuralandbenzaldehydewiththeconcentrationof1.976
and1.403mg/kgrespectively.Terpenes-suchaslinalool,α-zingibireneand
nerolidolwerethelargestfunctionalgrouppresentinsampleirradiatedat10
kGy,makingup40.33% ofthetotalvolatilecompounds.Aldehydes,including
furfural,3-methylbutanaland hexanalwere the second largestgroup of
volatilecompoundsat27.29%.
A totalof62flavorcompoundswereidentifiedindriedredpepperirradiated
at20kGy.Levelsof1,3-bis[1,1-dimethylethyl]-benzenegreatlyincreasedat
this dose with concentration of0.701 mg/kg in comparison with other
samples. The concentration of this compound increased linearly with
increasesinradiationdosages.
Accordingtotheseresults,aldehydesandterpeneswerefoundinalarge

amountsinunirradiatedandirradiateddriedredpeppers.Overall,thevolatile
compoundsfoundinirradiateddriedredpeppersweresimilartothosein
unirradiatedsamples,butthepropotionsofthesecompoundsweredifferent.
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TTTaaabbbllleee444...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnnuuunnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

1 7.648 873 Ethylacetate C4H8O2 88 0.446 2.81
2 8.337 902 2-Methyl-butanal C5H10O 86 0.322 2.03
3 8.467 906 3-Methyl-butanal C5H10O 86 0.670 4.22
4 9.160 930 Ethanol C2H6O 46 0.225 1.42
5 9.402 938 3-Buten-2-one C4H6O 70 0.038 0.24
6 9.661 946 2-Ethylfuran C6H8O 96 0.063 0.40
7 10.521 971 2,3-Butanedione C4H6O2 86 0.219 1.38
8 13.3481038Toluene C7H8 92 0.040 0.25
9 14.33810572,3-Pentanedione C5H8O2 100 0.110 0.69
10 15.6391080Hexanal C6H12O 100 0.106 0.67
11 18.17311233-Penten-2-one C5H8O 84 0.093 0.59
12 18.97511371-Methylpyrrole C5H7N 81 0.067 0.42
13 19.0741138 ο-Xylene C8H10 106 0.588 3.71
14 22.0151183Pyridine C5H5N 79 0.326 2.06
15 24.1701215(E)-2-Hexenal C6H10O 98 0.043 0.27
16 25.11412302-Pentyl-furan C6H14O 138 0.103 0.65
17 26.4851251(E)-β-Ocimene C10H16 136 0.076 0.48
18 26.6951254Pentanol C5H12O 88 0.094 0.59
19 27.3071262Dihydro-2-methyl-3[2H]-furanoneC5H8O2 100 0.052 0.33
20 27.5681266Methylpyrazine C5H6N2 94 0.043 0.27
21 29.90412983-Hepten-2-one C7H12O 112 0.108 0.68
I.S5) 30.6801309Butylbenzene C10H14 134 - -
22 31.11713164-Methylpentanol C6H14O 102 0.014 0.09
23 31.4421321(E)-2-Heptenal C7H12O 112 0.106 0.67

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,F.W.4):Formulaweight,I.S.5):
Internalstandard.



- 20 -

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

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

24 33.74913564-Ethylundecane C13H28 184 0.121 0.76
25 35.99313873,4-epoxy-2-pentanone C6H10O2 114 0.052 0.33
26 40.3431454Aceticacid C2H4O2 60 0.079 0.50
27 40.8601462Furfural C5H4O2 96 1.225 7.73
28 42.9211492(E,E)-2,4-Heptadienal C7H10O 110 0.178 1.12
29 43.65315032-Acetylfuran C6H6O2 110 0.136 0.86
30 44.8021522Benzaldehyde C7H6O 106 0.968 6.10
31 46.5671550Linalool C10H18O 154 0.707 4.46
32 47.3541562Octanol C8H18O 130 0.047 0.30
33 48.01215715-Methylfurfural C6H6O2 110 0.057 0.35
34 49.38915925-Methyl-2-acetylfuran C7H8O2 124 0.079 0.50
35 51.16616214-Methylbenzaldehyde C8H8O 120 0.096 0.60
36 52.3041640Phenylethanal C8H8O 120 0.388 2.55
37 52.7251647Safranal C10H14O 150 0.264 1.67
38 53.5961661Furfurylalcohol C5H6O2 98 0.085 0.54
39 53.8811666Isoborneol C10H18O 154 0.064 0.40
40 54.53316762-Butanoylfuran C8H10O2 138 0.049 0.31
41 55.6481694 β-Himachalene C15H24 204 0.273 1.72
42 55.9401698Terpineolacetate C12H20O2 196 0.116 0.73
43 57.1411721 α-Zingibirene C15H24 204 0.470 2.96
44 57.59517292-Formyl-5-methylthiophene C6H6OS 126 0.352 2.22
45 59.6861767(E,Z)-2,4-Decadienal C10H16O 152 0.035 0.22
46 59.9441772 α-Ylangene C15H24 204 0.265 1.67
47 60.1021774 α-Curcumene C15H22 202 0.808 5.09
48 61.7371804 α-Ionone C13H20O 192 0.344 2.17

R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.
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TTTaaabbbllleee444...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

49 62.0111811[ ]-2,4-Decadienal C10H16O 152 0.382 2.41
50 63.7701851Geranylpropionate C13H22O2 210 0.146 0.92
51 64.0171857Geranylacetone C13H22O 194 0.166 1.04
52 66.5081915Phenethylalcohol C8H10O 122 0.073 0.46
53 67.3321938Logiborneol C15H26O 222 0.638 4.02
54 67.6771947 β-Ionone C13H20O 192 0.200 1.26
55 68.83119792-Acetylpyrrole C6H7NO 109 0.142 0.90
56 69.6392000 β-Iononeepoxide C13H20O2 208 0.165 1.04
57 70.9772040Nerolidol C15H26O 222 0.862 5.43
58 74.0782138Hexahydrofarnesylacetone C18H36O 268 0.217 1.37
59 74.8212165Pentadecylacetate C17H34O2 270 0.292 1.84
61 75.48521904-Hydroxy-β-ionone C13H20O2 208 0.806 5.08
61 77.11922454-Hydroxy-3-methylacetophenoneC9H10O2 150 0.561 3.54

15.320 100.00
R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.
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TTTaaabbbllleee555...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr
aaattt111kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

1 7.613 872Ethylacetate C4H8O2 88 1.163 4.37
2 8.309 9012-Methyl-butanal C5H10O 86 0.286 1.08
3 8.441 9053-Methyl-butanal C5H10O 86 0.652 2.44
4 9.134 929Ethanol C2H6O 46 1.110 4.17
5 9.361 9363-Buten-2-one C4H6O 70 0.149 0.23
6 9.630 9452-Ethylfuran C6H8O 96 0.082 0.18
7 10.489 9702,3-Butanedione C4H6O2 86 0.177 0.29
8 13.321 1037Toluene C7H8 92 0.099 0.16
9 14.325 10562,3-Pentanedione C5H8O2 100 0.082 0.16
10 15.614 1080Hexanal C6H12O 100 0.121 0.45
11 18.550 11303-Penten-2-one C5H8O 84 0.017 0.05
12 18.850 11351-Methylpyrrole C5H7N 81 0.023 0.04
13 19.049 1138 ο-Xylene C8H10 106 0.782 2.93
14 21.995 1183Pyridine C5H5N 79 0.208 0.77
15 23.730 1208(E)-2-Hexenal C6H10O 98 0.035 0.13
16 25.102 12302-Pentyl-furan C6H14O 138 0.292 0.45
17 26.459 1250(E)-β-Ocimene C10H16 136 0.202 0.75
18 26.669 1253Pentanol C5H12O 88 0.138 0.52
19 27.291 1262Dihydro-2-methyl-3[2H]-furanoneC5H8O2 100 0.071 0.11
20 27.592 1266Methylpyrazine C5H6N2 94 0.034 0.11
21 29.878 12973-Hepten-2-one C7H12O 112 0.080 0.31
I.S.5) 30.660 1309Butylbenzene C10H14 134 - -
22 31.296 13194-Methylpentanol C6H14O 102 0.014 0.02
23 31.437 1321(E)-2-Heptenal C7H12O 112 0.004 0.02

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,F.W.4):Formulaweight,I.S.5):
Internalstandard.



- 23 -

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

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

24 33.724 13564-Ethylundecane C13H28 184 0.107 0.40
25 35.925 13863,4-Epoxy-2-pentanone C6H10O2 114 0.007 0.02
26 38.654 14281,3-Bis[1,1-dimethylethyl]-benzene C14H22 190 0.100 0.38
27 40.247 1453Aceticacid C2H4O2 60 0.408 1.53
28 40.840 1462Furfural C5H4O2 96 1.889 7.08
29 42.913 1492[ ]-2,4-Heptadienal C7H10O 110 0.365 1.37
30 43.632 15032-Acetylfuran C6H6O2 110 0.149 0.56
31 44.780 1521Benzaldehyde C7H6O 106 1.152 4.31
32 46.551 1549Linalool C10H18O 154 1.491 5.59
33 47.933 1570Octanol C8H18O 130 0.033 0.13
34 48.604 15805-Methylfurfural C6H6O2 110 0.310 1.17
35 49.348 15915-Methyl-2-acetylfuran C7H8O2 124 0.083 0.31
36 51.162 16214-methylbenzaldehyde C8H8O 120 0.087 0.32
37 52.400 1641Phenylethanal C8H8O 120 0.108 0.41
38 52.714 1647Safranal C10H14O 150 0.385 1.44
39 53.647 1662Furfurylalcohol C5H6O2 98 0.226 0.36
40 53.844 1665Isoborneol C10H18O 154 0.052 0.20
41 54.404 16742-Butanoylfuran C8H10O2 138 0.014 0.05
42 55.622 1693 β-Himachalene C15H24 204 0.429 1.60
43 55.946 1698Terpineolacetate C12H20O2 196 0.502 1.89
44 57.056 1719 α-Zingibirene C15H24 204 3.785 14.18
45 57.567 17292-Formyl-5-methylthiophene C6H6OS 126 0.255 0.95
46 59.625 1766[ ]-2,4-Decadienal C10H16O 152 0.434 1.62
47 59.878 1770 α-Ylangene C15H24 204 0.780 2.93
48 59.917 1771 α-Curcumene C15H22 202 1.893 7.05

R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 24 -

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

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

49 61.625 1802 α-Ionone C13H20O 192 0.106 0.40
50 61.987 1810[ ]-2,4-Decadienal C10H16O 152 0.572 2.14
51 63.761 1851Geranylpropionate C13H22O2 210 0.332 1.24
52 63.892 1854Geranylacetone C13H22O 194 0.490 0.77
53 66.659 1919Phenethylalcohol C8H10O 122 0.429 1.60
54 67.316 1937Logiborneol C15H26O 222 0.646 2.43
55 67.648 1947 β-Ionone C13H20O 192 0.521 1.96
56 68.808 19782-Acetylpyrrole C6H7NO 109 0.178 0.66
57 69.636 2000 β-Iononeepoxide C13H20O2 208 0.226 0.84
58 70.953 2039Nerolidol C15H26O 222 0.972 3.65
59 74.062 2137Hexahydrofarnesylacetone C18H36O 268 0.436 1.64
61 74.789 2164Pentadecylacetate C17H34O2 270 0.260 0.97
61 75.455 21894-Hydroxy-β-ionone C13H20O2 208 1.073 4.03
62 77.106 22454-Hydroxy-3-methylacetophenoneC9H10O2 150 0.558 2.08

27.664 100.00
R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 25 -

TTTaaabbbllleee666...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr
aaattt333kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

1 7.613 872Ethylacetate C4H8O2 88 1.305 3.30
2 8.309 9012-Methyl-butanal C5H10O 86 0.436 1.10
3 8.441 9053-Methyl-butanal C5H10O 86 0.912 2.31
4 9.134 929Ethanol C2H6O 46 0.420 1.07
5 9.361 9363-Buten-2-one C4H6O 70 0.157 0.30
6 9.630 9452-Ethylfuran C6H8O 96 - -
7 10.489 9702,3-Butanedione C4H6O2 86 0.406 1.02
8 13.321 1037Toluene C7H8 92 0.100 0.25
9 14.325 10562,3-Pentanedione C5H8O2 100 0.178 0.44
10 15.614 1080Hexanal C6H12O 100 0.233 0.58
11 18.550 11303-Penten-2-one C5H8O 84 0.287 0.72
12 18.850 11351-Methylpyrrole C5H7N 81 0.035 0.08
13 19.049 1138 ο-Xylene C8H10 106 1.032 2.61
14 21.995 1183Pyridine C5H5N 79 0.829 2.12
15 23.730 1208(E)-2-Hexenal C6H10O 98 0.143 0.36
16 25.102 12302-Pentyl-furan C6H14O 138 0.224 0.58
17 26.459 1250(E)-β-Ocimene C10H16 136 0.133 0.33
18 26.669 1253Pentanol C5H12O 88 0.186 0.47
19 27.291 1262Dihydro-2-methyl-3[2H]-furanoneC5H8O2 100 0.128 0.33
20 27.592 1266Methylpyrazine C5H6N2 94 0.051 0.14
21 29.878 12973-Hepten-2-one C7H12O 112 0.196 0.50
I.S.5) 30.660 1309Butylbenzene C10H14 134 - -
22 31.296 13194-Methylpentanol C6H14O 102 0.027 0.08
23 31.437 1321(E)-2-Heptenal C7H12O 112 0.160 0.41

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,F.W.4):Formulaweight,I.S.5):
Internalstandard.



- 26 -

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

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

24 33.724 13564-Ethylundecane C13H28 184 0.175 0.44
25 35.925 13863,4-Epoxy-2-pentanone C6H10O2 114 0.119 0.30
26 38.654 14281,3-Bis[1,1-dimethylethyl]-benzene C14H22 190 0.196 0.50
27 40.247 1453Aceticacid C2H4O2 60 0.485 1.24
28 40.840 1462Furfural C5H4O2 96 1.718 4.37
29 42.913 1492[ ]-2,4-Heptadienal C7H10O 110 0.383 0.96
30 43.632 15032-Acetylfuran C6H6O2 110 0.077 0.19
31 44.780 1521Benzaldehyde C7H6O 106 1.455 3.69
32 46.551 1549Linalool C10H18O 154 1.245 3.16
33 47.933 1570Octanol C8H18O 130 0.192 0.50
34 48.604 15805-Methylfurfural C6H6O2 110 0.151 0.39
35 49.348 15915-Methyl-2-acetylfuran C7H8O2 124 0.137 0.36
36 51.162 16214-methylbenzaldehyde C8H8O 120 0.380 0.96
37 52.400 1641Phenylethanal C8H8O 120 0.285 0.72
38 52.714 1647Safranal C10H14O 150 0.661 1.68
39 53.647 1662Furfurylalcohol C5H6O2 98 0.075 0.19
40 53.844 1665Isoborneol C10H18O 154 0.328 0.83
41 54.404 16742-Butanoylfuran C8H10O2 138 0.265 0.66
42 55.622 1693 β-Himachalene C15H24 204 0.523 1.32
43 55.946 1698Terpineolacetate C12H20O2 196 0.495 1.27
44 57.056 1719 α-Zingibirene C15H24 204 4.960 12.60
45 57.567 17292-Formyl-5-methylthiophene C6H6OS 126 0.372 0.94
46 59.625 1766[ ]-2,4-Decadienal C10H16O 152 0.200 0.50
47 59.878 1770 α-Ylangene C15H24 204 1.371 3.49
48 59.917 1771 α-Curcumene C15H22 202 3.015 7.63

R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 27 -

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

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

49 61.625 1802 α-Ionone C13H20O 192 0.006 0.03
50 61.987 1810[ ]-2,4-Decadienal C10H16O 152 1.197 3.03
51 63.761 1851Geranylpropionate C13H22O2 210 0.422 1.07
52 63.892 1854Geranylacetone C13H22O 194 0.453 1.16
53 66.659 1919Phenethylalcohol C8H10O 122 1.006 2.56
54 67.316 1937Logiborneol C15H26O 222 1.412 3.58
55 67.648 1947 β-Ionone C13H20O 192 0.783 1.98
56 68.808 19782-Acetylpyrrole C6H7NO 109 0.449 1.13
57 69.636 2000 β-Iononeepoxide C13H20O2 208 0.381 0.96
58 70.953 2039Nerolidol C15H26O 222 1.631 4.13
59 74.062 2137Hexahydrofarnesylacetone C18H36O 268 0.688 1.73
61 74.789 2164Pentadecylacetate C17H34O2 270 0.760 1.93
61 75.455 21894-Hydroxy-β-ionone C13H20O2 208 2.065 5.25
62 77.106 22454-Hydroxy-3-methylacetophenoneC9H10O2 150 1.369 3.47

39.463 100.00
R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 28 -

TTTaaabbbllleee777...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr
aaattt555kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

1 7.613 872Ethylacetate C4H8O2 88 0.566 2.48
2 8.309 9012-Methyl-butanal C5H10O 86 0.264 1.16
3 8.441 9053-Methyl-butanal C5H10O 86 0.501 2.20
4 9.134 929Ethanol C2H6O 46 0.209 0.92
5 9.361 9363-Buten-2-one C4H6O 70 0.007 0.02
6 9.630 9452-Ethylfuran C6H8O 96 0.027 0.12
7 10.489 9702,3-Butanedione C4H6O2 86 0.175 0.76
8 13.321 1037Toluene C7H8 92 0.082 0.54
9 14.325 10562,3-Pentanedione C5H8O2 100 0.077 0.33
10 15.614 1080Hexanal C6H12O 100 0.105 0.45
11 18.550 11303-Penten-2-one C5H8O 84 0.159 0.68
12 18.850 11351-Methylpyrrole C5H7N 81 0.058 0.26
13 19.049 1138 ο-Xylene C8H10 106 0.555 2.43
14 21.995 1183Pyridine C5H5N 79 0.239 1.04
15 23.730 1208(E)-2-Hexenal C6H10O 98 0.015 0.07
16 25.102 12302-Pentyl-furan C6H14O 138 0.116 0.52
17 26.459 1250(E)-β-Ocimene C10H16 136 0.128 0.57
18 26.669 1253Pentanol C5H12O 88 0.118 0.52
19 27.291 1262Dihydro-2-methyl-3[2H]-furanoneC5H8O2 100 0.041 0.19
20 27.592 1266Methylpyrazine C5H6N2 94 0.014 0.07
21 29.878 12973-Hepten-2-one C7H12O 112 0.081 0.35
I.S.5) 30.660 1309Butylbenzene C10H14 134 - -
22 31.296 13194-Methylpentanol C6H14O 102 0.019 0.09
23 31.437 1321(E)-2-Heptenal C7H12O 112 0.082 0.35

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,F.W.4):Formulaweight,I.S.5):
Internalstandard.



- 29 -

TTTaaabbbllleee777...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

24 33.724 13564-Ethylundecane C13H28 184 0.152 0.66
25 35.925 13863,4-Epoxy-2-pentanone C6H10O2 114 0.103 0.45
26 38.654 14281,3-Bis[1,1-dimethylethyl]-benzene C14H22 190 0.266 1.16
27 40.247 1453Aceticacid C2H4O2 60 0.189 0.83
28 40.840 1462Furfural C5H4O2 96 1.310 5.74
29 42.913 1492[ ]-2,4-Heptadienal C7H10O 110 0.306 1.35
30 43.632 15032-Acetylfuran C6H6O2 110 0.153 0.66
31 44.780 1521Benzaldehyde C7H6O 106 1.091 4.77
32 46.551 1549Linalool C10H18O 154 1.083 4.75
33 47.933 1570Octanol C8H18O 130 0.074 0.33
34 48.604 15805-Methylfurfural C6H6O2 110 0.109 0.47
35 49.348 15915-Methyl-2-acetylfuran C7H8O2 124 0.127 0.54
36 51.162 16214-methylbenzaldehyde C8H8O 120 0.169 0.73
37 52.400 1641Phenylethanal C8H8O 120 0.589 2.57
38 52.714 1647Safranal C10H14O 150 0.174 0.76
39 53.647 1662Furfurylalcohol C5H6O2 98 0.128 0.57
40 53.844 1665Isoborneol C10H18O 154 0.037 0.17
41 54.404 16742-Butanoylfuran C8H10O2 138 0.154 0.66
42 55.622 1693 β-Himachalene C15H24 204 0.276 1.20
43 55.946 1698Terpineolacetate C12H20O2 196 0.317 1.39
44 57.056 1719 α-Zingibirene C15H24 204 2.830 12.40
45 57.567 17292-Formyl-5-methylthiophene C6H6OS 126 1.218 5.34
46 59.625 1766[ ]-2,4-Decadienal C10H16O 152 0.118 0.52
47 59.878 1770 α-Ylangene uC15H24 204 0.942 4.13
48 59.917 1771 α-Curcumene C15H22 202 1.193 5.20

R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 30 -

TTTaaabbbllleee777...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

49 61.625 1802 α-Ionone C13H20O 192 0.481 2.10
50 61.987 1810[ ]-2,4-Decadienal C10H16O 152 0.557 2.43
51 63.761 1851Geranylpropionate C13H22O2 210 0.290 1.28
52 63.892 1854Geranylacetone C13H22O 194 0.235 1.04
53 66.659 1919Phenethylalcohol C8H10O 122 0.244 1.06
54 67.316 1937Logiborneol C15H26O 222 0.486 2.13
55 67.648 1947 β-Ionone C13H20O 192 0.322 1.42
56 68.808 19782-Acetylpyrrole C6H7NO 109 0.196 0.85
57 69.636 2000 β-Iononeepoxide C13H20O2 208 0.177 0.78
58 70.953 2039Nerolidol C15H26O 222 0.686 3.00
59 74.062 2137Hexahydrofarnesylacetone C18H36O 268 0.297 1.30
61 74.789 2164Pentadecylacetate C17H34O2 270 0.234 1.02
61 75.455 21894-Hydroxy-β-ionone C13H20O2 208 1.131 4.96
62 77.106 22454-Hydroxy-3-methylacetophenoneC9H10O2 150 0.724 3.16

22.806 100.00
R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 31 -

TTTaaabbbllleee888...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr
aaattt111000kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

1 7.613 872Ethylacetate C4H8O2 88 0.709 3.04
2 8.309 9012-Methyl-butanal C5H10O 86 0.515 2.21
3 8.441 9053-Methyl-butanal C5H10O 86 1.079 4.63
4 9.134 929Ethanol C2H6O 46 0.386 1.65
5 9.361 9363-Buten-2-one C4H6O 70 0.078 0.33
6 9.630 9452-Ethylfuran C6H8O 96 0.091 0.39
7 10.489 9702,3-Butanedione C4H6O2 86 0.366 1.57
8 13.321 1037Toluene C7H8 92 0.073 0.31
9 14.325 10562,3-Pentanedione C5H8O2 100 0.181 0.78
10 15.614 1080Hexanal C6H12O 100 0.164 0.70
11 18.550 11303-Penten-2-one C5H8O 84 0.180 0.77
12 18.850 11351-Methylpyrrole C5H7N 81 0.126 0.54
13 19.049 1138 ο-Xylene C8H10 106 0.884 3.79
14 21.995 1183Pyridine C5H5N 79 0.642 2.75
15 23.730 1208(E)-2-Hexenal C6H10O 98 0.066 0.28
16 25.102 12302-Pentyl-furan C6H14O 138 0.152 0.65
17 26.459 1250(E)-β-Ocimene C10H16 136 0.107 0.46
18 26.669 1253Pentanol C5H12O 88 0.125 0.54
19 27.291 1262Dihydro-2-methyl-3[2H]-furanoneC5H8O2 100 0.113 0.48
20 27.592 1266Methylpyrazine C5H6N2 94 0.067 0.29
21 29.878 12973-Hepten-2-one C7H12O 112 0.128 0.55
I.S.5) 30.660 1309Butylbenzene C10H14 134 - -
22 31.296 13194-Methylpentanol C6H14O 102 0.047 0.20
23 31.437 1321(E)-2-Heptenal C7H12O 112 0.115 0.49

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,F.W.4):Formulaweight,I.S.5):
Internalstandard.



- 32 -

TTTaaabbbllleee888...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

24 33.724 13564-Ethylundecane C13H28 184 0.160 0.69
25 35.925 13863,4-Epoxy-2-pentanone C6H10O2 114 0.032 0.14
26 38.654 14281,3-Bis[1,1-dimethylethyl]-benzene C14H22 190 0.466 2.00
27 40.247 1453Aceticacid C2H4O2 60 0.097 0.42
28 40.840 1462Furfural C5H4O2 96 1.976 8.47
29 42.913 1492[ ]-2,4-Heptadienal C7H10O 110 0.070 0.30
30 43.632 15032-Acetylfuran C6H6O2 110 0.258 1.11
31 44.780 1521Benzaldehyde C7H6O 106 1.403 6.01
32 46.551 1549Linalool C10H18O 154 1.072 4.60
33 47.933 1570Octanol C8H18O 130 0.076 0.32
34 48.604 15805-Methylfurfural C6H6O2 110 0.089 0.38
35 49.348 15915-Methyl-2-acetylfuran C7H8O2 124 0.147 0.63
36 51.162 16214-methylbenzaldehyde C8H8O 120 0.126 0.54
37 52.400 1641Phenylethanal C8H8O 120 0.494 2.12
38 52.714 1647Safranal C10H14O 150 0.333 1.43
39 53.647 1662Furfurylalcohol C5H6O2 98 0.273 1.17
40 53.844 1665Isoborneol C10H18O 154 0.156 0.67
41 54.404 16742-Butanoylfuran C8H10O2 138 0.022 0.10
42 55.622 1693 β-Himachalene C15H24 204 0.443 1.90
43 55.946 1698Terpineolacetate C12H20O2 196 0.099 0.42
44 57.056 1719 α-Zingibirene C15H24 204 1.057 4.53
45 57.567 17292-Formyl-5-methylthiophene C6H6OS 126 0.310 1.33
46 59.625 1766[ ]-2,4-Decadienal C10H16O 152 0.103 0.44
47 59.878 1770 α-Ylangene C15H24 204 0.671 2.88
48 59.917 1771 α-Curcumene C15H22 202 2.082 8.93

R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.



- 33 -

TTTaaabbbllleee888...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

49 61.625 1802 α-Ionone C13H20O 192 0.178 0.76
50 61.987 1810[ ]-2,4-Decadienal C10H16O 152 0.167 0.72
51 63.761 1851Geranylpropionate C13H22O2 210 0.200 0.86
52 63.892 1854Geranylacetone C13H22O 194 0.142 0.61
53 66.659 1919Phenethylalcohol C8H10O 122 0.008 0.03
54 67.316 1937Logiborneol C15H26O 222 0.571 2.45
55 67.648 1947 β-Ionone C13H20O 192 0.273 1.17
56 68.808 19782-Acetylpyrrole C6H7NO 109 0.206 0.88
57 69.636 2000 β-Iononeepoxide C13H20O2 208 0.131 0.56
58 70.953 2039Nerolidol C15H26O 222 0.618 2.67
59 74.062 2137Hexahydrofarnesylacetone C18H36O 268 0.318 1.37
61 74.789 2164Pentadecylacetate C17H34O2 270 0.397 1.70
61 75.455 21894-Hydroxy-β-ionone C13H20O2 208 0.948 4.06
62 77.106 22454-Hydroxy-3-methylacetophenoneC9H10O2 150 0.754 3.23

22.320 100.00
R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.
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TTTaaabbbllleee999...VVVooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssiiidddeeennntttiiifffiiieeedddiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr
aaattt222000kkkGGGyyy
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

1 7.613 872Ethylacetate C4H8O2 88 0.498 2.31
2 8.309 9012-Methyl-butanal C5H10O 86 0.421 1.97
3 8.441 9053-Methyl-butanal C5H10O 86 0.945 4.40
4 9.134 929Ethanol C2H6O 46 0.386 1.80
5 9.361 9363-Buten-2-one C4H6O 70 0.073 0.34
6 9.630 9452-Ethylfuran C6H8O 96 0.101 0.28
7 10.489 9702,3-Butanedione C4H6O2 86 0.334 1.56
8 13.321 1037Toluene C7H8 92 0.142 0.67
9 14.325 10562,3-Pentanedione C5H8O2 100 0.152 0.71
10 15.614 1080Hexanal C6H12O 100 0.201 0.93
11 18.550 11303-Penten-2-one C5H8O 84 0.198 0.91
12 18.850 11351-Methylpyrrole C5H7N 81 0.150 0.71
13 19.049 1138 ο-Xylene C8H10 106 0.735 3.43
14 21.995 1183Pyridine C5H5N 79 0.520 2.41
15 23.730 1208(E)-2-Hexenal C6H10O 98 0.010 0.04
16 25.102 12302-Pentyl-furan C6H14O 138 0.185 0.85
17 26.459 1250(E)-β-Ocimene C10H16 136 0.085 0.39
18 26.669 1253Pentanol C5H12O 88 0.084 0.39
19 27.291 1262Dihydro-2-methyl-3[2H]-furanoneC5H8O2 100 0.100 0.28
20 27.592 1266Methylpyrazine C5H6N2 94 0.090 0.26
21 29.878 12973-Hepten-2-one C7H12O 112 0.133 0.63
I.S.5) 30.660 1309Butylbenzene C10H14 134 - -
22 31.296 13194-Methylpentanol C6H14O 102 0.007 0.04
23 31.437 1321(E)-2-Heptenal C7H12O 112 0.059 0.28

R.T.1):Retention time,R.I.2):Retention index,M.F.3):Moleculeformula,F.W.4):Formulaweight,I.S.5):
Internalstandard.



- 35 -

TTTaaabbbllleee999...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

24 33.724 13564-Ethylundecane C13H28 184 0.134 0.63
25 35.925 13863,4-Epoxy-2-pentanone C6H10O2 114 0.006 0.02
26 38.654 14281,3-Bis[1,1-dimethylethyl]-benzene C14H22 190 0.701 3.27
27 40.247 1453Aceticacid C2H4O2 60 0.063 0.28
28 40.840 1462Furfural C5H4O2 96 1.335 6.23
29 42.913 1492[ ]-2,4-Heptadienal C7H10O 110 0.064 0.30
30 43.632 15032-Acetylfuran C6H6O2 110 0.133 0.63
31 44.780 1521Benzaldehyde C7H6O 106 1.051 4.91
32 46.551 1549Linalool C10H18O 154 0.654 3.04
33 47.933 1570Octanol C8H18O 130 0.043 0.20
34 48.604 15805-Methylfurfural C6H6O2 110 0.065 0.30
35 49.348 15915-Methyl-2-acetylfuran C7H8O2 124 0.064 0.30
36 51.162 16214-methylbenzaldehyde C8H8O 120 0.136 0.63
37 52.400 1641Phenylethanal C8H8O 120 0.459 2.13
38 52.714 1647Safranal C10H14O 150 0.452 2.11
39 53.647 1662Furfurylalcohol C5H6O2 98 0.207 0.97
40 53.844 1665Isoborneol C10H18O 154 0.029 0.14
41 54.404 16742-Butanoylfuran C8H10O2 138 0.122 0.57
42 55.622 1693 β-Himachalene C15H24 204 0.306 1.42
43 55.946 1698Terpineolacetate C12H20O2 196 0.037 0.18
44 57.056 1719 α-Zingibirene C15H24 204 1.716 7.99
45 57.567 17292-Formyl-5-methylthiophene C6H6OS 126 1.088 5.07
46 59.625 1766[ ]-2,4-Decadienal C10H16O 152 0.225 1.05
47 59.878 1770 α-Ylangene C15H24 204 0.945 4.40
48 59.917 1771 α-Curcumene C15H22 202 0.848 3.97

R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.
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TTTaaabbbllleee999...CCCooonnntttiiinnnuuueeeddd
PPPeeeaaakkk
NNNooo...RRR...TTT...

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

49 61.625 1802 α-Ionone C13H20O 192 0.108 0.51
50 61.987 1810[ ]-2,4-Decadienal C10H16O 152 0.401 1.87
51 63.761 1851Geranylpropionate C13H22O2 210 0.126 0.59
52 63.892 1854Geranylacetone C13H22O 194 0.125 0.59
53 66.659 1919Phenethylalcohol C8H10O 122 0.257 1.20
54 67.316 1937Logiborneol C15H26O 222 0.737 3.43
55 67.648 1947 β-Ionone C13H20O 192 0.312 1.46
56 68.808 19782-Acetylpyrrole C6H7NO 109 0.083 0.39
57 69.636 2000 β-Iononeepoxide C13H20O2 208 0.164 0.77
58 70.953 2039Nerolidol C15H26O 222 0.924 4.30
59 74.062 2137Hexahydrofarnesylacetone C18H36O 268 0.277 1.30
61 74.789 2164Pentadecylacetate C17H34O2 270 0.338 1.58
61 75.455 21894-Hydroxy-β-ionone C13H20O2 208 0.936 4.36
62 77.106 22454-Hydroxy-3-methylacetophenoneC9H10O2 150 0.285 1.32

21.565 100.00
R.T.1):Retentiontime,R.I.2):Retentionindex,M.F.3):Moleculeformula,F.W.4):Formulaweight.
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Figure 4. GC/MS total ion chromatograms of the volatile flavor
compoundsinunirradiatedandirradiateddriedredpeppersat20kGy.



- 38 -

A

B

C

Figure 5.Comparison ofmass spectrum of1,3-bis[1,1-dimethylethyl]
-benzenecompoundfrom irradiateddriedredpepperandstandard.
A:chromatogramsofirradiateddriedredpepperandstandard,B:mass
spectrum of 1,3-bis[1,1-dimethylethyl]-benzene (standard), C: mass
spectrum ofsamecompoundobtainedfrom irradiateddriedredpepper.
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333...CCCooommmpppaaarrriiisssooonnnooofffvvvooolllaaatttiiillleeeffflllaaavvvooorrrcccooommmpppooouuunnndddsssbbbeeetttwwweeeeeennnuuunnniiirrrrrraaadddiiiaaattteeedddaaannnddd
iiirrrrrraaadddiiiaaattteeedddsssaaammmpppllleeesss

Thecharacteristicflavorcompounds,including GC/MS profileofvolatile
compoundsinirradiateddriedredpeppersweresimilartothoseinuntreated
controlsamples.However,therelativeamountsofthesecompoundswere
changed by irradiation. These changes in the proportions of volatile
compoundsareshowninTable10.
The totalcontent of volatile compound of unirradiated sample was

approximately15.860mg/kgwhileirradiatedsamplesat1,3,5,10and20
kGywere27.664,39.463,22.806,23.320and21.565mg/kg,respectively.The
totalamountofvolatilecompoundswasincreasedafterirradiation,butthe
ratiosofindividualsubstancesvariedwithdifferentdosesofradiation.Total
levelsofvolatilecompoundswerehighlyincreasedatirradiationdosesof3
kGy(39.463mg/kg).
Theclassificationofflavorcompoundsbyfunctionalgroupsareshownin

Table11.Inunirradiateddriedredpeppertheflavorcompoundsconsistedof
6 alcohols,13 aldehydes,2 esters,6 furans,7 ketones,4 N-containing
compounds,3hydrocarbons,18terpenesand2miscellaneouscompounds.The
relative areas obtained foreach functionalgroup were alcohols (3.40%),
aldehydes (28.94%), esters (4.65%), furans (3.05%), ketones (7.45%),
N-containing compounds (3.65%),hydrocarbons (4.72%),terpenes (41.42%)
andmiscellaneouscompounds(2.72%)(Table11).In1kGyirradiateddried
red pepper,the flavor compounds consisted of 6 alcohols (6.80%),13
aldehydes(22.54%),2esters(5.34%),6furans(1.66%),7ketones(3.14%),4
N-containing compounds(1.58%), 4 hydrocarbons (3.87%), 18 terpenes
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(52.59%)and2miscellaneouscompounds(2.48%)(Table11).Inallsamples,
the amount of terpene was highest among allother types of flavor
compounds.Levelsofalcohols,estersandterpenesindriedredpepperswere
increasedafterirradiation.Indriedredpepperirradiatedat3kGy,theflavor
compoundsconsistedof6alcohols(4.87%),13aldehydes(19.38%),2esters
(5.23%),5 furans(2.12%),7 ketones (6.75%),4 N-containing compounds
(3.47%),4hydrocarbons(3.80%),18terpenes(52.20%)and2miscellaneous
compounds(2.18%)(Table11).
Indriedredpepperirradiatedat5kGy,chemicalclasseswerethesameas

in samples irradiated at1 kGy.The relative areas obtained for each
functionalgroupwerealcohols(3.49%),aldehydes(22.81%),esters(3.50%),
furans (2.69%), ketones (5.75%), N-containing compounds (2.22%),
hydrocarbons (4.79%), terpenes (48.58%) and miscellaneous compounds
(6.17%)(Table 11). Miscellaneous compounds showed much higher
concentrationinsamplesirradiatedat5kGythanincontrolsamplesbecause
ofincreasesin2-formyl-5-methylthiophenelevels.
Indriedredpepperirradiatedat10kGy,theflavorcompoundsconsistedof6
alcohols(3.91%),13aldehydes(27.29%),2esters(4.74%),6furans(3.36%),7
ketones(7.37%),4N-containingcompounds(4.46%),4hydrocarbons(6.79%),
18terpenes(40.33%)and2miscellaneouscompounds(1.75%)(Table11).
Indriedredpepperirradiatedat20kGy,chemicalclassesobservedwerethe
sameasthosefound in irradiated dried red pepperat10 kGy,butthe
relative areas obtained foreach functionalgroup were different:alcohols
(4.60%),aldehydes(25.04%),esters(3.89%),furans(2.91%),ketones(5.49%),
N-containing compounds (3.77%),hydrocarbons (8.00%),terpenes (40.95%)
andmiscellaneouscompounds(5.35%)(Table11).
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The ratios ofthe individualchemicalcompounds were differentamong
treatment.Each compound showed characteristicbehaviorupon irradiation
thatmaybedueitsparticularsensitivitytoradiation.
Indriedredpeppersamples,mostofthevolatilecompoundswerealdehydes,
andterpenes.Terpeneswerefoundtorepresentthelargestchemicalclassof
volatilecompoundsfrom driedredpeppers,accounting41.42% inunirradiated
sampleand52.59%,52.20%,48.58%,40.33% and40.95% in1,3,5,10and20
kGyirradiatedsamples.Exceptfor(E)-β-ocimene,β-himachalene,α-ylangene
and α-zingibirene,thesecompoundsweredetectedasmono-,sesquiterpenes
andtheirderivatives.Manysesquiterpenoidcompoundswerealsoidentifiedin
dried red peppers; β-himachalene, α-zingibirene, α-ylangene, α-curcumene,
nerolidolandlongiborneol.Sesquiterpenoidsandtheirderivativesarecredited
with various biological actions, including antiasthmatic, antibacterial,
antifungal,anti-inflammatoryandantineoplasticactivities(29).Terpenesare
the generic name ofa group ofnaturalproducts,structurally based on
isoprene(isopentenyl)units.Theterm mayalsorefertooxygenderivativesof
thesecompoundsthatarealsoknownasterpenoids(30).Suchmoleculesas
2- and3- methylbutanalcan beformedinStreckerdegradation reactions
duringthedryingandcookingprocess,whilemostoftheothervolatilescan
bederivedfrom lipidoxidationreactions(31,32).
Thecompound 1,3-bis[1,1-dimethylethyl]-benzeneappeared afterirradiation.
1,3-Bis[1,1-dimethylethyl]-benzene from irradiated dried red peppers were
conformedbycomparisonofitsspectrum,RIandRT withstandardsample
(Figure5). were41,57,77,91,175,190.Itwassimilartoirradiated
driedredpepper.Thus,playinganimportantroleasaradiationmarker.Kim

(35)selectedthiscompoundasamarkerinirradiatedchicken.This
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compound clearly increased in quantity with increasing radiation dosages.
Themechanism ofalkylbenzeneformationisuncertain,buttoluene,xylene
andbenzenederivatesarederivedfrom carotenoids.Carotenoids,suchas β

-caroteneand α-carotene,contributetotheuniquecolorofredpeppers.They
werealsoimportantsourcesoftheterpenesfoundinourstudy.Allsamples
contained high levelsof4-hydroxy-β-ionone.β-iononeand itsderivative,
4-hydroxy-β-ionone,has been reported to be derived from β-carotene,
whereas α-iononeisknowntocomefrom α-carotene(27,28).Morediverse
volatile components were found in dried red pepper,including aldehydes,
ketonesandacids.Thesemaybederivedfrom lipidoxidationorcarotenoids
degradation.
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TTTaaabbbllleee 111000... CCCooommmpppaaarrriiisssooonnn ooofff vvvooolllaaatttiiillleee ffflllaaavvvooorrr cccooommmpppooouuunnndddsss iiidddeeennntttiiifffiiieeeddd iiinnn
uuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrrsssaaattt111,,,333,,,555,,,111000aaannnddd222000kkkGGGyyy

NNNoooRRR...TTT...111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
mmmggg///kkkggg

000kkkGGGyyy111kkkGGGyyy333kkkGGGyyy555kkkGGGyyy111000kkkGGGyyy222000kkkGGGyyy
1 7.648 873Ethylacetate 0.446 1.163 1.305 0.566 0.709 0.498
2 8.337 9022-Methylbutanal 0.322 0.286 0.436 0.264 0.515 0.421
3 8.467 9063-Methylbutanal 0.670 0.652 0.912 0.501 1.079 0.945
4 9.160 930Ethanol 0.225 1.110 0.420 0.209 0.386 0.386
5 9.402 9383-Buten-2-one 0.038 0.149 0.157 0.007 0.078 0.073
6 9.661 9462-Ethylfuran 0.063 0.082 - 0.027 0.091 0.101
7 10.521 9712,3-Butanedione 0.219 0.177 0.406 0.175 0.366 0.334
8 13.3481038Toluene 0.040 0.099 0.100 0.082 0.073 0.142
9 14.33810572,3-Pentanedione 0.110 0.082 0.178 0.077 0.181 0.152
10 15.6391080Hexanal 0.106 0.121 0.233 0.105 0.164 0.201
11 18.17311233-Penten-2-one 0.093 0.017 0.287 0.159 0.180 0.198
12 18.97511371-Methylpyrrole 0.067 0.023 0.035 0.058 0.126 0.150
13 19.0741138 ο-Xylene 0.588 0.782 1.032 0.555 0.884 0.735
14 22.0151183Pyridine 0.326 0.208 0.829 0.239 0.642 0.520
15 24.1701215()-2-Hexenal 0.043 0.035 0.143 0.015 0.066 0.010
16 25.11412302-Pentylfuran 0.103 0.292 0.224 0.116 0.152 0.185
17 26.4851251()-β-Ocimene 0.076 0.202 0.133 0.128 0.107 0.085
18 26.6951254Pentanol 0.094 0.138 0.186 0.118 0.125 0.084

19 27.3071262Dihydro-2-methyl-3[2 ]-furanone 0.052 0.071 0.128 0.041 0.113 0.100

20 27.5681266Methylpyrazine 0.043 0.034 0.051 0.014 0.067 0.090
21 29.90412983-Hepten-2-one 0.108 0.080 0.196 0.081 0.128 0.133
I.S3)30.6801309Butylbenzene - - - - - -
22 31.11713164-Methylpentanol 0.014 0.014 0.027 0.019 0.047 0.007
23 31.4421321()-2-Heptenal 0.106 0.004 0.160 0.082 0.115 0.059
R.T.1):Retentiontime,R.I.2):Retentionindex,I.S.3):Internalstandard.
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TTTaaabbbllleee111000...CCCooonnntttiiinnnuuueeeddd

NNNoooRRR...TTT...111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
mmmggg///kkkggg

000kkkGGGyyy111kkkGGGyyy333kkkGGGyyy555kkkGGGyyy111000kkkGGGyyy222000kkkGGGyyy
24 33.74913564-Ethylundecane 0.121 0.107 0.175 0.152 0.160 0.134
25 35.99313873,4-Epoxy-2-pentanone 0.052 0.007 0.119 0.103 0.032 0.006

26 38.57614271,3-Bis[1,1-dimethylethyl]-benzene - 0.100 0.196 0.266 0.466 0.701

27 40.3431454Aceticacid 0.079 0.408 0.485 0.189 0.097 0.063
28 40.8601462Furfural 1.225 1.889 1.718 1.310 1.976 1.335
29 42.9211492( )-2,4-Heptadienal 0.178 0.365 0.383 0.306 0.070 0.064
30 43.65315032-Acetylfuran 0.136 0.149 0.077 0.153 0.258 0.133
31 44.8021522Benzaldehyde 0.968 1.152 1.455 1.091 1.403 1.051
32 46.5671550Linalool 0.707 1.491 1.245 1.083 1.072 0.654
33 47.3541562Octanol 0.047 0.033 0.192 0.074 0.076 0.043
34 48.01215715-Methylfurfural 0.057 0.310 0.151 0.109 0.089 0.065
35 49.38915925-Methyl-2-acetylfuran 0.079 0.083 0.137 0.127 0.147 0.064
36 51.16616214-Methylbenzaldehyde 0.096 0.087 0.380 0.169 0.126 0.136
37 52.3041640Phenylethanal 0.388 0.108 0.285 0.589 0.494 0.459
38 52.7251647Safranal 0.264 0.385 0.661 0.174 0.333 0.452
39 53.5961661Furfurylalcohol 0.085 0.226 0.075 0.128 0.273 0.207
40 53.8811666Isoborneol 0.064 0.052 0.328 0.037 0.156 0.029
41 54.53316762-Butanoylfuran 0.049 0.014 0.265 0.154 0.022 0.122
42 55.6481694 β-Himachalene 0.273 0.429 0.523 0.276 0.443 0.306
43 55.9401698Terpinylacetate 0.116 0.502 0.495 0.317 0.099 0.037
44 57.1411721 α-Zingibirene 0.470 3.785 4.960 2.830 1.057 1.716
45 57.59517292-Formyl-5-methylthiophene 0.352 0.255 0.372 1.218 0.310 1.088
46 59.6861767( )-2,4-Decadienal 0.035 0.434 0.200 0.118 0.103 0.225
47 59.9441772 α-Ylangene 0.265 0.780 1.371 0.942 0.671 0.945
48 60.1021774 α-Curcumene 0.808 1.893 3.015 1.193 2.082 0.848

R.T.1):Retentiontime,R.I.2):Retentionindex.
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TTTaaabbbllleee111000...CCCooonnntttiiinnnuuueeeddd

NNNoooRRR...TTT...111)))RRR...III...222))) CCCooommmpppooouuunnndddnnnaaammmeee
mmmggg///kkkggg

000kkkGGGyyy111kkkGGGyyy333kkkGGGyyy555kkkGGGyyy111000kkkGGGyyy222000kkkGGGyyy
49 61.7371804 α-Ionone 0.344 0.106 0.006 0.481 0.178 0.108
50 62.0111811( )-2,4-decadienal 0.382 0.572 1.197 0.557 0.167 0.401
51 63.7701851Geranylpropionate 0.146 0.332 0.422 0.290 0.200 0.126
52 64.0171857Geranylacetone 0.166 0.490 0.453 0.235 0.142 0.125
53 66.5081915Phenethylalcohol 0.073 0.429 1.006 0.244 0.008 0.257
54 67.3321938Longiborneol 0.638 0.646 1.412 0.486 0.571 0.737
55 67.6771947 β-Ionone 0.200 0.521 0.783 0.322 0.273 0.312
56 68.83119792-Acetylpyrrole 0.142 0.178 0.449 0.196 0.206 0.083
57 69.6392000 β-Iononeepoxide 0.165 0.226 0.381 0.177 0.131 0.164
58 70.9772040Nerolidol 0.862 0.972 1.631 0.686 0.618 0.924
59 74.0782138Hexahydrofarnesylacetone 0.217 0.436 0.688 0.297 0.318 0.277
61 74.8212165Pentadecylacetate 0.292 0.260 0.760 0.234 0.397 0.338
61 75.48521904-Hydroxy-β-ionone 0.806 1.073 2.065 1.131 0.948 0.936

62 77.11922454-Hydroxy-3-methylaceto-phenone 0.561 0.558 1.369 0.724 0.754 0.285

15.86027.66439.46322.80623.32021.565

R.T.1):Retentiontime,R.I.2):Retentionindex.
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TTTaaabbbllleee111111...RRReeelllaaatttiiivvveeecccooonnnttteeennntttoooffffffuuunnnccctttiiiooonnnaaalllgggrrrooouuupppsssiiinnn iiidddeeennntttiiifffiiieeeddd vvvooolllaaatttiiillleee
cccooommmpppooouuunnndddsssiiinnnuuunnniiirrrrrraaadddiiiaaattteeedddaaannndddiiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrraaattt111,,,333,,,555,,,111000
aaannnddd222000kkkGGGyyy

FFFuuunnnccctttiiiooonnnaaalllgggrrrooouuuppp
RRReeelllaaatttiiivvveeepppeeeaaakkkaaarrreeeaaa%%%

000 111 333 555 111000 222000
%%% NNNooo... %%% NNNooo... %%% NNNooo... %%% NNNooo... %%% NNNooo... %%% NNNooo...

Alcohols 3.4 6 6.80 6 4.87 6 3.49 6 3.91 6 4.60 6
Aldehydes 28.94 13 22.54 13 19.38 13 22.81 13 27.29 13 25.04 13
Esters 4.65 2 5.34 2 5.23 2 3.50 2 4.74 2 3.89 2
Furans 3.05 6 1.66 6 2.12 5 2.69 6 3.36 6 2.91 6
Hydrocarbons 4.72 3 3.87 4 3.80 4 4.79 4 6.79 4 8.00 4
Ketones 7.45 7 3.14 7 6.75 7 5.75 7 7.37 7 5.49 7
N-containing
Compounds 3.65 4 1.58 4 3.47 4 2.22 4 4.46 4 3.77 4

Terpenes 41.42 18 52.59 18 52.2 18 48.58 18 40.33 18 40.95 18
Miscellaneous 2.72 2 2.48 2 2.18 2 6.17 2 1.75 2 5.35 2
TTToootttaaalll 111000000 666111 111000000 666222 111000000 666111 111000000 666222 111000000 666222 111000000 666222
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Irradiation dose (kGy)
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FFFiiiggguuurrreee555...EEEffffffeeeccctttooofffiiirrrrrraaadddiiiaaatttiiiooonnnooonnnttthhheee111,,,333---bbbiiisss[[[111,,,111---dddiiimmmeeettthhhyyyllleeettthhhyyylll]]]---
bbbeeennnzzzeeennneeecccooommmpppooouuunnndddiiinnniiirrrrrraaadddiiiaaattteeeddddddrrriiieeedddrrreeedddpppeeeppppppeeerrr...



- 48 -

CCCOOONNNCCCLLLUUUSSSIIIOOONNN

Volatilecompoundsofdriedredpeppersirradiatedat1,3,5,10and20
kGyweresimilartothoseinunirradiatedsamplebuttheproportionsofthese
compoundsweredifferentbetweentreatments.Thetotalamountofvolatile
compoundswashighlyincreasedinsampleirradiatedat3kGy.Theselevels
werereducedat5kGy,butwerestillhigherthancontrolvalues.Indried
redpeppersamples,alargeamountofthevolatilecompoundsfoundwere
aldehydesandterpenes.Thetotalamountofvolatilecompoundswasnot
highly changed by irradiation. However, a new compound, 1,3-Bis
[1,1-dimethylethyl]-benzeneappearedafterirradiation.Thiscompoundclearly
increased in proportion to radiation dosages.And this compound from
irradiateddriedredpepperwasconformedbycomparisonofitsspectrawith
standard sample.Therefore,itcan play an importantrole as a marker
compoundtoknow thehistoryofirradiateddriedredpepper.
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요요요 약약약

본 연구에서는 우리 나라의 대표적인 향신료 중의 하나인 건고추의 휘발성 유
기성분을 방사선 조사된 건고추와 비교하였다.n-pentane과 diethylether혼합용
매를 추출용매로 사용하여 연속증류추출장치로 추출하고 이를 GC/MS로 사용하
여 분석․확인하였다.대조군에서 확인된 성분은 61종,1,3,5,10및 20kGy로
방사선 조사된 건고추에서 확인된 성분은 3kGy에서만 61종,나머지는 62종이
확인되었다.관능기별 상대 면적비는 대체적으로 terpene류,aldehyde류가 두드
러지는 경향을 보여 건고추의 주요 휘발성 유기화합물에 크게 영향을 미치는 것
으로 판단되었다.건고추의 대표적인 휘발성 유기화합물로는 α-zingibirene,
furfural,benzaldehyde,linalool,nerolidol및 α-curcumene 등이었다.특히
1,3-bis[1,1-dimethylethyl]-benzene(1,3-di- -butylbenzene)은 대조군에서는
발견되지 않았고 그 함량 또한 선량이 증가함에 따라 점차 증가하였다.표준품
과 대조해 본 결과,RI및 스펙트럼이 일치하여 건고추의 방사선 조사여부를 확
인하는데 이용가능성이 높을 것으로 판단되었다.
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