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Volatile Constituents of KiwiFruit Flowers：  

SimuItaneousDistillation and   

Extraction versus Headspace Sampling 

KiyoakiTatsuka．SachikoSuekane．YasueSakaiandHidenobuSumitani  

The volatile components of the kiwifrujt flower（AcfinidhlChlne，2Sis Planch．）were  

ar.talyzed bv capillary gas chromatograpy and gas chromatography-mass spectrometr?r. 
SampleswerepreparedbysimultaneoussteamdistillationandsoIventextraction（dichloro－  

methane）．AtotalofS7componerltSWereidentifiedintheextractincluding32carbonyls．24  

alcohoIs，23hydrocarbons．6esters，1acid，and2miscellaneous components．A dynamic  

headspacetechniquewasemployedforisolatingtheflowervolatilesbyusingaTenaxGC  
trap．Headspaceanalysisoftheflowervolatilesyieldedtheidentificationof50components  
including22hydrocarbons．10carbonyls，10esters，and9alcohoIs・   

Keywords：VOlatilecompounds，kiwifruitflower，SimultaneoussteamdistillationandsoIvent  

extraction（SDE）．dynamicheadspacesampling．capillaryGC－MS．   

goodharveSt Of fruit（Clinch，1984）．The  

relationship between orchid floralfra・  

grance and euglossine bee attraction has  

beensummarizedbyWilliamsandW加tten  

（1983）．Honey bee－plant relationships are  

based on a conditioning process in which 

Olfactory and gustatory cues are closely  

linked，1eading to a selective．foraging  

behavior（Pham－Delegueetal．，1987）．We  

Wereinterestedintherelationshipbetween  

thevolatilecomponentsoftheflowersand  

honeybeeattractioninconnectionwiththe  

po11inationofkiwifruit．The aim ofthis  

WOrk was to obtain knowledge on the  

VOlatilecomoponerltSemittedbykiwifruit  

flowers．Thevolatilecomponentsof kiwi  

fruitflowersconcentratedbytwodifferent  
Sampling teclmiques，Simultaneous steam  

distillation／soIvent extraction（SDE）and  

dymamic headspace sampling，Were  

identified by gas chromatography－maSS  

Kiwifruit（ActinididchillenSisPlanch．）is  

a native of China．Althoughit was first  

developed as a commercialcropin New  

Zealand，itisnowgrowninseveralother  

countries．Recent papers dealtwith the  

flavor volatiles of kiwifruit（Takeoka et  

a】．，1986；Bartley and Schwede．1989）．but  

nonehaveinvestlgatedthefloralfragrance  

of kiwifruit．Palmer－Jones and Clinch  

（1974，1976）investigatedtheroleplayedby  

honeybees（Apikme［／詭YUL．）inthepollina・  

tionofkiwifruit．Nectarsecretionwasnot  

obseITedin male or female kiwifruit  

flowers，buthoneybeesusually visitmale  

andfemaleflowerstocollectpollen．Both  

citrus trees and white clovers．which pro－  

ducenectar，aT・eCOmpeting plants of kiwi  

fruit for the attraction of honey bees  

（Palmer－Jones and Clinch，1974）．1t was  

suggestedthatthesatisfactorypollination  

by the honey bees’visitatiollprOduces a  

注 本論文はAgriculturalandFoodChemistry，Vol．38，No．12掲載論文を転載したものである。   
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dun．The fresh flowers（350 g）were  

placedina500－mLsampleglassbott】e at  

roomtemperature（27℃）．High－purityair  

WaSledintothesampIebottleviaaTeflon  

tubeandpassedovertheflowersandoutof  

the sample bottle through a Tenax GC 

COlumn（9・CmlengthxO．5－Cmi．d．，0．25g）for  

lh．ALtercollectionofvolatiles，theTenax  

COlumnwaspurgedwithastreamofhigh一  

puritynitrogen（50mL／minfor30min）to  

remove water．   

ま Coム〃〃ナ～ Cゐ柁け〝α物Jl申匂，．The con・  

Centrated extract from the SDE was  

fractionated on a silica gelcolumn（20－  

CmXl・Cmi．d．，5giKieselge160）with a  

pentane／ether gradient．Silica gelwas  

activatedfor4hat120－130℃priortouse．  

FractionIbentahe，200mL）．frえctionII（p／  

e、1：99v／v，200mL）．fractionIII（p／e．1：9v／  

V．200mL），fractionIV（p／e，3：7v／v．200m  

L），and fraction V（ether，200m L）were  

Obtained．Eachfraction was concentrated  

with a Kuderna－DaTlish evaporating con・  

CentratOrtOafinalvolumeofapproximate－  

1yO．3mL（pottemperature40℃）．   

GasChromatography．AShimadzuGC－  

9Agaschromatograph（Shimadzu，Kyoto，  

Japan）withaFIDTequippedwitha60；mX  

O．25－mmi．d．DB・Waxcolumn（U＝0．25FLm．  

bonded poly（ethyleneglycol）phase）was  

employed．The column temperature was  

programmedfrom40℃（5minisothermal）  

to200℃ at3℃／minandthenheld at the  

upperlimit．Heliumcarriergaswasused  
at aflowvelocityof25cm／s（40℃）．The  

in5ector and detector were rnaintained at  

26（）℃． Aninjection splitter SPL－G9  

（Shimadzu）wasusedatasplitratioofl：28．  

A data processor C－R4A（Shimadzu）was  

usedatasplitratioofl：28．Adataproces－  

SOr C－R4A（Shimadzu）was used for the  

calculationofretentionindicesofauthentic   

SpeCtrOmetry．  

EXPERIMENTAL PROCEDURES   

Materials．Kiwifruitflowers（A．chinen－  

Sis Planch．）were collected fromvines on  

the farm of our collegeinKawa11ishトshi，  

Hyogo，Japan，duringMay1988andMay  

1989．U］trahigh・quality water generated  

withawaterpurificationsystem（Elgastat  

UHQ：ElgaLtd．，LaneEnd．U．K．）wasused  

intheconcentrationofvolatilesbysimulta・  

neous steam disti11ation／solvent extrac・  

tion．Dichloromethane of specialgrade  

n;as obtained from Wako Pure Chemical 

IndustriesLtd．（Osaka540，Japan）．High・  

purity synthetic air（99．99％ pure）in a  

bomb obtained from Sumitomo Seika  

Chemicals（：0．，Ltd．（Osaka541．Japan）was  

usedinthedynamic headspace co11ection．  

TenaxGC（60－80meSh）wasobtainedfrom  

Enka NV，Arnhem．The Nctherlands．  

Kieselge160（70－230mesh）was obtained  

fromE．MerkAG．β－Phoronewassynthes－  

ized by the decon】ugation ofisophorone  

（Meinwaldand Hendry．1971），   

Samp‖ng Techniques．l．Sl7m／lぬ71eOuS  

肋〃JJβ由ガJ由′わJ7 α〝d 5bねg〝／且r′和C～わJZ  

作茫喝I Thefreshflowers（600g）andwater  

（100mL）in a3－L flask weresubje⊂ted to  

Simultaneous steam distillation／soIvent  

extractionforlhusingamodifiedLikens－  

Nickerson apparatus（Likens and Nicker－  

SOn，1964；Schultzetal．，1977）．Theextract・  

ingsoIvent was dichloromethaTle（50mL）．  

The extract was dried bp shalcing with 

pomder anhydrous sodium sulfate for 1 h 

and then carefu11y concentrated with a  

Kuderna－Danish evaporating concentrator  

toafinalvolumeofapproximatelyO．3ml，  

（pottemperature40℃）．   

ヱ功り～〃J乃わ〃由（砂αCβJ弘〝ゆノブ〃g f）和Cピー  
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Same time as the start of heating of the  
flushsampler．Peak area percent values  

were calculated from EIionintensity of  

individualcomoponentswithout response  

factorcorrection（Tatsukaetal．，1987）．   

ComponentIdent椚cation．Sample com・  

ponentsweretentativelyidentifiedbymass  

SpeCtra matChing with a mass speCtra  

library collection using a library search 

SyStemLSS－20（Shimadzu）．Thereference  

libraryis basically the NIH／EPA collec・  

tion，Supplementedby ourprevious work－  

The椚吻′／〟五S居留怨わ〆〟由S劫gc如J  

Dzic（1989）was also used for tentative  

identificationofsampIecomponentsbythe  

manualsearchwith the help of M＋data  

obtainedfromtheClmassspectra．Tenta－  

tive MSidentifications were verified by  

COmparison of components’experimental  

retention index with that of an authentic 

reference standard．Experimentalreten－  

tionindex values were calculated frbm  

retentiontimedataobtainedbythecoinjec－  

tion of the normal hydrocarbon reference 

Serieswith an experimentalsample．The  

retention index system proposed by Kovs 

（1958，1965）was utilized．Ausefuldiscus・  

Siononthtdifferenceoftheexperimental  

retentionindex values from the corre－  

SpOndingreference retentionindex values  

determinedwithanauthenticstandardwas  

givenbyTakeokaetal．（1988）．  

RESULTS ANDDISCUSSION   

reference standards and flower volatile  

components．The fused silica columns  

were obtained fromJ＆W Scientific．Fol－  

som、CA．   

GasChromatography－MassSpectrometry・   

A GCMS－QPlOOO system（Shimadzu）  

equippedwith a60・mXO．25－mmi．d．DB・  

Waxcolumn（U＝0．25JLm）wasemployed・  

Thecolumntemperaturewasprogrammed  

inthesamemannerasfortheGCanalysis．  

Helium carrier gas was used at a flow  

velocityof27cm／s（40℃）．Theinjectorand  

ion source were maintained at 260 and  

250℃，reSpeCtively．Theinjection splitter  

SPL－G9wasusedatasplitratioofl：17．In  

allcases．the outlet of the column was  

directly coupled to the ion source of the 

quadrupOle mass spectrometer・In the  

electronimpact mode（EI），the mass  

spectrometerwasscannedfromm／z20to  

300in al・Sinterval．Theinstrument was  

Operatedatanionizationvoltageof70eV．  

In the chemicalionization mode（CI）．the  

massspectrometerwasscannedfromm／z  

60to300in a2－Sinterval．Isobutane was  

usedasaregentgas．   

For theheadspaceexperiments，a flush  

Sampler FLS－3（Shimadzu）was used for  

thermaldesorption／backflushing of a  

loadedTenaxGCtrap．TheldadedTenax  

COlumnwasplacedinafurnaceoftheflush  

Sampler attached to the GC・MSinlet．  

tIelium carrier gas was passed through  

boththeloadedTenaxGCcolumnandthe  

DB－Wax capillary column for30min to  
removenitrogen，andthen the Tenax col－  

umnwasheatedto250℃withinlmin．The  

volatileswerethermallydesorbedfromthe  

TenaxGCanddirectlyintroducedintothe  

Capi11arycolumnviaasplitter（Tatsukaet  

al．，1988）．Thecolumntemperaturecontrol  

programoftheGS・MSwasstartedatthe  

The volatile constituents of kiwi fruit 

flowers were examined by two different  

SampIingmethods．The firstmethod was  

SDE，While the second method was  

dymamicheadspacesampling．Both quali・  

tative and quantitative differences were  

foundbetweentheconstituentsanalyzedby   
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theSDEvolatilesandtheheadspacevola－  

tiles were not solarge except for hydro－  
CarbonswithlargeretentionindexIMajor  

volatile constituents were n・nOnane（2．  

08％），n－pentadecane（4．49：％），n－  

heptadecane（2．13％），n－nOnadecane（3・  

38％）．n・heneicosane（7．84％）．72・tricosane  

（2，98％），and α－farnesene（7A2％）．Car・  

bonyls occupied31．98％of the totalarea．  

The differences may be due to both en－  

zymicandthermalformationofsecondary  

volatilescausedbydisruptionandheathg  

oftheflowertissuesduringtheSDE．Both  

the aliphatic aldehydes and the aliphatic  

the two different sampling teclmiques．  

Table］lists the volatile constituents  

identifiedintheextractspreparcdbySDE．  

A reconstructedion chromatogTam frorrl  

GC・MS analysis of the flower volatiles  

isolatedb）－SDEis shownin F；gurel．A  

totalof33hydrocarbons（47．31％）compos・  

ing23identifiedhydrocarbons（31．96％）and  

lO tentativelyidentifiedhydt・OCarbons（15．  

35％）werefoundintheextract．Tentative－  

ly identified hydrocarbons are eluants of 

thepentanefractionobtainedbythesilica  

gelcolumnchromatography．Thequalita－  

tive differences of hydrocarbonsbetween  

0  10  20  30  40  50  60  min TO 

Fig．1．ReconstructedionchromatogramfromGC－MS analysisofkiwifruitno、VerVOlatiles  

obtainedby simultaneous steam distillationand soIventextract50n（dichlorometha鱒）．  

Temperaturewasprogrammedfrom40つC（5minis9thermal）to2000Cat30C／min  

on a60－m X O．25－mm（i．d．）DB－Wax column．The peak numbers correspond to  

the numbersin Tablel．  

10  20  30  40  50  60 min 

F短．2．ReconstruCtedionchromatogramLromGC－MSanalysisofkiwifruitnowerheadspace  

volatiles．Temperaturewasprogrammedfrom400C（5minisothermal）to200QCat  
30C／min on a60－m X O．25－mm（i．d．）DB－Wax column．The peak numbers corre－  

spond to the numbersin TablelI・   
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alcohoIs were derived from enzyme－  

induced and thermal oxidative breakdown 

of unsaturated fatty acids，thatis，Oleic  

acid、Iinole；c acid，andlinolenic acid．  

Theseunsaturatedf虫ttyacidsareanessen－  

tialpartofeveryplantcell（Buttery．1981：  

Frankel．1982）．Fronltheseconsiderations，  

it would be conc）uded that the SDE vola－  

tilesconsist ofboth the essentialvolatiles  

Ofthef］owersandthesecondaryvolatiles  

formed during the extraction process．  

Majorvolatileconstituentsinthecarbonyls  

includehexana】（1．11％）．heptanal（9．07％）．  

OCtanal（2．15％），nOnanal（12．57％）．β・  

phorone（1．51％），isophorone（0．72％），ger・  

anylacetone（1．10％）．and cis・jasmone（1．  

01％），Relativelargeamountsofisophot・－  

One andβ・Phorone were detectedin the  

SDEvolatilesinour1988and1989experi－  

ments．Isophorone containing a small  

amountofβ・phoroneasimpurity（Kawaha・  

shietal．．19g6）isusedinindustrialsoivent  

miⅩt町eS．Onlyafell・paperShavereported  

theexistenceofisophoroneandβ－Phorone  

innature．rsophoronewasdescribed as a  

VOlatilecompoundofoatgroats（Heydanek  

andMcGorrin，1981），Whi】eβ－phoronewas  

desct・ibed as a volatile constituent of  

femalesofthesprucebarlくbeetle（Birgers－  

SOn et al．．1984）．Geranylacetone and6－  

methyト5－hepten・2ronecouldresultfromthe  

OXidativecleavageofcarotenoids（Stevens．  

1970：Buttery，1981）．AIcohoIs（14．86％）  

includel－hexanol（0．88％）．1・heptanol（1．  

12％），1－OCtanOl（1．08％），1－nOnanOl（ユ．19％）．  

1inalool（2．57％）．and geraniol（1．82％）as  

ma］OrCOmOpOnentS．AmaJOrVOlatilecon・  

Stituentofestersisβ一phenylethylacetate  

（1．09％）．   

Componentsidentifiedintheheadspace  

VOIatile arelistedin Table H．A recon．  

StruCtedion chromatogram from GC・MS  

analysisoftheheadspacevolatilesisshown  

in F晦ure2．A totalarea percentage of  

hydrocarbons including tentatively 

identified hydrocarbons was 63．38％．  

Major volatile cohstit11entSinclude12・  

PCntadeca11e（9．06％）andα，farnesepe（29．  

7O％）．AIcohoIs（4．95％）includel－hexanol  

（1・60％），（Z）－3－hexenol（1．54％），aIld β・  

Phenylethylalcohol（1．35％）a5major con・  

Stituents．Atotalcarbonylareapercentage  

（2．88％）of headspace volatiles was very  

lowincomr）arisonwiththat（31．98％）ofthe  

SDEvolatiles．Incontrastwiththis，atOtal  

ester area percentage（26．98％）of head－  

SpaCeVOlatiles was veryhighincompari・  

SOnwiththat（1．28％）oftheSDEvolatiles．  

Major volatile constituents of esters  

include（Z）・3・hexenylacetate（16．52％），  

hexylacetate（5．47％）、andβ・phenylethyl  

acetate（1．90％）．   

Koltermann（1969）concluded that scent  

WaSmOreimpprtantinconditioninghoney  

bees than color．form，Or time of day．  

Waller et al．（1973）developed a bioas岳ay  

test for determlnlng the olfactory  

responses of honey bees to the scent of  

alfa7fa flower畠．They found that honey  

beescondjtionedtocollectsucrosesolution  

nearthescentofocimenewouldrespondto  

the scent of alfalfa flowers but not to the  

SCentOfflower’SOfredclover，Whichdonot  

COntainocimene．Theolfactorydiscrimina－  

tion by honey bee of terpenes of alfalfa  

flowerwasreportedbyWalleretal，（1974）．  

（E）一β－Ocimeneisama50rCOmpOnentfound  

inalfalfafIowersbyTenaxtrapping（But－  

tery et al‥1982）． The most dominant  

headspace constituent foundin kiwifruit  

f］owersisα－farnesene（29．70％），Whichwas  

knownasastrongattraCtantforlarvaeof  

COdling moth（Sutherland and Hutchins，  

1972）．Ocimeneis a monoterpene hydro・   
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carbon．whileα・farneseneis a sesquiter・  

penehydrocarbon．andthechemicalstruC・  

tures of the two compounds are simi1ar．  

The major oxygenated components of  

headspacevolatiIesincluded（Z）・3・hexenyl  

acetate．hexylacetate、andβ・phenylethyl  

acetate二 P・Phenylethylacetateis a good  

attractant formale euglossine bees（Wi）・  

liamsandWhitten．1983）．Pham－Delegueet  

al．（1987）reportedthatonlyonepolarfrac・  

tion composed of 28 compounds can be 

consideredanactivefraction ofsunflower  

aroma for honey bee attraction． α一  

FarneseneandtheoxygenatedCOmpOnentS  

may be active compounds for honey bee 

attraction．Sincethekiwifruitflowersdo  

not produce nectar・，honey bee attraction  

maybemainlyattributedtoarOma（01fac・  

tion）andpollen（gustation）．  

IntheGC－MSanalysis，alargequalityof  

dichloromethaneisintrodu亡edinthe DB・  

Wax capi11ary column：this has an effect  

upontheretentionbehaviorof2．propanone  

and2・methylprobanal，retardingtheelution  

Ofthepolarcompoundselutedinthefront  

of dichloromethane． The reference and  

experimentalKovatsindex values of the  

two compounds differ by49and72units，  

respectively．but a smallpeak of 2－  

propanonealsoappearsatthenormalelu・  

tiontime．Theretardationofelutionofthe  

two compounds was reprodilCed by the  

modelexperiments．  

Tableu．HeadspaceConstituentsofKiwiFmitFloll■erS  
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E）・2，4－decadienal，25152－84－5：β・  

phenylethylacetate，103－45－7：ner・  
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