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Volatilemonoterpenes,evolvedfrom thewholeberries,skin,andpeeledand

unpeeledflesh(dicedinto2×2×2mmblocks)ofMuscatofAlexandriagrapes,were

measuredbytheheadspacemethodandGCanalysis.Fourkindsofmonoterpene

suchaslinaloolandgeraniol,knowntobethemainaromaticsubstancesinMuscat

ofAlexandriaberries,wereanalyzed.Thehighestlevelsoflinaloolandgeraniol,

expressedper100gofsamplesper3hours,wereevolvedfromtheskin,followedby

thejuice,peeledflesh,unpeeledflesh,andwholeberries,indescendingorder.

Linaloolandgeraniolevolvedfromtheskinwerefoundtobeatnearlythesamelevel,

thoughthelevelsoflinaloolfromthejuiceandfleshwerefarhigherthanthoseof

geraniol.Thedistributionoflinaloolamongthevariousberrypartswashighestinthe

juice,thoughthatofgeraniolwashighestintheskin.Differenceinthestrengthand

qualityofthearomabetweenpeeledandunpeeledfleshwerediscussed.Onthe

otherhand,monoterpenesevolvedfromharvestedwholeberriesincreasedrapidly

forupto2daysafter,thendecreasedgraduallyuntil7daysafter.Thischangemay

becausedbythedegradationofboundmonoterpenesstoredintheskinandflesh

inexcisedfruitbunches.
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Introduction

Muscat of Alexandria grape berries are

famousfortheircharacteristic“Muscataroma”.

The main aromatic substances have been

identifiedwithmonoterpenealcoholssuchas

linaloolandgeraniol .Consumersarefirst-

lycharmedwiththeMuscataromaevolvedfrom

thefruitbunchthentheyenjoythearomaand

tasteatchewingtheflesh.Grapeberriesare

eateneitherafterpeeledorunpeeled,whichmay

significantlyaffectthetasteandaroma.This

investigationaimstoclarifythedistributionof

aromaticsubstancesamongMuscatofAlexan-

driaberriesaswellaspostharvestchangesinthe

intensityofMuscataromaemittedfromthefruit

bunch.

MaterialsandMethods

Samplingoffruitbunches

MuscatofAlexandriagrapebuncheswere

sampledfrom acommercialgreenhouselocated

inSayama,OkayamaCity.Thegreenhousewas

heatedfromJanuarytohastentheharvesttime.

Sixbuncheswereharvestedwhenthelevelof

juiceTSS reached17°Brix,andutilizedfor

analyzingthedistributionofaromasubstances.

Samplebuncheswerealsoharvestedfrom the
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unheatedexperimentalgreenhouseinOkayama

Universityforinvestigatingchangesinaroma

intensity.

Collection of aromatic substancesfrom whole

berries,skinandflesh

Sampledbunchesweredievidedintoseveral

sub-bunchescomposedof5to6berries.Two

hundredgramsofthesub-buncheswereputinto

areactionflask(500mlinvolume)togetherwith

10mlof0.25% 2-octanolasaninternalstandard

(IS).Theywerekeptat40°Cforthreehoursusing

awaterbathsetinanincubator(Fig.1).The

headspacegaswasintroducedintoaTenax-TA

columnbysuckingwithanaspiratortocollect

evolvedaromaticsubstances.

Todeterminethedistributionofaromaticsub-

stancesamongtheberries,4testsampleswere

preparedfrom variousberryparts.A hundred

gramsoftheberrieswerepeeled.Theskinof

eachberrywastornintostrips,andthefleshwas

dicedinto2×2×2mm cubeswitharazorblade

afterseedremoval.Another100gofberrieswere

halved,seeded,anddicedwithoutpeeling.To

preparejuicesamples,100gofhalvedberries

werewrappedincottenguazeandsqueezedby

hand.Eightgramsoftheskin,80gofpeeledand

unpeeledflesh,and70mlofthejuicewereput

into individualreaction flasks with IS (2-

octanol).Thejuicesamplewasbubbledbyinject-

ingcleanedairfromthebottom.Volatileswere

collectedintoaTenax-TAcolumnbythesame

methoddescribedabove.

Analysisofmonoterpenes

Aftercollectingvolatilesfrom berrysamples,

theTenax-TA columnwasconnectedusinga

flash sampler(SHIMADZU FLS-1)to a GC

(SHIMADZUGC-14A)equippedwithaFIDasa

detector.Theanalyticalconditionswereasfol-

lows; Column, φ3mm×2m packed with

PEG20M,UniportHP80/100mesh;Carriergas,

N,30ml/min;Columntemperature,70°C→220°C

(5°C/min);Injectiontemperature,170°C;Detec-

tortemperature,230°C.

Results

1.Aromaticsubstancesevolvedfrom wholeberry

andvariouspartsoftheberry

Volatilemonoterpenesanalyzedfrom Muscat

ofAlexandriagrapeberrieswerelinalool,α-

terpineol,nerol,andgeraniol.Thosemonoter-

penesdetectedfromtheheadspacegasofwhole

berriesandvariousberrypartsareshownasμg/

100g-sampleFW/3hr(Fig.2).Onlyasmallquan-

tityoflinaloolwasdetectedfromwholeberries,
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Fig.1 CollectionofvolatilemonoterpenesevolvedfromthevariousberrypartsofMuscatofAlexandriagrapes.The

headspacegaswasintroducedintotheTenax-TAcolumnfor3hours.

22



and theothermonoterpeneswerenegligible.

Fromjuiceandpeeledandunpeeledflesh,notable

amountsoflinaloolandgeraniolweredetected,

andtheleveloflinaloolwashigherthanthatof

geraniol.Outofthethreesamples,thehighest

levelsoflinaloolandgeraniolweredetectedfrom

thejuicesample.Skin,ontheotherhand,released

largequantitiesoflinalool,nerolandgeraniol

whichaccountedfor5to20timestheamountof

thoseevolvedfrom theothersamples.Geraniol

wasdetectedmoreabundantlythanlinaloolin

theskin.

２.Distributionofaromaticsubstanceswithinthe

berry

From100goffreshberries,7.0gofskin,87.7g

offlesh,and74.8gofjuicewereobtained.Aver-

ageweightofseedswas3.6g,thoughthisvaried

significantlydependingontheseednumber.The

distributionofvolatilemonoterpenesamongthe

100gofberrieswascalculatedfrom thefresh

weightofeachpartoftheberryandmonoter-

peneslevelsanalyzesforeachpartoftheverry

(Table1).Thelargestamountoflinaloolwas

collectedfromthejuice,followedbythefleshand

theskininorder.However,geraniolandnerol

werecollectedmostabundantlyfrom theskin.

Theamountofgeraniolevolvedfrom thejuice

wasaboutthreetimesthatoftheflesh.Monoter-

penesevolvedfromwholeberrieswereonlypoor.

３.Changein thearomaticsubstancesevolved

from wholeberryafterharvest

Volatilemonoterpenesevolvedfrom 200gof

thewholeberreiswereanalyzed0,1,2,4,7,and

10daysafterharvest(Fig.3).Themaximal

valuesoflinalool,nerol,and geraniolwere

detected2daysafterharvest,thenthelevels

decreasedgraduallyuntil7daysafter,reaching

thelowestvalues.However,thelevelofα-ter-

pineolshowedonlyaslightdecreaseduringthe

testperiod.

Discussion

Fourkindsoffreemonoterpenes,linalool,α-

terpineol,nerol,andgeraniol,weredetectedmost

abundantlyfrom theskinwhenexpressedper

freshweight(Fig.2).Itiswidelyknownthatthe

exocarptissue(fruitskin)containshigherlevels

ofaromaticsubstances .However,Parket

al.whoworkedonthedistributionoffreeand

boundmonoterpenesintheskinandmesocarpof
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Table1 DistributionoffreshweightandmonoterpenesamongthevariousberrypartsofMuscatofAlexandria

grapes

Berrypart
Freshweight

(g)

Monoterpene(μg/100gberry)

Linalool α-terpineol Nerol Geraniol

Juice 74.8 25.5±0.86 0.68±0.11 0.71±0.14 6.00±1.11

Skin 7.0 8.6±0.53 0.81±0.14 3.27±0.61 9.89±0.32

Flesh 87.8 20.3±3.7 0.42±0.07 0.66±0.05 1.98±0.76

Wholeberry 100.0 4.0±0.65 0.25±0.02 0.36±0.03 0.36±0.16

Mean±SE(ｎ＝3)

Fig.2 Volatilemonoterpenesevolvedfromthevarious

berrypartsofMuscatofAlexandriagrapes.

VerticalbarsindicateSE (n＝3).Peeledand

unpeeled flesh were diced into 2×2×2mm

cubes,skinwastorninto3 to4 piecesper

berry.
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MuscatofAlexandria grapes reported that

higherlevelsoffreelinaloolandgeraniolwere

containedinthemesocarp(flesh)thanintheskin

atharvest.Theynotedthatthelevelsoffree

monoterpenesingrapeberriesareaffectedsignif-

icantlybythestageofberrymaturationand

environmentalconditionssuchastemperature.

Hiranoetal.reportedthatarapidandremark-

ableincreaseinfreelinaloollevelinMuscatof

Alexandriajuicewasfoundduringthelater

periodofberryripening.

Inourpresentwork,aslightlyhigherlevelof

geraniolwasdetectedfromtheskinthanlinalool,

thoughlinaloolwasevolvedatfarhigherlevels

thangeraniolfrom thefleshandjuice(Fig.2).

However,lowerlevelsofmonoterpeneswere

evolvedfrom unpeeledfleshthanpeeledflesh

(Fig.2).Thisfactsuggeststhataromaticsub-

stancesareevolvedmainlyfromtheinnersideof

theskin,notfromtheouter.

Linaloolhasasweetfloweryaromaandger-

aniolandnerolhaveastrongrosyaroma.Itis

supposed,thereby,thatthearomawhenchewing

MuscatofAlexandriaberriesmaybesignificant-

lyaffectedbythepresenceoftheskin,sincethe

levelsoflinaloolandgeraniolevolvedfrom the

juiceweresignificantlyhigherthanthosefrom

peeledflesh(Fig.2,Table1).Itshouldbenoted

thatthejuiceinourinvestigationwasprepared

bysqueezingtheunpeeledflesh.

Itisaninterestingfindingthatbunchesof

MuscatofAlexandria,storedunderroom tem-

perature,evolvetheiraromaticsubstancesmost

abundantlywhenmeasured2daysafterharvest

(Fig.3).Such apparentincreasein thefree

monoterpenesafterpickingsuggeststhatbound

monoterpenes,accumulatedintheskinandflesh

asglycosidalforms,begintodegradatewith

glycosidaseactivities.Manyresearchershave

reportedthatalargequantityofglycosidically

boundmonoterpenesarecontainedbothinthe

skinandfleshofgrapeberries .Therateof

thedegradationofboundmonoterpenesintofree

monoterpenesmustbeaffectedsignificantlyby

verrytemperature.Thechangeintheamountof

evolvedfreemonoterpenesneedtobeinvestigat-

edwhengrapebunchesarestoredatcoldtemper-

atures.
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ブドウ ‘マスカット・オブ・アレキサンドリア’の果粒，
皮及び果肉から発散する香気物質

岡本 五郎・廖 康・伏見 拓也・平野 健

（応用植物機能学講座）

‘マスカット・オブ・アレキサンドリア’の収穫果実について，果粒，果汁，皮，果肉（２㎜角に細断）か

らモンテルペンアルコールをヘッドスペース法によって捕集し，GCで分析した．マスカット香の主成分であ

る linaloolと geraniolなど４種のモノテルペンが分析された．生体重100 ，３時間当たりのモノテルペ

ン捕集量は，皮からが最も多く，続いて，果汁，果肉，皮付きの果肉，果粒の順であった．皮からはlinalool

と geraniolがほぼ同程度に得られたが，果肉や果汁からは linaloolがはるかに多量に発散した．100 の

果粒を構成する各部に含まれる香気成分の分布をみると，linaloolは果汁に最も多く含まれ，geraniolは皮

に多く存在した．これらの結果から，剝皮または皮つきでマスカットの果実を食べる場合の，香りの強さと

質の相違を検討した．一方，果粒から発散するモノテルペンは，収穫２日後に主要成分の発生量がピークと

なり，その後減少して７日後には最低となった．この現象は，果実内に蓄積されたモノテルペンの配糖体が，

収穫と同時に分解された結果と推察される．
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