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Abstratt   

Gustatory response of wildand cultivated ayuPlecoglosszLS altiuelis alttueliswas  
recordedfromthefacialnervesupplylngtheanteriorpalate．   
ThelowestthresholdwasnotedforarglnineatlO‾6～10▲5Minwild and culturedfish．  

Thethreshold for histidinein wild ayu，WaS Similar，thoughone order higher for  

culturedfish．ATP－relatedsubstances werefairly effective．Thethresholdvalues for  

AMP，IMPandUMPwerearoundlO▲1M・NaCIstimulatedthereceptorsweakly．Sugars  

werenoteffectiveatlO．2M．  

RelativestimulatoryeffectivenessatlO～2Mof20aminoacidswascomparedforwild  
andculturedayu．Responsemagnitudeforthese amino acidswas closely correlated  
withthatforhistidineineachgroup（p＜0．001）．Theregressioncoefficientofcultivated  

ayuresponseforwildayuresponsewasO．69，SuggeStinghigherhistidineresponseinthe  

culturedgroup．Student’s t－teSt furtherindicated arglnine and proline response to  

significantlydiffer（p＜0．05）．Whetherthiswasduetogeneticdifferencesofthetwo  

groupsofayuorotherecologlCalorphysiologlCalconditionsisnotknown．  
Samplesofalgaeonwhichayufeedwerecollectedfromtheriverwherethe ayu were  

Caught，and analyzed for free amino acids．Severalamino acids were found at  

COnCentrationsabovethegustatorythreshold．  

Keywords：fish・Plecoglossusaltiuelisaltiuelis・gustatoryresponse・amino  

acids・nuCleotides・alg■ae  

Introduction   

Ayuisanadromousfish，breedinginfreshwater，Afterhatching，thelarvaedriftdownstream to  

theseainwhichtheyoverwinter，returnlnginthespringuntilsexuallymatureintheautumnwhen  

theyspawnanddieafterspawnlnglI2）．Land－lockedayuinLakeBiwahavebeentransplantedtorivers  

andlakesofvariouspartsofJapan．Theland－lockedayuinLakeBiwahavebeenreportedtodiffer  

ingenicvariabilitiesfromthoseoftheamphidromousrace3－7）．Ayuisweuknowntofeedonanimals  

duringtheir3uVenilemarinelifeandchangetheirfeedinghabitdramatica11ytofeedonalgae after   
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returningintofreshwater8‾11）．Landlockedayutransplantedinriveralsoisknowntochangetheir  

feedingitemsfromzooplanktontoattachedalgaeastheygrowl）・Fromthisunlquefeedinghabitof  

ayu，1tSeemSOfinteresttoknowthesensorycapabilitiesoftheirgustatoryreceptorsin3uVenileand  

adultlifeandalsotoknowif there exist differencesin the responsiveness ofgustatory receptors  

betweentheanadromousandtheland－lockedayu．  

Thispaperdealswiththeresponsesofthegustatoryreceptorstoaminoacidsandothersinadult  
wildayucaughtinriverandcultivatedayuoftheland－lockedrace・Thetwogroupsofayuresponded  

to most of the stimulantsin a similar way，but with some differencesin sensitivlty tO SOme  

COmpOunds．  

Materialsand methods   

A花王mαJg  

WildandcultivatedstocksofAyu，Plecoglossusaltiuelisaltiuelis，WereuSed．Thewildfishwere  

capturedatRiverMiya，Tamaki，MiePrefectureinSeptember1985usinggill－netS・Thefishobtained  

werekeptforafewdaysinanindoortankbeforeuse・Thewildayutestedwereintota121，ranglng  

19．5～60，8（average35．80）gin body weight and14．1～19．6（16．24）cmin totallength・The  

cultivatedfishwererearedfromwildjuvenileswhichwerecapturedatLakeBiwa，ShigaPrefecture  

inJanuarytoMarch1984，，85，and，86・AftertransportingtotheInlandStation，NationalResearch  

InstituteofAquaculture，theywererearedinindoortankswithrunnlngWellwateruntilApril，and  

outdoors from May，feeding a commercialfeed developed for ayu（Type2C，Nippun Shiryo  

Co．，Ltd．）．TheexperimentsforthecultivatedayuwereperformedinAugust1984andinSeptember  

to october1985and，86．The cultivated ayu usedin1984werein tota110，ranging15．2～26．4  

（average19．89）gin b．wt．and12．8～15．2（13．58）cmin t．1．；those for1985were16，ranging  

14．2～32．7（21．24）gand12．0～16．2（13．80）cm；thosefor1986were25，ranging17，5～52・5（41・37）  

gand13．5～19．4（17．01）cm．   

月ecordわgo′g〟βねね叩几erひere甲0朋eざ   

Thefishwasimmobilizedbyinjectingpancuroniumbromide（5〟g／10gofb．wt．）andpositioned  

withitsheadhigherthanitstailonawoodenblock．Wellwaterwasperfusedthroughthemouth  

overthegillsthroughouttheexperiment．Afterremovlngtheeyeball，theramuspalatinusfacialis  

supplyingtheanteriorpalatewasisolatedandcut・Theperipheralcutendofthenervewasplaced  

onapairofplatinumelectrodes・lmpulsedischargesinresponsetothestimuliwasrecordedfrom  

thewholenervebundleasthesummatedresponse（averagedactivity）usinganelectronicintegrator  

（Nihonkohden，RJG40225S，timeconstantO．02）．  

Cんemねαねfe5fed   

Nucleosides，nuCleotides andribosewereproductsofKohjin；7・－amino－n－butyrlCaCid，Sigma；  

phospho－Serineandmaltose，Wako；alltheotheraminoacids，betaineandsugars，GRgradefrom  

Nakarai．AminoacidsusedwereL－isomers．   
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A抽r℃ひねfね乃β／br】兢eeゐemわαね〟βed   

Ade，adenosine；Ala，alanine；AMP，5’一adenylicaciddisodiumsalt；Arg，arglninehydrochloride  

；Asn，aSParaglne；Asp，SOdium aspartate；Bet，betaine；Cit，Citru11ine；CMP，5’－Cytidylicacid  

disodiumsalt；Cys，CySteine；D．W．，distilledwater；EtOH－NH，ethanolamine；GABA，γ－amino－  

n－butyric acid；Gln，glutamine：Glu，SOdium glutamate；Gly，glycine；His，histidine；Ile，  

isoleucine；IMP，5’－inosinic acid disodium salt；Ino，inosine；Leu，1eucine；Lys，1yslne  

hydrochloride；Met，methionine；Orn，Ornithinehydrochloride；Phe，phenylalanine；Pro，prOline；  

P－Ser，Phosphoserine；Ser，Serine；Tau，taurine；Thr，threonine；Trp，tryPtOPhan；Tyr，tyrOSine；  

UMP，5’－uridylicaciddisodiumsalt；Val，Valine．  

AppJよcαfね几0／feβfβ0血書わ朋  

AlltheteststimulantsweredissolvedinD．W，Stimulussolutionswereappliedtotheanteriorpart  

Ofthepalate．ToapplytestsolutionsandD．W．successivelyathree－WaySOlenoidvalve（MVC－3V－  

M6，TakasagoElectric）wasused．Thetestsolutionswereappliedfor3swith2minorlongerrest  

between stimuli．During theresting timeD．W．wascontinuously flowed over the palate．As a  

COntrOllO－2MHisorArgwasappliedatintervals．Tocomparethestimulatoryeffectivenessoftest  

Stimulants，themaximum heightoftherecorded response relative to that forlO▼2MHisor Arg，  

takingthelatteraslOO，WaSmeaSured．Thewellwaterperfusing thegills during theexperiments  

wassuppliedwithtemperaturecontrolledto16～17℃．Distilledwaterformouthrinsewasfroma  

glasscontainerbathedinthewellwatertoadjustitstemperaturetothatofthewellwater．Glass  

bottleswithtestsolutionswerekeptbathedintherunningwellwaterduringtheexperiment．The  

roomtemperaturerangedfrom23to27℃duringtheexperimentalperiods．  

Results   

pガ肌dfe〝岬er（‡fαree〃もcね0几班eダ〟βねね将柁C甲ねrreβpO朋e   

Fortheapplicationoftest stimulantS tO fishchemoreceptorsitis recommended t，O apply them  

dissolvinginthesamewater as the fishlivein because thereceptor membraneis physiologically  

adapted to that water．Thus artificialriver or pond water having a definite composition of  

inorganicsaltshasbeenintroduced12113）．However，inthepresentstudy，Wedecided touseD．W．as  

SOIventbecausewecouldnotprepareartificialpondwatersuitableforbothwild and cultured ayu  

Whichhadlivedinapparentlydifferentioniccompositionsofwater．SinceD．W．hasnobuffering  

CaPaCity，tObeginwiththeeffectofpHonthereceptorresponsewas examined using hydrochloric  

acidandsodiumhydroxide．Fig’．1showsthepH－reSPOnSeCurVeObtainedwith3cultivatedfish．As  

Seeninthefigure，theayurespondedtohydrochloricacidbelowpHaround5andtosodiumhydroxide  

abovepHaround9andtheresponsesincreasedsharplywithfurtherdecreaseorincreaseofpH．Thus，  

theresultsinFig．1suggestedsimilarstimulatoryeffectsofpHforthetestsolutionsofstimulants  

dissoIvedinnonbuffered D．W．ThepHsof solutions atlON2M of the compounds tested ranged  

between5．3and7．8exceptthatforAsn，Whichwas4．7～4．9，PreSumablyduetodissociationtoAsp．   
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Fig．1pH－reSpOnSerelationshipsforhydrochloricacidandsodium hydroxide．Ordinate，  

magnitudesoftheneuralresponsesrelativetothatoflOu2MArg，taking・thelatteras  
lOO．DifferentsymboIsrepresentdifferentfish．Forabbreviationsseetext．  

a  b c  d  e  f  g  

‾Tlrイ［†叫T「叫「¶「十nT［T「T口王汀‾サ∩十T  

A 
山」 血。皿皿」丸山減皿  
TT口了「叫n「1rJT叫汀叫nlTJT‾ト■汀   

B 

山 九丸山丸山仙試仙  
Fig．2．SummatedresponsestosomeaminoacidsatlO‾2Minthewild（A）andcultivated（B）ayu・  

a，D．W．；b，His；C，Arg；d，Ser；e，Cys；f，Lys；g，Glu．Time markerin s；SuStained  

downwa，rddeflectionofthesignallineisdurationofopeningofsolenoidvalveforstimulus  

solutionflow．Thepairedsplnydeflectioninthelowertracing，electricalnoisescausedby  

thesolenoidvalveopenlngandclosing．   
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月eβpO朋eSねαm玩0αCよdg   

Thepalatalgustatoryreceptorsofthetwogroupsofayurespondedtomostoftheaminoacidsin  

asimilarway（Fig・2）；theyrespondedwelltosomeaminoacidsbutnotsowelltomanyothers  

（Fig・3）・ThelowestthresholdwasforArg，atlO▲6～10‾SMinbothwildandcultivatedfish，neXtfor  

His，10L6～10～5MforwildayuandaroundlO‾5Mforcultivatedayu，andthenforLys，Gluforthe  

Wild，Glu，Lys，Met，atarOundlOL4Mforthecultivated（TablelA，1B）．Tau and Bet elicited no  

appreciableresponsesatlO－2Minneitherwildnorcultivatedfish（Fig．3）．   

Fig．3shows the relative stimulatory effectiveness of amino acids and others atlO．2M．The  

responsemagnitudesareexpressedrelativetothatforHisineachfishtakingtheiatteraslOO．In  

20amino acids，the5most effective atlO▲2M was Arg＞His＞Glu＞Trp＞Ala for wild fishand  

His＞Arg＞Glu＞Lys＞Alaforcultivatedfish．TheresponsestoArgandTrpinthetwogroupsof  

fishweresignificantlydifferent（Student’sしtest，p＜0．05），Whentheresponsemagnitudesrelative  

tothatofArglneaChfishgroupwerecomparedbetweenthetwo groups of ayu，His and Lys  

responseswerefoundtobesignificantlydifferent（p＜0．02）．Ingeneral，therewasahighcorrelation  

betweentheresponsesofthe two groups of ayu：the correlation coefficient wasO．936（n＝21，  

p＜0・001）asrelativeresponsestothattoHisineachgroup（Fig．4），Whiletheregressioncoefficient  

OfthewildayuresponsesonthecultivatedayuresponseswasO．69，SuggeStingthehigherhistidine  

responsein the cultured group・When treated with Arg response as standard，the correlation  

COefficientwasO・937（n＝21，P＜0．001）andtheregressionlinewasy＝1．17Ⅹ＋1．79．   

∧厄cJe（）βfdeざα几d花〟CJeo亡fdeぷ   

AMP，IMPandUMPweremorestimulatoryatlO‾2MthanArgbothinwildandcultivatedfish  

（Fig・3）・However，thethresholdforthethreeappearedtobelocatedatlO－5～10－4M，abouttwo  

OrdershigherthanthatforArg（TablelA，1B）・CMPatlOr2Mwasalsoeffective，theaverage  

responsemagnitudebeing165intwocultivatedfish・Inosinewasalsohigh1ystimulatoryatlO．2Min  

bothgroupsoffish（Fig・3）・Adenosinewasalsomoderatelyeffectiveinbothgroups（Fig．3）．   

ぶod払m（：九Jorfde  

Threeindividualsweretestedforeachgroup・Inthreecultivatedayu，theresponsemagnitudesto  

NaCiatlO‾2Mwere71A，32・3and28・6relativetoArgresponsetakingthelatteraslOO，Whilefor  

Wildayu，Onefishgave20．5butnoappreciableresponsewereobservedintheothertwo．  

O若鳥erβ  

Eightsugars and qulnine were tested・Fructose，galactose，glucose，1actose，maltose，ribose，  

SOrboseandsucrosewereallineffectiveatO・1Mintwotofourcultivatedfishtested．Quininewas  

effectivewith a threshold ofaroundlO¶6M．  

ガェfr（‡Cね0／αJ♂αe  

SamplesofalgaeattachedontherocksinRiverMiyawhichayuwereobservedtofavorablyfeed  
WereCOllectedandwaterextractsofthesampleswereanalyzedforninhydrinreactivecomponents   
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Tablel－A Sensitivityofpalatalreceptors ofwild ayu to amino acids  
and nucleotides．The number of positive neuralresponses  
（thefirst）number and that offish tested（the second）are  
Shown．Theexperimentswereperformedin1985．  

logmolarconcentration  
ー7  －6  －5  －4  

Arg  O／6   1／6  

His  O／6  2／6  
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Asp  

Cys  

Glu  
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Tablel－B．Sensitivityofthepalatalreceptorsofcultivatedayutoamino  
acids，nuCleosides，andnucleotides．The experiments were  
performedin1984（’）and1986．  

logmolarconcentration  
－7  …6  －5  －4  

Arg  O／1  1／3  

Cit  O／3  1／3  
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Fig・3RelativestimulatoryeffectivenessatlO．2Mofvariousaminoacidsandothersinwild（filled  
bar）andcultivated（openbar）ayu・Themagnitudesofsummatedresponsesareexhibited  
asapercentageofthatofHis・Thefigureontheleftofeachgraphindicatesthenumberof  
fishtested・Thesmallbarattachedtoeachgraphindicatesstandarddeviation．   
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Fig．4CorrelationbetweentherelativestimulatoryeffectivenessatlOu2Mofaminoacidsandbetaine  
forthewildayuandcultivatedayu．Theresponsemagnitudesareexhibitedasapercentag－e  

ofthatof（a）Hisand（b）Arg．  

（Taishakuetal．，inpreparation）．ThesamplescontainedalgaeofCyanOPhyceae，Chlorophyceaeand  

Bacillariophyceae．Among them Cyanophyceae，eSpeCiallyOscillatoT・iasp．was dominant．In  

Chlorophyceae，ScenedesmusquadT・icauda，andinBacillariophyceae，Gγmbella tumida，Fragilaria  

uiT・eSCenS，Nauiculaexoguaand40therspecieswereobserved．Allthesespeciesofalgaeareincluded  

inthelistofthestomachcontentsofayu from River Miyaby HARADAandIto14）．Thecompounds  

foundin the aqueous extract of the sample arelistedin Table2．According to this analysIS，We  

additionallyexaminedthestimulatoryeffectivenessof5newcompoundsforthegustatoryreceptorswith  

cultivatedfish（Fig．5）．InFig．5againtheresponsemagnitudesatlO‾2Mareexpressedrelativetothat  

forHis．Amongthe5compoundsCit，Orn，P－SerandEtOH－NHelicitedresponsesin thereceptors．Of  

themP－SerwasthemosteffectiveandmoreeffectivethanHisorArg．Itshowedathresholdclosetothat  

forArgorHis．Citalsohadasimilarthreshold，thoughitseffectivenessatlO‾2Mwasnotsohigh（Table  

lB）．   
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Table2・FreeaminoacidsinanaqueousextractofthealgaecollectedatRiverMiya・，  

〃meeze  
Compounds  compounds  

〟meeze  
Ala  1512．00  

Ammonia  2040．00  

Arg  317．00  

Asp  605．40  

Cit  46．70  

Cystine  26．68  

EtOH…NH  59．20  

e
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T
h
r
T
r
。
諾
 
 

r  

587．20  

253．60  

142．64  

605．40  

43．08  

222．60  

382．40  

488．00  

47．42  

511．80  

45．58  

185．00  

556．00  

GABA  

Gln  

Glu  

Gly  
His  

Ile   

58．16  

982．00  

589．60   

58．02  

384．00  

■Taishakuetal．，inprepa．ration．  

His  s  

P－Ser  2  

0rn  5  

Cit  5  

EtOH－NH3  

G－ABA l  

Fig. 5 Relative stimulatory effectiveness at 10-ZM of some ninhydrin 
reacting extractsin algae，Which ayu favorably feed on，  
COllectedatRiverMiya．Ther・eSpOnSemagnitudesareexhibited  
asinFig．3．  

Diseussion   

TheresultsinFig・3demonstratethatthewildandcultivatedayuhad quitesimilar response  

SpeCtratOaminoacidsandothers・Thehighcorrelationcoefficient（0．936）betweentheresponse  

SpeCtraforaminoacidsinFig・4alsoshowsthesimilarityofthetwogroupsofayu．However，the  

effectivenessordersofindividualaminoacidswerenotquitethesamebutshowedsomedifferences  

betweenthetwogroups（Fig・3）・Thus，theStudent’st－teStindicatedthattherelativeresponse  

magnitudesforArgandTrptothatforHisinthetwogroupsweresignificantlydifferent（p＜0．05）．   
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Further，thelow regressioncoefficient（0，69）of the cultivated ayu responses on the wild aytl  

responses（yig，4）suggests the higher His response ror the cultivated rish．Whether such a  

di汀erence arise rrom genetic differences among races as suggested byisozyme3），mitochondria  

DNA4・5），microsate11iもeI〕NA6）andÅFLP7）analyses，OrOtherecologlCalorphys主0logicalfactorssuch  

asdifferentfoodsourcesisnotknownatthepresenも、Howcver，adetailedexaminationonirldividual  

rishshowedthatもheratioorArgresponsetoHisresponsedifferedconsiderably and even reversed  

fromfishtorishwithineachgroup．  

ThepresentresultsinTabユelAandlBshowthatthesensitivityofthegustatoryreceptorsofayu  

toaminoacidsisnotasacuteasthecatrish友はαJ㍑r㍑βp㍑花C£α紬Sl幻，minnowタぶeαdorαぶわorαpαrUα腑，  

eelノ冬花g㍑£～～αJ叩0花£cα17〉，Or tigerrishブⅥerqpo花0エツデわ′花Cん㍑βl野，but comparable to many other  

moderatespecieslり・鯛）．AyushowedthelowestthresholdtoAr臥andnexttoHis．Ahighsensitivity  

toA柑hasbeenreportedinsomerreshwaterspecies，SuChasthecatrish】5），minnow16），eel17），tilapia  

ア£J叩乙αZigg££21）andeuryhalinespecies，themulletÅグ㍑g£gc呼ゐαZ㍑S22〉．Ho＼VeVer，inmanymarinespecies，  

Argis not very eでrective；in these species Ala，Gly and／or Pro are o托en among the most  

effective20I幻山28）．ItisalsoacharacteristicofayuthatayushowedarelativelyhighsensitivitytoGlu．  

AsimilarhighsensitivitytoGluhasbeenreportedinherbivorousandomnivorousfishessuchasthe  

carpqypriTluSCa7Pio26），tilapia21）andrabbitfishSiganusfu8CeSCenS2O）．Glutamicacidis abundantin  

aまgaeando七herplan七sもheserishfeedon，butalsoconもainedinvarまouぶClasseぷOfinverもebratesaれd  

fish，thoughoftennotthemajorconstituentaminoacid27）．However，Carnivorous fishes areoften  

reportednottobeverysensitivetoもhisaminoacid17－軌2玖烈）．TheayudidnotrespondtoBeもatlO州2M．  

Betisahi如1yeffectivestimul乱ntrOrthegustatoryreceptorsofm乱nySpeCiesofrish独弧器）andhas  

been r叩Orted to be a poteⅣじfeeding stimulant or enhancerin severalcoastalcarnivorous  

SpeCies鋤－お）  

Likemanyotherspecies王9・23），theayualsorespondedwellto nucleotidesand nucleosides（Fig．3）．  

ThethresholdsrorAMP，IMPandUM‡〉（でablelÅ，1B）arecomparabletoもhoseofothercoastal  

specie㌔牒）．でheayurespondedalsotoCMP．ResponsivenesstoCMPhasalsobeenreportedin the  

minnow3T），Whereasthepufferdid not respond toit atallthoughit responded markedly to other  

nucleotides鎚）．  

We exclusively used D．W．for dissolving sもimulants and as rinse waterin the present study．  

However，D．W．hasbeenreportedtosuppresstheresponsivenessofolfactoryandgustatoryreceptors  

orrisileSbyeliminaもing・10nSintheex七ernalmediumoftherecepもOrmembrane，alもわough班erekvant  

ionsseemtodifferbetween thetwosystems12・13）．Further studiesare needed to knowif and how  

deeplysuchasuppressioniscausedbyD，W．inthegustatoryreceptorsorayu．  

IntheaqueousextractofthealgaeinTable2werecontainedseveralaminoacidswhichstimulated  

thegustatoryreceptorsorayu．Providedthatthewatercontentorfreshalgaeis90％orlower鍋），the  

COnCentrationsofAla，A曙，Glu，M妬PheandOrninthealgae＼和uldbewellabovethestimulatory  

threshold（でablelA，1B）．でbeoriginalextractsolutionwashigblye汀ecもivefortherec叩tOr：Aone  

twentiethsolutionoftheかiedalgaeexもracもs（10gofdriedextractsin200mlorD．W．）gavean  

averageresponseof91．2（±15．5SI），n：＝7）t乱kingtheresponseto王iisaslOO，Wher組SaOnetenth  

solutionofasynもheticmixtureortheaminoacidfractioninTable2gaveamuchlowervalue，26．7   
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（±14．0，n＝5）．Theseresultss喝geStStimulatorycompoundsoth即thanaminoacほsw即eCOntained  

in thealgaeextl・乳Ct．We did not analyze ror other substances but we conducted a bebavioral  

experimentinwhichthefeedingstimulatoryefrectorthealgaewasexaminedbyaddingthetotal  

extractandasyntheticmixtureoftheaminoacidfractiontoacaseinbasedartificialfeed，Ofwhich  

resultsareinpreparationrorpublication．  
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天然および養成アユタZecoggoss㍑SαZ££ueg£βαZ££ueZ£sの  

味覚応答  

稀釈 元＊・神原 浮・目高磐夫  

三蔑大学生物資源学部  

●窮所属：鳥羽水族館．三潰少乳亀羽市鳥羽3丁目3－6  

餐魚飼料の噂好性向上のための基礎研究として，アユの味覚器の餌生物エキス成分に対する感受性を電気生理学的  

に明らかにした。味覚神経応答を記録した結果，アユの味覚器ほアミノ艶 核酸開運物質等の餌生物エキス成分に対  

して高い感受性を示すことがわかった。アミノ酸20種のうち汲も聞偶の低かったのはÅrgとHisで，いずれも  

10wGM付近であった。10てMにおける刺激効果の比較でほ，Arg，His，Glu，Trp，Lys，Ala等に強い応答を示  

した。核酸関連物質では，AMP，ATP，CMP，IMp，UMP，Ino等に応答し，ヌクレオチドに対する聞億は  

10Ⅵ5～10叩4Mであった。琵琶湖慮種菌を養成したものと，三東風宮川で捕獲した天然アユを上ヒ絞したが，各物質に対  

する応答性に大きな差異は認められなかった。宮川で採取した付潜髄類のエキスを弼製し，その味覚者削こ対する刺激  

効果を調べたところ，きわめて高い刺激効果が認められた。アミノ酸分析の練乳Ala，Arg，Glu，Met，Phe，  

Orn等の刺激成分が聞値以上の漉度で存在することが推足された。しかし，アミノ酸蘭分のみではエキス自体より  

刺激効果が弱く，他に有効成分が存在することが予想された。   




