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ActiY乱tio椚しOfPolypheTLOloxi血seinPearFruitsby  
ⅡighPr朗甜reTre乱tment   

Ma呂a写hiAsaka，YoshioAoy－ama，RitsukoNakanishiandRikimaruHaya血i書  

Afterhighpressuretreatment，COloT・of白1i亡e＄OfBartlettp号ar写，蹟Pple8andpロtatOeSClearly  

darkened．whilenocolorchangewa岳ObservedintmpressuriLedspec王me凪   

Polyphen（血xi血seizIPearfruitf；WaS且Ctiv且旭丘byhighpre貼ur守treatmentaSWdlasSDS  

tFeE加IenL Tlm5aCtivated polyphenDIoxid耶e血qwed韓me叩timun p．H at6．5．The  

a亡tiv且ted，partiallypurifledenEymeSho椚姐the apparentEm of22．7mM．¶丑朗瞳a pI王・  

activity亡urVeOfnon，preB5ur主五edextra亡EshowedonlYOnePeakarouTldpI王4，andthif？且亡tiせity  

WaSZlOtincreasedafterhighFre岱uretreatment．H8WeVer，Pre関uriヱatiDnOrSDStreatmモnt  

亡孤1SedlittIe or ncL a亡tivation of polyphen01Q某i由sein hQmOgenateS Of apples．bananas，  

POt且tOeSand師eetPOtat・昭，andhbmogenat臨Ofleav臨Ofpeas，亡abbages，lett蛇田，tea，a止d  

仁dery．   

Afterpre5Suri五ation，Sli亡eSOfBartlettpear与paCkedinfil皿bagswer己keptat5℃forl  

血也止h．No亡dorcha喝母Wa白8bservedin白1i亡eSPa亡kedinlaminatedo長押nbafrieffihlb昭亭  

withoutmi亡rObialdeterioration，WhilethecElIorofsli亡e畠pa亡kedinpolyethFlenefilmbags  

d且rken血  

KeYW肝血：highpressure．browning，丹rw comm甜n転p亡ar，pOlyphenoIoxi血se，且Ctivation，  

8Ⅹygenba∫Tier．   

Mm宮地e亡打u招eOf畠tudyo爪theappli－  

Cationofhighpr鶴宙tmtreat血色nttofood  

虻ien亡eandtedmol曙yl叫，ith鵡触en8b・  

SerVedthatthe－COloroffruitsandvegeta・  

blesincludingpear3，aPples，POtatOeSarld  

SW琶etPOta紬esrapidlyd丑rken昆且fterhigh  

阿臨Sure treatment 匝謹】陀f訊 6 ahd 軌  

Br8Whingi邑 mainly 亡au5ed by  

phenoloxida紀（即焼ローdiphenol：旺ygen  

蛇idor8ducta鯉．ECl．10．3．1）．anddecreases  

marketab王1itydthepro血亡t．   

The enzyme．加地 bee皿 母ⅩtenSively  

Studied9・10）．MultiplepolyphenDloxi血阜田in  

pe即・仕山地h盈Ve been r印即鴨d：Ba止Ⅰ由t  

P現rSCOntaintwo enEymeS Showin官印ti－  

mumpIIat4，0叫．且nd acetomepErWderDf  

血色fmit昌亡8nt且血与ant）tb町班卿e曲owi喝  

OptiTnumPHat邑．ヱIB）．JapanesepearshaYe  

tlげeeen耳ym飴Wi也ロp止mⅧmpHa．t屯ヰ．2  

且ndT－7．5叫，   

琵e咄en由り軒ed也at餌露ymeinawater  

extra亡t from broad beanleaves wa＄  
activatedbyan丑仁idorabaseshockld．or  

bytre且tment町itha嘘ol血d亡tergen鹿島udl  

a＄甜dium血血郎1sulfate（SDS）1軸．The  

en苫ymeS from su宮且r be已tS．写phaehes，  

宮rape皇andbrDadbcan畠WereaCtivatedbF  

treatm色nt Withure軋prOte粥碍，Or fatty  

＊馳居細野叩尭血触由Jbr朗¢d肋弼喝鞄中細【血f聞相加亡耽伽由田上伽推  

注 本静文はA軒i亡ulturalandBiologi亡alChemi5trY，Vol．55，NEL9掲載静文より一部転載・したも  

ので・ある。   
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aci由叶 丁毎号n三門ne Of d’A画血 p巴肛畠  

諾emedt．obeactiYatedbySI）S16）」   

Toinve昏tigatethe亡au5eOfunhvorabl巳  

bro宙n主唱ロn仇ehi豆hpr飽餌ー亡prロ亡eS与ing  

中f fruit白裡d v曙etable8．宙fects of high  

pr臨Sure tre址ment8n pOlyphenoloxida5e  

in Bartlett peaT fruit与（E5．醜＝加珊瑚朝  

haveb巳en昌tudie血  

WaSaddedtothとSuPernatant．Theprotein  

fra・Ctionpre仁ipita触hetweenOBzld90％  

＄at：uration with amnoni11m Sulf且te Wa8  

亡011ectedby centrifugation，anddi5SOIved  

in a已m且11volⅧm妃・鵬F O．1M pbo革p払出e  

lmffer（pH 71乱nd dialy＝ed overnight  

王噂ain＄tthesamebuffer．A触rcentrifuga－  

t王on，Obtaimed sup巳m如a血t価誠1臆感【鮎  

PartiallypurifiedpolyphenoloxidBL£e．  

ヰ．ロ○旭min如ion¢fbrownll唱．   

Surface coIor of slices was measured  

憾ing a sp旺trO 亡O10rim吐er（Ⅳippon  

Den血oku，tyPe Z－∑90）．Erowning wa芸  

expre∬亡d且古曲a聾geS加工，庄andカⅤ出u已  

6．A白∃ayfo†POtyPh即伯loxid皐∈旧a血iv卸，   

Pol押血色nOl亡Ⅸi血sew乱豆aS岩ayedinO．1M  

矧肋皿ph喝由ate，p什6．5．亡泊nt且撼ng25  

mMpyTOCatedlOlat別℃舶d飴亡dbedby  

M80rモandFlurkey叩．肌色aGtivityw己邑  

measuredbycolordevelopmentbyabsorb一  

旦n亡e at410ⅠⅡn岬（SI止ma由u．UV・Visibl亡  

SpectrophDtOmeter．tyPeUV－160朗orwith  

0Ⅹ柁en uptake by an拡yg飢de也rode  

（Rank Brothe門．Rank Oxygen  

EIectrode）11J．Oneunltofth亡aCtivitywas  

defi皿eda＄aChaI唱einoneabsorbanceu血it  

Permin at41OIlm Or OneJLmOle・0Ⅹy酢n  

upt乱ke‡把rmin．  

8．P伯t8in d曲Imin如ion．   

The protein con亡entration gf extracts  

WaSdeterminedaccord血gtothemethodof  

Lowrygfdl引．  

M抽Halさand M8thα由  

1．M細8rlal岳．   

Bartlettpearfruits甘ere Obtainedfrom  

the ofchard of thisinstitute．Other fre＄h  

fruitsandv曙etable皇WerepurCha5edfrom  

a retailmarketin tJjicity．Laminated  

OXygen barTier filmba．宮古Were Dbtained  

fromToyoSeik乱nCo．Ltd．  

2．Highpres＄uret帽包tment．  

1）fligh pres5ure treat血ent Of sli亡eS．  

Sli亡eS Of Bartlett pear皇，apples and  

potatoesweresealedinyacwoinpoly－  

ethFlenefilmbag昌andlamin且tedfilm  

bags．The与ealed bag与Were treated  

withhydrostatit：preSSure且t400MPa   

and25℃fDrlOminbyahighpressure  
processor（Mitsubi血iHeavyIndus・  

hi串．typeMFP－7000）．  

2）］町由  pressure treatment of   

homogenates and ceIl－free extracts．  

Homo官印ateS and c亡11－free extra亡tS  

filledin polyethyIene bottles were  

仕eated宙ith bydro或訳ic pres昏ure且t   

lOO・600MPaand25℃forlOminbya   
PreSSure generatOr（Hikaril（oatsu，  

typeKP5印TI．  

a．P帽P訂ati8nロfpolyphen010X毒da8e．   

Allstepswere・⊂B［rriedoutat5℃．Slices  

Offruitsandvegetable5Werelmmogeni富ed  

With an亡qualvolume of distilled water．  

and filtrated throqgh4shcets of cotton  

doth．Thehomo脚teWa与亡entrifugedat  

lO－000xgfor20min．Ammonium＄ulf且te  

Re卓ults且nd口幅亡u且良iロn  

l．Theoffectofh頓hpre舐u帽treatTTlentOn  

b一口Wnl一喝Off山t与andvog8t8bl餌．   

After pre舶u托W粥rele8Se吐血e ba宮島  

Were OPened．Slices of Bartle比pe且rS，  

apple5，and pDtatOeS Were kept at room  

temperature．After high pre巳SLUe treat－  

ment，Hunter一与Lvaluerapidlydecr埠Sed  

h sli亡怨Ofpe且r島and占坪山esi且md6lo両1y   
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de亡r亡且Sedin＄1ices of potatoes（Fi丘．1）．  

Hulter－s」庄【Faluein亡reaSedh au oftbeきe  

曲肥州粕．2）．W出1eno印lor亡han酢W粥  

ObservedinunpresstJriヱedspecimms．   

Th鮎ereSdtsm亡∈山tthatbrowningwa8  

aFeeleratcd by high pr嘩ure tTeatment．  

Sipceitwaswell－knownth且tbrowni喝Of  

frilitsand噸tablesw出CauSedbypoly－  

phenoloxid且Se，th已ef砧ctofhighpFe甜e  

treatment on the且Ctivity of polyphenol－  

DXida呂eWaSeXamin丘d．  

2．ActivatitylOf F）OlyphenoIoxFd皐珊h pear  

frLJi垣byhiEhp悍8らu拍tTElatTTlertt   

A亡t王vity of polyphenolロⅩidasein the  

extral：t Dhtained from presstTi耳ed peaT  

出亡怨WaS5tjmesbi由訂也an血ea亡tivi吋  

intheextra亡tfrDmtmpreSSuri露edpears．No  

mロreincrea配Of也e．a亡tivityⅦ＝且昏口臨eⅣed  

¢ l 王≡ 18 19 8 1 之  a 19 ロ 1 之  3 19  

T弓hl：＆ftcr PT・田5L）r亡Tre＆t咄如‖lり   

Fi＆．1，Ch咽eihHunter’∃L valueaf匝rhigh pre写Sure treattEleTltOf  

Sli亡母sofp餌rS，叩ple且姐dpotato臨  

Aft即Pr亡S8uri祖I一肌北hpl貼仲川日印＝tr叫mt島mp■r山ー量．  

●二pr亡貼uri碑d正ヰ08h・1P■帥れ貼■亡hllO¶i¶．0；u叩r出湘ー紘詞，  

n
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O l 王 1島 19 0 Ⅰ 之  3 1≦I8 1 王  

Th岬11上せr Pr悶別trモTT印加即＝朋  

畠 拍  

F晦．2．Clm喝ein Hunter’占a V血e aLter hiFh pressLtre treAtlment  

Of占Ii七亡弓qfp租rヨ，叩pl田弧dpo也t傭乱  

Ah即pr丘出uri皿血和知叩一也佃ーせl叩t山門凸m t印叩即羽山≠  

●；p柁占6ur細d■tヰ叩MII■且舶塾5■亡f即10Ⅱ血．0＝叩椚舶附加止   
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at410nmand切ithoxygen岬t且ke．The  

activ且tion wa占 bro噸ht about r且pidlF  

（withh5mhlby也epr巳田lユーetrea吐血e址at  

400MPa（Fig．4）．Thi＄aCt王vatio皿Wa呈  

Ot娼efVedin p且rtially purified pDly－  

ph亡nOloxidase（data not dlOWn）． The  

activateden五yme血8WedoptimumpH at  

乱5（F瞳．司andtheapparモnt肋of2乱7mM  

（F晦．軋   

Sim地rpbenomenaDf血eact加a加nof  

polyphenoloxida5ehavebeenTepOrted：the  

et遁ymeinawater臨tractfrombroadbean  

byarepeatedpressuri＝atioJlOftheformer  

ex＿鵬dat4軸MPa汀ab旭1）．T土血ob旦巳Ⅳa－  

tionshow＄that polyphenolo某idaseofthe  

Pe且rBitselfis activated by the preBBure  

treatment as confiTmed bF eXperiment与  

describedbelow．   

且cti甘ityofpDlyphenoloxi血seinthecell－  

freeextractwasincreasedbythepre呂＄ure  

tre且tment at200 MPa QT higher，t把ing  

high田t at400and5抽MP且tF晦．3）；the  

activationwasconfifmedbytwD且CtiYity  

measurementswith且n且b舐rbancein仁reaヨe  

Tablel．C叩甲Lri印n WithpoIFPhenol侃i血se且CtivitFinpre甜uri冨edand  

山n－pr貼別ri＝亡d p色arfruit5・  

No¶一pf亡泌uri玉出与Ii亡畔  Pr貼6uTi五d与1i亡田  

（ul南海fr田bwモiホt】   〔血極也h畑l代ig仙  

Non－pr田Suri王d亡エtraCt  2．■7T  ll・ヰ1   

P一郎別ri王由亡鵬丁且亡t  古乱郎  1已．らき  

Th亡ee11－f帽モ咄t柑亡t60rp亡甜fruit与Wせ摺pr印且rモdfromヨ1i亡出血t w訂e pr朗別ri由  

at舶O MPaand已5’C ForlOJT）iTIDT・T．dn－Pr舶SIJri盗ed．Th印，thcBe eXtrACt6WeTC  

pr亡占別Fi王d山ヰ00Mア■and：柑■CforlO一再九  
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D  帥0  ヰ00  机O  

Pr七8忘ur筍IMP】11   

Fi＄．3．ActivatioT”fpolyphenoloxi血se fron・B且rtlettpearsby  

highpres＄ure tr租tment．  

rrlle巳XLmctqE畔紺占Wa占tre＆LtdwithvJriDuSfIr｛ESureBI26．ChrlD Tnh  

Th＝川野≠亡出払町V・描I小血Tmedih乱8¶！o一口・1hl別止血巾ph叫hkbu肝訂・  
pH6．丘．Ⅲnt油血唱三5mMp押収血離山l山＝拍－C・Ont肌itofth舶Iiv和昭さ  

血鮎由掴1dⅦ∩酢1h血t亡血色drb且n屯e匹r∬li札止t418■Ⅵm   
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Pr田罰汀亡Tr亡山m即tlm吊  

Fig．4．Time cDurSeOfpolyphenolox抽晒eACtivatio7］bypre見きuriLation．  

Th亡比【r■et WiS pr七珪8uri衰亡d如ヰ00MP且抑dヱ訂C．  

Sモ≠Fig．a【肌・tk亡叫即血削血l心血鮎．  
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4  8  島  

pH   

Fig．5．ThepH－aCtiYjtycurveofpolyphenoloxi血色七inthe  

仁e11－free extr＆CtOf Bartlett pears．  

S七亡F睡3 hr血＝明脚血脚血Id軸Il島  

口王町亡封urkdltl別1M甘＝山王5■cfpr川mih．●；叩pr印畠山王血  

A；什軸td wEth【I．空電S工ISlbr51¶れ   
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50  1t柑   

l／〔py川Ⅲtセ亡hl】（M‾lI  

Fi且8．駐h画加点Ofa亡ti・Ⅴ址d匹1yph亡nOl腫i血se・  

P■r【i丘l匝脚部扉匹1印加皿血山九北川馳巨r也td8t細心MP8町止望5●C fロー  
lO mi口中ー甘id10．1寝 5DS．  

占鹿F姐層f血tk性匹ri伽耶山加uj】島  

Oi一作出uri宣d■t利用曹山九事加＝持■Ch打10mh ●；tr叫d甘地n．川  

島D≦ br邑mi¶．  

Ie且V臨WaSaE：tivatedbFanaCidorah舶e  

曲ockl－）．Qr by tfe且tn年nt 融th aniDni亡  

detergent串，Sudl舶SDS糊．Th亡母n町m田  

fmm s噸aI・bee鴨SPin且eh喝grapeS and  

hroadb由nswtrea亡tivatedby tre且tment  

withurea．proteases，Orfattyacids割．The  

en宅yme（げd’A再Ou pせa円卓eemed to t光  

BL亡tivatedbySDS岬，Thisen富ymeinBart－  

1ettpearswasalsoactivatedbyO，1（】rD，2％  

SDSto曲DWanOpti皿umpHat6．5（Fig．5）  

且ndtheapparent属加＝慮22．7mM（F隠軌   

Conside出喝tbesereports．wだCO血Clud巳d  

址at血由en才yne血B且正1ettpear与eX由臨in  

alatent＿State加地andis．乱亡tivatedby  

SDSaswellashighpr鰭Suretreatment．   

Sli曙S、Ofpot且tl】田andappI喘aI就＝血rk－  

en亡d after hi宮h pres＄ure t：re且tment．  

Th訂efQre，furtherexp訂imerLtSWerem且de  

tolfind whether plant polypheno10Xida駆  

Were generally a亡t王v且ted hy pr鰯∬e Or  

SDS tr飽tment．How即er，preS＄l汀i2；atioIl  

at別）0町5DD MPa or SDS帆1（Ir O．2究；）  

treatmeT止causedlitt：leornoaetivd王onof  

tbe・亡n叩mein hdmogenat怨 Of 印l喝  

b丑nanaS，POtatOeSand＄WeetpロtatOeSt串n亡王  

holnOgenateS Oflea甘田OfpeaちCabbag田，  

lettu亡eS，tea＝andceIery，WhilctheenEyme  

h也ebomo宮en且teOfLaFrancepearswas  

a亡tiYatedasinBartlettpears（F［BT，8）▲   

nhlt王ple polyphenolo夏i血駈S haYe been  

r印Orted：Bartlett pear写 COntained two  

enEyTneS血owingoptimtmpl‡at4．011l，and  

a亡etOhe pOWder of the fruit＄ 亡Ontained  

another色nヱyⅢe＄hdwil唱Optimum pH at  

后．2描．Jap旦n臨巳p早ar日bad廿汀眈eI鱒弾11缶  

withoptimumpHat4．4L2and7－7．5叫，h  

thi＄e7Lperiment，BL PH－a仁tivitY CurVe Of  

non－pr岱即出頭d exha亡t血owed onIy one   
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Tabl8宜．E鮎ct ofoxygehbalrier prE［perty Ofpl且層tic filmb昭S Onthe  

pr飢ention凸f b用Wni咽Ofpre昏Suriヱed丑且rde址p亡且r昌．  

Hu両亡rIsヽ・且Il柁  

上  d  ふ  

Slie七‡khrepr出島uri五山血●  66・■甘4  －3・01   18・87  

51i亡輔閉止d hl札m加ted filmbagき山  6乱8丁  一望．8T  18．06  

Sli珊6脚止亡din p巾¢也y】虹efilIn b昭㌔’■  41．7ユ  8．舶  11．！柑  

Th亡5Ii亡亡S W打亡pr貼5uri王d山400MPa and占用●c f｛lrlO min and tb亡朋l8虻・1V且5  

dt≧temin扇島ftt汁1血小Ith at5■C．   

●Th亡ⅢtOr W椚d亡kmi間d befDre pr田印ri孤ti肌  

1事馳y即n p肝m亡1bilib・Oflm血旭ted fil∬l相加血止即i即t巳d Nylon6／S肝覆n／匹IyproⅣ1・  

即e）：1皇巾且／心慮・血y■出帆（如ヱT■C且nd悶％R印．  

暮山0叩脚脚汀岬鵬ililyoflow－d聞班yp巾亡tbyl印モf山n：8帥O m打m卓・d■y・山m  

ht2T■C且nd t柑％RHI．  

tion．while the co10r Of slices packedin  

p（）1yethyleneb五官S darkened rrabJe2．F晦．  

軋  

peakaroundpH4，andthis乱亡tivitywasnot  

in亡reaSed且fterthepressuTetre且tment（Fig．  

5）．Thu写，atlea＄tt：甘OenEyTne8Withopti・  

mumpH at4且nd6．5m且y be pr胱ntin  

Bartlett pears，althoughit was not clear  

WhethertheactivityatpモⅠ4wasgenerated  

byana亡id血¢亡kornot叫．   

The conelu＄ion that the pres畠ure－  

activ且tionofpolyphenoloxi血5einpearsis  

a ca闇巳Of仇e rapid brow出ngh別口f也e  

pre鵠u血edpear与Iice旦WⅢbe血awna址町  
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