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EffectsofpHandTemperatureonReactionKineticsof  
CatechinsinGreenTeaInfusion†  

Yoshihiro Komatsu，ShinichiSuematsu，Yoshihiro Hisanobu，  

HideakiSaigo，Ryoko Matsuda，andKyoko Har  

Stabilityo［teacatechinsduringheatprocessingwasexa．mined．EffectsofpIiandtemperature  

On reaCtion kinetics ofdegradationoftea catechinslVereinvestigated．Reaction or－EC was  

accelerated at pH higher than6．0，inhibited atthoselowerthan5．0．A dominant reaction of  

－ECinslightlyacidicmedia wasisornerization．Theapparentfirs（二Orderreactionproceeded  

in slightlyacidjcmediaundersterilizationcondjtions．Asimilarreactionproceededfor－EC，  

－EGC，－ECg．a・nd－EGCgingreentcainfusionattempera．turesbelow95Dc．Aturningpoint  

temperatuTeOnanArrheniusplotwasobservedat828c．Agreatdifferenceofapparentactivation  

energies＼VaS Observedlower andhigherthan820C．Thereaction rateconstantofcatecllinsin  

Slightlyac；difiedteainfusionwaslessthanhalfa5nuChastheconstantintheoriginalinfusion．  

The5tabilityofcatechinsingreenteainfusionwassubjecttothetumingpointtemperature，   

Keywords：greentea．ca，teChins，isomerization．reactionrate，aCtivationenergy・   

Previous researchl・2）onthe stability of  

constituentsin canned or PET bottled tea  

drinkshasshowndlatCafftineishjghlystable  

but catechins are ratller unStable and that  

the dominant change of catechins seems to  

beisomerizationinnuencedbypHor血einfusion  

attheheadng．Recent］y，teaCat∝hinsreceived  

attentionfortheirimportulttertiaryfunctional－  

ities，e＆，antioxidative，3）angioterui11・・COnVerting  

enzymeinhibiting：）antibacterialtofoodborn  

pathogenic5）and cariogenic6）bacteria，anti－  

tumor．71anti－Virus．8）andamylaseinhibition9）  

Canned or PET bottle（1drinks of black  

tea，00long tea．and green tea are supplied  

aspackagedbeverag6forconsumeruse．Most  

packagedtcadrinksarelowacidbeverages、  

and are keptlVarmin the vending system  

duringthecoldseason．High亡emperatureheat  

processins for a fixed time is required ro 

Sterilizethesporesofthermophilicanaerobes  

accordingtoJapanesefoodhygienicregilations．  

Therefore．ftisimportanttominimizechanges  

Offunctionalconstituentsinteadrinksduring  
production．distribution．andstorage．  

†studiesonPackagedTeaDrjnks（Ⅵ）   

本論文はβ～郎Cie乃Ce，βfoねC加oJogy，α撼β眈々e和良わ甘，Vol．57，No．6掲載論文を転載したもので  

ある。   

Apartofdlispa一光rWaSpreSentedattheamualmeetingof血eJapanSocietyforBioscience，Biot∝hnology，  

andAgrochemistryatTokyo UniversityonApr．2，1992．   

Abbrevialic・nS：一EC，（－）－ePicatechin；－ECg，（－）Tepicat∝hingallate；－EGC，（－）－epiga1locatechin；  

－EGCg（－）一epiga山ocatechingallate；＋C，（＋）－CateChin：±C，（±）－CateChin：－C．（－）－CateChin；AsA，  

1．－aSCOrbicacid：PET，pOlyethyleneterephthalate．   
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activities．   

TheobjectiveofourStudyistoestablish  

an appropriate procedure of pl・OCeSSing for  

theproducdonofquality，StablecanTledorbottled  

teadrinksbyobtaininginformationonthermal  

reactionkineticsofcatechinsinteainfusions．  

lnthispapertheeffectsofpHofitlfusionand  

heatingterl叩αatureOndledegradationreaction  

rateandapparentacdva玉onencrgiesofcatechins  

in green teainfusion areelucidated．  

Materials and Methods   

Catechins．Standardreagentsof－EC（99．  

64％purity）．－ECg（98．43％）．＋C（100．0  

％）、－ECC（99．59％）．and－EGCg（99．64  

％）were obtained from Kurita Kogyo Co．．  

Ltd．、Japan．Standard reagent or±C was  

Obtained from Extrasynthese Co．，France．   

a UV detector（measured at280nm）and an  

ODScolumn（UltronN－C18，150mmX4．6mm  

i．d．）wasused．ThetemperatureOfthecolumn  

lVaSrnaintainedat430C．Ana】ysiswasdone  

by a gradient systern．Phosphoric acid（0．1  

v／v％）contaiIljngaceLonitrile（0．1v／v％）and  

凡肛d血e血yげormamide（5ヽノv％）誠AsolutioJも  

an（1a．cetonitrile as B solution were used as  

themobilephasewithaflowrateorlml／min．  

Asampleso7utionwasdilutedwiththesame  

VOlumeoface†．Onitrile．filteredbyamembrane  

filter（0．45－PmpOreSize）；10pIofthesolution  

wasi】ljected．Catechins wereidentified by  

COmparisonoftheirretendon血ewithauthentic  

StandardsanddeterminedbypeakareasErom  

thechromatograms．  

JWe鮒〟竹花飢～げαぬ0血刀Ceαdp丑Contents  

oflOt止暦foreachsetofexperimentdcondi－  

tionsweretransferredintoavessdbyasyringe．  

Absorbance at430nm was measuredby a  

spectrophotometer（ShimadzuUV－160A）and  

the pH of the solution was measuredby a  

PH meter（HoribaM－13）inExperfmentl．   

Pγepα和～ね乃げ（－）・epicαreCんi花郎′〟£わ花．   

Experimentl：Sta．ndardreagent of－EC  

wasdissoIvedataconcentrationof8mg／100  

mlindeaerated、deionizedwater．Deaeration  

wasdonebynitrogengas（99．99％）bubbing  

afterevacuadngandboilingofdeionizedwater．  

Tbn－rnlpordonsof血esoludonweⅣtranSferred  

todasstubes．ToadiustthepHofthesoludon  

inarangefrom3．Oto7．1，fourkindsofacidic  

andbasicsolutions、1％aqueoussoIutionof  

Citl、icacid．sodiumcitrate，AsA，andsodium  

hydrogencafboIlate．WerePrePared．EadlaCidic  

Or basicsolutior）WaS addeddropwisefrom  
amicrosyringetothe－ECsolution．Theadd1日on  

lVaSdesignedbya．preliminarytesttoobtain  

atargetpH．   

Experiment2：Standard reagent of－EC   

ErperimentalappaJTtZtuS．Areactionappa－  

ratus w＆S designed to simu】atethe heating  

historyofpackagedteadrinkssudlaSeXtraCdon、  

hot毘1ing，andsterilization．Ap托SSur＆reSistant  

hermeticalglasstube（3．5mmi．d．）fittedwith  

a glass bead to shake the contents and a  

thermo－COupletomonitortemperatureofthe  

SOlutionlVaS uSed．ThreehundredFLloftest  

solution was transferred to the tube by a  

SyringeandthctubewassealedwitllagaS－  

tight stopper under nitrogen gas fiushing to 

theheadspaceofthefilledtube．Thetubewas  

dippedina．noilbathmaintaineda．taconstant  

temperature，Shaken at a regularintervals，  

then cooledin a cold water 且ow．In the  

apparatus，thesoludonlVaShea‡dupto1210c  

within 30seconds and cooled to ambient  
temperature within5seconds．   

AnaかぬQFcaおCJziTZS．Catechinsweredeter－  

mined by the HPLC method described by  

Tel・adaelal．10）withaf占wmod抗cations．The  

HPLCsystem（ShimadヱuLC－6A）fittedwith  
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exceedinglOOOC．‖・12）courbatJ3）reportedthat  

a．rapid epimerization ofcatechins occurred  

inalkalinesolution，arldNakagawa…pointed  

outthattheisomcrization ofcatechinsin the  

roasdngproce5iSOfgreenteawasnotracemiza－  

tionbutq）imerizationduetothestereochemical  

COnfiguration of3－hydroxyfuravanon．   

Therefore．itseemedtllat－ECchangedto  

its epimer，－C．As ＋C and±C had the  

sameretemiondmeandsamemolarabsorbaLnCe  

On the HPLC chromatogram，the reaction  

product of－EC was determincd as±Cin  

血isstudy．Theresul［showed血al．dlereaCtion  

productproportiona11yincreasedwiththede－  

Crea．Se Of －EC at pH below 5．5、greatly  

decreasedatpHabove6．0，andbrowningof  

thesolu【ion was accelerated．Thesechanges  

werecommonlyobservedinmediacontaining  

wasdissoIvedataconcen［rapEionof8rng／100  

mlindeaeratedMac11vainebu［fersolution（a  

mixtureofO．1McitricacidandO．2入Id言sodium  

hydrogenphosphate）．ThepHofeachmedium  

waspreヽ◆iouslyadiustedat4．0．5．0，6．0．and  

7．Obychangingtheratioofacidjcandbasic  

solution mixed．  

P柁p8mJioれげgree乃ねα∫一曲．壷札   

Experiment3：Driedgreentcaleav6（‘Yabu－  

kita’）of alVeight orl％for a weight of  

treated water were ex甘aCted－Water treatment  

wasdonebyionぺ∋XChanging，UV－Steri】ization，  

activatedcharcoaltreatment．andboilingof  

COnVentionalcitylVater．Ex［raCtionwasdone  

for3min at60＝c，theinfusion wa．s filtered  

Ⅵ・ith250meshnyloncloth、tllenraPidlycooled  

to300c．   

Experiment4：To a part oftheinfusion，  

AsA（WakoPureChemicalIndustries．Ltd．，  

Japa．n）was added a．t a concenlration of20  

nlg／100ml．   

Thesolutionandthcinfusionthusprepared  

wereused to measuredegradation of－EC  

andthedegradationreactionkinedcsofcaは血in鼠  
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Resu［ts and Discuss盲on  

伽e■ri7花錯～j．尺e8CJfo乃げ一己Cわ卜reJα～わ乃   

ね～んep〃扉亡んe∂OJ〟～go乃   

Effects of pH and reductivity of solution  

Onthereacdonof－ECafter血eheatprcKX！SSing  

at121’C for4．4min are shownin Fig．1．  

Thedegradationof－EClVaSObviouslydepen－  

（】entuponthepHofthesoIution．Thereaction  

SCarCelyproceededjnslightlyacidicmediaat  

pH belol＼r5．0；however，it was accelerated  

a【pH above6．0．Concerl血gLhereactionpro－  

ducts，apealくCOrreSpOndingtotheretention  

timeof＋Cor±Cappeared川1thechromato－  

gram aftertheheatpr・OCeSSiIlgin oul・Study．  

一ECisomerize5tOitscorrespondingepimer  

orraccmiccompoundsbythermaltreatment  

（
U
 
 

3  4  5  6  

prI  

Fig．1．Effectsく）r pH on Reaction of－EC and  

Change or Absorbance at430nmin Citrate and  
AscorbateSolutionl－JeaトprOCe5Sedat121●c（〔）r4．4  

min．   

HeatingdJrteisshownasactualholdingtin肥aE121’c．  

l†wasSettOreaChastcrilizationva）11e，FL，Of4．0．  

SymboIs：0．retcnLion of－ECin dtratesolulion；  

ロ，reten臼onof－EChlaSCOrbatesolut；on；●，increase  

and decrease of reaction product，±C，in citrate  

soIution；■，increase乱Ildd改代a父Ofl融仰prOduぐし  

±C，in ascorbate solut；on；△，absorbanceat430  

nmofcitratesoltIt言on：▲，absorbanceat430nmof  

a5COrbate solutioIl．   
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mightsimultaneouslyproc鍛1underlligh－temper－  

atureprocessingin mediaexceedingpH6．0．  

Adecrease or－EC a．nd anincrease of±C  

duringprocessingwerealsoobserved．Here．  

thesumof－ECand±Cmeasuredwasalmost  
equivalenttotheinitial－ECaddedinacidic  

mediaor atearlyprocessingtime，e．81、99．］  

％for15mininthemediumofpH4．Oand  

lOO％for6mininthe medium ofpH5．0．  

1ncreased reaction product．±C，fina11y  

decreasedin neutralmedia with prolonged  

heaL processing．These results were simi1ar  

tothatobtainedin experimentl．Therefore，  

it seemed that a dominant reaction of－EC  

inslighdyacidicmediawasisomerizationa5  

far as the reaction fitted an apparent first  

orderkinetics，andonceotherreactionssuch  

as oxidationand／orpolymerizadonproceeded，  

the first order kinetics was disturbed．  

Ingreenteainfusions．degradationk；net盲cs  

Ofcatechins duringtheheatprocessir）gWaS  

examinedatthetemperaturerangeir）Which  

anapparentfirstorderkinedcswasestablished．  

Thebehavior ofresultantproducts was not  

discussedin this study dueto difficulties of  

qualification and complexity ofthekjnetics．  

AsAaslVenaSthoseconta；n；ngcitrate．There－  

fore，itseemedtha．tthedominantreactioI＝】r  

－ECinslightlyacidicmediawasnotoxidation  

bu＝somerizationandthedegradationofthe  

resultant product proceedcd simultaneously  

in neutraImedia．  

放pe－「ズme乃～2．晶氾C～£∽たわ‡eJ如扉－EC玩   

cかαね－pム0叩んαJeムJ（肪r   

Citrate－PhosphatebuffersohTtionsadjusted  

topH4．0，5．0、6．0，and7．0，COntaining8mg／  

100mIof－EC．1VaSheat－prOCeSSedat1210c  

forvarioustimesfromlto15min．Theconcen－  

trationsof－ECin eachbuHersolution was  

determinedimmediatdyaftertheheatprocess－  

；ngandthelogoftheratio－oftheremaining  

－ECtotheinitialconcentration wasplotted  

foreach pH－temPeratureprOCeSSingagainsL  

the heat process；ng time．An apparent first  

orderreact；onproceededinsughdyacidcme（lia  

lessdlanpH5．0，butadiffbrentmodeofreacdon  

wasobservedhlmedia．exceedingpH6．0（Fig．  

2）．Theresultsuggestedtha．totherreactions  

such as oxidation and／or polymerization15）  
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～乃gree花加i頑戚血   

Thelogoftheratioremainingtotheinitial  

concentr且tionof－EGC，一EGCg，一EC，and  

－ECgingreenteain九ISionsforeachtemper－  

aturewasplottedagains†heatingtime（Fig．  

3）．The reaction fitted apparentfirstorder  

kinetics forthefour）くindsofcatechinsatthe  

temperatureexamined，butthereactionrate  

constants calculated from the slope of the 

best fitline were djfferent for each kind of  

catecllins．   

Tllelogofreactionrateconstantsk（s‾l）  

foreachtemperatureprocessingilltherange  

of250Cto950cwasplottedagainsttheinverse   

0  5  10  15  

Heatingtime（min）   

Fig・2・ApparentFirstOrder ReactionRatePlo【  

Of－ECinMac11vaine BuRer・Solution at Various  

pH underSterilization Conditions at1210c．   

HeatingtimelVaSShown as acttJalholdingtimeat  

121●c．symboIs：○，pH4．0；●，pH5．0；△，pH6．0；  

▲，pH7．0．  
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2．6 2．8 3．0 3．2 3．4  

1／T（K）×103  

Flg・4・Arrhenius Plot ofApparcntFirstOrder  

Reaction RateConstantsof－ECg，－EC，－EGC，  

and－ECCginGrcenTealnfusion．   

k，apparent first order reaction rate constants of  

－ECg．－EC，－EGC，and－EGCgin green tea  

infusion．T，degrees absolute Kelvin．SymboIs：○，  

－ECg；●，－EC；△．－EGC；▲，－EGCg．   

TabJe ApparentActivat；onEner由esofDegradation  

Of－ECg，－EC，－EGC，and－EGCgin Green  

Tealnfusions．  

024 8  16 024 8  16  

Heatingtime（min）   

F’ig・3・ApparentFirstOrderReactionRatePlo1  

0f－EGC，一EGCg，－EC，alld－ECg h Green  

Te邑Infusion at25，40，55，80．85．9（），and950c．   

C。，initialconcentrationof－EGC，－EGCg．－EC，  

and－ECgt把foreheatprqx鮎ing；Cx．concentration  

Of－ECC，－EGCg，－EC，and－ECgimmediately  

afterheatprcN3eSSing．Inidalconcentrationofcatechins  

in卵訂1tea．i正usion：－EGC．38．Omg／100ml；－EGCg，  

31．6mg／100ml；－EC，15．7mg／100ml；一ECg，8．6  

mg／100ml．SymboIs：○，at250c；●，at400c；△，a†  

550c；▲．at800c；ロ，at850c；tii，at90●c；t，at  

959c．   

Oftheabsolutetemperature．EachArrhenius  

ploIshowednotastraightlinebutaconcave  

one consisting of rwo straight lines which 

CrOSSedeachotherataspecificturningpoint．  

The tlユrning point was commonly observed  

On eaCh Arrhenius plot of －ECg，一EC，  

－EGC，and－EGCga［2．82×10－3（1／K）；  

at820C（Flg・4）．rrhetumingpointtemperatu代  

On the Arrhenius plot suggested that there  

might exist two competing reactions ofthe  

SamereaCtionproductsandadiff6renttemper－  

aturedependence，OrtWO OrmOrereaCtions  

of different reaction products and differenr 

temperaturedependence．   

¶leapparCntaCdvadonenergywascalcula†ed  

Actfvationenergies（kcaj／mol）  
Catechins  

£ユⅠ（く8どC）丘2（＞82■c） 品2／ムl  

一ECg  3．2  35．8  11．2  

－EC  5．2  38．1  7．3  

ーEGC  3．6  41．1  11．4  

ーEGCg  4．7  37．9  8．1  

E己1．aCtivation energy atlowerthan820c；2．82×  

10－3（l／K）．  

Ea2，aCtivation enel・gy athigherthan82●c；2．82×  

10‾3（1／K）．   

at higher orlower Lemperatl】reS than828c  

by multiplying the slope ofthe bestfitline  

by the gas constant（Table）．The apparent  

activationenergiesobtainedweI℃SLighdydi鮎r－  

entbetween the four kinds ofcatechins、bul  

in comparison between the two values；瓜1  

andム2、Ea2WaS7．3toll．4t；mesla．rger   
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than品1foral1catechinsanalyzed．Thismeant  

that血eactt）alreactionratemeasuredathigher  

than820c was fasterthan the r・eaCtion rate  

predjctedbyextrapolationfromtheonemea－  

suredbelow820c．Inthisstudy，theisomer－  

ization reacdon ofcatechlns t）rOCeededingreeIl  

teainLusions under relativelymi1d heating  

conditionsbeloIV950c．andatlolVerOrhigher  

thandletumingpointtemperaturetheremight  

exjstdifEtrentmodesofreact；on．Thissuggested  

thatadiHerenttemperature－timerelationship  

existedinthethermalbdrtaviorofteacat∝hins  

txyondtheboundarytemperature；82．C．Fllrdler－  

more，thissuggestedthatacarefu1considera－  

tionmightberequiredatthetlOt－WatereX江aC－  

tionof膵Iltealeav6tOdetcrminecatechins  

COnCentratlOnS．  

且甲eγわぼJ】～4飾cね材p〃oJl柁αC上i∽方言習eぬ   

がねαC（lねC力玩ぼ   

The effects of pH on reaction kinetics of 

teaca庇hinswereexamined．Asimilarexperi－  

ment was done＼l′ith orlVithout an addition  

ofAsAtothegI℃entCainfusion．¶1ereSultant  

pHIVaS4．93aftertheaddition．whilethepH  

oftheoriginalinfusionwas6．12．¶1ereaCtion  

alsofittedanapparentfirstordertくineticsin  

the AsA－addedirJusion（Flg．5）．Here，‘total  

catechins－wereshown asthesum of－EC，  

－ECg、－EGC，and－EGCgtosimplifythe  

COmparison．   

Thea．pparentreacdonrateconstantofcate－  

chins inthe AsA－addedinft】Sion wa．sless  

thanhalfthatin血eoriginalinfusion．Concern－  

ingthe apparent activationenergies，Ellin  

theAsA－addedinhlSionwas2．5kcal／moland  

intheoriginaliI血sionwas3．8kcal／md、While  

瓜2WaS35．2kcal／molintheAsA－addedand  

38．4kcal／molin the originalinfusion．The  

turningpointtemperatureonArl・heniusplot  

wasalsoobservedinbothslightlyacidjcand  

originalmedia at82Ac（F；g・6）．Therefore．  
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 ー0．6  

城－0．8 0  

一 一1．0   

－1．2  

0 2 4  8  16  

Heatingtiれ－e（min）  

Fig．5．ApparentFil・StOrder ReactionRatePlot  

of‘TotalCatechins’inGreenTeaInfusions with or  

without an Addition ofAsA at25．40，55，80，85，  

90，and95■c．   

Upper figtlre，With an addition of20mg／100mlof  

AsA；lower重gtLre，肌ithoutaLnadditionofAsA．‘Total  

CateChins’，thesum of－EC，－ECg，－EGC，and  

－EGCg．hlitialconcentTationof‘totalcatechins，in  

greenteaidusionwithanadditionorAsA，93．3mg／  

100ml；SllgreenteainfusionlVithout an addition or  

AsA，93，9mg／100ml．SyTnbo［s：○，at250c；●．at  

400c；△，at55‘c；▲，at80．C；ロ，at850c；Eil，at  

9げC；■，at950c．  

2．6 2．8 3．0 3．2 3．4  

1／T（K）×103  

F’ig．6．Arrhenjus Plot ofApparent FirstOrder  

Reactjon Rate Constant ofTotalCa眈h血s’inGreen  

Tealnfus；onswith or without anAddition ofAsA．   

SymboIs：●，i■一greenteainfusionwith20mg／100ml  

ofAsA；○，ingreenteainfus；onwithouLanaddjtion  

of AsA．   
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．1c玩0比・由砲meJ由．We血餌永Dr．M．Naka－  

gawa，Dr．K．kegaya．andDr．THara，formerly  

withtheNadonalResearchIns血teofVegeta－  

bles、OrnamentalPlants、and Tea，fortheir  

helpfulsuggestioIIS On teaCateChins andtea  

drinks．  

asimi1armOdeofreacdonproccededforisomer－  

izationofteaca．techinsinslightlyacidicinfu－  

S10IIS．   

hsummlary，isomerizadon readon．adomi－  

nantchangeof－ECinthermalprocessing、  

was accelerated atpl－Ihigherthan6．0、and  

inhibitedatpHlowerthan5．0．   

ThereactionofteacatKIlins，－EC，－ECg，  

－EGC、an（1－EGCgingreenteail正usions，  

fittedanapparentfirstorderreactionkinetics  

attcmperatureSbelow95CC．Therateconstants  

measured from25to95Cc were dependent  

uponthekindsofcatechins：therateconsta．nt  

of－EGCgwasdleleastandthatof－ECg  
wasthelargest．Thedi汗erence＼VaS3tolO  

timesdependingontemperature．   

A specific turning point temperature on  

Arrhenius plotwas observed rol、rOurkinds  

of catechins at82；C without exception．A  

great difference was observed between the  

activationenergiesmeasuredbelowandabove  

theturningpointtemperature．Theactivation  

energy athjghertemperatures was7．3toll．4  

timesaslargeasthatatlo＼VertemperatureS  

for four kinds ofcatechins．   

A similar turnmg pOlnt temperature WaS  

observedin slightly acidicinfusion by an  

a．ddition ofAsA．aninhibitant toisomeriza－  

tion．It was auributedto thel、01e ofAsA as  

an acidulant、nOt a reductanL   

¶1erCfore，aSimple血1e一助11Peraturerela．tion－  

shiplVaSnOteStablkhedinthetherma］stability  

ofteacat∝昆旧dueto血eexistenceofaturning  

pointternperatureontheArrheniusplot．The  

Stability of ca．techinsin green teainLusions  

l＼・aSSubiecttotemperatureratherthanheating  

time．   

We＼Vereadditionallyinformedthatacareful  

consideradonof丘meLtemPeraturCinfusingcondi－  

tionswasrequiredtoex廿actnaturalcatechins  

fromgI℃enteaforqualityevaluationorprepara－  

tionofingredientsforpathologicalstudies．  
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