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요 약

제주 자생식물 20종을 대상으로 고압용매 추출하여 총고형분 함량,총페놀 함량,

통합적 항산화 능력,세포독성 및 NO생성 저해 활성,GC/MS에 의한 개별폴리

페놀 성분을 정성․정량하였다.

(1)제주 자생식물 20종을 대상으로 고압용매 추출 (추출용매 100% MeOH,추출

온도 40℃,추출 압력 13.6MPa,추출 시간 10분)하여 총고형분 함량,총페놀

함량과 통합적 항산화 능력을 측정함으로써,고압용매 추출에 의한 폴리페놀 성

분의 추출 가능성 여부를 확인 하였다.고압용매 추출물의 총고형분 추출수율은

붉나무,말오줌때,사방오리나무,사람주나무,팥배나무가 각각 21.8,21.5,21.1,

20.7,20.1%로 가장 높았다.총페놀 함량은 아그배나무가 68.3mgGAE/gdry

sample로 가장 높았고,다음으로 사람주나무,석위,말오줌때가 각각 57.6,56.6,

55.1mgGAE/g를 나타내었다.수용성 항산화 능력은 이질풀,사람주나무,산딸

나무,붉나무가 각각 598,394,293,270μmolascorbicacidequivalents/g로 높았

고,지용성 항산화 능력은 백량금,새우나무,이질풀,붉가시나무가 611,314,296,

242μmoltroloxequivalents/g로 높았다.

(2)사람주나무를 대상으로 추출변수 (추출용매의 종류 및 농도,추출횟수,추출

온도,추출압력)를 달리하여 고압용매 추출하고 총고형분 함량과 총페놀 함량을

측정하여 고압용매 추출조건을 최적화하였다.추출수율은 용매 종류 및 농도,추

출 횟수,추출온도에 의하여 변화되었다.추출용매에 따른 고압용매 추출물의 총

고형분 추출수율은 H2O,MeOH,EtOH가 각각 17.3,17.9,8.4%로 MeOH 추출물

이 가장 높았고,총페놀 함량도 H2O,MeOH,EtOH이 각각 48.8,50.4,27.2mg

GAE/g로 MeOH 추출물이 가장 높았다.추출용매의 농도에 따른 고압용매 추출

물의 총고형분 추출수율은 MeOH:H2O (40:60,60:40v/v)와 EtOH:H2O (40:60,

60:40v/v)가 각각 24.4,23.8,23.6,22.1%로 MeOH:H2O(40:60,v/v)추출물이 가

장 높았고,총페놀 함량은 MeOH:H2O (40:60,60:40v/v)와 EtOH:H2O (40:60,
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60:40v/v)추출물이 각각 85.0,84.3,90.6,76.8mgGAE/g로 EtOH:H2O (40:60,

v/v)추출물이 가장 높았다.추출횟수가 증가할수록 총고형분 추출수율과 총페놀

함량은 증가하였다.추출온도에 따른 고압용매 추출물의 총페놀 함량은 추출온도

가 40℃(97.4mgGAE/g)에서 50℃ (108.3mgGAE/g)으로 증가하였을 때 11%

증가하였으나,그 이상의 추출온도에서는 변화가없었다.추출압력 증가에 따른

고압용매 추출물의 총고형분 추출수율과 총페놀 함량은 추출압력에 관계없이 변

화가 없었다.고압용매 최적추출조건은 추출용매와 농도 EtOH:H2O (40:60,v/v),

추출횟수 2회,추출온도 40℃,추출압력 10.2MPa이었다.

(3)고압용매 최적추출조건에서 제주 자생식물 20종을 추출하여 항산화 활성,세

포독성 및 NO 생성 저해 활성,폴리페놀 성분을 동정․정량하여 식품산업에 응

용할 천연항산화소재로서의 가능성을 검정하였다.고압용매 추출물의 추출수율은

이삭여뀌가 28.5%로 가장 높았으며,사람주나무,귀룽나무,말오줌때가 각각 27.3,

25.8,25.2%를 나타내었다.총페놀 함량은 새우나무,사람주나무,이질풀,짚신나

물,석위가 각각 105.4,105.1,104.4,92.2,90.6,90.5mgGAE/g로 가장 높았다.

수용성 항산화 능력은 이질풀과 석위가 976, 948 μmol ascorbic acid

equivalents/g로 가장 높았고,지용성 항산화 능력은 백량금과 이질풀이 945,520

μmoltroloxequivalents/g로 가장 높았다.GC/MS에 의하여 폴리페놀 성분을 동

정한 결과 8개의 폴리페놀 피크를 얻었는데,gallicacid와 catechin이 가장 많이

함유되어 있었다.폴리페놀 전체 함량은 catechin이 많이 함유된 새우나무와

gallicacid가 많이 함유된 사람주나무가 2,970ppm,2,963ppm로 가장 높았다.

세포독성을 고려한 NO 생성 저해 활성인 선택지수는 사람주나무,사방오리나무,

산딸나무,아그배나무가 각각 4.5,3.4,2.3,2.2로 자생식물 추출물 중 가장 높았

다.자금우,된장풀,아그배나무,귀룽나무,붉나무 추출물은 HS-68세포에 대한

독성이 없었다.
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INTRODUCTION

Freeradicalsareproducedinoxidationprocessesthatareessentialtomost

living organismsfortheproduction ofenergy tofuelbiologicalprocesses

(Soaresetal.,2009).However,theexcessiveproductionoffreeradicals,such

assuperoxideradicals(O2
－
․),hydroxylradicals(․OH),andperoxylradicals

(ROO․),andtheunbalancedmechanismsofantioxidantprotectionhavebeen

associatedwithcarcinogenesis,coronaryheartdisease,andmanyotherhealth

issuesrelatedtoadvancingage(Borneoetal.,2009;Slusarczyketal.,2009).

Almostallorganisms are wellprotected againstfree radicaldamage by

oxidativeenzymessuch assuperoxidedismutaseandcatalaseorchemical

compoundssuchasα-tocopherol,ascorbicacid,carotenoids,andpolyphenolic

compounds.However,these systems are frequently insufficientto totally

prevent diseases and accelerated ageing (Soares et al., 2009). Since

antioxidants terminate directly reactive oxygen species mediated oxidative

reactions,they may beused asamethod ofpreventing aging-associated

diseasesandhealthproblems(Borneoetal.,2009).

Naturalproductswithantioxidantactivitymaybeusedtohelpthehuman

bodytoreduceoxidativedamage(Soaresetal.,2009).Therefore,thereisa

growinginterestinnaturalsubstancesexhibitingantioxidantpropertiesthat

are supplied to human and animals as food components oras specific

preventive pharmaceuticals (Slusarczyk etal.,2009).This has led to an

accelerated research for the identification of naturalresources and the

isolationofactiveantioxidantmolecules(Borneoetal.,2009).

Theplantkingdom offersawiderangeofnaturalantioxidants.However,

thereisstillnotenoughinformationaboutthepracticalusefulnessofthem.In
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thegroupofsecondaryplantmetabolites,antioxidantphenolicsarecommonly

foundinvariousfruits,vegetables,herbs,cereals,sprouts,seeds,andedible

mushroomsandtheyhavebeenshowntoprovideadefenceagainstoxidative

stressfrom oxidizingagentsandfreeradicals(Slusarczyketal.,2009).A

generalrecommendationtothepublicistoincreasetheintakeoffoodsrich

inantioxidantcompoundsduetotheirwellknownhealthyeffects(Borneoet

al.,2009).

Phenoliccompoundsarealargeclassofsecondaryplantmetabolitesthatare

distributedwidelyintheplantkingdom andpossessanaromaticringwith

oneormorehydroxylsubstituents(Mukhopadhyayetal.,2006).Polyphenols,

possessingtwoormorephenolicsubunits,includeflavonoids(anthocyanins,

flavanols, flavonols, flavanones) and several classes of non-flavonoids

(phenolicacids,stilbenesandcomplexmoleculesderivedfrom them)(Chirinos

etal.,2007).Phenoliccompoundsareknowntoexhibitvarioushealthbenefits

such as antioxidant, antiinflammatory, antihepatotoxic, antitumor,

atherosclerosis, arthritis, diabetes, antimutagenic, anticarcinogenic,

antithrombotic,vasodilatory activitiesandantimicrobialactivities(Cookand

Samman,1996;Proestosetal.,2004;Rice-Evansetal.,1997;TsaoandDeng,

2004;Yoshimotoetal.,2001).Phenoliccompoundsalsoplayanimportantrole

in the nutritional,organoleptic and commercialproperties ofagricultural

foodstuffs,sincetheycontributetotheirsensory propertiessuchascolor,

astringency,bitternessandflavor(Alonso-Salcesetal.,2001).

The chemicalstructure of the phenolic compounds varies from simple

phenolicstocomplexpolymericsthatmaypossessmultiplehydroxylgroups

conjugated to sugars,acids or alkylgroups.The polarities ofphenolic

compoundsalsovary significantly.Thus,extractionofphenoliccompounds

from plant matrices is complex and challenging (Luthria et al.,2008;
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Mukhopadhyayetal.,2006).

Traditionally, the techniques employed in the extraction of phenolic

compoundsfrom fruitsand vegetablesinvolvetheuseoforganicsolvent

mixturesincluding methanol,ethanolandacetone(HowardandPandjaitan,

2008).Thesetraditionalextractionmethodshaveseveraldrawbacks.Theyare

timeconsuming and laborious.They arealsoemployed largeamountsof

organicsolventswhichareexpensiveandenvironmentallyunfriendly(P'eres

etal.,2006).

Atpresent,thereisagrowinginterestindevelopingnew extractionmethods

ofnaturalplantsbasedontheuseofsupercriticalfluidsorsmallamountsof

organicsolvents.Among them,pressurized liquid extraction (PLE)isthe

mostpromisingprocess.

PLE isan excellentalternativeto conventionalorganicsolventextraction

techniques thatcombines elevated temperature and pressures with liquid

solventstoincreasetheextraction efficiency ofphenoliccompoundsfrom

naturalplants.TheuseofPLEwithwaterandethanoloffersthepotentialto

minimizeoreliminatetheuseoftoxicsolvents(HowardandPandjaitanet,

2008).Since PLE is conducted at elevated pressures,it allows liquid

extraction at temperatures above the boiling points of the solvent at

atmosphericpressure,therebyimprovinganalytesolubilityanditsdesorption

from thematrix(Rostagnoetal.,2004).Pressureisalsousedtoincreasethe

contactbetween theextracting fluid and thesample,thusenabling rapid

extractions (Ṕeres et al., 2006). Temperature is used to break the

analyte-matrixbondsandmodifytherelativepermittivityoftheextracting

fluid.Thistechniquealsoallowstherequiredvolumeofextractionsolventto

bereducedandtheextractiontimetobeshortened(Rostagnoetal.,2004;
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Palmaetal.,2001).

The main reasons for the enhanced performance of PLE over other

conventionalextraction methods are the higher solubility ofanalytes in

solventandhigherdiffusionrateasaresultofhighertemperature.Athigher

temperatures,thestrongsolute-matrixinteractioncausedbyvanderWaals

forces,hydrogenbondinganddipoleattractionsbetweensolutemoleculesand

activesitesonthematrixaredisrupted(Sae-Yunetal.,2006).

Lightandoxygenintheairaretwomostimportantfactorsthatfacilitate

degradation reaction ofphenoliccompounds.PLE offersthepossibility of

performing theextractionsunderan inertatmosphereand protected from

light,whichrepresentsanattractiveadvantagesincephenoliccompoundsare

sensitivetothesetwofactors(Rostagnoetal.,2004;Palmaetal.,2001).

Thereareseveralmethodstomeasureantioxidativecapacity.However,most

techniques require long experimentaltimes and high costs to determine

antioxidativecapacityofhydrophilicorlipophiliccompound.

In photochemiluminescence (PCL) method, free radicals are generated

photochemicallybyUV irradiationofaphotosensitizer(dye)compound.These

radicalsarepartiallyeliminatedbyreactionwithantioxidantsintheextracts.

Theremainingradicalsarequantifiedbythemeasurementoftheproduced

lightasaresultofthechemicalreactionwithadetectionchemical,"luminol".

ThePCL assayiseasyandrapidtoperform,anddoesnotrequireshigh

temperatures to generate radicals.Itis suitable to measure the radical

scavengingpropertiesofsingleantioxidantsaswellasmorecomplexsystems

inthenanomolarrange(Bescoetal.,2007;Shlesieretal.,2002;Popovand

Lewin,1994).
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Theobjectivesofthisstudywere(1)toverifytheapplicabilityofPLE on

theextraction ofphenoliccompoundsfrom naturalplantsin Jeju,(2)to

determinetheoptimalextractionconditionsfortotalphenolicsfrom Sapium

japonicum asamodelsubstrateusingapressurizedliquidextractor,and(3)

tocharacterizetheextractsofplantmaterialsattheoptimized extraction

condition.



- 6 -

PartⅠ

IntegralAntioxidativeCapacityofPressurizedLiquidExtracts

from NaturalPlantsinJeju

1.ABSTRACT

Twenty naturalplants collected from Jeju were extracted by pressurized

organicsolvent(100% MeOH,40℃,13.6MPa,10min).Extractionyieldsof

totalsolublesolids(TSS)andtotalphenolics(TP),andintegralantioxidative

capacitywereevaluated.ExtractionyieldsofTSSwerehigheras21.8,21.5,

21.1,20.7,and 20.1% in Rhus javanica,Euscaphis japonica,Alnus firma,

Sapium japonicum,andSorbusalnifolia,respectively.HigherTP(mgGAE/g)

wereobtainedfrom Malussieboldii(68.3),Sapium japonicum (57.6),Pyrrosia

lingua(56.6),andEuscaphisjaponica(55.1).Integralantioxidativecapacities

ofwater-solublesubstanceswere598,394,293,and270μmolascorbicacid

equivalents/ginGeranium thunbergii,Sapium japonicum,Cornuskousa,and

Rhusjavanica,respectively.Integralantioxidativecapacitiesoflipid-soluble

substanceswere611,314,296,and242μmoltroloxequivalents/ginArdisia

crenata, Ostrya japonica, Geranium thunbergii, and Quercus acuta,

respectively.

2.MATERIALSANDMETHODS

2.1.Plantmaterials

Table1showsthescientificandtraditionalnamesoftwentynaturalplants

collectedinJeju,Korea.Theplantswerewashed,dried,grinded(IkaWork,

Inc.,USA),andpassedthroughastandardsieveNo.30(ChungGyeSang

GongSA.,Seoul,Korea).Thesampleswerestoredinfreezerat-20℃ until

needed.
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Table1.Listofnaturalplantsusedforexperiments

Scientificname Traditionalname Partused

Agrimoniapilosa Jibsinnamul stem,leaves

Alnusfirma Sabangorinamu leaves,branch

Ardisiacrenata Baegryanggum leaves,branch

Ardisiajaponica Jakumwu leaves,branch

Cornuskousa Sanddalnamu leaves,branch,fruit

Desmodium caudatum Dounjangpul leaves,branch

Euscaphisjaponica Malojumttaenamu leaves,branch,fruit

Geranium thunbergii Ijilpul stem,leaves

Malussieboldii Agubaenamu leaves,branch

Myricarubra Sogwuinamu leaves,branch

Ostryajaponica Saeunamu leaves,branch

Persicariafiliformis Isacyouggui stem,leaves

Potentillachinensis Ddakjiggot leaves,branch

Prunuspadus Kwuirungnamu leaves,branch,fruit

Pyrrosialingua Sukwi stem,leaves

Quercusacuta Buggasinamu leaves,branch

Rhusjavanica Bugnamu leaves,branch

Sapium japonicum Saramjunamu leaves,branch

Sorbusalnifolia Patbaenamu leaves,branch,fruit

Stauntoniahexaphylla Moulggul leaves,branch

2.2.Pressurizedliquidextraction

Driedpowder(1g)ofnaturalplantswasextractedusingenhancedsolvent

extractionsystem (SFX3560,IscoInc.,USA).Thesystem wasoutfittedwith

twosyringepumps,one(B)fororganicsolvent(Model260DX)andtheother

(A)forCO2(Model100DX),andanvariablerestrictor(Fig.1).

Theextractioninvolvedfirstplacinganextractioncartridge(9mL)withthe

sampleinsidetheextractionchamber.Next,thesupplyvalvewasswitchedto

theopenpositionwhichallowedorganicsolvent(MeOH)from pumpB to

entertheextractioncartridge.Theextractionchamberwasthenpressurized

tothedesiredpressure.Afterattainingequilibrium (13.6MPa,40℃),astatic

extractionwasinitiated.Aftercompletionofthestaticperiod(3min),the

analytevalvewasswitchedtotheopen position which allowedacertain

volumeofsolvent(MeOH 10mL)from pumpBtoextractthesampleoutof
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theextractioncartridgeataflow rateof1mL/min.Aftercompletionofthe

dynamic extraction period (10 min),pump A which was filled with

pressurizedCO2flushedtheremainingsolventoutoftheextractionchamber

for5min.A 20mL vialatambienttemperaturewasusedtocollectthe

extract.AftercompletionoftheCO2 flush,bothsupplyandanalytevalves

were closed and the system was vented.Extraction ofthe sample was

carriedoutusingthreeextractionsteps,andtheextractswerecollectedin

onevial(Table2).Aftertheextractionsolventwasevaporatedinarotary

vacuum evaporatorat40℃,itwasadjustedto10mLwithneatMeOH and

filtered through a 0.45 μm celluloseacetatefilter(Advantec,Toyo Roshi

Kaisha,Ltd.,Japan).Theextractwaskeptinthedarkinafreezer(-20℃)

beforeanalysis.Eachextractionandanalysiswascarriedoutintriplicate.

Fig.1.Schematicdiagram ofpressurizedliquidextractionsystem.



- 9 -

Table2.PLEconditionforextractionofnaturalplantsinJeju

Extractionpressure 13.6MPa

Extractiontemperature 40℃

Extractionsolvent 100% MeOH

Collectiontrap 20mLemptyvial

Extractioncartridgevolume 10mL

Staticextractiontime 3min

Dynamicextractiontime 10min

Flushsolvent CO2

Flushtime 5min

2.3.Totalsolidsassay

Totalsolidcontentwasmeasuredbydryingmethodat105℃.Theextraction

yieldoftotalsolublesolids(TSS)wascalculatedfrom thesolidcontentin

theextractbasedonthatinthedriedsample.

2.4.Totalphenolicsassay

Total phenolics (TP) content in the extract was determined by the

Folin-Ciocalteu method (Pescheletal.,2006).The reaction mixture was

composed of 0.1 mL extract, 7.9 mL distilled water, 0.5 mL of

Folin-Ciocalteu'sreagent(Fluka,Switzerland),and1.5mLofa20% sodium

carbonatesolution(added2minaftertheFolin-Ciocalteu'sreagent).After

initialmixing,theflaskswereallowedtostandfor2hr.Theopticaldensity

oftheblue-colouredsampleswasmeasuredat765nm usingtheUV/VIS

spectrophotometer(ThermoSpectronic,NY,USA).Resultswereexpressedin

mg gallic acid equivalents per gram of dry sample (mg GAE/g) by

comparisonwithacalibrationcurvebuiltwithstandardgallicacid(Sigma,

USA).
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2.5.Integralantioxidativecapacityassay

IntegralantioxidativecapacityoftheextractwasmeasuredinthePhotochem

system (Analytik JenaAG,Jena,Germany)with thekitsofantioxidative

capacityofwater-solublesubstances(ACW)andoflipid-solublesubstances

(ACL)(Kranletal.,2005;Bescoetal.,2007;Chuaetal.,2008).

2.5.1.ACW protocol

A 490 μL ofreagent1(buffersolution,pH 10.5)and10 μL H2SO4 were

addedtothereagent4containingascorbicacidandmixedbyvortexfor20～

30sec.Thisstocksolutionwasthendiluted1:100withreagent1.A10μLof

thisworkingsolutioncontain1nmolascorbicacidasacalibrationstandard.

Integralantioxidative capacity ofwater-soluble substances was measured

withtheACW kit.A 1.5mLofreagent1,1mLofreagent2(water),25μL

ofreagent3(photosensitizer)and10 μL oftheextractweremixed.Free

radicalsaregeneratedphotochemicallybyUV irradiationofaphotosensitizer

(dye)compoundandarepartiallyeliminatedbyreactionwithantioxidantsin

theextracts.Theremainingradicalsarequantifiedbythemeasurementofthe

producedlightasaresultofthechemicalreactionwithadetectionchemical,

"luminol".The antioxidant potentialof the extract was determined by

comparing with the lag phase at different standard concentrations.

Measurements were repeated triplicate.Results are expressed as μmol

equivalentsofascorbicacidforeachgram ofthedriedextract.

2.5.2.ACLprotocol

A 500 μL ofreagent1(MeOH)wereaddedtothereagent4containing

Troloxandmixedbyvortexfor20～30sec.Thisstocksolutionwasthen

diluted1:100withreagent1.A10μLofthisworkingsolutioncontain1nmol

Troloxasacalibrationstandard.
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Integralantioxidativecapacityoflipid-solublesubstanceswasmeasuredwith

theACLkit.A 2.3mLofreagent1,200μLofreagent2(buffersolution),25

μLofreagent3(photosensitizer)and10μLoftheextractweremixed.The

remainingfreeradicalsarequantifiedbythemeasurementoftheproduced

lightasaresultofthechemicalreactionwithadetectionchemical,"luminol".

Theantioxidantpotentialoftheextractwasdeterminedbycomparingwith

theareaunderthecurveatdifferentstandardconcentrations.Triplicateruns

weremadeforeachsample.Resultsareexpressedas μmolequivalentsof

Troloxforeachgram ofthedriedextract.

2.6.Statisticalanalysis

StatisticalanalyseswereperformedusingSASV.8.2software(SASInstitute,

Cary,NC,USA).Significationdifferences(p<0.05)among treatmentmeans

weredeterminedbytheDuncan'stest.

3.RESULTSAND DISCUSSION

3.1.Totalsolublesolids

Table3showstheextractionyieldofTSS ofpressurizedMeOH extracts

from twentynaturalplantsinJeju.TSSwerehigheras21.8,21.5,21.1,20.7,

and 20.1% in Rhus javanica, Euscaphis japonica,Alnus firma,Sapium

japonicum andSorbusalnifolia,respectively.Inaddition,TSSwereover15%

in Malus sieboldii,Pyrrosia lingua,Ardisia crenata,Prunus padus,and

Cornuskousa.ThelowestTSSwasfoundinPersicariafiliformisas8.2%.

Hyunetal.(2007)reportedthatTSSbyorganicsolvent(MeOH)extraction

atatmosphericpressurewereslightlyhigherthanourresultsinthisstudy

(Ardisiajaponica(16.8%),Cornuskousa(18.4%),Myricarubra(18.6%)and
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Rhusjavanica(19.9%)).However,thatmethodistimeconsuminganduse

largeamountsoforganicsolvents,whichareexpensive,andenvironmentally

unfriendly.Thus,PLEwillbeaneconomicandefficientextractionprocess.

Table3.Extractionyieldsoftotalsolublesolids(TSS)andtotalphenolics

(TP)ofpressurizedMeOHextractsfrom naturalplantsinJeju

Plantspecies
Totalsolublesolids

(%)

Totalphenolics

(mgGAE/g)

TP/TSS

(%)

Agrimoniapilosa 13.8±0.2 36.5±0.4 26.4

Alnusfirma 21.1±0.6 46.8±1.6 22.2

Ardisiacrenata 16.4±0.7 36.3±1.6 22.1

Ardisiajaponica 14.0±0.3 53.8±1.4 38.3

Cornuskousa 15.4±0.1 37.3±1.8 24.2

Desmodium caudatum 12.4±0.8 21.8±1.2 17.6

Euscaphisjaponica 21.5±0.1 55.1±0.8 25.6

Geranium thunbergii 14.4±0.9 53.3±2.8 36.9

Malussieboldii 16.9±0.3 68.3±1.9 40.4

Myricarubra 12.6±0.5 36.1±0.4 28.6

Ostryajaponica 12.5±0.4 52.8±3.1 42.4

Persicariafiliformis 8.2±0.4 11.4±0.4 13.8

Potentillachinensis 14.0±0.3 38.0±2.3 27.1

Prunuspadus 15.9±0.4 47.0±2.0 29.6

Pyrrosialingua 16.9±0.3 56.6±1.7 33.5

Quercusacuta 13.6±0.3 40.0±1.6 29.5

Rhusjavanica 21.8±0.3 54.3±1.3 24.9

Sapium japonicum 20.7±0.4 57.6±3.2 27.9

Sorbusalnifolia 20.1±0.3 50.8±1.4 25.3

Stauntoniahexaphylla 11.0±0.2 16.1±0.6 14.6

3.2.Totalphenolics

Table3alsoshowstheTP contentofpressurized MeOH extractsfrom

twentynaturalplantsinJeju.HigherTPwereobtainedfrom Malussieboldii

(68.3 mg GAE/g),Sapium japonicum (57.6),Pyrrosia lingua (56.6)and

Euscaphis japonica (55.1). Rhus javanica, Ardisia japonica, Geranium

thunbergii,andOstryajaponicaalsoshowedmorethan50mgGAE/g.

Hyunetal.(2007)extractedTP byorganicsolvent(MeOH)extractionat
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atmosphericpressure.TPcontentswerelowerthanthevaluesexhibitedin

thisstudy.

Luthriaetal.(2006)reportedthatBlackBellcultivarofeggplantshoweda

greatincrease in extraction yields ofTP by PLE compared with other

extractionmethodssuchaswristshaker,rotaryshaker,stirring,sonication,

andreflux.ThequantityofTP extractedfrom otherextractionprocedures

rangedfrom 5% to95% comparedwithPLE.

TheratioTPtoTSSaccountformorethan30% inOstryajaponica(42.4%),

Malus sieboldii (40.4%),Ardisia japonica (38.3%),Geranium thunbergii

(36.9%),andPyrrosialingua(33.5%),respectively.

3.3.Integralantioxidativecapacity

Integralantioxidative(IAC)capacitiesofwater-andlipid-solublesubstances

from twenty naturalplants in Jeju were shown in Table 4.IAC of

water-solublesubstanceswere598,394,293and 270 μmolascorbicacid

equivalents/ginGeranium thunbergii,Sapium japonicum,Cornuskousaand

Rhusjavanica,respectively.IACoflipid-solublesubstanceswere611,314,296

and 242 μmoltrolox equivalents/g in Ardisia crenata,Ostrya japonica,

Geranium thunbergiiandQuercusacuta,respectively.

Theextractsfrom Geranium thunbergiiandSapium japonicum showedhigher

antioxidative capacities both in water- and lipid-soluble substances,with

higherTPas359and270mgGAE/g,respectively.Theextractsfrom Ostrya 

japonica and Malus sieboldii also showed higher IAC of lipid-soluble

substanceswithhigherTP of411and399mgGAE/g,respectively.From

thoseresults,itrevealedthattheantioxidativecapacitiesoftheextractsfrom

naturalplantsinJejucloselycorrelatedwiththeirtotalphenoliccontents.
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Changetal.(2001)reportedthattheantioxidantactivityofplantmaterialsis

wellcorrelatedwiththeirphenoliccontents,andtheantioxidantactivitiesof

phenoliccompoundsareduetotheirredoxproperties,whichallow them to

actasreducingagents,hydrogendonors,andsingletoxygenquenchers.

Besco etal.(2007)reported thatthe lipid and water-soluble antioxidant

activitiesoftheextractionfrom baobabproductsmeasuredbyPCL method

rangedfrom 1.2to386.0μmolofascorbicacid/gandfrom 1.0to508.0μmol

oftrolox/g,respectively.The antioxidantpotentials ofpressurized liquid

extractsfrom naturalplantinJejuaremuchhigherthanthoseobtainedfor

theextractionfrom baobabproduct.

Bescoetal.(2007)reportedthatasthewatersolubleantioxidants,flavonoids,

ascorbic acid,and amino acid were detected,while as the lipid soluble

antioxidants,tocopherols,tocotrienols,andcarotenoidsweremeasured.
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Table4.Integralantioxidativecapacity(IAC)ofpressurizedMeOH extracts

from naturalplantsinJeju

Plantspecies

IACof

water-solublesubstances

(Ascorbicacid,μmol/g)

IACof

lipid-solublesubstances

(Trolox,μmol/g)

Agrimoniapilosa 11.4±00.4 199.8±12.4

Alnusfirma 112.6±03.5 198.0±09.1

Ardisiacrenata 191.2±01.7 611.7±23.8

Ardisiajaponica 246.1±00.6 190.4±06.2

Cornuskousa 293.2±26.0 219.2±11.5

Desmodium caudatum 56.9±03.9 147.5±12.7

Euscaphisjaponica 230.7±34.2 177.0±01.1

Geranium thunbergii 598.7±10.9 296.3±26.8

Malussieboldii - 231.4±12.9

Myricarubra 172.6±09.5 186.5±06.0

Ostryajaponica - 314.0±20.6

Persicariafiliformis 76.0±03.1 227.4±17.3

Potentillachinensis 115.3±05.4 148.9±09.2

Prunuspadus 61.6±01.8 223.1±13.4

Pyrrosialingua 62.1±02.9 202.9±10.9

Quercusacuta 62.1±03.3 242.1±04.9

Rhusjavanica 270.1±16.4 208.2±11.3

Sapium japonicum 394.8±08.1 230.0±00.2

Sorbusalnifolia 114.5±07.6 213.4±05.1

Stauntoniahexaphylla 90.3±05.0 132.6±03.7
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PartⅡ

OptimizationofExtractionConditionsforTotalphenolicsfrom

Sapium japonicum usingaPressurizedLiquidExtractor

1.ABSTRACT

Sapium japonicum,anaturalplantinJeju,wasextractedbyapressurized

liquid.Operatingparameterssuchasthetypeofsolvent,theratioofsolvent

to water,temperature,pressure,and number of extraction steps were

investigatedasthemainvariablesthatinfluencetheextractionefficienciesof

totalsolublesolids(TSS)andtotalphenolics(TP).TPcontentswereaffected

bythetypeofsolvent,solvent-waterratio,extractionstepandtemperature.

Higherextractionyields(17.9and17.3%)ofTSSwereobtainedwhenMeOH

andH2O wereusedastheextractionsolvents.MeOH extractedthehighest

levelofTPas50.4mgGAE/gcomparedwith48.8and27.2mgGAE/gwith

H2OandEtOH,respectively.EtOH:H2O(40:60,v/v)wasfoundtobethebest

solventforTPextractionas90.3mgGAE/gcomparedwith85.0,84.3,and

76.8mgGAE/ginMeOH:H2O (40:60,60:40,v/v)andEtOH:H2O (60:40,v/v),

respectively.TSSandTPwereincreasedwiththeincreaseofthenumberof

extraction steps.TP contentwas increased by 11% as the extraction

temperaturewasincreasedfrom 40℃ (97.4mgGAE/g)to50℃ (108.3mg

GAE/g).Extractionpressurehadnoeffectontheextractionefficiency.The

optimum extractionconditionsofTSSandTPwere;40% EtOH,2extraction

steps,temperature50℃,andpressure10.2MPa.

2.MATERIALSANDMETHODS

2.1.Plantmaterials

Sapium japonicum wasusedasthetestmaterialandthesamplepreparation
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methodwasthesameasinPartⅠ.

2.2.Pressurizedliquidextraction

TheextractionmethodwasthesameasinPartⅠ exceptthefollowings.All

extraction were done using 9 mL high temperature crystalline polymer

cartridges.Thiscartridgewasfilledwitha15～20meshofinertseasand

(JunseiChemicalCo.,Ltd.,Japan)betweenthesample(2gand5.2gofsand

atthebottom andtop,respectively)topreventthecloggingofthesystem.

Endcapshavemoldedin2μm frits.Extractionwascarriedoutusingtwo

extractionstepswithEtOH:H2O (40:60,v/v)at40℃ and10.2MPafor10

min.Unlessotherwisementioned,eachextractionwascarriedoutunderthis

defaultconditionsintriplicate.

Tostudytheinfluenceofdifferentextractionparametersontheextraction

efficiencyofTSSandTP,thetypeofsolvent,theratioofsolventtowater,

temperatureandpressure,numberofextractionstepswereinvestigated.

2.2.1.Extractionsolventandratioofsolventtowater

Neatsolvents(MeOH,EtOH,H2O),aswellasasystematicvariation of

MeOH and EtOH concentration in H2O (20,40,60,80%),wereused for

extractionofphenoliccompoundsfrom naturalplants.Theotherextraction

conditionswerekeptasdescribedabove.

2.2.2.Extractionsteps

Thenumberofextractionstepswasvariedbetweenoneandthree.Natural

plants were extracted with EtOH:H2O (40:60,v/v)solventmixture.Two

extractsfrom eachstepwerecollectedinthesamevial.

2.2.3.Temperature
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Temperaturevariedfrom 40to80℃ inincrementsof20℃.Extractionswere

carriedoutwithEtOH:H2O(40:60,v/v)usingtwoextractionsteps.

2.2.4.Pressure

Extractionswereconductedatfourdifferentpressures(10.2,13.6,17.0,and

20.4MPa)withEtOH:H2O(40:60,v/v)at50℃ usingtwoextractionsteps.

2.3.Totalsolidsassay

ThemethodwasthesameasinPartⅠ.

2.4.Totalphenolicsassay

ThemethodwasthesameasinPartⅠ exceptthattheopticaldensityof

theblue-colouredsamplewasmeasuredat750nm usingtheELISA reader

(MultiskanEX,ThermoElectrom Corp.,Vantaa,Filand).

3.RESULTSAND DISCUSSION

3.1.Extractionsolvent

Theplantmaterialisfrequentlyextractedusingtheorganicsolventswith

differentpolarity,andtheextractionyieldofthesolublesolidsisstrongly

dependonthepropertiesofthesolventbecausepolyphenoliccompoundmay

exist as free, conjugated and polymeric forms, and complexes with

carbohydrate,proteinorotherplantcomponents(Luthria,2008).

Effect of neat solvents on the extraction yield of TSS from Sapium

japonicum isshowninFig.2.ThehighestextractionyieldsofTSS were

achievedwithH2O (17.3%)andMeOH (17.9%),whilethelowestwithEtOH

(8.4%).
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Fig.2.Influenceofneatsolventson theextraction yieldoftotalsoluble

solidsfrom Sapium japonicum (extractionpressure:10.2MPa,temperature:4

0℃,noofextractions:2).Thesamelettersarenotsignificantlydifferentat

5% levelbyDuncan'smultipletest.

Influenceofneatsolventssuch asMeOH,EtOH,H2O on theextraction

efficiencyofTP from Sapium japonicum isshowninFig.3.Useofneat

MeOHresultedinthehighestTPextractionyield(50.4mgGAE/g)compared

withEtOH(27.2)andH2O(48.8).

Asflavonoidsandphenolicacidsaremoresolubleinmethanolthanethanol

(Markham,1982),itisreasonabletoobtainahigherextractionyieldwhen

methanolisusedasanextractionsolventasshowninFig.3.Chirinosetal.

(2007)havealsoreportedthatMeOH gavethehighestTP valuesforfive

solventssuchaswater,methanol,ethanol,acetone,andhexanefrom mashua
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Fig.3.Influence ofneatsolvents on the extraction efficiency oftotal

phenolicsfrom Sapium japonicum (extractionpressure:10.2MPa,temperature:

40℃,no.ofextractions:2).Thesamelettersarenotsignificantlydifferentat

5% levelbyDuncan'smultipletest.

3.2Ratioofsolventtowater

TheextractionyieldsofTSSandTPasafunctionofsolvent-waterratio

wereevaluated.Theproportionofsolventintheextractionmedium hada

significanteffectontheextractionyieldsofTSSandTP.

Fig.4showstheinfluenceofsolventcompositionontheextractionyieldof

TSSfrom Sapium japonicum.ThehighestyieldofTSSwereobtainedwhen

extractionswerecarriedoutwithMeOH:H2O (40:60,v/v),EtOH:H2O (40:60,

v/v),andMeOH:H2O(60:40,v/v)solventmixtures.
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Spignoetal.(2007)alsoreportedhigherextractionyieldoftotalextractfrom

grapeseedswhen50% ethanolwasused,andwhenethanolconcentration

washigherthan75%,theextractionyielddecreased.
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Fig.4.Influenceofsolventcompositionontheextractionyieldoftotalsoluble

solidsfrom Sapium japonicum (extractionpressure:10.2MPa,temperature:4

0℃,noofextractions:2).Thesamelettersarenotsignificantlydifferentat

5% levelbyDuncan'smultipletest.

Fig.5showsthevariationintheextractionefficiencyofTPwithdifferent

MeOH:H2O and EtOH:H2O solventmixtures.The highestTP (90.3 mg

GAE/g)wasobtainedwithEtOH:H2O (40:60,v/v).Theextractionefficiency

ofTPwithMeOH:H2O(40:60,v/v)(85.0mgGAE/g)wassimilartothatwith

MeOH:H2O(60:40,v/v)(84.3mgGAE/g).
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Jayaprakashaetal.(2008)alsoreportedthat40～50% ethanolhasagreater

effectivenessinextractingpolyphenoliccompoundscomparedtopureethanol

whichwasprobablyduetotheincreasedsolubility offlavonoids,phenolic

compounds,hydrolysable tannins and polysaccharides in the mixture of

ethanolandwater.

Alonso-Salcesetal.(2001)alsoreportedthatmixtureofmethanolwithwater

improvedtheextractionofpolyphenolswithseveralhydroxylgroups,suchas

glycosideswhicharehydrophilicthanapurealcoholicsolvent.

The combination ofwaterwith otherorganic solvents contribute to the

creationofamoderatelypolarmedium (Chirinosetal.,2007).

Mukhopadhyayetal.(2006)reportedthatadditionofwaterwasfoundto

swelltheplantmaterialand allow thesolventtopenetratetothesolids

matrix moreeasily.Thus,TP yieldsusing solventmixtureswerehigher

thoseusingneatsolventsonly.

Whentheextractwasusedformedicinaloringestionpurposes,pureEtOH

oramixtureofEtOHandH2Ohastypicallybeenusedduetothetoxicityof

MeOH.

Also due to the results obtained so far,EtOH:H2O (40:60,v/v)solvent

mixturewasselectedforfurtherexperiments.
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Fig.5.Influenceofsolventcompositionontheextractionefficiencyoftotal

phenolicsfrom Sapium japonicum (extractionpressure:10.2MPa,temperature:

40℃,no.ofextractions:2).Thesamelettersarenotsignificantlydifferentat

5% levelbyDuncan'smultipletest.

3.3.Extractionsteps

Fig.6showstheinfluenceofextractionstepsontheextractionyieldofTSS

from Sapium japonicum usingEtOH:H2O(40:60,v/v)asanextractionsolvent.

HigherextractionyieldofTSS wasobtainedinmorethanoneextraction

step.However,two extraction steps showed the same yield as three

extractionsteps.
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Fig.6.Influenceofextractionstepsontheextractionyieldoftotalsoluble

solidsfrom Sapium japonicum (solventcomposition:EtOH:H2O(40:60,v/v),

extractionpressure:10.2MPa,temperature:40℃).Thesamelettersarenot

significantlydifferentat5% levelbyDuncan'smultipletest.

InfluenceofextractionstepsontheextractionefficiencyofTPfrom Sapium

japonicum isshowninFig.7.Inone,twoandthreeextractionsteps,80.7,

88.8,and97.0mgGAE/gofTPwereobtained,respectively.

Eventhough,theextractionyieldofTPwithtwoextractionstepswashigher

thanthatwiththreeextractionsteps,twoextractionstepswerechosenfor

optimizingadditionalPLEparametersforextractingTPfrom naturalplants.
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Fig.7.Influenceofextraction stepson theextraction efficiency oftotal

phenolicsfrom Sapium japonicum (solventcomposition:EtOH:H2O(40:60,v/v),

extractionpressure:10.2MPa,temperature:40℃).Thesamelettersarenot

significantlydifferentat5% levelbyDuncan'smultipletest.

3.4.Temperatureeffect

Theinfluenceoftemperatureonextractionefficiencywasinvestigatedsinceit

impactthe equilibrium solubility,mass transferrate and the stability of

phenoliccompounds(Luthria,2008).

NaturalplantwasextractedwithEtOH:H2O (40:60,v/v)solventmixtureat

fivedifferenttemperatures(40,50,60,70,80℃)and10.2MPawith two

extractionsteps.

ExtractiontemperaturehadverylittleeffectonextractionyieldsofTSSas

showninFig.8.
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Fig.8.Influenceoftemperatureontheextractionyieldoftotalsolublesolids

from Sapium japonicum (solventcomposition:EtOH:H2O(40:60,v/v),extraction

pressure:10.2 MPa,no.of extractions:2).The same letters are not

significantlydifferentat5% levelbyDuncan'smultipletest.

Fig.9showsinfluenceoftemperatureontheextractionefficiencyofTPfrom

Sapium japonicum.TP wereincreasedby almost11% asthetemperature

increasedfrom 40℃ (97.4mgGAE/g)to50℃ (108.3mgGAE/g).

HigherTPyieldisduetothebreakageofbondsbetweenvariousphenolic

andtheplantmatrix(Mukhopadhyayetal.,2006).

However,TPcontentswereremainedalmostconstantover50℃ suchasat

60℃ (110.9mgGAE/g),70℃ (112.0)and80℃ (113.4).Alonso-Salcesetal.

(2001)alsoreportedthatextractionyieldsofTPwereslightlyincreasedfrom
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40℃ to60℃ anddecreasedathighertemperatures.Inthoseexperimentsover

50 ℃,the formation ofblack colored precipitates in the extracts was

observed.This phenomena could be due to a possible degradation of

polyphenols at high temperatures,caused by hydrolysis,internalredox

reactionsandpolymerizations(Alonso-Salcesetal.,2001).

Takingintoaccounts,50℃ wasselectedastheoptimum temperature.
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Fig.9.Influenceoftemperatureontheextractionefficiencyoftotalphenolics

from Sapium japonicum (solventcomposition:EtOH:H2O(40:60,v/v),extraction

pressure:10.2 MPa,no.of extractions:2).The same letters are not

significantlydifferentat5% levelbyDuncan'smultipletest.

3.5.Pressureeffect

ThehighpressureofPLE allowstheuseoftemperaturewellabovetheir

atmosphericboilingpointofthesolventandincreasesthediffusivityofthe
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extractionsolventwiththeplantmatrix(Louetal.,1997).

Extractionswerecarriedoutatfourdifferentpressures(10.2,13.6,17.0,20.4

MPa).Otheroperatingparameterswerekeptunchangedexcepttheextraction

temperatureof50℃.

Fig.10showstheinfluenceofextractionpressureontheextractionyieldof

TSS from Sapium japonicum.Extraction pressure had no effecton the

extractionyieldsofTSS.TheextractionyieldsofTSSobtainedat10.2,13.6,

17.0and20.4MPawere25.7,26.6,24.5and26.1%,respectively.
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Fig.10.Influenceofpressureontheextractionyieldoftotalsolublesolids

from Sapium japonicum (solventcomposition:EtOH:H2O(40:60,v/v),extraction

temperature: 50℃, no. of extractions: 2). The same letters are not

significantlydifferentat5% levelbyDuncan'smultipletest.
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Influence ofextraction pressure on the extraction efficiency ofTP from

Sapium japonicum isshown in Fig.11.An increasein pressuredid not

changetheamountofTP.ValuesofTPobtainedat10.2,13.6,17.0and20.4

MPawere103.1,102.0,96.3and102.1mgGAE/g,respectively.

Similarresultswerealsoobservedduringextractionofphenoliccompounds

from blackcohoshat3.4,6.8,10.2MPa(Mukhopadhyayetal.,2006)and

from parsleyat6.8,8.5,10.2MPa(Luthria.,2008).Actuallythepurposeof

pressurizingtheextractionchamberistopreventthesolventfrom boilingat

theextractiontemperatureandtoensurethatthesolventremainsinintimate

contactwiththesample(Alonso-Salcesetal.,2001).

Inconclusion,theoptimizedoperatingconditionsforextractionofTP from

naturalplants in Jeju were :extraction solvent,EtOH:H2O (40:60,v/v);

temperature,50℃;pressure,10.2MPa;andtwoextractionsteps.
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Fig.11.Influence ofthe pressure on the extraction efficiency oftotal

phenolicsfrom Sapium japonicum (solventcomposition:EtOH:H2O(40:60,v/v),

extractiontemperature:50℃,no.ofextractions:2).Thesamelettersarenot

significantlydifferentat5% levelbyDuncan'smultipletest.
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PartⅢ

CharacteristicsofPressurizedLiquidExtracts

from NaturalPlantsinJeju

1.ABSTRACT

Twenty natural plants collected in Jeju were extracted at optimized

pressurizedliquidextractioncondition(40% EtOH,50℃,13.6MPa,10min).

Extraction yields oftotalsoluble solids (TSS)and totalphenolics (TP),

integralantioxidativecapacity(IAC),individualphenolicsbyGC/MS,andcell

toxicityandNOproductioninhibitoryactivitywereevaluated.Extractionyield

ofTSSwasthehighestinPersicaria filiformis as28.5% withthedecreasing

orderof27.3,25.8and25.2% in Sapium japonicum,and Prunus padus,

respectively.Ostrya japonica andSapium japonicum showedthehighestTP

(105.4 and 105.1 mg GAE/g),followed by Geranium thunbergii (104.4),

Agrimonia pilosa (92.2),Pyrrosia lingua (90.6),andPrunus padus (90.5).IAC

ofwater-solublesubstanceswerehigheras976and948μmolascorbicacid

equivalents/ginGeranium thunbergii andPyrrosia lingua,respectively.IAC

oflipid-solublesubstanceswere945and520 μmoltrolox equivalents/g in

Ardisia crenata,Geranium thunbergii and Pyrrosia lingua,respectively.

EightphenoliccompoundswereidentifiedbyGC/MS from theextractsof

pressurized liquid extracts.Gallicacid and catechin werethepredominant

phenolicsamong theonesidentifiedintheextractsofnaturalplants.The

sum oftheindividualphenolicsquantifiedbyGC/MSwerehigherinOstrya 

japonica and Sapium japonicum as2,970and2,963ppm.Theextractsof

Sapium japonicum,Alnus firma,Cornus kousa, andMalus sieboldii indicated

NO productioninhibitoryactivitywithmuchlesstoxity.Theextractsfrom

Ardisiajaponica,Desmodium caudatum,Malussieboldii,Prunuspadus,and

RhusjavanicadidnotaffectcelltoxicityusingHS-68cells.
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2.MATERIALSANDMETHODS

2.1.Plantmaterials

Theplantmaterialsandthesamplepreparationmethodwerethesameasin

PartⅠ.

2.2.Pressurizedliquidextraction

TheextractionmethodwasthesameasinPartⅡ exceptthefollowing.The

extractionofnaturalplantswascarriedoutusingtwoextractionstepswith

EtOH:H2O (40:60,v/v)at50℃ and13.6MPafor10min.Theextraction

pressure13.6MPawaschosenbecausetheminimum operatingpressureof

thePLEmachineusedinthisexperimentwas10.2MPaandatthispressure

theflow rateofthesolventwasslightly unstable.Each extraction was

carriedoutintriplicate.

2.3.Totalsolidsassay

ThemeasurementmethodwasthesameasinPartⅠ.

2.4.Totalphenolicsassay

TheassaymethodwasthesameasinPartⅡ.

2.5.Integralantioxidativecapacityassay

TheassaymethodwasthesameasinPartⅠ.

2.6.GC/MSanalysis

IndividualphenolicswerequalifiedandquantifiedbyGC/MS followingthe

methoddescribedbyChiouetal.(2007).

Acidhydrolysisoftheextractwasperformedasfollows.Thisprocedurewas
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performedtoinvestigatethepresenceofconjugatedformsofpolyphenols,i.e.

estersorglycosides,thatwouldnotbeidentifiedbyGC/MS.Anaqueous

solutionofhydrochloricacid(3M,0.25mL)wasaddedto0.5mL ofthe

extract.Themixturewasmaintainedat80℃ for1hr.Aftercooling,0.5mL

ofpotassium hydrogenphosphate(1M)wereadded.

Eachphenoliccompoundswasisolatedbysolidsphaseextraction(SPE)onan

C8cartridge(WAT036780,Waters,USA)(Soleasetal.,1997).TheSPE

cartridgeswerepreconditionedwithethylacetate(3mL),MeOH (3mL),and

bi-distilledwater(6mL),andloadedwiththeacid-hydrolyzedsample(0.5

mL).Thesolventinthecartridgewasdriedunderreducedpressure,andeach

phenolicsretainedinthecartridgewaselutedwithethylacetate(3mL).A 2

mLoftheelutewasevaporatedinarotaryvacuum evaporatorat40℃ and

theresiduewasredissolvedinMeOH(0.5mL).Thiswasmixedwithinternal

standard,3-(4-hydroxy-phenyl)-1-propanol(995mg/L,10μL),evaporatedto

drynessintherotaryvacuum evaporatorat40℃,andderivatizedbyadding

250μLBSTFA followedbyincubationat75℃ for20min.Eachsample(1μ

L)wasinjectedintothegaschromatograph.

AnAgilent(Wallborn,Germany)seriesGC 6890N coupledwithaHP5973

MS detector (EI,70 eV),and a HP 7683 autosampler were used for

qualitativeandquantitativeanalysisofeachphenoliccompounds.Analysisof

thesamplewasachievedusinganHP-5MScapillarycolumn(30m ×0.25

mm ×250μm)atasplitratio1:5.Helium wasusedasacarriergasata

flow rateof0.6mL/min.Theinjectorandtransferlinetemperaturewereset

at280℃ and300℃,respectively.Theoventemperaturewasheldat120℃ for

1min,thenincreasedto220℃ at5℃/min,thento300℃ at10℃/minand

held for10 min.A selectiveion monitoring (SIM)GC/MS method was

appliedforthedetectionoftargetphenoliccompounds.
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Identificationofchromatographicpeakswasmadebycomparingtheretention

timesandthreefragmentionsofeachpolyphenoliccompoundswiththoseof

reference compounds, while quantification was carried out by using

3-(4-hydroxy-phenyl)-1-propanolasinternalstandardattargetionm/z206

andqualifiers191and179.

Targetand qualifierions foreightpolyphenolic compounds were setas

following;protocatechuic acid 193,370,355,syringic acid 327,342,312,

p-coumaricacid308,293,219,gallicacid281,458,443,caffeicacid396,219,

381,catechin368,355,179,chlorogenicacid207,345,307,andquercetin647,

559,575.

2.7.Celltoxicityandnitriteassay

2.7.1.Cellculture

TheRAW 264.7murinemacrophageandHS-68normalskinfibroblastcell

linewereobtainedfrom theKoreaCellLineBank(Seoul,Korea).Thecells

weregrownat37℃ inDMEM andRPMI1640supplementedwith10% FBS,

100U/mL penicillinand100 μg/mL streptomycininhumidifiedatmosphere

with5% CO2.

2.7.2.Celltoxicityassay

CytotoxicitycellviabilitywasdeterminedbytheMTT assay(Ferrarietal.,

1990).Cellswereseededatadensityof5×10
4
and1×10

3
cells/wellin96-well,

flat-bottom culture plates in the presence or absence of the extract.

Mitochondrialenzymeactivity,anindirectmeasureofthenumberofviable

respiringcells,wasdeterminedusingtheMTT reagentafter24hrofthe

extracttreatment.Absorbancewasreadusing a μQuantmicroplatereader
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(Bio-TekInstrument,Winooski,VT,USA).Theeffectoftheextractoncell

viabilitywasevaluatedastherelativeabsorbancecomparedwiththatofthe

controlculture.

2.7.3.Nitriteassay

The amountofnitrite,the end productofNO generation by activated

macrophages,wasdeterminedbyacolorimetricassay(Greenetal.,1982).

Briefly,a100μLofcellculturemedium wasmixedwithanequalvolumeof

Griessreagent(1% sulfanilamideand 0.1% naphthylethylenediaminein 5%

phosphoric acid) and incubated at room temperature for 10 min.The

absorbance at 540 nm was read in a microplate reader.The nitrite

concentrationwasdeterminedbyextrapolationfrom asodium nitritestandard

curve.TheconcentrationofeachextractthatreducedtheNO productionby

50% with respectto thecontrol(50% inhibition concentration,IC50)was

estimated.Theselectivityindex (SI)wasdeterminedastheratioofTC50

(50% toxicityconcentration)toIC50.

3.RESULTSAND DISCUSSION

3.1.Totalsolublesolids

Table 5 shows the extraction yields oftotalsoluble solids (TSS)from

pressurizedliquidextractsoftwenty naturalplantscollectedinJeju.TSS

wasthehighestinPersicaria filiformis as28.5% withthedecreasingorder

of27.3,25.8and25.2% inSapium japonicum,Prunus padus,andEuscaphis

japonica,respectively.Inaddition,TSSwereover20% inAgrimonia pilosa,

Alnus firma, Ardisia crenata,Cornus kousa,Ostrya japonica, Potentilla 

chinensis,Rhus javanica,Sorbus alnifolia, and Stauntonia hexaphylla. All

theextractionyieldsofTSSwere0.9to3.5timeshigherthanthosefrom

PartⅠ.
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The ratios ofTP to TSS were greatly higherin Geranium thunbergii

(80.9%),Pyrrosialingua(79.4%),andOstryajaponica(50.3%).

Table5.Extractionyieldsoftotalsolublesolids(TSS)andtotalphenolics

(TP)ofpressurized liquid extractsatoptimized extraction condition from

naturalplantscollectedinJeju

Plantspecies
Totalsolublesolids

(%)

Totalphenolics

(mgGAE/g)

TP/TSS

(%)

Agrimoniapilosa 21.5±0.3 92.2±1.6 42.9

Alnusfirma 23.0±0.2 75.8±1.3 33.0

Ardisiacrenata 21.2±0.1 60.2±1.7 28.3

Ardisiajaponica 19.2±0.1 83.2±0.3 43.3

Cornuskousa 23.1±0.4 83.6±0.7 36.1

Desmodium caudatum 13.4±0.1 33.5±1.2 24.9

Euscaphisjaponica 25.2±0.1 81.8±1.2 32.5

Geranium thunbergii 12.9±0.0 104.4±2.4 80.9

Malussieboldii 19.1±0.6 81.3±1.2 42.7

Myricarubra 15.8±0.1 62.9±1.7 39.8

Ostryajaponica 20.9±0.2 105.4±1.1 50.3

Persicariafiliformis 28.5±0.1 36.9±0.4 12.9

Potentillachinensis 21.3±0.8 78.4±2.3 36.9

Prunuspadus 25.8±0.1 90.5±1.7 35.1

Pyrrosialingua 11.4±0.0 90.6±0.9 79.4

Quercusacuta 17.0±0.3 68.4±2.6 40.2

Rhusjavanica 24.5±0.3 79.7±0.5 32.5

Sapium japonicum 27.3±0.3 105.1±0.5 38.5

Sorbusalnifolia 23.6±0.4 76.6±1.5 32.5

Stauntoniahexaphylla 23.7±0.2 30.8±1.1 12.9

3.2.Totalphenolics

Table 5 also shows the extraction yields oftotalphenolics (TP)from

pressurizedliquidextracts.MuchhigherconcentrationsofTPwereobserved

in Ostrya japonica (105.4mg GAE/g)and Sapium japonicum (105.1mg

GAE/g),followedby Geranium thunbergii (104.4),Agrimonia pilosa (92.2),

Pyrrosia lingua (90.6),andPrunus padus (90.5).TPaccountformorethan

80mgGAE/ginCornus kousa,Ardisia japonica,Euscaphis japonica,and
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Malus sieboldii.TP contentsatoptimized PLE condition were1.2to3.2

times higherthan those from PartⅠ.Geranium thunbergii(80.9%)and

Pyrrosialingua(70.4%)hadmuchhigherratiosofTPtoTSS.

3.3.Integralantioxidativecapacity

Integralantioxidativecapacitiesofwater-andlipid-solublesubstancesfrom

pressurizedliquidextractsoftwenty naturalplantscollectedinJeju were

showninTable6.IACofwater-solublesubstanceswere976,948,493,419,

and393μmolascorbicacidequivalents/ginGeranium thunbergii,Pyrrosia 

lingua,Malus sieboldii,Sapium japonicum,andOstrya japonica,respectively.

Inaddition,Sorbus alnifolia,Euscaphis japonica,Cornus kousa alsoshowed

morethan250μmolascorbicacidequivalents/g.

IAC of lipid-soluble substances were 945,520 and 197 μmol trolox

equivalents/ginArdisia crenata,Geranium thunbergii andPyrrosia lingua,

respectively.Ostrya japonica,Myrica rubra,Quercus acuta,Cornus kousa,

Euscaphis japonica wereover100 μmoltroloxequivalents/g.Theextracts

from Geranium thunbergii and Pyrrosia lingua showed higher IAC of

lipid-soluble substances with higher TP of104.4 and 90.6 mg GAE/g,

respectively.
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Table 6. Integral antioxidative capacity (IAC) of pressurized liquid

optimization extractsatoptimized extraction condition from naturalplants

collectedinJeju

Plantspecies

IACof

water-solublesubstances

(Ascorbicacid,μmol/g)

IACof

lipid-solublesubstances

(Trolox,μmol/g)

Agrimoniapilosa 178.6±14.0 84.0±01.6

Alnusfirma 121.2±02.4 78.4±04.8

Ardisiacrenata 201.4±03.7 945.1±15.3

Ardisiajaponica 191.8±03.5 70.1±04.8

Cornuskousa 263.9±14.7 103.5±01.5

Desmodium caudatum 46.7±02.8 33.5±00.7

Euscaphisjaponica 269.9±17.6 102.8±03.1

Geranium thunbergii 976.4±14.4 520.1±04.5

Malussieboldii 493.0±16.2 88.4±01.7

Myricarubra 205.9±07.5 111.1±02.3

Ostryajaponica 393.5±28.2 127.5±02.9

Persicariafiliformis 51.6±02.7 34.8±00.1

Potentillachinensis 163.4±04.3 89.6±04.3

Prunuspadus 191.5±07.2 78.2±01.5

Pyrrosialingua 948.9±23.2 197.1±07.3

Quercusacuta 136.6±06.5 104.0±00.2

Rhusjavanica 195.5±07.3 97.5±00.3

Sapium japonicum 419.7±06.3 81.0±03.2

Sorbusalnifolia 273.3±03.2 88.9±02.3

Stauntoniahexaphylla 47.8±00.7 16.3±00.4

Figs.12and 13show thelinearcorrelationsbetween TP/TSS and IAC.

Linearcorrelation coefficients(R
2
)between TP/TSS and ACW,and ACL

were0.7373,and0.8281,respectively,demonstratingthatTP contentsgives

goodestimationofIAC.Thiskindoflinearcorrelationhasbeenobtainedin

manystudies(Katalinicetal.,2006;Parejoetal.,2003;Silvaetal.,2007).

The antioxidantactivity ofplantmaterials is wellcorrelated with their

contentin phenoliccompounds (Velioglu etal.,1998).However,in some

cases,eventhoughtotalpolyphenolcontentwassignificantlylow,IAC was

high.Thiswouldsuggestthateitheronlysomepolyphenolsactuallyactas
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antioxidants,orthereisasubstantialcontributionofnon-phenoliccompounds.

Phenoliccompounds(flavonoid,phenolicacids)canplayamajorroleinthe

antioxidant activity of plant materials. Nitrogen compounds (alkaloids,

chlorophyllderivatives,amino acids and amines),carotenoids,lignans and

terpenesalsopossessantioxidativeactivity insuppressing theinitiationor

propagationofchainreaction(HallandCuppett,1997)
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3.4.Quantitative determination ofindividualphenolic compounds by

GC/MS

Qualitativeandquantitativedetermination ofindividualphenoliccompounds

wasperformedbyGC/MSafterSPE ofPLE extractsasshowninFig.14

andTable7.TheSPEprocedurewasadoptedsinceinPLEextractsseveral

compounds,mainlycarbohydrates,elutedasoverlappingpeakstotheonesof

polyphenols.Moreover,thissampleclean-upwasfollowedtoavoidsililation

reagentconsumptionbycarbohydrates.

A typicaltotalionchromatogram obtainedfortheextractofCornus kousa is

presentedinFig.14.Theidentificationofeachphenoliccompoundsforwhich

wehadstandardswascarriedoutbycomparisonoftheirretentiontimeand

typicalm/z valves with those obtained injecting standards in the same

GC/MScondition.
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Fig.14.Totalionchromatogram ofpressurizedliquidextractfrom Cornus 

kousa.

Eightphenoliccompoundssuchasgallicacid,catechin,quercetin,caffeicacid,

chlorogenicacid,protocatechuicacid,p-coumaricacid,andsyringicacidwere

identifiedfrom thePLE extractsofnaturalplantscollectedinJejuinthis

study.Gallicacidandcatechinwerethepredominantpolyphenolsamongthe

onesidentifiedintheextractsofnaturalplants.Catechinwasthehighestin

Ostrya japonica as2,455mg/100g.GallicacidwasthehighestinGeranium 

thunbergii and Sapium japonicum as2,312and2,211mg/100gwithhigher

TPasshowninTable6.Protocatechuicacidwasthehighestin Potentilla 

chinensis as35.4mg/100g.Quercetinwasalsoidentifiedasthehighest276

mg/100ginCornus kousa.SyringicacidwasidentifiedonlyinCornus kousa 

(30.1mg/100g).p-CoumaricacidwasthehighestinPotentilla chinensis as

32.5 mg/100g.Caffeic acid was the highestin Pyrrosia lingua as 268

mg/100g.ChlorogenicacidwasidentifiedasthehighestinPyrrosia lingua as

1,716mg/100g.Thesum oftheindividualphenoliccompoundsidentifiedand

quantifiedbyGC/MSwererangedfrom 11mg/100gto2,970mg/100g.Ostrya

japonicaandSapium japonicum showedhigherconcentrationsinthesum of
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theindividualphenoliccompounds,asexpectedfrom thehighertotalphenolic

contentasshowninTable6.

ThisresultisconsistentwithIAC,sinceitisknownthatquercetinhasabout

twotimehigherantioxidantactivitywithrespecttootherphenoliccompounds

(Rice-Evansetal.,1997).

Typical phenolic compound that possess antioxidant activity has been

characterizedasphenolicacidandflavonoid(Kahkonenetal.,1999).Phenolic

acidshavebeenimplicatedasnaturalantioxidantsinfruits,vegetables,and

otherplant.Forexample,caffeicacid,ferulicacid,andvanillicacidarewidely

distributedintheplant　kingdom (Larson,1998).

Gallic acid is known by its antioxidant,anticarcinogenic inhibition and

antifungalproperties(Galietal.,1991;Hayatsuetal.,1988;Perchelletetal.,

1992;Sanchez-Morenoetal.,1998).

Quercetin isregularly consumed by humansasitisthemajorflavonoid

found in human diet(Manach etal.,1998).This flavonoid is possessed

antiviralandantiallergenicactivitiestoinhibitplateletaggregationandthe

oxidation oflow density lipoproteins,and to actasan anti-inflammatory

agent(FormicaandRegelson,1995;HertogandHollman,1996;Stavric,1994)

Caffeic acid is known by antiinflammatory,antiviral,immunomodulatory

properties,andsuppresslipidperoxidation.Thisphenethylesterisanactive

componentofpropolisfrom honeybeehives(Armutcuetal.,2007).

Catechinsareextractedfrom plantsandpresentinnaturalfoodanddrinks,

suchasgreenteaorredwine.Therearescavengersofreactiveoxygen
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species,and theirresulting antioxidantpropertiesareofgreatinterestin

dieteticsandcosmetology.Furthermore,theirantiviralandcancerinhibiting

properties could have pharmaceuticalapplications (Yanagida etal.,2006;

Tagliazucchietal.,2005;Ishizuetal.,1999).

Chlorogenicacidisamajorphenoliccompoundon coffee(Margretetal.,

2001).Recent reports indicate that the compound is shown to be an

antioxidant and anticarcinogenic, analgesic, antipyretic activities,

antiinflammatory,andantifungaleffect(DosSantosetal.,2006;Fengetal.,

2005;Huangetal.,1988).

Protocatechuic acid had a wide variety ofbiologicalactivities including

antioxidant,antitumorpromotion effects and induced apoptosis in HL-60

humanleukemiacells(Tsengetal.,1996,2000).Ithasbeenrevealedthat

PCA may be a candidate chemical for the treatment of oxidative

stress-inducedneurosdegenerativediseasessuchasParkinson'sdisease(An

etal.,2006;Guanetal.,2006;Liuetal.,2008).

p-Coumaricacidhasinterestaschemoprotectantandantioxidant.Inaddition,

itisbelievedtoreducetheriskofstomachcancerbyreducingtheformation

ofcarcinogenicnitrosamines(TorresandRosazza,2001;Fergusonetal.,2005;

Kikugawaetal.,1983).

Syringicacidisrepresentativeofphenoliccarboxylicacidoccurringinthe

soil.Itisanantioxidantandalsoexhibitsantiproliferativeaction(Kampaet

al.,2004).
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Table7.Identification and quantification ofindividualphenoliccompounds(mg/100g ofdried pla

pressurizedliquidextractsofnaturalplantscollectedinJeju

Polyphenols
Protocatechuic

acid

Syringic

acid

p-Coumaric

acid

Gallic

acid

Caffeic

acid
Catechin

Chlorogenic

acid
Quer

RT(min) 16.9 18.4 19.1 19.7 22.7 30.2 32.8 33

Agrimonia pilosa 19.4±0.4 - 12.6±0.7 14.4±0.0 - 1240.4±29.1 - 70

Alnus firma 2.1±0.0 - 2.6±0.3 50.4±1.0 13.8±0.2 145.7±12.7 123.1±16.3 220

Ardisia crenata 1.9±0.1 - - 26.8±0.2 - - - -

Ardisia japonica - - - 218.6±9.3 - - - -

Cornus kousa 1.9±0.1 30.1±0.3 6.2±0.0 156.2±5.7 202.6±9.2 14.2±10.2 48.8±4.0 276

Desmodium caudatum - - 11.1±0.8 - - - - -

Euscaphis japonica 5.0±0.2 - 11.6±0.6 325.9±4.7 - - - 51.8

Geranium thunbergii - - 25.6±0.2 2312.6±10.8 10.6±0.4 - - -

Malus sieboldii 9.0±0.7 - 2.3±0.0 4.2±0.1 2.8±0.6 573.7±4.0 173.3±13.1154.4

Myrica rubra - - - 134.1±4.7 - - - -

Ostrya japonica 10.4±0.3 - - - 37.0±0.52455.4±60.7 251.8±66.7216.2

Persicaria filiformis - - - 60.0±1.2 - - - 49

Potentilla chinensis 35.4±1.8 - 32.5±0.3 17.3±0.5 75.3±0.8 227.6±0.7 87.7±13.0 114

Prunus padus 11.9±0.1 - 4.2±0.1 1.7±0.1 100.6±1.5 483.8±9.7 - 185

Pyrrosia lingua 22.6±1.8 - 18.3±1.6 - 268.2±10.4 320.4±4.71716.9±14.9 -

Quercus acuta 4.9±0.1 - - 60.9±0.4 - 690.0±10.7 - 51

Rhus javanica 12.9±0.6 - 3.7±0.2 1517.8±92.1 - 58.6±3.1 - 175.4

Sapium japonicum 6.9±0.5 - - 2211.4±79.9 156.1±6.5 - 454.2±27.1135.3

Sorbus alnifolia 19.1±0.2 - 2.0±0.3 - 90.3±0.3 - 1239.9±1.6 52

Stauntonia hexaphylla - - - - 5.4±0.0 - 24.0±11.4 26
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3.5CelltoxicityandLPS-inducedNOproduction

CelltoxicityandtheeffectsofLPS-inducedNO productionofpressurized

liquidextractsfrom naturalplantscollectedinJejuusingRAW 264.7cells

wereshowninTable8.

Mostofthepressurizedliquidextractsfrom naturalplantscollectedinJeju

werenotindicatedtheconcentration producing 50% toxicity (TC50)atthe

concentrationused(3.9～500μg/mL)withtheexceptionofAgrimoniapilosa,

Alnusfirma,Potentillachinensis,andQuercusacutaasTC50valuesof146,

426,294,445μg/mL.

ItiswellknownthatiNOSfrom macrophagesispredominantlyresponsible

fortheoverproductionofNO ininjuredtissuesandinflammatoryprocesses

(Wilsonetal.,1996).Thus,wechosetoutilizethewellcharacterizedmurine

macrophagecellline,RAW 264.7,toperform ourstudies.Treatmentofcells

withLPS(100ng/mL)inducednitriteaccumulationintheculturemedium

duringthe24hrobservationperiod,indicativeofNOproduction.Simultaneous

treatmentwiththeextractsfrom naturalplantsandLPS significantly and

dose-dependently decreased the production ofNO.The pressurized liquid

extracts from naturalplants collected in Jeju showed dose dependent

inhibitory effecton the LPS-induced NO production.The calculated IC50

valuesofthe Sapium japonicum,Alnus firma,Cornus kousa, and Malus 

sieboldii were109,123,219and219,respectively;theselectivityindiceswere

>4.5,3.9,>2.3,and>2.2,respectively.TheextractsofSapium japonicum,

Alnus firma,Cornus kousa, and Malus sieboldii indicatedNO production

inhibitoryactivitywithmuchlesstoxity.

Ohigashiet al.(1972) and Egawa et al.(1972) reported that Sapium
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japonicum showed the highest NO production inhibitory activity.They

isolated O-acetyl-12-O-n-deca-2,4,6-trienoyl phorobol and methyl 8

-hydroxy-5,6-octadienoate which showed anti- fish toxicity effect and

antifungaleffect.

Celltoxicities ofpressurized liquid extracts from twenty naturalplants

collectedinJejuusingHS-68normalskinfibroblastcellswereshowninFig.

15-1and15-2.Thepressurizedliquidextractsdidnotaffectcelltoxicityat

the concentration used (100-500 ㎍/mL)in Ardisia japonica,Desmodium

caudatum,Malussieboldii,Prunuspadus,Rhusjavanica.Ardisiajaponica

andRhusjavanicawithhigherTPcontents.PrunuspadusandRhusjavanica

wereindicatedhigherNO assay.Inaddition,Malussieboldiialsoshowed

higheractivityinTP,IAC,andNO assay.Huretal.(2007)reportedthat

MalussieboldiiisaspeciesinthefamilyRosaceae.ItisinthegenusMalus

intheMaloideae.MalusismainlydistributedinnortheasternAsia.Especially,

thegenusMaluspumilaMilleriseconomicallyimportantapplefamily.
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Table8.CelltoxicityandLPS-inducedNO productionofpressurizedliquid

extractsfrom naturalplantscollectedinJejuusingRAW 264.7cells 

Plantspecies TC50
1)
(μg/mL) IC50

2)
(μg/mL) Selectivityindex3)

Agrimoniapilosa 146.3±18.6 166.7±09.2 0.9

Alnusfirma 426.5±31.7 123.5±04.1 3.9

Ardisiacrenata >500 >500 1

Ardisiajaponica >500 >500 1

Cornuskousa >500 219.5±25.7 >2.3

Desmodium caudatum >500 >500 1

Euscaphisjaponica >500 248.7±07.1 1

Geranium thunbergii >500 >500 1

Malussieboldii >500 219.6±33.7 >2.2

Myricarubra >500 >500 1

Ostryajaponica >500 318.4±50.6 >1.6

Persicariafiliformis >500 >500 1

Potentillachinensis 294.9±18.8 203.3±15.1 1.5

Prunuspadus >500 327.5±09.4 >1.5

Pyrrosialingua >500 >500 1

Quercusacuta 445.3±53.0 >500 >0.9

Rhusjavanica >500 337.5±31.7 >1.5

Sapium japonicum >500 109.1±02.6 >4.5

Sorbusalnifolia >500 >500 1

Stauntoniahexaphylla >500 >500 1

1)TC50istheconcentrationproducing50% toxicityinRAW 264.7cells.

2) IC50 istheconcentration producing 50% inhibition ofNO production in

RAW 264.7cells.

3)SelectivityIndex=TC50/IC50
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SUMMARY

Twenty naturalplants collected from Jeju were extracted by pressurized

organicsolvent.Extraction yieldsoftotalsolublesolids(TSS)and total

phenolics(TP),integralantioxidativecapacity,individualphenoliccompounds

by GC/MS,and celltoxicity and NO production inhibitory activity were

measured.

(1)Twentynaturalplantscollectedfrom Jejuwereextractedbypressurized

organicsolvent(100% MeOH,40℃,13.6MPa,10min).Extractionyieldsof

totalsolublesolids(TSS)andtotalphenolics(TP),andintegralantioxidative

capacitywereevaluated.ExtractionyieldsofTSSwerehigheras21.8,21.5,

21.1,20.7,and 20.1% in Rhus javanica,Euscaphis japonica,Alnus firma,

Sapium japonicum,andSorbusalnifolia,respectively.HigherTP(mgGAE/g)

wereobtainedfrom Malussieboldii(68.3),Sapium japonicum (57.6),Pyrrosia

lingua(56.6),andEuscaphisjaponica(55.1).Integralantioxidativecapacities

ofwater-solublesubstanceswere598,394,293,and270μmolascorbicacid

equivalents/ginGeranium thunbergii,Sapium japonicum,Cornuskousa,and

Rhusjavanica,respectively.Integralantioxidativecapacitiesoflipid-soluble

substanceswere611,314,296,and242μmoltroloxequivalents/ginArdisia

crenata, Ostrya japonica, Geranium thunbergii, and Quercus acuta,

respectively.

(2)Sapium japonicum,anaturalplantinJeju,wasextractedbyapressurized

liquid.Operatingparameterssuchasthetypeofsolvent,theratioofsolvent

to water,temperature,pressure,and number of extraction steps were

investigatedasthemainvariablesthatinfluencetheextractionefficienciesof

totalsolublesolids(TSS)andtotalphenolics(TP).TPcontentswereaffected
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bythetypeofsolvent,solvent-waterratio,extractionstepandtemperature.

Higherextractionyields(17.9and17.3%)ofTSSwereobtainedwhenMeOH

andH2O wereusedastheextractionsolvents.MeOH extractedthehighest

levelofTPas50.4mgGAE/gcomparedwith48.8and27.2mgGAE/gwith

H2OandEtOH,respectively.EtOH:H2O(40:60,v/v)wasfoundtobethebest

solventforTPextractionas90.3mgGAE/gcomparedwith85.0,84.3,and

76.8mgGAE/ginMeOH:H2O (40:60,60:40,v/v)andEtOH:H2O (60:40,v/v),

respectively.TSSandTPwereincreasedwiththeincreaseofthenumberof

extraction steps.TP contentwas increased by 11% as the extraction

temperaturewasincreasedfrom 40℃ (97.4mgGAE/g)to50℃ (108.3mg

GAE/g).Extractionpressurehadnoeffectontheextractionefficiency.The

optimum extractionconditionsofTSSandTPwere;40% EtOH,2extraction

steps,temperature50℃,andpressure10.2MPa.

(3)Twenty naturalplants collected in Jeju were extracted atoptimized

pressurizedliquidextractioncondition(40% EtOH,50℃,13.6MPa,10min).

Extraction yields oftotalsoluble solids (TSS)and totalphenolics (TP),

integralantioxidativecapacity(IAC),individualphenolicsbyGC/MS,andcell

toxicityandNOproductioninhibitoryactivitywereevaluated.Extractionyield

ofTSSwasthehighestinPersicaria filiformis as28.5% withthedecreasing

orderof27.3,25.8and25.2% in Sapium japonicum,and Prunus padus,

respectively.Ostrya japonica andSapium japonicum showedthehighestTP

(105.4 and 105.1 mg GAE/g),followed by Geranium thunbergii (104.4),

Agrimonia pilosa (92.2),Pyrrosia lingua (90.6),andPrunus padus (90.5).IAC

ofwater-solublesubstanceswerehigheras976and948μmolascorbicacid

equivalents/ginGeranium thunbergii andPyrrosia lingua,respectively.IAC

oflipid-solublesubstanceswere945and520 μmoltrolox equivalents/g in

Ardisia crenata,Geranium thunbergii and Pyrrosia lingua,respectively.

EightphenoliccompoundswereidentifiedbyGC/MS from theextractsof
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pressurized liquid extracts.Gallicacid and catechin werethepredominant

phenolicsamong theonesidentifiedintheextractsofnaturalplants.The

sum oftheindividualphenolicsquantifiedbyGC/MSwerehigherinOstrya 

japonica and Sapium japonicum as2,970and2,963ppm.Theextractsof

Sapium japonicum,Alnus firma,Cornus kousa, andMalus sieboldii indicated

NO productioninhibitoryactivitywithmuchlesstoxity.Theextractsfrom

Ardisiajaponica,Desmodium caudatum,Malussieboldii,Prunuspadus,and

RhusjavanicadidnotaffectcelltoxicityusingHS-68cells.
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