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Abstract

Weinvestigatedtheinfection-preventivecharacteristicsofJapanesegreentea(middlegrade)in

referencetoitscatechin(CAT)concentration.ColorimetricanalysisshowedthatCATwasextracted

mosteffectivelyat80℃.Whengreenteaextract(GTE)waspreparedfromthesamegreentealeaves

(5g/80mlwater)repeatedlysixtimesat80℃ for1min,almostthe2/3oftotalCAT contentwas

extractedduringthefirstthreeextractionsinwhich thesecondextractiongavethehighestCAT

concentration.Therefore,GTEpreparedunderthiscondition(5g/80mlwaterat80℃ for1min)was

referredtoasstandardGTE(SGTE)inthisstudy. Bacteriologicalstudiesusing Staphylococcus

aureus,EscherichiacoliandPseudomonasaeruginosashowedthatthemaximum inhibitoryand

bactericidaldilutionsofthesecondSGET wererangedin8-and4-folddilutions,correspondingto

0.33mg/mland0.68mg/mlCATconcentrations,respectively,againsteitherbacterialspeciesand

thedifferencesbetweenthesetwovalueswerewithin2-folddilutions,indicatingthatSGTEshows

thebactericidalactivity.However,SGTErequiredaslongas4to5hforbactericidaltimeinsharp

contrasttoiodinewiththatofasshortas1min.WhenSGTEwithCATconcentrationranging1.2

mg/mlto2.7mg/mlwasincubatedwithinfluenzaA/Aichivirusat37℃ foratleast30min,SGTE

alsocompletelyinhibitedviralhemagglutination(HA)activityessentialfortheviralattachmentto

cellsurface.TheCAT-deficientSGTE,preparedbythetreatmentwithFeCl3,couldnotshowboth

bactericidalandHAinhibitoryactivities,confirmingthatCATinGTEismainlyresponsibleforthese

activities. Insummary,GTEmightbetakenasabeneficialherbalmedicinetopromotetheinfec-

tion-safety conditions in the patients. However, on the application of GTE, its

advantage/disadvantageandpresenceofsufficientCATconcentrationshouldbetightlyrecognized.
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Introduction

Thegreentea-drinkinghabitwasestablished

initiallyinChina3,000to4,000yeasago,and

then introduced to many countriesin the

world. Withthelapseoftime,greentea

extract（GTE）wasgraduallyrecognizedasone

ofhealthy drinks1）. In the19th century,

chemicalanalysesofGTE identifiedseveral

componentssuchascaffeine,vitamins,amino

acids and catechin molecules （CAT）.

Especially,CAT took the mostattention,

because Japanese GTE（moderate grade）

included five different CAT, in which

epigallocatechin（EpiC）isthemain,atcontent

ofasmuchas14%to16%1）.Recently,scientific

evidences have been accumulated on the

beneficialactivitiesofGTE againstvarious

bacteria,fungi,toxinsandinfluenzaviruses2-7）.

Nowadays, various types of chemical

disinfectantshavebecomeavailableandtheuse

ofthesedisinfectantsseemstobetheprinciple

intheinfectioncontrolnursing.Indeed,these

disinfectantsshow powerfulbactericidaland

virocidalactivities.However,itshould be

noteworthy that these disinfectants show

adverseeffectssuchascytotoxiceffectand

hypersensitivityontheimproperuseandinthe

specific patients8）. In contrast,GTE is

routinelytakenasoneoffavoritedrinksfora

long time and thereby free from these

inevitableissuesholdinginthesechemicals.In

thelightofthesefacts,GTEcouldbeexpected

tocontributeforpromotionoftheinfection-

safetyconditioninthepatients,althoughits

applicationmightbelimitedinspecificcaresas

oneoftraditionalandcomplementaryinfection

controls.

Inordertoexpandtheeffectiveandadequate

useofGTEintheinfectioncontrolnursing,we

investigated the infection-preventive

characteristicsofGTEinthisstudy.

MaterialsandMethods

PreparationofGTEandCATsolution

CommercialJapanesegreentealeaves（GTL）

（moderate grade） in 80 ml water were

extractedwithoccasionallystirringatvarious

temperature（50℃ to91℃）for1minfollowed

bycentrifugation（3,000rpmfor10min）.The

resultantsupernatantwasusedasthefirst

GTE. Theremaining GTL wereextracted

repeatedly furtherfivetimesby thesame

mannerandreferredtoasthesecondtosixth

GTE,respectively. ItwasshownthatCAT

reactswithmetalionssuchasFeCl3,resulting

intheformationofblackprecipitateseasily

removedbycentrifugation9）. Therefore,to

prepareCAT-deficientGTE,GTEwastreated

withFeCl3atafinalconcentrationof10mM

followedbythecentrifugation（10,000rpmfor

10min）. Pure（+）-catechinandEpiC were

purchased

fromSigma. TheseGTEandpureCATwere

sterilizedbythefiltrationandstoredat-80℃

untiluse.

QuantitativeanalysisofCATinGTE

CATconcentrationinGTEwasquantifiedby

thecolorimetricanalysisbasedontheferrous

tartratemethod1,10）.Inbrief,5mlofGTEatan

appropriatedilutionwerereactedwith20mlof

ferrous tartrate reagents and then

developmentofbluecolorwasmeasuredat

opticaldensityof540nm.The（+）-catechin

wasused forthestandardization ofCAT

concentration.

Antibacterialassay

Staphylococcus（S.） aureus（ATCC25923）,

Escherichia （E.） coli（ATCC3630） and

Pseudomonas（Ps.）aeruginosa（ATCC27853）

wereculturedinthenutrientbrothat37℃
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overnightandthendilutedwithbrothtoyield

104to105colonyformingunits（CFU）/mlas

bacterialsolutionsusedinthefollowingassay.

Toexaminethemaximuminhibitorydilutions

（MID）ofGTE,100μloftwo-folddilution

seriesofGTEwerepreparedwithbrothina96-

wellmicroplateandthenculturedwiththe

equalvolumeofbacterialsolutionsat37℃

overnight. On thenextday,turbidity of

cultureswasobservedtodetermineMIDwhich

isthemaximum dilutiongivingnoturbidity.

Atthesametime,smallportionsofcultures

withoutturbiditywerefurtherinoculatedinto

GTE-freebroth,culturedandobservedtheir

turbiditiesasabove.Finally,themaximum

dilutionofGTEgivingnoturbiditywastaken

asthemaximumbactericidaldilutions（MBD）.

Becausethedilutionswereusedtoexpress

antibacterialactivity,MID and MBD are

correspondingtotheminimuminhibitoryand

bactericidalconcentrations,respectively,inthe

ordinarysensitivitytest.

To examinethetime-related bactericidal

effectofGTE,themixturesofGTE with

bacterialsolutionswereincubated at25℃

（0h）.Attheindicatedtimesafterincubation,

smallportionsofthemixtureswereinoculated

intotheagarmediatodeterminetheremaining

livingbacteriaexpressedasCFU.Incertain

experiments,iodinesolution（0.00063%）was

usedinsteadofGTE.

AssayofHAactivityofinfluenzavirus

ThestocksolutionofinfluenzaA/Aichi/2/68

（Hong Kong subtype） was diluted with

phosphatebuffered saline（PBS）and then

incubatedwithanequalvolumeofGTEat37℃.

Attheindicatedtimesafterincubation,two-

fold dilution series ofthe mixtures were

preparedwithsalineina96-wellmicroplate

followedbyadditionofanequalvolumeof

chickenredcellsolution（0.5%）11）.Asacontrol,

PBSwasusedinsteadofGTE.Afterstanding

at4℃for40min,HApatternswereobservedto

determineHA titerexpressedasthehighest

dilutionwithHA.

Results

CAT concentrationsin GTE underdifferent

preparativeconditions

WhenGTEwaspreparedfrom 5gGTLin

80mlwateratvarioustemperatures,CAT

concentrationswere0.392mg/mland0.875

mg/mlat50℃and65℃,respectively,asshown

in Fig.1. However,theserelatively lower

concentrationsbecameabruptlyhigherwith

theincreasesoftemperatures,attainingits

peakat80℃（2.625mg/ml）,andthenslightly

decreasedat91℃（2.458mg/ml）.Basedon

thesefindings,GTE waspreparedat80℃

throughoutthefollowingexperiments.

AsshowninFig.2,whenGTEwasprepared

repeatedlysixtimesfrom thesameGTLas

above,CAT concentrationswere2.1mg/ml,

2.7mg/ml,1.65mg/ml,1.20mg/ml,0.9mg/

mland0.75mg/mlforthefirsttosixth

extractions,respectively,indicatingthatthe

second extraction gives the highest

concentrationandthenthesevaluesgradually
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Fig.1.CAT concentration in GTE prepared by
differenttemperature．GTEwaspreparedfrom
5gGTLin80mlwaterfor1minatvatious
temperatue and CAT concentration was
quantifiedbythecolorimetricmethod． Data
areexpressedasthemean±SD（thinbar）of
threeindependentexperiments．



decreasewiththeextractionnumbers.This

tendency, showing the highest CAT

concentrationsatthesecondextraction,was

alsoobservedinthecasesofloweramountsof

GTL（3gto1g）. Inthisconnection,CAT

concentrations of the second GTE were

1.18mg/mland0.725mg/mlforGTLof3g

and1g,respectively.Takingtogetherthese

findings,GTEpreparedfrom5gGTLin80ml

waterat80℃ for1minwasreferredtoas

standardGTE（SGTE）inthisstudy.

AntibacterialactivityofSGTE

Initially,MID and MBD ofSGTE were

examinedagainstthreebacterialspecies.As

showninTable1,MIDvaluesofthesecond

SGTEwere×8,×4and×4dilutionsagainstS.

aureus,E.coliandPs.aeruginosa,respectively.

Ontheotherhand,MBDvaluesofthisSGTE

were×4,×2and×4dilutionsagainstthe

corresponding bacteria species,respectively.

BecausetheundilutedsecondSGTEcontaining

2.7mg/mlofCAT,CATconcentrationswere

calculatedas0.338mg/ml,0.675mg/mland

1.350mg/mlatthedilutionsof×8,×4and

×2,respectively.TheseMIDandMBDvalues

ofthefirstSGTEwerethesameasthoseofthe

third onesagainstthreebacterialspecies.

Withtherepetitiousextractions,thesevalues

becamelower.IneitherSGTE,MIDandMBD

valueswerethesameorcloselyresemblewithin

two-foldagainsteachbacterialspecies.These

date indicate that SGTE exhibits its

antibacterialactivitybythebactericidal,but

notby bacteriostatic,manner. Comparing

withMIDsamongthebacterialspecies,these

valueswerealsocloselyresemble,suggesting

thatantibacterialspectrum ofGTEisbroad.

Conversely,CAT-deficientSGTE showedno

antibacterialactivityagainsteitherbacterial

species,indicatingthatCATinGTEismainly

responsibleforthisactivity.Basedonthese

findings,time-relatedbactericidalactivityof

SGTEandEpiCwasexaminedcomparingwith

thatofiodinesolution.AsshowninFig.3A,

thenumbersoflivingcellsweregradually

increasedwiththelapseoftimeintheeach

controlgroupofthreebacterialspecies.By
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Table1.MIDandMBDvaluesofSGTEwithorwithoutCATbytheextractiontimes

CAT
concentration
inSGTE（×1）
（mg/ml）

MIDandMBD

Extraction
times

S.aureus E.coli Ps.aeruginosa

MID MBD MID MBD MID MBD

1 2.10 ×4 ×2 ×1 ×1 ×2 ×1

2 2.70 ×8 ×4 ×4 ×2 ×4 ×4

2* <0.01 >×1 >×1 >×1 >×1 >×1 >×1

3 1.65 ×4 ×2 ×1 ×1 ×2 ×1

4 1.20 ×4 ×2 ×1 ×1 ×1 ×1

5 0.90 ×2 ×1 ×1 ×1 ×1 ×1

6 0.75 ×2 ×1 ×1 ×1 ×1 ×1

*CAT-deficientbythetreatmentwithFeCl3.

Fig．2．CATconcentrationineachGTEpreparedby
therepeatedextractionfrom thesameGTL.A
totalof6GTEpreparationswasobtainedbythe
repeatedextractionsfrom 5g（solidbar），3g
（dottedbar）or1g（openbar）ofGTLin80ml
waterfor1minat80℃．ThesameGTLwasused
throughouttheextraction.CATconcentratons
ineachGTEwereexpressedasthemean±SD
（thinbar）ofthreeindependentexpeiments．



contrast,in both SGTE-or EpiC-treated

bacteria,these numbers decreased sharply

duringthefirstthreehoursaftertreatment,

andfinallybecametotheundetectablelevelsat

4hor5h.Ontheotherhand,eachbacterial

specieswaskilledtotheundetectablelevelsby

iodinewithinasshortas1min（Fig.3B）.

InhibitionofHA activityofinfluenzavirusby

EpiCandSGTE

Influenzavirusesweretreatedwithsalineor

various concentrations of EpiC for the

indicatedtimesat37℃ andthentheremaining

HAtierswereexamined.AsshowninTable

2,HAtiterofthecontrolvirusestreatedwith

salinewas64.Ontheotherhand,HAactivity

couldnotdetectedbythe1h-treatmentwith

morethan1.25mg/mlofEpiC. Thesame

treatmentwith0.62mg/mlEpiCinducedthe

reductioninHAtiterto32whichisthehalfof

thecontrol,buttheHAinhibitoryactivitywas

negligibleatlessthan0.31mg/mlofEpiC.

Time-relatedanalysisoftheinhibitoryeffectof

EpiC（5mg/ml）（thelowercolumninTable2）

showedthatthe30min-treatmentisenough

forthecompleteinhibitionofHA activity.

Therefore,thetreatmenttimewasfixedas

30mininthefollowingexperimentsusing

SGTE.AsshowninTable3,thefirsttofourth

SGTEscouldinducethecompletereductionin

HAtiters,buttheremainingSGTEscouldnot

aswellasCAT-deficientSGTE.Thesedata

indicatethatSGTEexhibitinhibitoryeffecton

theinfluenzaviralHAactivitybythe30min-

contactat37℃,ifSGTE containsCAT at

concentrationsofalleast1mg/ml.

Discussion

IthasbeendemonstratedthatGTEandCAT

exhibit bactericidalactivity with a broad

spectrum againstvariousspeciesincluding

gram positive- and negative-bacteria and

fungus2-5）,and also limit the growth of

influenzavirusthroughtheinhibitionofHA

activityessentialfortheattachmenttocells

anduncoatingprocessofinfluenzavirus6,7）.

With the accumulation ofthese findings,

beneficialrolesofGTEhaveattractedattention

inthehealthcarefacilitiesinJapantopromote

theinfection-safetyconditioninthepatients.

However,GTE shouldbesuppliedwiththe

recognition of the infection-preventive

characteristics,andtherebythoughtlessand

imprudentsupplyshouldbeavoid. Inthis

study, several findings useful on the

applicationofGTEinthehealthcarefacilities

wereobtainedthroughtheexaminationusing

moderategradeGTLwhichisthemostpopular

inJapan.
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Table2. InhibitoryeffectofEpiContheHA activityof
influenzaA/Aichivirus（HongKongsubtype）

Table.3InhibitoryeffectofSGTEwithorwithout
CATontheHAactivityofinfluenzaA/Aichi
virus（HongKongsubtype）

ConcentrationofEpiC
（mg/ml）

Contacttime
（min）at37℃ HAtiter

Extracion
number

CAT
concentration
（mg/ml） HAtiter

10 60 <2 1 2.10 <2

5 60 <2 2 2.80 <2

2.5 60 <2 2* <0.01 64

1.25 60 <2 3 1.65 <2

0.62 60 32 4 1.20 2

0.31 60 64 5 0.90 4

5 10 64 6 0.75 4

5 20 32 Control 64

5 30 <2 *CAT-deficientSGTEbythetreatmentwithFeCl3.

5 45 <2

Control 60 64



Colorimetricassay showed thatCAT is

extractedinatemperature-dependentmanner

withthepeakat80℃.Therefore,GTEprepared

fromGTLin80mlfor1miat80℃ isreferred

to as SGTE. When the CAT-extractive

efficacies were compared among the

repetitiously extracted SGTE, the second

extractiongavethehighestCATconcentration

regardlessoftheGTLamounts（1gto5g）.

BasedonCATcontentasto13.8%to15.7%in

driedGTL1）,almosttwothirdoftotalCATare

estimatedtobeextractedduringthefirstthree

extractions.Thisfindingmightbeimportant

fortheGTEsupplyinthehealthcarefacilities,

becausethattherepetitiouspreparation of

GTEfromthesameGTLispopularinJapan.

Thenumbersofbacterialspeciesusedinthis

studywereonlythree,butGTE showeda

broadspectrum withbactericidalactivityin

accordancewithpreviouspapers2-5）.However,

time-relatedbactericidalassayshowedthatthe

completereductioninthelivingcellnumbersis

observedonlyafterthecontactforaslongas4

to5h,inasharpcontrasttoiodinewiththe

completereductiontimeof1min.Thus,the

bactericidalmannerofGTEcouldbesaidasthe

delayedtype,whereasthatofiodineisimmedi-

ate-type.This finding seems to be also

importantforthehealthcarepersonnelonthe

GTEsupply.Toovercomethisdisadvantage,it

might be recommended to apply GTE

repeatedlyseveraltimesadayincares.Indeed,

successfulGTEapplicationshavebeenobtained

empiricallyonlybytherepeatedoralspraying,

wipingand/orbrushingwithGTE（twiceto

fivetimesaday）12,13）.

Thefirststepofinfluenzavirusgrowthis

theattachmenttocellswhichisdetectedasHA

activityusingredcells11）.Therefore,inhibition

ofHA activity leads directly to thatof
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Fig．3．Time-relatedbactericidaleffectofEpiC，SGTEandiodineagainstthreebacterialspecies．
Thefreshculturesofbacteriaatappropriatedilutionswereincubatedwith10gm/mlEpic（open
square），SGTE（2ndextraction）（closedcircle）orwithoutdrugs（opencircle）andthenthenumbersof
livingcells（CFU/ml）werecountedattheindicaedtimes（A）.Alternatively，S．aureus（opensquare），
E．coIi（opencircle）andPs．aeruginosa（closedcircle）wereincubatedwithiodinesolutionandthenthe
numbersoflivingcellswerecountedasabove（B）．



influenzavirusgrowth.Thisstudyconfirmed

thatGTEandEpiCcouldinhibitHAactivityof

influenzaA/Aichivirus（HongKongsubtype）

asshowninthepreviouspapers6,7）.Inaddition

toA/HongKongsubtype,HAactivitiesofall

influenzavirustypesrelatingtothecurrent

influenzaepidemic（A/USSR subtypeandB

type） arealsoinhibitebyGTE（datenot

shown）. However,incomparisonwiththe

previouspapers6,7）,thisstudyclarifiedinmore

detailstheHA inhibitorycharacteristicsof

GTEandEpiC,thatis,thecontacttimeand

CAT concentration necessary for complete

inhibitionofHA activityarealleast30min

and1.2mg/ml,respectively.

AlthoughGTEcontainsvariousbiochemical

componentssuchasaminoacids,vitamins1）,

onlyCATistakenasthemajorcomponent

responsibleforthebacteria-killingandanti-

influenza viralactivities. When compared

theseactivitiesbetweenCAT-deficientand-

containing CTE, the former GTE lost

completelytheseactivities.Sofarasweknow,

thisstudyisthefirstreporttoruleoutclearly

the possible contribution of various

componentsotherthanCATinGTEonthese

activities.Conversely,atleast1mg/mlofCAT

shouldbecontainedin GTE both forHA

inhibitoryandbacterialkillingeffects.

In summary,GTE isabeneficialherbal

medicine to promote the infection-safety

conditionsinthepatients.However,onthe

applicationofGTE,itsadvantage/disadvantage

（adverseeffect-freebutdelayedeffect）andthe

presenceofasufficientCAT concentration

shouldbetightlyrecognized.
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感染予防からみた緑茶の特性に関する研究
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要 旨

緑茶（煎茶）の抗菌性とインフルエンザウイルス赤血球凝集（HA）活性阻害の特性を検証し

た．酒石酸鉄比色法による検討から，低温域（50℃と65℃）より高温域（80℃と91℃）でより

多くカテキン（CAT）は抽出され，就中80℃が最大CAT量を示した．5g茶葉/80ml水，80℃，

1分（標準緑茶液:SGTE）で６回抽出したところ，２回目で最高CAT量（2.7mg/ml）を示し，

３回目までにほぼその2/3が抽出された．黄色ブドウ球菌，大腸菌と緑膿菌に対するSGTEの最

大発育阻止と最大殺菌希釈度の差は，どの菌に対しても２倍以下であり，緑茶は，広範囲性かつ

殺菌的作用を示すことが確認された．但し，ヨード液の１分に比べ，殺菌時間は４～５時間と極

めて長いことが注目された．種々CAT量を有するSGTEを，種々時間37℃でインフルエンザウ

イルスと接触させたところ，CAT量1.2mg/ml～2.7mg/mlの範囲で，30分接触で完全にHA活

性を阻害した．さらに，塩化第二鉄処理によるCAT除去SGTEには，抗菌作用も抗HA作用も

ないことから，種々ある緑茶成分のうち，CATが主な有効成分であることが示された．これら

から，緑茶を感染予防として活用する際には，遅効性であること，また十分量なCAT含有（少

なくとも1mg/ml）ことの認識は重要であると思われた．
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