
Introduction

AyurvedaoriginatedinIndiaseveralthousands

yearsago,makingitoneoftheworld・soldestmedical

systems.Eventoday,Ayurvedacontinuestobeprac-

ticedinSouthAsiaincludingIndiaandSriLanka,

whereabout80%ofthepopulationusesAyurvedaalone

orcombinationwithconventional(Western)medicine.1)

AsAyurvedaistheonlymedicinalsystemthataimsto

promotewellness,ithasattractedworldwideattention

asaformofcomplementary/alternativemedicine.Acco-

rdingtothe2007NationalHealthInterviewSurvey,

morethan200,000U.S.adultshaveusedayurvedic

medicine.1)

Inayurvedicmedicine,varioustypesofmedicine

areuseddependingoneachpatient'sindividualrequire-

ments.Forexample,inadditiontocommonformsof

medicinesuchasherbalteas,infusions,decoctions,tinc-

tures,andointments,indigenousformsofmedicinesuch

asashpreparedfromplantmaterial(Kshara),infused

oils(Taila),andherballiquor(ArishtaandAsava)are
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Abstract

InAyurveda,practitionersuseaherballiquorcalledArishtatotreatpatientssufferingwithemaciationorindiges-

tion.Arishtaisproducedbydecoctingvariousherbsandthensubjectingtheresultantliquidtoalcoholicfermentation.

Duringthealcoholicfermentationstage,theconstituentsofArishtachangechemically,whichwouldalsoalterthe

medicinaleffectsofArishta.InordertocharacterizethecomponentsofArishta,weinvestigatedthedifferencesbe-

tweenthecompositionsofArishtaandatincture(analcohol-soakedherballiquor).First,weattemptedtoprepare

Arishtainourlaboratoryfromginger,jujube,andlongpepperandcomparedthepiperineand[6]-gingerolcontents

ofArishtawiththoseoftheabovementionedtinctureusingHPLC.Thealcoholcontentofthelaboratory-madeArishta

(LM-Arishta)was15%,whichwasalmostthesameasthatoftheArishtasoldinSriLanka.Thepiperinecontentof

theLM-Arishtawas14.6mg/l,whichwasslightlyhigherthanthatofthetincture.Itseemsthatdecoctionismoreef-

fectivewaytoextractpiperinethanethanolimmersion.However,[6]-gingerolcontentoftheLM-Arishtawas11.3

mg/l,whichwaslessthan50%ofthatofthetincture.Subsequently,weincubated[6]-gingerolwithyeastinculture

mediumtosearch[6]-gingerolmetabolites.LC-MS/MSanalysissuggestedthat[6]-gingerolistransformedto4me-

tabolitessuchas[6]-shogaoland3or5acetoxy-[6]-gingerdiolduringalcoholicfermentation.Thesemetaboliteswere

alsodetectedinLM-Arishtaandthus,itwassuggestedthat[6]-gingerolwasmetabolizedduringLM-Arishtamaking.
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alsoemployedinayurvedicmedicine.2)Arishtaand

Asavaareconsideredtobevaluabletherapeuticsin

ayurvedicmedicineandaremainlyusedtotreatpatients

sufferingwithindigestionoremaciation.Arishtais

madebydecoctingherbsinboilingwaterandthensub-

jectingtheresultantmixturetoalcoholicfermentation,

whileAsavaispreparedbysubjectingamixtureoffresh

herbaljuicestoalcoholicfermentation.3)Therearevari-

oustypesofArishtaorAsavasuchasAshokarishta,

Dasamoolarishtaya,Aravindasava,andPippalyadiasava

thatcontainvariouscrudedrugs.

Traditionalfermentedliquorssuchaswine,sake,

andbeerhaveattractedalotofattentioninthemedici-

nalfieldbecausetheycontaindifferentfunctionalnutri-

entsthannon-fermentedfoodanddrink.Forinstance,

ethyla-D-glucoside,whichisproducedduringthebrew-

ingofsake,hasahepatoprotectiveeffectandenhances

thedifferentiationofkeratinocytes.4-6)Inaddition,Chari

etal.reportedthatbothbeerandfermentedglucose

stimulatedpancreaticenzymesandsuggestedthatthe

activecomponentsofthesesubstancesarebiosynthe-

sized during the alcoholic fermentation process.7)

Therefore,componentsthatariseduringthefermenta-

tionprocessareconsideredtoberesponsiblefortheme-

dicinaleffectsofAsavaandArishta.However,veryfew

studieshaveexaminedthecomponentsofAsavaor

Arishta.

Inapreviousstudy,wecomparedthevolatilecom-

poundprofileofAsavawiththatofatincture(analco-

holsoakedherballiquor)preparedfrom gingerand

jujubeusingGC-MS.Thevolatilecompoundprofileof

Asavadifferedfromthatofthetincture,anditwassug-

gestedthatglycosideswerehydrolyzedtovolatilecom-

poundsduringthefermentationprocess.8)However,no

comparisonbetweenArishtaandherbaltinctureshas

beenperformedtodate,andthebioconversionofthe

constituentsofArishtaduringitsfermentationremains

tobeexamined.

Inthisstudy,inordertocharacterizethecompo-

nentsofArishtaweelucidatedthedifferencesbetween

thecomponentsofArishtaandthoseofatincturepre-

paredfromginger,jujube,andlongpepper.Weadopted

theseherbsbecausetheyweredescribedasingredients

ofArishtainSushrutaSamhita,oneofbiblesof

Ayurveda.First,weinvestigatedthepreparingproce-

dureofArishtagenerallyadoptinSriLanka.Then,

basedontheresultsofourfieldinvestigation,we

attemptedtoprepareArishtainourlaboratory.Subse-

quently,wecomparedthepiperineand[6]-gingerolcon-

tentsoflaboratory-madeArishta(LM-Arishta)with

thoseofatincturepreparedfromthesamematerials.

Moreover,weattemptedtoidentifythe[6]-gingerolme-

tabolitesproducedduringfermentationwithyeast.

MaterialsandMethods

Crudedrugmaterials:Thefollowingcrudedrugswere

usedinthisstudy:

Smallpieces(3-10mm)ofginger(driedrhizomesof

ZingiberofficinaleRosc.,lotNo.:78J1112)andJujube

(driedfruitsofZizyphusjujubaMill.var.inermisRehd.,

lotNo.:7901152)werepurchasedfromUchidaWakan-

yakuCo,Ltd.(Tokyo,Japan).Thesecrudedrugswere

compliantwithJP15.Longpepper(driedfruitsofPiper

longumLinn.,lotNo.:VVCMQ),Maritta-maru(dried

flowerofWoodfordiafloribundaSalisb.(=W.fruticosa

Kurz.),VoucherNo.:KANP06756),andbrownsugar

werepurchasedfromalocalmarket.Thesematerials

wereidentifiedbytheauthorsandstoredinthelabora-

toryofHerbalMedicinesandNaturalResources,School

ofPharmacy,KanazawaUniversity.

Driedyeast:Driedyeast(Saccharomycescerevisiae

UCD522,LotNo.:962112)purchasedfrom Mauri

YeastAustraliaPtyLtd(NSW,Australia)wasusedto

prepareLM-Arishta.Theyeaststrain(Saccharomyces

cerevisiaeKagoshima-5)suppliedbytheKagoshima

prefecturalbrewingassociation(Kagoshima,Japan)was

usedforthestudyof[6]-gingerolmetabolites.

Chemicals:Aceticacid,bromothymolblue,Ethanol,

formicacid,[6]-gingerol,glucose,methanol,neutral

red,piperine,potassiumhydrogenphthalate,andyeast

extractwerepurchasedfromNacalaiTesque(Kyoto,

Japan).Acetonitrileandsodiumhydroxidewerepur-

chasedfromKantochemicalCo.Inc.(Tokyo,Japan).

PhenolphthaleinwaspurchasedfromKishidaChemical

Co.Ltd.(Tokyo,Japan).Peptonewaspurchasedfrom

Becton,DickinsonandCompany(NewJersey,USA).

PreparationofArishta:LM-Arishtawaspreparedin
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A. Wash the crude drugs 

B. Decoct with water  

C. Evaporate to 1/4 volume 

D. Remove the crude drugs 

F. Cool to room temperature 

E. Add brown sugar 

G. Decant the decoction into 
an earthen pot 

H. Add Maritta-maru 

I. Seal the pot 

J. Ferment for about 1 
month 

(480 g each) 

(150 L→ 37.5 L) 

(24 kg) 

(4 kg) 

A 

B 

H 

I 

. 

2. 

3. 

4. 

accordancewiththeprocedureusedbyPilapitiya

AyurvedaProducts(Fig.1),withminormodifications.

1.Ginger(40g),jujube(40g),longpepper(40g),and

distilledwater(920ml)weremixed,boiled,andcon-

centratedto230ml.

2.Aftersubjectingtheresultantliquidtofiltration

throughamesh,brownsugar(90.7g)wasaddedto

thedecoction,whichwasthencooledtoroomtem-

perature.

3.Maritta-maru(20g)anddriedyeast(0.1g)were

addedtothedecoction.

4.Thedecoctionwasincubatedat25Cfor15daysin

anincubator(LPH200-RDSMP,NipponMedical&

ChemicalInstrumentsCO.,LTD.,Osaka,Japan).

ThepreparationofLM-Arishtawasrepeatedthree

times,andanalyticaldatawereobtainedfrom three

separateexperiments.

Preparationofthetincture:Ginger(40g),jujube(40

g),andlongpepper(40g)weresoakedin14.0%(v/v)

ethanol(230ml),andthenthemixturewasstoredat25

℃ for15daysinanincubator.

ExaminationofsugarcontentandpH:Wemeasured

sugarcontentusingaPocketPAL-1refractometer

(measurementrange:Brix0.0-43.0%,resolution:Brix

0.1%,measurementaccuracy:Brix0.2%,measurement

temperature:10℃-60℃)andmonitoredpHusinga

HoribaB211twinpHmeterondays0,1,2,3,4,5,10,

and15.

Examinationofalcoholcontent:Wemeasuredalcohol

contentaccordingtothemethoddescribedbythe

NationalTaxAgencyofJapan.9)

1.Analiquotof100mloftheLM-Arishtaortincture

wasdirectlydistilleduntil70mlofthedistilledliq-

uidhadbeencollected.

2.Distilledwaterwasaddedtothedistilledliquidto

giveatotalvolumeof100ml.

3.Thedistilledliquidwaspouredintoaglasscylinder,

andanalcoholmeter(range:0-30,minimumvalue:

1;YokotaSeisakusho,Tokyo,Japan)wasfloatedon

thesurfaceofthedistilledliquid.

Quantificationofpiperineand[6]-gingerol:LM-

Arishtaandtincture(1ml)werefilteredthrougha0.45

mmcelluloseacetatemembranefilter,and10mlofeach

samplewereinjectedintoaHPLCsystem (L-2130,

Hitachi,Tokyo,Japan).Theseparationwasperformed

withanInertsilHPLCcolumn(4.6mmid×250mm，

GLSciencesInc.,Tokyo,Japan).Theelutionwasper-

formedwith0.5%(v/v)aceticacid:acetonitrile(61:

39),andthechromatographywasperformedatroom

temperatureataflowrateof1ml/min.Anultraviolet

(UV)detector(L-2400,Hitachi,Tokyo,Japan)wasused

fortheUVdetectionat280nm.

Analysisof[6]-gingerolmetabolitesusingSaccharo-

mycescerevisiae:

~CulturingofSaccharomycescerevisiaeinthepresence

of[6]-gingerol~

Yeastextractpeptonedextrose(YPD)medium(2%

glucose,2%peptone,and1%yeastextract)wasusedas

abasalmedium,and20ppmof[6]-gingerolwasadded.

S.cerevisiaewasaddedtoatesttubecontaining10ml

ofsterilizedmediumandculturedfor3daysat30℃.
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Fig.1ThepreparingprocedureofArishtagenerallyadoptinSri
Lanka.
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YPD medium containing [6]-gingerolbutnotS.

cerevisiaewasusedasacontrol.

~HPLC-MS/MSconditions~

Thechromatographicanalysiswasperformedwitha

ShimadzuHPLCsystemcontainingaShimadzuauto-

sampler(SOL-20ACHT),abinarypump(LC-20AD),a

columnoven(CTO-20A),andaUV/visiblespectropho-

tometer(SPD-20A)(Shimadzu,Kyoto,Japan).Thesys-

temwasinterfacedwitha3200QTrapTM LC-MS/MS

system(Absciex,CA,USA)usingaTurboVTMinter-

faceequippedwithaheatednebulizerandturboion

sprayprobes.Theseparationwasperformedwitha

WatersCosmosilcolumn5C18-MSⅡ(4.6mmid×150

mm,NacalaiTesque,Kyoto,Japan).Gradientelution

wasperformedwithamobilephaseof0.2%(v/v)for-

micacid(A)andacetonitrile(B)underthefollowing

conditions:0min,40%solventB;5min,40%solvent

B;35min,100%solventB;40min,100%solventB;

and52min,40%solventB.Thechromatographywas

performedat40℃ ataflowrateof0.3ml/min.Thein-

jectionvolumewas10ml,andtheautosamplerwas

thermostatedat4℃.Theinterfaceandinstrumentalpa-

rametersweresetasfollows:positivepolarity,ion

sourcemode:turboionspraymode;curtaingaspres-

sure:10psi,ionsourcegaspressure:30psi,turbogas

pressure:70psi,desolvationtemperature:700℃,colli-

sionactivateddissociationgas:3.0a.u.,andionspray

voltage:5500V.Precursorion(PI)scans(productof

m/z;137.3)wasperformedtodetectthe[6]-gingerol

metabolitesandenhancedproduction(EPI)scanswere

performedtoobtaintheirMS/MSspectra.Todetect

thesemetabolitesinLM-Arishta,multiplereaction

monitoring(MRM)wasperformed(Q1filteringwere

295,277,298,and339,Q3filteringwas137).

ResultsandDiscussion

Inthisstudy,weinvestigatedthedifferencesbe-

tweenthecomponentsofLM-Arishta(afermented

herballiquor)andatincturederivedfromthesamein-

gredients(analcohol-soakedherballiquor).First,wein-

vestigatedthepreparingprocedureofArishtaata

factorythatproducesayurvedicmedicines(Pilapitiya

AyurvedaProducts,Kesbewa,Piliyandala,SriLanka)

from4thto17thDecember2006.AsshowninstepsE

andHofFigure1,considerableamountsofsugarand

Maritta-maruwereaddedtothemashtoavoidcontami-

nationandacceleratefermentationinthefactory.

Subsequently,weattemptedtoprepareArishtainour

laboratoryusingthesameprotocol;however,themash

didnotferment.AswehadsuccessfullypreparedAsava

accordingtotheprotocolpracticedinSriLankaina

previousstudy,itseemsthatArishtaismoreeasilycon-

taminatedbyairbornebacteriathanAsavaduetoits

complicatedproductionprocess.InArishtapreparation,

themashwascooledtoroomtemperatureaftertheaddi-

tionofbrownsugar,asshowninstepFofFigure1and

exposedtoairbornebacteriaforaprolongedperiod.

Althoughtheseconditionswereamenabletobacterial

contamination,thealcoholicfermentationofArishta

wassuccessfulattheSriLankanfactory.Itseemsthat

alcoholicfermentationyeastlivesasthepredominant

microorganismatthefactoryduringtheproductionof

Arishtaforyears.Thus,itwasnecessarytomodifythe

procedureweusedtoproduceArishtaatourlaboratory

inordertopromotethealcoholicfermentationwithout

contamination.

Weaddeddriedyeasttothemashduringtheinitial

steptoacceleratefermentationandavoidbacterialcon-

tamination.Asaresult,thealcoholcontentofthemash

reached15.2%,andgasformationwasobserved.The

sugarcontentofthemashdecreasedto20%(w/v),and

itspHshiftedto4.3within10daysandhadalmost

plateauedby10-15days(Fig.2).Thesugarcontent,pH,
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Fig.2ThetimecourseoftheBrixandpHvaluesoftheLM-
Arishta.
LM-Arishtawaspreparedbytheadditionofdriedyeastandin-
cubatedat25℃ for15days.Thebarsindicatestandarddevia-
tionvaluesobtainedfrom3independentexperiments.
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andalcoholcontentofthemashwerealmostequivalent

tothoseofthecommercialArishtabyday15.10)Thus,

weemployed theLM-Arishta preparation method

describedintheMaterialsandmethodsectiontoprepare

Arishtainourlaboratory.

Thepiperineand[6]-gingerolcontentsofLM-

Arishtawerecomparedwiththoseofatinctureprepared

fromsameamountsofherbsandsugar.InArishtamak-

ing,theherbaldecoctionwasusedasinitialmashand

thus,thesecontentsinLM-Arishtaat0dayinFigure4

correspondtothoseindecoction.AsshowninFigure4-

A,thepiperinecontentofLM-Arishtawashigherthan

thatofthetincture,andthepiperinecontentsofboth

productsincreasedslightlyduringtheproductionproc-

ess.Itwasreportedthatrefluxextractionwashighly

effectiveatrecoveringpiperinefrompeppercornmateri-

als.11)Itseemsthathotwaterismoreeffectiveatex-

tractingpiperinethanethanol.Piperine,theprinciple

pungentcompoundoflongpepper,wasrecentlyshown

tosomemedicinalproperties.12,13)Therefore,Arishta,

whichwasfoundtocontainmorepiperinethanthetinc-

ture,mighthavedifferenteffectsfromthoseoftincture.

Figure4-Bshowsthe[6]-gingerolcontentsofLM-

Arishtaandthetincture.The[6]-gingerolcontentofthe

tinctureincreasedduringtheimmersionperiod;how-

ever,the[6]-gingerolcontentofLM-Arishtasignifi-

cantlydecreasedduringfermentationandwaslessthan

50% ofthatofthetincture.Toinvestigatetheeffect

yeasthason[6]-gingerolcontent,weincubated[6]-

gingerolwithyeastinculturemediumandquantified

[6]-gingerolinthemedium.AsshowninFigure5,the
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Fig.3 Thechemicalstructuresofpiperineand[6]-gingerol-
relatedcompounds.

Fig.4Thedifferencesinthepiperine(A)and[6]-gingerol(B)
contentsofLM-Arishtaandthetincture.
Thecontentsofpiperineand[6]-gingerolwerequantitatedafter
0and15daysbyHPLC.Thebarsindicatestandarddeviation
valuesobtainedfrom3independentexperiments.

Fig.5Degradationof[6]-gingerolbyincubationwithSaccharo-
mycescerevisiae.
[6]-GingerolwasincubatedinYPDmediumwithorwithout
Saccharomycescerevisiaeforupto72hr.Thecontentof[6]-
gingerolwasassessedafter0,24,48,and72husingHPLC.
Thebarsindicatestandarddeviationvaluesobtainedfrom3in-
dependentexperiments.

A

B
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amountof[6]-gingerolremainedstablewhen[6]-

gingerolwasincubatedwithoutyeast,whereasinthe

presenceofyeasttheamountof[6]-gingeroldecreased

significantlyfrom24h,andgasformationwasalsoob-

served.Therefore,itwassuggestedthat[6]-gingerolis

metabolizedbyyeastduringalcoholicfermentation.

Sinceitwassuggestedthat[6]-gingerolismetabo-

lizedtoothercompounds,weattemptedtoidentifythe

metabolitesof[6]-gingerolusingLC-MS/MS.First,PI

scanswereperformed.InPImode,MSwasonlyper-

formedwhenthedetectedcompoundhadaspecific

production.Asmetabolitessharestructureswiththeir

parentcompounds,theyoftenhavethesameproduct

ionsastheirparentcompounds.Therefore,PIscansare

aneffectivewayofsearchingforspecificmetabolites.14)

Wesetthetargetproductionmassatm/z137afterana-

lyzinga[6]-gingerolstandard.Asaresult,fermented

mediumcontainedfourmetabolitesinadditionto[6]-

gingerol.ThePrecursorionsofmetabolite1(retention

time;18.81min),metabolite2(19.91),metabolite3

(26.11),andmetabolite4(27.16)werem/z298,m/z

298,m/z339,andm/z277,respectively.Figure6shows

HPLC-UVchromatogramsofthe[6]-gingerol-containing

mediumobtainedat0and48h.AsshowninFigure

6-B,fourmetaboliteswerefoundtobeproducedasthe

[6]-gingerolcontentofthemediumdecreased.Subse-

quently,weacquiredMS/MSspectrausingtheEPI

modetoestimatethesecompounds.InEPIscans,

MS/MSspectrawereonlyacquiredwhentherelevant

precursorionsweredetected.14)Wecomparedtheac-

quiredMS/MSspectrawiththosereportedinrelated

articlesandpredictedthemetaboliteswehaddetected.

ThecombinationofPIandEPIanalysisdemonstrated

that3or5-acetoxy-[6]-gingerdioland[6]-shogaolwere

candidatesofmetabolite3and4,respectively(Fig.7).15)

Itwasreportedthatheating,storage,andprocessingof

gingerconverted[6]-gingerolto3or5-acetoxy-[6]-

gingerdiolor[6]-Shogaol.16)Inaddition,itwasrecently

shownthat[6]-gingerolwasconvertedto[6]-shogaol

whengingerwasincubatedwithparticularbrewing

microorganisms.17)Both[6]-gingeroland[6]-shogaol

arepungentcompounds,but[6]-shogaolhasbeenre-

portedtohavedifferentmedicinalpropertyfrom[6]-

gingerol.18-21) Although,therearenoreportsabout

pharmacologicalactivityof3or5-acetoxy-[6]-gingerdiol,

itwouldhavedifferentmedicinalpropertyfrom[6]-

gingerolduetoacetoxylation.

Weattemptedtoanalyzethese[6]-gingerolme-

tabolitesinLM-Arishta.Unfortunately,theywerenotbe

detectedbecauseofimpuritiesbyHPLC-UV,thus,we
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Fig.6HPLC-UVchromatogramsofYPDmediumcontaining[6]-gingerol.
AandBindicatethechromatogramsobtainedat0and48h,respectively.

A

B
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usedLC-MS/MSwithMRMthatcandetectexclusive

compoundsbysettingspecificmassionforeachcom-

pounds.Consequently,allfourmetaboliteswerealso

detectedinLM-Arishta(Fig.8).Therefore,thesegingerol

metabolitesshowninthisstudywouldeffecttothe

medicinalpropertyofLM-Arishta.Inthefuture,it

wouldbeusefultoidentifythesecompoundsbystruc-

tureanalysisusingNMRandcomparetheirmedicinal

properties.

InJapan,herballiquorsareoftenconsumedby
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Fig.7LC-ESI-MS/MSspectraofthe
[6]-gingerolmetabolitesproduced
bySaccharomycescerevisiae.
Metabolites3and4wereprospected
3or5acetoxy-[6]-gingerdioland[6]-
shogaol,respectively.

Fig.8MRMchromatogramsof[6]-gingerolmetabolitesinLM-Arishta.
Extractedion(Q1/Q3)ofA,B,C,andDwere298/137,295/137,339/137,and277/137,respectively.

Metabolite3

Metabolite4

A B

C D

J.Trad.Med.(Vol.30No.5/62013)



elderlyindividualswithindigestion.Duetothetrendto-

wardspersonalizedmedicine,agingsocietiessuchas

Japanrequiredifferenttypesofherballiquorthathave

differenteffectsandtastesfrom tinctures.However,

tinctures,inwhichalloftheconstituentsareuniformly

extracted,aretheonlytypeofherballiquorthatiscur-

rentlyavailableinJapan.Inthepresentstudy,wefound

evidencethatsomeactiveconstituentsofherbsareen-

richedordepletedduringtheproductionofArishta.If

ArishtabecameavailableinJapanasanewtypeof

herballiquor,thenpatientswouldbeabletochoose

herballiquorsthatsuitedtheirsymptoms.InJapan,a

widevarietyoffermentedfoodshavebeenmanufac-

turedsinceancienttimes;therefore,Japanesefermenta-

tiontechnologyiswelldeveloped.Thus,itwouldbe

possible to develop Japanized Arishta containing

Japaneseherbsandbrewingmicroorganisms.

Conclusion

Inthepresentstudy,werevealedthedifferences

betweenthechemicalconstituentsofLM-Arishtaanda

tincturepreparedfromginger,jujube,andlongpepper.

ThepiperinecontentofLM-Arishtawashigherthan

thatofthetincture,butits[6]-gingerolcontentwasless

than50%ofthatofthetincture.LC-MS/MSanalysisof

[6]-gingerol-containingyeastculturemediumandLM-

Arishtasuggestedthat[6]-gingerolistransformedto

fourmetabolitessuchas[6]-shogaoland3or5acetoxy-

[6]-gingerdiolduringalcoholicfermentation.Duetothe

differencesintheirpiperineand[6]-gingerolcontents,

LM-Arishtaandtincturesareexpectedtohavedifferent

medicinalproperties.
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