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Precolumn o・PhthalaldehydeDerivati2；ation  
andReversed・PhaseLiquidChromatographyof  

S－Methylmethioninesulfoniumin  

Satsuma MandarinJuice  

HidenobuSumitani，SachikoSuekane、YasueSakaiandKiyoakiTatsuka  

Experiments were conducted to determine the amount of S－methylmethioninesulfonium  

（MMS）inSatsumamandarinjuiceusingaprecolumno・phthalaldehyde（OPA）derivatization  

and reversed－phaseliquid chromatography．Favorable analyticalconditions that allowed  

MMSanalysiswereachievedbyusingOPA／3－merCaptOPrOpionicacid（MPA）asaderivatiza－  

tion agentwith fluorescence detection（excitation at330nm，emission at450nm）．AC18  

reversed－phasecolumnwith5JLmparticlesizeandalengthof250mmwasused．Resolution  

of MMS／OPA／MPA derivative was accomplishedwith alinear gradient eluent（30mM  

sodiumacetatebuffersolution．pH7．3，and70％（v／v）methanol）．Quantitativeanalysisof  

MMSbytheinternalstandardmethodusingβ・alaninegavehigh1yreproducibleresultwith  

acoefficientofvariationlessthan3％．RecoveryofMMSaddedtojuicesampleswaslO5％，  

MMScontentinSatsuma mandarinjuicewas28．2JLM．  

Keywords：S－methylmethioninesulfonium，Satsuma mandarin，preCOlumn derivatization，  

0・phthalaldehyde，fluorescencedetection，reVerSed－phaseHPLC．   

S－Methylmethioninesulfonium（MMS）is  

widelydistributedin nature and hasbeen  

reportedasaconstituentofSatsumaman－  

darin，tOmatO，SWeetCOrn．greentea，mi1k，  

SOybean，aSparaguS，and cabbage．MMS  

hasCOnSiderable biologicaland medicinal  

interest．Itis a precursor of dimethylsul・  

fide（DMS），Whichis the characteristic  

COmpOnent Of the off－flavor produced by  

heating Satsuma mandarin juice（1，2）．  

Shimodaet al．reported on a method that  

determined MMS in Satsuma mandarin 

juice，Satsumamandarinjuicewasinjected  
direct】yintoaGCinjectionportheatedat  

200℃．DMSproducedbyheatdegradation  

ofMMSintheinjectionportwasquantita・  

tively analyzed by using a flame photo・  

metric detector．MMS content was calcu－  

1ated from the DMS amount（3）．Kovat・  

Cheva described a method to determine  

MMSinplantproductsusinganaminoacid  

analyzer（4）．Ohtsukietal．reportedMMS  

in the extracts of various kinds of teas，  

SuChasgreenteas．black teas，andoolong  

teas，by theuseofanaminoacidanalyzer  

（5，6）．   

Recently．the determination of amino  

acids by reversed－phaseliquid chromato－  

graphy（RPLC）in combination with  
precolumn o－phthalaldehyde（OPA）der－  

ivatization and fluorescence detection has  

gainedwide popularity forits sensitivity，  

Speed，COmparative simplicity，andlower  

COSt（7．即．  

注 本論文はAssoc．Off．Anal．Chem．，Vol．75，No．1掲載論文を転載したものである。   
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jydlVChbridb mTg）．－AnaIyticalgrade  

（TakaraKohsanCo．Ltd．Tokyo，Japan）．   

AllSatsuma mandarinswere purchased  

fromlocalmarkets．  

ClassicaJly，amiIlOaCidshavebeensepa－  

rated by automatic牟mino acid analyzers  

thatinvoIve postcoiumn derivatization．  

Bothion exchange and RP pえckinghave  

been usedin the analysis of amino acids．  

However，theRPmodenowappearstobe  

the method of choice．C18columns are  

widelyusedonseparationofaminoacids．   

Pr・eCOlumn，Off－1ine derivatization is  

OftenusedinLCbecauseitdoesnotimpose  

any restrictions on the chromatographic  

SyStemintermsofthemobilephasecompo－  

Sition，reaCtiontemperature，dutation．etc．  

However．postcolumn．on－1ine derivatiza－  

tiondoesimposerestrictionsonthemobile  

phase composition．reaction temperature，  

etc．AIso．postcolumn，On－1jne deriヽTatiza－  

tion requires a special reactor of small 

VOlurnetoavoidbandbroadening（9）．  

1nthispaper，WeuSetheprecolumnoff－  

1ine derivatizationmethod andC18column  

KPLC method for the determination of 

MMSinSatsuma mandarinjuice．  

Apparatus  

（a）£な鮎ね′［明 月Jr和め〃 劫ざお研．  

－Used・inthepreparationofbuffersolu－  

tionsandstandardsamples（ElgaLtdトLane  

End．U．K．）．  

（b）CNb4）e memb7mle jfLteTS．一－－Used  

foTSamplepreparation，0．45JLmpOreSize  

（AdvanteCToyoCorp．．Tok〉rO．Japan）．  

（t）LCりTSお〝l．一－」：onsistedof2Model  

LC－6ADLCpump＄，aModelSCL－6Bsys－  

temcontr’Ollerforgradientprogramming，a  

ModelSIL－6B automatic sampleiロjector  

toaddreagentsordilutesamples，CTO－6A  

COlumnovenwithapreheater．andaModel  

DGU－1Adegasserfordegassingofmobile  

Phases with hel；um（Shimadzu．Kyoto，  

JapaIl）．  

（d）＄i）eCt7ぴtLO7Vmefe71－ModelRF－  

535，uSedtoroutinelymonitorfluorescence  

（Shimadzu）．Measurem由1tS Were madeat  

anexcitationwavelengthof330nmandan  

emissionwavelengthof450nm，uSinga12  

JLLflowcellandaxenonlamp．Chromato，  

graphicdatawererecordedandprqcessed  

by a ModelChronlatOpaC C－R4A system  

（Shimadzu）．  

（e）尺g〃g柑gd車力αSeエC c∂J〝〃〃L－Iner－  

tsilODS－2250×4．6mm．5jLm（Gasukuro  

Kogyolnc．，TokyoJapan）．  

（f）Mlni－gZtard collLmn．－OS・type  

lOX4．6mm．5JLm（G鱒SukuroKogyoInc⊥）．  

Standard Preparation   

Satsumamandarins werereamed．Juice  

WaS paSSed througha20meshSieve and   

Experlmental  

Reagents  

（a）助成！川！αCβねお わ′垂直和畝静粛棚ヱ  

borate．－Specialgrade（Wako Ptlre  

ChemicalIndustriesLtd．Osaka．Japan）．  

（b）Jkiha）ZOl．－LCgrade（Wako）．  

（c）OPA．－Biochemical grade  

（Ⅵrako）．  

（d）S・Jlわ／わ′みJまg班わ乃～咋g∫JJ的〃ム川ヱ C力Jか  

Tidb H4MS－Cu一－」ニreaterthan99％pure  

（Tokyo KaseiKogyo Co．L亡d．Tokyo．  

Japa11）．  

（e）β－α血〃わ7g伊A勧，エgわ′由ブナ壷g（Gん～ノ．  

α〝d3－JI脚て一坤J坤7呼わ乃むαC揖脚人－  

（TokyoKaseiKogyo）．   

げ）⊥－A頭αナナた αご揖 仁4頭上 エ曾山血′〝た  

飢滋7（℃伽ノ，上一α坤α′Ⅵgわ乙g 〃‡0′ZO在y♂用Je  
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adjustedtopH8．7．Juicew；lSheatedinan  

autoclaveat120℃forlO mintoeliminate  

MMS⊥AliquotsofO．5，10，20．and30FEL2  

mMMMS－C】wereaddedtoseparatelmL  

portiorlSOfMMS－freejuicecontaininglO  

JLLlOO mM β－Ala（internalstandard），  

r’eSpeCtively． Standard samples were  

CentrifugedatlOOO Xgfor20min．Super・  

natantswere passedthrougha membrane  

filterandanalyzed．  

phases，Aand B・MobilephaseAwas30  

mM sodium acetate．pH7．3．withlⅣater．  

MobilephaseBwas70％methanol（v／v）．  

Both mobile phases were degassed with 

heliumsparkingbeforeuse・Lineargradi－  

entwasfromO％mobilephaseB．Mobile  

phaseBincreasedto5％forlOmin，then  

increased from5to15％for50min．and  

thenfrom15to25％forlOmin．Anaddi・  

tionalsteptolOO％Bfor20minwasused  

to flush retained comoponentsfrom coト  

umn・Programwasthenret鱒nedtolOO％  

Afor15mintoregeneratecolumn．Flow－  

rate wasl．O mL／min．Temperature of  

COlumn was maintained at40℃．   

伽nEihltibn．－Fluorescence detection  

WaSmadeat an excitationwavelength of  

330nm andanemission waveiength of  

450nm．Fluorescence response was mea－  

SuredatsensitivitydialsettingofHigh（H），  

response dialsetting of Medjum（M），and  

attenuation dialof32 0n the detector．  

Peak areasofMMSderivativeandβ－Ala  

derivative（internalstandard）were  

Obtained using the data ptocessor，  

ChromatopacC－R4A．Linearitywasplot－  

ted for the ratio of peak area（MMS  

derivative－β－Ala derivative）as a function  

Of MMS concentration．Analytic concen・  

trationwasquantitatedbycomparingpeak  

areaofMMSderivativewiththatofβ・Ala  

derivative（internalstandard）．   

〟〟S柁肌肌叩1頑柳働膵嘘．－Aliquot5  

0f50rlOJLL2mMMMS－CIwereaddedto  

lmL orange juice containinglOJLLlOO  
mMβ－Alaasinternalstandard．respeCtive－  

1y．Duplicatesampleswereana）yzed．  

SamplePreparation   

Sample preparation was the same as  

Standardpreparation．excludingtheMMS－  

free treatment and MMS－Claddition．  

PreparedJuicecontainingMMSwasanal－  

yzedwiththeOPAderivatizationmethod．  

PrecoIumn Der†vatization of MMSwith OPA   

Pゆ，めタ‡qr OPA・〟丹l（ねガ〝αぬαJゐ乃  

7叩11t．－A50mgportion ofOPA was  

dissoIvedil】4．5mLmethanol．then50JLL  

MPA and O．5 mL O．1M sodium borate  

buffer（pH9．5）were added．The reagent  

miⅩtureWaSkeptinthedarkat4℃．Fresh  

miⅩtureSWerepreparedeachweek（8）．   

功ガがα猿〃めナ‡♪和Cg血相 如 αJ′如ナ∽′た  

Sa〝ゆIel癖cto7二一Methanol（0．2mL），0．2  

mL O，1M sodium borate buffer（pH9，5），  

and50JLL OPA－MPA derivatization re・  

agentwereaddedto50FELMMSstandard  

Or50JLLjuice samplein2mL vialswith  

PTFE（polytetrafluoroethylene）screw－  

CapS．After thoroughmiⅩing and a reac－  

tiontimeofl．7min．1JLL ofthcresulting  

SOlution wasin3ected．Allof these proc－  

esses were automated using an automatic  

Sampleinjector．  
ResuIts and Discussion   

ChromatographyandQuant；tation   

Cゐれ〃〃〃毎′てゆゐむ c∂乃d′′わ〃ざ．一－」；radi－  

ents were prepared by mlXlng2mobile  

Theprimarypurposeofthispaperisthe  

RPLC determinatioll of MMS in Satsuma 
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mandarin5uicebyprecolumnOPAderiva・  

tization and fluorescence detection．De・  

rivatizationofMMSandseparationofthe  

derivative can be accomplished efficiently 

usingthedescribedsystem．Satsumaman・  

darin5uicecontainsalargeamountoffree  

amino acid，Figurelshows a typical  
chromatogramofMMS－OPATMPAderiva－  

tiveandaminoacid－OPA・MPAderivatives  

from the Satsuma mandarin juice．Peak  

intensitiesofaminoacid－OPA－MPAderiva－  

tiveswereverystrongcomparedwithpeak  

intensity of the MMS－OPA－MPA deriva－  

til－e．ThepH ofmobilephaseA（30mM  

sodium acetate buffer）must be careful1y  

maintained，because the retention time of  

theMMSこOPA－MPAderivativeisextreme・  

ly pH sensitive when compared to its 

amino acid・OPA・MPA derivatives．Identi－  

ficationofapeakoftheMMS▼OPA－MPA  

derivativewasconfirmedbythedisappear－  

ance of the peak on the alkaline heat－  

treated juice，and the appearance at the  

Same pOSition of a peak by addition of  

MMS－Clto the MMS free juice．Thc  

regression equation obtained by aleast  
Squaremethodwas Y＝7．212×10．｛X＋3．  

511×10‾4，Where Yisthcpeakarearatio，  

MMSderivative－β・Aladerivative（internal  

standard），and Xis the MMS concentra－  

tioIlin〆M．   

Lillearity was good（γ＝0．9996）．MMS  

COntentOfSatsumamandarinjuicewas28．  

2JJM．Coefficientofvariation（CV）was2．  

78％ for5 measurements．Recovery of  

MMS（added as MMS－Cl，10or20JLM）  

from spiked Satsuma juice averagedlO4．  

9％for4rneasurements．CV of recovery  

wasO．77％．LimitofdetectionforMMS－Cl  

aqueous solution was approximately O．1  

JLM．MMS contents of additiona12sarn－  

plesof Satsuma mandaT・injuice measurcd  

Flgure．1．Typicalchromatogram of MMS－OPA－MPA  

derivativeandaminoacid－OPA－1IPAderlyativesfromLhe  

Satsuma mandariniuice．Abbrevlations：Asp＝L－a5partic  

ac斌 Glu－L－g）utaTT）ic acid；Asn＝L－aSparagine；Ser＝  

L－Serine；MMSコS－melhylmethlonjnesulfoniuTTl；Gly＝  

glycine；Tlげ∋し【hreonine；β－Ala＝β一alanine（intemi1  

5tandard）；Arg－L－arginine．  

by thepresent methodwere24．8and30．3  

jLM，reSpeCtively．   

The present results demonstrate that 

OPA－basedMMSanalysiscanbeusedfor  

Satsumamandarinjuice．  
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