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Fourier-transforminfraredspectroscopy(FTIIR)onattenuatedtotalre爪ectance(ATR)samplingwasusedfor

thequantitativeanalysisofthemajorcomponents(protein,lipid,andsugar)insoymilk.Sincemid-infraredspec-
troscopyshowsspeci丘Cabsorptionofeachfunctionalgroupofeachmolecule,itispossibletodeterminetheamount

oreachcomponentwithoutcomplicatedstatisticalcomputation.Thedeterminationorproteincontentwasper･

formedbyuslngamideIIabsorbanceatwavenumber1545cmllforprotein,esterabsorbanceat1745cmllfor

lipid!andCIC･C-0absorbanceat1000cm-Iforsugar･Theproteinandlipidcontentsweredetermineddirectly

fromtheseabsorbencies,andthesugarcontentwascalculatedbysubtractingtheeffTectofprotein.Therewasalin-

earrelation(R2>0.99)betweeneachabsorbanceandeachconcentrationofpuriGedcomponents(soybeanprotein,
lipid,orsugar),andthevaluesbythismethodwerewellconsistentwiththosebychemicalmethod.Thistechnique

ofmeasurementofthemajorCOmPOnentSinsoymiIkbyFTIIRwithATRismoreconvenientandrapid.
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Soybeanfoods,suchassoymilkandtofu,arepopularin

someAsiancountries.Thequalityoftofu,whichismanufac-

turedbycurdlingsoymilkwithcoagulant(magnesiumchloride

andsoon),dependslargelyonthecontentofthem亘iorcompo-

nents(protein,lipid,andsugar)insoymilk.ltisknownthat

theseconcentrationsareinfluencedbythedifferenceofsoy-

beanspeciesandofthesoymilkmanufactunngprocessand

environment.Conventionalanalyses,thatis,theKjeldahland

otherchemicalmethodsfわrproteincontent,theSoxhlet

method(extractsbyether)forlipidcontent,etc.requirecompli-

catedandtime-consumlngChemicalanalyses.

Infraredspectroscopy(IR)isusedtodeterminemolecular

structure.However,itispossibletogetquantitativeinfrared

spectrumbyincorporatingtheFouriertransform(Fr)method.

Furthemore,recentlyFHRhasbeenwidelyusedfわrquantita-

tiveanalysisofcomponentsinsomefoodsbyimprovedstatisti-

calanalysis(partialleastsquar es(PLS)regression,etc.).While,

attenuatedtotalreflectance(ATR)issuitableforanalysisof

filmyandliquidsamplesforwhichKBr-diskanalystsisdifh-
cult.SinceATRwasinvented,MIRonATRhasbeenusedfor

analysisofcomponentsinvegetableoil(Laietal.,1994),

instantcoffee(Briandetetal.,1996),fruitpurees(Defemezet

al.,1995;Kemsleyetal.,1996),andmeatproducts(Jowderet

al.,1999).Therearevariousappliedexampleslikethediscrim-

inationofredwinecultivarsbyphenolicwineextracts(Ede1-
mannetal.,2001)andthedeterminationofammoniacalnitro-

geninfarmyardmanure(Kemsleyetal.,2001).Theseare
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simpleandrapidmethodsfわrquantitativeanalystsOfcompo-

nentsinfoods.SincetheanalysisatMid-infraredshowsspe-

cificabsorpt10nOfeachfunctionalgroupofthemolecule,itis

possibletoperformquantitativeanalystsOfmajorcomponents

withoutcomplicatedstatisticalcomputation.Wereportherethe

rapidandsimpleanalysisofthemajorcomponents(protein,

lipid,andsugar)insoymilkusingFT-IRonATRsampling.

MaterialsandMethods

Materials A mainsample(speciesGlycinemaxvar.

Suzuyutaka)ofsoybeanswasharvestedatthelwateUniversity

Experimentalram locatedinMorioka,Iwate,Japan,andwas

storedat40Cuntiluse.Othersoybeanswereobtainedfromvar-

iousdistrictsinJapanasshowninTable1.

Preparationofsoymilk Soybeansweresoakedindeion-

izedwaterfor18hat4oC.Theswollenbeansweregroundinto

ahomogenatewith8timesdeionizedwaterofthesoybean

weightusinganOsterblender(OsterCo,Milwaukee,USA).

Thehomogenatewasfilteredthroughadefattedcottonsheet,

andthefiltratewasdesignatedasraw soymilkcontainlng

8%(W/W)solids.Therawsoymilkheatedinboilingwaterfわr

5minwasdesignatedassoymilkcontalnlng8%solids.

InstrumentationandspectralacqulSition FHRspectra

weremeasuredbyaFouriertransferIRspectrophotometer

(SPECTRUM2000,Perkin-Elmer,Ltd,Beaconsfield,England)

equippedwithahorizontal-ATR450ZnSecrystalcell(miller

angle450).Measurementofasampleofsoymilkissimple;

soymilk1mlwasplacedontheZnSecrystalcell.TheIR

reglOnmeasuredwasbetween4000and800cm~lwith4cm~1
resolution.Thisisthestandardmeasurementconditionforthis
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TableI. Soybeans,usedinthisstudy.

Cultivarname Yearharvested Place

Suzuyutaka
Tanahomare

lchihime

Enrei
Ohsuzu

¶lChikogane
Kariyutaka
Nanbushirome

Toyohomare
Ryuhou
tlChiyutaka
¶)yokomachi
Tomoyutaka

Fukuyutaka

0
ノ
0
ノ
0
0
0ノ
0
0
ノ
0ノ

0
ノ
0
ノ
0
nU
Oノ
0
0ノ
0ノ

0
ノ
0
ノ
0
nU
Oノ
0
0ノ
0ノ

1

1

2
2
1
2
1
1

Iwate

Hiroshima
Hiroshima

Hiroshima
Akita
lwate
Hokkaido
lwate
Hokkaido
Akita

Akita
Hokkaido
Akita

Fukuoka

instrument.Single-beamATRspectrumfromeachsamplewas

correctedusingthebackgroundspectrumofwatercontainedin

thesampleandtransformedtotheabsorbanceunit.Theratioof

waterinsamplewascalculatedfromtheabsorbenciesbetween

2300and1900cm-Ibecausesoymilkhasnoabsorbanceinthis

reglOn.ThedecreaslngrateOfwatercontentinsamplewas

obtainedbysubtractlngabsorbenciesofsamplebetween2300
and1900cm~1什omthoseofwater(1cm~linteⅣal)andaver-

aglngthesevalues.Thebackgroundspectmmofwaterfわrthat

ofsamplewasobtainedbyconsideringthisdecreaslngrate.

Therewere5scans,andthespectraldatawereobtainedfrom

averaglngthe5scans.Themeasurementswererepeatedthree

times,andtheabsorbancedatawereobtainedbyaveraglng3
values.

Preparalt'onofsoy-pf･Otein,soy-lipid,andsoy-sugar Soy-
proteinwaspreparedfromhexane-defattedsoybeanmealby

themethodofThanhetal.(1975),dialyzedatpH8.0,and

freeze-dried.Itwasdissolvedin50mMKCIsolutionforsoy-

Proteinsolution.Soy-proteinsolutionwasusedtomeasureIR-

spectraofsoy-protein.50mMKCIsolutionwasusedasthe

mineralsolutionofsoymilk.

Soy-lipidwaspreparedasreconstitutedoil-bodyfbmedby

addingsoybeanoil(NacalaiTesque,Inc.)todefattedsoymilk

andthendoingultrasonictreatment.Hexanewasusedtodefat

soybeanmealbecausedefattingwithhexanedidnotinfluence

thesize-distributionofproteinparticlesinsoymilkandthepro-

teincomponentsfromthehexane-defattedsoybeanmealwere
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similartothosefromwholemeal(Onoetal.,1996).Defatted

soymilkwaspreparedfromhexane-defattedsoybeanmealby

thesamemethodasusedforsoymilk.Soybeanoilwasadded

tothedefattedsoymilkandultrasonictreatmentwasdonewith

anultrasonicdisruptor(UD-201,TOMYSEIKOCo.)for5min

becausereconstitutedoil-bodywasformedbythistreatment

(Tzen皮Huang,1992).Thesoybeanoilcontentwasadjusted

fromzeroto4%(W/W)includinggeneralsoymilk.Thisrecon-

stitutedoil-bodywasdesignatedassoy-lipidinthisexperiment.

IR-spectrumofsoy-lipidwasobtainedbysubtractlngIR-spec-

trumofthedefattedsoymilkfromthatofreconstitutedoil-body

soymilk.

Soy-sugarwaspreparedasasaccharidemixturewithequal

weightsofsucrose(KantoChemicalCo.,In°.)andstachyose

(SigmaChemicalCo.).Itwasdissolvedin50mMKCIsolution

forsoymilksugarsolution,andthissolutionwasusedtomea-

sureIR-spectraofsoy-sugar.

Chemicalanalysts Theproteincontentofeachsoymilk

wasmeasuredbythemethodofBradford(1976)afterdefatting

treatmentrevisedbyTezukaelal.(2000).Agoodrelationship

ofproteinconcentrationsandmeasuredvalueswasreportedin

soymilk.

ThelipidcontentwasmeasuredbytheSoxhletmethod.A

sampleforthedeterminationwaspreparedbyfreeze-drying,
andthenwasextractedwithether.Theextractwasdried,and

weighedtodetermineitslipidcomponents･

Thesugar(sucroseandoligosaccharide)contentwasmea-

suredbysubtractlngash-weightfromtheweightofde-lipid,

de-protein,andfreeze-driedsample.Thede-1ipidizingsoymilk

wasdonebycentrifugallyremovlngthefloatlngfractionat

156,500×gfor30minat20oC.Thede-proteinlngWasPer-
formedbyultrafiltration.Theultrafiltrateofde-fattedandde-

proteinedsoymilkwaspreparedbyanultrafiltrationwithYM-

10membrane(molecularweightcutofF-10,000;Millipore
Co.),andwasthenfreeze-dried.Ashwasobtainedfromthe

freeze-driedsamplewithanelectricfumaceat550oCfor10h.

ResultsandDiscussion

IRISPeCtrumOfsoymilk IRISPeCtraOfsoymilkhadsev-

eralabso叩tlOnreglOnSaSShowninFig.1.Theabso叩tlOn

reglOnSOfpeaksat2925and2855cm~lareattributedtoCH2

andCHstretchingvibrationbands,at1745cm~ltocarbonyl

groupoftriglycerideester,at1640cm~ltoamideIband,at

A

A

A . ∩

A 潤 頂 Ar ＼

J 鍋 l ∨ uA vJ;/ ＼鳥

Wavenumber(cm-1)

Fig.1. 1Rspectraofsoymilkinvarioussolidcontents･IR
spectraofsoymilkweremeasureduslngaFT-IRspectropho-
tometerequlPpedwithanATRapparatus.OrderofIRspectra
fromthetopISSOymilkspreparedwith6,8,12,and20times
de-ionizedwaterofthesoybeanweight.
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1545cm~ltoam ideIIband,andthereglOnbetween1200and

900 cm~ltoc-t andC-0 st一℃tchingmodestAsallsamples

areaqueoussolution,thereglOnnear3300cm~】and1600cm~1

duetostrongabso叩tlOnOfwatermoleculeisnoISylnallspec-

tra･TheabsorptlOnregionnear2350cm~】isduetoCO,gas

duringlightpath.Whenthesolidcontentinsoymilkwas

changed,therewasalinearrelation(R2>0.99)betweenthe

absorballCeandthesolidcontentonallabso叩tlOnbands

(excluding the regions near 3300cm~1,2350cm~land

1600cm~1).Therefわre,itispossibletomeasurethecontentsof

majorcomponents(protein,lipid,andsugar)insoymilkbythe

absorbanceofmid-IRspectmm.

Ingeneral,themid-IRspectrumofaqueoussolutionmustbe

measuredconsideringwatercontent,becausewaterhasstrong

absorptlOninthemid-IR reglOn.Whensolidcontentsof

soymilkwerechangedfrom3%to12%,thedifferencespectra

ofwaterwereobtainedfrom thechangeintheabsorbance

between2300and1900cm~■becausesoymilkhasnoabsor-

banceinthisreglOn.DifferenceintheIR-spectrumofwaterat

10%solidcontentisshowninFig.2.ThisAabswasobtained

byapplyingIR spectrum ofwaterandtheaverageratioof

absorbancechangesofsoymilk(lo啄solid)between2300and

1900cm~I･ThecorrectionofsoymilkspectrabyAabsofwater

wasbelow5% (-Aabs/absorbanceofsample)atlO% solid.
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Fig,2.IRspectraofwater(usingabackgroundspectrumofalr).AAbsofthe
verticalaxiswasobtainedbyapptylnglRspectmmofwaterandtheaverage
ratlOOfabsorbancechangesbysoymllkof10Cl/osolldbetween2300and
1900cm~L(thatisthesmallandbroadabsorptlOnbandofwateralthough
soyrnilkcomponentshavenoabsoIT)tlOn)･
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Therefore,theabsorbancevaluesofsoymilkwerescarcely

changedwithorwithouttheAabscorrectionexceptforamideI

absorbancenear1600cm~】･Whenthewaterspectrum was

usedfb∫backgroundmeasurement,theabsorbanceofsoymilk

spectrum wasproportional (R2>0.99)tothesolidcontent

(underaboutloo;/a)insoymilk(excludingtheregionsnear
3300cm1,2350cm~-and1600cm~l).Therefore,theconcen-

trationofwaterinasamplecanberegardedasconstant.How-

ever,formorerigidity,allspectrainthisexperimentwerecor-

rectedconsideringthewatercontainedinasample.

Inthesemeasurementsonthesamesample,adifferenceof

absorbanceoflessthan0.00 lcouldbedetected(excludingthe

regionsnear3300cm~1,2350cm~】and1600cm~l).conse-

quently,thecontentsofprotein,lipid,andsugarinsoymilkcan

bedetectedin0.01%viableorder.Thismeasurementprecision
deterioratedatlessthan0.01atabsorbance.Therefore,thecon-

tentofthemajorcomponentsinsoymilkusingFTIIRcanbe

measuredaccuratelyatmorethan0.1%.
IR-Spectraofs()y-protein,LWy-/ipid,andLWy-Sugar IR-

spectraofsoy-protein(soybeanproteinisolate).soy-lipid(oi1-

body),andsoy-sugar(sucroseandoligosaccharide)inaqueous

solutionareshowninFig.3.

AmideIband(peakat1640cm~■)andamideH(peakat

1545cm~■)bandremarkablyappearedinthespectrumofsoy-

proteinsolution.Theabso叩tlOnreglOnSOfamideIandII∬e

attributedtoprotein,andnottolipidandsugar.Ifamidecom-

poundsarecontainedinsoymilk,theamideabsorbencies

shouldcontainthesecompounds,buttheultrafiltrateofsoymilk

hadnoamideabsorbance.Furthemore,absorbanceofthese

bandshadahighco汀elationwithproteincontent.However,

soy-proteinofsoybeanproteinisolateandthatofsoymilkdo

nothavethesameconditions,thataredissolvlnglnWaterat

low(lessthanabout0.5%)andhigh(morethanabout3%)con-
centration.Tbmakeamoreexactandwidecalibrationcurve,

Soymilkthatwaschangedinsolidcontentwasused･Thepro-

teincontentofsoymilkwasdecidedwiththemod捕edmethod

ofBradford(Tezukaetal.,2000).Theabsorbanceofthese

bandshadahighco-Telationwithproteincontent･Particularly,
thecorrelationbetweentheabsorbanceofamideIIbandand

proteincontentwashigherthanamideIband,becausethelatter

overlapsthestrongabsorptlOnOfwaternear1600cm~1,Evenif
the血absco汀eCtionofwaterisdone,theabsorbancevaluesof

▲
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Fig.3.1RspectraofsoymilkandItsCOmPOnentS･IRspectra
weremeasuredfrom400Oto800cm~】wlthaFTITRspectro-
photometerequlPpedwlthanATRapparatusIRspectraof
soymllk,sc.y-prote ln,SOY-1lPld,andsoy-Sugarares110Wnin
order.fromupperslte.Soymllkwaspreparedfromwholesoy-
beansSoy-proteinwasasolut]Onpreparedbythemethodof
Thanhera/.(1975).Soy-llpldwaspreparedasareconstLtuted
ol1-bodyfomledbyaddlngsoybeanoiltodefattedsc･ymilkand
thentreatlngltultrasonlCallySoy-sugarwasthemlXedsolution
ofsucroseandstachyose.
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Fig.5.ThecalibrationcuⅣeoHipidinsoymilk.Absorbanceofesterband
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data(n-3),buHheyarehardlyvisiblebecauseofbeingsosmall.

amideIshowedalowcorrelationtoproteincontent(R2>0.97).

TheabsorbanceofamideIIbandhadahighco汀elationtopro-

teincontent(R2>0.99)asshowninFig.4.AllpointsinFig.4

hade汀Orbars(standarddeviation)ofdata,althoughthebar

couldhardlybeseenbecauseitwassosmall.Thecalibration

cuⅣefわrproteincontentinsoymilkwasobtainedat1545cmーl

ofamideIIpeak.Theproteincontentinsoymilkcanbecalcu-

lateddirectlyfromtheabsorpt10nat1545cmJl･

CH2 andCH stretchingbands(peaksat2925cm~1and

2855cm~1)andesterband(peakat1745cm~1)Wereremark-

ableinthespectrumofsoy-lipid(reconstitutedoil-body)solu-

tionasshowninFig.3.Thisspectrumwasmadebysubtractlng
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bandreglOnSbetween1200and900cm~1･Boldgrayline,soymilk;boldblack
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absorbenciesofC-CandC-0bandsfromproteinweresmalleratlOOOcmー1
andfromlipidwerenegligible.
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theIRISPeCtrumOfdefattedsoymilkfromthatofreconstituted

oiLbodysoymilk.Moreover,thisspectrumwassimilartothat

ofsoybeanoil.TheCH,andCHstretchingbandisattributedto

lipid,proteln,andsugar,whereastheesterbandisascribedto

lipid,butnottoproteinandsugar･Therefore,thecalibration

curveforlipidcontentinsoymilkwasobtainedat1745cmー10f

theesterbandpeak.Theabsorbanceoftheesterbandhada

highcorrelationwithlipidcontent(R2>0.99)asshowninFig.

5.Thelipidcontentinsoymilkcanbecalculateddirectlyfrom

theabsorptlOnat1745cm~l･AllpolntSinFig･5hade汀Orbars

(standarddeviation)ofdata,butasinFig.4,itwashardto
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identifybecauseitwassosmall.Accuratemeasurementis

neededtoclarifythedispersedsituationoflipidinwatersolu-

tion.Thesoymilkspreparedfrom soybeansof14specieshad

similarparticlesizeoflipiddispersions.Themainpeakofthe

dispersionswas380nmindiameter.Reconstitutedsoymilkfわr

calibrationofsoy-lipidalsohadthesameparticlesizeofdis-

persionasthoseofsoymilks.However,lipid-dispersionofraw

soymilk(beforeheating)wasdifferentfrom thatofsoymilk.

Theraw soymilkshoweddifferentbehaviorsintheester

absorptionbandfrom soymilk(figurenotshown).Therefore,

thismeasurementoflipidcontentcouldnotbeadaptedtothat

inrawsoymilk.

C-CandC-0 stretchingbands(theregionbetween1200

and900cmー1)appearedinthespectrumofsoy-sugarsolution

(mixedsolutionofequalweightsofsucroseandstachyose)as

showninFig.3.However,thesebandsarenotonlyattributedto

sugar,butalsotoproteinandlipidasshowninFig.6.Asthe

absorbanceattheC-C andC-0 bandsfrom proteinwas

smallerandthatfromlipidwasnegligibleatlowwavenumber,

thepeakof1000cm~lwasselectedforsugardeterminationin

C-CandC-0stretchingbands(theregionbetween1200and

900cm-I).Furthermore,absorbanceofthesebandshadan

extremelyhighcorrelationwithsugar content(R2>0.99)as

showninFig.7.AllpointsinFig.7haderrorbars(standard

deviation)ofdata,butasinFigs.4and5,theywerehardto

identifybecausetheyweresosmall.Thesugarcontentin

soymilkwasthencalculatedbysubtractlngtheeffectofprotein

fromthefollowingequation(Eq.(l)).

141

Fig.8.ComparisonofmajorCOmPOnent
contentsinsoymilkbyIRmethodwith
thosebychemicalmethod.Chemicalmeth-
odsofprotein,lipid,andsugarareshown
inMaterialsandMethods.IRmethodscan
bedetectedin0.01%viableorder.The
regressionlinesshownhaveslopesthatare
nearlyone,interceptsthatarenearlyzero,
andcorrelationcoe用cientsthatarenearly
one.Eventhedifferenceofmeasurement
wasunderO･01C;/aonFT-IR,althoughstan-
darddeviationwasunder0.26%bythe
Bradfordnlethod(A),under0.12cc/abythe
Soxhletmethod(ち),andunderO･13%by
theultrafiltrationmethod(C).

(AbslowOfsoymilk)-(C,(xx)ofprotein)×(protein%)

+(8.0"Ofsugar)×(sugar%) (1)

whereAbsl(X,01StheabsorbanceatlOOOcm~1,81000ISthe

absorption coefhcient(absorbance percontent鞄(W/W))at

1000cm~1･ThecI.(nOfproteinwasobtainedfromsoy-protein
solution.

AnalysisQfthemqJ'Orcomponentsinsoymilkfromvarious

soybeans Thecontentsofmajorcomponentsinsoymilkpre-

paredfrom 14speciesofsoybeansweremeasuredbyFT-IRon

ATR sampling.The calibration cuⅣesofsoy-protein at

1545cm~1,soy-lipidat1745cm∴ andsoy-sugarat1000cmー1

(Figs.4,5,and7)wereusedfわrthedetemination.Thesechem-

icalanalystsresultswerealsousedfわrthepu叩OSeOfcompari-

sonwithFT-IRresultsandareshowninFig.8.Intheseresults,

thevaluesbyFT-TRmethodwerenearlyequaltothevaluesby

chemicalanalysts.Itseemsthatthesechemicalanalysisdata

hadlargererrorthanFTIIRdata,becausetheseparationand

isolationprocessfordetenninationwasaccompaniedbyamass

lossandafewimpurities.Eventhedifferenceofmeasurement

isunder0.01堤onFHR,althoughstandarddeviationisunder

0.26% ontheBradfordmethod,under0.12% ontheSoxhlet

method,andunder0.13% Ontheultrafiltrationmethod.This

mid-IRmethodcanbedonewithoutanyseparationandisola-

tionprocess,andthereforeisusefulforlimitedmeasurement

(percentageconcentrationbetween1and6)ofthemajorcom-

ponents(protein,lipid,andsugar)insoymilk.

Conclusion

Fourier-transform infrared spectroscopy (FTIIR)atmid-

infraredonattenuatedtotalrenectance(ATR)samplinghas

beenusedforthequantitativeanalysisOfthemajorcomponents

(protein,lipid,andsugar)insoymilkwithoutanysamplesepa-

rationorcomplicatedstatisticalcomputation.Thismethodis

simplerandmorerapidthanconventionalones.
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