
1.Coenzyme:Asubstancethatenhancestheactionofanenzyme.(Anenzymeisaproteinthat

functionsasacatalysttomediateandspeedachemicalreaction).

Coenzymesaresmallmolecules.Theycannotbythemselvescatalyzeareactionbuttheycan

helpenzymestodoso.Intechnicalterms,coenzymesareorganicnonproteinmoleculesthat

bindwiththeproteinmolecule(apoenzyme)toform theactiveenzyme(holoenzyme).

Anumberofthewater-solublevitaminssuchasvitaminsB1,B2andB6serveascoenzymes.

1b.Differencesbetweenfatsolubleandwatersolublevitamins.

Water-SolubleVitamins

Water-solublevitaminsarethosethataredissolvedinwaterandreadilyabsorbedintotissues

forimmediateuse.Becausetheyarenotstoredinthebody,theyneedtobereplenished

regularlyinourdiet.Anyexcessofwater-solublevitaminsisquicklyexcretedinurineandwill

rarelyaccumulatetotoxiclevels.Withthatbeingsaid,certaintypesofwater-solublevitamin,

suchasvitaminC,cancausediarrheaiftakeninexcess.

Thewater-solublevitaminsincludetheB-complexgroupandvitaminC,eachofwhichoffersthe

followinghealthbenefits:

VitaminB1(thiamine)helpstoreleaseenergyfrom foodsandisimportantinmaintaining

nervoussystem function.

VitaminB2(riboflavin)helpspromotesgoodvisionandhealthyskinandisalsoimportantin

convertingtheaminoacidtryptophanintoniacin.

VitaminB3(niacin)aidsindigestion,metabolism,andnormalenzymefunctionaswellas

promotinghealthyskinandnerves.

VitaminB6(pyridoxine)aidsinproteinmetabolism andtheproductionofredbloodcell,insulin,

andhemoglobin.

Folate(folicacid)alsoaidsinproteinmetabolism andredbloodcellformationandmayreduce

theriskofneuraltubebirthdefects.

Fat-SolubleVitamins

Fat-solublevitaminsaredissolvedinfats.Theyareabsorbedbyfatglobulesthattravelthrough

thesmallintestinesanddistributedthroughthebodyinthebloodstream.Unlikewater-soluble

vitamins,excessfat-solublevitaminsarestoredintheliverandfatty(adipose)tissuesforfuture

useTheyarefoundmostabundantlyinhigh-fatfoodsandarebetterabsorbedifeatenwith



fat.Becausefat-solublevitaminsarenotreadilyexcreted,theycanaccumulatetotoxiclevelsif

takeninexcess.Whereawell-balanceddietcan'tcausetoxicity,overdosingonfat-soluble

vitaminsupplementscan.

Therearefourtypesoffat-solublevitamin,eachofwhichoffersdifferentbenefits:

VitaminAisintegraltoboneformation,toothformation,andvision.Itcontributestoimmune

andcellularfunctionwhilekeepingtheintestinesworkingproperly.

VitaminDaidsinthedevelopmentofteethandbonebyencouragingtheabsorptionand

metabolism ofphosphorousandcalcium.

VitaminEisanantioxidantthathelpsfightinfectionandkeepsredbloodcellshealthy.

C.Niacin

Niacinisacoenzyme,likethiamineandriboflavin,thatisresponsibleforenergyreleasefrom

carbohydrates.Aniacindeficiencycanleadtopellagra,adisablingdiseasewithsymptomsthat

maybecharacterizedbyfour“Ds”:depression,diarrhea,delirium anddementia.

Niacinisfoundinfortifiedbreadsandcereals.Proteinfoods,suchaseggs,fish,meat,dairymilk

andpoultry,arenaturallyrichinniacin.Theyarealsoplentifulintheaminoacidtryptophan,

whichcanbesynthesizedintoniacinbytheliver.Chickenbreast,groundbeef,halibut,tunaand

turkeyareparticularlygoodsourcesoftryptophan.Inthevegetablekingdom,asparagus,baked

potatoesandcantaloupehavesignificantamountsoftryptophan.

NiacinhasbeenusedtolowerLDLcholesterolandraiseHDLcholesterolwhenadministeredas

adrugundermedicalguidance.Inheavydoses,niacinhasbeenknowntocausea“niacinflush”

duetothecapillariesincreasinginsize.Thisconditioncanleadtofatigueandevenliver

damage.CautionshouldbeusedifoneistakingniacinorB-complexsupplements.

Sourcesofniacin:eggs,fish,legumes,meatsnuts,peanuts,poultry,pork

Rolesinbody:coenzyme,digestiveandnervoussystem functions,healthyskin



Deficiency:appetiteloss,confusion,fatigue,flakyskin,indigestion,pellagra

Toxicity:cramping,flushing,headaches,irregularheartbeat,irritatedulcers,liverdysfunction

CookingFoodswithNiacin

Niacinisoneofthemorestablewater-solublevitaminsandisminimallyatriskfordestruction

byair,heatorlight.

TheadultRDAforniacinis14to16milligramsofniacinequivalents(NE)daily.

2.Proteinqualitydescribescharacteristicsofaproteininrelationtoitsabilitytoachievedefined

metabolicactions.Traditionally,thishasbeendiscussedsolelyinthecontextofafoodprotein's

abilitytoprovidespecificpatternsofaminoacidstosatisfythedemandsforsynthesisof

proteinandotherspecificmetabolites.Asunderstandingofprotein'sactionsexpandsbeyond

itsroleinmaintainingbodyproteinmassandsatisfyingmetabolicdemandsforbiosynthetic

pathways,itisclearthattheconceptofproteinqualitymustexpandtoincorporatethesenewly

emergingactionsofprotein.

Whichproteincharacteristicsareimportantforwhichprocessesorfunctions?Inthecontextof

abriefreviewofthestrengthsandweaknessesofcurrentmethodsforassessingproteinquality,

thispaperwillexploreparticularcharacteristicsoftheproteinconsumedthatcouldimpact

optimalhealthandwouldneedtobeconsideredinanexpandedproteinqualityconcept.Clearly,

forthisnewlyemergingarea,ourmainobjectivewillbetodefineresearchquestionsforfuture

exploration.

DEFININGPROTEINQUALITY

Itisalong-acceptedparadigm thatproteinqualityisanimportantaspectofanyconsideration

ofhumanproteinneeds,asevidencedbyextensiveeffortstomeasurequalityandstandardize

thosemeasurements.Forthisreason,inthepresentcontextofoptimalproteinintakes,

discussionof“whatsort”isequallyrelevantasthequestionof“howmuch.”



Thereare2importantaspectsofproteinquality:1)thecharacteristicsoftheproteinandthe

foodmatrixinwhichitisconsumed,and2)thedemandsoftheindividualconsumingthefood,

asinfluencedbyage,healthstatus,physiologicstatus,andenergybalance.Multiplefactors

influenceproteinquality,andtheseissueshavebeendebatedextensivelyfordecades.Inlight

ofincreasinglydiversefunctionsofproteininhumanhealth,theappropriateendpointsbywhich

the“howmuch”questionisinvestigatedbecomeequallyimportantfortheassessmentof

proteinquality.Withrespecttodietaryprotein'sabilitytosatisfymetabolicdemandsinrelation

tomaintainingmuscleandbone,significantdatahaveemergedtosuggestthatprotein'srolein

healthmaybebasedonfactorsthatarenotcapturedbycurrentproteinqualityestimates.

Thecurrentaim ofproteinqualityevaluationistodeterminetheabilityofaproteintomeet

maintenanceneedsplusspecialneedsforgrowth,pregnancy,orlactation:“Thelowestlevelof

dietaryproteinintakethatwillbalancethelossesofnitrogenfrom thebody,andthusmaintain

thebodyproteinmass,inpersonsatenergybalancewithmodestlevelsofphysicalactivity,plus,

inchildrenorpregnant/lactatingwomen,theneedsassociatedwiththedepositionoftissuesor

thesecretionofmilkatratesconsistentwithgoodhealth.”(4)

Currentproteinqualitymethodsassessanimalgrowth(proteinefficiencyratio)or,inhumans,

nitrogenbalance,wherebothdigestibilityandthesuitabilityoftheaminoacidpatternof

absorbedaminoacids(biologicalvalue)determinesnetproteinutilization.Thepractical

difficultiesandpoorsensitivityofthenitrogenbalancemethodhasledtotheadoptionofthe

proteindigestibility-correctedaminoacidscore(PDCAAS)approach.

ThePDCAAS,whichwasintroducedbytheFoodandAgricultureOrganizationoftheWorld

HealthOrganization(FAO/WHO)in1991(5),isthecurrentinternationallyapprovedmethodfor

proteinqualityassessment(4).Briefly,PDCAASisbasedonthecombinationofanage-related

aminoacidreferencepatternthatisrepresentativeofhumanrequirementsplusestimatesof

thedigestibilityoftheprotein.Theamountofpotentiallylimitingaminoacidsinthetestprotein

iscomparedwiththeirrespectivecontentintheappropriatereferencepattern,identifyingthe

singlemostlimitingaminoacidthatdeterminestheaminoacidscore.Thecurrentconsensusis

thatmeetingtheminimum requirementsforlysine,methionine,andtryptophan,themost

limitingaminoacidsinpoorqualityproteins,determinestheaminoacidscoreandwillleadtoa

plateauofnitrogenretention(4).Attheplateauofnitrogenbalance,anyfurtherincreasein

plasmaaminoacidswouldstimulateincreasedoxidationandeliminationoftheexcessamino

acids,implyingthatproteinqualityaboverequirementsdoesnotmatter.Thisscoreisassumed

topredictbiologicalvalue,ortheanticipatedabilityoftheabsorbedtestproteintofulfillhuman

aminoacidrequirements.ThescoreisthencorrectedfordigestibilitygivingthePDCAASvalue,

whichisassumedtopredictnetproteinutilization.



InherentinPDCAASornitrogenbalanceisthatprovisionofsubstrateforproteinsynthesisand

otherpathwaysislimitedbyavailable(digestedandabsorbed)indispensableaminoacids.Thus,

proteinutilizationispredictedfrom expecteddigestibilityandtheaminoacidcompositionofthe

protein.These2characteristicsoftheproteindeterminetheabilityofadietaryproteintomeet

minimum humanaminoacidrequirementsfornitrogenbalanceand,hence,itsnutritionalquality.

Forproteinmixturesinameal,thescoreiscalculatedfrom theaminoacidpatternofthe

digestedproteinmixture.Becauseavailableproteininfoodwillbefirstlimitedbydigestibility,

whichcannotexceed100%,PDCAAScannotexceed100%.Thus,incalculatingPDCAASvalues,

aminoacidscorevalues>100%aretruncated.WhereasPDCAASvaluesofdietsbasedon

mixturesofproteinswillreflectthecomplementationofproteinsthatmightbedeficientinone

ormoreindispensableaminoacids(IAA),thisisalsothefoundationofonecriticism ofthe

PDCAASapproachforthosewithhigherIAAlevels.Specifically,thetruncationofthePDCAAS

valueandthecalculationoftheaminoacidscorebasedononlythefirstlimitingaminoacid

arguablyunderestimatethepowerofahigh-qualityproteintobalancetheIAAcompositionof

inferiorproteins(6).

BODYPROTEINMETABOLISM

Assessingproteinqualitywithrespecttoitsefficiencyinsupportingbodyproteinmetabolism

shouldincludeconsiderationofthecapacityofthediettoprovidesubstrateneedsforprotein

synthesisandanyotherbiosyntheticpathways,ie,asuitablesourceofnitrogenandIAA(lysine,

threonine,valine,isoleucine,leucine,methionine,phenylalanine,tryptophan,andhistidine).

However,tothisassessmentmethodshouldbeaddedprovisionofsufficientsignalamino

acids,(eg,leucine),requiredforthoseregulatorystepswherebymetabolism isoptimizedand

anabolism isstimulated(2,7).Itisarguablethatcurrentmethodsusedforassessingprotein

qualityhaveonlyevaluatedsubstrateneedsratherthananyprovisionofregulatoryaminoacids.

EvaluationofproteinqualitywiththePDCAASapproachmeasurestheprotein'smetabolic

effectivenessatadietaryintakethatmeetsminimum requirements.Bythismeasure,protein

requirementsarelowcomparedwithmostnutritionallycompletehabitualdiets.Indeed,

applyinganadaptivemetabolicdemandmodelofproteinhomeostasis(8),proteinrequirements

maybeevenloweraftercompleteadaptationtotheextentthatadietaryrecommendation

basedonthetrueminimum intakefornitrogenequilibrium wouldbecomeofquestionable

nutritionalsignificance.



Furthermore,inthecontextofanadaptivemodelandthehigherhabitualproteinintakesin

subjectsconsumingthecurrentlyrecommendedhealthydiet,ithasbeensuggestedthatthe

assessmentofproteinqualitybyaminoacidscoringbecomesproblematic,withthemetabolic

demandforaminoacidsreflectingacomplexadaptiveresponsetovaryingintakesofprotein

andaminoacids(9,10).Thismeansthatasproteinintakeincreases,forexampletowardthe

upperhalfofthecurrentacceptablemacronutrientdensityrange(11),boththemetabolic

demandsforaminoacidsandtheconsequentfateofthedietaryaminoacidswillbecome

increasinglydifficulttopredictintermsofgeneratingasinglereferenceaminoacidpattern

againstwhichtojudgeproteinquality,especiallyacrosstheentirelifespanandinall

physiologicconditions.Forexample,leucineregulationofmuscleproteinsynthesisviathe

mammaliantargetofrapamycinsignalcascaderequiresincreasesinintracellularleucine

concentration,whichalsoincreasesaminoacidoxidation(12).ThePDCAASapproachargues

thatincreasedaminoacidoxidationreflectsinefficientuseofaminoacids,butthisignoresany

transientsignalinginfluenceofspecificaminoacidsbeforetheiroxidation.Thus,withinthe

contextofpotentialbenefitsassociatedwithhigherproteinintakes,itisimportanttoconsider

towhatextentthequalityoftheprotein(eg,aminoacidprofile)influencesitsanabolicsignaling.

Althoughconcernhasalwaysbeenexpressedabouttheimportanceofdietaryproteinforthe

elderly,especiallyinthecontextoftheage-relatedlossofskeletalmusclemass(sarcopenia),

therehasnotbeenafirm consensusthatthepublishedevidenceindicatesanymeasurableage-

relatedchangeintheminimum proteinrequirement(13)orthenitrogen-balancedatawhich

form thebasisofthecurrentPDCAASreferencepattern(4).However,emergingexperimental

evidencesuggeststhatthereisanage-relatedchangeintheregulatoryinfluenceofIAAon

muscleproteinsynthesisthatwillreducetheeffectivenessofdietaryproteintomaintainmuscle

mass(14,15).

Musclegrowthandmaintenanceoccursinresponsetoacomplexinterplayofstimuli,including

physicalactivity,hormonalsignaling,andsubstratesupply.However,aminoacidsarea

prerequisiteformuscleproteinsynthesis,andadietarysupplementofIAAisapotentstimulus

(16).Thereis,infact,adose-responserelationbetweenIAAconcentrationsinthebloodand

muscleproteinsynthesis(14,15,17,18).Intheelderly,thereis,atthesametime,decreased

sensitivityandresponsivenessofmuscleproteinsynthesistoIAA(19,20).Currently,human

studieshavenotidentifiedthemechanismsoftheseeffects.Althoughinterventionstudies

pointtotheneedforacombinationofbothnutritionalsupportandresistanceexercise,theideal

aminoacidpatternoftheextraproteininvolvedisunknown.

Thereislimitedevidencetodateontherelativeinfluenceofdifferentproteinsourceson

increasingmusclemassinhumantrials.Studiesmeasuringtheeffectsofmeat-containingand



lactoovovegetariandiets,coupledwithresistancetrainingprotocols,onmusclemasshavebeen

mixed(21,22),althoughmethodologyvariedandtheresearchisonlybeginningtoemerge.

AccordingtoWilkinsonetal(23),fluidskim milkpromotedgreatermuscleproteinaccretion

thanasoyproteinbeveragewhenconsumedafterresistanceexercise.Phillipsetal(24)have

suggestedthatanyimprovednitrogenretentionobservedwithmilkcomparedwithsoy

consumptionduringaresistancetrainingprotocolmayreflectdifferencesintheaminoacid

profileduringdeliverytoperipheraltissues.However,itisnotknownwhetherthisisafunction

ofdifferentratesofdigestion,peakpostprandialaminoacidflowthroughthesplanchnicbed

andconsequentratesofaminoacidoxidationanddeamination(higherforsoythanmilk

protein),orthedifferentaminoacidprofilesofthe2proteinsources.

Althoughhumanevidenceisbeginningtoemerge,thereisabundantevidencefrom animal

studiesthatsufficientlyhighdosesofleucinemaybeparticularlyimportantinmuscleprotein

synthesisthroughsynergisticeffectswithinsulininsignaltransductionpathwaysandinthe

presenceofadequatedietaryenergy.AsproposedbyGarlick(7),thereareworthwhileresearch

opportunitiesregardingthepromisingpotentialroleforleucineinproteinmetabolism aswellas

thepossibilityofanintakethresholdatwhichoverstimulationbyleucinecouldnegatively

impactglucosemetabolism.AreviewoftheleucineliteraturebyLayman(25)estimatedthat

stimulationofmuscleproteinsynthesiswouldbeoptimizedwith18gIAA,including2.5g

leucine,ateachof3mealsperday.

Aclearresearchgoalistoidentifytheoptimaldietaryaminoacidpatternintermsofspecific

aminoacids,thetotalIAAcontent(26),orperhapseventheconditionallyindispensableamino

acid(6)fordeterminationofproteinquality.Althoughleucineisabundantinavarietyofprotein

sources,confirmationoftheneedforparticularlyhighintakesofleucineateachmeal,

particularlywithinacalorie-restricteddiet,couldhaveimplicationsforchoosingaproteinsource.


