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Abstract—

TTheTrecordingTandTsharingTofTcookingTrecipe

s,TaThumanTactivityTdatingTbackTthousandsTofT

years,TnaturallyTbecameTanTearlyTandTprominen

tTsocialTuseTofTtheTweb.TTheTresultingTonlineT

recipeTcollectionsTareTrepositoriesTofTingredient

TcombinationsTandTcookingTmethodsTwhoseTlar

ge-

TscaleTandTvarietyTyieldTinterestingTinsightsTab

outTbothTtheTfundamentalsTofTcookingTandTuse

rTpreferences.TTheseTinsightsTincludeTpreference

sTforTcookingTmethodsTdependingTonTtheTnutri

tionalTvalueTextractedTfromTfood,TandTtheTgeo

graphicTregionTfromTwhichTtheTrecipeToriginate

s.TAtTtheTlevelTofTanTindividualTingredientTwe

TmeasureTwhetherTitTtendsTtoTbeTessentialTorT

canTbeTdroppedTorTadded,TandTwhetherTitsTqu

antityTcanTbeTmodified.TTheTcomplementTnetw

orkTcapturesTwhichTingredientsTtendTtoTco-

occurTfrequently. 

TheTinformationTderivedTfromTuserTgeneratedTs

uggestionsTforTmodifications,TcanTbeTdecompos

edTintoTmanyTcommunitiesTofTfunctionallyTequi

valentTingredients,TandTcapturesTusers’Tpreferen

ceTforThealthierTvariantsTaTrecipe.TOurTpredicti

onTofTrecipesTisTderivedTfromTcombinationsTof

TingredientTnetworksTandTnutritionTinformation. 

IndexTTerms—

recommenderTsystem,TneuralTnetwork,Trecipes,T

nutrition,Thealth 

 

I.TINTRODUCTION 

TheTwebTenablesTindividualsTtoTcollaboratively

TshareTknowledgeTandTrecipeTwebsitesTareTone

TofTtheTearliestTexamplesTofTcollaborativeTkno

wledgeTsharingTonTtheTweb.TAllrecipes.com,Tth

eTsubjectTofTourTpresentTstudy,TwasTfoundedTi

nT1997,TyearsTaheadTofTotherTcollaborativeTwe

bsitesTsuchTasTtheTWikipedia.TRecipeTsitesTthri 

veTbecauseTindividualsTareTeagerTtoTshareTth

eirTrecipes,TfromTfamilyTrecipesthatThadTbeen

TpassedTdownTforTgenerations,TtoTnewTconco

ctionsTthatTtheyTcreatedTthatTafternoon,Thavin

gTbeenTmotivatedTinTpartTbyTtheTabilityTtoT

shareTtheTresultTonline.TOnceTshared,TtheTrec

ipesTareTimplementedTandTevaluatedTbyTother

Tusers,TwhoTsupplyTratingsTandTcomments.T

TheTdesireTtoTlookTupTrecipesTonlineTmayTa

tTfirstTappearToddTgivenTthatTtombsTofTprint

edTrecipesTcanTbeTfoundTinTalmostTeveryTkit

chen..TThereTis,Thowever,TsubstantialTaddition

alTvalueTinTonlineTrecipes,TbeyondTbeingTabl

eTtoTlookTthemTup.TTheTreviewsTnotTonlyTp

rovideTaTcrowd-

sourcedTrankingTofTtheTdifferentTrecipes,Tbut

TalsoTmanyTsuggestionsTonThowTtoTmodifyTt

hem,Te.g.TusingTgroundTturkeyTinsteadTofTbe

ef,TskippingTtheT“creamTofTwheat”TbecauseTi

tTisTrarelyTonThand,Tetc.TTheTwealthTofTinfo

rmationTcapturedTbyTonlineTcollaborativeTreci

peTsharingTsitesTisTrevealingTnotTonlyTofTthe

TfundamentalsTofTcooking,TbutTalsoTuserTpre

ferences.TTheTcoToccurrenceTofTingredientsTi

nTtensTofTthousandsTofTrecipesTprovidesTinfo

rmationTaboutTwhichTingredientsTgoTwellTtog

ether,TandTwhenTaTpairingTisTunusual.TUsers’

TreviewsTprovideTcluesTasTtoTtheTflexibilityT

ofTaTrecipe,TandTtheTingredientsTwithinTit.TC

anTtheTamountTofTcinnamonTbeTdoubled?TCa

nTtheTnutmegTbeTomitted?TIfToneTisTlacking

TaTcertainTingredient,TcanTaTsubstituteTbeTfo

undTamongTsuppliesTatThandTwithoutTaTtripT

toTtheTgroceryTstore?TUnlikeTcookbooks,Twhi

chTwillTcontainTvettedTbutTperhapsTnotTtheT

bestTvariantsTforTsomeTindividuals’Ttastes,Trat

ingsTassignedTtoTuser-

submittedTrecipesTallowTforTtheTevaluationTof

TwhatTworksTandTwhatTdoesTnot.TInTthisTpa

per,TweTseekTtoTdi 
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stillTtheTcollectiveTknowledgeTandTpreferenceTa

boutTcookingTthroughTminingTaTpopularTrecipe

TsharingTwebsite.TToTextractTsuchTinformation,

TweTfirstTparseTtheTunstructuredTtextsTfromT 

theTrecipesTandTusers’Treviews.TWeTconstructTt

woTtypesTofTnetworksTthatTreflectTdifferentTrel

ationshipsTbetweenTingredients,TinTorderTtoTcap

tureTusers’TknowledgeTaboutThowTtoTcombineT

ingredients.TTheTcomplementTnetworkTcapturesT

whichTingredientsTtendTtoTco-

occurTfrequently,TandTisTcomposedTofTtwoTlarg

eTcommunities:ToneTsavory,TtheTotherTsweet.T

TheTsubstituteTnetwork,TderivedTfromTuserTgen

eratedTsuggestionsTforTmodifications,TcanTbeTd

ecomposedTintoTmanyTcommunitiesTofTfunction

allyTequivalentTingredients,TandTcapturesTusers’

TpreferenceTforThealthierTvariantsTaTrecipe.TOu

rTexperimentsTrevealTthatTrecipeTratingsTcanTb

eTwellTpredictedTbyTfeaturesTderivedTfromTco

mbinationsTofTingredientTnetworksTandTnutritio

nTinformationT(withTaccuracyT.792),TwhileTmos

tTofTtheTpredictionTpowerTcomesTfromTtheTing

redientTnetworksT(84%).TTheTrestTofTtheTpaper

TisTorganizedTasTfollows.TSectionT2TreviewsTt

heTrelatedTwork.TSectionT3TdescribesTtheTdatas

etTandTsectionT4TprovidesTdescriptiveTanalysisT

ofTtheTdata.TSectionT5TdiscussesTtheTextraction

TofTingredientTcomplementTnetworkTandTtheTc

haracteristicsTofTthisTnetwork.TSectionT6Tpresen

tsTtheTextractionTofTrecipeTmodificationTinform

ation,TasTwellTasTtheTconstructionTandTcharacte

risticsTofTtheTingredientTsubstituteTnetwork.TSe

ctionT7TpresentsTourTexperimentsTonTrecipeTre

commendationTandTsectionT8Tconcludes. 

 

 

II.TRELATEDTWORK 

A.TRecipeTrecommendationTRecipeTrecommenda

tionTmayTbeTseenTasTaTsub-

domainTofTtheTlargerTfoodTrecommendationTtas

k,TandTtheTproblemTofTrecommendingThealthyT

recipesTisTtackledTinTnumerousTstudies.TInTliter

atureThealthinessTisTmeasuredTbyTcomparingTm

acronutrientTvaluesTagainstTseveralTinternational

Tguidelines.TTheTWorldTHealthTOrganizationT(

WHO)TandTtheTUnitedTKingdomTFoodTService

TAgencyT(FSA)TguidelinesTareTadoptedTtheseTs

tudiesTutilizeTthe 

TWHOTandTFSATscoresTasTpresented.TInTtheT

”NutrientTReferenceTValuesTofTAustraliaTandT

NewTZealand”T(NRV)TisTincorporated.TFollowi

ngTpreviousTworksTWHOTscoreTisTemployedTi

nTthisTpaper.TWithinTtheTrealmTofThealthyTreci

peTrecommenders,TtheTdatasetsTexploredTvaryTb

etweenTpre-

existingThealthyTrecipesTandTonlineTsourcedTdat

asetsTOnlineTdataTrepositoriesTposeTaTgreaterTc

hallengeTasTtheyTholdTanTinherentTtendencyTfo

rTunhealthiness..ATnotableTlineTofTresearchTisT

ontology-

basedTfoodTrecomendation,TandTitTisTgenerally

Tknowledge-

basedTandTreliesTonTdomainTexpertsT.SeveralTp

apersTproposeTontology-basedTnutrition-

orientatedTrecommenders.TdesignsTaTsystemTtoT

meetTdailyTenergyTrequirements,TfocusesTonTpr

operTnutritionTinTelderlyTcareTandTcentersTonTt

heTspecificTdietaryTneedsTofTweightlifters.TThes

eTstudiesTuseTpredefinedTdietsTandTmenusTwhi

chTareTallTconsideredTappropriateTbutTnotTnece

ssarilyTcompatibleTwithTtheTuser’sTneeds.TTheT

recommenderTcomponentTinTthoseTsystemsTmay

Taccept,TrejectTorTadjustTtheTmenusTbasedTonT

rulesTsetTbyTnutritionTexpertsTorTclinicalTguide

lines.TUnfortunately,TtheTadvantagesTofTthisTme

thodologyTcannotTbeTeffortlesslyTappliedTtoTonl

ineTrecipes.TOnlineTdataTareTnotTguarantiedTto

TincludeTallTrequiredTontologyTpropertiesTnorTa

reTallTrecipesTvalidTcandidatesT(i.e.Thealthy).TI

nTanTevaluationTofTcollaborativeTfilteringTmeth

odsTisTperformedTwhileTusesTrecipeTratingsTto

TexploreTtheTrelationshipTbetweenThealthyTrecip

esTandTtheirTingredients.TTheyTdeviseTaTbreak-

downTtechniqueTandTexamineTtheTfeasibilityTof

TextractingTtheTusers’TingredientTpreferencesTfr

omTherTratingsTonTrecipes.TTheyTdemonstrateTt

heirTmethodTcanTsurpassTaTbaselineTcollaborati

veTfilteringTapproach.THowever,TwhenTdealingT

withTonlineTsourcedTrecipes,TratingsTareTnotTa

TgoodTindicatorTforThealthiness,TinTfactTit’sTqu

iteTtheTopposite.TToTimproveTtheThealthinessTo

fTtheTrecommendationsTmultipleTmethodsTareTs

uggested.TInTaTpost-

filteringTstepTisTapplied,TafterTtheTrecommendat

ionsTareTgeneratedTtheyTareTre-

rankedTsuchTthatTtheThealthierTrecipes,TinTterm

sTofTWHOTandTFSATscores,TappearTatTtheTto

pTofTtheTlist.TSeeingTonlineTrepositoriesToftenT

contain 
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multipleTversionsTofTtheTsameTdish,TsetToutTto

TevaluateTtheTpossibilityTofTsubstitutingToneTre

cipeTwithTaTsimilarTyetThealthierTalternativeT(b

asedTonTFSATscore).TToTidentityTpotentialTswa

pTcandidates,TtheyTuseTtheTcosineTsimilarityTm

easure.TproposesTaTdifferentTsolutionTwhichTdiv

ergesTfromTtheTquestTtoTfindTaTsingleThealthy

TrecipeTandTinsteadTaimsTtoTgenerateTdailyTme

alTplans.TTheseTplansTareTbalanced 

recipeTcombinationsTwhichTareTobtainedTviaTex

haustiveTsearch.TInTthisTpaperTweTtooTfocusTo

urTeffortsTonTwebTrecipesTandTtryTtoTtackleTt

heTchallengeTfromTyetTanotherTangle.TOurTmet

hodTfirstTgeneratesTaThealthyTrecipe-

likeTdraftTandTthenTsearchesTtheTdatasetTforTm

atchings.TUnlikeTotherTpapers,TitTdoesTnotTrely

TonTratingsTnorTonTtheTavailabilityTofTnutritio

nalTinformationTforTtheTrecipes. 

 

III.TDIETARYTRECOMMENDATIONTSYSTE

MT 

 

ThisTstudyTproposesTaTdietaryTrecommendation

TsystemT(DRS)TthatTcanTanalyzeTwhetherTaTus

erThasTaTbalancedTdietTbasedTonTtheTuser'sTo

wnTsituation,TandTrecommendTsuitableTdietTreci

pesTforTtheTuser.TThisTDRSTcanTbeTusedTbyT

differentTusersTandTeachTuserTcanTobtainThis/h

erTpersonalTrecommendations.TTheTsystemTarchi

tectureTdiagramTisTshown. 

TTheTrecommendationTprocessTofTtheTDRSTsys

temTisTdividedTintoTfiveTstepsTasTfollows:T 

 

1)TRecipesTareTextractedTfromTtwoTrecipeTsour

cesTwebsiteT. 

 

2)TATHealthTandTNutritionTdatabaseTisTbuiltTb

asedTonTdataTextractedTfromTtheTFoodTCompo

sitionTDatabaseT.ThisTdatabaseTprovidesTvarious

Tnutrients,TanTadultTintakeTnutrientTneededTinT

aTdayTandTcalculateTtheTamountTofTnutrientTto

TeatTinToneTmeal. 

 

3)TTheTrecipeTrecommendationTinterfaceTusesT

PHP,THTMLTandTMYSQLTtoTconstructTaTweb

site.TTheTusers,TafterTsign-

inTandTprovidingTsomeTlimitedTpersonalTinform

ationTrelatedTtoThiT 

herTpreferenceTandThealthTcondition,TcanTobtai

nTrecommendations.TATlong-

termTdietTrecordTisTusedTtoTmanageTtheThealth

TstatusTofTeachTuser.T 

 

4)TUser'sTqueryTisTconvertedTtoTqueries,TandTt

hisTisTusedTtoTqueryTtheTrecipe.TTheTDRSTthe

nTmakesTaTrecommendation 

 

III.TPROPOSEDTMETHOD:T 

 

TheTpurposeTofTthisTpaperTisTtoTcreateTaTtech

nologyTwhichTcanThelpTpeopleTmanageTtheTnut

ritionalTneedsTofTanTindividualTinTtheTbestTma

ggagedTway.TThisTisTpossibleTbyThavingTaThu

geTdatabaseTofTrecipesTandTfindingTtheTbestTp

ossibleTrecipeTforTtheTuser.TTheTuserTspecifies

TallTtheTspecificsTofTtheTdietTtheTindividualTw

antsTtoTfollowTorTtheTdietTprescribedTbyTtheT

dietician,TthisTsystemTalsoTtakesTupTtheTkindTa

ndTnumbersTofTcaloriesTtheTindividualTcanTtak

eTupTinTaTsingleTdayTtoTgiveToptimumToutput.

T 

ThisTwholeTsystemTcomprisesTofTthreeTmajorTs

essionsT: 

 

1. TextTminingTusingTtensorflow. 

2. IngredientTnetworkTalgorithm. 

3. DataTmining. 

 

1. TextTminingT 

T 

ForTanyTsystemTtoTreadTallTtheTdataTfromTthe

TtheTdatabase,TtheTnoiseTinTtheTdataThasTtoTb

eTreducedTtoTaTcertainTlevelTwhereTtheTdataTc

anTbeTstudiedTtoTderiveTaTconclusion.T 

InTourTcaseTtheTdatabaseTofTrecipesTthatTweTh

aveTaccessTto,TisTsearchedTwhenTanTuserTinput

sTsomething.TForTourTsystemTweTuseTtensorflo

wTtoTprocessTtheThugeTdataTthatTisTavailableTt

oTus,TwhichThelpsTusTtoTreduceTaTlotTofTnois 
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eTfromTallTtheTrecipesTbyTtextTminingTallTthe

TunneededTadjectives,Tverbs,ThelpingTverbs. 

 

AfterTthisTprocessTweTareTonlyTleftTwithTnoun

sTwhichTareTthenTusedTtoToptimiseTtheTsearch

TprocessTforTtheTuser. 

2.TIngredientTnetworkTalgorithmT 

T 

WithTtheThelpTofTingredientTnetworkTalgorithm

TweTmakeTsureTtoTsimplifyTtheTdataTenoughTs

oTthatTweTcanThaveTnoise-

lessTdataTthatTcanTbeTusedTtoTseeTtheTdomina

ntTnounTorTmakeTitTeasierTtoTfindTtheTrecipeT

thatTtheTuserTisTlookingTfor. 

 

Working: 

WhenTweTprocessTallTtheTdataTthroughTtensorfl

owTusingTingredientTnetworkTalgorithmTatTfirst

TweTlineupTallTtheTtextTinTaTcontinuousTsente

nceTthen,TallTtheTalphabetsTareTconvertedTtoTl

owercaseTthereTafterTtheTsystemToptimisesTtheT

dataTbyTeliminatingTeveryTunnecessaryTthingsTs

tartingTfromTpunctuations,Tadjective,Tverb,Thelpi

ngTverbTexcetra.TThisTonlyTleavesTnounsTinTth

eTdictionary.T 

IngredientTnetworkTalgorithm’sTpurposeTisTtoTfi

ndTtheTmostTdominantTingredientTinTaTparticul

arTrecipe.TThisTisTaccomplishedTbyTfindingTaTt

hresholdTofTaTparticularTingredientTinTaTrecipe.

TToTfindTtheTthresholdTofTaTparticularTingredi

entTinTaTrecipe,TweTdivideTallTtheTingredients

TrespectivelyTwithTtotalTnumberTofTnounsTinTt

heTparticularTrecipeTorTdictionary.TThisTthresho

ldTvalueTisTrepresentedTbyTtheTsymbolTρT(rho)

.TTheTingredientTwithTtheThighestTvalueTofTρT

isTconsideredTtoTbeTtheTmostTdominantTingredi

entTinTtheTrecipe..T 

Furthermore,TforTeachTrecipeTweTexaminedTthe

Tminimum,Taverage,TandTmaximumTpairwiseTp

ointwiseTmutualTinformationTbetweenTingredient 

TTheTintuitionTisTthatTcomplementaryTingredien

tsTwouldTyieldThigherTratings,TwhileTingredient

sTthatTdon’tTgoTtogetherTwouldTlowerTtheTaver

ageTrating.TWeTfoundTthatTwhileTtheTaverageT

andTminimumTpointwiseTmutualTinformationTbe

tweenTingredientsTisTuncorrelatedTwithTratings,T

theTmaximumTisTveryTslightlyTpositivelyTcorrel

atedTwithTtheTaverageTratingTforTtheTrecipeT(ρ

T=T0.09,Tρ-

valueT<T10−10).TThisTsuggestsTthatThavingTatT

leastTtwoTcomplementaryTingredientsTveryTsligh

tlyTboostsTaTrecipe’sTprospects,TbutThavingTcla

shingTorTunrelatedTingredientsTdoesTnotTseemTt

oTdoTharm. 

 

Optimisation: 

ForToptimisationTofTtheTsystemTweThaveTused

TtheTsameTalgorithmTtoTfindTtheToverallTmean

TofTtheTeachTandTeveryTingredientTthisToptimi

sesTtheTsearchTtimeTofTtheTuserTtoTsuggestTm

oreTrelevantTrecipe,TasTandTwhenTtheTuserTsea

rchesTforTanTingredientTtheTmeanTvalueTthatTis

TprocessedTbyTtheTalgorithmTcomesTtoTuse,Tw

hereTtheTsystemsTfindsTitTfasterTtoTmineTforTa

llTtheTrecipesTrelevantTtoTtheTsearchTofTtheTus

er,TfromTaThugeTdatabase.T 

 

3.TDataTmining: 

 

TAtTthisTstepTtheTalgorithmThasTdoneTitsTjobT

toToptimiseTandTsettelTtheTdataTasTmuchTasTp

ossible.TWhenTtheTuserTinputsTallTtheTingredie

ntsTavailableTtoThim/her,TincludingTcalorieTand

TtheTkindTofTdietTtheTpersonTwantsTtoTpursue,

TtheTsystemTthenTsearchesTthroughTtheTdataTto

TgiveTtheTmostToptimisedTandTmostTrecommen

dedTrecipeTtoTtheTuser.T 
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UMLTDiagram 

 

 

 

 

 

 

 

 

ArchitectureTDiagram 
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IV.TFUTURETWORKTANDTCONCLUSION 

 

TheTmethodTpresentedTinTthisTpaperTisTanTatte

mptTtoTutilizeTmachine-

learningTtechniquesTtoTtackleTtheThealthy-

recipeTrecommendationTproblem.TAsTevidentTfr

omTtheTpresentedTresults,TNutRecTisTableTtoTi

mproveTtheTaverageThealthinessTofTtheTrecomm

endedTrecipesT(forTaTtop-

10Ttask)TwithoutTrequiringTanyTpre-

computedTnutritionalTinformationTforTtheTrecipe

s.TInTtheTfuture,TweTwouldTlikeTtoTadvanceTo

urTstudyTonTtheTfollowingTtopics.TFirst,ToneTte

chniqueTtoTimproveTtheTperformanceTmayTbeT

viaTanTensembleTmodelTwhichTwillTcombineTal

lTthreeTingredientTpredictors.TSecond,TinTthisTp

aperThealthyTrecipesTareTtheTfocalTpoint,TbutTa

sTtheTmethodTstrivesTtoTfindTrecipesTwhichTbe

stTmatchTaTgivenTnutrientTtargetTitTisTcredible

TitTcouldTproveTusefulTforTotherTtypesTofTgoal

s,TforTinstanceTlow-fatTorThigh-

proteinTdiets.TFinally,TasTratingsTareTaTpromine

ntTpartTofTrecommenderTsystems,TanTinteresting

TextensionTforTthisTworkTwouldTbeTinvestigatin

gTaTfashionTtoTintegrateTratings.TOnceTsuchTte

chniqueTisTapplicable,TitTwillTbeTpossibleTtoTc

ompareTtheTproposedTalgorithmTwithTtraditional

TrecommenderTmethods. 
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