Transfornmg Milk Tea: Harnessing
NpaFruticansMesocarp Flour as an alternative for
Tapioca Pearl for Sustainable Prodict [@velopmant and

Innovation

Abstract-Nypafruticansknownasnypaisafastfruit-bearingmangrovepalmwithimmeasurablepotential. Thisdissertation
usedthemature fruitmesocarp,abyproductoftheNypapalm,thusthe byproductisunderratedforsomereasonandmostly
theyareneglectedduetolackofpublicknowledgeofitsmostpotential. ThisresearchusedtheNypaFruiticanMesocarp
fruitfromBrgy.Sabang,SurigaoCity. Thequestforsustainablealternativesinexploringmesocarpflourasapotential
substitutefortraditionaltapiocapearlsinmilkteabeverages. beginswithacomprehensivedeterminingofmesocarpflour's
functionalpropertiesusingtheANNOVAONEWAYtestp>0.05, theresultofallthedataiso.098thereforePearImadefrom
theMesocarpflour isconsideredtobe thesustainableinnovation.Thefunctionalpropertiesofbothpearlsmade fromcassava
andmesocarpshavenosignificancedifference.Further,practicalapplicationformsacorecomponentofthisstudy,involving
mesocarp flourformulationstoreplicatetapiocapearls,thecookingprocessandconsumeracceptanceare rigorouslyanalyzed
todeterminetheircompatibilityanddesirabilityinthispopularbeverage,analysisofvariantshowedthatPearlsoncemade
fromMesocarpofNypafruticansincorporatedtothemilkteabeveragehas4.3overallacceptanceandthebestorganoleptic
testwithtexture,aromd,andcoloris4.3(likes).Additionally, thisresearchcontributesanuancedunderstandingofmesocarp
flour'spotentialagainsttraditionaltapiocapearls,consideringcost-effectiveness,scalability,andconsumerpreferences

therebyfosteringinnovationinsustainablebeverage production.
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INTRODUCTION
Nipa,scientificallyknownasNypafruticans,isatruly
classifiedmangrovepalmthatgrowsdominantlyincoastal
regionsandmostlybefoundinAsia.Severalcountriesin
SouthandSoutheastAsiaarerampagedbyNypaFruticans
whichcanbeobservedin ruralbrackishwaterswampsand
tidalmuddybanksinsomeruralareas,particularlyinthe
Philippines.

AccordingtoDENRNationalCapitalRegionPhilippines,
throughitsConservationandDevelopmentDivision (CDD)
andWestFieldOffice(WFO),WorldAgroforestry
Philippinesaddedthatakindofpalm(Nipa)thatgrows
alongthewaterlinescanbeonepossiblealternativetothe
problemofthefoodscarcitythatthecountrywillsoonbe
facing.

NipathrivesinMangroveareasinSurigaoCity,
particularlyinBrgyVillafrancaGigaquit, andsomepartsof
Brgy.Sabang,SurigaoCity,andutilizingitsimmense
potentialforbeingamajorsolutionforfoodinsecurity,its
immeasurableusesfromleavestosapareviralinthe
economytoday.Huskandshell,have a promising
contributiontobiofuelandchemicals,whilethemesocarp
istobeexploitedasfood. Despiteitspotential, utilizationof
mesocarphadbeenneglectedandalmostforgottenandhas
beenunderratedbecauseofthelackofpublicknowledge
aboutits countless functionalproperties.

Thematurefruitofmesocarpcontainsaconsiderable
amountofcarbohydrates51.89%andverylow-fatcontent
0f0.48%t01.16%andlowproteincontentof0.7%to

2.4%,withtheseuniquechemicalcompositionsofferthe
potentialofNypamesocarptobeprocessedintoflour
(Ulyarti,Nazarudin,andDian Wulan Sar2017).

Nypaflourthoughnotfamiliarlyused,howeverevidence
proventhatflourfromNypahasbeenusedforhuman
consumptionandincountlesshakeryproducts,this
researchwasconductedtoreplicatetapiocapearlusingthe
starchconcoctedinNypaflourastheexemplary
ingredientsinMilkTeabeveragesthatisoneofthe
beveragesthatconcentratedtometropolitanaroundthe
globe.Evidence ofitspopularityhasexpandedtotherestof
theareasacrossthePhilippines.Despitetheseexcellent
traitsanddelightsbroughtbytraditionaltapiocapearls,the
tillageandoutputproductionisnonethelessslow-growing
andenvironmentallytaxing. Intheadventofthegrowing
concernforsustainability,sectiontwelve(12)ofthe
SustainableDevelopmentGoal (SDG)highlightedthe
reductionofecologicalfootprintinthefieldoffoodand
beverageindustry.Proponentshaveturnedtheirattention to
potentialalternativeingredientssuchthat,onegifted
candidateis themesocarp,aby-productoftheNypapalm,
whichhasshownthepotentialtobeprocessedintoflour
thatwouldserveasasustainablealternativefortapioca
pearls.Withthisinmindthisresearchrootsaround
exploringmesocarpasaviableandeco-friendlyoptionto
meetthetapiocapearldemandinmilkteabeverages,to
expandutilizationoftheunderutilizedby-productofNypa
palmsustainabilitytoeconomyandagronomy.
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MATERIALANDMETHODS
MATERIALS

TheresearcherusedmatureMesocarpofNypafruticans
(figurel)wereontainedfromthemangroveareainBrgy.
Sabang,SurigaoCity.MatureNypaischaracterizedbyits
dark brownskincolor.TherenderingforMatureMesocarp
ofNypainmakingflourwasinthe rangeof20-40%ration
offruitweight.

Thetoolsusedin thisresearchareknives,grinders,mixers,
analytic scales,sieves,pans,and basins.

FIGUREL,(a)CrosssectionofNypaFruticans,(b)
BunchesofNypafruticans

METHODS
ForFlour

Tapiocapearlismadefromthestarchofcassavaflour,to
aimforasustainableinnovation,thisresearchwillusethe
underratedmesocarpaby-productofnypafruticansto
process intoflouranduseit toreplicatetapiocapearlsmade
fromthestarchofcassava. ToobtaintheNypaflour,the
endocarpofeachmaturedmesocarp(MM)wasscraped
usingknives,afterwhichwashed,cut,anddriedbelowthe
solarfor6-8hourstolessenthewatercontent,withtheuse
ofagrinderdried-MMwasgroundedandsievedwith200
mesh sievesizetogain flour.

Tosupportthisaction,Ulyartiet.al.intheirstudyonthe
functionalpropertiesofNypafruticansFlour,concluded
thatthemesocarpofNypacanbeprocessedintoflour.
Therefore,Nypaflourisa promisingsubstitute forcommon
floursuchaswheatandriceespeciallyforproducinglow-
calorieorhigh-fiberfoodthatsufficehealthdietary
concerns.

ToevaluatetheSwellingPower(SP),Solubility(Sol),
WaterAbsorptionCapacity(WAC),SwellingCapacity
(SC),BulkDensity(BD),andViscosityofNypaFlour’s
functionalproperties,twosetsoftreatmentshavebeen
conducted.

Thetraditionalwayofextractingstarchisbysievingthe
groundeddriedMatureEndospermofNypafruticans
(mesocarp)andthatistheUn-bleachedMMFontheother

handBleachedtreatmentconductedbysoakingthe matured
mesocarpflour(MMF)insodiummetabisulphite(0.4%)
andmixed.After15minutes,thecombinationwasfiltered
andrinsedwithwatertwice,andthe precipitatesweredried
beneaththesun.Bothtreatmentsweresievedusinga200
meshsieve.Asaresult,theUnbleachedNFwasmore
acceptableandmoresuitableflourto beused(RisaNofiani
et.al.2020).
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Godswilletal.,2019defineWACastheamountofwater
absorbedinfoodcircumstancestoachievethedesired
consistencyandexcellentfooditems. Additionally,itcan
beutilizedtoexplaintheconsistency,bulking,Jafari,
Koocheki,&Milani (2017),crystallinity,integrityofstarch
inaqueousdispersion,andbulkingoftheproduct(Sharma,
Singh,&Singh,2015).

Thestarchgranule'sassociativeforceislinkedtothe
starch'scapacitytoabsorbwaterandswell,aproperty
knownastheswellingindex(SI)(Godswilletal.,2019).
TheprimaryclassificationsofSCincludeparticlesize,
chemicalcontent,andprocessingtechniques(Chandraet
al.,2015).Itcanserveasafoundationforexcellentbakery
productstandards(lwe,Onyeukwu,&Agiriga,2016).
AccordingtoRisaNofiani etal.(2020),theSCvalueofthe
UONFEFwasbhothnoticeablylongerandgreaterthanthat
oftheBONFEF.TheapproachoutlinedbyOkakaand
Potter(Okaka&Potter,1977;Chandraetal.,2015)was
usedtodetermineSC.

AccordingtoBuckman,Oduro,Plahar,&Tortoe(2018)
andFalade&Okafor(2015),SPdataindicates theextentto
whichflour,inparticularstarchgranules,canbindwaterto
demonstrateitsexpansionorhydrationabilitytogenerate
swollenstarchgranules.AccordingtoYu,Ma,Menager,
andSun(2012),bleachingmaybreakthehydrogenbonds
thatholdstarchgranulestogether,causingwatertobe
absorbedbythehydrogenbondsandbyproteinsandnon-
starchpolysaccharides.

Thecapacityoffoodthatproducesgas,liquid,orsolidto
dissolveinaliquid,gas,orsolidsolventisknownassolin
thefoodsystem.Floursolubilityis theamountofflourthat
dissolvesinwaterorothersolutions(Godswill,
Somtochukwu,&Kate,2019).

TheBDparametersometimesreferredtoasthetotalsolid
content(TSC)parameter,iscrucialfordeterminingthe
weightofsolidsamplesandthespecificationsforpacking
(Falade&Christopher,2015;Shafi,Baba,Masoodi,&
Bazaz,2016).Particlesize,moisturecontent,starchorflour
surfacecharacteristics,andfoodmaterialhandlingallhave
animpactonBDvalue(Chandraetal.,2015;Shafi,Baba,
Masoodi,&Bazaz,2016;Das,Khan,Rahman,Majumder,
& Islam,2019;Ngoma,Mashau,&Silungwe,2019).The
greater theBDvalue,thebiggertheparticle size.

Anagentthatcan raiseviscosityiscalledaviscosifier. This
ingredientisnecessaryinfoodto stabilizeitemslikefoam,
emulsion,andfrozendairy(Wang&Cui,2005).Because
oftheenlargementofthestarchgranulesandtheincreased
amountoff-glucanthatresultsfromthebreakdownof
starchmolecules,flourcanbeemployedasaviscosifier
agent(Kaur,Sharma,Singh,&Dar,2016).

ForTapiocaPearl Application
Tapiocapearlswhicharemainlymadefromcassavastarch

werethepopularmainingredientsforthegloballyknown
MilkTeaintheBeveragesindustry.Thepearlswere

shapedintosphericalwithgelatinizedandun-gelatinized
starchproducedbyheat-moisture treatment(Breuninger).

Theundeniablepropertyofthetapiocapearlis
irreplaceablebutwiththeaimofsustainableinnovation,
thisresearchwillbring forthand revolutionizetapiocapearl
byutilizingtheunderratedmesocarpaby-productofNypa
FruticansandconvertittoNypaflour/starchusedto
replicatethepearlmadefromcassava/tapiocastarch.With
thisgoalinmind,thisresearchwillserveitspurposeto
givepublicknowledgeaboutthewidepotentialofthe
neglectedMesocarpofNypaFruticans.

Inproducingtapiocapearlswithcassavaflour,thestarchis
wettedto50%moisturecontent. Themoiststarchis
putrefiedandshapedintosphericalparticlesbycontinuous
mechanicalshaking. Theformedpearlsarethensenttodry
heatprocessingorroastingat250-300°C.Toreducethe
moisturecontentoffinishedproducts,thepearlsaresetto
coolbeforebeingprocessedtoanotherdryingtreatmentat
50-80°Ctemperature (WilliamF.Breuningeret.al).

ToproducepearlfromNypaflour,amodifiedversionof
flour/starchextractionisusedinthisresearchandthesame
processandtreatmentareappliedinmakingtapiocausing
thetheMMflour.

Matured Mesocarp Starch
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’ ‘ Add MM Pearl

Boil 20ml of water

Boiling (8 cups)

20g of brown sugar

Cook for 6-8 mins. Over a medium high heat

5 minutes and reduce to a syrup

Put the tapioca pearls into the prepared brown sugar syrup on low
heat. Allow this to steep for at least 6-8 minutes or until the syrup
thickens to a desired consistency. Stir occasionally.

FIGURE4,
DiagramforMakingPearlfrom MMstarch

RESULTANDDISCUSSION

Toevaluatethis(tablel), a COMPLETELY
RANDOMIZEDDESIGNwillbeusedwithtwodifferent
conditions butthesame method however variesaccordingly
withtheperiodoftheexperiment.

Thesameweightoftapiocamadefromstarchofcassava
andmesocarpstarchweighing 100g.,themoist-heat
methodwillbeusedforthisexperimentwherethe
temperaturewillalsobethesame200andmoistorwater
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presentwillbe6Omlhoweverperiodwillvaryaccordingly.
For100gstarchofeachcondition,itwillmake50pieces
ofmedium-sizedpearlssuitablefortapioca-sizepearlssold
inthemarketforMilkTeaBeverages,notincludingsome

Tablel: AVERAGEVALUEOFTEXTURE,
SWELLINGCAPACITY,SOLUBILITYAND
WATERABSORPTIONCAPACITY

additives likesugar and milk. Time  Temperature  MsS:  Texture SPC SOL WAC
CS (GF) % % %
) ) 5 200 12:18 8:33,5.56 31.58,56.25 24,36 481.42,320.94
The50piecesweresubjectedto4treatmentsandthree mins.
replicationssothat12experimentalunitswereobtained. 10 200 1523 6.674.35 42.86,85.19 3046 3851325117
ThetreatmentsweregiventoknowthebestuseofPearl mins.
madefromMMstarch,andeachpiecereactedindifferent 15 200 18:28 556,357  56.25,127.27 36,56  320.94,206.32
periodswhenitwascooked. mins.
20 200 24:33 417,303  9231,19412 48,66  240.71,175.06
A.Texture mins.
. . . . 30 200 36:38 2.78,263 257.14,316.67 72,76  160.47,152.03
Withthesamemoistheatmethod,50piecesoftapioca mins.

weredilutedandboiledtothesameamountofwater,and
subjectedtoexperimentatdifferentlevelsoftimewiththe
sameamountoftemperature. Theresultissignificantlynot
differentthereforePearlfromMesocarphasthesame
textureintermsofchewiness,hardiness,andgumminess
(tale 1).

B.SPC

Withthe50pieces ofthepearl cook underthesamevolume
ofwaterandamountofheatbutdifferintimeorduration
(tablel).Theresultisnotsignificantlydifferenttherefore
intermsofswellingcapacityconcerningtime, Tapioca
pearlsmadefromcassavaandPearlsmadefromMesocarp
havea commonfactor.

C.Solubility

Thiswascarriedoutbygettingthepercentagefromthe
numberofpiecesthatreactedrespectivelyindifferent
durationstothetotalnumberofpiecesexperimentedand
theresultofboth hasnosignificantdifference (table 1).

D.WAC

WasdeterminedbasedonAndersonetal.(Andersonetal.,
1970;Bamigbola,Awolu,&Oluwalana,2016).Both
tapioca(50pieces)wereresuspendedwith60mlof
distilledwater,stirred,andcookedatdifferenttimesor
durationsthencentrifugedat1.731xno.piecereactintime
respectively.Theresultissignificantlynodifferentfrom
eachother(table 1).

_Thenumberspresentedaretheaverageoftwoconditions
andthedeviationsmeanswerenotsignificantlydifferent
(p>0.05)

TheswellingPowerCapacity(SPC)ofaPearlmadeof
MesocarpFlour(fig 5)isknowntorelatetoamylose
content,waterholdingcapacityofstarchmolecules,
hydrogenbond,anddegreecrystallinityofthepearlunder
differenttimesofexperiment.Differentpearlcondition
processinginthesameSolstudyexhibitedasignificant
difference(p>0.05).Oneofthefactorsthatcontributesto
solubilityisparticlesize;thesmallertheparticlesize,the
quickerthedissolution. Theotherfactorischemical
composition,mainlylipids,andamylopectin. Thepresence
oflipidsandamylopectininflourcancontributeto
reducingSol,SC,andWAC.

Fig 5:SWELLINGPOWERCAPACITYAND
SOLUBILITYOFMESOCARPPEARL
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Fortheoverallacceptant(table2),withsensoryevaluation
usinganine-pointhedonicscale(LikertScale),thepearls
madefrommesocarpstarchwereaddedtotheMilktea
beveragestogetherwithsomeadditiveslikesugar,
chocolate,andmilkwiththeoriginalmilkbothinthe
market. Theevaluationwasdoneintheeyeoftheneedle
fromthetaste,aroma,texture,andcolor.

Table2: SENSORYEVALUATIONTEXTURE,

AROMA ,ANDCOLOUR

SAMPLE TEXTU  AROMA COLOR Overall
RE Acceptance

MilkTeawith 4.5 4.1 4.3 43

TapiocaPearl

MilkTeawith 4.3 4.3 4.14 4.25

MesocarpPearl

Difference 0.2 -0.2 0.0

Forthescale:(1)Stronglydislike,(2)Dislike,(3)
Somewhatlikes,(4)Likes,(5)Very Likes

Aftergatheringtheresultsfromthe50respondentsand
usingthe5-pointLikertScaletointerpretthedataforthe
sensoryevaluationtexture,aroma,andcolorfortheMilk
TeawithTapiocaPearlandMilkTeawithMesocartpPearl.
FortheTextureevaluationresult, Milk TeawithTapioca
Pearlhasa4.5ratingwhileMilk TeawithMesocarpPearl
hasa4.3ratingwithonly0.2differences.Forthe Aroma
evaluationresult, MilkTeawithTapiocaPearlhasa4.1
ratingwhileMilkTeawithMesocarpPearlhasa4.3rating
with only -0.2differences. Andforcolorevaluationresults,
MilkTeawithTapiocaPearlhasa4.3ratingwhileMilk
TeawithMesocarpPearlhasa4.3ratingwithonly0.0
differences.Overall,MilkTeawithTapiocaPearlandMilk
TeawithMesocarpPearlhave thesameratingof4.3

CONCLUSION

UsingtheANNOVAONEWAY testwasp>0.05,the
resultofallthedatais0.098thereforePearlmadefromthe
Mesocarpflourisconsideredtobethesustainable
innovation. Thefunctionalpropertiesofbothpearlsmade
fromcassavaandmesocarpshavenosignificantdifference.
AnalysisofthevariantshowedthatPearloncemadefrom
MesocarpofNypafruticansincorporatedintothemilktea
beveragehasa4.3overallacceptanceandthebest
organoleptictestwithtexture,aroma,andcoloris4.3(
likes).
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