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요 약

제주산 한라봉의 과실과 착즙박을 열풍건조와 동결건조한 후 분말의 물리화학적

특성과 유동성을 측정하였다.또한 분말을 이용하여 과립을 제조한 후 시판제품

과 특성을 비교하였다.

건조 방법에 따른 한라봉 과실의 동결건조 수율은 20.0%,열풍건조 수율은

17.5% 이었다.또한 한라봉 착즙박의 동결건조 수율은 22.5%,열풍건조 수율은

22.0% 이었다.

한라봉 과실의 적정 산도는 동결건조 분말이 4.31～4.49%,열풍건조 분말이 4.4

2～5.12% 이었고,착즙박의 적정 산도는 동결건조 분말이 2.77～3.30%,열풍건조

분말이 3.00～3.41%를 나타내었다.한라봉 과실의 당도는 동결건조 분말과 열풍

건조 분말이 80°Brix이었고,착즙박은 동결건조 분말이 58～60°Brix,열풍건조

분말이 55～58°Brix를 나타내었다.한라봉 과실의 비타민 C함량은 동결건조 분

말(220.8～364.7mg/100g)이 열풍건조 분말(80.1～114.6mg/100g)보다 높았다.

착즙박의 비타민 C함량은 동결건조 분말이 62.7～89.5% mg/100g인 반면 열풍

건조 분말에서는 검출되지 않았다.색도는 L값과 b값이 한라봉 동결건조 과실과

착즙박 분말 모두 열풍건조 분말에 비해 높았으나,a값은 열풍건조 분말이 동결

건조 분말에 비해 높았다.갈변도는 한라봉 과실과 착즙박 모두 동결건조 분말이

열풍건조 분말에 비해 유의적으로 낮았다.

분말의 유동적 특성에서 겉보기 밀도,다짐 밀도와 hausnerratio는 한라봉 과실

과 착즙박 분말 모두 열풍건조가 동결건조보다 유의적으로 높았다.용해성과 흡

습성은 한라봉 과실과 착즙박 분말에서 동결건조가 열풍건조보다 높았다.그러나

팽윤력은 한라봉 과실과 착즙박 분말에서 열풍건조가 동결건조보다 높았다.
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물리화학적 특성과 유동적 특성이 우수한 한라봉 동결건조 착즙박 분말(입자크

기 180～250μm)을 이용하여 한라봉 과립을 제조하였다.

한라봉 과립의 배합비율은 동결건조 착즙박을 10%,유동층건조 주스(10%)분말

을 70%,첨가물을 6.92%로 고정하였고,주스와 구연산 첨가량을 달리하여 세가

지 종류의 과립 즉,J10C3(주스 10.0%,구연산 3.08%),J08C4(주스 8.75%,구연

산 4.33%),J07C5(주스 7.50%,구연산 5.58%)를 제조하였다.

한라봉 과립의 수분 함량은 5.08～5.44%이었고,시판 제품은 2.39%이었다.적정

산도는 한라봉 과립이 4.35～5.88%이었고,시판 제품은 10.3%이었다.pH는 한라

봉 과립이 2.54～2.70이었고,시판 제품은 2.59이었다.당도는 한라봉 과립이 90～

98°Brix이었고,시판 제품은 100°Brix이었다.당산비는 한라봉 과립이 15.3～

22.5이었으며,시판 제품은 9.7이었다.비타민 C함량은 한라봉 과립이 1.22～1.60

g/100g이었고,시판 제품은 9.31g/100g이었다.

유동적 특성으로서,겉보기 밀도는 J10C3,J08C4와 J07C5이 각각 0.541,0.580,

0.660g/mL으로서,J10C3는 시판 제품(0.549g/mL)과 유사하였다.다짐 밀도는

J10C3,J08C4와 J07C5이 각각 0.561,0.603,0.689g/mL으로서,J08C4는 시판 제

품(0.616g/mL)과 유사하였다.Hausnerratio는 J10C3,J08C4와 J07C5이 각각

0.964,0.962,0.957으로 시판 제품(0.892)보다 모두 높았는데,이로보아 시판제품

이 한라봉 과립에 비해 유동성이 유의적으로 우수하였다.용해성은 J10C3,J08C4

와 J07C5이 각각 72.0,66.7%,66.6%으로 시판제품(75.6%)보다 낮았다.팽윤력은

J10C3,J08C4와 J07C5이 각각 3.84,5.42,6.40g/g으로 시판제품(3.47g/g)보다

모두 높았다.흡습성은 J10C3이 가장 높았으며,다음으로 J08C4,그 다음으로

J07C5순이었고,시판제품이 가장 낮았다.

한라봉 과립과 시판 제품의 관능검사 결과 color, sweetness와 overall

acceptance는 유의적으로 차이가 없었으나,flavor와 bitterness는 시판 제품이 과

립에 비해 선도호가 유의적으로 높았다.
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결론적으로 한라봉 동결건조 착즙박과 유동층건조 주스를 이용하면 물리화학적

특성과 유동적 특성이 우수한 분말과 과립을 제조할 수 있을 것으로 기대되며,

비상품 한라봉을 가공함으로써 한라봉 생과의 적정가격을 유지하는데도 기여할

것으로 생각된다.
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ABSTRACT

Citrus"Hallabong"powderswerepreparedusinghotairandfreezedrying

methods,andtheirphysicochemicalandflow propertiesweremeasured.The

yieldsofthepowdersfrom wholefruitandpressedcakebyhotairdrying

methodwere17.5% and22.0%,whilethosebyfreezedryingmethodwere

20.0% and22.5%,respectively.

VitaminCwashighinfreeze-driedwholefruitpowders(220.8～364.7mg/100

g) compared with those in hotair-dried ones (80.1～114.6 mg/100 g).

Browningindexoffreeze-driedpowderswassignificantlylowerthanthoseof

hotair-driedones.

Bulkdensities,compactiondensities,andHausnerratiosofbothwholefruit

andpressedcakepowdersweresignificantlyhigherinhotairdryingmethod

comparedwithfreezedryingmethod.Watersolubilitiesandhygroscopicities

offreeze-driedwholefruitandpressedcakepowderswerehigherthanthose

ofhotair-driedones.Inconclusion,Hallabongpowderscanbemadeusing

freezedryingmethodwithgoodphysicochemicalandflow properties.

Threetypes(J10C3,J08C4,J07C5)ofHallabonggranuleswerepreparedwith

thepowdersoffreezedriedpressedcakesandfluidizedbed-airdriedjuices

atdifferentmixingratios,andtheirphysicochemicalpropertieswerecompared

with the targeted commercialproduct.The soluble solids ofHallabong

granuleswereslightlylowerthanthatofthecommercialproduct.Hallabong

granuleswereabouttwotimeslowerintitratableaciditythanthatofthe

commercialproduct.pH ofcommercialproductwasin themiddleofthe

granuleseventhoughtitratableacidityofcommercialproductwastwotimes
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high.VitaminCinHallabonggranuleswereabout6timeslowerthanthatof

commercialproduct.Bulkandcompactiondensityofcommercialproductwere

inthemiddleoftheHallabonggranules.However,hausnerratiosofthree

granuleswerehigherthanthatofcommercialproduct.J10C3wassimilarto

commercialproductin watersolubility andswelling capacity.Thegranule

similartocommercialproductintermsofhygroscopicitywasJ07C5.J10C3

and J08C4wasnotsignificantly differentfrom thecommercialproductin

color,sweetness,andoverallacceptance.Inconclusion,Hallabonggranuleswe

madewerenotsignificantlydifferentcomparedwithcommercialproduct.
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INTRODUCTION

Citrus"Hallabong"isahybridbetweenKiyomi(Citruskiyomi)andponkan(C.

reticulata),developedinJapanin1972.OnceHallabongwasintroducedinKorea

intheearly1990s,itwascalledasanameofDekoponorShiranuhi.Afterthen,

Dekoponwascalled“Hallabong”namedafterHallasanthemountainlocatedin

Jeju-do,whereitisprimarilygrownsince1998(Songetal.,2005;Kim etal.,

2006).

Hallabong is distinctive due to its sweettaste,large size,and the large

protruding bumpon thetopofthefruit.Cultivation areaandproduction of

Hallabonghavebeenrapidlyincreasedfrom 134haand841tonin1998to1,188

haand22,199tonin2008,respectivelybecausetheconsumerprefersitstaste

andflavor(Kim etal.,2006).Hallabong issecondtoSatsumamandarin in

productioninJeju.OverproductionofHallabongmaycausethedropintheprice

ofthefreshfruit.So,weneedtofindthewayofprocessingtheoverproduced

fruits.

There have been severalstudies aboutHallabong such as physicochemical

propertiesforvolatileflavorproperties(Songetal.,2005),qualitystandardization

(Kim etal.,2006),and quality change during storage (Lee etal.,2007b).

However,theprocessingofHallabonghasnotbeenreported.

Oneoftheprocessingmethodstomakefoodsub-materialsisthedryingfor

makingapowder.Themajorfactortochoosethedryingmethodisthequality

ofdehydratedproduct.Air-dryingisveryoldestprocessusedtopreservefoods.

Advantageofair-dryingcanextendashelflifeofaproductasaresultofthe

drying of foodstuffs by high temperature at a low expense. However,

disadvantage is to causethequality deterioration than thatoftheoriginal

foodstuff.Freezedryingistheprocessofremovingthemoisturebysublimation



- 2 -

ofa frozen product.Advantage offreeze drying can preventthe quality

deteriorationandmicrobiologicalreactions.Anditcanmaintainthestructureand

theshapeoftheoriginalproductbyminimizingthevolumereduction.Despiteof

theseadvantages,freezedryingisthemostexpensiveprocessformanufacturing

adriedproduct(Garauetal.,2006;Ratti,2001).

Fluidized bed-air drying is a process to transfer heat and materials

simultaneously.Theairissentinthefluidizedbed-dryerandthentheparticle

isfloatedbythedrag.Becauseoftheadvantagetorapidlyincreasetheheat

andmaterialstransfer,ituseswidelyinthefoodandpetrochemicalindustries

(DavidsonandHarrison,1971).Fluidizedbedsofferadvantagessuchas:(i)the

fluidityofthebedfacilitatingeasyhandlingandtransportofsolids,(ii)high

heatandmasstransferrates,(iii)perfectmixingofmaterialinthebed,and(iv)

thepossibilityofapplyingothersourcesofenergysuchasimmersedheating

coils,etc(SrinivasakannanandBalasubramanian,2008).Fluidizedbed-airdrying

isvery effectiveto decreaselossofthenutrientsand increasethedrying

velocityatlow temperature.Particularly,itisveryeffectivetodrythepowder

anditusesattheflourmillandthepharmaceuticalindustry(Lee,2006).

Foodpowderscanbemadeafterthedryingprocess.Inordertoproducethe

good quality offood powders,there is a need forinformation abouttheir

handlingandprocessingcharacteristics.Thephysicalpropertiesofpowdersare

important because they affect its behavior during storage,handling,and

processing.Thechangesintheparticleshapescanoccurduringhandlingor

storageasaresultofmoistureabsorption,chemicalreactionsormechanical

attrition.Thehygroscopicitycanbeaffectedbythetypeoffood,ingredients,

shape,andsize,etc(Schubert,1987;Peleg,1983;Koetal.,1999).

Theobjectiveofthisstudy wasto measurethephysicochemicaland flow

propertiesofHallabongpowdersandgranulespreparedwithhotairandfreeze

dryingmethods.
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PartⅠ

PhysicochemicalPropertiesofCitrusHallabongPowders

1.Materialsandmethods

1.1.Materialsandchemicals

Citrus“Hallabong”waspurchasedfrom thelocalmarketinJeju,Korea.Itwas

stored at 4℃ until needed.Meta-phosphoric solution, acetonitrile, and

monopotassium phosphatewereobtainedfrom SigmaChemicalCo.(St.Louis,

MO,USA).Hydrochloricacidwasobtainedfrom JunseiChemicalCo.(Tokyo,

Japan).

1.2.PreparationofHallabongpowders

Hallabongpowderswerepreparedbytwodifferentdryingmethodsasfreeze

andhotairdryingasfollows.Hallabongwaswashedandcleaned.Thenpressed

cake and juice were obtained by the pulverization-screw press type juice

extractor(#HCM-12,500,HansungPulverizingMachineCo.LTD.,Korea).Whole

fruitandpressedcakeweredriedbyusinghotairdryingmethodat60±1℃ for

96hr.Theywerealsofrozenbydeepfreezerat–70±1℃ for24hrandthen

driedfor72hrbyfreezedryer(PVTFD101A,Hucom systems,Korea).

Thepowdersweremadebyachopper(HR1396,PhilipsCo.,Istanbul,Turkey)

andsortedaccordingtotheparticlesizeas180～250μm,250～425μm,and42

5～850 μm using astandardsieve(Chunggyesanggongsa,Seoul,Korea).The

powdersampleswereputinacontainerwhichwasincludedalithium chloride

saturatedsolution(relativehumidity:11%)toadjustthesamemoisturecontent

(Kim etal.,2007)andstoredattherefrigerator(4℃)untilused.



- 4 -

1.3.Measurementofchemicalpropertiesofthepowders

1.3.1.Moisturecontent

Moisturecontentwasmeasuredusingairovenmethodat105℃ (AOAC,2000).

1.3.2.Soluble-solids

Thepowders(5g)weredissolvedina45mLdistilledwater,andthesoluble

solidwasmeasuredbyusingahand-heldrefractometer(0∼32%,Atago,Japan)

andmultipliedbythedilutionratio.

1.3.3.pHandtitratableacidity

ThepH valueofthepowderswasdeterminedbyblending1gofthesample

with10mL distilledwater,usingthepH meter(SevenEasy,MettlerToledo,

Switzerland)calibratedwithstandardbuffersatpH4and7.

Titratableacidityofthepowderswasmeasuredasfollows(KIFA,2006).1gof

thepowderswasdilutedto100mLwithdistilledwaterina250mLbeaker.0.5

mLofphenolphthaleinindicatorwasadded,andtitrationwasperformedwith0.1

NNaOHsolution.Titratableacidityofthepowderswascalculatedasfollows:

Titratableacidity(%,asacitricacid)={(AxFx0.0064)/sampleweight(g)}x

100

A:consumptions(mL)of0.1NNaOHsolution

F:afactorof0.1NNaOHsolution

1.3.4.VitaminC
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Firstofall,vitaminCwasextractedfrom thepowdersbythemodifiedmethod

ofRizzoloetal.(1984)asfollows.A portionof0.5gofthepowderswasadded

to50mLof6% meta-phosphoricsolution.Themixturewashomogenizedand

centrifugedat6,000gforceat4℃ for10min.Thesupernatantwasfiltered

throughasyringefilterandSep-PakC18cartridge.

ThecontentofvitaminC inthesamplewasmeasuredbytheHPLC system

(Waters2695,MA,USA)using themethod ofAlbrechtetal.(1990).The

analyticalcolumn used wasa μBondapakTM NH2 (3.9 x 300 mm,10 μm,

Waters,Ireland).Themobilephaseused was5mM KH2PO4 (pH 4.6)and

acetonitrile(30:70).Theflow rateandthewavelengthoftheanalysiswere1

mL/minand254nm.

1.3.5.Colorandbrowningindex

ColorwasmeasuredusingaChromameter(CR-300Series,MinoltaCo.,Osaka,

Japan)(ASTM Committee,1975).Thecolorwas expressed using CIE Lab

coordinateswhereLrepresentsthelightness,atherednessorgreenness,andb

thebluenessoryellowness.Totalcolordifference(△E)wascalculatedusingthe

followingequation:

△E=         

Thestandardcolorvalue(L096.98,a00.19,b01.95)wasused.

BrowningindexwasmeasuredbythemodifiedmethodofKim etal.(2009)as

follows.Thepowders(0.5g)weresuspendedwith10mLdistilledwater,and

thentheclearsupernatantwasobtainedafterthecentrifugationat5,000gforce

for10min.Theopticaldensityofthesupernatantwasmeasuredimmediatelyat
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420nm againstthedistilledwaterasablankusingaUV-Visspectrophotometer

(MQX200,μQuant,Bio-TekInstruments,Inc.,Korea).

1.4.Measurementofflow propertiesofthepowders

Flow propertiesofthepowderssuchasbulkdensity,compactiondensity,and

hausnerratioweremeasuredandcalculatedbyusingthemodifiedmethodof

Peleg(1983)andShin(2009).

1.4.1.Bulkdensity

Thebulkdensityofthepowderswascalculatedfrom itsmassandvolume.

First,a100mLmesscylinderwasplacedintheelectronicbalance(TypeAX

200,ShimadzuCo.,Japan),andafunnel(75mm x140mm)wasfixedinthe

standabovethecylinderasshowninFig.1.Thepowderswereslowlyputin

thefunneluntiltheweightofthepowdersbecameabout15ginthecylinder.

Then,the volume ofthe powders was read,and the bulk density ofthe

powderswascalculatedasfollows:

Bulkdensity(g/mL)=(A/B)

A:weightofthepowders(g)

B:volumeofthepowders(mL)
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Fig.1.Apparatusformeasuringthebulkdensity.

ⓐ 100mLmesscylinder,ⓑ funnel,ⓒ Electronicbalance,ⓓ stand
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1.4.2.Compactiondensity

Thecylinderwiththepowdersmeasuredthebulkdensityabovewasvibrated

withReciproShaker(RS-1,JeioTec,Korea)for1minat300rpm.Afterthat,

thevolumeofthepowderswasread.Thecompactiondensityofthepowders

wascalculatedasfollows:

Compactiondensity(g/mL)=(A/B)

A:weightofthepowders(g)

B:volumeofthepowders(mL)

1.4.3.Hausnerratio

The"Hausnerratio"isdefinedastheratiobetweencompactiondensityandbulk

density(Hausner,1967).This"Hausnerratio"couldbeusedasaflow property

index ofthe powders (Gray and Beddow,1968/9).The Hausnerratio was

calculatedasfollows:

Hausnerratio(%)=(A/B)

A:Bulkdensityofthepowders(g/mL)

B:Compactiondensityofthepowders(g/mL)

1.4.4.Watersolubilityandswellingcapacity

Watersolubilityandswellingcapacityweremeasuredbythemodifiedmethods

ofDuboisetal.(1956)and Leach etal.(1959).Thepowders(0.1g)and

distilledwater(10mL)wereputintothe50mLconicaltubeandmixedevenly.

Aftertheconicaltubewasplacedintothewaterbathfor30minat60℃,it



- 9 -

wascooledusingcoldwaterfor3min.Andthen,itwascentrifugedfor10min

at5,000gforce,andthesupernatantwasseparatedbydecanting.Theswelling

capacity was calculated from the weight of precipitate. Meanwhile, the

supernatantwasdriedat105℃ for3hr,andthewatersolubilitywascalculated

from theweightofthesupernatant.

Watersolubility(%)=(B/A)x100

A:weightofthepowders(g)

B:weightofthedriedsupernatant(g)

Swellingcapacity(g/g)=[C/{Ax(100-%watersolubility)}]x100

A:weightofthepowders(g)

C:weightoftheswollenpowders(g)

1.4.5.Hygroscopicity

HygroscopicitywasdeterminedaccordingtothemodifiedmethodofChunget

al.(2005).The powders (approximately 0.5 g)were putinto a humidified

containerandplacedinanincubatorwherebecomessettingwith20℃.Moisture

contentofthepowderswasweighedeveryhourfor7hr.Hygroscopicityofthe

powderswascalculatedasfollows:

Hygroscopicity(%)={(A-B)/B}x100

A:weightofthepowders(g)

B:Initialweightofthepowders(g)
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1.5.Statisticalanalysis

Experimentalresultsareexpressedasthemean±SD.Theexperimentaldata

was analyzed by using the statisticalpackage forsocialscientists (SPSS)

version 12.0(SPSS,Inc.,Chicago,IL,USA).Significantdifferencefrom the

respectivecontrolsforeachexperimentwastestedusingtheDuncan'sMultiple

RangeTest(DMRT).A p-value<0.05wasconsideredstatisticallysignificant.

Allexperimentswereperformedthreetimes.

2.Resultsanddiscussion

2.1.PreparationofHallabongpowders

Hallabong was squeezed through a pulverization-screw press type juice

extractor.The yields ofpressed cake and juice were 35.9% and 64.1%,

respectively(Table1).KoreaFoodResearchInstitute(1998)reportedthatthe

yieldofjuicefrom Satsumamandarin(C.unshiuMarc.)was70.5% usingan

experimentjuiceextractor,andthejuiceyieldofHallabongwaslow thanthat

ofSatsumamandarin.

Theyieldsofthepowdersfrom wholefruitandpressedcakebyfreeze-drying

methodwere20.0% and22.5%,respectively,whileby hotair-drying method

thosewere17.5% and22.0%,respectively(Table2).Ourresultwassimilarto

thereportofKim etal.(2006),sayingthattheyieldofthepowderswholefruit

byfreezedryingwas20.0%.
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Table1.Yieldofpressedcakeandjuicefrom Hallabong

Weight(kg) Yield(%)

Pressedcake 6.6 35.9

Juice 11.6 64.1

Total 18.2 100.0
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Table 2.Yields ofthe powders from whole fruitand pressed cake from

Hallabong

Dryingmethod Hallabong
Weight(kg)

Yield(%)
Before After

Freeze-drying

Wholefruit 5.13 1.03 20.0

Pressedcake 3.28 0.74 22.5

Hotair-drying

Wholefruit 5.08 0.89 17.5

Pressedcake 3.27 0.72 22.0
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2.2.Chemicalpropertiesofthepowders

2.2.1.pH,titratableacidity,soluble-solidsandvitaminC

pH ofthepowderswasnotsignificantlydifferentregardlessofdryingmethods

andparticlesizes.pHwasintherangeof3.79～3.90.

Titratableaciditywashighinthepowdersofwholefruit(4.3～5.12%)compared

withthoseinpressedcake(2.77～3.41%)becausethejuiceswereincludedin

whole fruit which contained more organic acids. However,it was not

significantlydifferentwithdryingmethods.

Soluble-solidsofthepowdersfrom wholefruitwere80°Brix,whilethoseof

pressed cake were in the range of55～60 °Brix (Table 3).Itwas not

significantlydifferentwithdryingmethodsandparticlesizes.

VitaminCwashighinfreeze-driedwholefruitpowders(220.8～364.7mg/100g)

comparedwiththatinhotair-driedones(80.1～114.6mg/100g)becauseitwas

decomposedathightemperatureinhotair-dryingmethod.VitaminCwasinthe

rageof62.7～89.5mg/100g in freeze-dried pressed cakepowders,butnot

detected in hotair-dried ones.Kayaa etal.(2010)also reported thatthe

destructionofvitaminCincreasedwithincreasingdryingairtemperature.

VitaminCwaslow withthedecreaseoftheparticlesizeasshowninTable4.

Whenthesurfaceareawhichisexposedtoairwasincreased,lossofvitaminC

alsoincreased.ThelossofvitaminC wasincreaseddependingontherateof

theoxygen in theair(Erenturketal.,2005).Consequently,contentsofthe

vitaminCcanbedecreasedwithdecreaseinparticlesize.
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Table3.pH,titratableacidity,soluble-solids,andvitaminCofHallabongpowderswithdifferentdryingmethods

Powder
Drying

Method

Particlesize

(μm)
pH

Titratableacidity

(%)

Soluble-solids

(°Brix)

VitaminC

(mg/100gdryweight)

Wholefruit

Freeze

180～250 3.90±0.02
e1)

4.49±0.24
d

80 244.0±39.7
c

250～425 3.79±0.02
a

4.40±0.12
d

80 220.8±36.1
c

425～850 3.85±0.00
cd

4.31±0.09
d

80 364.7±30.6
d

Hotair

180～250 3.83±0.02
bc

5.12±0.06
e

80 80.1±2.9
ab

250～425 3.84±0.03
cd

4.48±0.07
d

80 81.5±1.1
ab

425～850 3.79±0.03
ab

4.42±0.08
d

80 114.6±6.9
b

Pressed

cake

Freeze

180～250 3.88±0.02
de

3.30±0.31
c

60 63.3±1.0
a

250～425 3.89±0.03
e

2.99±0.04
ab

60 62.7±2.8
a

425～850 3.91±0.00
e

2.77±0.03
a

58 89.5±3.0
ab

Hotair

180～250 3.82±0.02
abc

3.41±0.07
c

58 ND
2)

250～425 3.82±0.03
abc

3.17±0.17
bc

58 ND

425～850 3.85±0.02
cd

3.00±0.13
ab

55 ND

1)
Mean±SD(n=3).

a-e)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05).

2)
ND:notdetected
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2.2.2Colorandbrowningindex

Table 4 shows the colorofthe powders.L values were high in the

freeze-driedpowderscomparedwiththoseinhotair-driedonesinbothof

wholefruitandpressedcake.However,avaluesshowedoppositetendency.b

valueswerehigherinfreeze-driedpowdersthanhotair-driedones.Thiscan

behappenduetothethermaldegradationbyhightemperatureinhotair

drying.Infruitsandvegetables,Landavaluesincolorcanbeusedforthe

evaluationofbrowningdegree,andlowerLandhigheravaluesshow that

theyarebrowning(Castaneretal.,1999;Chungetal.,2009;Wangetal.,

2010).

Browningindexoffreeze-driedpowderswassignificantlylowerthanthoseof

hotair-dried ones as shown in Table 4.High browning index ofhot

air-driedpowderscanbecausedbydegradationofcolorduetohighdrying

temperature.
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Table4.ColorandbrowningindexofHallabongpowderswithdifferentdryingmethods

Powder
Drying
Method

Particle
size
(μm)

Color
BrowningIndex

L
2)

a b △E

Whole
Fruit

Freeze

180～250 83.47±0.24f1) 2.19±0.16bc 68.71±0.19j 68.1±0.2g 0.363±0.017e

250～425 75.20±1.33
d

3.71±0.76
d

66.44±2.50
i

68.2±2.1
g

0.251±0.008
c

425～850 74.86±2.57
d

6.83±0.97
f

64.35±0.65
h

66.6±0.9
g

0.227±0.003
c

Hotair

180～250 78.42±1.61
e

3.22±0.98
cd

45.95±1.90
f

47.9±2.4
bc

0.501±0.015
f

250～425 76.22±0.86
de

3.93±0.30
d

43.66±0.72
e

46.7±1.0
b

0.477±0.032
f

425～850 68.58±1.26c 6.88±0.69f 40.46±1.23d 48.3±1.8bc 0.383±0.014e

Pressed
cake

Freeze

180～250 85.91±1.46
f

-1.26±0.15
a

49.20±0.28
g

48.6±0.6
bc

0.163±0.023
b

250～425 83.49±0.24
f

1.62±0.25
b

51.29±0.37
g

51.2±0.4
de

0.127±0.005
a

425～850 77.37±1.49
de

5.13±1.18
e

50.18±1.86
g

52.3±2.3
e

0.152±0.007
ab

Hotair

180～250 70.56±0.43
c

7.34±0.18
f

36.62±0.07
c

44.2±0.3
a

0.289±0.013
d

250～425 60.51±1.44
b

10.90±0.69
g

33.83±0.67
b

49.6±0.9
cd

0.318±0.038
d

425～850 49.56±1.69
a

12.85±0.55
h

27.82±1.12
a

55.5±0.8
f

0.303±0.006
d

1)Mean±SD(n=3).

a-j)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05)
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2.3.Flow propertiesofthepowders

2.3.1.Bulkdensity

Table 5 shows the bulk densities ofthe powders with differentdrying

methods.Bulkdensitiesofbothwholefruitandpressedcakepowderswere

significantly higherinhotairdrying methodcomparedwithfreezedrying

method.Thiswasduetothedifferenceintheporesofthepowdersformed

during adrying process.Itwasknownthattheporosity ofhotair-dried

powdersbecomesmallerduetothesurfacehardening and theshrinkage,

whilethatoffreeze-driedpowdersbecomeslargerbecausetheparticleshape

offreeze-driedpowdersmaintainedtheoriginalform bythesublimationof

theicedistributeduniformlywithintheparticlesbyquickfreezing(Leeand

Kim,2001).

Withthesamedryingmethod,bulkdensitiesofthepowdersfrom wholefruit

weresignificantlyhigherthanthoseofpressedcake.Thiswasduetothe

solidcompositionwherethesoluble-solidswere80°Brixand55～60°Brixin

thewholefruitandpressedcake,respectively(Table4).Peleg(1983)also

reportedthatthebulk density ofthepowderswasaffected by thesolid

composition.

Withthesamematerialandthesamedrying method,bulkdensitieswere

increasedwiththedecreaseoftheparticlesizeduetothedecreaseofthe

voidvolumebetweentheparticles(Lam etal.,2008;Littlefieldetal.,2011).

Peleg(1983)reportedthatbulkdensityofmostfoodpowderswasinthe

rangeof0.3～0.8g/mL.Inthisstudy,bulkdensityofHallabongpowderswas

alsointherangeof0.34～0.64g/mL.
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2.3.2.Compactiondensity

Table5alsoshowsthecompactiondensitiesofthepowderswithdifferent

drying methods.Compaction densities showed similartendency with bulk

densities.Compactiondensitiesofthepowdersfrom wholefruitandpressed

cakeinhotairdryingmethodweresignificantlyhigherthanthoseoffreeze

drying method.This resultwould be thatthe structure offreeze-dried

particleswasnoteasily collapsedduring tapping becausethepowdersby

freezedryingmethodmaintainedalmosttheoriginalform.Ontheotherhand,

hotair-dried particles were filled with void spaces and could be easily

collapsedduringtapping(LeeandKim,2001).

Withthesamedryingmethod,compactiondensitiesofwholefruitpowders

weresignificantly higherthanthoseofpressedcakepowders.Thisresult

would also be because the chemicalcomposition ofpowders is different

betweenwholefruitandpressedcake.

Compactiondensitiesofwholefruitandpressedcakepowderswereincreased

withthedecreaseoftheparticlesize.Astheparticlesizedecreased,the

smallerparticlewasabletofillthevoidspaceduringtapping.Therefore,the

powdersofsmallparticlesizeshowedhighcompactiondensity(Littlefieldet

al.,2011).

2.3.3.Hausnerratio

Table5alsoshowsHausnerratiosofthepowderswith differentdrying

methods.Hausnerratiosalsoshowedsimilartendencywithbulkdensities.

Hausnerratiosofthepowdersfrom freeze-driedwholefruitandpressedcake

weresmallerthanthoseofhotair-driedones.Thisresultshowedthatthe
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volumechangebytheexternalimpactorvibrationinfreeze-driedpowders

wassmallandinastablecondition.Also,thatwasduetosmallinternal

frictionforceofparticles(Leeetal.,1993).

Hausnerratiowasdecreasedwiththedecreaseoftheparticlesize.Thiswas

because the decrease ofthe particle size ofthe powders increased the

cohesivitybythevanderWaalsforcesandtheinterparticleforces(Abdullah

andGeldart,1999).
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Table5.Flow propertiesofHallabongpowderswithdifferentdryingmethods

Powder Dryingmethod
Particlesize
(μm)

Bulkdensity
(g/mL)

Compaction
density
(g/mL)

Hausnerratio

Wholefruit

Freeze

180～250 0.382±0.003
e

0.437±0.005
e

0.875±0.003
ab

250～425 0.360±0.002
d

0.408±0.003
d

0.882±0.002
abc

425～850 0.341±0.000
c

0.385±0.000
c

0.886±0.000
abcd

Hotair

180～250 0.645±0.016
k

0.728±0.041
j

0.886±0.029
abcd

250～425 0.618±0.014
j

0.683±0.001
i

0.904±0.021
d

425~850 0.578±0.000
i

0.601±0.000
h

0.962±0.000
e

Pressed
cake

Freeze

180～250 0.327±0.000
b

0.376±0.000
bc

0.870±0.000
a

250～425 0.311±0.003
a

0.355±0.005
ab

0.876±0.001
ab

425～850 0.300±0.002
a

0.338±0.007
a

0.887±0.013
abcd

Hotair

180～250 0.534±0.003
h

0.597±0.005
h

0.895±0.002
bcd

250～425 0.512±0.007
g

0.569±0.010
g

0.900±0.003
cd

425～850 0.483±0.003
f

0.534±0.004
f

0.905±0.002
d

1)
Mean±SD(n=3).

a-k)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05)
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2.3.4.Watersolubilityandswellingcapacity

Table6showswatersolubilityandswellingcapacityofthepowderswith

differentdrying methods.Watersolubilitiesoffreeze-driedwholefruitand

pressedcakepowderswerehigherthanthoseofhotair-driedones.Specially,

water solubilities of whole fruit powders were significantly different

dependingondryingmethods.Watersolubilitiesofwholefruitpowderswere

significantlyhigherthanthoseofpressedcakepowders.Thiswasbecause

driedjuicesincludedinwholefruitcontainedhighsolublesolidswhichhave

strongthehygroscopicity(Kim etal.,2008).

Watersolubilityofwholefruitandpressedcakepowderswasincreasedwith

decreasingtheparticlesize.Astheparticlesizeissmall,thesurfaceareais

largeandthewateriseasytotransfer.Consequently,thewatersolubilityof

smallparticleswashigherthanthatoflargeparticles(Kim etal.,2007;Kim

andLee,2009;Leeetal.,2007a).

Swelling capacitiesofhotair-driedwholefruitandpressedcakepowders

werehigherthanthoseoffreezedriedones.Swellingcapacitywasdecreased

withdecreasingtheparticlesize(Kim etal.,2007;Kim andLee,2009).This

resultwassimilartothereportsofKim etal.(2007)andKim etal.(2009).

Swellingcapacityofpressedcakepowderswassignificantlyhigherthanthat

ofwhole fruitpowders.This was because the insoluble components in

pressedcakepowderswouldbeswelling immediately by absorbing water,

whileinwholefruitpowders,thesolublesolidswouldbedissolvedinwater,

and then theinsolublecomponentswould beswelled by absorbing water

(Kim etal.,2008).
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Table6.WatersolubilityandswellingcapacityofHallabongpowderswith

differentdryingmethods

Powder
Drying
method

Particlesize
(μm)

Watersolubility
(%)

Swellingcapacity
(g/g)

Whole
fruit

Freeze

180～250 72.0±0.6
g1)

7.0±0.5
a

250～425 66.5±3.5
f

9.5±0.5
b

425～850 62.3±1.7
e

11.6±0.3
cd

Hotair

180～250 49.2±3.6
d

10.8±1.0
bc

250～425 47.8±3.4
d

12.3±1.0
cd

425～850 45.5±2.5
d

13.0±1.2
de

Pressed
cake

Freeze

180～250 33.2±0.8
c

14.3±0.6
ef

250～425 31.6±0.6
bc

15.6±1.1
fg

425～850 29.0±1.1
b

16.6±1.3
g

Hotair

180～250 31.6±1.2
bc

21.0±1.4
h

250～425 30.6±1.8
bc

24.1±0.9
i

425～850 25.4±1.2
a

26.2±0.9
j

1)
Mean±SD(n=3).

a-j)
Values with differentletters in thecolumn are significantly different

accordingtoDuncan'smultiplerangetest(p<0.05)
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2.3.5.Hygroscopicity

Figure2andTable.7show thehygroscopicityofthepowderswithdifferent

dryingmethods.Thehygroscopicitiesoffreeze-driedwholefruitandpressed

cakepowderswerehigherthan thoseofhotair-driedones.Thetimeto

reach50% waterabsorptionwas3～4hrinfreeze-driedwholefruitpowders

comparedwith5～6hrinhotair-driedone.Waterabsorptionratewashigh

infreeze-driedpowdercomparedwithhotair-driedones.However,inpressed

cakepowderstherewerenosignificantdifferencesinwaterabsorptionrate

with differentdrying methods.Itwasknownthatthehygroscopicity was

high in freeze-dried products compared with hotair-dried ones because

freeze-dried productshad high porosity with smallporesand can absorb

moremoisturethroughitthanhotair-driedones(LeeandKim,2001;Tsami

etal.,1999).

Meanwhile,wholefruitpowdersshowedhigherhygroscopicitythanpressed

cakeonesbecausewholefruitcontainedmoresugarswhichcanabsorbmore

moisturecomparedwithpressedcake(Kim etal.,1996).Hygroscopicityof

thepowderswasincreased with decreasing theparticlesizebecausethe

absorbing surfaceareaperunitweightwaslargeasthedecreasein the

particlesize(Kim,1992).

Inconclusion,Hallabongpowderscanbemadeusingfreezedryingmethod

with good qualities ofphysicochemicaland flow properties in terms of

vitaminCcontent,color,density,andwatersolubilityasfoodsub-materials.
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Table7.HygroscopicitywithelapsedtimeofHallabongpowderswithdifferentdryingmethods

Powder
Drying
Method

Particlesize
(㎛)

Hygroscopicity(%)

1hr 2hr 3hr 4hr 5hr 6hr 7hr

Whole
fruit

Freeze

180～250 26.5±3.2e1) 43.1±1.3e 53.1±1.0h 60.4±1.0f 62.0±2.1e 63.3±3.2h 63.6±3.2d

250～425 24.0±0.8
de

39.2±2.2
d

44.5±5.3
g

50.7±6.6
e

57.1±4.7
e

58.5±4.2
gh

59.1±4.8
cd

425～850 20.1±0.9
bc

36.3±1.3
d

43.2±2.1
fg

50.8±5.1
e

57.2±5.1
e

58.0±6.1
fgh

58.7±5.7
cd

Hotair

180～250 20.1±5.0
bc

29.8±6.0
c

38.9±2.9
def

45.0±4.5
de

53.9±9.2
d

53.3±6.0
efg

54.6±5.9
bc

250～425 19.5±0.2
bc

31.1±0.1
c

39.7±2.9
ef

45.2±3.8
de

49.9±5.3
d

52.6±3.4
defg

54.0±3.5
bc

425～850 16.8±2.0
ab

30.0±1.8
c

37.6±3.4
cde

43.9±6.1
cd

48.5±6.7
cd

51.6±5.4
cdefg

53.2±6.1
bc

Pressed
cake

Freeze

180～250 21.5±1.2
cd

29.2±0.5
bc

37.0±0.8
cde

42.7±1.9
bcd

46.7±3.0
bcd

50.5±3.8
bcdef

53.4±4.3
bc

250～425 20.9±0.7
cd

28.5±0.2
abc

34.5±1.2
bcd

38.4±1.3
abcd

44.4±2.1
abcd

47.8±2.5
abcde

50.7±1.3
abc

425～850 18.1±1.8
abc

27.3±2.5
abc

33.3±2.0
bc

38.4±2.8
abcd

41.1±0.9
ab

45.7±3.2
abcd

48.5±4.1
ab

Hotair

180～250 18.2±0.5
abc

25.4±1.2
ab

33.2±0.8
bc

37.4±2.7
abc

41.7±0.9
abc

44.6±2.5
abc

47.7±4.2
ab

250～425 17.0±0.5
ab

25.2±1.1
ab

31.8±1.6
ab

35.9±2.0
ab

39.7±2.7
ab

43.8±3.8
ab

46.9±4.9
ab

425～850 14.8±0.5
a

24.5±0.9
a

28.6±1.7
a

35.0±0.6
a

38.5±1.6
a

41.9±1.6
a

44.5±2.6
a

1)
Mean±SD(n=3).

a-h)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05)
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Fig.2.Hygroscopicitywithelapsedtimeof(A)wholefruitpowdersand(B)

pressedcakepowderswithdifferentdryingmethods(freezedryingFD425,

425~850㎛;FD250,250~425㎛;FD180,180~250㎛ hotairdrying HA425,

425~850㎛;HA250,250~425㎛;HA180,180~250㎛).
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PartⅡ

PhysicochemicalPropertiesofCitrusHallabongGranules

1.Materialsandmethods

1.1.Materialsandchemicals

Ethanolwas obtained from Wooriethanolsupplies Co.(Busan,Korea).

Anhydrous dextrose was obtained from Daesang Co. (Seoul, Korea).

Anhydrouscitricacidwasobtainedfrom JungbunzlauerAustriaAG.(Vienna,

Austria).XYLISORB 700asxylitolwasobtainedfrom Roquette(Merville,

France).Collagen peptide-sp wasobtained from C&A Biotech (Chungbuk,

Korea).L-Ascorbicacidwasobtainedfrom HEBEIWelcomePharmaceutical

Co.Ltd(Shijiazhuang,China).Calcium pantothenate,vitaminE-acetate,and

riboflavinwereobtainedfrom BASFAG(Ludwigshafen,German).

1.2.PreparationofHallabonggranules

Threetypesofthegranuleswerepreparedwiththepowdersoffreezedried

pressedcakesandfluidizedbed-airdriedjuicesatdifferentmixingratiosas

showninTable8andFig.3.

10% Fluidizedbed-airdriedjuicesweremadeasfollows.5gofthejuice

and90gofanhydrousdextroseweremixed.Andthen5gofthejuicewas

againaddedanddriedat40℃ for8mininafluidizedbed-airdryer(Jeil

MachineCo.LTD.,Gyeonggi,Korea)The“fluidized bed airdried juice”

samplewaspassedthrougha425~850μm sieve.

Thegranulesweremadeasfollows.Freezedried pressed cakeand10%
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fluidizedbed-airdriedjuicewereputintoabeakerandmixed.Then,the

additivessuchascitricacid,xylitol,vitaminC,collagen,calcium pantothenate,

andvitaminEwereaddedandweremixed.AndthenvitaminB2dissolvedin

300mLethanolwasadded.Thismixturewashomogenizedandhotair-dried

for12hrat40℃.Finally,thisdriedmixturewasmilledusingachopper

(HR1396,PhilipsCo.,Istanbul,Turkey)andsievedusingastandardsieve.
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Table8.Themixingratioforpreparationofthegranules

Samplename J10C3 J08C4 J07C5

Materials Mixing ratio(%)

Freezedriedpressedcake 10.0 10.0 10.0

10% Fluidizedbed-airdriedjuice 70.0 70.0 70.0

Juice 10.0 8.75 7.50

Citricacid 3.08 4.33 5.58

Otheradditives1) 6.92 6.92 6.92

Total 100 100 100

1)
Xylitol(4.62%),vitaminC (2.00%),collagen(0.13%),calcium pantothenate

(0.07%),vitaminE(0.07%),vitaminB2(0.03%)
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Fig.3.Preparationmethodofthegranules.
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1.3.Measurementofchemicalpropertiesofthepowders

1.3.1.Moisturecontent

ThemethodwasthesameasinPartⅠ.

1.3.2.Soluble-solids

ThemethodwasthesameasinPartⅠ.

1.3.3.pHandtitratableacidity

ThemethodwasthesameasinPartⅠ.

1.3.4.VitaminC

ThemethodwasthesameasinPartⅠ.

1.3.5.Color

ThemethodwasthesameasinPartⅠ.

1.4.Measurementofflow propertiesofthegranules

1.4.1.Bulkdensity

ThemethodwasthesameasinPartⅠ.

1.4.2.Compactiondensity
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ThemethodwasthesameasinPartⅠ.

1.4.3.Hausnerratio

ThemethodwasthesameasinPartⅠ.

1.4.4.Watersolubilityandswellingcapacity

ThemethodwasthesameasinPartⅠ.

1.4.5.Hygroscopicity

ThemethodwasthesameasinPartⅠ.

1.5.Sensoryevaluationofthegranules

SensorytestwasperformedbythemodifiedmethodofEyilerandOztan,

2011.Sensory testwas carried outwith 21 panelists (13 males and 8

females).Five-pointhedonicscale(1point=dislikeextremelyand5point=

likeextremely)wasused.Samplesforsensorytestwerecommercialproduct,

J10C3,andJ08C4.Color,flavor,sweetness,bitterness,andoverallacceptance

wereevaluatedforeachsample.

1.6.Statisticalanalysis

ThemethodwasthesameasinPartⅠ
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2.Resultsanddiscussion

2.1.PhysicochemicalpropertiesofHallabonggranule

Inordertodecidetheparticlesizeofthegranules,commercialproductwas

purchasedanditsparticlesizewasmeasuredasshowninTable9.Particle

sizewasintherangeof106～425andnoteven.From theexperimentalresult

inPart1,theflow propertieswereincreasedwiththedecreaseinparticle

size.Thereforeitwasdecidedthattheparticlesizeofthegranulesinthis

experimentwasabove150μm.
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Table9.Particledistributionofacommercialproduct

Particlesize

(μm)

Weight Yield

(g) (%)

106 ≤ 4.71 25.7

125 ～ 106 1.65 9.0

150 ～ 125 1.65 9.0

180 ～ 150 2.90 15.8

212 ～ 180 1.17 6.4

250 ～ 212 1.66 9.1

300 ～ 250 1.40 7.7

425 ～ 300 2.35 12.8

<425 0.82 4.5

Total 18.31 100.0
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2.1.1Moisturecontent,titratableacidity,pH,soluble-solids,andvitaminC

Moisturecontentswerethesameinthreedifferentgranulesmadeinthis

study,whilethatofcommercialproductwastwotimeslow as2.39% (Table

10).Titratableacidityofthegranulewasincreasedwiththeincreasedof

citricacidaddedasanadditive.However,commercialproductwasabouttwo

timeshigherintitratableaciditythanthegranulespreparedinthisstudy.pH

ofcommercialproductwas in the middle ofthe granules even though

titratableacidityofcommercialproductwastwotimeshigh.Soluble-solidsof

thegranuleswereintherangeof90～98°Brix,whilethatofcommercial

productwas slightly higher than those ofthe granules.Vitamin C of

commercialproductwas9.31g/100gand6timeshigherthanthegranules

wemade.
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Table10.Moisturecontent,titratableacidity,pH,soluble-solids,andvitaminCofHallabonggranules

Granules
Moisturecontent

(%)
Titratableacidity

(%)
pH

Soluble-solids
(°Brix)

Soluble
solids/acidity

VitaminC
(g/100gdry
weight)

J10C3 5.44±0.63
b

4.35±0.04
a

2.70±0.02
c

98
c1)

22.5±0.2
d

1.60±0.01
b

J08C4 5.08±0.31
b

4.73±0.02
b

2.57±0.01
a

94
b

19.9±0.1
c

1.52±0.02
b

J07C5 5.13±0.15
b

5.88±0.03
c

2.54±0.02
ab

90
a

15.3±0.1
b

1.22±0.01
b

Commercial
product

2.39±0.35
a

10.32±0.15
d

2.59±0.02
b

100
d

9.7±0.2
a

9.31±0.62
a2)

1)
Mean±SD(n=3).

2)
Particles>150㎛

a-d)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05).
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2.1.2.Color

ThegranuleswemadewerehighinLvalues,low inavalues,andhighinb

valuescomparedwiththecommercialproduct(Table11).Thismeansthat

thegranuleswepreparedwasslightlylighter,moregreenness,andslightly

yellownesscomparedwithcommercialproduct.Infruitsandvegetables,Land

avaluesincolorcanbeusedfortheevaluationofbrowningdegree,and

lowerLandhigheravaluesshow thattheyarebrowning(Castaneretal.,

1999).
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Table11.ColorofHallabonggranules

Granules
Colorvalue

L a b △E

J10C3 92.75±0.55
d1)

-6.17±0.19
c

45.42±0.84
b

44.1±0.9
b

J08C4 92.10±0.03
bc

-6.92±0.14
a

47.35±0.51
c

46.1±0.5
c

J07C5 91.55±0.21
ab

-7.22±0.12
a

48.68±0.58
d

47.6±0.6
d

Commercial
product

90.82±0.59
a

-0.17±0.20
d

43.86±0.32
a

42.4±0.4
a

1)
Mean±SD(n=3).

a-d)
Valueswith differentlettersin thecolumn aresignificantly different

accordingtoDuncan'smultiplerangetest(p<0.05).
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2.1.3.Flow properties

Bulkandcompactiondensitiesofthegranulespreparedinthisstudywerein

theorderofJ10C3< J08C4< J07C5(Table12).Thismaybeduetothe

difference in the juice and citric acid added.Those properties ofthe

commercialproductwereinthemiddleofthegranules.Itwasknownthat

the bulk properties ofgranules were determined by the physiochemical

propertiesofthematerial,thegeometry,sizeandsurfacecharacteristicsof

theindividualparticles(Peleg,1983).

Hausnerratiosasaflow propertyindexofthegranules(GrayandBeddow,

1968/9)werehigherthanthatofthecommercialproduct.Thismeansthatthe

flow propertiesofthegranuleswerebetterthan thatofthecommercial

product.

2.1.4.Watersolubilityandswellingcapacity

Watersolubility ofthegranuleswasin theorderofJ10C3>J08C4=J07C5

(Table13).However,swellingcapacitywasinthereverseorderofJ10C3<

J08C4<J07C5.This mightbe caused by soluble components ofthejuice

added.Meanwhile,J10C3wassimilartothecommercialproductin water

solubilityandswellingcapacity.

2.1.5.Hygroscopicity

HygroscopicitywasintheorderofJ10C3>J08C4>J07C5(Table14).The

granule J07C5 was similar to the commercial product in terms of

hygroscopicity.By1hr,waterabsorptionofcommercialproductwasabout

16.8%.However,J10C3andJ08C4wereabouttwotimeshigherthan the
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commercialproduct.ThedifferenceofhygroscopicityamongJ10C3,J08C4and

J07C5wasduetothedifferenceofcarbohydratecontentofthejuiceaddedas

showninFig.4.
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Table12.Flow propertiesofHallabonggranules

Granules
Bulkdensity
(g/mL)

Compaction
density
(g/mL)

Hausner
ratio

J10C3 0.541±0.005a1) 0.561±0.005a 0.964±0.000b

J08C4 0.580±0.002
b

0.603±0.002
b

0.962±0.000
b

J07C5 0.660±0.013
c

0.689±0.014
c

0.957±0.001
b

Commercial
product

0.549±0.003
a

0.616±0.009
b

0.892±0.017
a

1)
Mean±SD(n=3).

a-c)
Valueswith differentlettersin thecolumn aresignificantly different

accordingtoDuncan'smultiplerangetest(p<0.05).
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Table13.WatersolubilityandswellingcapacityofHallabonggranules

Granules
Watersolubility

(%)
Swellingcapacity

(g/g)

J10C3 72.0±2.7
b1)

3.84±0.48
a

J08C4 66.7±0.3
a

5.42±0.56
b

J07C5 66.6±2.3a 6.40±0.30c

Commercial
product

75.6±1.5
b

3.47±0.68
a

1)
Mean±SD(n=3).

a-c)
Valueswith differentlettersin thecolumn aresignificantly different

accordingtoDuncan'smultiplerangetest(p<0.05).
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Table14.HygroscopicitywithelapsedtimeofHallabonggranules

Granules
Hygroscopicity(%)

1hr 2hr 3hr 4hr 5hr 6hr 7hr

J10C3 30.1±0.9
b1)

43.4±2.2
b

56.1±2.2
c

66.7±2.5
c

75.2±3.7
c

81.7±4.6
c

87.5±4.4
c

J08C4 27.2±1.4
b

39.2±1.9
b

47.0±2.2
b

58.2±2.5
b

66.3±2.4
b

74.8±2.6
b

80.6±3.2
b

J07C5 20.0±4.6
a

27.2±3.9
a

38.8±2.5
a

48.8±4.7
a

57.2±3.6
a

66.3±1.2
a

73.1±1.7
a

Commercial
product

16.8±3.0
a

25.4±3.1
a

36.8±5.8
a

46.7±2.3
a

54.7±2.0
a

63.7±2.9
a

70.3±4.0
a

1)
Mean±SD(n=3).

a-c)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05).
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Fig.4.HygroscopicitywithelapsedtimeofHallaboggranules(J10C3,J08C4

andJ07C5)andCommercialproduct(CP).
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2.2.Sensoryevaluationofthegranules

Table15andFig.5show theresultsofsensorytestforthegranules(J10C3,

J08C4) and the commercialproduct.The flavor and bitterness of the

commercialproductweremorepreferablethan thegranulesmadein this

study.However,J10C3andJ08C4werenotsignificantlydifferentfrom the

commercialproductintermsofcolor,sweetness,andoverallacceptance.
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Table15.SensoryattributesofHallabonggranules

Granules Color Flavor Sweetness Bitterness
Overall

acceptance

J10C3 3.57±0.75
a1)

2.29±0.85
a

3.43±0.87
a

2.86±1.01
a

3.00±1.00
a

J08C4 3.52±0.68a 2.38±0.97a 3.38±0.92a 2.81±0.87a 3.00±0.84a

Commercial
product

3.33±1.11
a

3.29±1.31
b

2.86±1.06
a

3.95±0.86
b

3.52±0.93
a

1)
Mean±SD(n=3).

a-b)
ValueswithdifferentlettersinthecolumnaresignificantlydifferentaccordingtoDuncan'smultiplerangetest(p<0.05).

5-pointhedonicscale(1point=dislikeextremelyand5point=likeextremely)
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Fig.5.SensorypropertiesofJ10C3,J08C4,andcommercialproduct.
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