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ABSTRACT

In this study,starchbased microparticles (MPs) fabricatedby a water-in-
water (w/w) emulsification crosslinking method colblel usedas acontrolled
release delivery vehiclédor food bioactives.Due to the processing route
without the useof toxic organic solvents, it isexpected that these
microparticlescan beusedas delivery vehicles focontrolled releaseof food
bioactives. Octenyl succinic anhydride (OS#grch was usedsraw material.
Optical microscopy showe@SAstarchbasedmicroparticles(OSA-MPs) hada
good dispersibility Scanning electron microscogyeEM) showedOSA-MPshad a
solid structure and spherical shape. X-ray diffractiGfRD) patternsrevealed
that OSA-MPswere of amorphous structureConsidering the analyticalesuilt,

it appeared that theSA starch concentrationpoly (ethylene glycol}PEG)
molecular weightvolumeratio of dispersed phase/continuous phasa PEG
concentratiorhad significant effean particle size.

Key Words: Starch-based microparticles, W/O emulsificati&rosslinking,
Particle size.

INTRODUCTION

Controlled release technologies haveeen pioneered by pharmaceutical
community and now this technologyhas been adoptedfor the practical
applicationsin food systems [1-3] The use ofmicroparticlegeithermicrospheresor
microcapsules) for controlled releaseof food bioactives suchas vitamins,
probiotics, bioactive peptides and antioxidanits a prospective fieldf interestin
food, and someattempts have been matte fabricate micropadicles for such
application For instanceYoo et al.(2006) developedu-tocopherol loaded sodium

839



Upadhyay Anandet al J. Chem. Pharm. Res,, 2011, 3(6):839-845

alginate-basedmicrocapswts by sprayng the oil-in-water (o/w) emulsion
consisting osodium alginatas acoating materialy -tocopherobhs acore material,
and Tween80 as anemulsifierinto CaClk solution. The resultsof in vitro o -
tocopherol releasingest suggested that the sodialginate-based microcaples
were structurally resistant against the simulagadtric fluid, but releasecbre
material rapidly in the simulated intestinal fluid [4].Lee and Rosenberg
synthesized whey protein-based miarapsulecontaining anhydrous milkfdty a
processconsisting of oil-in-water-in-oil (o/w/0) emulsification and subsequent
heat gelation. The resulting microcapsules hadery limited water-solubility
(ranged from0.2% to 6.3%) and may be suitable for controlled corerelease.
However,few studies have been reported ttve use of starckhased microparticles
for the controlledreleasef bioactive compoundm food [5].

Starch,an abundant, non-toxidyiodegradableedible, and relatively inexpensive
materialhas beenused widelyn the entrapmerdf food ingredientd6-9] and drugs
[10-12]. Research pertaining the preparation adtarch-based microparticlés
food application has mainly been focusedn using spray drying method.
Neverthéess starch-based, spray-driedicroparticles which dissolve ra}y after
oralingestionare notsuitablefor controlled release déod bioactives. Starch-based
microparticles for controlled release pharmaceutical applications hbsen
prepared by waterin-oil (w/o) emulsification crosslinking methods [13-16]
Crosslinkingis an effectiveway to rendermicroparticles water-insoluble, and the
releaseprofile of entrapped materials coulbe controlled by alter- ing the
crosslinking degree. Howevehe w/oemulsification crosslinking methodor the
controlled releasein food applicationspresentssome challenges, particularly
when toxic organisolventsare usedas the continuous phas¢ the w/oemulsion
[14,17] These organic solventsight affect the stabilityof the encapsulated
bioactive compounds and leave toxic residime®mpatible withfood applications
Theseproductsafety and stability concerns restrict tlse ofthismethod making
necessaryo develop aralternative'safe” process.

An attractive method, which avoids thee ofanytoxic organicsolvents,may offer
possibilitiesto achieveour objective[18, 19] It is basedon the phenomenon than
agueous two-polymer systenphiase separatiocan occur In this method,an
aqueoussolutionof a water soluble polymes emulsifiedas adispersedohasein
an aqueous solutionf poly (ethylkene glycol) (PEG) as a continuous phase.
Subseguently, the dispersed polymer phaserosslinkedto form microspheres
with hydrogel character resulting in to the phaseseparationfrom
continuous phase. Recently, microspheres d¢abbed in water-in-water (w/w)
emulsion have bedanvestigatedor loading protein drugs [20]In this work, the
feasibility of fabricatingcrosslinked starch microparticlég w/w emukification
method was studied Trisodium trimetaphosphatéTSTP), which has been
reported tobe an effectivecrosslinkerfor starch [21] was usedas crosslinking
agent.TSTPis a solid of low toxicity with no reportedadverseeffectson humans
[22]. Previousstudies have shown th@sTP was an effective crosslinkirggent
forfabricating starch- basenhicroparticles [23, 24]

The first aim of this researchwas todevelopstarchbased microparticlesy water

in-water (w/w) emulsification crosslinkg method withoutusing toxic organic
solvents. The micropaticle structure was investigatedby optical microscopy
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scanningelectron microscop{sEM), and X-raydiffractometry(XRD).
EXPERIMENTAL SECTION

2.1. Materials

PEG 10,000 andPEG 20,000were purchasedfrom Finar Chemical (Ahmedabad,
India). Octenyl succinic anhydridéOSA) starch (CAPSUL, National Starch and
ChemicalLtd., ShanghaiChina)is a modified starch derived from waxy maiaed
modified withn- octenyl succini@anhydride [2] The prepaation of TSTP ha¥een
reported elsewhere [25All other reagents weid# analytical grade and used as
received.

Aqueous solution of modified Aqueous solution of PEG

starch, TSTP, sodium hydroxide (continuous phase, W)

Emulsification

\ 4
w1/ wo Emulsion

Crosslinking
Washing

Drying

v

Starch Based Microparticles

Fig. 1 Flow chart for the fabrication of starch bagd microparticles

2.2. Fabrication of starch-basedmicroparti cles

Starch-based microparticles were fabricadigdh w/w emulsification crosslinking
technique [18] modifieds follows (Fig. 1). For atypical batch, aqueous solutioh
OSA starch,TSTP, sodium hydroxidg10 mL, 22%(w/w) OSA starch,2.0% (w/w)
TSTP and 1.5% (w/w) sodium hydroxidewhich performedas dispersed phase
(w1), was added drop wise int®EG (20,000) solution (10L, 30% solutionin
water (w/w) PEG) which per-formed as continuous phase (W) under
mechanical agitation (250 rpm® obtain wi/w2 emulsion. The crosslinking
reaction took place at 3Dwith a constant agitation ratd 250rpm. After8 h, 100
mL of absolute alcoholwas added into theemulsion to separate the
microparticles. Theresulting OSA starch-based microparticld®SA-MPs) were
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collected and purifiedy multiple washng with deionized water and absolute
alcohol. Finally, the microparticles wedeiedundervacuum a#0° C for 12 hand
keptin closedcontainers before use.

2.3.Microsphere characterization

2.3.1.0Optical microscopy

The morphology of OSA-MPs was observedusing optical microscopy(CX31,
OlympusCorporationJapan).Dry micropartcles wereplacedontoa glassslide and
observed at emagnificatiornof 100. Microphotographswerecaptured using digital
imageprocessingsoftware

2.3.2.Scanningelectron microscopy (SEM)

The detailed morphologwf OSA-MPs wasstudiedby anS-450 scanning electron
microscopy (HitachiJapan). Microparticle®r SEM were mounted ometal stubs
previously covered with double-sid@hesive and coated withgold in vacuum
using aniB-3 ion coater (Eiko, Japan).The coated samplewere scanned adn
accelerating voltagef 15 kV.

2.3.3. X-ray diffraction (XRD)

An XD-2 X-ray diffractometer (Beijind?urkinje General Instrumento., Ltd., China)
wasused inthis experimentX-ray powder diffraction analysesere performed at
36 kVand20 mA with nickel filteredCu Ka (wavelength 1.54,058) radiation. The
scattered intensities were measured watlscintillation counter.Powdered

samples were scanned frd@mo 45 (2h) with a scanning speeadf 0.5 min-1 and
samplingnterval of 0.02. Thesamples werstudiedatambienttemperature

2.3.4.Particle sizeanalysis

The particle size distributions of starch-basedicroparticles were determined
using a Mastersizer2000 laser particle analyzer (MalvetsK). Considering that
the microparticlezanswell in the water, absolute alcohwlas usedas dispersant.
Volume distribution of MPs sampleswas plotted using a computer program
suppliedby the manufacturer and the average partisiee was expressedas
volumeweighted mean diamet@p [4, 3])in micrometer

RESULTS AND DISCUSSION

3.1. Morphology and structure of microparticl es

Optical microphotograpbf OSA-MPs ispresentedh Fig. 2. It appears thaDSA-MPs
were sphericathape andvell individualized. Thisobservatiordemonstrates that
starch-based microspheresith good dispersibility could be successfily
fabricatedby the w/w emulsificationcrosslinkingmethod, usingOSA starchas
raw materialSEM pictureof OSA-MPsshowsa spherical shapandsolid structure
without wrinkle or concaveonthesurfacegFig. 3).

3.2. Structural organization of OSA-MPs

X-ray diffraction pattern(XRD) of TSTP, OSAstarch, andDSA- MPs argresented

in Fig. 4, respectivelyTSTPshows intense peaks betwerof 10 and45 dueto its
crystalline natureln the caseof OSA starch, three strong diffraction peaks were
observed ath = 14, 16and 21, respectively.lt was indicatedthat there were
crystalline regions existeld theOSA starch.The XRD patternof OSA-MPsshows
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a flattened contour witno detectable peaksdicatedthat theOSA-MPs were of
amorphousstructure.This meant that therevas nocrystalline TSTP or OSA
starch presenth themicropartides [26].

L1 1 1 1 i50um ——

200711301820 15KV X4000

Fig. 3. SEM photograph of OSA-MPs (4000).
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In addition,due to anincrease irthe viscosityof continuous phasdhe frequency of
collisions duringthe agitation might decreaseesultingin the lessaggregationof
micropartides. The sameeffect wasobserved whera higher PEG concentration
(X4) was used due to higher viscosty ofcontinuous phaseThis finding is in

agreenentwith other reports [18].

\///M\\“"“*—M

LU

2-Theta (°)
Fig. 4. XRD patternsof: (a) TSTP; (b) OSA starch; (c) OSA-MPs.
CONCLUSION

In this work, starch-based microspheres with gdisgersibilty were successfully
fabricated by the w/w emulsification crosslinking method, usi@A starch as

raw material.Sincethis processloesnot involve toxic organic solventshey could

be usedas safecarriersfor the controlled release bfoactive compounds foods.

SEM and XRD showed thatOSA-MP microparticles were sphericalense and
amorphous.Of the seven parameteilavestigatedin this study, OSA starch

concentratiorand the volume ratiof w1/w2 hada significant ancpositive effect
on the particlesize, whereasPEG MW and PEG concentration haa significant

andnegative effectThefeasibility and theencapsulatiomfficiencyof starch-based
microsphereso entrapmodel bioactive compound using tmsethodshouldbe

determined.
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