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ABSTRACT 
In   this study, starch-based  microparticles  (MPs) fabricated  by  a  water-in-
water  (w/w) emulsification crosslinking method could be  used  as  a  controlled 
release delivery vehicle for  food bioactives. Due to the processing route 
without the use of toxic organic solvents, it is expected that these 
microparticles can   be used as delivery vehicles for controlled release of food 
bioactives. Octenyl succinic anhydride (OSA) starch was used as raw material. 
Optical microscopy showed OSA starch-based microparticles (OSA-MPs) had a 
good dispersibility. Scanning electron microscopy (SEM) showed OSA-MPs had a 
solid structure and spherical shape. X-ray diffraction (XRD) patterns revealed 
that OSA-MPs were of amorphous structure. Considering the analytical result, 
it appeared that the OSA starch concentration, poly (ethylene glycol) (PEG) 
molecular weight, volume ratio of dispersed phase/continuous phase and PEG 
concentration had significant effect on particle size. 
 
Key Words: Starch-based microparticles, W/O emulsification, Crosslinking, 
Particle size.  
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INTRODUCTION  
 
Controlled release technologies have been pioneered by pharmaceutical 
community, and now this technology has been adopted for the practical 
applications in food systems [1-3]. The use of microparticles (either microspheres or 
microcapsules) for controlled release of food bioactives such as vitamins, 
probiotics, bioactive peptides and antioxidants is a prospective field of interest in 
food, and some attempts have been made to fabricate microparticles for such 
application. For instance Yoo et al. (2006), developed α-tocopherol loaded sodium 
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alginate-based microcapsules by spraying the oil-in-water (o/w) emulsion 
consisting of sodium alginate as a coating material, α -tocopherol as a core  material, 
and Tween 80 as an emulsifier into CaCl2 solution. The results of in vitro α -
tocopherol releasing test suggested that the sodium alginate-based microcapsules 
were structurally resistant against the simulated gastric fluid, but released core 
material rapidly in the simulated intestinal fluid [4]. Lee and Rosenberg 
synthesized whey protein-based micro- capsules containing anhydrous milkfat by a 
process consisting of oil-in-water-in-oil (o/w/o) emulsification and subsequent 
heat gelation. The resulting microcapsules had very limited water-solubility 
(ranged from 0.2% to 6.3%) and may be suitable for controlled core release. 
However, few studies have been reported on the use of starch-based microparticles 
for the controlled release of bioactive compounds in food [5]. 
 
Starch, an abundant, non-toxic, biodegradable, edible, and relatively inexpensive 
material has been used widely in the entrapment of food ingredients [6-9] and drugs 
[10-12].  Research pertaining to the preparation of starch-based microparticles for 
food application has mainly been focused on using spray drying method. 
Nevertheless starch-based, spray-dried microparticles which dissolve rapidly after 
oral ingestion are not suitable for controlled release of food bioactives. Starch-based 
microparticles for controlled release pharmaceutical applications have been 
prepared by water-in-oil (w/o) emulsification crosslinking methods [13-16]. 
Crosslinking is an effective way to render microparticles water-insoluble, and the 
release profile of entrapped materials could be controlled by alter- ing the 
crosslinking degree. However, the w/o emulsification crosslinking method  for  the  
controlled release  in  food   applications presents some challenges, particularly 
when toxic organic solvents are used as the continuous phase of the w/o emulsion 
[14,17]. These organic solvents might affect the stability of the encapsulated 
bioactive compounds and leave toxic residues incompatible with food applications. 
These product safety and stability concerns restrict the use of this method making it 
necessary to develop an alternative ‘‘safe” process. 
 
An attractive method, which avoids the use of any toxic organic solvents, may offer 
possibilities to achieve our objective [18, 19]. It is based on the phenomenon that in 
aqueous two-polymer systems phase separation can occur. In this method, an 
aqueous solution of a water soluble polymer is emulsified as a dispersed phase in 
an aqueous solution of p o l y (ethylene   glycol)   (PEG) as   a   continuous phase.  
Subsequently, the dispersed polymer phase is crosslinked to form microspheres 
w i t h  h y d r o g e l  character   resulting i n to   the phase separation from 
continuous phase. Recently, microspheres fabricated in water-in-water (w/w) 
emulsion have been investigated for loading protein drugs [20].  In this work, the 
feasibility of fabricating crosslinked starch microparticles by w/w emulsification 
method was s t u d i e d. Trisodium    trimetaphosphate (TSTP), which has been 
reported to be an effective crosslinker for starch [21], was used as crosslinking 
agent. TSTP is a solid of low toxicity with no reported adverse effects on humans 
[22]. Previous studies have shown that TSTP was an e f f e c t i v e  crosslinking agent 
for f a b r i c a t i n g starch- based microparticles [23, 24]. 
 
The   first aim of th is research was to develop starch based microparticles by water-
in-water (w/w) emulsification crosslinking method without using toxic organic 
solvents. The microparticle structure was invest igated by optical microscopy, 
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scanning electron microscopy (SEM), and X-ray diffractometry (XRD).  
 

EXPERIMENTAL SECTION  
 
2.1. Materials 
PEG 10,000 and PEG 20,000 were purchased from Finar Chemical (Ahmedabad, 
India). Octenyl succinic anhydride (OSA) starch (CAPSUL, National Starch and 
Chemical Ltd., Shanghai, China) is a modified starch derived from waxy maize and 
modified with n- octenyl succinic anhydride [2]. The preparation of TSTP has been 
reported elsewhere [25]. All other reagents were of analytical grade and used as 
received. 
 
 

 
2.2. Fabrication of starch-based microparti cles 
Starch-based microparticles were fabricated by a w/w emulsification crosslinking 
technique [18] modified as follows (Fig. 1). For a typical batch, aqueous solution of 
OSA starch, TSTP, sodium hydroxide (10 mL, 22% (w/w) OSA starch, 2.0% (w/w) 
TSTP and 1.5% (w/w) sodium hydroxide) which performed as  dispersed phase 
(w1), was  added drop wise into PEG (20,000) solution (100 mL, 30% solution in  
water (w/w) PEG) which per- formed  as   continuous  phase  (w2)  under   
mechanical  agitation (250 rpm) to  obtain w1/w2 emulsion.  The crosslinking 
reaction took place at 30°C with a constant agitation rate of 250 rpm. After 8 h, 100 
mL of absolute alcohol was added into the emulsion to separate the 
microparticles. The resulting OSA starch-based microparticles (OSA-MPs) were 

Aqueous solution of modified 

starch, TSTP, sodium hydroxide 

w1/ w2 Emulsion  

Starch Based Microparticles 

Aqueous solution of PEG 

(continuous phase, w2) 

Emulsification 

Crosslinking 

Washing 

Drying 

Fig. 1 Flow chart for the fabrication of starch based microparticles 
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collected and purified by multiple washing   with deionized water and absolute   
alcohol.  Finally, the microparticles were dried under vacuum at 40° C for 12 h and 
kept in closed containers before use. 
 
2.3. Microsphere characterization 
2.3.1. Optical microscopy 
The morphology of OSA-MPs was observed using optical microscopy (CX31, 
Olympus Corporation, Japan). Dry microparticles were placed onto a glass slide and 
observed at a magnification of 100.  Microphotographs were captured using digital 
image processing software. 
 
2.3.2. Scanning electron microscopy (SEM) 
The detailed morphology of OSA-MPs was studied by an S-450 scanning electron 
microscopy (Hitachi, Japan). Microparticles for SEM were mounted on metal stubs 
previously covered with double-side adhesive, and coated with gold in vacuum 
using an IB-3 ion coater (Eiko, Japan). The coated samples were scanned at an 
accelerating voltage of 15 kV. 
 
2.3.3. X-ray diffraction  (XRD) 
An XD-2 X-ray diffractometer (Beijing Purkinje General Instrument Co., Ltd., China) 
was used in this experiment. X-ray powder diffraction analyses were performed at 
36 kV and 20 mA with nickel filtered Cu Ka (wavelength 1.54,050 Å) radiation. The 
scattered intensities were measured with a scintillation counter. Powdered 

samples were scanned from 3 to 45 (2h) with a scanning speed of 0.5 min-1 and 
sampling interval of 0.02. The samples were studied at ambient temperature. 
 
2.3.4. Particle size analysis 
The   particle size   distributions of starch-based microparticles were determined 
using a Mastersizer 2000 laser particle analyzer (Malvern, UK). Considering that 
the microparticles can swell in the water, absolute alcohol was used as dispersant. 
Volume distribution of MPs samples was plotted using a computer program 
supplied by the manufacturer and the average particle size was expressed as 
volume weighted mean diameter (D [4, 3]) in micrometer. 

 
RESULTS AND DISCUSSION 

 
3.1. Morphology and structure of microparticl es 
Optical microphotograph of OSA-MPs is presented in Fig. 2.  It appears that OSA-MPs 
were spherical shape and well individualized.   This observation demonstrates that 
starch-based microspheres with good dispersibility could be successfully  
fabricated by the w/w emulsification crosslinking method, using OSA starch as 
raw material. SEM picture of OSA-MPs shows a spherical shape and solid structure 
without wrinkle or concave on the surface (Fig. 3). 
 
3.2. Structural organization of OSA-MPs 
X-ray   diffraction pattern (XRD) of TSTP, OSA starch, and OSA- MPs are presented 
in Fig. 4, respectively. TSTP shows intense peaks between 2h of 10 and 45 due to its 
crystalline nature. In the case of OSA starch, three strong diffraction peaks were 
observed at 2h = 14, 16 and 21, respectively. It was indicated that there were 
crystalline regions existed in the OSA starch. The XRD pattern of OSA-MPs shows 
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a flattened contour with no detectable peaks indicated that the OSA-MPs were of 
amorphous structure. This meant that there was   no crystalline TSTP or OSA 
starch present in the microparticles [26]. 

 

 
Fig.   2.  Optical microphotograph of OSA-MPs (100). 

 
 

  
Fig.   3.  SEM photograph of OSA-MPs (4000). 
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In addition, due to an increase in the viscosity of continuous phase, the frequency of 
collisions during the agitation might decrease, resulting in the less aggregation of 
microparticles. The same effect   was observed when a higher PEG concentration 
(X4) was used due to higher viscosty of continuous phase. This finding is in 
agreement with other reports [ 1 8 ] .  

 
  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

2-Theta (°) 
 

Fig.   4.  XRD patterns of:  (a)  TSTP; (b) OSA starch; (c)  OSA-MPs. 
 

CONCLUSION 
 
In this work, starch-based microspheres with good dispersibility were successfully 
fabricated by the w/w emulsification crosslinking method, using OSA starch as 
raw material. Since this process does not involve toxic organic solvents, they could 
be used as safe carriers for the controlled release of bioactive compounds in foods. 
SEM and XRD showed that OSA-MP microparticles were spherical, dense and 
amorphous. Of the seven parameters investigated in this study, OSA starch 
concentration and the volume ratio of w1/w2 had a significant and positive effect 
on the particle size, whereas PEG MW and PEG concentration had a significant 
and negative effect. The feasibility and the encapsulation efficiency of starch-based 
microspheres to entrap model bioactive compound using this method should be 
determined. 
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