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Controllable particles sizes of starch nanoparticles were synthesized via a precipitation in water-in-oil microemulsion approach.
Microemulsion method offers the advantages of ultralow interfacial tension, large interfacial area, and being thermodynamically
stable and affordsmonodispersed nanoparticles.The synthesis parameters such as stirring rates, ratios of oil/cosurfactant, oil phases,
cosurfactants, and ratios of water/oil were found to affect the mean particle size of starch nanoparticles. Starch nanoparticles
with mean particles sizes of 109 nm were synthesized by direct nanoprecipitation method, whereas by using precipitation in
microemulsion approach, starch nanoparticles with smaller mean particles sizes of 83 nm were obtained.

1. Introduction

Starch is one of the most commonly used biopolymers in
industries because of nontoxicity, biodegradability, biocom-
patibility, low cost, and being renewable and abundantly
available in nature [1–3].There is a growing interest inmaking
use of starch as precursor material for synthesizing starch-
based nanoparticles for various biomedical and industry
applications such as drug delivery carriers [4–7], plastic fillers
[8], and biodegradable packaging materials [6, 9, 10].

Various synthetic methods for synthesis of starch
nanoparticles such as high-pressure homogenization and
miniemulsion cross-linking [11], nanoprecipitation [2, 12, 13],
emulsion [14, 15], and microemulsion [16–18] have been
explored by researchers. High-pressure homogenization is
a simple technique and useful for diluted and concentrated
samples; however it requires high number of homogenization
cycles and possible contamination of product could occur
frommetal ions coming off from thewall of the homogenizers
[19]. Nanoprecipitation method is a favorable method as it is
very simple and straightforward method. However, in order
to avoid nanoparticles aggregate formation during the precip-
itation process, only very low concentration of starting mate-
rials can be used [13] and large amount of nonsolvent was
required in order to obtain spherical shape nanoparticles [2].

Interest in usingmicroemulsion for nanoparticles synthe-
sis arises mainly from the versatile nature of microemulsion
system such as mild reaction conditions, simple procedure
[20], cost effectiveness, and formation of very small droplet
size [21–24]. Besides, microemulsion route is known to
be one of the most efficient methods for stabilization of
nanodroplets and controlling of particle size, morphology,
and homogeneity [20, 22]. Components of microemulsion
consist of water (polar phase), hydrocarbon or oil (nonpolar
phase), surfactant, and in other cases also cosurfactant (short
chain alcohol) [25, 26]. Normally, surfactant and cosurfactant
(such as alcohol) are required for stable nanodispersions of
fluids formation [20, 27].

In this work, starch nanoparticles with controllable par-
ticle size were prepared by precipitation of locally available
native sago starch (Metroxylon sagu) solution in a water-
in-oil microemulsion system. Various synthesis conditions
such as stirring rates, ratios of oil/cosurfactant, types of oil
phases, cosurfactants, and ratios of water/oil were found to
significantly affect the particle size of starch nanoparticles.

2. Materials and Methods

2.1. Materials. Native sago (Metroxylon sagu) starch powder,
olein palm oil, and sunflower oil (high in monosaturated
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fatty acids and low in saturated fatty acids) were pur-
chased from local market at Kuching (Sarawak, Malaysia).
Hexane was supplied from PC Laboratory Reagent, while
oleic acid was supplied from R&M Marketing (Essex, UK).
Propanol and butanol were obtained from Fisher Scientific
(Loughborough, UK). Sodium hydroxide andmethanol were
obtained from Merck (Darmstadt, Germany), Span 60 was
received fromMerck (Hohenbrunn, Germany), cyclohexane,
acetone, ethanol absolute, and n-butanol were purchased
fromHmbGChemicals (Hamburg, Germany), and ultrapure
water (18.2MΩ) was obtained from aWater Purifying System
(ELGA, Ultra Genetic). All chemicals were used as received
without further purification.

2.2. Preparation of Starch Solution. 1% (w/v) starch solution
was prepared by dissolution of 0.5 g native sago starch powder
in 50mL of 0.5MNaOH solution.Themixture was heated to
80∘C in a water bath for 1 hr with magnetic stirring until all
starch powder was completely dissolved and homogeneous
starch solution was obtained. This starch solution was then
cooled to room temperature.

2.3. Preparation of Starch Nanoparticles

2.3.1. Nanoprecipitation without Microemulsion System.
Starch nanoparticles were formed when 1mL of starch
solution was added dropwise into 20mL of absolute ethanol
solution. The same procedure was repeated by varying the
stirring rates (300 rpm, 600 rpm, and 900 rpm) and mag-
netic stirring for 1 hr in order to investigate the effect of
stirring rates on the particle size and morphology of starch
nanoparticles.

2.3.2. Nanoprecipitation in Water-in-Oil (W/O) Microemul-
sion System. 1mL of starch solution was added dropwise
to an oil phase (15mL of cyclohexane, 5mL of ethanol,
and certain amount of surfactant) with magnetic stirring at
900 rpm for 1 hr.The same procedurewas repeated by varying
the surfactants concentrations, ratios of oil/cosurfactant, oil
phases (hexane, olein palm oil, sunflower oil, and oleic acid),
cosurfactants (methanol, propanol, butanol, and acetone),
and ratios of water/oil.

2.4. Characterization of Samples. The morphologies of sam-
ples were observed by using a scanning electron microscope
(SEM) (JOEL JSM-6390 LA). The mean particles sizes of
around 100 starch nanoparticles were measured randomly
using SmileView software.

3. Results and Discussion

3.1. Dissolution of Starch. 0.5M of sodium hydroxide
(NaOH) was used to completely dissolve the native sago
starch powder into aqueous solution with constant magnetic
stirring. The dissolution of starch was carried out at 80∘C in
order to ensure complete solubilization of starch granules.
Dissolution of starch was achieved by disrupting the starch
granule to release the starch molecules into the solu-
tion. NaOH has commonly been used for dissolution of
starch [28]. NaOH plays an important role to break the
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Figure 1: Schematic representation of alkalization reaction between
starch and sodium hydroxide.
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Figure 2: Effects of stirring rates on particles size of starch
nanoparticles.

intermolecular and intramolecular hydrogen bonding
between the water and starch molecules resulting in the
disruption of molecular orders within the starch granule [29]
thus enhancing water solubility of starch [30]. NaOH reacted
with the hydroxyl groups (OH) of the starch molecules and
transformed the molecules into sodium starch alkoxide
(Starch–O–Na) [31], as shown in Figure 1.

3.2. Nanoprecipitation without Microemulsion System

3.2.1. Effect of Stirring Rates. Figure 2 shows effects of stir-
ring rates on mean particles sizes of starch nanoparticles
synthesized by direct nanoprecipitation of starch solution
into ethanol solution. It was observed that the particle size
of starch nanoparticles was affected by the stirring rates dur-
ing the synthesis as evidenced by the reduction of mean
particle size from 165 to 109 nm, as stirring rate increased to
900 rpm. This trend can be explained by the energy transfer
differences for the different stirring rates as increasing the
stirring rates has increased the energy transferred to the
suspension medium which caused the reaction solution to
disperse into smaller droplets and reduced the particle size
[32]. For stirring rate higher than 900 rpm, bubbles were
generated and splashing of the solution was observed.

As shown in Figure 3(a), native sago starch particles were
observed to consist mostly of large, oval granular shape
with smooth surface in range of diameter size around 20–
40 𝜇m. Dissolving this native starch into aqueous solution
and reprecipitating the starch solution into ethanol have con-
verted the microsizes of starch granules into nanoparticles.
Thus, nanoprecipitation technique was accessible for the
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Figure 3: SEMmicrographs of (a) native sago starch; starch nanoparticles prepared (b) without stirring; and (c) with stirring rate at 900 rpm.

nanoparticle formation. The stirring rate was also found
to affect the morphology of starch nanoparticles as more
aggregated and wider particle size distribution nanoparticles
were produced without stirring (Figure 3(b)) as compared to
when stirring was used during the synthesis (Figure 3(c)). At
low stirring rates, the nucleation species were not dispersed
uniformly throughout the solution thus leading to agglomer-
ation of particles compared to higher stirring rateswhich gave
rise to more uniform, homogeneous dispersion and smaller
nanoparticles due to enhanced mobility of nucleated species
in the reaction solution [33].

3.3. Nanoprecipitation in Microemulsion System

3.3.1. Effect of Surfactant Concentrations. The effects of
surfactant concentrations on the particles sizes of starch
nanoparticles were investigated by using various concen-
trations of span 60 (3 : 1 ratio of cyclohexane and ethanol)
as shown in Figure 4. The mean particles sizes of starch
nanoparticles decreased from 140 to 96 nm as the concentra-
tion of span 60 increases up to 3% (w/v). However, further
increase of span 60 concentration from 5 to 9% (w/v) did not
significantly affect the particles sizes. Smallest particle size
was achieved at 3% (w/v) of span 60 concentration.

In the presence of surfactant, the particle sizes of starch
nanoparticles sizeswere observed to decrease since surfactant
reduced the interfacial tension between oil and water phases
and stabilized the dispersed phase against coalescence once
it was formed [34]. However, 1% (w/v) of span 60 was not
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Figure 4: Effect of various span 60 concentrations on the mean
particles sizes of starch nanoparticles.

enough to produce very small nanoparticles since the amount
of surfactant was insufficient to cover the surface area of the
droplets; therefore the droplet tends to aggregate to reduce
the surface area [11].The aggregated nanoparticles then fused
with each other and slightly larger nanoparticleswere formed.
3% (w/v) of span 60 has produced smaller particles sizes of
starch nanoparticles with more discrete nanoparticles due to
optimum amount of span 60 that has completely coated the
entire surface area of droplets and gave high stability against
droplets coalescence and thus generated smaller droplet size
[11]. Besides, more monodispersed particles were obtained
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Figure 5: Effect of various ratios of cyclohexane/ethanol on the
mean particles sizes of starch nanoparticles.

due to the surfactant layer that created the steric stabiliza-
tion which prevented the aggregation of nanoparticles [22]
besides providing tridimensional stabilization of the system
[35]. At the surfactant concentration above 3% (w/v), all
surfaces of nanoparticles were completely covered by the
surfactant and the nanoparticleswere fully stabilized; thus the
particle sizes would remain almost constant.

3.3.2. Effect of Oil/Cosurfactant Ratios. As can be observed
from Figure 5, increasing the amount of ethanol (cosur-
factant) up to 1 : 3 cyclohexane/ethanol could reduce the
particles sizes of starch nanoparticles from 112 nm to 83 nm.
The observed decrease in mean particle size of nanoparticles
could be attributed to sufficient amount of ethanol having
reduced the interfacial tension of the microemulsion system
and the radius of the droplets [35]. Starch nanoparticles
obtained from 1 : 3 ratio of cyclohexane/ethanol were more
homogeneous in nature as can be inferred from smaller
range of standard deviation compared to others ratios which
gave greater range of standard deviation that indicated the
particles were nonhomogeneously distributed. Increase of
cosurfactant partition has resulted in increase of the fluidity
of the interface and thus increased the kinetics of the inter-
micellar exchange and gave more homogeneous repartition
ofmicroemulsion droplets [36] which, in turn, resulted in the
homogeneous distribution of starch nanoparticles.

However, increase of cosurfactant up to 1 : 5 ratio of
cyclohexane/ethanol resulted in larger particle size of around
121 nm due to dilution effect of microemulsion as high
cosurfactant volume led to destruction of the microemulsion
droplets [37, 38]. Besides, if amount of ethanol present
was too small such as in 5 : 1 ratio of cyclohexane/ethanol
system, the particles sizes of starch nanoparticles grew larger
because small amount of ethanol as cosolvent might not mix
uniformly in the bulk of the oil phase [39]. Higher oil content
in the microemulsion system was not required to produce
smaller particle size. Thus, 1 : 3 ratio of cyclohexane/ethanol
was preferred for formulation of microemulsion system for
synthesis of smaller sizes of starch nanoparticles.

3.3.3. Effect of Types of Oil Phases. Figure 6 presents themean
particle size of starch nanoparticles prepared in various types
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Figure 6: Effect of types of oil phases on the mean particles sizes of
starch nanoparticles.

of oil phases (cyclohexane, hexane, oleic acid, olein palm
oil, and sunflower oil) and in 1 : 3 ratio of oil/ethanol system
with 3% (w/v) of span 60. It was observed that smaller starch
nanoparticles were obtained when cyclohexane, hexane, and
oleic acid were used as the oil phase, as compared to palm
oil and sunflower oil. As can be seen in Figure 7, these three
types of oil phase (cyclohexane, hexane, and oleic acid) gave
almost similar particle sizes of starch nanoparticles; however
their morphologies were greatly distinct.

Starch nanoparticles prepared using cyclohexane and
hexane produced smaller nanoparticles; however the parti-
cles were observed to be more aggregated. When oleic acid
was used, more monodispersed and discrete nanoparticles
were formed due to the more hydrophobic nature of oleic
acid. However, oil with excessive long hydrocarbon chains
or high molecular weight such as palm oil and sunflower oil
was difficult to microemulsify [40]. Thus, the system was not
optically clear and stable as the water droplets become much
larger [41]; this, in turn, has resulted in larger particles with
wider particles sizes distribution.

3.3.4. Effect of Types of Cosurfactants. Figure 8 shows the
mean particles sizes of starch nanoparticles synthesized
using various types of cosurfactants, namely, methanol,
ethanol, propanol, butanol, and acetone in 1 : 3 ratio of oleic
acid/cosurfactant with 3% (w/v) span 60. Starch nanopar-
ticles prepared in methanol and ethanol produced smaller
particles with mean particles sizes of 84 and 83 nm, respec-
tively, as compared to those prepared with propanol, butanol,
and acetone. It was observed that when n-propanol and n-
butanol were used, starch nanoparticles obtained were more
discrete; however the particles sizes distribution was very
wide as shown in larger range of standard deviations.

Increase of alcohol chain used for synthesis has resulted
in increase of the particles sizes of starch nanoparticles. This
could be due to the lipophilicity of the cosurfactant that
increased with the carbon chain length from propanol to
butanol and the longer the alcohol chain, the less effective the
cosurfactant because it is more soluble in the oil phase [39].
Furthermore, it was also due to the dielectric constants of
longer aliphatic chain such as propanol and butanol that were
lower than methanol, ethanol, and acetone thus resulting in
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Figure 7: SEM micrographs of starch nanoparticles prepared in various oil phases: (a) cyclohexane, (b) hexane, and (c) oleic acid.
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Figure 8: Effect of types of cosurfactants on themean particles sizes
of starch nanoparticles.

larger particles sizes [42]. Although methanol and acetone
also have high dielectric constant [43], ethanol was preferred
amongst various cosurfactants because of less toxicity and
giving the smallest particles sizes.

3.3.5. Effect of Water/Oil Ratios. Figure 9 illustrates the mean
particle size of starch nanoparticles obtained at various ratios
of starch solution to oleic acid at constant ratio of oleic
acid/ethanol 1 : 3 system with 3% (w/v) span 60. The mean
particles sizes were observed to increase when higher water
content to oil ratio was used in microemulsion system. The
mean particles sizes of nanoparticles have slightly increased

Ratios of starch solution/oleic acid
1 : 5 1 : 1 2 : 1 3 : 1 5 : 1 8 : 1

0
20
40
60
80

100
120
140
160

M
ea

n 
pa

rt
ic

le
s s

iz
es

 (n
m

)

1 : 1.7

Figure 9: Effect of various ratios of starch solution/oleic acid on the
mean particles sizes of starch nanoparticles.

from 83 nm to 90 nm as the volume of starch solution
increased up to double the amount of oil (2 : 1 ratio of starch
solution/oleic acid). Subsequently increasing the ratio of
starch solution/oleic acid to 8 : 1 in themicroemulsion system
drastically increased the mean particles sizes up to 120 nm
with more aggregated and wider particles distributions.

For synthesis of smaller nanoparticles, it is essential to
maintain low water/oil ratio as increase of water fraction in
the microemulsion system would increase the particles sizes
of starch nanoparticles due to reinforcement of the interfacial
tension between water and oil in the microemulsion system
[44]. At high water content, water droplets fused with each
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other to form bigger microemulsion droplets which gave rise
to larger starch nanoparticles.

4. Conclusions

Controllable particles sizes of starch nanoparticles were suc-
cessfully synthesized by precipitation in microemulsion sys-
tem under controlled conditions. All of the starch nanopar-
ticles obtained were spherical in shape and have uniform
particles sizes distribution. Direct nanoprecipitation method
without microemulsion produced larger particle size in the
range of 108.6 ± 16.7 nm, while in microemulsion system,
smaller nanoparticles in the range of 82.5 ± 12.4 nm were
obtained.This study demonstrated that particle size of starch
nanoparticles can be controlled by judicious choice of the
surfactants, stirring rates, cosurfactant, oil phases, composi-
tions of oil/cosurfactants, andwater/oil of themicroemulsion
system.
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