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The effects of ultra-fine pulverization on the physicochemical properties of rice starch (RS) were
investigated using a high impact planetary mill. After pulverization, RVA characteristics, peak
viscosity, break down, and set back values of RS decreased from 274.75 to 9.42 RVU, 214.46 to 6.17
RVU, and 87.80 to 17.00 RVU, respectively. The pasting properties also changed significantly. X-
Ray diffractogram revealed RS had four A-type peaks, which disappeared after pulverization. The
peak temperature and gelatinization enthalpy of RS using differential scanning calorimetry (DSC)
were 13.99 J/g at 75.14°C, whereas the pulverized RS (PRS) had two peaks, 0.13 J/g at 63.88°C and
1.23 J/g at 101.24°C. DSC measurement showed the retrogradation degree of PRS was lower than
that of RS after storage at 4 and 25°C. The enzymatic (c-amylase) digestibilities of RS and PRS

were 72.7 and 77.3%, respectively.

Starches exhibit different properties in accordance with
the sources and the genotypes. Starch properties mainly
depend on the physical and the chemical characteristics,
such as mean granular size, granule size distribution,
amylose/amylopectin ratio, and mineral content [Madsen
et al., 1996]. The shapes and the sizes of the starch granules
are characteristics of their botanical origins. Granules
vary from perfectly spherical to polyhedral, round or oval
[Buleon ef al., 1998; Jane et al., 1994]. The relatively
high molecular weight and the extensive network formed
by the hydrogen bonds lead to high gelatinization
temperature, and lower fluidity and chemical reactivity of
the starch [Zu er al., 2007]. Preference of the market is
leaning towards starches with less extensive crystalline
regions, thereby improving the physicochemical properties
and the reactivity of the starches for commercial
applications. Therefore, there is a great interest in the
development of methods to modify the structures of the
crystalline regions [Fiedorowicz et al., 2001; Liang ef al.,
2004; Yang et al., 1999].

Several chemical methods are available for decreasing
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the starch crystalline regularity such as acidolysis
[Nakazawa et al., 2003], oxidation [Wang et al., 2003],
and enzymatic degradation process [Zhang et al., 1999].
In the physical processes, heat-moisture treatment
[Gunaratne et al., 2002], radio-active degradation [Bertolini
et al., 2001], microwave degradation [Mewandowicz et
al., 2000], ultrasonic degradation [Renata ef al., 2005],
and extrusive degradation processes [Cai ef al., 1995]
were performed.

The ultra-fine pulverization techniques can be used to
modify the crystalline structure and the physicochemical
properties of the starch granules by friction, collision,
impingement, shear or other mechanical actions. Mechanical
damages to the starch granules caused by ball milling
induce a progressive loss of crystalline order and the
conversion of the large-ordered regions into essentially
disordered amorphous materials that are freely accessible
to the external agents including such solvent as water and
amylolytic enzymes [Morrison and Tester, 1994]. One of
the ultra-fine pulverization techniques is the high impact
planetary mill, in which the rotating grinding bowls are
mounted eccentrically on a rotating support disc. The
balls strike the inner wall of the bowl vertically (impact
energy), approach each other tangentially (friction) or just
roll down the inner wall of the bowl (centrifugal mills).
The properties of the grinding can be influenced by the
initial amount of materials, the initial particle size
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distribution, the milling time, and the milling parameters
such as rpm [Martinez ez al., 2007].

In this study, effects of the ultra-fine pulverization
technique on the physicochemical properties of rice starch
(RS) with broken particle structure were investigated using
a high impact planetary mill.

Materials and Methods

Sample preparation. Rice (Oryza sativa L. Seohaejinmi),
the first crop of 2005 from Dangjin, was purchased at a
local market in Cheonan, Korea. For RS isolation, the rice
was soaked in the deionized water for 8 h and ground for
3min in two volumes of 0.2% (w/v) NaOH solution
using a blender. The rice suspension was passed through a
100-mesh sieve and allowed to stand at 4°C for 24 h, and
the supernatant was removed. This process was repeated
until the proteins were completely removed. The resulting
sediment was washed with the deionized water until
neutral pH was achieved. The isolated starch was dried to
a 5% moisture content (wet basis) using a vacuum-freeze
drier (Alpha 1-4, Christ, Germany). High impact planetary
mill (Pulverisette 6, Fritsch Co., Germany) was used for
pulverization of the isolated rice starch. Ten grams each
of the isolated rice starch were put into the jars containing
250 g each of 11- and 5-mm zirconium oxide beads. The
operation conditions were 300 rpm for 30 min. The mean
diameter, specific surface area, and damaged starch
content decreased from 15.35 to 11.88 um, increased
from 19,471 to 24,233 cm’/g, and increased from 16.4 to
99.2%, respectively, after the pulverization of rice starch
using a high-impact planetary mill.

X-ray diffractometry. The samples were analyzed
using an X-ray diffractometer under the following
conditions: voltage, 30 kV; current, 30 mA; 6-26 method
using Cu tube; rate, 4.0 deg/min.

Gelatinization and retrogradation. Thermal analysis
of the sample was performed using a differential scanning
calortmeter (DSC 2010, TA instrument, Twin Lakes, WI).
The sample (3 mg, dry weight basis) was weighed and
put into a 40 uLL aluminum hermetic pan. Subsequently,
8 uL deionized water was directly added into the pan.
The pan was sealed and left standing for 24 h to allow the
sample to mix and equilibrate. The sample was then
heated from 30 to 120°C at a heating rate of 10°C/min. An
empty pan was used as a reference. Onset temperature
(T), peak temperature (T,) and endothermic enthalpy of
gelatinization (AE) were recorded. The first heated
sample in the sealed pan was stored 4~8 days at 4 and
25°C, and the second heating was performed after storage
for the measurement of the relative retrogradation degree.

Pasting property. A rapid visco analyzer (RVA-3D,

Newport Scientific Ltd., Warriewood, Australia) was
employed to determine the pasting properties of the
samples. The sample (3.0 g, dry weight basis) and 25 mL
distilled water were combined and stirred in the aluminum
RVA sample canister. A programmed heating and cooling
cycle was used, where the sample was held at 50°C for
1 min, heated to 95°C in 3 min 30 s, held at 95°C for 2 min
30's, and cooled to 50°C in 3 min 50 s. The parameters
such as peak, hold, and final viscosities, peak time, and
pasting temperature were determined.

Digestibility with o-amylase. Enzymatic digestibility
with a-amylase was performed using the method
described by Liu e al. [1999]. Approximately 1 g of the
sample was added to 30 mL phosphate buffer (0.2 M, pH
6.9) in the test tube and allowed to stand for 30 min in a
95°C water bath. After cooling to 25°C, a-amylase (320
units, Sigma, MO) was added and incubated with shaking
at 30°C for up to 14 h. After digestion, the digested sample
was removed by centrifugation, and the undigested
sample was analyzed using the gravimetric method.

Results and Discussion

X-Ray diffractograms. The spectrum of rice starch
shows definite diffraction peaks that presumably reflect
the crystalline region in the starch (Fig. 1). The characteristic
diffraction peaks at 14.0, 16.9, 17.6 and 22.9° revealed
that the structure of RS is A type pattern. This type of
crystallinity is most susceptible to the enzymatic hydrolysis
[Martinez et al., 2007]. The peak diffraction of the
pulverized rice starch (PRS) disappeared completely,
implying that it has been converted largely into the non-
crystalline state, and the diffraction spectrum showed a
broad featureless peak that is a typical spectrum of the
amorphism.

Intensity

Fig. 1. X-Ray diffractograms of rice starch (RS) and
pulverized rice starch (PRS).
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Fig. 2. RVA profile changes of rice starch (RS) and pul-
verized rice starch (PRS).

Pasting property. RVA characteristics of RS and PRS
are given in Fig. 2 and Table 1. The peak viscosity value
of RS decreased from 274.75 to 942 RVU after
pulverization. The peak viscosity is a measure of the
water-holding capacity of the starch in terms of the
resistance of the swollen granules to shear and the
swelling performance of the granules [Dengate, 1984].
The higher peak viscosity of RS than that of PRS may be
due to the presence of granules with a broad size
distribution range, leading to the different swelling
patterns in RS [Lovedeep et al., 2007]. Break down value
of RS, the difference in the peak and final viscosities,
decreased from 214.46 to 6.17 RVU after pulverization.

During the break down, the swollen granules are
disrupted, and the amylose molecules generally leach out
into the solution [Whistler and BeMiller, 1997]. The set
back value of RS also decreased from 87.80 to 17.00
RVU after pulverization. The set back is the viscosity
increase resulting from the rearrangement of the amylose
molecules that leached from the swollen starch during
cooling, and is generally used as a measure of the gelling
ability or retrogradation tendency of the starch [Karim er
al., 2000]. The other pasting properties also significantly
changed (Table 1), showing a linear pattern (Fig. 2), an
indication that the granule structure of RS was changed
by pulverization. RS can be used by the food processing
industry as a functional material for the preparation of
foods for infants, pregnant women, patients, and elderly
people.

Gelatinization and retrogradation. The DSC curves
of RS and PRS are shown in Fig. 3. The peak temperature
(T,) and gelatinization enthalpy (AE) of RS was 75.14
and 13.99 J/g, respectively (Table 2), whereas PRS had
two endothermic peaks around 63.88 and 101.24°C with
0.13 and 1.23 J/g, respectively. The endotherm peak 1
appeared to reflect the transformation from granule into
the gelatinized state upon heating of PRS. Peak 2
reflected the rearrangement of amylose molecules in the
PRS and destruction of the crystalline structure between
water and starch [Zhang et al., 2001]. The onset temperature
(T)), peak temperature (T,), and gelatinization enthalpy
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Fig. 3. Differential scanning calorimetry thermograms of rice starch (RS) and pulverized rice starch (PRS) at differ-
ent storage temperatures and storage days. Upper left, rice starch at 4°C storage; upper right, rice starch at 25°C stor-
age; bottom left, pulverized rice starch at 4°C storage; bottom right, pulverized rice starch at 25°C storage.



Changes in Physicochemical Properties of Rice Starch Processed by Ultra-Fine Pulverization 237

Table 1. Pasting characteristics of rice starch and pulverized rice starch

Peak Visc. Hold Visc.  Break down®  Final Visc. Set Back® Peak time Pasting
(RVUY) (RVU) (RVU) (RVU) (RVU) (min) temp. (°C)
RS 274.75 214.46 60.30 302.25 87.80 6.50 78.15
PRS 9.42 3.25 6.17 20.25 17.00 5.20 Err

*RVU = Rapid Viscosity Unit

"Break down = Peak viscosity — Hold viscosity
‘Setback = Final viscosity — Hold viscosity
RS: rice starch

PRS: ultra fine pulverized rice starch

Fig. 4. Appearances of 10% (v/w) gels of rice starch
(RS) and pulverized rice starch (PRS) stored at 4°C for
6 days. Left, PRS; Right, RS.

(AE) of PRS decreased as compared to those of RS,
indicating that the RS crystalline structure was damaged
by pulverization (Table 2) {Zu et al., 2007; Martinez et
al., 2007].

The first heated sample in the sealed pan was stored for
4~8 days at 4°C and 25°C, and the second heating was
performed for the relative retrogradation analysis during
storage. The results showed that the retrogradation degree
value of PRS was lower than that of RS during storage.

The appearances of 10% (v/w) rice starch solutions
stored for 6 days at 4°C, before and after pulverization,
are shown in Fig. 4. RS showed sticky paste gel status,
whereas PRS had non-sticky sol status, which indicates
that the rheology of RS changed completely after
pulverization.

Digestibility with o-amylase. The in vitro starch
digestibilities of RS and PRS by a-amylase are shown in
Fig. 5. The starch digestibility differences could be
attributed to the interplay of such factors as the starch
source, granule size, amylose/amylopectin ratio, extent of
molecular association among the starch components,
degree of crystallinity and amylose chain length [Tester ef
al., 2004]. RS (72.7%) had lower digestibility value than
PRS (77.3%). After pulverization of rice starch, most of

Table 2. Differential scanning calorimetry of rice starch and pulverized rice starch

Storage time Peak Peak
(days) T, CC)* T, (C)Y AE (J/gy T. (°C) T, (°C) AE (J/g)

0 68.95 75.14 13.99 - - -
sC 4 - - - 88.40 96.86 2.46
RS 8 - - - 90.55 96.83 1.83
rsC 4 58.20 61.24 0.19 90.27 97.76 1.50
8 57.61 60.79 0.22 88.31 97.09 3.55
0 59.00 63.88 0.13 92.85 101.24 1.23
sC 4 - - - 85.73 92.02 0.37
PRS 8 - - - 83.55 98.06 2.08
e 4 56.83 61.93 0.63 88.03 96.21 1.10
8 56.72 62.58 1.57 94.74 101.79 0.82

*T, = onset temperature

T, = peak temperature

‘AE = endothermic enthalpy of gelatinization
RS: rice starch

PRS: pulverized rice starch
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Fig. 5. Enzyme digestibility of rice starch (RS) and pul-
verized rice starch (PRS).

the crystalline state is changed into the non-crystalline
state, reduced mean granule particle size, and increased
granule specific surface area, which makes RS susceptible
to the enzymatic hydrolysis [Lovedeep e al., 2007].
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