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Abstract To investigate the effect of soaking and particle sizes on the properties of rice flour and gluten—free rice bread,
wet-milled (WREF, dried at 20°C) and dry-milled rice flours (DRF) were passed through sieves (45 or 100 mesh). Soaking of
the rice grains affected the particle size distribution of flour passed through the same size screen. The L and b values of WRF
were higher than those of DRF and were not changed with decreasing particle sizes, but DRF increased L and decreased b
values. The initial pasting temperatures and setback viscosities of both flours decreased with decreasing particle sizes. The
swelling powers at 100°C increased with decreasing particle sizes in DRF, but maintained in WREF. Starch granules were observed
on the surface of flour particles in WRFE. The apparent viscosity of WRF paste exhibited 3-5 times higher than that of DRE. Thus,
wet milled rice flour with smaller particle sizes (¢<150 um) showed better properties for making gluten-free rice bread.
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Introduction

Rice is a very important worldwide crop, and is used as a
staple food, in both grain and flour forms. Rice flour is
consumed principally in Asia, and has been used in the
preparation of a variety of traditional oriental foods,
including rice cakes, rice noodles, rice cookies, and others.
Rice flour is also increasingly utilized in developed
countries, as well as countries in Asia, and therefore, the
market for rice flour is growing (1).

Three methods, dry-, wet-, and semi-dry-milling, have
been used to grind milled rice kernels into flours. In
general, wet-milled rice flour (WRF) is better than dry-
milled rice flour (DRF) with regard to the preparation of
rice products (1, 2), but the reason for it is not well known.
The particle size distribution and damaged starch content
in flour are two key factors that affect the physical
properties and applications of rice flour (3-6). Some
scientists have studied to make rice bread using rice flour
with different milling methods (7-10). Bean et al. (7)
reported a noticeable improvement in bread texture when
they substituted WRF for DRF in 100% rice bread.
Soaking constitutes an essential step in wet milling, and
both soaking temperature and time have affected the
properties of rice flour, such as particle sizes and starch
damage (8). Dry rice flour is needed to make bread,
because the recipe for it requires dry flour instead of wet
flour. However, WRF has a high degree of water content
and is difficult to handle and supply to the market or
stores. To make dry rice flour commercially, the soaked
rice grain is milled by the roller mill and wet flour is dried
using hot air commonly (1, 11). WRF dried at room
temperature after wet-milling of soaked rice kernel
showed the similar processing properties of wet flour.

Recently, the studies on the gluten-free bread have been
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reported that it can be used for sufferers of coeliac disease
that is inflammation of the small intestine leading to the
malabsorption (11-13). Rice might provide a good basis
for gluten-free bread, because rice has properties such as
the absence of gluten, low levels of sodium, protein, and
fat (10).

Therefore, the objectives of this study were to
investigate the effects of soaking and particle sizes on the
properties of rice flour and the possibility for making
gluten-free bread by using rice flour.

Materials and Methods

Materials ‘Ilmibyeo’, non-waxy milled rice, was
purchased from Jeonnam Agricultural Research and
Extension Services in 2003.

Preparation of rice flours Two types of milled rice
flours were prepared from dry grain and wet grain, which
were soaked for 12 hr at room temperature. The milling of
rice grain was done using a food mixer (HR2835; Philips,
Mexico City, Mexico) with a stainless steel blade. Wet-
milled rice flour (WRF) was dried for 3 days in the cold
room at 15+3°C. Rice flour samples were then passed
through 45 and 100 mesh screens, respectively, to obtain
rice flour with different particle sizes using ASTM sieves,
such as <355 or <150 pm, then stored in a -20°C freezer
until used for further analyses.

Determination of physicochemical properties Moisture
(method 44-15A), protein (method 46-11A), ash (method
08-01), and crude lipid (method 30-10) contents were
measured by AACC methods (14). The amylose content
of rice flour was measured by the method of Song et al.
(15). To obtain the standard curve for determination of
amylose content, the rice starch was separated into
amylose and amylopectin using the method of
Montgomery and Senti (16). A mixture of certain ratios
for isolated amylose and amylopectin was used for
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measuring of amylose content by the method of Williams
et al. (17). The color values of the flour samples were
assessed using a Chroma meter (CR-300 series; Minolta,
Tokyo, Japan) and the Hunter L (lightness), +a (redness),
and +b (yellowness) values were measured. The L, a, and
b values of standard white plate used were 96.90, 0.21,
and 2.21, respectively. Water binding capacity was
determined by Medcalf and Gilles’ method (18). Swelling
power and solubility were determined at 100°C (15).

Scanning electron microscopy In order to observe the
shape and size of the rice flour particles, a scanning
electron microscope (SEM) was used. Scanning electron
microphotographs were obtained using a Joel, JSM-5400
(Tokyo, Japan) microscope, at an accelerating potential of
20 kV at 50 and 1,000x magnification. The flour samples
were attached to an SEM stub, using double-sided
cellophane tape. The stub and sample were then coated
with gold-palladium, examined, and photographed.

Measurement of particle size distribution The particle
size distribution of DRF and WRF passed through
different size screens was measured using an LS particle
size analyzer (model LS 100Q; Beckman Coulter, Inc.,
Fullerton, CA, USA). The rice flour was dispersed in
ethanol and measured at room temperature.

Rapid Visco-Analyzer The pasting behaviors of rice
flours were investigated with a Rapid Visco-Analyzer
(RVA, model 3D; Newport Scientific Pty., Ltd,
Narranbeen, Australia) according to the AACC standard
method (19). Rice flour (4 g, on 14% moisture basis) was
transferred into distilled water (25 mL) in the canister and
then mixed thoroughly. The temperature was maintained at
50°C for 2 min and then raised to 95°C for 6 min. The
sample was maintained at 95°C for 2 min, cooled to 50°C
for 6 min, and maintained at 50°C for 2 min. A plot of
paste viscosity in arbitrary RVA units (RVU) versus time
was then used to determine the initial pasting temperature,
peak viscosity (P), trough viscosity (T), final viscosity (F),
breakdown viscosity (P-T), and setback viscosity (F-T).

Flour paste viscosity by Brookfield viscometer The
changes in the viscosity of the rice flour paste were
measured with a Brookfield viscometer (Brookfield
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Engineering Lab. Inc., Stoughton, MA, USA) (15). The
rice flour (2.0 g, d.b.), distilled water (30 mL), and a
magnetic bar (¢ 3.2x13 mm) were placed into a 50 mL
centrifuge tube with a screw cap. These tubes were then
heated in a boiling water bath for 10 min with stirring. The
flour paste was then poured immediately into vials (¢ 2x4
cm) without air, and maintained for 1 min with its
apparent viscosity being measured every 1 min for 20 min.
An LV No. 4 spindle was used at 12 rpm.

Making gluten-free rice bread DRF and WRF passed
through 100 mesh sieve were prepared for making rice
bread using transglutaminase (20). It was hard to prepare
battér for rice bread with coarse particle rice flours (above
'355 pm). The ingredients for the gluten-free rice bread
were, rice flour (100 g), yeast (Jenico Foods Co., Jeonbuk
Korea) (3 g), sugar (7.5 g), skim milk powder (10 g),
butter (6 g), salt (2 g), transglutaminase (TGase, ACTIVA-
TG, STG-M from Streptoverticillium sp., Ajinomoto Co.,
Inc., Tokyo, Japan) (0.01 g), and water (110 g). Rice flour
mixture was prepared by mixing and sifting 5 times using
rice flour, TGase, sugar, salt, and skim milk powder. It was
mixed by Hobart mixer (2™ speed for 15 sec and 3™ speed
for 10 sec). Yeast dispersion (in 110 g water) was added
into bowl in flour mixture and mixed well at the same
speed and time. The first and second proofing was carried
out for 30 and 45 min, respectively at 35°C and RH 75%.
Baking was done in an oven (Turbofan Back Bar Co.,
New Zealand) at 175°C top and bottom heat for 25 min.
After baking the loaf was depanned and cooled on a
cooling rack at room temperature for 4 hr.

Statistical analysis All the samples were analyzed at
least in duplicate, unless otherwise indicated, and the mean
values and standard deviations were reported. Statistical
analyses were conducted via Duncan multiple range test
using the SAS software package (SAS Institute Inc., Cary,
NC, USA).

Results and Discussion

Compositional analysis and physicochemical properties
of rice flours The moisture, protein, ash, and crude lipid
contents of DRF and WRF were 12.21£1.10 and 12.11%+
0.87%, 7.47+0.31 and 6.76+0.37%, 0.71+0.01 and 0.31+

Table 1. Apparent amylose content and physical properties of dry- and wet-milled rice flours with different particle sizes

Maximum Water binding Apparent amylose Swelling power Solubility (%)
particle size capacity (%) content (%) at 100°C at 100°C
DRFEV -
<355 um 290£10 16.04+0.55° 19.46+1.66° 18.55+1.51°
<150 pm 348+39* 16.53+0.01° 20.72+1.41* 25.43%1.65*
WREY
<355 um 349+14* 17.6510.08* 21.73£1.29% 25.0740.70®
<150 um 343+7% 17.7240.08* 21.48+2.12% 26.1340.50%

YDRF and WRF mean dry- and wet-milled rice flours, respectively, and DRF and WREF used for determining all properties were based on dry

basis.

2Means within a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
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0.02%, 1.04+0.01 and 1.02£0.02%, respectively. Protein
and ash contents of DRF were higher than those of WRF,
because p'rot;ein and ash were leached out from rice grain
during soaking (1). Table 1 shows apparent amylose
, content and physical properties of rice flours with different
particle sizes. The amylose content of the DRF was lower
than that of WRFE. During the process of alkali
gelatinization of starch to determine apparent amylose
content, it was hard for alkali solution to penetrate into
inside of DRF particles and to react with iodine solution.
WRF prepared from wet grain might separate starch
granules from cell wall material and absorbed alkaline
solution rapidly. Soaking, milling, and passing through
screens could help to easily detach starch granules from
flour particles. These trends revealed the difference of
apparent amylose contents between them. Soaking before
milling of rice grain was an important factor to penetrate
water into flour particle and helped to gelatinize starch
granules in flour particles. Water binding capacity of DRF
was lower than that of WRF. The swelling power and
solubility of DRF and WRF at 100°C were 19.5-20.7 and
21.5-21.7, 18.6-25.4 and 25.1-26.1%, respectively. The
swelling power and solubility of WRF remained similar,
regardless of particle sizes, but those of DRF decreased
along with increasing particle sizes. Water binding
capacity and swelling power contributed to the increasing
consistency of batter.

The color values of DRF and WRF with different
particle sizes are shown in Table 2. The lightness L values
of DRF increased with decreasing particle sizes, and the
yellowness +b evidenced an opposite trend. The color of
WREF was judged to have a higher L value and a lower b
value, regardless of particle sizes, and WRF (95.4-95.9)
was consistently whiter than DRF (92.7-94.6). Yoon and
Kim (21) reported that whiteness and lightness of milled
rice were negatively correlated with protein, fat, and ash
contents. The fact that lightness was higher in WRF than
DRF had to do with that the former had lower protein,
lipid, and ash contents than the latter. Color measurement
revealed that the finer the flour was, the brighter and
whiter its color became. Kum et al. (22) also reported that
L values increased and b values decreased as particles
became finer.

Table 2. Hunter color values of dry- and wet-milled rice flours
with different particle sizes

Hunter color values

Maximum
particle size |, (Lightness) +a (Redness/  =b (Yellowness/
greenness) blueness)
DRF
<355um  92.68H0.94Y  -1.01+0.02° 5.1040.02¢
<150 um 94.6620.14° -1.04140.02° 3.800.00°
WRF
<355um  95.44+0.05® -0.93+0.01* 3.2310.01°
<150 pm 95.89+0.03* -0.9310.02° 2.87+0.02¢

UDRF and WRF mean dry- and wet-milled rice flours, respectively.
PMeans within columns with different superscripts are significantly
different at p<0.05.

Fig. 1. Scanning electron microphotographs of dry-milled (D)
and wet-milled (W) rice flours with different particle size and
magnification. Particle sizes of flours were <355 pum (A), and
<150 um (B), and magnification were 50x (1) and 1,000X (2),
respectively.

Shape by using SEM The shape of DRF and WRF
particles was observed via SEM. These photographs are
shown in Fig. 1. DRF showed some lumps and coarse
flour with smooth surface of particles and did not display
starch granules on the surface of cell wall material. But
starch granules were observed on the surface of WRF
particles and the granular shape was shown obviously.
Some starch granules separated from flour particles were
also observed on DRF with smaller particles (<150 pm)
compared to DRF with coarse particles (Fig. 1, DB2). The
separation of protein body and cellular materials from
starch granules in cells affected the structure and
properties of flour particles. Such protein-starch and fiber-
starch interactions would be weakened due to the loss of
the protein bodies during soaking or milling with fine
particles (1). Those starch granules might be separated
from cells not only during the milling process but also
during the sifting process.

Particle size distribution The particle size distribution
patterns of DRF and WRF are shown in Fig. 2. As the
standard sieve number increased, the fraction of small size
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Fig. 2. Particle size distribution patterns of dry- (D) and wet-
(W) milled rice flours with different particle sizes. Particle size
of flours were <355 pm (D45, W45), and <150 um (D100, W
100), respectively.

particles (<80 um) increased. WRF passed through 45 or
100 mesh screen showed similar patterns, especially
binominal distribution under 40 pm of particle sizes. Their
volume percent ratios were 22.0 and 27.4% in 2-15 um
fraction, 13.7 and 17.8% in 15-37 wm fraction. However,
DRF was broadly distributed under 40 um particles. In
DREF, the percent ratios in 3-37 um fraction were similar to
those of flour with <150 pm, but lower in flour with <335
um. In the case of the same particle sized flours, WRF
showed a higher volume percent ratio of 37-80 Wwm
fraction than DRF.
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Chiang and Yeh (1) reported that during soaking, the
more water was diffused into the rice kernel, the softer the
kernel became and the smaller particles became. The sizes
of rice starch granules usually ranged between 1.6 and 8.7
um (23), and therefore the fraction, ranged from 2 to 10
um in the particle size distribution was considered as
isolated starch granules in the flour. The ratio and pattern
of smaller particles (2-37 um fractions) of small sized
DRF and WRF showed almost similar patterns and the
physicochemical properties of their flours, such as water
binding capacity, swelling power, solubility, and lightness,
exhibited the same trends.

Pasting properties by RVA  Pasting properties for DRF
and WRF measured by RVA are shown in Table 3. The
initial gelatinization temperatures of DRF and WRF were
68.6-71.1 and 62.4-65.3°C, respectively, and DRF had
higher initial gelatinization temperatures than WRE
Soaking conditions and particle sizes affected all
parameters, and initial gelatinization temperatures were
determined to decrease with decreasing particle sizes.
Chen et al. (2) reported the same results as ours; namely,
that the initial gelatinization temperature decreased along
with decreasing particle sizes. The peak viscosity,
breakdown, and setback viscosity trends associated with
WRF were opposite to those observed in conjunction with
DRE, and those of WRF decreased with increasing particle
sizes. Lee and Kim (24) reported that the initial gelatiniza-
tion temperature of non-waxy rice flour decreased and
peak viscosity increased, along with decreasing particle
sizes. Kum and Lee (25) reported similar results of
amylograms in which the initial pasting temperature was
observed to decrease, and the peak viscosity was observed
to increase, with decreasing particle sizes in the rice flour.
The same results were found in a study conducted by
Marshall (26). The initial pasting and peak temperature
and enthalpy decreased along with decreasing particle
sizes when DSC was used. This result was similar to that
observed with DRF, but was different from that observed
with WRFE. Kum et al. (22) reported that as particles
became finer, initial pasting temperatures tend to decrease
and the peak viscosity tends to be reduced. Hamaker and
Griffin (27) reported that proteins with disulfide bonds in
the rice flour restrict the swelling of starch granules during
gelatinization, and render the swollen granules less
susceptible to disruption by shearing.

Table 3. Pasting properties of dry- and wet-milled rice flours with different particle sizes by Rapid Visco-Analyzer

Maximum Initial pasting Viscosity (RVU)
particle size temperature (°C) Peak (P) Trough (T) Final (F)  Breakdown (P-T)  Setback (F-T)
DRFY
<355 pum 711 530.3 238.8 385.5 2915 146.7
<150 um 68.6 517.5 246.2 382.8 2713 136.6
WRFV
<355 um 65.3 430.3 200.0 3272 230.3 1272
<150 um 62.4 3179 160.8 259.4 157.1 98.6

UDRF and WRF mean dry- and wet-milled rice flours, respectively.
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Fig. 3. Changes of apparent viscosity of rice flour pastes using
Brookfield viscometer. D and W means dry- and wet-milled rice
flours with different particle sizes (passed through 45 and 100
mesh screen, respectively).

Paste viscosity by Brookfield viscometer Changes in
the viscosity of DRF and WRF pastes with different
particle sizes are shown in Fig. 3. After heating the flour
suspension in a boiling water bath with stirring, the
viscosity of the hot pastes was determined to increase
slightly during the storage. The paste of WRF maintained
consistently higher viscosity than that of DRF. Fine
particle rice flour (<150 pm) paste had a higher viscosity
than did coarse particle rice flour (<355 um) paste,
regardless of dry and wet milling. Chun er al (28)
reported dry milled rice flour (<125 pm) showed
pseudoplastic behavior with 0.36 of flow behavior index
(n) and 0.48 Pa-sec of apparent viscosity. Not only milling
method but also particle sizes of rice flour affected hot
paste viscosity. WRF had higher water binding capacity,
swelling power, hot paste viscosity, initial pasting
temperature, and lower setback viscosity than DRE. WRF
with smaller particles might be desirable when non-waxy
rice flours are used for cooking and storage. To develop
rice flour products for the purpose of increasing the
consumption of rice, rice flour might be prepared from wet
milling of rice with smaller particles. But for transporta-
tion and storage, WRF might be also dried at lower
temperature.

Preparation of gluten-free rice bread To obtain the
proper conditions for rice flour to make gluten-free rice
bread, DRF and WRF with different particle sizes were
baked. The batters prepared from DRF and WRF passed
through a 100 mesh screen were able to make bread and
the shape of rice bread is shown in Fig. 4.

Rice bread without adding wheat flour or gluten, called
gluten-free bread, has required different methods and
technology for breadmaking. Gluten-free doughs are more
fluid than wheat doughs and closer in viscosity to cake
batters (12) due to the lack of a gluten network. These
batter type doughs have to be handled similarly to cake
batters rather than typical wheat doughs. Batter
consistency was standardized by varying water levels to
achieve the same force during extrusion (29). Using
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Fig. 4. Whole and cross section of gluten-free rice bread
prepared from dry-milled (D) and wet-milled (W) rice flours
passed through 100 mesh screen.

sorghum and corn starch mixture for making gluten-free
bread, increasing water levels increased loaf volume, while
increasing xanthan gum level and skim milk powder
decreased the volume and loaf height, respectively (12).
When two rice breads were compared, rice bread made
from WRF was higher volume and more moistness,
softness and homogeneous structure than that from DRF,
and the latter was not cooked well.

We considered that the higher level of small particles
resulted from starch granules in WRF helped gelatinize
easily, and increase the viscosity of batter and paste which
led to increase volume and network in rice bread.
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