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Abstract Producing good-quality, fine rice flour is more difficult than wheat flour because the rice
grain is harder. The non-glutinous Japonica-type variety Seolgaeng, derived from N-methyl-N-nitrosourea
(MNU) mutagenesis, and four other varieties, representing a range of amylose contents, were
evaluated in this study. Dry-milled Seolgaeng rice flour exhibited an average particle size that is
<70 um, a more uniform particle-size proportion than other varieties. Moreover, we noted significant
differences in the damaged starch content in flour from Seolgaeng compared to the other varieties
(p<0.05). Seolgaeng flour showed a round starch structure, which would lead to better friability, finer
particle size, and less damage to the endosperm during dry milling. Indeed, among all varieties
evaluated in this study, dry-milled Seolgaeng flour had the finest particle size (averaging <70 um) and
exhibited less damaged starch. With its round starch granules, Seolgaeng is a suitable candidate for dry-
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Introduction

Rice (Oryza sativa L.) is one of the main agricultural crops in Asian
countries, including Korea, as well as the most important staple food
in the world. Rice kernels are generally eaten in a cooked form in
order to obtain various nutrients. Rice varieties that produce kernels
that are firm and fluffy after cooking are generally favored in
countries such as India, Pakistan, and Indonesia, whereas varieties
with kernels that maintain their shape, glossiness, savory odor,
stickiness, and tenderness when cooked are preferred in Korea. A
number of studies have reported that rice quality is highly dependent
on the rice variety (1,2). Rice can also be processed into flour, which
can then be consumed via various foods such as cakes, noodles,
breads, and confectionaries. Moreover, rice flour is a useful substitute
for wheat flour (Triticum aestivum L.), particularly for people with
wheat hypersensitivity. Specialty rice varieties have been developed
in Korea through mutation breeding approaches using mutagens
such as N-methyl-N-nitrosourea (MNU), and a wide range of useful
grain traits have been obtained and developed into varieties
including altered amylose (e.g., dull, low, and high), floury
endosperm, and giant embryo (3-5). Several studies have been
conducted to develop and improve the quality of multi-purpose rice,
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particularly those intended for use as raw materials for industrial
uses (2,6).

Producing rice flours having fine particles is more difficult than
wheat flour because of the hardness of the rice grain. Rice flour
quality is highly dependent on the rice variety and milling conditions.
Rice flour is usually prepared using one of three milling methods:
wet, semi-dry, or dry. During wet milling, rice is soaked in water,
drained, and ground with water; during dry milling, rice is ground
without the soaking process (7). During semi-dry milling, rice is
soaked, drained, and ground without adding any water. In order to
produce high-quality rice flour of fine particle size that is equivalent
to wheat flour, a number of studies have been performed on the wet
milling method despite its high costs (8). Given the considerable
differences in the milling costs between dry and wet milling, the
production of superior rice flour via dry milling of the most suitable
rice cultivars would significantly reduce milling costs.

At present, there is very little research on the relationship between
the morphological and starch characteristics of rice kernels and the
appropriate varieties for producing good-quality, dry-milled rice flour.
Research on the effects of dry milling on rice flour quality is also
required. In this study, we examined a number of rice varieties with
different genetic backgrounds in order to determine the morphologies
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and starches that are suitable for producing high-quality, dry-milled
rice flour.

Materials and Methods

Materials and sample preparation Five Korean rice varieties
(Boseogchal, Seolgaeng, llpum, Hanareum, and Goami), representing
different amylose contents, were selected for this study (Table 1)
after screening a larger set of varieties that included waxy (Boseogchal)
and semi-waxy (Baegjinju 1), non-waxy Japonica-type (llpum, Seolgaeng,
Samkwang, Hwangmi 1, Deuraechan, and Daerip 1), non-waxy
Tongil-type (Hanareum and Dasan 1), and high-amylose Japonica-
type (Goami and Saegoami) varieties. Rice plants of the selected
varieties were cultivated in an experimental paddy field at the
National Institute of Crop Science (NICS), Suwon, Korea in 2011.
Seeds were sown on April 25, 2011, and seedlings were transplanted
on May 25, 2011. The planting density was 22.22 m (15 cmx30 cm),
and N—P,0s—K,0 fertilizers were applied at the level of 90-45-57 kg/
ha. All cultivars were harvested 45 days after heading. After harvesting,
the paddy rice samples of each variety were air-dried in a shaded
greenhouse until the moisture content (15%) suitable for storage
under natural conditions was achieved. The hulls were removed
from the paddy rice using a roller husking machine (SY88-TH;
Ssangyong Ltd., Incheon, Korea), and the brown rice was polished
using a laboratory polishing machine (MC-90A; Toyo Co., Wakayama,
Japan) in order to analyze the chemical properties of the rice grains.

Morphological and physicochemical characteristics of grains The
length, width, and thickness of each rice grain were determined by
measuring 10 randomly selected head rice kernels using a Mitutoyo
Digimatic Caliper (CD-15CP; Mitutoyo Co., Kawasaki, Japan). The
1,000-grain weight of the milled kernels was measured in grams in
triplicate, and the average weight was determined.

The hardness of the rice kernels was determined by measuring the
pressure at the grain breakage point. A 5-mm probe, 0.4-mm/s test
speed, and 40.0-g trigger force were applied using a Texture Analyzer
(Stable Micro Systems Ltd., Godalming, UK). The moisture content
was calculated as weight loss after drying at 105°C according to
Approved AACC Method 44-15 (9).

For observation using scanning electron microscopy (SEM), the
rice grains were transversely broken at the mid region using a razor
blade, and the pieces were mounted onto a circular aluminum

specimen stub and gold-coated in a vacuum using a PELCO SC-4
sputter coater (Ted Pella, Inc., Redding, CA, USA). The endosperm
structures of the rice were examined using SEM (LEO 440; Leica and
Zeiss Co., Cambridge, England) at a 20 kV accelerating voltage.

The amylose content of each rice sample was determined using
the iodine-colorimetric method described by Juliano (10), and the
amylose-iodine blue color was determined at 620 nm using a UV/
visible spectrometer (Evolution 600 series; Thermo Fisher Scientific,
Waltham, MA, USA).

The chain length distribution of amylopectin was characterized
using high-performance anion-exchange chromatography (HPAEC)
and a pulsed amperometric detector (PAD) according to the method
described by Hanashiro et al. (11) with slight modifications. Briefly,
enzymatically debranched starches were prepared, and 6 mg starch
was suspended in 5 mL of 100% methanol in a screw cap tube. The
samples were then heated to 100°C in a water bath. Ten microliters of
2% (w/v) sodium azide and 50 pL of 600 mM sodium acetate buffer
were added to 1mL of the gelatinized sample. An isoamylase
solution obtained from Pseudomonas amylodermosa was used to
debranch the sample over 24 h at 37°C. The debranched samples
were then centrifuged and filtered through a 0.2-um Millipore FH
membrane. The samples were then analyzed using a HPAEC-PAD
system (DX500; Dionex Co., Sunnyvale, CA, USA) equipped with a
GP50 gradient pump, ED40 electrochemical detector, 50-mm CarboPac
PA1 guard column, and 250-mm Carbopac PA1 analytical column.
Sugars with degree of polymerization (DP) 7 were used to identify
the chromatographic peaks.

Determination of the damaged starch content and particle-size
distribution For dry milling, the moisture content of the rice grain
was equilibrated for >24 h in an air-conditioned room. Rice flours
were prepared using an air classification mill (ACM185; Hankook
Crusher Co., Ltd., Incheon, Korea) under the milling conditions from
two classification speed control of 5 and 15 Hz, respectively.

The damaged starch content of the rice flour was determined
according to Approved AACC Method 76-31 (9) using a Megazyme
starch damage assay kit (Megazyme International Ireland Ltd., Co.,
Wicklow, Ireland). The particle-size distribution of the rice flour was
measured as the volume-base distribution using a laser-diffraction
particle size analyzer (Malvern Mastersizer 2000; Malvern Instruments
Ltd., Worcestershire, UK). The particle size at 50% cumulative
distribution was considered as the mean particle size.

Table 1. Cross combinations and selected characteristics of the rice varieties used in this study

Variety Cross combination Subspecies (eco-type) Year Characteristics
Boseogchal Hwayeong//Tamjin/2*Sinseonchal Japonica 2004 Waxy
Seolgaeng llpum (MNU) mutant Japonica 2001 Medium amylose

llpum Suweon295-sv3/Inabawase Japonica 1990 Medium amylose
Hanareum Milyang103/Suweon405 Tongil 2002 Medium amylose
Goami Milyang95//Gimcheonaengmi/llpum*2 Japonica 2000 High amylose
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Statistical analysis All experiments were performed >3 times, and
the results were statistically analyzed using the SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA). The statistical significance was determined using 1-
way analysis of variance and Duncan’s multiple range test (p<0.05).
The significance of each group between rice for flour and the other
varieties was verified using the Student’s t-test (p<0.001, 0.01, and
0.05).

Results and Discussion

Agronomical, morphological, and starch characteristics of the rice
cultivars  The five rice varieties used in this study represent a range
of amylose contents: waxy (Boseogchal), medium (Seolgaeng, llpum,
and Hanareum), and high (Goami). More than 90% of the milled rice
(dry weight) is starch, comprising two polymeric forms of glucose:
amylose and amylopectin (12). Thus, the functionality of rice flour
depends on the starch characteristics (13). Boseogchal, Seolgaeng,
llpum, and Goami are Japonica varieties developed by the Rural
Development Administration (RDA), Korea, in 2004, 2001, 1990, and
2000, respectively. Hanareum is a high-yield, Tongil-type, rice cultivar
(14) that was developed from a 3-way cross between Indica-type
Suwon 295-SV3 and Japonica-type Inabawase. The induced mutant
variety, Seolgaeng, was developed from Illpum, a high-quality
Japonica variety, using N-methyl-N-nitrosourea (MNU) treatment.

As shown Fig. 1A, non-glutinous Seolgaeng rice has an entirely
opaque endosperm. For various genetic reasons (15,16), the grains
of the glutinous Boseogchal and non-glutinous Seolgaeng appear
similarly opaque. Boseogchal kernels, which have opaque endosperms,
are not chalky. The starch granules of waxy rice endosperms are
tightly packed, but their outer surface has many micro-pores and
hollows (15,17). Temperature affects the development of chalky
kernels, and the white and opaque appearance of chalky areas is
caused by the loose packaging of the starch granules in the rice grain.
Consequently, the grains appear opaque because numerous air
spaces in the starchy endosperm diffusely reflect light. Floury rice
mutants have been developed, and their opaque endosperms are
expected to be easily milled because of the numerous air spaces in
the grain (16).

The morphological properties and hardness values of the kernels
from each variety are shown in Table 2. The length and width of the
rice grains ranged from 4.98 to 5.72mm and 2.57 to 2.97 mm,
respectively. The length/width ratios of Seolgaeng and llpum were
significantly lower than those of other varieties. Boseogchal,
Seolgaeng, llpum, and Goami (all considered as short grains) had
length/width ratios <2. The 1,000-grain weights ranged from 19.7 to
20.8 g. The 1,000-grain weights of Seolgaeng and Hanareum were
significantly lower than those of the other rice cultivars. The moisture
content ranged from 10.9 to 11.8%, but there were no differences in
the moisture contents among the varieties. Significant differences
were observed in the hardness values of the rice kernels (p<0.05).
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Boseogchal

Seolgaeng

Ilpum

Hanareum

Goami

Fig. 1. Grain appearance (A) and scanning electron microscope (SEM)
photographs of the cross section of rice endosperm (B) (5,000x
magnification)

Seolgaeng demonstrated a significantly lower hardness (2.95 kg)
than the other varieties (3.98-5.08 kg).

Starch is the major component of rice grains, and the ratio of
amylose to amylopectin is a major determinant of eating quality,
cooking, and processing properties (1,10,18). According to colorimetric
starch-iodine color absorption studies (10), the amylose contents of
the five varieties are significantly different (Table 2). The amylose
content of Boseogchal, the glutinous variety, is the lowest at 5.4%.
Small differences were noted between Seolgaeng (19.9%), llpum
(20.3%), and Hanareum (19.4%). Goami had the highest amylose
content (27.7%), which was significantly higher than the others.

The amylopectin chain length was analyzed using HPAEC-PAD after
debranching the starch fraction. Seolgaeng exhibited 32.98% short
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Table 2. Morphological and physicochemical characteristics of the rice grain varieties in this study

Morphological properties

Amylopectin chain length distribution (%)

Moisture Amylose
; Length Length/ 1,000 Hardness
Variety (mm) ~ Width Thickness .~ G’rain content (kg) content  DP<12 12<DP<2424<DP<36 36<DP"
(mm) —(mm) e weight (g) (%) (%) (A% (BL%)  (B,%) (B %)
Boseogchal  5.02%  2.86° 2.07° 1.76° 20.6° 11.3° 4.41° 5.4° 32.56°  51.19°  11.50°  4.74%®
Seolgaeng  4.98° 2.97° 2.07° 1.68° 19.7¢ 11.0° 2.95¢ 19.5° 3298°  51.15°  11.12%  4.75%
llpum 4.98° 2.97° 2.11° 1.67° 20.8° 11.8° 3.98¢ 20.3° 33.30° 51.12° 11.01° 4.57¢
Hanareum  5.72° 2.57¢ 1.86¢ 2.22° 19.8¢ 11.3° 4.42° 19.4°  32.00° 51.87° 11.29% 484
Goami 5.18° 2.87° 1.94¢ 1.81° 20.1° 10.9° 5.08° 27.77 3319  50.83° 11.33°  4.64%
YDegree of polymerization
2pifferent lower case letters within the column indicate significant difference at p<0.05.
chains (A chains, 6<DP<12), 51.15% medium-length chains (B1 16 T
chains, 13<DP<24), 11.12% long chains (B2 chains, 25<DP<36), and 7 l
I~ Samk |
4.75% very long chains (B3 chains, DP>37). The five varieties Deutacchan : !
exhibited few differences in the chain length distribution ratio withinthe & 1 |- Baeginjul AROFEU |
e Hwangmil @ | .
amylopectin cluster. = Boscogehal A® Sacgoupl | o= —~
S 10 |F-- _______7,_””493;@ _____________ -
b7 Dacripl ' Hanar_eﬁ‘n Hanareum ° De“}:al“hqn
. . an B
SEM analysis of the endosperm structure  To examine the structural g : /'/ ! Swang%’f ’1. 'Bz.fgmj:feagcsﬁ
. . L. . o i acgoamt Goami 1 \
differences in the endosperms of the varieties, the cross-sectional E Seolgacng @ ! Dacrip @® @ Tpum |
N . 1
appearances of the rice kernels were analyzed (Fig. 1B). Asshownin & 6 | ® Sqolgacng 7
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4t Se -
starch granules of Boseogchal, llpum, Hanareum, and Goami appear i Se__ g
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and no major differences are noted in the arrangement of the starch
granules within the endosperms of these four varieties. In contrast,
the starch granules in Seolgaeng kernels are round, ellipsoidal, and
irregular, and they appear similar to wheat with round starch (19).
Seolgaeng is also opaque, which is similar to waxy rice grains (Fig.
1A), and the internal structure of its endosperm is similar to round
starch granules, unlike the angular shapes of the other varieties. The
white opaque area of Seolgaeng is caused by the round starch
granules, which result in more air spaces in the starchy endosperm
that diffusely reflect light (6).

Dry-milled rice flour properties, particle-size distribution, and
damaged starch content The use of rice grains is limited to cooked
rice; however, rice flour can serve as intermediate material in various
processed foods. During the dry milling process, producing rice flour
with fine particle size is more difficult than wheat owing to higher
grain hardness (20). All rice flours were prepared under 2 types of dry
milling conditions according to classification control using Air
Classification Mill (ACM185; Hankook Crusher Co., Korea). As such,
research on rice varieties with different amylose contents has been
used to identify varieties suitable for dry milling (Fig. 2). One milling
process provided low-speed, 5 Hz air classification speed, and the
resulting rice flours demonstrated considerably lower starch damage
regardless of rice variety. Using the second process, which used a
high-speed, 15 Hz air classification speed, fine flour particles were
finished to <70 um and highly damaged starch (9.4-13.8%) was
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Mean particle size (um)

Fig. 2. Comparison of mean particle size and damaged starch content in
the dry-milled flours according to the Air Classification Mill. Rice flours
were ground at an air classification speed of 5 Hz (a dotted circular line)
and 15 Hz (a solid circular line). A : waxy and semi-waxy varieties, @:
non-waxy Japonica-type varieties; l: non-waxy Tongil-type varieties;
@ : high amylose Japonica-type varieties. The five varieties used in this
study were selected from the other varieties shown here.

noted in all rice varieties, except Seolgaeng (Fig. 2). Dry-milled rice
flours made from generic rice varieties showed an average particle
size of >100 um and the damaged starch content of >10%. Using rice
flour of this quality can reduce the expansion of surface-absorbing
moisture and the degree of absorption in the course of processing
for bread, thereby preventing the deformation of structure or color
of the processed food and maintaining product quality (21,22). In
contrast, dry-milled rice flour produced using Seolgaeng kernels
showed an average particle size that is <70 um and <10% of the
starch is damaged.

According to particle-size distribution, the opaque, non-glutinous
Seolgaeng rice demonstrated a narrow peak at the fine size, whereas
the entire particle-distribution range for the other varieties was wide
(Fig. 3A). Moreover, the dry-milled Seolgaeng rice flour demonstrated
more uniform particle-size distribution than the other varieties,
similar to commercial wheat flour. As shown in Table 3, the mean
particle size of the dry-milled flours obtained was between 65.3 and
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Fig. 3. Comparison of particle-size distributions (A) and damaged starch
content (B) in dry-milled rice flours of Seolgaeng and generic rice
varieties. “Indicates significant differences between Seolgaeng and
other rice varieties at the 5% level according to Student’s t-test

105.1 um. In particular, dry-milled Seolgaeng demonstrated the
highest proportion (50.7%) of fine particles (<56 um), as well as the
lowest average particle size. Consequently, it is possible to produce
fine, dry-milled rice flour using Seolgaeng.

A high percentage of damaged starch has been reported to be
associated with the presence of fine particles during dry milling (23),
and similar results were observed in our study (Fig. 2). We observed
significant differences in the damaged starch content between
Seolgaeng and the other rice varieties. Seolgaeng, which provided
the finest rice flour, exhibited significantly lower damaged starch
content than the other varieties (p<0.05) (Fig. 3B). The effects of
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damaged starch on particle size may be owing to the tightly packed
starch structure and the hardness of the rice kernels. The endosperm
of the rice grain is a very dense and hard structure comprising
complex starches (20). Because rice grains are harder than wheat,
dry milling of rice under the same conditions as wheat results in
higher damaged starch content and fewer fine particles, which in
turn degrades the quality of rice flour (8,20,24). In order to produce
high-quality rice flour that is equivalent to wheat flour, a number of
studies have been performed on the wet milling method despite its
higher costs (7). In addition, rice mutants with a white core, milky
white, complete chalkiness, or floury are being studied to determine
their suitability for use in producing dry-milled rice flour (6,25).

Consistent with the round starch granules (Fig. 1B), we observed
that Seolgaeng kernels are more friable and produce finer particles
with less damaged starch under dry milling conditions than the other
varieties examined here. Our results indicate that processing Seolgaeng
using dry milling technology will yield finer rice flour (19,26) and that
the processing costs for rice flour milling would be considerably
reduced using Seolgaeng rice as the commercial raw material in mass
dry milling operations. Alternatively, Seolgaeng may be a useful
germplasm for the development of a more suitable rice variety by
crossing with Tongi-type materials in order to produce a higher-
yielding variety with round starch granules.

Comparison of the dry-milled rice flour characteristics of the
varieties with different amylose content in this study shows that the
physicochemical properties did not affect the flour characteristics of
dry-milled rice. However, the hardness of the rice kernel appears to
influence the damaged starch content after milling.

In conclusion, the non-glutinous Japonica Seolgaeng rice had an
entirely opaque endosperm. Seolgaeng rice showed a round starch
structure, which would lead to better friability, finer particle size, and
less damage to the endosperm during dry milling. Consequently,
Seolgaeng appears to be suitable for producing fine dry-milled rice.
Accordingly, we can expect to produce dry-milled rice flour that is
similar to wheat flour, and this would considerably reduce milling
costs.
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Table 3. Mean particle sizes and particle-size distributions of dry-milled flours made from the five rice varieties

Particle size distribution (um, %)

Mean particle size

Variety

<56 um 75 um 100 um 150 um >150 um (nm)

Boseogchal 32.1%Y 11.1¢ 13.8° 19.4° 23.5¢ 95.0¢
Seolgaeng 50.7° 13.5° 12.7° 12.3¢ 10.8¢ 65.3¢
llpum 24.6¢ 9.9¢ 12.3¢ 20.8° 32.4° 105.12
Hanareum 31.2° 11.9° 14.9° 19.4° 22.5° 94.5°
Goami 28.7° 10.8° 12.9° 20.8? 26.8° 100.2°

UDifferent lower case letters within the column indicate significant difference at p<0.05.

February 2017 | Vol. 26 | No. 1



48

Kwak et al.

Disclosure The authors declare no conflict of interest.

References

10.

11.

12.

. Choi HC. Current status and perspectives in varietal improvement of rice

cultivars for high-quality and value added products. Korean J. Crop Sci. 47: 15-
32 (2002)

. Tamaki M, Itani T, Suetsugu M. Relationship between the starch properties of

white-core tissue and polishing characteristics in brewers' rice kernels. Plant
Prod. Sci. 12: 233-236 (2009)

. Hong HC, Moon HP, Choi HC, Hwang HG, Kim YG, Kim HY, Yea JD, Shin YS, Kang

KH, Choi YH, Cho YC. New cultivar developed: A lodging tolerant, opaque rice
cultivar “Seolgaeng”. Korean J. Breed. Sci. 43: 532-537 (2011)

. Hong HC, Choi HC, Hwang HG, Kim YG, Moon HP, Kim HY, Yea JD, Shin YS, Choi

YH, Cho YC, Baek MK, Lee JH, Yang Cl, Jeong KH, Ahn SN, Yang SJ. A lodging-
tolerance and dull rice cultivar 'Baegjinju’. Korean J. Breed. Sci. 44: 51-56
(2012)

. Hong HC, Kim YG, Choi YH, Yang SJ, Lee KS, Lee JH, Jung QY, Yang Cl, Cho YC,

Choi IS, Baek MK, Kim MK, Yea JD, Hwang HG, Roh JH, Kim SL, Choi HC, Lee YT,
Lee SH. A medium-maturing, giant-embryo, and germination brown rice
cultivar 'Keunnun'. Korean J. Breed. Sci. 44: 160-164 (2012)

. Ashida K. Properties of floury rice mutant and its utilization for rice flour.

JARQ-Jpn. Agr. Res. Q. 48: 51-56 (2014)

. Chiang PY, Yeh Al. Effect of soaking on wet-milling of rice. J. Cereal Sci. 35: 85-

94 (2002)

. Yeh Al. Preparation and application of rice flour (Rice chemistry and

technology). American Association of Cereal Chemists, St. Paul, MN, USA. pp.
495-539 (2004)

AACC. Approved methods of the AACC, 10* ed. Method 44-15, Method 76-
31. American Association of Cereal Chemists, St. Paul, MN, USA (2000)
Juliano BO. Polysaccharide, proteins, and lipids of rice (Rice chemistry and
technology). American Association of Cereal Chemists, St. Paul, MN, USA. pp.
59-120 (1985)

Hanashiro L, Abe JI, Hizukuri S. A periodic distribution of the chain length of
amylopectin as revealed by high-performance anion-exchange chromatography.
Carbohyd. Res. 283: 151-159 (1996)

Zhou Z, Robards K, Helliwell S, Blanchard C. Composition and functional
properties of rice. Int. J. Food Sci. Tech. 37: 849-868 (2002)

Food Sci. Biotechnol.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Patindol JA, Gonzalez BC, Wang YJ, McClung AM. Starch fine structure and
physicochemical properties of specialty rice for canning. J. Cereal Sci. 45: 209-
218 (2007)

Kim KS, Lee JH, Chin JH, Koh HJ, Kim BK, Kim DG, Lee GL, Seo JH, Choi IY, Choi
BS, Yang TJ. Defining the genome structure of ‘Tongil’ rice, an important
cultivar in the Korean “Green Revolution”. Rice J. 7: 22-30 (2014)

Lisle AJ, Martin M, Fitzgerald MA. Chalky and translucent rice grains differ in
starch composition and structure and cooking properties. Cereal Chem. 77:
627-632 (2000)

Kang HG, Park S, Matsuoka M, An G. White-core endosperm floury
endosperm-4 in rice is generated by knockout mutations in the C-type
pyruvate orthophosphate dikinase gene (OsPPDKB). Plant J. 42: 901-911
(2005)

Kaushik RP, Khush GS. Endosperm mutants in rice: Gene expression in
japonica and indica backgrounds. Cereal Chem. 68: 487-491 (1991)

Zhu UJ, Liu QQ, Wilson JD, Gu MH, Shi YC. Digestibility and physicochemical
properties of rice (Oryza sativa L.) flours and starches differing in amylose
content. Carbohyd. Polym. 86: 1751-1759 (2011)

Zeng J, Li G, Gao H, Ru Z. Comparison of A and B starch granules from three
wheat varieties molecules. Molecules 16: 10570-10591 (2011)

Ikeda TM, Ohnishi N, Nagamine T, Oda S, Hisatomi T, Yano H. Identification of
new puroindoline genotypes and their relationship to flour texture among
wheat cultivars. J. Cereal Sci. 41: 1-6 (2005)

Brites CM, Lourenco-dos Santos CA, Bagulho AS, Beiraoda-Costa ML. Effect of
wheat puroindoline alleles on functional properties of starch. Eur. Food Res.
Technol. 226: 1205-1212 (2008)

Yoon MR, Chun AR, Oh SK, Ko SH, Kim DJ, Hong HC, Choi IS, Lee JH.
Physicochemical properties of endosperm starch and bread making quality of
rice cultivars. Korean J. Crop. Sci. 56: 219-225 (2011)

Nishita KD, Bean MM. Grinding methods: Their impact on rice flour
properties. Cereal Chem. 59: 46-49 (1982)

Sharma P, Chakkaravarthi A, Singh V, Subramanian R. Grinding characteristics
and batter quality of rice in different wet grinding systems. J. Food Eng. 88:
499-506 (2008)

Mo YJ, Jeung JU, Shin YS, Park CS, Kang KH, Kim BK. Agronomic and genetic
analysis of Suweon 542, a rice floury mutant line suitable for dry milling. Rice
J. 6: 37-48 (2013)

Hayakawa T, Seo SW, Igaue I. Electron microscopic observation of rice grain:
Part I. Morphology of rice starch. J. Appl. Glycosci. 27: 173-179 (1980)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


