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Abstract | Japonica rice plants (cultivar, Koshihikari) were treated at high and low temperatures in the early and
late ripening stages. Starches prepared from the outer layer and inner portions of these rice grains were tested
for their physicochemical properties. Generally, starch in the inner portion of rice grains was affected by
temperature in the early ripening stage ; whereas in the outer layer it was more affected in the late ripening stage.
Amylose content was determined by iodine colorimetry and iodine binding capacity method. The amylose content
of the outer layer and inner portion starches increased at low temperatures during grain development.
Miniviscographic parameters of both starches were affected mainly by temperature in the early ripening stage and
modified by that in the late ripening stage. The differential scanning calorimetric (DSC) transition temperature
and gelatinization heat increased under high temperatures for the inner portion starch in the early ripening stage
and for the outer layer starch in the late ripening stage. While the lipid content of inner portion starch increased
at high temperatures in the early ripening stage, the lipid content of the outer layer starch decreased under high
temperature in the late ripening stage. The fatty acid composition of lipids of the outer layer starch responded
to temperature in a manner different from that of the inner portion starch.

Key words : Amylographic property, Amylose content, Differential scanning calorimetry, Fatty acid, Rice grain,
Ripening period, Starch.
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The physicochemical properties of rice
starch have been proved to change with the
environmental conditions during grain ripen-
ing period?. The effect of temperature on
starch property has been documented by
many researchers in an attempt to understand
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the mechanism of the change and to improve
the eating quality of rice cultured under im-
proper temperature conditions!!*!¥. Amylose
content, X-ray diffraction pattern, amylogra-
phic properties and the molecular structure of
starch and the eating quality of rice are known
to be affected by temperature during
ripening"!>1®. Nevertheless, our knowledge on
this subject is based on the data of whole rice
grain.
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In previous reports, it was found that rice
grains developed in a stepwise manner from
the inner portion to the outer layer. The inner
portion starch was synthesized mainly at the
early ripening stage, and the outer layer starch
at the late ripening stage. Furthermore, there
was a tendency that amylose was synthesized
more actively at the late ripening stage. The
portion of starch that was synthesized at the
early ripening stage was more resistant to the
degradation by glucoamylase and hydrochlor-
ic acid*®.

Since the starches in the different portions of
rice grain accumulated in different ripening
stages, their property might change with envi-
ronmental conditions at that time. In this
experiment, rice plants were subjected to tem-
perature treatments at different stages of grain
development, and the properties of starches
from the outer layer and inner portions of the
grains were investigated.

Materials and Methods

1. Rice plants

Japonica variety, cv. Koshihikari was used
for this experiment. Seeds were sown in seed-
ling plates on June 19, 1987. On July 8, three
seedlings were each transplanted to 1/2,000
are pots with 10 hills in the outer cycle and
one hill in the center. Plants were grown in a
glasshouse under natural conditions. To get a
uniform heading the tillers were removed as
soon as they emerged.
2. Temperature treatment

At heading day (August 28), the plants
were transferred to phytotrons for temperature
treatments as shown in Table 1. The tempera-
ture was exchanged on 20th day for L-H
treatment and the 13th day for H-L treat-
ment. The rice panicles were harvested at
maturity and stored in a low temperature
room (5°C) at once.
3. Rice milling and starch preparation

About 100g perfect brown rice grains were
soaked in water at 5°C for 24 hours, then wet
-milled to milling degree of 759, by the
method described in previous papers*®. And
starch granules were prepared by 1.2,
sodium dodecylbenzen sulfonate (SDBS)
washing method.
4. Properties of starch granules

Amylose contents of rice starch were deter-
mined by the simplified method®. The testing

mixture contained 5 mg rice starch, 2 mg
iodine and 20 mg potassium iodine per 100
mL. Iodine binding capacity was determined
with the Automatic Recording Titrator ART-
3 (Hirama Laboratories, Japan) at condi-
tions : temperature, 10°C; titration speed, 2
mL min~!. A differential scanning calorimetry
analysis was conducted on the differential
scanning calorimeter (DSC) equipped with
the 990 Thermal Analyzer (Du Pont Ltd.).
The DSC cells were previously boiled in water.
About 3 mg of starch granules (dry weight,
read to 0.01 mg) were added to enough water
to give a final starch concetration of 309, were
sealed in. The samples were kept at room
temperature overnight. The endotherm of
starch gelatinization was scanned from 30°C to
110°C, under the following conditions: tem-
perature raise rate, 10°C/min; atmosphere,
air ; chart speed, 5°C/cm ; and DSC sensitiv-
ity, I mV/em. The reference was 80 mg of
aluminum oxide. The gelatinization heat (/
H) was obtained from the peak area.

An amylographic measurements were con-
ducted on the miniviscograph (Toyo Seisaku-
sho Ltd., Japan), using 0.9 g of starch (dry
weight) placed in pot added with water to
make a total of 12 g. The temperature pro-
gram was the same as the standard Brabender
amylography??®.

Starch lipids were extracted with 6 volumes
of water-saturated-butanol (WSB) at 95°C
for five hours'?. Methyl esters of fatty acids
were prepared by heating the extracted lipids
with 159, boron trifluoride-methanol solution.
A gas chromatograph (GC-4CM, Shimadzu
Inc., Japan) equipped with column packed
with DEGS (80/100 mesh, Gasukuro kogyo
Inc., Japan) was used to analyze the methyl
esters. The fatty acids of rice starch lipids were
identified by the retention time method. The
amount of each fatty acid was determined on
the peak area recorded by the Chromatopac
against the internal standard of margaric acid.

Results and Discussion

1. Effect of temperature on the ripening duration

As shown in Table 1, the total ripening
duration was long for rice plants grown under
low temperature and short for those grown
under high temperature. The difference
between the L-L treatment and H-H treat-
ment was 12 days. The yield of brown rice was
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Table 1.

Temperature conditions during the ripening stage and yield of rice*.

Temperature (day/night°C) Ripening Brown rice
Treatment early stage %ate stage duration (days) yield (g/pot)
L-L 22/17 22/17 42(20+22) 50
L-H 22/17 32/27 37(20+17) 46
H-L 32/27 22/17 35(13+22) 45
H-H 32/27 32/27 30(13+17) 36

* Data in ( ) represent the days of the early repening stage and the late ripening stage. The day and

night temperature treatment hours was 12,

Table 2.
under different tempratures,

Amylose content and iodine binding capacity of rice starches developed

Iodine binding capacity

Treatment Amylose content (%) (mg/100mg starch)
* inner outer inner outer
L-L 18.7 15.1 2.36 2.47
L-H 15.8 11.3 1.91 1.67
H-L 15.4 14 .4 1.75 2.01
H-H 13.4 10.6 1.37 1.16
* Starch obtained from outer layer and inner portion of rice endosperm,

also affected by ripening temperature and
showed a positive correlation with the ripening
duration. There are many reports that an
optimum temperature is, in general, 21°C to
25°C for Japonica type in the average tempera-
ture of day and night'®, that a reduction in
the duration of grain growth by high tempera-
ture occurs below 30°C!%, and that further-
more a high night temperature accelerates the
grain development!?.

In this experiment, the reduction ratio of the
duration of the low temperature plant for the
high temperature one was 659, in the early
ripening stage and 779, in late one. Conse-
quently, the brown rice grains of H-H treat-
ment were found to be smaller in size'® and
have more imperfect grains than those of L-L
treatment. Though the grain qualities, espe-
cially 1000-grain weight did not determined,
the discoloured® and roughened leaves
seemed to show lowering the leaf activity.

2. Amylose content

Amylose content of starch was higher in rice
grains matured at low temperatures and uvice
versa (Table 2). The difference in amylose
content between the L-L and H-H treatments
was about five percentage points for both the
outer layer and inner portion starches.
Amylose content of starch from the inner
portion of rice grain was mainly affected by

the temperature in the early ripening stage
and that of starch from the outer layer mainly
by temperature in the late ripening stage. The
difference between starches from the outer
layer and inner portions was three percentage
points in both the L-L. and H-H treatment. It
became larger in rice grain of L-H treatment
and smaller of H-L treatment. The fact that
amylose content of starch from the different
layers in rice grain was affected by tempera-
ture in different ripening stages supported the
concept that the physiological gradient existed
within the rice grain”. The values of iodine
binding capacity showed the similar tendency
as amylose content. However, the iodine bind-
ing capacity of starch from the outer layer of
grain was higher than that from the inner
portion when the treating temperature in the
late ripening stage was low, and wvice versa. This
deviation between the iodine colorimetric val-
ue and the iodine binding capacity value
perhaps resulted from the molecular structure
of starch, for not only the amylose but also the
long chain of amylopectin complexed with
iodine.
3. DSC parameters

The transition temperatures and gelatiniza-
tion heat of starch detected on DSC from the
treated rices are shown in Table 3. These
parameters varied with the temperature dur-
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Table 3. DSC characteristics of rice starches developed under different temperatures.
Phase transition temperature*

Treatment portion 4H
Ts’C To°C Tp°C Tc"C (J/g)

L-L outer 54.5 58.2 64.2 74.0 14.0
inner 53.7 55.6 63.0 731 14.5

L-H outer 57.6 59.3 67.8 83.1 16.0
inner 54.6 56.6 64.0 81.3 16.8

H-L outer 58.1 61.4 67.2 79.3 16.0
inner 59.1 62.0 68.3 80.8 16.2

H-H outer 62.2 65.3 72.0 83.5 16.2
inner 62.1 65.3 71.0 83.0 17.8

* Phase transition temperature : Ts, endotherm start temperature; To, onset temperature;
Tp, peak temperature ; Tc, conclusion temperature.

ing grain development. The general tendency
of change is that the higher temperature
during ripening caused the higher transition
temperatures and gelatinization heat of starch
in DSC.

The difference of transition temperatures
between starches from the outer layer and
inner portions varied with the treatments. The
transition temperatures were essentially the
same in the outer layer and inner portion
starches in the H-H treatment, and higher in
the inner portion starch than in the outer layer
starch in the H-L treatment. It turned higher
in the outer layer starch than in the inner
portion starch in the L-L and L-H treatments.
The gelatinization heats seem to be higher in
the inner portion starch in all the four treat-
ments.

4. Miniviscographic properties

The whole operating procedure of minivis-
cography followed that of standard Brabender
amylography with a small scale of sample in a
small cup. The results obtained with this
instrument are considered to reflect the past-
ing property by the standard amylography.
All the parameters were affected mainly by the
temperature in the early ripening stage and
modified by that in the late ripening stage
(Table 4). The pasting temperature fell and
the viscosity values rose for starch as the
temperature during ripening got higher. The
change of pasting temperature was just
inverse to the transition temperature in DSC
endotherm curves in this experiment. The
outer layer starches showed a lower pasting

temperature, higher peak viscosity, and bigger
breakdown than the inner portion starches in
all the four treatments, although the difference
between the two portion starches became
smaller in the H-L treatment that had high
temperature in the early ripening stage and
low temperature in the late ripening stage.
5. Fatty acid composition of starch lipids

The nonstarch lipids in rice grains have
been studied in detail'”'®. However, informa-
tion about the starch lipids as affected by
temperature during the ripening period is
scarce. In the present experiment, the lipid
content and fatty acid composition in starch
were found to be affected by the temperature
during grain development (Table 5). The
lipid content in starch from the inner portion
of grain increased under high temperatures in
the early ripening stage; whereas the lipid
content in the outer layer starch showed an
inverse response to the temperature, and it
decreased under high temperature in the later
ripening stage. For the fatty acid composition,
the myristic acid and oleic acid contents in-
creased, and the palmitic acid and linoleic acid
contents decreased in the inner portion starch
lipids as affected by high temperatures in the
early ripening stage. The change in fatty acid
composition of the outer layer starch lipids
appeared to be more complicated. The oleic
acid content in the outer layer starch lipids
showed similar tendency of changes as in the
inner portion starch lipids, increased by the
higher temperature in both the early and late
ripening stages. The myristic acid and palmitic

NII-Electronic Library Service



344 Japanese Journal of Crop Science Vol. 59, 1990

Table 4. Miniviscographic properties of rice starches developed under different temperatures.
Treat- Portion Past. Viscosity (U)* Breakdown Setback
[} * *

ment temp."C peak minimum final (U) (L)

L-L outer 79.3 330 206 426 124 220

inner 86.0 228 200 350 28 150

L-H outer 74.8 378 214 355 164 141

inner 82.4 268 220 364 48 144

H-L outer 74.8 510 255 464 255 209

inner 77.0 500 295 546 205 251

H-H outer E— — 270 385 115

inner 74.8 515 325 520 190 195

* U is miniviscographic unit,

Table 5. Fatty acid composition of internal lipid of rice starches developed under different
temperatures.
Percentage of fatty acid* 9% of
14:0 16:0 18:0 18:1 18:2 18:3 20:1 starch
L-L
outer 1.60 46.2 3.56 15.3 29.8 1.93 1.60 0.579
inner 2.01 47.7 4.34 12.6 31.3 1.51 0.54 0.531
L-H
outer 2.23 49.9 3.24 17.0 26.3 1.09 0.28 0.429
inner 2.08 46.7 5.79 15.8 26.3 1.87 1.46 0.491
H-L
outer 2.10 45.7 3.54 18.0 28.2 1.48 0.89 0.549
inner 2.26 43.9 6.10 16.1 27.0 1.89 2.71 0.578
H-H
outer 2.25 45.9 3.41 25.3 21.4 1.10 0.62 0.389
inner 2.39 439 5.56 21.6 24.2 1.24 1.09 0.541

* Fatty acids: 14:0, myristic acid, 16:0, palmitic acid, 18:0, stearic acid, 18:1, oleic
acid, 18:2, linoleic acid, 18:3, linolenic acid, 20: 1, eicosenoic acid.

acid contents decreased, but the linoleic acid
content increased under low temperatures in
the late ripening stage. The results above
indicate that the lipid content and fatty acid
composition in the outer layer and inner
portion starches were affected by temperatures
during the different ripening periods and re-
sponded in a different manner.

Acknowledgments

Guang-Cen He thanks the Ministry of
Education of Japan for granting the scholar-
ship during his Ph. D. studies.

Refferences

1. Asaoka, M., K. Okuno and H. Fuwa 1985. Effect
of environmental temperature at the milky stage
on amylose content and fine structure of
amylopectin of waxy and nonwaxy endosperm
starches of rice (Oryza sativa L.). Agric. Biol.
Chem. 49: 373—379.

2. Gomez, K.A.
protein and amylose content of rice. In Chemical
Aspects of Rice Grain Quality. International Rice
Research Institute. Los Banos, Philippines. 59—
68.

3. Halick, J.V. and V.]. Kelley 1959. Gelatinization

1979. Effect of environment on

NII-Electronic Library Service



HE et al.

Property of Rice Starch affected by Temperature

345

10.

11.

12.

and pasting characteristics of rice varieties as
related to cooking behavior. Cereal Chem. 36 : 91
—98.

. He, G.-C., K. Kogure and H. Suzuki 1989.

Development of endosperm and synthesis of
starch in rice grains. . Development of en-
dosperm and distribution of '*C-labeled assimi-
lates. Japan. Jour. Crop Sci. 58 : 246—252.

, and 1989. Devel-

opment of endosperm and synthesis of starch in

rice grain. [[. Synthesis of starch. Japan. Jour.
Crop Sci. 58 : 253—259.

, and H. Suzuki 1988. A method to
remove the outer layer of rice endosperm without
damaging starch granules. Cereal Chem. 65 : 307
—312.

and 1989. Properties of
starches from the outer layer and central core of
rice endosperms. J. Agric. Chem. Soc. Japan 63 :
981—989*.

. Juliano, B.O. 1971. A simplified assay for milled-

rice amylose. Cereal Sci. Today 40: 1—7.

. Kuroyanagi, T. and G.M. Paulsen 1985. Mode of

high temperature injury to wheat. II. Compari-
sons of wheat and rice with and without
inflorescences. Physiol. Plant. 65: 203—208.
Matsushima, S. and G. Wada 1960. Analysis of
developmental factors determining yield and its
application culture
improvement of lowland rice. LII. Studies on the
mechanism of ripening (10). Proc. Crop Sci Soc.
Japan. 28 : 44—45*.

Morrison, W.R., S.-L. Tang and K.D. Hargin
1980. Methods for the quantitative analysis of
lipid in cereal grains and similar tissues. J. Sci.
Food Agric. 31: 329—340.

Nagato, K. and M. Ebata 1960. Effects of temper-

to vyield prediction and

13.

14.

15.

16.

17.

18.

19.

ature in the ripening periods upon the develop-
ment and qualities of lowland rice kernels. Proc.
Crop Sci. Soc. Japan. 28 : 275—278*.
Sano, Y., M. Maekawa and H. Kikuchi 1985.
Temperature affects on the Wx protein level and
amylose content in endosperm of rice. J. Heredity
76: 221—222.
Sato, K., K. Inaba and M. Tozawa 1973. High
temperature injury of ripening in rice plant. [ .
The effects of high temperature treatments at
different stages of panicle development on the
ripening. Proc. Crop Sci. Soc. Japan 42: 207—
213*.
Suzuki, H., S. Chikubu and T. Tani 1958. Studies
on the rices cultured by the early and late season
growing. 1. Physical and chemical properties of
non-glutinous rices and their starches. J. Agric.
Chem. Soc. Japan 33: 275-279*.

, S. Hizukuri and Z. Nikuni 1963.
Studies on the rices cultured by the early and late
season growing. [I. Physical and chemical prop-
erties of glutinous rices and their starches. J.
Agric. Chem. Soc. Japan 37 : 63—66*.
Taira, H., H. Taira and K. Fujii 1979. Influence
of variety and crop year on lipid content and fatty
acid composition of lowland nonglutinous brown
rice. Japan Jour. Crop. Sci. 48 : 220—228*.

, and 1979.
Influence of cropping season on lipid content and

fatty acid composition of lowland nonglutinous
brown rice. Japan. Jour. Crop. Sci. 48: 371—
377*.

Tashiro, T. and LF. Wardlaw 1989. Comparison
of the effect of high temperature on grain develop-
ment in wheat and rice. Ann Bot. 64 : 59—65.

In Japanese with English summary.

NII-Electronic Library Service





