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Physicochemical Characteristics of Low-amylose Rice Starches*
Michiko Kuno,** Keiji Kainuma' and Setsuko Takahashi

Faculty of Home Economics, Kyoritsu Women’s University
(2-2-1, Hitotsubashi, Chiyoda-ku, Tokyo 101-8433, Japan)
'Bio-oriented Technology Research Advancement Institution
(3-18-19, Toranomon, Minato-ku, Tokyo 1050001, Japan)

For the purpose of determining physicochemical properties of low-amylose rice starch, amylose
content and amylopectin unit-chain distribution were studied by amperometric titration and gel fil-
tration methods. Further, also examined were photopastography, viscosity and gel texture to deter-
mine characteristic gelatinization and retrogradation. Four kinds of low-amylose rice, an aromatic
rice, a large-grain rice and a high-yield rice were used as the rice samples for comparison with two
kinds of high-amylose rice, Hoshiyutaka and Yumetoiro, with Nipponbare as the control. The amy-
lose content of low-amylose rice ranged from 4.3 to 9.6%. Snow pearl was the lowest, Ou 354 at
4.4%, Milky queen at 7.5%, Soft 158 at 9.6%, and Nipponbare at 17.1%. Fr. II, the longer chain
length fraction in amylopectin, was noted at 24.0-26.3%, which was large, similar to the 4 kinds of
low-amylose rice. Fr. III, the shorter chain length fraction in amylopectin, was noted at 55.8—
69.8%. Fr. III/Fr. II was noted at 2.6-2.8, which was smaller, similar to the 4 kinds of low-amy-
lose rice, than Nipponbare by 3.0. With respect to the rice starch, the amylose content showed a
negative correlation for both maximum viscosity and breakdown, and there was a positive correla-
tion with the viscosity when cooled at 50°C. The firmness of rice flour paste negatively correlated
with the highest viscosity of the rice starch, while the firmness of rice flour paste and starch paste
positively correlated with the setback.
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Table 1. Supplier and properties of rice grains.
Weight of Yield
Sample name Supplier Property polished rice (year)
(1000 grains) y
. National Agriculture
Nipponbare Research Center Normal 22.0 1994
Snow Pearl Tohoku .Agncultur‘al Low—amylo§e, 247 1995
Experiment Station large grain
Ou 354 Tohoku A gncultur‘a ! Low-amylose 21.0 1995
Experiment Station
. National Agriculture
Milky Queen Research Center Low-amylose 19.8 1995
Soft 158 Hokuriku Agricultwal 0 o1o6e 212 1994
Experiment Station
Kanto 172 National Agriculture —  \tic grain 154 1995
Research Center
Hokuriku 153~ Hokuriku Agricultural Large grain, 27.9 1994
Experiment Station very high yield
Hoshiyutakav?  Chugoku Agricultural — High-amylose, 17.9 1995
Experiment Station long grain
Yumetoiro” Hokuriku Agricultural High-amylose, 21.9 1995

Experiment Station

very high yield
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Table 2. Amylose contents and amylopectin unit-chain distributions of rice starches on Toyopearl

HW-50 S.
Amylose Gel filtration fraction of debranched starch
Sample COIE;TS Fr. 1 Fr. 1I Fr. I Ratio of
(%) (%) (%) Fr. II/Fr. 1T Fr. Ill/Fr. II
Nipponbare 16.6 17.1 20.9 62.0 1.2 3.0
Snow Pearl 33 43 26.3 69.5 6.1 2.6
Ou 354 42 44 25.8 69.8 5.9 2.7
Milky Queen 7.3 7.5 243 68.2 32 2.8
Soft 158 9.6 9.6 24.0 66.4 2.5 2.8
Kanto 172 — 16.3 20.5 63.2 1.3 3.1
Hokuriku 153 154 16.9 19.9 63.2 1.2 32
Hoshiyutaka 24.1 24.0 18.1 57.9 0.8 32
Yumetoiro 26.2 27.1 17.1 55.8 0.6 33

Starches were debranched by isoamylase for 18 h at 40°C. “Amylose content was measured by iodine
amperometric titration using iodine affinity of potato amylose (18.9 mg /100 mg amylose) as the
standard. * The unit-chain profile was divided into three fractions (Fr. I, II, III) as shown in Fig. 1.
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Fig. 1. Unit-chain profile of isoamylase-debranched
rice starches on Toyopearl HW-50 S.
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Fig. 3. Viscograms of various rice starches measured
by a rapid visco-analyzer.
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Table 3. Viscogram properties of rice starch measured by a rapid visco-analyzer.

inizati ; ; ; ini Viscosity of
cample umiation Maximum viscosty MR preudown cooled | Setback
o ° t 50°C
) ®RVD) (O (RVU) RVD) S RVU)
Nipponbare 68.9 166 85.7 70 96 142 72
Snow Pearl 67.1 244 77.5 95 149 122 27
Ou 354 67.3 232 79.9 93 139 120 27
Milky Queen 70.5 203 94.6 118 85 145 27
Soft 158 66.1 202 78.0 76 126 124 48
Hokuriku 153 68.4 160 80.6 64 96 141 77
Yumetoiro 66.4 118 93.3 97 21 155 58
Firmness (g)
500 0 10 20 30 40 50, 100 110
4 Nipponbare — «
Snow Pearl [ZZ]
- 4004 Ou 354 i)
o] B Milky Queen
& 3004 Soft 158
~ Hokurlku 153 2277777777774
_é‘ 1 Hoshlyutaka A N
§ 2004 Yumetairo \/“y 3
o Adhesiveness (g/s)
> 1004 0 .’;\ 1.0 1.5 29 25 30y 8.0 85
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] Snow Pearl 777
0 T T T T T T T T T T Ou 354 2]
2 4 6 8 10 12 14 16 18 20 (min) Milky Queen
50C 93C 93C  50C  50C Soft 158
Al \ 1 f 1 Hokuriku 153 PZZ77)
I I(— —)le— Hold 93C %I(‘ 9'6 —)l Hoshlyutaka ol L
Heat to 93C Cool to 50C Hold 50C Yumetoiro ez 7|

Fig. 4. Viscograms of various rice flour measured by
a rapid visco-analyzer.
—, Nipponbare; [J, Snow Pearl; B, Ou 354;
A, Milky Queen; A, Soft 158; O, Yumetoiro.
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Fig. 6. Influence of storage temperature and time on
firmness of rice flour gel.
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Table 4. Viscogram properties of rice flour measured by a rapid visco-analyzer.

e C_lainizaton._ Maximum viscosty - My goun ' oooed ' setback
C) (RVU) ¢c) (RVU) (RVU) ﬁéﬁﬁ (RVU)

Nipponbare 69.3 330 92.6 104 226 222 118
Snow Pearl 68.4 407 82.5 66 341 124 58
Ou 354 68.1 353 84.5 75 278 125 50
Milky Queen 69.3 411 92.5 105 306 199 94
Soft 158 70.1 383 92.7 99 284 182 83
Hokuriku 153 71.4 397 92.7 124 273 229 105
Hoshiyutaka 68.0 280 92.7 135 145 362 227
Yumetoiro 66.5 359 92.6 205 154 455 250
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