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Youichi YosHir*, Masami Arisaka*, Toshio Jou**
and Toshirou Havyakawa**

* Food Research Institute of Niigata Prefecture, 2-25,
Shin’'ei-cho, Kamo-shi, Niigata 959-13
** Department of Applied Biological Chemistry, Faculty of Agriculture,
Niigata University, 2-8050, Ikarashi, Niigata-shi, Niigata 950-21

Low-amylose rice will be supposed to increase in quantity as food materials. So, physicochem-
ical properties of milled rices were investigated in consideration of amylose content using 19 varieties
of non-glutinous rice, 11 of low-amylose rice and 10 of glutinous rice. The amounts of acid
hydrolysis residue from rice starches showed high correlation with amylose content (r=0.917**). The
amount of the residue of glutinous rice starches, low-amylose rice starches and non-glutinous rice
starches was 30-81, 183-252 and 305-516 mg/100 g, respectively. Water absorption of milled rices
showed high correlation with either amylose content {r=—0.955**) or the water absorption of rice
starches (r=0.953**). The water absorption of rice starches from glutinous rice, low-amylose rice and
non-glutinous rice was 49.3-50.8, 47.0-48.3 and 44.5-47.8%, respectively. From this result, water
absorption of milled rices would depend on that of rice starches. Peak viscosity of amylograph
characteristics showed high correlation with amylose content (r=—0.923**). Tand (=G"/G’) of
cooked rice showed high correlation with amylose content (r=—0.944**), and the tand of glutinous
rice, low-amylose rice and non-glutinous rice was 0.426-0.529, 0.360-0.415 and 0.196-0.349, respectively.
Acid-solubility showed high correlation with either amylose content (r=—0.973**) or tand of cooked
rice (r=0.951**). The acid-solubility of glutinous rice, low-amylose rice and non-glutinous rice was
92.2-99.4, 79.6-84.3 and 52.5-77.5%, respectively. However, these components showed no correlation to
protein content of milled rices. From these results, it was concluded that low-amylose rice whose
amylose content was less than 14.0% were intermediate properties between glutinous rice and
non-glutinous rice for all the components related to amylose content.
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Table 1 Amylose content and protein content
of milled rices

LT HBXK 1 ROMARKMEZR~, BEEOBRIKE <

Amylose  Protein
y—vEREHMLTVWAIE, TiIos 537 ¢« —HHET Variety c(lé/;l)tent c(%l)tent
3, bHEREIMILEENBEL RSHEXELEVT
&, BT S u— RKEBHLER S S 3 bR EARicg  Non-slutinous rice
BEMENS BbKE L LROBRTH S O &, KED Hoshl){utaka 26.4 6.87
Wit L TONEROAS SRUNT 2 ik BRAL Hokka% 276 gou 23.3 9.24

Hokkai 277 gou 23.0 12.30
Hid, bbK2ETIv—RK>HEbKTHEIELE Hakeisake 300 22.3 8.62
EHSHICLTV S, Tyuugoku 113 gou 22.2 7.03
Lirl, $BXRRUIBZBKEMLLTET $ v—2X Kantou 160 gou 22.1 9.40
AMED LS HELFHEEET 20+ I 0 Ouu 342 gou 22.0 7.20
TV EREWEL, Sasanishiki 21.1 5.62
TIT, FMEAKHEORTRIE AL S p ok, E  Sokal 18T gou 21.0 9.10
7 Lo-AKBLULBRERL, 70— 2SRER If;:t;’“ 198 gou oo o
RILT, ALFMeY, REKS, 730757 1 —Kik Hokuriku 149 gou 21.1 9.24
KER DB, BRARE S & OB(LENRHE AR Habataki 19.2 8.95
NI:DTHET 5. Hokuriku 162 gou 18.7 8.19
Takanari 18.6 9.59
X875 R Nihonbare 18.5 8.00
1. B 8 K%nuh'ikar‘i 18.5 6.82
Rk TR S AR T0 RO D, HiKIE (2 - o o o

g —u vz, ENBIER(BR)) THE 0% KBTS Low-amylose rice
7-592b¥ 1958, E7Io— K1l HBLUbBXK10 Aya 17.6 9.33
REERL . BRUABMORE - RiE, £ OBRY Koutei-04 17.6 8.76
OR#FDOT I o -2EBRRUBKOELEERA, Koutei-03 16.1 8.75
Table lDEBHTH 5. Koutei-02 15.1 8.75
2. WRBLUBKROBRR Hokuriku 158 gou 14.0 8.93
E—5 -7 UK LD FEBL BB 0% D Ha.kei'hanmochi 272 gou 13.6 7.89
MK A RBICH L 7. $K%E Y ~ 74 3 L(CYCLOTEC gﬁ?j;f“ gg jg
1093, HAE 7V #R) i< & 0BB: L TR 2 HE Ouu 343 gou 9.6 6.05
L. B8, 83, 7107357+ —ORIEIIE 50 Tankei 2019 8.8 8.04
Ay v aOEEEBRLXAEMER LIS, Zhllito Kantou 168 gou 8.3 7.98

SMFEHIcBVTRENRTIcEDE EMEAL . Glutinous rice

3. RBBOFAR Koganemochi 0.8 7.67
FETAAVEY KLY, BEKBROOBRBEARL Seibutu-02 1.3 7.70
f. Seibutu-01 0.8 7.47
L EBMO7Io—3ROME Kantoumoch% 164 gou 1.0 9.45
. ) Kantoumochi 171 gou 0.4 8.39
Juiano® ® 3 — K 2@k (RET S o -2 ¥/~ Mochiminori 0.5 8.32
HBH 7+ 7 $e—2, Type D ickb, REAG#H Saiwaimochi 0 9.05
KOWTREGO7 I o—28BEAEL . Saikaimochi 197 gou 0 7.76
5 AR LUBRROEBsREESROAE Himenomochi 0 6.60
HIK'® OHEITED, WOLS LTI, 4B, Hakuchoumochi 0 10.16
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Fig. 1 Relationship between protein content of
milled rice and acid hydrolysis residue
of milled rice flour

Sample (5g) of milled rice flour was
suspended in 100 m/ of 2N HCl and heated
for 1h in boiling water. The hydrolysate
was filtered (Advantec, No.5A), and the
residue was washed thoroughly.

[, Non-glutinous rice ; O, Low-amylose rice;
A\, Glutinous rice.
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Fig. 2 Scanning electron micrograph of acid
hydrolysis residue prepared from milled
rice flour

The acid hydrolysis was done in the same
way as shown in Fig. 1.

a, Cell wall ;

b, These spherical shape substances are
regarded as protein body.

1. R oDHKIc kD BEBLI-70 5 $ vid, 13kDa
7o 353 vOREE SN S Glu, Asp BT Leu DEIE
%< (Cys+Met) KRU Leu DE[EWHDIEH -7z,
L L, ERABERETOEAEO T 3 / BRERR, &
KB ABOESKIEW Y -V ERL, 73/ B
B ¥ A L3 TE R M-/, F1:, SDS Bk
B bMRET Lcds, ERARERA, SEASHRES N TE
KK X - THRERT I LMBTEL b, 5%
BHA2ENLFETH 5.
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REBEBEMEL,:. £DHERIZ, Fig 30&EBHT
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TIn—R8EB130% UTOET I v —XKBHW4R
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BEBROEAH»OE, Tin—RSB130% U TOEBT
1o—-2KMIEbRKELEXROPEMBT OIS E
¥ s hic.
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Table 2 Amino acid analysis of protein
(Koshihikari, Unit : mol%)

Acid hydro-
Milled rice 1Ysis residue

of mille rice Prolamin”
flour
Glu 17.64 19.79 21.84
Leu 10.41 11.89 13.84
Asp 8.01 6.85 6.71
Val 7.33 8.62 6.93
Ala 6.87 7.79 9.83
Ser 6.71 6.54 5.86
Arg 6.55 4.23 4.91
Gly 6.05 3.95 5.32
Pro 5.22 4.89 5.83
Ile 5.21 5.79 4.99
Phe 4.55 4.77 4.55
Tyr 4.51 4.8 5.47
Thr 3.25 2.32 1.96
Cys+Met 2.88 4.09 1.09
Lys 2.54 1.66 0.34
His 2.27 2.03 0.60

D Prolamin fraction was extracted from milled
rice flour following SuGiMOTO's method using
60% n-propanol.
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Fig. 3 Relationship between amylose content
and acid hydrolysis residue of rice
starches

Symbols are the same as shown in Fig. 1.
The acid hydrolysis was done in the same
way as shown in Fig. 1.
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Fig. 4 Relationship of water absorption bet-
ween rice starches and milled rices

Symbols are the same as shown in Fig. 1.
Sample (2 g) of flour in a Allihn type funnel
(G 4) was soaked in water at 25°C for 24 h,
and centrifuged in the centrifuge tube with a
cork stopper at 1580Xg for 40 min. Water
absorption was expressed as water content of
the precipitate.
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Fig. 5 Relationship between amylose content
and either pasting temperature or
maximum viscosity of Amylograph

characteristics of rice flour
Symbols are the same as shown in Fig. 1.
Amylography was carried out with 1072M
CuSO, at 8% concentration (dry matter
basis).

513, TIo—288136% UTOE7 I a—-xXKa5
35KEHBKOBEMNL DI S M.
FHARO S BKOBZEHEICO>VTIH, KFFSY LR
BAERBB LN, FRRTERBRIABEREHVT
BRCETN 2B NREREHEL TRIEL fisbic
bEXROBREHENE B EEZ N

4, ML ORISR UEIRRE
ESREBIC LD RAMLH 55K E7 to-2K
KU b B ORI ESR O B IR EHE B KR DRRIB IR
ZRE LR, Fig.6,T0EBYThH- 1.

1) MR o Bk

HB3LK, E7 I o—2KRU b EKROMLEE OF)
FIHER (G) 13, 2 Fh 3.24X10°~9.52X 105, 1.44%
10°5~7.28 X105, 1.02X10°~154x10°, #£7: tand 3% H
Z40.196~0.349, 0.289~0.415, 0.426~0.529 T& » 7=.
HbHEXKDG BHIBBRRUET 1o —RKKD/JE
{, ThZDtand iFH5 B bKBIVET I v—- K&
DREVIESBED LN, S0, TIa—ZRE8R
136% LITOET t 0 — 2K 5 R0 G RU tand itz h
4 144X 105~3.08x 105, 0.360~0.415T, HBbHHKE

RElsn5 T Ep@H 0L DG, tandid, Th
A].O" [m]
Eer . o
S of r=osw g
2 af 8 : o
<t w0 % OO
N 0 i I 1 1 1 1 ]
(&]
06
05| gg
L 04f @ @
5 o3 &#ﬁ%
02F  r=-0944~ a
01}
0 'l 1 Il J

1 1 [
0 5 10 15 20 25 30
Amylose content (%)

Fig. 6 Relationship between amylose content
and either G’ or tand of cooked rice

Symbols are the same as shown in Fig. 1.
Rice was cooked by the electric rice cooker
with 14 fold water. Dynamic modulus (G')

and dynamic loss (G”) of cooked rice were
measured, and tané was expressed as (G” /G').
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Fig. 7 Relationship between amylose content
and acid-solubility of cooked rice

Symbols are the same as shown in Fig. 1.
Cooked rice flour (250 mg) was suspended in
50ml of 025N HCl and shaken for 2h at
55°C. The suspension was centrifuged, and
total carbohydrate of the supernatant was
determined by phenol sulfuric acid method
as acid-solubility.
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