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SEEHESLETIONRIF Y 2mg, T VHEK 4mg, 2
AL A ) 7 A A0mg % SOmLICERL, lem ONXBED
V& VT EATEO 500~700 nm O POLEE % HI5E L,
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Fig. 1. Elution profiles of isoamylase-debranched -starches. and
amylopectins by GPC through TOYOPEARL HW-55S +
HW-50S x 3 columns and their fractions.

Open circle and closed circle show elution: patterns of debranched
starch and amylopectin, respectively. (a). Fractions of elution .profile
by method A, (b) fractions of elution profiles of starch and amy-
lopectin by method. B.
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Table 1. Name, cultivated place and structural properties of endosperm starches of rice.

I Waxy nice Hokkai 300 Hokkaido 562 0.21 16.4
Cultivated )\,mux*i . Fr. 1*3 Izumi 1272 Fukuoka 562 0.25 19.8
Sample name I B.V. g Akitakomachi Akita 563 0.23 16.4
place (nm) (%) ; .
Satsukei 03044-1  Hokkaido 564 0.21 7.5
Hiyokumochi Fukuoka 520 0.05 0.0 Saikaiki 256 Fukuoka 564 0.21 19.0
[zumi 1280 Fukuoka 521 0.07 0.0 Hokkai 302 Hokkaido 564 0.22 15.0
Hakuchomochi Hokkaido 526 0.07 0.0 Koshihikari Fukuoka 564 0.22 17.2
Oumurasakimochi 389 Akita 526 0.07 0.0 Izumi 1277 Fukuoka 566 0.21 18.9
Mochiminori Ibaraki 527 0.06 0.0 Hokkai 303 Hokkaido 566 0.22 154
Hokurikumochi 197 Niigata 527 0.09 0.0 Hokuriku 166 Niigata 566 0.23 16.9
Benizomemochi Fukuoka 528 0.07 0.0 A Koshihikari Mie 566 0.24 17.3
Mebaemochi Niigata 530 0.08 0.0 Koshihikari Ibaraki 567 0.24 17.6
Hokurikumochi 199 Niigata 531 0.08 0.0 Nipponbare Fukuoka 567 0.24 18.2
Hokurikumochi 210 Niigata 532 0.07 0.0 Chugokusake 185  Hiroshima 568 0.21 17.5
Asamurasaki Akita 532 0.08 0.0 Izumi 1276 Fukuoka 568 0.22 18.3
Himenomochi Niigata 532 0.08 0.0 Kinuhikari Fukuoka 568 0.22 19.1
Koshihikari Niigata 568 0.25 19.5
Average 5284 007x001 0000 Tzumi 1279 Fukuoka 569 021 18.7
Hoshinoyume Hokkaido 569 0.24 249
Kirara 397 Hokkaido 569 0.25 13.7
II. Low-amylose rice Satsukei 04015 Hokkaido 569 0.25 18.1
Culivated  Aumax ™" . Fr. T*° Satsukei 04033 Hokkaido 569 0.26 20.1
Sample name place (n;ﬁ) B.V.* ('%) Hinohikari Fukuoka 570 0.22 19.2
Satsukei 05047 Hokkaido 570 0.24 21.5
Snow Pearl Akita 537 0.11 4.0 Nipponbare Ibaraki 570 0.28 15.6
Silky Pear] Akita 539 0.12 52 Kinuhikari Niigata 571 0.22 183
Saikai 257 Fukuoka 541 0.10 6.8 Hokkai 293 Hokkaido 571 0.25 19.6
Satsukei 05062 Hokkaido 342 0.13 8.1 Hokurikuaka 212 Niigata 571 0.27 18.3
Satsukei 05064 Hokkaido 542 0.13 8.4 Chugoku 183 Hiroshima 572 0.23 21.7
Hanaemaki Hokkaido 542 0.13 8.9 Nipponnbare Hiroshima 572 0.24 19.1
LGC soft Hiroshima 543 0.11 6.1 Hokkai 307 Hokkaido 572 0.25 21.1
Milky Queen Ibaraki 544 0.14 78 Satsukei 04032 Hokkaido 572 0.26 18.8
Satsukei 05063 Hokkaido 545 0.14 8.8 Shunyou Niigata 372 0.28 21.6
Satsukei 04036 Hokkaido 545 0.15 98 Hinohikari Hiroshima 573 0.21 18.8
Chugoku 192 Hiroshima 545 0.16 7.8 Ayunohikari Niigata 573 022 23.6
Satsukei 03038-1  Hokkaido 545 0.16 10.2 Hokkai 299 Hokkaido 576 0.26 25.7
Satsukei 05060 Hokkaido 346 0.14 9.7 Hatsushizuku Hokkaido 5717 0.26 22.1
éz‘;‘g‘é‘z‘ A i‘égﬁf‘;? gig 8:}? 2; Average 568 +4 023002 183 %33
Chugoku 191 Hiroshima 550 0.13 7.4
Satsukei 05058 Hokkaido 550 0.15 111 . .
Kanto 229 Ibaraki 551 0.13 73 IV. High-amylose rice
Satsukei 05055 Hokkaido 551 0.16 10.9 Cultivated  Amax ™' " Fr. **
Kanto 230 Ibaraki 552 0.12 1.1 Sample name place (nm) B.v.™ (%)
Chukeitoku 80 Hiroshima 553 0.15 10.0
Soft 158 Niigata 553 0.16 133 € Yukinoho ('07) Hokkaido 582 0.33 24.9
Oborodzuki Hokkaido 554 0.17 11.2 Beniroman Kumamoto 586 0.33 26.5
Hokkai 306 Hokkaido 555 0.18 14.6 € Yukinoho ("06)  Hokkaido 589 0.36 29.0
Izumi 1274 Kumamoto 557 0.20 15.2 @ Yukinoho ('08) Hokkaido 591 0.32 29.8
Hoshiyutaka Kumamoto 591 0.35 279
Average 5475 0.14x002 92=x27 Yumetoiro Ibaraki 592 0.37 28.5
€ Yukinoho (°05) Hokkaido 593 0.34 27.0
@ Yukinoho ('04) Hokkaido 593 0.35 26.1
1II. Medium-amylose rice
) - Average 590 x4 034x0.02 275+ 1.6
Sample name Cultivated  Amax™ B.V.* Fr. 1 *ing . . .
place (nm) e (%) Maximum absorption wavelength of spectra of iodine-starch
complexes. **Absorbance at 680 nm of spectra of iodine-starch
Satsukei 05051 Hokkaido 561 0.20 16.9 complexes. **Apparent amylose content measured by the GPC of
Izumi 1273 Fukuoka 561 0.21 15.5 debranched starch. Closed triangle, commercial rice; closed lozenge,
Yawarakomachi Fukuoka 562 0.18 16.6 Yukinoho.
Satsukei 03043—-1  Hokkaido 562 0.21 10.8
7oo B OBEHRIMN B LN E 100 & L7126 AAM (Fr. 1) (%) = RAM (%) + SLC (%)
Fr.2 BLUFr. 3 O&FTEHE 7 3 D«\ﬁ%/@(‘%’:fnnm Q) BEAORFFRICKT 2 HRMEHR
POHELNI L2 BE PR 3OEFEREH AL EIC AR SPOHEICHE LT, REERPIIBIZEAXD
£, BHPOEOT I 0 -2 (eal amylose; RAM) & HIEEMHEBZIT -2, T4 zb% YA BTV =06 K

BT InRyFo nrs AT 5 BEH (super-long 1235 MIRFEHWE 2000l $207EL, £ INBHKD
chains; SLC) &t % FIEH L7 (Fig. 1(b) Bt L ¢ el T & JE S BT L 22 IR SLER S o S o
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TTICXBERICTE 6 O RTREL L, #LT,
ZONWHEAERT LI LICLY, BAXOREBEOMH
M % BRI L 72
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Inouchi er al. "D FFEEICHEL T, /SVA K7 TR b
VBB ERwWIBA T s u N5 T 4 —
(HPAEC-PAD, Dionex DX-300, Dionex Corporation, Sunny-
vale, USA) IO X A7 3 UNRZ F » OEMERICB 28
MHESHFONELZIT o720 Thibb, 6mg DB
4.69 mL OFEHKE P Z, PIEARKE T 1045 B mE$
LI LIZEhEREMLsE, SREFTHETLALE, I
M BEFR AR B (pH 3.5) 100uL & 4 V7 3 7 — ¥ (Fi )
10 L 202, 45°C T2 B UG & 72, 100 mM DK EE
b U7 A% 200l BiZ CTRID R FIE S5, B
KESmLMZ, A7 L7 4 0% — (HAWP02500,
Millipore Corporate, Billerica, USA) TA# L, 44Ttk &
Lice DB Z2HBETFT 4 AR—FTNAYTLYT 1V
% — (13HPO20AN, ADVANTEC, 7 F/N> 7 v 7 BiEk
R&th, ®E) I L2#, CaboPac PAI (4 x 250 mm)
BN L, TInAsF MO ELSE (DP)
6~45 DY — 7 2B THDP6~12 DY — 2T
MoElex Frn Agme LTHEE L,

(6) 7IANTF L OFHELHREOBE

FUBENRBEI T IORZF U2 28mg FEDHLY,
A YAEHIK 468 mL B MA, BELESLHEKERT
FI0oEMET A LicE D 7 IaxyF &L s
Too BIRFT THH L 22, | MEEBRBRE T pH 3.5 100
WL & A YT 35 —¥ @it 20uL #MEHRIMZ, 45°C T
2SS A I kD T I aRZF VO Y
115 720 100 mM KEE{LF b w7 24 200 uL % 2 TR
RIS %, RoEoeEesy 7 o / — )b - k"
T, BICHER % Somogyi-Nelson {#E*CHllE L, &R %
BIHETHRTAZILIZLY, TIaRyF v OFY A
HETEL L,

6) PIOAXRYFLDBRTIT—ERHBRESLUEY

S8R - REPSHRDEH

TIUNRZF U 10mg F T MKERILT N T A TR
fbsg7:%, IMEEEZMZ TpH % 6.2~64 I L

72 & HIT, 100 mM BEEEAEE (pH 5.5) % 9mL, 0.1%
B-7 39— ¥EEW B-7 3 I — Y#1500, kT H 3k,
15,000 AUN/g, + /7 &5 v 7 A8, KB 1 mL %0
Z 770 40°C T 48 MM RS S ¥ 72%, RSO e, &
THEB LI Va—-AmrllEL, TIURZFLD
B-7IT—ENMHBELEH L, 72, B7 3745
SRR L YD HEIC LD RDAT I 0y F o OFHH
RS, PV E B L O NESE  Hizukuri
et al. "D FFNSEVE L L7z,

SEIHVREE =B-7T 39— B0 MIRE x 730Xy F

YO R BE + 2
EREEE = 7 3 0Ry F U OFEHEHE - T
FHTREEE ~ 1

(7) 73IOaRT7F O B-LD OFFH

TIORIF L 1gh IMAELF MUYy L THELE ¢
7otk IMBEEEERINZ CpHSSICHAE L7, £ 2N0.1%
B-7 37— E¥EMEW @Gl 75mL &Mz, 37°CI2T 66
R BOIG & & 720 42 IF RIS 0.1%B-7 37—
B 2.5 mL MR 720 BUBHED B-T I F—-HEIZLh 4
JEBREEIZEL TW A 2 & 2(@)DFEICHE U CRERE L 724,
ARG TR R LGS, HIEHO 3RO XS / —
WEMASIEIZED B-LD ikl s g7, hBWica L
TAZ =N, Ty, VoFlz—FVONEICEEE
A TR Z 4TV, ALk & SLBTlRIC L7,

(8) B-LD MEMISHE S DBEITE

A VEMNRBFEICHNSmg D BLD L 469mL DA F v
K EIA, BERGPTCI05MMETAZILIZLD
Wb s, BiRE THRWHK, | MBEEREE T (pH 3.5)
Z100pL, 4 V7 37— @) % 10uL JERINA 45°C
T2S5 MRS e/, 2MAKEE{LFT MY 7 LA TpH S5
TREERE, TNV T F—E (Klebsiella pneumoniae, 2,000 U/g,
E.C3.2.1.41, GOMBEEWILENZER, B % 1 4 o35k
70< »7 77 14— (Q Sepharose Fast Flow, GE Health-
care) BL UV A@ I a~ 79 74— (Superdex 200,
GE Healthcare) |2 & ) A58 L A2 BERAE M 10uL M Z,
30°C T 2.5 HEEMEM S & TR Y L 72, Nagamine ef al."
DFFEAHE, 1% KREAFRYFESF U7 4% 250ul
RBIEIZEY, B LBl z T, By
I— V& L7z, BEEETpH 7.0 ISR, MELE 21TV
SCITEMBEZ TR Lz IMAKEILF Y Y AT
B S 2727, HPAEC-PAD Eh W CTHESHOMNE
T 077,

) BOMILRE SHEREDRIE

Inouchi er al. “ "D FEIZ L » T, BIHOBMLIRE & Bl
B OWE TR ERER (DSC) 82401, WU,
) 2 HVTITo 7,

(10) FEHOFERIE

A D 10% KRBT O MR B X U HIkE: o [H SR45 R
DAHx+ZE L%, Horibata et al.'" O 7524 L T Rapid Visco
Analyser (RVA) (Model RVA-4, Newport Scientific Pty:-Ltd.,
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(1) tkEEk B LU EEROYMERIE

Wil X OBk % 5°C C 24 B IRE L 72w RO
AR LU E, WS M E RES 1A, WY 5 5, L)

FHGTEEICLIGHZEL 2,
2, B EEE

1) KEFLEH OMSESE
1) BEBBLC7 IORTF L 0T RRITHIRD hmax
EBV. BXUBBMO7 IO—-XEBICLBXKDPE
86 WHRORHE 4, Wi, BLOBE R, SFY
L7RIRFLER 0 3 7 3% - B A AR IR B R D Amax,
BV . ETFNABSHOAFEIZL o THBONEZAPITOT
SB—ZES (Fr.l) % Table 1 1278 L 720 86 BRI
Dhmax £ BV, BL U dhmax E Br. T EOIZIEE, 202N
HBIRE20.970, 0.965 D15\ IE DB BRITEEE S 1T,
Amax D AT 520~532 nm & EFK, 537~557 nm 2 I&T
SH=ZK, 561~577Tmm 2 FEENT IO - AEED
K, 582nm PLEa @7 3 m— 2k L TN L7, 2004~
2008 SEPE S OFED Amax (£ 582~593 nm, — 14 7 7 Bk
ELTHGZZI LB Y O hx 13 566 nm T » 722 & B>
b, TNENET IO —ZKRBLUPREDT 30— A4
WORTHL I L hbhosz, 5HI2, TOM, avh
J, BT IO =2 KIIHHE N A YR AKkDR LY
A, BHEolRLBHro WML -7 IoRZF IO
B.V. B LT hnax % Table 2 IZE L 72, ZOFD T 3 T
7 F ¥ DBV 1Z0.19~0.22, hm VL 561~571 nm, 2T
EAVDT7IaRTF OBV AL0.12, Amas 1 537 am
EmY, TInRZFUIZBWTLEOMOH A, BV,

TIW-ZARTHLFILy W, B llikTsk, 7
SERZF OBV, A (EOFNGE-HEANE LS L,

Table 2. Characteristics of absorption spectra of iodine complexes

of amylopectins, and contents of AAM, RAM, SLC, and
Fr. A of isoamylase-debranched materials of endosperm
starches of rice.

Amylopectin Content in starch

Sa :
ample name — Amax®* AAM™ RAM™ SLC*™ Fr. A*

(nm) (%) (%) (%) (%)

Yuk.inoho Co4) 0.19 564 273 192 8.1 29.7
Yuk{noho 05y 020 568 303 230 73 300
Yukmoho (’06) 0.20 561 30.0 214 86 29.7
Yukinoho (C07) 0.19 561 26.1 186 735 277
Yukinoho ("08) 022 571 29.8 213 85 315

Koshihikari 0.12
(commercial rice) 12 537 17.3 150 23 26.5

Hoshiyutaka 0.16 548 298 235 63 258
Yumetoiro 022 572 332 19.0 142 263

) "Aw of spectra of iodine-starch complexes. **Maximum absorp-
tion wavelength of spectra of jodine-starch complexes. **Apparent
amylose. “'Real amylose. **Super long chain. **Percentage of DP 6=
12 measured by HPAEC-PAD.

KNTEDH, K2y HONEIZIERNEE & o720 2 ORE
Bt EOHOT IO F T I 0 - A%OIkE
IRV TH AL SLCA T v )k 2y h Ll
bE L, FFELYEVEAETHEL TV A WREEDE 2
L7z,

Q) BMBLUOTIONTF L OEMEEST
THBHMOBEIZLY, EOM, avkeh), &
ayd, Bl & TN AAM, RAM, BL U
SLCZNZFNOEREFEH L (Table2)e 2T AU D
AAM 813 173% TH o 7295, HEOMI 26.1~303% &
@l FAABEIO AFELFRE, VxR AEORR
e L TR TEWEE R, T, 1 VT4 HKT
HoHE Ly, ETEL30%HHOENVEL R L,
SLCEBICEETLE, D22 h)D23% PRLIKL,
RATHhay i, FEOM, EFT@aollicgdzh, 73
TRy F 03 TR oW ER R & —F L Twiz,
EOWOSILCEHIEF 2 ¥ HADSLCEBIZHTH
2% BVETH o 7288, BFHHROSLCERIIF Y2 ID
2RELA BVl E e o Tz, FDID, Ry A EEA
D AAM i |2 KD o /2%, RAM & ®IZET 0
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Fig. 2. Changes of spreading scores of halved rice grains in 3.5 M
Urea during one day.

Open circle, Koshihikari (comunercial rice); closed circle, Yuki-
noho ('04); open square, Yukinoho ('05); closed square, Yukinoho
(’06); open triangle, Yukinoho ('07); closed triangle, Yukinoho
(’08).
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Table 3. Average chain lengths and B-AL of amylopectins.

#*4q

Sample name CL* ECL* 1CL*™ B‘(/}%)L)
Yukinoho (*04) 217 142 75 564
Yukinoho (°05) 20.5 13.1 74 54.1
Yukinoho (°06) 21.0 138 7.2 56.4
Yukinoho (07) 22.8 150 7.8 57.1
Yukinoho ("08) 20.1 134 6.7 56.6
Koshihikari (commercial rice) 21.0 13.9 7.1 56.6

*'Average chain-length (hydrolysis with isoamylase). “*Average
exterior chain-length. **Average interior chain-length. **B-Amylolysis
limit.

Table 4. Mass distribution for chain length fractions of B-LD de-
branched with isoamylase and pullulanase.

A chain  Short B chain Long B chain

Short B chain/
Sample name pps pp3 4<PPS 17

18 = DP  Long B chain
(%) (%) (%)
Yukinoho (04) 265 526 209 25
Yukinoho (05)  28.0 529 9.1 28
Yukinoho (06) 267 52.0 213 24
Yukinoho (07) 273 522 20.5 25
Yukinoho ('08) 263 526 211 25
Koshihikari 26.7 513 2.0 23

(commercial rice)
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thalpy change of gelatinization) of endosperm starches of
rice measured by DSC.

Open circle, waxy rice; open friangle, low-amylose rice; open
square, medium-amylose rice; open lozenge, high-amylose rice;
closed square, Koshihikari (commercial rice); closed lozenge, Yuki-
noho.
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Fig. 4. RVA viscograms of rice endosperm starches suspended in
water (10% w/w).

Open circle, Koshihikari (commercial rice); closed circle, Yuki-
noho ('04); open square, Yukinoho (05); closed square, Yukinoho
(’06); open triangle, Yukinoho (’07); closed triangle, Yukincho
('08); open lozenge, Yumetoiro (06); closed lozenge, Hoshiyutaka
(06).
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viscosity rising of endosperm starches of rice.

Open circle, waxy rice; open triangle, low-amylose rice; open
square, medium-amylose rice; open lozenge, high-amylose rice;
closed square, Koshihikari (commercial rice); closed lozenge, Yuki-
noho.
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Fig. 6. Correlations between hardness of freshly and stale cooked
rice (a) and between stickiness of freshly and stale cooked
rice (b) measured using a Katasa-nebari-kei.

Open circle, waxy rice; open triangle, low-amylose rice; open
square, medium-amylose rice; open lozenge, high-amylose rice;
closed square, Koshihikari (commercial rice); closed lozenge, Yuki-
noho.
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Fig. 7. Correlations between hardness of freshly or stale cooked
rice measured using a Katasa-nebarikei and Fr. I ((a), (b)),
peak temperature ((c), (d)) and setback ((e), (D).

Open circle, waxy rice; open triangle, low-amylose rice; open
square, medium-amylose rice; open lozenge, high-amylose rice;
closed square, Koshihikari (commercial rice); closed lozenge, Yuki-
noho.
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